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Abstract The purpose of this study was to develop micro

and nano sized drug carriers from poly(3-hydroxybutyrate-

co-3-hydroxyvalerate) (PHBV), and study the cell and skin

penetration of these particles. PHBV micro/nanospheres

were prepared by o/w emulsion method and were stained

with a fluorescent dye, Nile Red. The particles were frac-

tionated by centrifugation to produce different sized popu-

lations. Topography was studied by SEM and average

particle size and its distribution were determined with par-

ticle sizer. Cell viability assay (MTT) was carried out using

L929 fibroblastic cell line, and particle penetration into the

cells were studied. Transdermal permeation of PHBV micro/

nanospheres and tissue reaction were studied using a BALB/

c mouse model. Skin response was evaluated histologically

and amount of PHBV in skin was determined by gas chro-

matography-mass spectrometry. The average diameters of

the PHBV micro/nanosphere batches were found to be

1.9 lm, 426 and 166 nm. Polydispersity indices showed that

the size distribution of micro sized particles was broader than

the smaller ones. In vitro studies showed that the cells had a

normal growth trend. MTT showed no signs of particle

toxicity. The 426 and 166 nm sized PHBV spheres were seen

to penetrate the cell membrane. The histological sections

revealed no adverse effects. In view of this data nano and

micro sized PHBV particles appeared to have potential to

serve as topical and transdermal drug delivery carriers for

use on aged or damaged skin or in cases of skin diseases such

as psoriasis, and may even be used in gene transfer to cells.

1 Introduction

Transdermal drug applications are frequently used because

of the effectiveness of the localized treatment, low cost,
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relatively low side effects, maximum drug availability at the

target site, and avoidance of the systemic circulation. Many

bioactive agents, however, do not have the necessary

physicochemical properties for satisfactory efficacy when

applied topically [1]. Transdermal skin treatment requires

the absorption of drug through the skin into the body. One

of the biggest challenges in developing an effective system

is the transfer of the drug through the tightly structured

stratum corneum when the skin is not compromised [2].

There are three layers of skin that needs to be crossed and

each has a different role. The epidermis is the outer layer

and serves as a barrier against the environment and stratum

corneum is the outermost layer of the epidermis [3]. The

dermis gives the skin its mechanical strength. The deepest

layer in the subcutis or the subcutaneous layer which helps

conserve the heat and act as a shock absorber. The hair

follicles and sweat glands of the skin are believed to serve

as the route of entry for nano sized drug carriers. Encap-

sulation of a drug in a carrier enables the drug to diffuse into

the skin and be released in the deeper layers of the skin

using the hair follicles and the sweat glands because the

follicles extend deep into the skin [4, 5]. There is a rich

capillary blood supply available in the subcutaneous layer

to transport solutes like drugs that diffuse out of the follicle.

As a result, there is substantial interest in targeted follicular

delivery via nanoparticles loaded with drugs [6, 7].

Nanoparticles were developed as an important strategy

to deliver conventional drugs like antibiotics [8], recom-

binant proteins [9], vaccines [10], nucleotides [11], and

growth factors [12]. The special advantage of nanoparticles

is their ability to reach tissues that larger controlled release

carriers cannot and release their contents rather than being

restricted to the circulation and releasing their content

systemically. With the developments in nanotechnology

and their introduction to the biomaterials field, various

types of nano sized drug delivery systems such as nano-

capsules and spheres, complexes, liposomes, dendrimers

and emulsions were developed. The use of nano sized drug

carriers constructed from biodegradable polymers are also

increasingly used because even if they penetrate untargeted

tissues they do not stay there long but disintegrate by time

[12–14].

Polyhydroxyalkanoates (PHAs) are among the natural

polymers preferred for the production of drug delivery vehi-

cles, because they can be produced by in a range of compo-

sitions and properties, such as degradation rate [15, 16]. PHAs

are linear, semicrystalline, thermoplastic and biocompatible

polymers of microbiological origin which have a certain

degree of biodegradability in the body [14, 17, 18]. Their

biological origin is an advantage over the other major poly-

ester group, the polylactides, which are petroleum based. The

most abundantly studied PHAs are poly(3-hydroxybutyrate)

and its copolymers with 3-hydroxyvalerate, poly(3-

hydroxybutyrate-co-3-hydroxyvalerate) (PHBV), with vary-

ing HV contents. PHBV has been used in controlled release

systems (anticancer agents, pain relievers, antibiotics, growth

factors), biodegradable bone plates, and in tissue engineering

(cornea, bone, cartilage) [19, 20].

In this study, in vitro and in vivo transdermal perme-

ation of PHBV micro/nanoparticles was studied by using

Nile Red as a fluorescent agent to stain the polymer and

help to follow transference of polymeric particles. The

delivery systems studied were constructed using PHBV

micro/nanospheres with different diameters, and this

helped determine the importance of the size of the particles

on the penetration was studied. The size distribution,

morphology, cytotoxicity, uptake by cells and penetration

of the skin were studied using these particles in addition to

testing the skin reactions to the application of the particle.

2 Experimental

2.1 Materials

PHBV (HV content 11 %, M), thiazolyl blue tetrazolium

bromide cell proliferation assay (MTT) kit, and Nile Red

were purchased from Sigma-Aldrich (St. Louis, Missouri,

USA). Polyvinyl alcohol (PVA, MW 1.5 9 104) was pur-

chased from Fluka (St. Louis, Missouri, USA). L929 cell

line was obtained from the Foot-and-Mouth Disease Insti-

tute (Ankara, Turkey). Dulbecco’s Modified Eagle Medium

(DMEM), high glucose (with phenol red), fetal bovine

serum (FBS), and laboratory grade penicillin/streptomycin

(10,000 units/mL Penicillin, 10 mg/mL Streptomycin)

were purchased from HyClone (Logan, Utah, USA).

2.2 Preparation of Nile red stained PHBV micro/

nanospheres

Oil-in-water (o/w) method was used for the production of

micro and nanospheres. Nile Red (0.1 mL, 0.01 % in

acetone) was added into a solution of PHBV in dichloro-

methane (1.2 mL, 10 %, w/v). Then this was added into an

aqueous solution of PVA (4 mL, 4 %, w/v) and sonicated

for 15 s in an ice bath. This emulsion (o/w) was diluted

with aqueous PVA solution (10 mL, 0.3 %, w/v), mixed

with a magnetic stirrer overnight at room temperature for

solvent (DCM) evaporation. The spheres were separated by

centrifugation and lyophilized.

2.3 Preparation of micro/nanospheres with different

sizes

In order to obtain PHBV particles with different sizes,

different centrifugation rates and durations were applied.
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To obtain the largest size microsphere fraction the sus-

pension was centrifuged at 12,000 rpm (15,455 g) for

10 min. Medium and small sized nanospheres were

obtained by centrifuging the oil in water suspension at

13,500 rpm (18,138 g) for 10 min and at 14,500 rpm

(22,566 g) for 40 min, respectively.

2.4 Characterization

2.4.1 Examination of the spheres with scanning electron

microscopy

An aqueous suspension of PHBV nanoparticles (100 lL,

1.2 %) was added onto carbon tapes (Electron Microscopy

Sciences, USA) attached to SEM stubs, dried at room

temperature and then Au–Pd sputter coated (2 nm) under

vacuum before examining with QUANTA 400F field

emission SEM (Netherland). The SEM images were used

to study the morphology of the spheres of the particles as

well as to measure the dimensions and calculate the aver-

age sizes of the particles with Image J software (NIH).

2.4.2 Particle size distribution analysis

The size distribution of the micrometer sized PHBV par-

ticles was determined by Mastersizer (Malvern Instruments

2000, UK) and the nanometer sized PHBV particles were

studied with a Malvern Nano ZS90 system (UK).

2.5 In vitro studies

2.5.1 L929 mouse fibroblast cell culture

L929 cells were cultured in (DMEM, high glucose) sup-

plemented with 10 % FBS and 1 % penicillin/streptomycin

(100 unit). They were maintained in an incubator with 5 %

CO2 at 37 �C (Sanyo MCO-17AIC, Japan) until conflu-

ency. Before seeding, the cells were detached from the

flask by treatment with trypsin–EDTA solution (3 mL,

0.05 % in PBS) for 5 min. Then culture medium (6 mL)

was added to stop trypsin activity. The cell suspension was

centrifuged (3,000 rpm, 5 min) and the cell pellet was

resuspended in the medium (2 mL). The cells were counted

with a hemocytometer (Blau Brand, Germany), seeded

onto 24 well and 6 well tissue culture plates for prolifer-

ation and uptake studies, respectively.

2.5.2 Determination of cell numbers with MTT assay

Nile Red loaded micro/nanospheres (0.5 and 1 mg/mL)

were suspended in the culture medium and added into

24-well plates. L929 cells (20,000) were seeded in the

wells and incubated (37 �C, 5 % CO2) for 24 h. Then, the

medium was removed, wells were washed twice with

sterile PBS, MTT solution (1 mL) was added into each

and incubated for 3 h at 37 �C in a CO2 incubator. The

MTT solution was replaced with acidified isopropanol

(1 mL) and formazan crystals formed were dissolved.

Aliquots of formazan solution (200 lL) were put in a

96-well plate in triplicates and absorbances were mea-

sured at 550 nm using a UV spectrophotometer (Thermo

Scientific Multiscan Spectrum, Type 1500, USA). This

was repeated on days 3 and 7. All the experiments were

conducted in triplicate and cell-free medium was used as

the blank. The OD values were converted to number of

cells by a calibration curve.

2.5.3 Micro/nanosphere uptake by L929 cells

Interaction of micro and nanospheres with the cells were

studied with L929 cells. After 24 h of incubation in DMEM,

high glucose medium supplemented with 10 % FBS and 1 %

penicillin/streptomycin (100 unit), L929 cells (10,000) were

seeded into a 6-well plate containing Nile Red stained spheres

(0.2 mg/mL) in growth medium. After 24 h of incubation,

cells were fixed with paraformaldehyde (4 %, 1 mL), stained

with 40,6-diamidino-2-phenylindole and FITC-conjugated

phalloidin for the nucleus and the cytoskeleton, respectively

[21]. After staining, the particles and the cells were observed

with confocal laser scanning microscopy (CLSM) (Leica

DM2500, Germany) at room temperature.

2.6 In vivo studies

2.6.1 Animal model

Experiments were conducted on male, 14 week old, BALB/

c mice, 20–25 g each. They were kept under standard

environmental conditions in an animal house in cages, two

animals per cage, fed a standard laboratory diet and water in

accordance with SS R ISO 10993-10-2009 (State Standard

of Russian Federation, elaborated based ISO), for the

investigation of skin irritation, as approved by the Institu-

tional Animal Ethical Committee on Biomedical Ethics of

Siberian Federal University (Russia).

2.6.2 Treatment of mice and application of polymeric

particles

Dorsal sections of the mice were shaved 1 day before

application of the PVA solution (8 %, carrying 5 mg PHBV

in 5 mL) was prepared. After removal of the hair, skin was

swabbed with pure ethanol to sterilize to dry the skin [22]

and then with the particle suspension (1 mL) with a 2 min

massage. Controls were treated exactly the same way only

without the application of the formulation.
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After 4, 24 h, 3, 5 and 10 days, the animals were sacrificed

with an overdose of ether. Skin samples (approximately

1 9 1 cm2) were removed and used in histology after stain-

ing with Hematoxylin-Eosin, using light microscopy (Leica

DM6000B, Germany). For the determination of the PHBV,

gas chromatography-mass spectrometry (GC–MS) (GCD

Plus, Hewlett Packard, USA) equipped with a 30 m 9

0.25 mm HP-5 (polysiloxane, 5 % diphenyl and 95 %

dimethyl) fused silica capillary column were used. For each

dose and sample 2 animals were used.

2.6.3 Determination of the polymer of the micro/

nanospheres in the skin with GC–MS

The skin samples were dried at 60 �C overnight and

approximately 10 mg was used to determine the amount of

polymer in the skin using the GC–MS.

The skin sample was refluxed in chloroform: methanol:

sulfuric acid (1:0.85:0.15) for 140 min at 100 �C in a ther-

mostatically regulated bath. After the digestion, distilled

water (0.5 mL) was added and the tube was shaken for

1 min. After phase separation, the organic phase was

transferred into a vial and analyzed using a GC–MS.

2.6.4 Histology

The tissue samples were fixed in 10 % formalin and

embedded in paraffin. Sections (5 lm) were obtained using

microtome and stained with hematoxylin and eosin then

examined under a light microscope (Leica DM6000B,

Germany). The general tissue reactions to micro and nan-

ospheres were investigated.

2.7 Statistical analysis

All in vitro experiments were carried out in triplicates and the

in vivo in duplicates. Significant differences in control and test

groups were determined using Mann–Whitney U test. The

differences were considered as statistically significant for the

P values smaller than 0.05.

3 Results and discussion

3.1 Micro/nanosphere characterization

Production of PHBV particles was carried out with 10 % (w/

v) polymer solution in dichloromethane. This concentration

was chosen based on previous studies with similar polymers

[12, 23]. SEM micrographs show round, spherical particles

with smooth surfaces (Fig. 1).

Three micro/nanosphere populations with different sizes

were obtained. The calculations based on measurements on

SEM micrographs showed that by changing the time and

speed of centrifugation, it was possible to fractionate the

particles into bathes with different sizes (Table 1; Fig. 1).

The largest (1.9 lm) particles were obtained with the lowest

g value and the smallest particles (166 nm) with the highest g

value (Fig. 1a, b, c). It was reported that the particle size

could be controlled by changing the preparation parameters,

such as the sonication time and frequency [24], surfactant

concentration, polymer concentration and centrifugation

speed, [12, 25, 26].

In this study the change of size was not affected by the

preparation conditions but by separation conditions. PI of

these submicro, nano and low nano particles were found to be

Fig. 1 SEM micrographs of PHBV particles fractionated with centrifugation using different duration and velocity: a 10 min at 12,000 rpm (Bar

4 lm), b 10 min at 13,500 rpm (Bar 3 lm), c 40 min at 14,500 rpm (Bar 5 lm)

Table 1 Size and polydispersity indices of PHBV micro and nano-

spheres (n = 2)

Property Sample

Submicro Nano Low Nano

Mean diameter (nm) 1900 ± 157 426 ± 74 166 ± 22

PI 0.8 ± 0.1 0.3 ± 0.1 0.1 ± 0.0

Size range (nm) 400–12,000 190–712 80–542
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0.8, 0.3 and 0.1, respectively, indicating that the smallest

fraction had the most narrow particle size distribution as also

was confirmed by the sharpness of the peak in Fig. 2a and the

size range in Table 1. This is also expected because the

lowest diameter particles were obtained after three succes-

sive centrifugations and as the number of centrifugations

increased the PI value was also decreased because removal

of larger particles at earlier centrifugations leaves behind

narrower distributions. This is supported by the studies in the

literature, too [27, 28]. The sizes obtained were suitable for

use in the in vitro and in vivo tests.

3.2 In vitro tests

3.2.1 Influence of particle size and concentration on cell

proliferation

Different sized PHBV micro/nanospheres were tested for

their effect on cell proliferation using L929 mouse fibro-

blasts and the MTT test (Fig. 3). Cell proliferation studies

using high or low dose of particles are presented in Fig. 3.

In both doses the control showed the highest and the

micrometer sized nanoparticles showed the lowest prolif-

eration. In Fig. 3a, no significant effect of particle size on

proliferation was observed. The effect of particles on cell

proliferation was significant when the particle concentra-

tion was higher (Fig. 3b).

When the concentration of the particles was low

(0.5 mg/mL), the proliferation rates of the L929 cells for

all particle sizes at each time point (Fig. 3a) were found to

be statistically significant according to Mann–Whitney

U test (P \ 0.05).

When the concentration was increased to 1 mg/mL,

L929 cell proliferation rate decreased for all sample types

over the whole duration of the test (Fig. 3b). For nano and

submicro sized particles the proliferation rates increased in

a statistically significant manner throughout the whole

duration of the test. For the low nano sized particles,

however, no statistically significant difference could be

observed between days 1 and 3.

These cells did not show a change in their shape

implying that the decrease is not due to a negative effect

like toxicity which could have been observed by light

microscopy.

Fig. 2 Particle size distribution

of PHBV particles. a low nano,

b nano, c submicro

Fig. 3 Effect of particle size and concentration of micro/nanospheres

on L929 proliferation (n = 3). a LOW dose (0.5 mg/mL), b high dose

(1 mg/mL)
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Fig. 5 Confocal and

Transmission micrographs

(426 nm) sized, Nile Red

stained PHBV spheres in

contact with L929 cells for 24 h

(940). a Cytoskeleton (green,

stained with Phalloidin-FITC),

b nanoparticles (stained with

Nile Red), c overlay of (a) and

(b), d transmission image of the

cell

Fig. 4 Confocal and

Transmission micrographs of

nano (166 nm) sized, Nile Red

stained PHBV spheres in

contact with L929 cells for 24 h

(9160). a Cytoskeleton (green,

stained with Phalloidin-FITC),

b nanoparticles (stained with

Nile Red), c overlay of (a) and

(b), d transmission image of the

cell
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It is stated that particles with a size up to about

100–200 nm can be internalized by receptor-mediate

endocytosis, while larger particles have to be taken up by

phagocytosis [13, 24]. It is also reported that the larger

particles (greater than 1 lm) are taken up by a mechanism

other than endocytosis, such as fluid-phase pericytosis [13,

24]. It is expected that the small size particles could

improve efficacy of the particle based topical drug delivery

systems because of more availability within the cell.

About the effect of particulate matter’s concentration

Sohaebuddin et al. [29] in their study on 3T3 and RAW

cells observed suppression of cell proliferation when

higher particle concentrations are used and explained this

by the dispersion and agglomeration of these particles. It

was found by Errico et al. [26] that PHB based nano-

particles were safe and exhibited high cell proliferation

when used in low doses and their sizes were in the range

55–100 nm. They also observed that this suppression was

dependent on the cell type. These findings support the

results presented in Fig. 3 of this study.

In the literature, however, the issue of size and prolif-

eration is somewhat more complicated.

Wang et al. [30] reported that, cells incubated with

polymeric nanospheres had a better growth than with

microspheres but they also stated that microspheres were

hardly phagocytized due to their large size. They also

observed that when the polymer contained higher propor-

tions of PEG phagocytosis decreased and viability

increased. These findings indicate that penetration into

cells could be both better and worse for proliferation, and

therefore, it is controversial. In the present study the largest

size particles (1,900 nm) led to a higher suppression of cell

proliferation than with smaller particles (Fig. 3b).

3.2.2 Penetration of micro/nanospheres into L929 cells

Initial studies of particle penetration into the cells were

carried out with the three batches of particles with different

sizes. Figures 4 and 5 show that the cells take up the low

and mid nano sized particles. An interesting finding was

that the nanospheres were generally located in the cyto-

plasm near the nuclei. The larger (submicro) particles,

Table 2 Penetration of PHBV micro/nanospheres into mouse skin

(Applications: 5 mg total, 1 mg/mL) (n = 2)

Average particle

diameter

Polymer penetration

(percent of input) and Time

4 h 24 h 3 days 5 days 10 days

1.9 lm 1.0 0.9 0.4 0.2 0.1

426 nm 1.3 – 0.6 0.5 0.1

166 nm 0.6 0.3 0.9 0.6 –

Fig. 6 Confocal and

Transmission micrographs of

submicron (1.9 lm) sized, Nile

Red stained PHBV spheres in

contact with L929 cells for 24 h

(940). a Cytoskeleton (green,

stained with Phalloidin-FITC),

b nanoparticles (stained with

Nile Red), c overlay of (a) and

(b), d transmission image of the

cell
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however, seemed to be unable to penetrate into the cells

(Fig. 6).

Desai et al. [31] reported intracellular uptake of nanopar-

ticles and showed that this depends on the size and hydro-

phobicity. In their study the uptake decreased with increasing

size and hydrophilicity and they stated that it is difficult to

internalize the submicron sized particles. This supports the

observation about the inability of the 1.9 lm diameter parti-

cles to penetrate inside the cells. Distinction has to be made in

terms of the mode of intracellular uptake. Intracellular uptake

of particulates is proposed to be either by phagocytosis or by

endocytosis [32]. It was reported that nanoparticles around

500 nm are taken up by macrophages by phagocytosis [33].

However, for the smaller nanoparticles, the main route of

cellular entry is through fluid phase endocytosis and it leads to

entrapment inside intracellular vehicles, such as endosomes or

lysosomes [34]. In the present case the ca. 500 nm particles

could be observed outside the nuclear membrane as distinct

groups of particulates. Furthermore, they appeared to be

intact, otherwise, lysis by lysosomal enzymes would release

the Nile Red into the medium causing it to stain all the

organelles with lipoid components.

3.3 In vivo tests

3.3.1 Penetration of micro/nanospheres into mouse skin

Transdermal delivery systems are being increasingly used

in the clinic for delivery of small, lipophilic drugs for low

doses [35, 36]. The question being addressed in this study

was whether the penetration depth in healthy skin differs

with size of the particles. Therefore, the penetration of Nile

Red stained PHBV micro/nanospheres were studied on

mouse skin in the presence of a penetration enhancer

Fig. 7 Histology of the skin

samples from BALB/c mice

without treatment with micro/

nanoparticles. (Rectangle)-

epidermis, (right arrow)-

pilosebaceous, (square braces)/

hb–hair bars. The bar is 900 lm

Fig. 8 Histology of the skin samples from BALB/c mice after

treatment with micro/nanoparticles in PVA (8 %) suspension for

10 days. a 166 nm/4 h, b 426 nm/4 h, c 1.9 lm/4 h, d 166 nm/24 h,

e 426 nm/24 h, f 1.9 lm/24 h. (Rectangle) epidermis, (right arrow)

pilosebaceous, (filled right arrow) pilosebaceous reaching a

hypodermic-fatty layer, (square braces)/hb–hair bars, si–slight infil-

tration. The bar is 900 lm. It is seen that epidermis is of ordinary

thickness, pilosebaceous units are fully formed reaching a hypoder-

mic-fatty layer. Follicles are seen to contain hair bars. Slight

lymphohistiocytic infiltration is observed perifollicularly
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(PVA). PHBV was suspended in PVA (8 %) and applied

onto the skin of the mice.

Upon sacrifice, patches of skin were removed, treated as

stated above, the skin was analyzed with histology and the

amount of polymer coming from micro/nanospheres pene-

trated in the skin was determined using GC–MS spectros-

copy. It is apparent that particles penetrated into the skin at

comparable levels (Table 2). Soon after application, about

1 % was found in the skin and this gradually decreased by

tenfold in 10 days. This shows that PHBV nanoparticles or

the polymer that might result from its degradation can

penetrate the stratum corneum to a small extent. According

to the literature particles lower than 100 nm in diameter

penetrate the skin while the particles with sizes above

200 nm do not [7, 37, 38]. Thus, our results either contradict

this or small sized particles (lower than 200 nm) in each

sample penetrated the skin. In either case this approach

could be sufficient to deliver skin therapeutics by trans-

dermal applications, using nanoparticles especially if the

dose of the active agent is high enough.

3.3.2 Histopathological analysis of mouse skin

The depth of penetration of three different sized PHBV

micro/nanosphere samples in mouse skin was investigated

by topical application to BALB/c mice.

Histological examination of the skin of mice from the 3

test and 1 control group showed an identical morphology of

the skin. No signs of necrosis or festering inflammation

were observed in any group. Epidermis was of ordinary

thickness (Figs. 7, 8, 9), pilosebaceous units were fully

formed (Figs. 8a, c, d, f; 9a–f, h, i), reaching a hypodermic-

fatty layer (Figs. 8e; 9h, i). Follicles contained hair bars

(Figs. 7, 8, 9). Slight lymphohistiocytic infiltration was

recorded perifollicularly (Figs. 8, 9).

In none of the skin sections the presence of the particles

could be detected, which probably can be explained by the

size of the particles being lower than the resolution of the

light microscopic examination. This is highly probable

because unfixed skin sections when tested for polymer pre-

sence using GC–MS showed the polymer (weighing about

Fig. 9 Histology of the skin samples from BALB/c mice without

treatment with micro/nanoparticles in PVA (8 %) suspension for

10 days. a 166 nm/3 day, b 426 nm/3 day, c 1.9 lm/3 day,

d 166 nm/5 day, e 426 nm/5 day, f 1.9 lm/5 day, g 166 nm/

10 day, h 426 nm/10 day, i 1.9 lm/10 day. (rectangle)-epidermis,

(right arrow)-pilosebaceous, (filled right arrow)-pilosebaceous reach-

ing a hypodermic-fatty layer, (square braces)/hb–hair bars, si–slight

infiltration. The bar is 900 lm
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100 lg) was in the skin indicating that the particles pene-

trated the skin but could not be visualized. The absence of

particles in the upper layers of the epidermis and on the skin

surface could also be explained by the use of nonpolar sol-

vents in the fixing procedure which could have led to the

dissolution of the particles, and therefore, decreased the

ability to detect them.

4 Conclusion

The aim of transdermal delivery systems is to deliver low

molecular weight agents safely and effectively without irri-

tating the stratum corneum or the deeper tissue layers. Poly-

meric particles are promising carriers for use in these delivery

applications. They can be made in various sizes, from various

materials, can carry molecules of different chemistries and be

modified for targeting purposes. Depending on their proper-

ties, polymeric particles may persist in vivo for different

periods. PHAs, known as slow degrading biopolymers, could

be used as carriers in the design of drug delivery systems in

such treatments as that of oncological processes. As such, they

are indispensible drug carriers. These results give us ground to

consider the use of bacterial PHBV in the development of

systems for transdermal transport. Particles smaller than

450 nm, as obtained in this study, appear to be promising

therapeutic tools for the treatment of compromised skin.
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In vivo application of biodegradable controlled antibiotic release

systems for the treatment of implant-related osteomyelitis. Bio-

materials. 2001;22:73–80.

9. Jahanshahi M, Babaei Z. Protein nanoparticle: a unique system as

drug delivery vehicles. Afr J Biotechnol. 2008;7:4926–34.

10. Rieux AD, Fievez V, Garinot M, Schneider YJ, Préat V. Nano-
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