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Abstract In the present work, a series of 0, 1 and 7 wt%

silver nano-particles (Ag NPs) incorporated poly lactic-co-

glycolic acid (PLGA) nano-fibers were synthesized by the

electrospinning process. The PLGA/Ag nano-fibers sheets

were characterized using SEM, TEM and DSC analyses.

The three synthesized PLGA/silver nano-fiber composites

were screened for anticancer activity against liver cancer

cell line using MTT and LDH assays. The anticancer

activity of PLGA nano-fibers showed a remarkable

improvement due to increasing the concentration of the Ag

NPs. In addition to the given result, PLGA nano-fibers did

not show any cytotoxic effect. However, PLGA nano-fibers

that contain 1 % nano silver showed anticancer activity of

8.8 %, through increasing the concentration of the nano

silver to 7 % onto PLGA nano-fibers, the anticancer

activity was enhanced to a 67.6 %. Furthermore, the anti-

bacterial activities of these three nano-fibers, against the

five bacteria strains namely; E.coli o157:H7 ATCC 51659,

Staphylococcus aureus ATCC 13565, Bacillus cereus

EMCC 1080, Listeria monocytogenes EMCC 1875 and

Salmonella typhimurium ATCC25566 using the disc dif-

fusion method, were evaluated. Sample with an enhanced

inhibitory effect was PLGA/Ag NPs (7 %) which inhibited

all strains (inhibition zone diameter 10 mm); PLGA/Ag

NPs (1 %) sample inhibited only one strain (B. cereus)

with zone diameter 8 mm. The PLGA nano-fiber sample

has not shown any antimicrobial activity. Based on the

anticancer as well as the antimicrobial results in this study,

it can be postulated that: PLGA nanofibers containing 7 %

nano silver are suitable as anticancer- and antibiotic-drug

delivery systems, as they will increase the anticancer as

well as the antibiotic drug potency without cytotoxicity

effect on the normal cells. These findings also suggest that

Ag NPs, of the size (5–10 nm) evaluated in the present

study, are appropriate for therapeutic application from a

safety standpoint.

1 Introduction

Controlled drug delivery systems have gained much

attention in the last few decades. This is due to their

advantages compared with the conventional dosage forms

such as improving therapeutic efficacy and reducing tox-

icity by delivering them at a controlled rate. Polymers
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contain metal nano-particles which are used as antimicro-

bial or drug delivery systems, have been captured attention,

because of their novelty in being long-lasting biocidal

materials with high temperature stability and low volatility

[1]. The large increase in the number and occurrence of

antibiotic-resistant bacterial strains has prompted a

renewed interest in the use of metallic nanoparticles (NPs)

as antibacterial agents [2].

Nowadays, the introduction of silver nano-particles (Ag

NPs)-based antimicrobial polymers represents a great

challenge for both academic world and industry [3, 4]. The

silver-based thermoplastic polymer composites combine

the excellent high temperature processibility of the ther-

moplastics with the inherent antimicrobial property of the

silver. Silver ions are significant antimicrobials by virtue of

their antiseptic properties with only few bacteria being

intrinsically resistant to this metal [5]. Silver is well known

being a significant resource for topical therapy because of

its beneficial antimicrobial properties in medical devices

such as cannulae and catheters [6, 7].

Recently, ultrafine polymer fibers were explored as new

devices for drug delivery. The main advantages of the

fibrous carriers are that they offer site-specific delivery of

drugs to the body. In addition, more than one drug can be

encapsulated directly into the fibers. Due to the high sur-

face area and porous structure of the electrospun fibers,

they have been applied in many fields such as medicine,

biosensors, sensitized solar cells, tissue engineering, pho-

tonics, nano-composites, catalysts, antimicrobial materials

and membranes [8–11]. There are several techniques used

for the production of polymeric ultrafine fibers (UFs),

including electrospinning technique [12–14]. This tech-

nique has evinced more interest in recent years because of

its versatility and potential for applications in various

fields. It is popular for its simple process operation, high

performance in nanofiber fabrication and low in cost.

Poly(D,L-lactic-co-glycolic acid) polymers (PLGA) are

ones of the most commonly used for preparing eroding drug-

release devices. PLGA is degraded by metabolic pathways

and therefore does not require surgical removal after com-

pletion of drug release to be injected, implanted or inserted.

The formulations based on PLGA microparticles and implants

may provide long-term sustained release. They are useful for

local treatments, such as infections in bones and soft tissues, or

systemic delivery of labile drugs, such as peptides, hormones

or vaccines. Due to these properties; PLGA is considered as

one of the most popular biodegradable polymers approved by

the US Food and Drug Administration (FDA) [15]. Therefore,

PLGA has been widely used in drug-delivery applications and

tissue engineering scaffolds [16–21].

In our previous work, we reported a new class of poly

lactic-co-glycolic acid (PLGA) nanofibers containing Ag

NPs as electrospun composite nanofiber-based drug delivery

systems [17]. However, the anticancer and antibacterial

efficacies of those PLGA/Ag NPs nanofibers have not been

explored. Therefore, in this study, with the continuation of

our previous work, we evaluated the anticancer activity of

PLGA nanofibers containing different Ag NPs percentages

against liver carcinoma cell line using 3-[4,5-dimethyl-2-

thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) and

lactate dehydrogenase (LDH) assays. Finally, the antimi-

crobial efficacy of PLGA/Ag NPs against different types of

bacteria was evaluated as well.

2 Materials and methods

2.1 Materials

The biodegradable polymer that is used in the present study

is poly (D,L-lactide-co-glycolide) (PLGA) copolymer with

L/G ratio of (75/25 mol/mol). The PLGA that purchased

from NaBond Company, China has inherent viscosity of

0.59 (dl/g), weight-average molecular weight of 70,000 and

density of 1.25–1.3 g/cm3. Tetrahydrofuran (THF),

dimethylformamide (DMF) solvents and phosphate buffer

saline (PBS) pellets that used in the experiments were

purchased from Sigma Aldrich.

Roswell Park Memorial Institute (RPMI) 1640 medium

and Dulbecco’s Modified Eagle Medium (DMEM) were

purchased from Sigma Chem. Co. (St. Louis, MO, USA).

Fetal bovine serum (FBS) and fetal calf serum (FCS) were

purchased from Gibco, United Kingdom. Dimethyl sulf-

oxide (DMSO) and methanol were of HPLC grade and all

other reagents and chemicals were of analytical reagent

grade.

The microorganisms used for the experiment are from the

Microbiological Resources Center (Cairo MIRCEN) Faculty

of Agriculture, Ain Shams University: Escherichia coli

o157:H7 ATCC 51659, Staphylococcus aureus ATCC

13565, Bacillus cereus EMCC 1080, Listeria monocytoge-

nes EMCC 1875 and Salmonella typhimurium ATCC25566.

2.2 Electrospinning of PLGA and PLGA/Ag NPs

nanofibers

The electrospun PLGA and PLGA/Ag NPs nanofibers,

containing 1 and 7 % Ag NPs, were prepared by elec-

trospinning of a PLGA solution (10 wt%) in DMF/THF

(90 wt%) and characterized using SEM, TEM and DSC

analyses as described in our previous work [17]. The

nanofibers were collected on a rotating target. A voltage

ranges from 10 to 20 kV was applied to the collecting

target by a high voltage power supply, and the flow rate of

the solution ranges from 0.1 to 0.15 mL/h. Regarding

PLGA/Ag NPs nanofibers fabrication, AgNO3 at different
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ratios are dissolved in the DMF/THF, and then 0.01 gm of

polyethylene glycol was added as a stabilizer and reduction

agent. This solution was stirred for 30 min before analysis

using UV spectra, then PLGA was added to the solution.

The solution containing silver salt was stirred for 24 h at

room temperature. The reduction of Ag? ions into ele-

mental Ag0 in the form of NPs, takes place through a series

of steps: primary nucleation, secondary nucleation, or

crystal growth via diffusion mechanism to obtain primary

particles, and agglomeration of some adjacent primary

particles into aggregated clusters (i.e., secondary particles)

[22]. The electrospun PLGA and PLGA/Ag NPs nanofibers

could be readily peeled off from the aluminum foil, and the

obtained nano-fibrous were stored at room temperature for

7 days before the subsequent characterizations.

2.3 Characterization methods

2.3.1 Morphology examination

Scanning electron microscopy (FE-SEM-JEOL GSM-

6610LV) was used for characterizing the surface mor-

phology of PLGA; PLGA/Ag NPs nanofibers. The speci-

mens were coated with platinum and examined at an

accelerated voltage of 10 kV.

2.3.2 Nanofibers porosity

For calculating the PLGA and PLGA/Ag NPs apparent

porosity, the apparent density of the electrospun nanofibers

was firstly calculated. The nanofibers sheet density was

estimated by the measurement of volume and mass of

samples (8 samples at least) according to Eq. (1) [16].

Apparent density qð Þ

¼ Mass of nanofiber sheet gð Þ
Volume of sheet cm3ð Þ g

�
cm3

� �
ð1Þ

The apparent porosity of electrospun scaffolds was then

estimated using Eq. (2).

Apparent Porosity ð%Þ ¼ 1� q
q0

� �
� 100 % ð2Þ

where q is the estimated apparent density of the electro-

spun sheet and q0 is the bulk density of the PLGA

(1.25–1.3 g/cm3).

Where the estimated apparent density of the elctrospun

is and the bulk density of the PLGA (1.25–1.3 g/cm3) is.

2.3.3 Thermogravimetric analysis (TGA)

Thermogravimetric analysis of PLGA; PLGA/Ag NPs

nano-fibers was conducted using TA instrument (Q500

TGA, US). The nano-fibers sheets were kept under vacuum

prior to testing. The specimen was heated starting from 25

to 400 �C at heating rate of 15 C/min under nitrogen flow

with obtaining the weight loss.

2.3.4 Thermal properties (DSC)

Thermal characteristics of the PLGA and PLGA/Ag NPs

nanofibers were evaluated using differential scanning cal-

orimetry (DSC). Differential scanning calorimeter (Shi-

madzu -60) was used to measure the glass transation

temperature (Tg) of PLGA and PLGA/Ag NPs nanofibers.

PLGA; PLGA/Ag NPs nanofibers sample (&5 mg) is

sealed in an aluminum pan and heated starting from 25 to

80 �C at rate of 2 �C/min, then cooled down to 20 �C.

2.3.5 Antibacterial assay using the disc diffusion method

Screening of different samples (3 discs samples in 5 mm

diameter) was tested by disc diffusion method. Each

sample (5 mm in diameter) was inoculated on Tryptose soy

agar supplemented with yeast extract (TSAYE) in a stan-

dard Petri dish from a 16 to 18 h culture grown in TSAYE

broth inoculums and they were incubated at 37 �C. The

concentration of bacteria inoculated in TSAYE was

2 9 106 cfu/ml. All experiments were performed in trip-

licate. The inhibition zone diameter was measured and

expressed in millimeters.

2.3.6 In vitro anticancer activity

2.3.6.1 Cell culture Human liver carcinoma cell line

(Hep-G2) was purchased from the American Type Culture

Collection (Rockville, MD) and maintained in RPMI-1640

medium. Normal human amnion cell line (WISH) was

kindly supplied by Applied Research Sector, VACSERA-

Egypt and maintained in DMEM medium. Both media

were supplemented with 10 % heat-inactivated FBS,

100 U/ml penicillin and 100 U/ml streptomycin. The cells

were grown at 37 �C in a humidified atmosphere of 5 %

CO2. All experiments were conducted in triplicate (n = 3).

All the values were represented as mean ± SD.

2.3.6.2 In vitro antitumor activities: MTT cytotoxicity

assay The cytotoxicity activity against Hep-G2 and

WISH human cell lines was estimated using the 3-[4,5-

dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bro-

mide (MTT) assay, which is based on the cleavage of the

tetrazolium salt by mitochondrial dehydrogenases in viable

cells [23]. Cells were dispensed in a 96 well sterile

microplate (5 9 104 cells/well), and incubated at 37 �C

with a disc of 5 mm diameter of each tested sheet or

doxorubicin (positive control) for 48 h in a serum free

J Mater Sci: Mater Med

123



medium prior to the MTT assay. After incubation, media

and disks were carefully removed, 40 lL of MTT (5 mg/

mL) was added to each well and then incubated for an

additional 4 h. The purple formazan dye crystals was sol-

ubilized by the addition of 200 lL of acidified isopropanol.

The absorbance was measured at 570 nm using a micro-

plate ELISA reader (Biorad, USA). The relative cell via-

bility was expressed as the mean percentage of viable cells

compared to the untreated control cells.

2.3.6.3 LDH assay To determine the effect of each sheet

on membrane permeability in both Hep-G2 and WISH cell

lines, a LDH release assay was used [24]. The cells were

seeded in 96-well culture plates at a density of

2 9 104 cells/well in 100 lL volume and allowed to grow

for 18 h before treatment. After treatment, with disks of

0.5 cm diameter of each tested sheet, the plates were

incubated for 48 h. Discs were removed. Then, the super-

natant (40 lL) was transferred to a new 96 well to deter-

mine LDH release and 6 % triton X-100 (40 lL) was

added to the original plate for determination of total LDH.

An aliquot of 0.1 M potassium phosphate buffer (100 lL,

pH 7.5) containing 4.6 mM pyruvic acid was mixed to the

supernatant using repeated pipetting. Then, 0.1 M potas-

sium phosphate buffer (100 lL, pH 7.5) containing 0.4 mg/

mL reduced b-NADH was added to the wells. The kinetic

changes were read for 1 min using ELISA microplate

reader in absorbance at wavelength 340 nm. This proce-

dure was repeated with 40 lL of the total cell lysate to

determine total LDH. The percentage of LDH release was

determined by dividing the LDH released into the media by

the total LDH following cell lysis in the same well.

2.3.7 Statistical analysis

All the experiments were repeated at least three times,

conducted in triplicate (n = 3) and error bars represent

standard deviations (SD). All the values were represented

as mean ± SD.

3 Results and discussion

3.1 Fabrication of PLGA/Ag NPs nanofibers

The electrospun nanofibers of PLGA and PLGA/Ag NPs were

governed due to the presence Coulomb force between the

charges on the jet surface, external electric field force, vis-

coelastic force of the solution, surface tension force, gravita-

tional force, and the frictional force due to air drag. The

electrospun nanofibers were collected on the rotating drum

target as a nonwoven fabric with superior characteristics such

as large surface area-to-volume ratio high porosity and

acceptable pore size. The electrospun samples were dried for

one day at room temperature to remove the solvent.

3.2 Morphology of PLGA nanofibers

The cell adhesion and proliferation on the nanofibers scaf-

folds were affected by scaffold properties; such as surface

morphology, porosity and chemical composition. The elec-

trospun PLGA and PLGA/Ag NPs (1 and 7 %) nanofibers

surface morphology was examined using (JEOL GSM-

6610LV) SEM. The SEM results (Fig. 1) indicated that the

electrospun PLGA and PLGA and PLGA/Ag NPs nanofibers

have a smooth morphology. All fibers exhibited uniform

diameters with several micrometers in length. It was also

observed that most of the as-spun nanofibers are round and

uniform over its length. As shown in Fig. 1a, b, pure PLGA

and PLGA/Ag NPs (1 %) nanofibers produce smooth and

bead-free nanofibers. Observable beads can be noticed with

high silver nitrate contents (Fig. 1c). This could be attributed

to high conductivity and/or low viscosity of the solution due

to the changes of silver content [17]. Many experiments have

shown that an optimum viscosity for each polymer solution is

required to produce fibers without beads [25, 26]. The

diameter of the electrospun nanofiber increases with

increasing the viscosity [27, 28].

Figure 2 shows the TEM image of PLGA/Ag NPs (7 %)

nanofibers. This figure indicates that the Ag NPs (with nearly

spherical shape and equal size) lie in/on the nanofibers. The

diameter of nanofibers is within the range of 100–200 nm,

while the size of Ag NPs was within 5–10 nm range.

3.3 Nanofibers porosity

In tissue engineering applications, the porosity of the

scaffold is an essential parameter for the success of cell

culture experiments. Highly porous scaffolds afford cell

attachment, proliferation, differentiation and sufficient

transport for nutrients and waste removal. Therefore, it is

important to fabricate the 2D or 3D scaffolds with suffi-

cient and acceptable porosity. In the present work the

porous scaffolds apparent density and porosity of electro-

spun PLGA nanofibers and PLGA/Ag NPs sheets were

calculated using Eqs. (1) and (2). The density and porosity

of PLGA nanofibers sheet fabricated with the electrospin-

ning technique were found to be 0.4065 g/cm3 and

63 ± 3 %, respectively. The calculated apparent density of

PLGA/Ag NPs (1 and 7 %) nanofibers sheets were found to

be 0.48, 0.53 g/cm3 and porosity of 61 ± 4 %, 58 ± 3 %

respectively. These highly porous scaffolds were beneficial

for the adherence and proliferation of the cells. Similar

values of PLGA nanofibers porosity (64–70 %) have been

obtained when using the electrospinning technique for

nanofibers fabrication [16].
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3.4 TGA and DSC analysis

The TGA of PLGA and PLGA/Ag NPs (7 %) nanofibrous

sheets at heating rate of 15 �C and at temperature up to

400 �C is shown in Fig. 3. The results show that there is no

weight loss up to 250 �C. The weight loss mainly occurred

in the temperature range from 260 to 360 �C with negli-

gible change at temperature higher than 360 �C. This

weight loss indicates thermal decomposition or evaporation

in the material. From this figure, it is clear that specimens’

weight loss occurred mainly due to the combustion of

organic PLGA matrix. The results of Fig. 3 also indicated

that the degradation temperature of the PLGA/Ag NPs

decreased and the weight loss increased with the presence

(increasing) of Ag NPs. This means that the thermal

Fig. 1 SEM images of a PLGA

nanofibers and b PLGA

nanofibers containing 1 % Ag

NPs and c 7 % Ag NPs

Fig. 2 TEM images of PLGA

nanofibers containing 7 % Ag

NPs

Fig. 3 TGA of the PLGA and PLGA/Ag NPs (7 %) nanofibers
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stability of the PLGA nanofibrous sheets were decreased

due to the presence of Ag NPs in the PLGA nanofibers.

These results can be attributed to the high thermal con-

ductivity of Ag NPs compared to the polymer fibers.

The DSC thermograph of PLGA and PLGA/Ag NPs (1

and 7 %) scaffolds that were obtained at temperature ran-

ges from 25 to 80 �C are shown in Fig. 4. The DSC cures

results showed that all of the tested materials have low

glass transition temperature (50 �C, higher than the phys-

iological human body temperature). Pervious DSC results

[17] indicated that there is no melting point for PLGA and

PLGA/Ag NPs (1 and 7 %) nanofibers, indicating that the

polymer is essentially amorphous. The results of Fig. 4 also

showed that the Tg of PLGA nanofibers slightly decreased

due to the addition of Ag NPs.

3.5 Antibacterial activity

Several polymers have been used to stabilize Ag NPs,

including polyethyleneimine [29], polyallylamine [30],

poly(vinylpyrrolidone) [31], and chitosan [32]. The

nucleophilic character of these polymers may be sufficient

for binding with the metal particles by donating electrons

[33]. The FDA-approved, biodegradable and biocompatible

polymer PLGA has been chosen in this study because of its

hydrolysable ester bonds, that are subjected to the nucle-

ophilic interaction with Ag NPs [34]. The antibacterial

activity is a very important characteristic of any material

that is intended for biomedical applications. Therefore,

PLGA nanofibers as well as PLGA/Ag NPs (1 %) and

PLGA/Ag NPs (7 %) nanofibers were investigated for their

antibacterial activities against three Gram-positive bacteria

(B. cereus EMCC 1080, S. aureus ATCC 13565 and L.

monocytogenes EMCC 1875) and two Gram-negative

bacteria (E.coli o157:H7 ATCC 51659 and S. typhimurium

ATCC25566).

PLGA nanofibers specimens (0, 1 and 7 % Ag NPs)

showed various degrees of inhibition against the five bac-

teria strains using the disc diffusion method as presented in

Fig. 5. Sample with an enhanced inhibitory effect was

PLGA/Ag NPs (7 %) which inhibited all the five strains

with inhibition zone diameter of 10 ± 1.27 mm; PLGA/Ag

Fig. 4 DSC of a PLGA, b PLGA/Ag NPs (1 %) and c PLGA/Ag NPs (7 %) nanofibers
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NPs (1 %) sample inhibited only one strain (B. cereus)

with zone diameter of 8 ± 0.14 mm. The PLGA nanofiber

sample has not shown any antimicrobial activity. These

results reveal that the antibacterial activity of the PLGA

nanofibers increased by increasing the concentration of the

Ag NPs incorporated into the polymer. These results are

inlined with the previously reported data. One of the studies,

in vitro microbiological studies of electrospun PLGA UFs,

using S. aureus, Ps. aeruginosa and a methicillinresistant S.

aureus, shows fast bacterial colonization of UFs and for-

mation of a dense biofilm [35]. In another study, the results

from in vitro assay demonstrated that 2 % Ag NP/PLGA

coating effectively prevented bacterial adherence and bio-

film formation, of Gram-positive S. aureus Mu50 or Gram-

negative P. aeruginosa PAO-1 on stainless steel alloy

implants [36]. However, the lower percentages of Ag NPs/

PLGA than 2 % did not show any significant antibacterial

activities. Bacillus species are found to be more sensitive

than E. coli to the Ag NPs [37]. Using silver nanocrystals

encapsulated in mesoporous silica NPs, B. subtilis showed

higher sensitivity compared to E. coli, [38]. Moreover,

Bacillus was also showed the highest susceptibility to silver

and copper NPs [39]. Variations in the degree of antimi-

crobial activity of Ag NPs have been reported. Most of the

studies found that smaller particles have large surface area

and are more toxic to bacteria. Other factors like morphology

of NPs, physical and chemical properties also have strong

impact on antimicrobial activity.

The findings of this study can be explained by the fact

that, silver prevents cell division and transcription by

binding to and disrupting multiple components of bacterial

structure and metabolism, including cellular transport,

essential enzyme systems such as the respiratory cyto-

chromes, and synthesis of cell wall components, DNA and

RNA [36]. Ionic forms of silver such as silver nitrate

(AgNO3) and silver sulfate (Ag2SO4) have been used to

provide protection against bacterial infections. However,

despite its effective short-term antibacterial activity, inad-

equate local retention and severe cytotoxic effects of ionic

silver (Ag?) have made it undesirable for continually

preventing bacterial colonization on the implants. Recent

reports have shown that 20–25 nm Ag NPs effectively

inhibit microorganisms without causing significant cyto-

toxicity, and that 10–20 nm Ag NPs are nontoxic in mice

and guinea pigs when administered by the oral, ocular and

dermal routes [40]. In this study, the Ag NPs size was

found to be 5–10 nm, which may be even better as it shows

inhibitory activity, at lower concentration (1 % AgNPs)

than that reported previously, against B. cereus.

3.6 In vitro anti-cancer activity

The biocompatible polymer PLGA nanofibrous has been

chosen in this study as anticancer drug delivery system,

because PLGA degradation is based on hydrolytic splitting

of the polymer backbone into oligomers and release of

lactic acid and glycolic acid, two byproducts of various

metabolic pathways in the body under normal physiologi-

cal conditions [41]. Therefore, it does not require surgical

removal after completion of drug release. Furthermore, the

incorporation of the biocompatible Ag NPs dispersed in a

PLGA polymer matrix may represent an important system

in the field of medicine, nanomedicine, pharmacy and

controlled drug delivery, and in particular to overcome

resistance to antibiotics. Although biodegradable PLGA

nanofibers containing Ag NPs polymeric matrix scaffolds

have proved antimicrobial activity [41], no studies have

been more extensively investigated with regard to their

potential quality as anticancer agents.

In this study, PLGA nanofibrous, PLGA/Ag NPs 1 and

7 % nanofiberous were examined in vitro for their anti-

cancer activities against Hep-G2 human liver cancer cell

line and their cytotoxic activities against normal human

amnion cell line (WISH) using MTT assay. This assay aims

to measure the percentage of the intact cells compared to

the control as well as LDH assay to measure the cellular

membrane permeabilization (rupture) and severe irrevers-

ible cell damage (Fig. 6). The results show that, the anti-

cancer activity of PLGA nano fibrous increased by

increasing the concentration of the coated Ag NPs. PLGA

nanofibers did not show any cytotoxic effect. However,

PLGA nanofibers containing 1 % Ag NPs showed anti-

cancer activity of 8.8 %, by increasing the concentration of

the Ag NPs to 7 % onto PLGA nanofibers the anticancer

activity enhanced to 67.6 %.

Fig. 5 Antibacterial activity of the three PLGA nanofibers sheets,

containing different percentages of silver nanoparticles, against the

five bacterial strains. The diameter of each sample disc (5 mm) is

included
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All the investigated PLGA nanofibers sheets did not

show any toxic activity against the human normal cells

(WISH). In the contrary, they all cause cytoprotective

activities and growth enhancement ranging from 2.5 to

56.7 %, (Fig. 7). PLGA nanofibers showed only very low

growth enhancement effect of 2.5 %. However, PLGA

nanofibers containing 1 % Ag NPs showed growth

enhancement effect of 56.9 % and by increasing the con-

centration of the Ag NPs to 7 % onto PLGA nanofibers, the

growth enhancement decreased again to 3.7 %. There is no

clear explanation for these findings. It could be the addition

of Ag NPs at low percentage (1 %) that changes the surface

properties of the PLGA nanofibers which enhanced the

adherence of cells. The calculated apparent density and

porosity of PLGA/Ag NPs nanofibers sheets were found

were increased compared to PLGA nanofibers [17]. These

highly porous scaffolds are also beneficial for the adher-

ence and proliferation of the cells. The PLGA/Ag NPs 7 %

are showing a decrease in growth enhancement as a result

of cytotoxicity of Ag NPS to the cells.

The anticancer activity of PLGA/Ag NPS (7 %) may be

attributed to the fact that Ag NPs, induce toxicity pre-

dominately through oxidative stress, by the generation of

reactive oxygen species (ROS), which have specific effects

in cells, including oxidative damage to DNA, protein and

lipid [42] this may also explain the decrease in growth

inhancment of PLGA/Ag NPS (7 %) against the human

normal cells.

4 Conclusion

Based on the preliminary anticancer as well as the anti-

microbial results in this study, it can be postulated that

PLGA nanofibers containing 7 % Ag NPs may be suitable

as anticancer- and antibiotic-drug delivery systems, as they

may increase the anticancer as well as the antibiotic drug

potency without cytotoxicity effect on the normal cells.

These findings suggest also that Ag NPs, of the size

(5–10 nm) evaluated in the present study, may be appro-

priate for therapeutic application from a safety standpoint.

However, further studies are required to evaluate the con-

tribution of these NPs to the specific health benefits in

biological systems, in vitro as well as in vivo.
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