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Abstract Silver nanoparticles were prepared by chemical

reduction method using chitosan as stabilizer and ascorbic

acid as reducing agent in this work. The silver/chitosan

nanocomposites were characterized in terms of their particle

sizes and morphology by using UV spectrophotometer,

nano-grainsize analyzer, and transmission electron micros-

copy. Antibacterial activities of these nanocomposites were

carried out for Staphylococcus aureus and Escherichia coli.

The silver nanoparticles exhibited significantly inhibition

capacity towards these bacteria. Detailed studies on the

biocompatibility of the silver/chitosan nanocomposites were

investigated by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-

tetrazolium bromide assay and cell adhesion test. The results

indicated that these silver/chitosan nanocomposites were

benefit for the proliferation and adhesion of L-929 cells, and

the biocompatibilities between the nanocomposites and the

cells would become better with the culturing days. We

anticipated that these silver/chitosan nanocomposites could

be a promising candidate as coating material in biomedical

engineering and food packing fields wherein antibacterial

properties and biocompatibilities are crucial.

1 Introduction

Due to the excellent antibacterial activities, silver nanopar-

ticles are widely used in biomedical fields to control infec-

tions [1–8]. However, silver nanoparticles as antimicrobial

agent are now gaining increasing appeal for medical appli-

cations because of their negative impact to the biocompati-

bility, for example, causing thrombogenic effect [9–11].

However, no sufficient information is available on the

detailed molecular mechanics of silver nanoparticles toxicity

[12]. Thus, the investigation of antibacterial silver nano-

particles with good biocompatibilities is now coming into

our consideration.

To prepare silver nanoparticles, chemical reduction is the

most extensively applied and the most promising industrial

application method due to its simpleness and high yield

[13]. Based on the principle of ‘‘green synthesis’’ [14], we

reviewed the chemical methods in previous researches,

and chose chitosan as stabilizer and ascorbic acid (VC) as

reducing agent to prepare silver nanoparticles in this work.

Chitosan, which exhibits excellent biocompatibility, bio-

degradability, antibacterial and antifungal activities, was

used to prepare silver nanopartilces in many researches

[15–18]. Besides, VC is considered to be one of the best

reducing agents candidates in many pharmacological reac-

tions with its mild reducing capability and non-hazardous

performance [19, 20]. However, of all the previous research

to prepare silver nanoparticles, only few works focused on

the toxicity and the biomedical performance of these silver

nanoparticles [5, 21, 22].

In this work, by using chitosan and VC, silver/chitosan

nanocomposites were prepared. The best preparation con-

ditions were systematically investigated and the antibac-

terial activities of these silver/chitosan nanocomposites

were presented by using Staphylococcus aureus (S. aureus)

and Escherichia coli (E. coli). In addition, the biocom-

patibility of these silver/chitosan nanocomposites was

studied by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-

razolium bromide (MTT) assay and cell adhesion test. The

results indicated that these silver/chitosan nanocomposites
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showed good cell compatibility, as the nanocomposites

were benefit for the growth and proliferation of L-929 cells.

Therefore, we anticipate that by preparing silver nano-

composites with chitosan and VC, effective, non-toxic and

inexpensive antibacterial material within good biocom-

patibility may be obtained, and our consideration about the

biomedical performance of the silver nanoparticles would

give some guidance for the extension of silver nanoparti-

cles in biomedical fields.

2 Materials and methods

2.1 Materials

Chitosan (Mw, 10,000; deacetylation degree of 90%) was

purchased from Boao Technology Co. Ltd (Shanghai,

China). Silver nitrate (AgNO3) and vitamin C (VC) were

obtained from Country medicine group (ChengDu, China).

Beef extract and peptone were provided by RongHai bio-

logical reagent company (ChengDu, China). Calf serum—

clarified and DMEM culture fluid were purchased from

YunHong biological reagent company (ChengDu, China).

All the other reagents were obtained from Chemical

Reagent Factory of Kelong (ChengDu, China), which were

of analytical grade, and used without further purification.

2.2 Preparation of silver/chitosan nanocomposites

Silver/chitosan nanocomposites were prepared by the

direct reduction of AgNO3 with VC. Firstly, 1 ml AgNO3

aqueous solution of determined concentration was added to

10 ml chitosan acetic acid solution (1%, w/w) to obtain

homogeneous solution. After magnetic stirring for 30 min,

1 ml VC solution (the concentration was the same as

AgNO3 solution, pH value was adjusted to 6) was added

dropwise into the mixture, then the reaction continued for

another 60 min while stirring under the determined tem-

perature. After that, the silver/chitosan nanocomposites

were prepared.

To discuss the affecting factors of the reducing reaction,

including concentration of AgNO3 solution, concentration

of chitosan and the temperature, samples with different

conditions were prepared by using the same procedure

mentioned above, as shown in Table 1.

2.3 Characterization of the silver/chitosan

nanocomposites

The colors of the obtained silver/chitosan nanocomposites

were observed by Kodak digital camera in this study. UV

spectrophotometer (Shanghai Spectrum Instrument Fac-

tory), with matching analysis software of spwin-uvs was

employed to detect the adsorption peaks of the nano-silver.

2 ml solution was aspirated into the quartz cuvette, and

detected at the scanning range of 350–600 nm. The particle

size of the silver nanoparticles was measured by a nano-

grainsize analyzer (NPA 150, analysis range: 0.8–6.5 nm),

and the results were analyzed by a Nano analysis software.

Transmission electron microscopy (TEM) observations

were carried out on a JEM 100C 9 II instrument.

2.4 Antibacterial activity tests

2.4.1 Qualitative methods: inhibition zone method

40 ll-silver/chitosan nanocomposites was smeared onto

nylon membranes (diameter = 8.0 mm), and were dried in

a vacuum oven. Then the membranes were immersed into

NaOH solution (2 mol/l) to neutralize the unreacted acetic

acid. After that the membranes were washed with plenty of

deionized water and dried at room temperature before use.

The resulted silver nanoparticles-coated-nylon membranes

were placed in the middle of the culture dishes with 200 ll

Table 1 Samples of silver/

chitosan nanocomposites

prepared under different

conditions

Affecting factor Concentration of

AgNO3 (mM/ml)

Concentration of

chitosan (g/ml) (%)

Temperature

(�C)

Code

Concentration

of AgNO3

0.0035 1 100 (Ag0)0.0035–CS

0.0050 1 100 (Ag0)0.0050–CS

0.0075 1 100 (Ag0)0.0075–CS

Concentration

of chitosan

0.0050 0.2 100 Ag0–(CS)0.2%

0.0050 0.5 100 Ag0–(CS)0.5%

0.0050 1.0 100 Ag0–(CS)1.0%

0.0050 2.0 100 Ag0–(CS)2.0%

Temperature 0.0050 1 20 Ag0–CS-20

0.0050 1 40 Ag0–CS-40

0.0050 1 80 Ag0–CS-80

0.0050 1 100 Ag0–CS-100
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suspension of S. aureus and E. coli bacteria, respectively.

Then the samples were incubated at 37�C for 24 h. The

presence of any clear zone that formed around the film disk

was observed and recorded by a digital camera. The culture

dishes with chitosan coated membrane and without mem-

brane were also prepared as a control.

2.4.2 Quantitative methods: the minimum inhibitory

concentration (MIC)

The culture dishes with agars were prepared as mentioned

in inhibition zone method. The silver/chitosan nanocom-

posites solution was diluted with chitosan solution, and the

diluted ratios were settled as follows: 1/1, 1/2, 1/4, 1/8,

1/16, 1/32 (v/v). Then, 1 ml of the diluted solution was

smeared on the agar, and the samples were incubated at

37�C for 24 h. The culture dishes without the diluted

solutions were also prepared as a control.

2.5 Biocompatibility test

2.5.1 Cytotoxicity test: MTT method

After cell culture for 1, 3, 5, 7 days, the L-929 cells was

determined by MTT assay. 40 ll silver/chitosan nanocom-

posties solution was smeared on the slide (8 9 8 mm) and

dried in a vacuum oven for 12 h. Then the slides were

immersed into NaOH solution (2%, wt%) for 1 h to neu-

tralize the unreacted acetic acid. After that the membranes

were washed with plenty of distilled water and dried at room

temperature before use. The resulted membranes were dis-

infected with ozone and UV. The L-929 cells were seeded

onto the membranes at a density of approximately 5 9 103

cells/well. After various time intervals, 20 ll MTT solution

(1 mg/ml in the test medium) was added to each well and

incubated for 5 h at 37�C. Mitochodrial dehydrogenases of

viable cells cleave selectively to the tetrazolium ring,

yielding blue/purple formazan crystals. Dimethyl sulfoxide

(DMSO) of 200 ll was added to dissolve the formanzan

crystals. The solution of each sample was moved into 96

wells cell cultures for examination by Microplate reader

(Model50, Bio Rad Corp.) at 570 nm. All the experiments

were repeated five times, and the value of the RGR (relative

growth rate) can be calculated by the following formula:

RGR ¼ absorbance values of the experimental group=

absorbance values of the negative control group

� 100%

2.5.2 Cell adhesion experiment

The samples were prepared and cultured as mentioned in

the MTT test. After determined days, the membranes were

immediately rinsed with PBS and fixed in 3 wt% glutar-

aldehyde in PBS at 4�C for 1 h. The fixed samples were

dehydrated through exposure to a gradient of alcohol (30,

50, 70, 80, 90, 95, and 100%). The critical point drying of

specimens was undertaken with liquid CO2. The speci-

mens were sputter-coated with gold and examined by an

S-2500C microscope (Hitachi, Japan).

3 Results and discussion

3.1 Preparation of the silver/chitosan nanocomposites

In this work, several silver/chitosan nanocomposites had

been prepared under different conditions, as shown in

Table 1. The growth and the size of the nanoparticles were

discussed, and the best preparation condition of the chito-

san–silver nanoparticles composites was summarized.

3.1.1 Effect of the concentration of AgNO3 solution

Presentation color of the silver nanoparticles has a rela-

tionship with the size and the shape of the particles.

According to a previous research, the phenonenon that the

solution colour changed into red, green and brown, could

indicate the growth of the particles. In this study, with the

increase of the AgNO3 concentration, the colour of the

silver nanoparticle solution changed from light yellow to

golden yellow, and finally to red yellow, which indicated

the growth of the nano-sliver particles. TEM was employed

to observe the morphology of the nano-slivers, as shown in

Fig. 1a. The appearances of the nano-silvers were round

and with a regular shape. The particle size of the chitosan–

silver nanoparticles composits were investigated by UV

adsorption. As can be seen in Fig. 1b, the adsorption peak

of the silver nanoparticles particles was between 400 and

420 nm. With the increase of the silver concentration, the

adsorption peak shifted to right and gradually widened. It

has been reported that the adsorption peak sites were

basically related to the particle size [23]. The smaller the

particle was, the greater the adsorption peak tended to

the left. Besides, the more extensive size distribution was,

the wider the adsorption peak would be. Thus, from the

results of the UV adsorption, it can be conclued that, with

the increase of the AgNO3 concentration, the particle size

of the silver nanoparticles increased and the particle size

distribution became wider. This could also be proved by

using a nano-grainsize analyzer. As shown in Fig. 1c, with

the increasing of the silver concentration from 0.0035 to

0.0075 mmol/ml, the average diameter of the nano parti-

cles increased from 21.0 to 110 nm and the distribution of

the nano-silver particles became wider.
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3.1.2 Effect of the concentration of chitosan

When the chitosan concentration varied from 0.2 to 2% (g/ml),

the color of the solution changed from light green to brown.

However, when the concentration was higher than 1% (g/ml),

as for Ag0–(CS)2.0%, the solution became very viscous, and the

UV adsorption peaks were wide and random. This phenomenon

may be related to the molecular weight, and the chelate state of

the chitosan and the silver ions [15]. Therefore, the chitosan

solution of 1% (m/m) was considered to be the best choice for

preparing the silver/chitosan nanocomposites in this study.

3.1.3 Effect of the temperature

The boiling temperature played an important role in the

process of the silver ion reduction using VC [24]. In this

study, the temperature increased from 20 to 100�C. When

the temperature increased to 100�C, the nanosliver parti-

cles with regular shape were obtained.

From the discussion mentioned above, the best prepa-

ration condition of the chitosan–silver nanoparticles com-

posites could be generalized: chitosan solution (1%), silver

nitrate solution (0.0035 to 0.0075 mmol/ml, same with the

VC solution), and the reaction temperature (100�C).

3.2 Antibacterial activity tests of chitosan–silver

nanoparticles composites

3.2.1 Qualitative method: inhibition zone method

The antibacterial activity of the chitosan/Ag nanocom-

posites as coating material was tested toward S. aureus and

E. coli by the inhibition zone method. As shown in Fig. 2,

in spite of the antibacterial activity of chitosan [17], no

inhibition zone was obtained around the chitosan coated

nylon membrane. This phenomenon was due to the neu-

tralization of acid groups by NaOH during the treating

procedure, which made the chitosan lose its positive

charges and its antibacterial properties. Compared to the

chitosan, the silver/chitosan nanocomposite showed sig-

nificant inhibition effect on both gram-negative bacteria

(E. coli) and gram-positive bacteria (S. aureus), wherein,

the size of its inhibition zone was 2.0 and 1.5 mm,

respectively. The results demonstrated that the antibacterial

activity of the composites came from the silver nanopar-

ticles. Furthermore, images of the bacteria on the silver/

chitosan nanocomposites by using SEM or AFM observa-

tion were not shown, since the morphology of the bacterial

was not change in the anti-bacterial activity.

Fig. 1 a TEM images of the silver/chitosan nanocomposites. b UV absorbance of the silver/chitosan nanocomposites. c Distribution curves of

the silver/chitosan nanocomposites
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3.2.2 Quantitative method: the minimum inhibitory

concentration

The MIC was defined as the lowest silver/chitosan nano-

composites concentration resulting in the lack of visible

microorganism growth. As shown in Table 2, the results

indicated that both chitosan and silver/chitosan nanocom-

posites had inhibition effects to E. coli and S.aureus.

Because of the good antibacterial property of the silver

nanoparticles, the silver/chitosan nanocomposites expressed

much stronger antibacterial capability than the chitosan

solution.

For the silver/chitosan nanocomposites, when the con-

centration of the silver ions increased, the inhibition ability

against both E. coli and S. aureus decreased, and the MIC

of the composites increased. This could be explained by the

discussion mentioned above. When the concentration of the

silver ions increased, the size of the obtained nano-sliver

particles would increase. However, the particles with larger

size have smaller surface area and smaller infiltration rate,

which could have worse antibacterial effect. Moreover, the

shape of the silver nanoparticles ions also affected the

antibacterial activity. If the atomic density of the polyhe-

dron surface was higher, the antibacterial effects were more

obviously [14].

Besides, it can be seen from Table 2 that the E. coli was

more sensitive to the composites than S. aureus, this phe-

nomenon was associated to the structure of the cells [14].

The cell walls of the negative bacteria were much thinner,

approximately 10–15 nm, compared with 20–80 nm of the

positive bacteria’s cell wall. Thus, the silver ions penetrate

the thin wall of the negative bacteria more quickly and

express its antibacterial capability more easily.

3.3 Biocompatibility of the silver/chitosan

nanocomposites

3.3.1 MTT test

Cytotoxicity test is one of the most important indicators of

the evaluation system for medical device. In this study,

MTT method was used for testing the cytotoxicity grade of

the silver/chitosan nanocomposites. According to the RGR

mentioned above, the toxicity grade of material was divi-

ded into 5 levels: grade 0: RGR C 100%; grade 1: 100%

[ RGR C 75%; grade 2: 75% [ RGR C 50%; grade 3:

50% [ RGR C 25%; grade 4: 25% [ RGR C 1%; grade

5: RGR = 1%, and only the grade 0 or 1 indicated the

qualified level. As can be seen in Table 3, the cell toxicity

of the silver/chitosan nanocomposites were in grade 1 or 0

during the culturing process. According to the standard

toxicity rating, 0 and 1 grade were low toxicity in the

framework of safety use. Moreover, the toxicity grade in

the first and third days were grade 1, and with the culturing

days the RGR decreased to grade 0. This was an expected

result, which suggested that the silver/chitosan nanocom-

posites had little harm to the growth of the cells and the

biocompatibilities between the nanocomposties and the

cells would become better with the culturing time.

It can also be seen from Table 3 that, there was no sig-

nificant difference in the toxicity grade between the silver/

chitosan nanocomposites and the control group of chitosan

solution. Recently, many studies concerned with the chito-

san based on its good biocompatibility, non-toxicity and

adsorption properties [25–29]. Therefore, it could be

Fig. 2 Antimicrobial activities of chitosan coated nylon membrane

and silver/chitosan nanocomposites coated nylon membrane against

a E. coli and b S. aureus

Table 2 Results of the MIC test for the silver/chitosan nanocom-

posites against E. coli and S. aureus

Samples Bacterial Dilution ratio

1/1 1/2 1/4 1/8 1/16 1/32

[(Ag0)0.0035–CS] E. coli - - - - - ?

S. aureus - - - - ? ?

[(Ag0)0.0050–CS] E. coli - - - - ? ?

S. aureus - - - ? ? ?

[(Ag0)0.0075–CS] E. coli - - - ? ? ?

S. aureus - - ? ? ? ?

CS E. coli - - ? ? ? ?

S. aureus - ? ? ? ? ?

‘‘-’’ there is no growth for the bacterial, ‘‘?’’ there is growth for the

bacterial
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estimated that, the additional of chitosan into the silver/

chitosan composites would somehow compensate the neg-

ative impact of the silver nanoparticles to the biocom-

patibilities.

3.3.2 Cell adhesion test

The toxicity of material can be also reflected by morpho-

logical changes of the cells which grew on the surface of

material [30]. When the materials were non-toxic, the

numbers and the morphology of the cells would keep

unchanged. On the other hand, when the materials were

toxic, the cells would be seriously distorted. In this study,

the cells were grown on the surfaces of silver/chitosan

nanocomposites coated membranes and the surfaces of

chitosan covered membranes, respectively. By observing

the growth of the cells, as shown in Fig. 3, it could be seen

that the cell morphologies were triangle and spindle, and

the cells extended pseudopodia to adhere onto the material

and grew by monolayer. With the extension of culturing

time, the cells proliferated quickly, with some differenti-

ating fibroblasts showing a circular shape. It can also be

seen in the Fig. 3 that there was no significant differences

in the morphology and the quantity among the cells, which

grew on the surfaces of silver/chitosan nanocomposites,

chitosan and the control group. The good growth of the

cells on the composite membrane proved that the implanted

Ag had no negatively impact on the cell growth, and with

the culturing days the cell proliferated well. These results

demonstrated that, the antibacterial silver/chitosan nano-

composites prepared in this study had good compatibility

Table 3 MTT test for the silver/chitosan nanocomposites

Samples Culturing

days

RGR

(%)

Toxicity

grade

[(Ag0)0.0035–CS] 1 80.1 1

3 89.6 1

5 103.4 0

7 105.4 0

[(Ag0)0.0050–CS] 1 88.0 1

3 93.8 1

5 109.0 0

7 118.3 0

[(Ag0)0.0075–CS] 1 93.3 1

3 96.2 1

5 107.0 0

7 110.3 0

CS 1 94.0 1

3 97.0 1

5 104.7 0

7 108.0 0

Fig. 3 Morphology of the L-929 cells cultured on the chitosan coated nylon membrane and silver/chitosan nanocomposites coated nylon

membrane after a 1 day, and b 4 days
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with the culturing cells and were within the good safety

usage in bioengineering and food packing fields where

innoxious was important.

4 Conclusions

In this study, silver/chitosan nanocomposites were pre-

pared by adopting chitosan as stabilizer and VC as reduc-

ing agent. The best preparation conditions were obtained:

chitosan solution (1%), silver nitrate solution (0.0035 to

0.0075 mmol/ml, same with the VC solution), and the

reaction temperature (100�C). These composites showed

good antibacterial activity in both inhibition zone test and

MIC test, which suggested that the antibacterial activity of

the composites mainly owed to the silver nanoparticless.

Cell compatibilities of the Ag/chitosan nanocomposites

were evaluated by the methods of MTT test and cell

morphology. The MTT test indicated that the cytotoxicity

level of the composites was within the safety range of the

evaluation standard, and with the culturing days these

composites would become more and more compatible with

the L-929 cells. The cell morphology test also showed the

good cell compatibility of the Ag/chitosan nanocomposites.

This method of preparing silver nanoparticles was non-

toxic, low-cost and convenient. We anticipated that these

silver/chitosan nanocomposites might have some potential

use in biomedical engineering, and the consideration about

the biomedical performance of the silver nanoparticles

would make some contributions to the usage of silver

nanoparticles in biomedical fields.

Acknowledgments This work was financially sponsored by the

National Natural Science Foundation of China (No. 50673064,

50973070), and the Sichuan Youth Science and Technology Foun-

dation, 08ZQ026-038). We should also thank our laboratory members

for their generous help.

References

1. Necula BS, Fratila-Apachitei LE, Zaat SAJ, Apachitei I,

Duszczyk J. In vitro antibacterial activity of porous TiO2–Ag

composite layers against methicillin-resistant Staphylococcus
aureus. Acta Biomater. 2009;5:3573–80.

2. Ruparelia JP, Chatterjee AK, Duttagupta SP, Mukherji S. Strain

specificity in antimicrobial activity of silver and copper nano-

particles. Acta Biomater. 2008;4:707–16.

3. Pinto RJB, Marques PAAP, Neto CP, Trindade T, Daina S, Sadocco

P. Antibacterial activity of nanocomposites of silver and bacterial

or vegetable cellulosic fibers. Acta Biomater. 2009;5:2279–89.

4. Zhang W, Luo Y, Wang H, Jiang J, Pu S, Chu P. Ag and Ag/N2

plasma modification of polyethylene for the enhancement of

antibacterial properties and cell growth/proliferation. Acta Bio-

mater. 2008;4:2028–36.

5. Travan A, Pelillo C, Donati I, Marsich E, Benincasa M, et al.

Non-cytotoxic silver nanoparticle-polysaccharide nanocomposites

with antimicrobial activity. Biomacromolecules. 2009;10:1429–35.

6. Ma Y, Zhou T, Zhao C. Preparation of chitosan–nylon-6 blended

membranes containing silver ions as antibacterial materials.

Carbohydr Res. 2008;343:230–7.

7. Necula BS, Fratila-Apachitei LE, Berkani A, Apachitei I,

Duszczyk J. Enrichment of anodic MgO layers with Ag nano-

particles for biomedical applications. J Mater Sci Mater Med.

2009;20: 339–45.

8. Madhumathi K, Kumar PTS, Abhilash S, Sreeja V, Tamura H,

Manzoor K, Nair SV, Jayakumar R. Development of novel chitin/

nanosilver composite scaffolds for wound dressing applications.

J Mater Sci Mater Med. 2010;21:807–13.

9. Stevens KNJ, Crespo-Biel O, et al. The relationship between the

antimicrobial effect of catheter coatings containing silver nano-

particles and the coagulation of contacting blood. Biomaterials.

2009;30:3682–90.

10. Shahverdi AR, Fakhimi A, Shahverdi HR, Minaian S. Synthesis

and effect of silver nanoparticles on the antibacterial activity of

different antibiotics against Staphylococcus aureus and Esche-
richia coli. Nanomedicine. 2007;3:168–71.

11. Asharani PV, LianWu Y, Gong Z, Valiyaveettil S. Toxicity of

silver nanoparticles in zebrafish models. Nanotechnology. 2008;19:

255102.

12. Lubick N. Risks of nanotechnology remain uncertain. Environ

Sci Technol. 2008;42:1821–4.

13. Tao A, Sinsermsuksaku P, Yang P. Polyhedral silver nanocrystals

with distinct scattering signatures. Angew Chem Int Ed Engl. 2006;

45(28):4597–601.

14. Sharma VK, Yngard RA, Lin Y. Silver nanoparticles: green

synthesis and their antimicrobial activities. Adv Colloid Interface

Sci. 2009;145:83–96.

15. Twu YK, Chen YW, Shih CM. Preparation of silver nanoparticles

using chitosan suspensions. Powder Technol. 2008;185:251–7.

16. Huang H, Yuan Q, Yang X. Preparation and characterization of

metal–chitosan nanocomposites. Colloids Surf B. 2004;39:31–7.

17. Rabea EI, Badawy MEI, Stevens CV, Smagghe G, Steurbaut W.

Chitosan as antimicrobial agent: applications and mode of action.

Biomacromolecules. 2003;4:1457–65.

18. Laudenslager MJ, Schiffman JD, Schauer CL. Carboxymethyl

chitosan as a matrix material for platinum, gold, and silver

nanoparticles. Biomacromolecules. 2008;9(10):2682–5.

19. Al-Thabaiti SA, Al-Nowaiser FM, Obaid AY, Al-Youbi AO,

Khan Z. Formation and characterization of surfactant stabilized

silver nanoparticles: a kinetic study. Colloids Surf B. 2008;67:

230–7.

20. Murugadoss A, Pasricha R, Chattopadhyay A. Ascorbic acid as a

mediator and template for assembling metallic nanoparticles.

J Colloid Interface Sci. 2007;311:303–10.

21. Chen Y, Zheng X, Xie Y, Ding C, Ruan H, Fan C. Anti-bacterial

and cytotoxic properties of plasma sprayed silver-containing HA

coatings. J Mater Sci Mater Med. 2008;19:3603–9.

22. Zhao J, Cai XM, Tang HQ, Liu T, Gu HQ, Cui RZ. Bactericidal and

biocompatible properties of TiN/Ag multilayered films by ion

beam assisted deposition. J Mater Sci Mater Med. 2009;20:101–5.

23. Sonnichsen C, Franzl T, Wilk T, von Plessen G, Feldmann J.

Plasmon resonances in large noble-metal clusters. New J Phys.

2002;4:93.

24. Pillai ZS, Kamat PV. What factors control the size and shape of

silver nanoparticles in the citrate ion reduction method? J Phys

Chem B. 2004;108:945–51.

25. Aymonier C, Bortzmeyer D, Thomann R, Mülhaupt R. Poly

(methyl methacrylate)/palladium nanocomposites: synthesis and

characterization of the morphological, thermomechanical, and

thermal properties. Chem Mater. 2003;15:4874–8.

26. Dufresnea A, Cavaillea JY, Dupeyea D, Ramirezb MG, Romeroc

J. Morphology, phase continuity and mechanical behaviour of

polyamide 6/chitosan blends. Polymer. 1999;40:1657–66.

J Mater Sci: Mater Med (2010) 21:2861–2868 2867

123



27. Fuentes S, Retuert PJ, Ubilla A, Fernandez J, Gonzalez G.

Relationship between composition and structure in chitosan-

based hybrid films. Biomacromolecules. 2000;1:239–43.

28. Tanabe T, Okitsu N, Tachibana A, Yamauchi K. Preparation and

characterization of keratin–chitosan composite film. Biomateri-

als. 2002;23:817–25.

29. Zhang M, Li X, Gong Y, Zhao N, Zhang X. Properties and

biocompatibility of chitosan films modified by blending with

PEG. Biomaterials. 2002;23:2641–8.

30. Liu Z, Deng X, Wang M, Chen J, Zhang A, Gu Z, Zhao C. BSA-

modified polyethersulfone membrane: preparation, characteriza-

tion and biocompatibility. J Biomater Sci Polym Ed. 2009;20:

377–97.

2868 J Mater Sci: Mater Med (2010) 21:2861–2868

123


	Preparation of silver nanoparticles with antimicrobial activities and the researches of their biocompatibilities
	Abstract
	Introduction
	Materials and methods
	Materials
	Preparation of silver/chitosan nanocomposites
	Characterization of the silver/chitosan nanocomposites
	Antibacterial activity tests
	Qualitative methods: inhibition zone method
	Quantitative methods: the minimum inhibitory concentration (MIC)

	Biocompatibility test
	Cytotoxicity test: MTT method
	Cell adhesion experiment


	Results and discussion
	Preparation of the silver/chitosan nanocomposites
	Effect of the concentration of AgNO3 solution
	Effect of the concentration of chitosan
	Effect of the temperature

	Antibacterial activity tests of chitosan--silver nanoparticles composites
	Qualitative method: inhibition zone method
	Quantitative method: the minimum inhibitory concentration

	Biocompatibility of the silver/chitosan nanocomposites
	MTT test
	Cell adhesion test


	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


