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Objectives: Due to the expanded bacterial genetic tolerance to antibiotics through different

mechanisms, infectious diseases of MDR bacteria are difficult for treatment. Consequently,

we synthesized drug conjugated nanoparticles to dissolve this problem. Moreover, the

present study aims to display the cell death status treated with cefotaxime-CS-AgNPs and

also, apoptosis pathways of human RPE-1 normal cells and human MCF-7 breast cancer

cells.

Methods: Here, we demonstrate the possibility to synthesize AgNPs and conjugate them

with cefotaxime to survey the probability of cefotaxime-CS-AgNPs as an antimicrobial agent

against cefotaxime-resistant strains E. coli and MRSA.

Results: TEM showed the size of AgNPs, CS-AgNPs and cefotaxime-CS-AgNPs ranged from

7.42 to 18.3 nm, 8.05–23.89 nm and 8.48–25.3 nm, respectively, with a spherical shape. The

cefotaxime-CS-AgNPs enhanced the high antimicrobial properties compared to AgNPs or pure

antibiotic. The MIC of Cefotaxime-CS-AgNPs ranged from 3 µg/mL to 8 µg/mL against tested

E. coli and MRSA bacteria. Consequently, the highest reduction in the MIC of cefotaxime-CS-

AgNPs was noted against tested strains ranging from 22% to 96%. Comparing cefotaime-CS-

AgNPs to AgNPs we showed that cefotaime-CS-AgNPs have no cytotoxic effect on normal cells

at even 12 µg/mL for 24 hrs. The IC50 for the AgNPs and cefotaxime-CS-AgNPs was 12 µg/mL

for human RPE-1 normal cells and human MCF-7 breast cancer cell lines. The pro-apoptotic

genes p53, p21, and Bax of cancer cell lines significantly upregulated followed by downregulated

by anti-apoptotic gene Bcl-2 after 48 hrs at 24 µg/mL, and this concentration represents the most

effective dose.

Conclusion: Results enhanced the conjugating utility in old unresponsive cefotaxime to

AgNPs to restore its efficiency against previous strains and demonstrated potential therapeu-

tic applications of cefotaxime-CS-AgNPs. Moreover, this research gives remarkable insights

for designing nanoscale delivery and curative systems that have a pronounced cytotoxic

activity on cancer cells and are safe to normal cells.

Keywords: AgNPs and cefotaxime-Cs-AgNPs, MRSA, E. coli, anticancer, cytotoxicity,

genotoxicity

Introduction
Cefotaxime is one antibiotic of Oxyimino-cephalosporins. Consequently, they were

the “most important antimicrobial” for human medicine.1 Moreover, there are vari-

eties of resistance mechanisms depending on the specific microorganism involved
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against these antimicrobials. Unique of these mechanisms is

enzymatic medicine degradation via extended-spectrum β-
lactamases (ESBLs) production in Gram-negative patho-

gens especially pathogenic Escherichia coli.2 Moreover,

the appearance of pathogenic resistant Staphylococcus aur-

eus (S. aureus) isolates, especially methicillin-resistant

(MRSA), is a global challenge to their infections.3,4

Ordinarily, strains of MRSA cause different infectious dis-

eases in all age groups and consider one of the important

human pathogens. Therefore, infectious diseases of these

resistant bacteria extended hospital stay, increased the cost

of health care services, and lead to a significant increase in

morbidity and mortality rates.5

Nowadays, evolution of Microbial resistance mechan-

isms associated with medical procedures has become

a serious problem with high concern to public health.6

Therefore, the researchers prepared new nano-antimicrobial

drugs with high efficiency and improved delivery potential.7

Silver has been used in some medicinal applications for

centuries. Regulators approved silver as an antibacterial

agent in the early 1990s.8 Accordingly, Hippocrates obtained

that silver had helpful and antimicrobial benefits.9 Ordinarily,

to extend the milk freshness, silver coins were placed in

containers of milk.10 Consequently, cost less and new anti-

microbial drugs were improved by numerous scientists due

to the focus on MDR microbe’s proliferation and lessening

the health care expense. The advanced era finds new ways of

antimicrobial agents and nanotechnology offers as one pos-

sible solution. Therefore, the revival of silver-based antibio-

tics led to resolve such problems.11,12 Accordingly,

biological methods of AgNPs synthesis got more considera-

tion since there is no use of any toxic chemicals in the

synthesis process and they cost less, eco-friendly.13 The

AgNPs biosynthesis is a simple process and extensive

amounts. Nanoparticles (NPs) can be set up in a short time

and the plant extract is considered as an energizing branch

and used as a reducing and stabilizing agent in the biosynth-

esis processes.

Subsequently, antibiotic conjugated nanoparticle could

be compelling bactericidal materials. By various research-

ers, the improved action of AgNPs and anti-microbial

agents together has been reported earlier.14–18 For exam-

ple, the conjugation of AgNPs with Doxycycline brought

about the higher bactericidal effect on E. coli than when

the components are administered separately.19

Toxicity studies are required for metal nanoparticles

expected application on biomedical application.

Consequently, metal nanoparticles as nanomaterials are

including those in diagnostics, medical imaging, and

tumor therapeutics. Moreover, metal nanoparticles have

been applied as drug delivery, and cancer therapy in the

early detection, and diagnosis.20

Thus, the present study is an attempt to synthesize

Cefotaxime-CS-AgNPs for numerous applications such as

a novel nano-antimicrobial agent for treating various bacter-

ial diseases. Additionally, we study the cytotoxicity effect of

these nanoparticles on Both MCF-7 and RPE-1 cells. We

displayed the conjugation of AgNPs with cefotaxime, as

a β-lactam antibiotic yields a hybrid agent for the inhibition

of MRSA strains and MDR strains E. coli, especially to

cefotaxime. We synthesized AgNPs, CS-AgNPs and

Cefotaxime-CS-AgNPs and performed characterization by

XRD, FTIR, UV–Vis spectroscopy and TEM followed by

pertinent antibacterial assays. Interestingly, when compared

to their unconjugated free forms (cefotaxime or AgNPs)

against tested resistant strains, Cefotaxime-CS-AgNPs were

found to have very low minimum inhibitory concentration

(MIC) which adds novelty and significance of the study.

Material and Methodology
Bacteria and Growth Conditions
The MRSA strains and MDR E. coli obtained from our

previous study. The MDR E. coli were ESBL positive strains

and displayed complete resistance to antibiotic cefotaxime.

Also, The MRSA strains were methicillin-resistant.21 At the

beginning, a fresh inoculum of each bacterial strain (MRSA

strains and MDR E. coli) was grown in nutrient broth for

18 h at 37°C. To arrive at the common standard of the

turbidity (i.e., 1.5 × 108 CFU/mL), bacterial cells were

adjusted with the nutrient broth.

Synthesis of AgNPs Using Rosa
damascenes Extract
For biosynthesis of AgNPs, Rosa damascenes extract

(5 mL, 25%) was mixed with 45 mL of AgNO3 aqueous

solution (1 mm) under constant stirring with incubation

time for 2 hrs. Moreover, the conditions were displayed at

different temperatures (35–80°C) and different pH (6–9).

Synthesized AgNPs using Rosa damascenes extract may

be easily displayed using UV–Vis spectroscopy and the

change of AgNPs color was monitored. After complete

incubation of mixture, the synthesized AgNPs were

washed with distilled water and centrifuged for 15 min at

15,000 xg. Finally, the AgNPs sample was washed with

50% ethanol.22
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Preparing Chitosan-AgNPs
For preparation of Chitosan solution, the 0.5 g Chitosan

powder (low molecular weight) Chitosan was dissolved in

a 1% acetic acid solution. Moreover, the mixture of

AgNPs with chitosan was stirred and mixed overnight,

the chitosan-AgNPs (CS-AgNPs) were recovered using

centrifuge.23

Conjugation of Cefotaximewith CS-AgNPs
The Cefotaxime-CS-AgNPs were prepared by mixing cefo-

taxime (1mg/mL) with CS-AgNPs (1mg/mL) in solution of

phosphate buffer, followed by incubation time for 24 h, and

in final step, Cefotaxime-CS-AgNPs centrifuged at 15,000

xg for 10 min.24 Moreover, ten kDa membrane of cellulose

was used for dialysis of Synthesized Cefotaxime-CS-

AgNPs against deionized water over-night. Once dialyzed

to remove any unreacted substances, the Cefotaxime-CS-

AgNPs were freeze-dried. The sample was stored to further

characterization.

In vitro Drug Release Kinetics
Cefotaxime was performed by using the membrane dialysis

technique. For dialysis, three milliliters of Cefotaxime-CS-

AgNPs (2 mg/mL, in PBS, pH = 7.4) and were put in

soaked dialysis bag (MW =12 KDa). In 30 mL of in

phosphate buffer saline (pH = 7.4), the membrane bag

was preserved in a shaking water bath operating at

100 rpm over-night at 37°C. Moreover, antioxidant ascorbic

acid (0.2% w/v) was added to the Cefotaxime-CS-AgNPs

solution to prevent cefotaxime degradation.25 At determined

times, 1 mL of sample was withdrawn and replaced with

a fresh PBS medium. Consequently, absorption of the sam-

ple was analyzed by UV–vis spectrophotometer at 298 nm,

and constructed calibration curves were plotted.

Determination of Conjugating Efficiency

of Cefotaxime-CS-AgNPs
Cefotaxime-CS-AgNPs conjugating efficiency was calcu-

lated as Shaker and Shaaban.26 The double beam spectro-

photometer was used for quantification of free drug in the

supernatant after centrifugation of the Cefotaxime-CS-

AgNPs at 15,000×g for 10 min. Moreover, the peak of

cefotaxime was obtained at ʎ max 298.27 Also, calibration

curve of cefotaxime was plotted. To calculate the conju-

gating efficiency percentage of Cefotaxime-CS-AgNPs,

we need to find out the cefotaxime amount which attached

to the CS-AgNPs according to the following equation:

Conjugating efficiency of Cefotaxime-CS-AgNPs (%)

= (Total amount of cefotaxime–Free cefotaxime in the

supernatant/Total amount of cefotaxime) × 100.

Characterization of the AgNPs and

Conjugates Cefotaxime-CS-AgNPs
UV-Visible Spectroscopy Analysis

The AgNPs aliquots were observed on double beam spec-

trophotometry (Shimadzu UV-1650) in 300–800 nm oper-

ated at a resolution of 1 nm.28 Moreover, UV–Vis

spectroscopy was used for monitoring CS-AgNPs and

Cefotaxime-CS-AgNPs.

Transmission Electron Microscopy (TEM)

To determine the shape or size of Cefotaxime-CS-AgNP, CS-

AgNP as well as AgNPs, Transmission Electron Microscopy

(TEM) technique was used. Furthermore, imaging of E. coli

strain treated with Cefotaxime-CS-AgNPs was observed and

the TEM (model JEOL 100CX II) was used to display the

shape of Cefotaxime-CS-AgNP, CS-AgNP and AgNP. The

sample was dropped on carbon-coated copper grids. Then the

film on the grid was dried and examined by TEM.29

X-Ray Diffraction (XRD) Analysis

The nature and size of the Cefotaxime-CS-AgNPs, CS-

AgNPs or AgNPs have determined the usage of XRD. This

became executed the use of Shimadzu XRD (Shimadzu XD-

3A, Japan) and the analyzed AgNPs or Cefotaxime-CS-

AgNPs turned into fine powder and the compositions were

determined. Moreover, the size of Cefotaxime-CS-AgNPs,

CS-AgNPs or AgNPs has calculated using Debye Scherer’s

equation.

D ¼ kλ

βcos θ

where β is the width of the maximum peak at half of the height

at the diffraction angle Ө, D is the average crystalline size of

the Cefotaxime-CS-AgNPs, CS-AgNPs or AgNPs, k is

a geometric factor (0.9) and λ is the X-ray radiation source

wavelength.30

Fourier Transform Infrared Spectroscopy

(FTIR)
The powder of plant extract, AgNPs, CS-AgNPs or

Cefotaxime-CS-AgNPs were collected using centrifuge at

15,000×g for 20 min. Consequently, the residue was then

washed with de-ionized water to eliminate unattached biolo-

gical components. Also, the samples were performed on
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a Shimadzu IR-470 Spectrometer (Shimadzu, Japan). The

AgNPs, CS-AgNPs or Cefotaxime-CS-AgNPs peaks of

FTIR were evaluated and expressed in wave numbers

(cm−1). Cefotaxime was also analyzed.31

Antibacterial Activity of Cefotaxime-CS-

AgNPs
Using the well agar diffusion method, the Cefotaime-CS-

AgNP and synthesized AgNPs solutions were tested for

their antibacterial efficacy against studied MRSA strains

and MDR E.coli.27 Cefotaxime was used as a control. The

inoculum of each MRSA strain or MDR E.coli cultures

were initially inoculated in Müller-Hinton broth medium

followed by incubation at 37°C for 18 hrs. Thus, 100 μL
of each E. coli or MRSA culture was distributed onto the

surface of Müller-Hinton agar medium. Thirty microliters

of cefotaxime, synthesized AgNPs, and Cefotaxime-CS-

AgNPs with different concentrations were pipetted into the

6-mm wells and the plates were incubated at 37°C for 24

hrs. Finally, the inhibition zone of previous nano-materials

or cefotaxime were detected by recording the diameter of

clear area around each well.

Determination of Cefotaxime-CS-AgNPs

Minimum Inhibitory Concentration (MIC)
On a 96 well plate, the MIC evaluation of Cefotaxime-CS-

AgNPs, synthesized AgNPs and cefotaxime was per-

formed. Into the 6 wells in column 1, two hundred μL of

Cefotaxime-CS-AgNPs, synthesized AgNPs or cefotaxime

were piped. One hundred μL of suitable broth growth

medium for each strain was piped into the wells in each

row. Thereafter, 100 μL of the cefotaxime or previous

nano-material solutions was taken from column 1 and

was serially diluted along the row until column number

10. Thereafter, 5 μL of MRSA strains or MDR E.coli

cultures were piped into each well containing the suitable

broth medium except column number 10, which was con-

sidered as blank. Moreover, 50 μL of phenol red dye

(2 mg/mL) solution has pipetted in each well to estimate

the viability of bacteria. The plates of MRSA strains or

MDR E.coli were incubated and red color of previous

bacterial cell viability was detected after an incubation

time of 24 h at 37°C. The minimum concentration of

Cefotaxime-CS-AgNPs, AgNPs, or cefotaxime, has been

considered as the MIC value at which no growth or no

color was observed. The incubation of previous bacterial

culture plates was obtained at 37°C for 24 h.32

Cell Lines and Culture
Cell Culture and Anticancer Drug Discovery Lab at

National Research Center in Egypt nobily providing the

Human RPE-1 normal cells and human breast cancer

cells, MCF-7 that obtained from the center of the

American Type Culture Collection (ATCC). Both MCF-7

and RPE-1 cells were grown, proliferate and preserved in

Eagle’s minimal essential medium (EMEM); this media

supplemented with fetal bovine serum (Gibco by life tech-

nologies, USA); in a concentration of 10% and antibiotics

of penicillin-streptomycin at a concentration of 1% (Gibco

by life technologies, USA), at 37.0°C, in air 95%/carbon

dioxide (CO2) 5% and 100% comparable humidity.33 Then,

after 24 hrs in the above-supplemented medium, cell lines

were treated on day 0 with different treatments and then

further incubated for another 24 and 48 hrs.

In vitro Cell Viability/Cytotoxicity Studies
Trypan Blue staining method and MTT assay were per-

formed to investigate the in vitro cytotoxicity induced in

the normal and cancer cells after treatment with different

concentration from each targeted nanoparticles. The safety

doses of these nanoparticles treatments on normal cell line

(RPE-1) were also investigated.

Trypan Blue Dye Exclusion Assay
In the Trypan blue staining method; the healthy and viable

cells have a clear cytoplasm, whereas the cells colored in

blue are the dead one. In brief, 60 µL of 0.05% freshly

prepared Trypan Blue solution was added to 60 µL of cell

suspension within 5 mins, spread onto a microscopic slide

and covered with a cover slip. After 24 hrs, cytotoxicity

and cell viability were detected by count the viable cells

(Trypan Blue excluding) in a hemocytometer.34

MTT Assay
In the present study the MTT assay was executed according

to a modified method by Mosmann.35 Selected concentra-

tions of AgNPs or Cefotaxime-CS-AgNPs (0, 3.0, 6.0, 12.0,

and 24.0 µg/mL) were added to RPE-1 or MCF-7 cells after

incubating for 24 hrs at 37°C. MTT (3 [4,5dimethylthiazo-

l2yl] 2,5diphenyltetrazolium bromide) (5 mg/mL) at

a volume of 10 µL added to all wells which contained

RPE-1 or MCF-7 cells and further incubated for 24 h in

the same previous conditions. The negative control repre-

sented by Eagle’s minimal essential medium without any

treatments. The selected concentrations of both NPs were
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examined in triplicates.36 The percentage of the cell viabi-

lity of normal and breast cancer cells, calculated using the

equation:

% of Cell viability ¼ OD of Control� OD of treatment

OD of Control
� 100

The IC50, the concentration inhibits 50% of cell growth,

for RPE-1 or MCF-7 cells calculated from plotted dose–

response curve.

Gene Expression Analysis for Apoptotic

Related Genes
The extraction of total RNA from both cell lines per-

formed by using TRIzole reagent (CA, USA). Instantly,

about 2 μg of the isolated RNA from different groups were

used in RT-PCR to synthesize the cDNA by Maxime RT,

reverse transcription kit (Maxime RT PreMix – intron

Biotechnology, Korea). The amplification reaction was

proceeded by PXE 0.5 Thermo thermal cycler. The PCR

products run on an agarose gel at a concentration of 1.5%

in TBE buffer then visualized on a UV Transilluminator.

The bands were scanned to quantify the signal intensities

using Gel-Pro software (version 3.1 for Windows 3). The

ratio between the levels of Glyceraldehyde 3-phosphate

dehydrogenase (GAPDH) gene and the target gene’s pro-

duct after amplification was calculated.37,38 Gene expres-

sion was analyzed using the following primers pairs,39

listed in Table 1.

Statistical Analysis
The SPSS.11 program was used for statistical analysis. By

One Way – ANOVA, the significance of the differences

among treatment groups was determined then followed by

Duncan’s multiple tests.40,41 The values of analysis

expressed as Mean ± SE. All notifications of significance

based on probability of P <0.05.

Results and Discussion
Biosynthesis of AgNPs and Conjugation

of Cefotaxime with AgNPs
For AgNPs synthesis, with constant stirring, 5 mL of the

prepared aqueous Rosa damascenes petals aqueous extract

was mixed with 45 mL of 1 mM AgNO3 solution.42

Moreover, silver ions reduction into AgNPs during expo-

sure to Rosa damascenes extracts was observed as change

of color to a brown at optimum pH 8 and optimum tem-

perature 80°C. Accordingly, these data are agreed with

Gopinath et al.43 Also, cefotaxime was conjugated to CS-

AgNPs to form Cefotaxime-CS-AgNPs.

Characterization of the AgNPs and

Conjugates Cefotaxime-CS-AgNPs
UV-Visible Spectroscopy Analysis

The cefotaxime, AgNPs, CS-AgNPs and Cefotaxime-CS-

AgNPs formations were dispersed and the absorbance of

them was measured by using UV–visible spectrophot-

ometer from 300 to 800 nm. The UV–Vis spectra of

Cefotaxime-CS-AgNPs (Figure 1I) showed peaks at 298

nm and 414 nm. Accordingly, the peak at 445 nm for pure

AgNPs and CS-AgNPs and peaks at 298 nm for pure

cefotaxime. Furthermore, cefotaxime has a carboxylic

acid group which can form amide bond with the amino

group of chitosan to form Cefotaxime-Cs-AgNPs.44

Transmission Electron Microscopy (TEM)
The Cefotaxime-CS-AgNPs, CS-AgNPs, in addition to the

AgNPs, were characterized using TEM evaluation (Figure 1

IIA–C). The different size and form of AgNPs, CS-AgNPs

and Cefotaxime-CS-AgNPs were synthesized at the optimum

conditions. Furthermore, the AgNPs, CS-AgNPs and

Cefotaxime-CS-AgNPs were spherical shape as shown in

Figure 1 IIA&IIB&IIC. The size of nanoparticles were in

the range 7.42–18.3 nm, 8.05–23.89 and 8.48–25.3 nm for

AgNPs, CS-AgNPs and Cefotaxime-CS-AgNPs, respectively.

Table 1 Summary of the Targeted Primers Used in the Study

Genes Forward Primer Reverse Primer

P-53 5ʹ-TAACAGTTCCTGCATGGGCGGC-3’ 5ʹAGGACAGGCACAAACACG CACC3’

P21 5ʹ-ATG TGT GTG GAG AGC GTC AAC C-3’ 5ʹ-GCA TCC CAG CCT CCG TTA TC-3’

Bax 5ʹ-CCT TTT CTA CTT TGC CAG CAA AC-3’ 5ʹ-GAG GCC GTC CCA ACC AC-3’

BCl2 5ʹ-AGGTGACACTATAGAATA-3’ 5ʹ-GGGATATCACTCAGCATG-3’

GAPDH 5ʹ-GTGCCGGTTCAGGTACTCAGTCA-3’ 5ʹ-TTGTGGCCTTCTTTGAGTTCGGTG-3’

Notes: Adefolaju GA, Theron KE, Hosie MJ. In vitro effects of protease inhibitors on BAX, BCL-2 and apoptosis in two human breast cell lines. S Afr

J Sci. 2015; 111(11/12), Art. #2014-0417, 9 pages. http://dx.doi.org/10.17159/sajs.2015/20140417.

Dovepress Halawani et al

International Journal of Nanomedicine 2020:15 submit your manuscript | www.dovepress.com

DovePress
1893

http://dx.doi.org/10.17159/sajs.2015/20140417
http://www.dovepress.com
http://www.dovepress.com


Accordingly, these data were correlated to the results obtained

by Agnihotri et al.45

X-Ray Diffraction (XRD)
The XRD pattern of the Cefotaxime-CS-AgNPs, as well as

synthesized AgNPs showed four intense peaks 37.51º,

44.12º, 64.00º and 76.91º (Figure 1IV) corresponds to

(111), (200), (220) and (311), the Bragg’s reflection planes

of face-centered cubic crystal structure silver, respectively.46

Fourier Transforms Infrared Spectroscopy

(FT-IR)
FT-IR spectroscopy analysis was used to determine the

functional groups of extract, cefotaxime, AgNPs, CS-

AgNPs and Cefotaxime-CS-AgNPs and its interaction

between each other are shown in (Figure 1III). FTIR

spectra of AgNPs synthesized using plant extracts revealed

major peaks at 3431.64, 1635.55, 1456.85, 1078.30, as

well as at 594.95 cm−1 that corresponded to stretching

peak O-H, N-H stretch, C-N stretch bond, C-O stretch

and -C = C-H, respectively (Figure 1III-A).

FTIR spectra of CS-AgNPs appeared major absorption

peaks at 3439.98, 1635.65, 1456.92, 1052.33 and at

575.95 cm−1 that revealed to stretching peak O-H, stretch

N-H, C-N stretch bond, C–O stretch and -C = C-H, respec-

tively (Figure 1III-B). Moreover, in case of AgNPs synthe-

sized using Rosa damascenes extracts, broad, strong and

characteristic peak for of this nanomaterial was observed at

3439.98 cm−1 representing 0-H stretching or H-bonding for

alcohol or phenols indicating that OH bonding is enhanced

during NPs formation. Furthermore, the band at 1635.65 cm−1

and 1052.33 cm−1 in the spectrum corresponds to amine group

peak for chitosan. These peaks were a result of NH3+ group

and glycosidic bond stretching vibrations, respectively.47–49

Therefore, the appearance of chitosan peaks displays that the

AgNPs were successfully coated with a polymer of chitosan.

The -C = C-H observed at 575.95 cm−1. Thus, the last func-

tional group indicated that groups involved in the reduction of

AgNPs.

FTIR spectroscopy of cefotaxime functional groups was

also confirmed (Figure 1III-D). The absorption peaks that

appeared in the FTIR analysis of cefotaxime were

3441.46 cm−1 and 1649.63 cm−1 which could be corre-

sponded to the N-H groups and amide groups stretching

vibrations, respectively. Moreover, the smaller peaks at

1382.45, 1047.11 and 980.048 cm−1 could be revealed to

the C–N, C–O, and =C–H stretching vibrations, respectively.

Figure 1 (I) UV–visible spectrum of AgNPs ( ـــــــــ ), CS-AgNPs (—–), cefotaxime ( ـــــــــــ ) and Cefotaxime-CS-AgNPs ( ــــــــــــ ); (II) TEM image AgNPs (A), cefotaxime-CS-

AgNPs (B) and CS-AgNPs (C); (III) FT-IR analysis of AgNPs using Rosa damascenes petal extract (A); CS-AgNPs (B); Cefotaxime-CS-AgNPs (C) and cefotaxime (D); (IV)
X-ray diffraction of AgNPs ( ــــــــــ ) Cefotaxime-CS-AgNPs ( ــــــ ).
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Also, the C–O and C–C groups’ vibration modes appeared at

the regions from 600 cm−1 to 500 cm−1.50

Upon mixing cefotaxime with CS-AgNPs, the peaks for

amide C=O of cefotaxime shifted from 1649.63 cm−1 to

1662.79 cm−1. This result suggests that the conjugation of

cefotaxime with CS-AgNPs could take place through the

amide C=O (Figure 1III-C). Also, Sharp absorption peak at

2330 cm−1 appeared, which shows that the NH+ groups are

crosslinked with chitosan molecules.51 Figure 2A shows the

interaction between the cefotaxime, chitosan, and AgNPs in

the Cefotaxime-CS-AgNP. The carboxylic acid C=O group

of cefotaxime can form amide bond with NH2 group of

chitosan to form cefotaxime-CS-AgNPs.44

In vitro Drug Release
Figure 2B shows the cefotaxime release from Cefotaxime-

CS-AgNPs. The drug release results showed that the

Cefotaxime-CS-AgNPs exhibited release profile described

as an initial fast release rate, which continued to almost first

7 h followed by a steady release phase with a slow release

rate that extended up to 72 h or the complete release of all of

the loaded drug. Consequently, the release of cefotaxime

from Cefotaxime-CS-AgNPs reached 78% within the first

24 h and reached almost 90% after 72 h. This behavior can

be attributed to the particle size effect. Higher amount of

drug associated with the same volume of small size nano-

particles thus higher probability of drug molecules repul-

sion, leading to faster diffusion through the dialysis

membrane. Consequently, silver nanoparticles’ size pro-

vides a mean of controlling cefotaxime release rates.26

Determination of Conjugating Efficiency

of Cefotaxime-CS-AgNPs
Conjugating efficiency is estimating an important para-

meter for the characterization of Cefotaxime-CS-AgNPs.

The efficiency of Cefotaxime-CS-AgNPs became deter-

mined to be 76.95%. Accordingly, conjugating efficacy

should be high so that cefotaxime is not lost during pre-

paration of cefotaxime conjugated CS-AgNPs and the less

amount is needed for its therapeutic application.

Consequently, these data are correlated to the results

obtained by Shaker and Shaaban.26

Antimicrobial Activity
At the beginning, the MDR E.coli and MRSA strains were

resisted at least to 9 antibiotics as shown in Table 2. The

multidrug-resistant E. coli bacteria are resisting to cefotax-

ime and MRSA bacteria are resisting methicillin.

Moreover, these bacteria were identified using 16S rRNA

analysis in the previous study with accession number as

shown in Table 3.

Furthermore, Cefotaxime-CS-AgNPs appeared high

antimicrobial activity against tested strains compare to free

cefotaxime. The inhibitory diameter of Cefotaxime-CS-

AgNPs ranged from 23 mm to 37 mm against MDR

E. coli and MRSA strains (Table 3). Moreover, the MIC of

Cefotaxime-CS-AgNPs ranged from 3 µg/mL to 8 µg/mL

against tested bacteria (Table 4). MIC for Cefotaxime-CS-

AgNPs was reduced significantly compared to free cefotax-

ime. Consequently, the Cefotaxime-CS-AgNPs MIC value

decreased in range 22–96% against E. coli and MRSA

strains. Moreover, the Cefotaxime-CS-AgNPs antibacterial

efficiency was higher than synthesized AgNPs alone and

free cefotaxime against all E. coli and MRSA strains.

Conversely, the CS-AgNPs were screened, using the bac-

teria, and did not display an inhibitory zone, indicating that

the antibacterial activity was a result of the slow release of

loaded cefotaxime from the Cefotaxime-CS-AgNPs.

A

A 

B 

Figure 2 (A) Schematic representation of the interaction between cefotaxime,

chitosan, and silver nanoparticles in the Cefotaxime-CS-AgNPs. (B) Drug

release percent of cefotaxime, from the Cefotaxime-CS-AgNPs in PBS (pH = 7.4)

as a release medium at 37°C.
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Mechanism of Action
Figure 3 shows TEM of E. coli treated with 4 μg/mL

Cefotaxime-CS-AgNPs. Conjugated nanoparticles accumu-

lated both in the cell walls of bacteria and inside the cells.

Thus, the antimicrobial efficiencies of Cefotaxime-CS-AgNPs

depend on an important matter that chitosan has antimicrobial

efficacy due to various factors, such as the physicochemical

characteristics of chitosan, polymerization, molecular weight,

and it is inversely affected by pH. Further study into the

molecular mechanisms for both the cefotaxime and the CS-

AgNPs to produce Cefotaxime-CS-AgNPs may reveal a high

antimicrobial effect due to the increased cefotaximemolecules

presence per unit volume of the system so cefotaxime

retained untouched to β-lactamases. Also, the Cefotaxime-

CS-AgNPs stability in the presence of β-lactamases (penicilli-

nases) will be important for applying this nanoantibiotic to

treat β-lactamase-mediated resistant bacteria in serious

infections.52 Ordinarily, cefotaxime inhibited mucopeptide

formation in the bacterial cell wall53 so, the cell membrane

disruption due to Cefotaxime-CS-AgNPs. When the previous

drug enters bacteria, they interrupt all membrane regulatory

functions such as protein synthesis and interact with phos-

phorus in RNA or DNA. The high effectiveness of

Cefotaxime-CS-AgNPs due to bounding action between CS-

AgNPs and cefotaxime as they contain many active groups

like amide C=O, which react with the amine group of CS-

AgNPs.44,54

In vitro Cytotoxicity Assessment and

Determination of IC50

The effect of synthesized AgNPs and Cefotaxime-CS-

AgNPs on RPE-1 or MCF-7 cell survival was conducted

in the concentration range of 0–24 μg/mL to determine the

cytotoxic effects and doses corresponding to 50% of pro-

liferated cells were reduced when treated with these NPs.

RPE-1 or MCF-7 cells were cultured and treated at

selected doses for either 24 or 48 h then cell assessed for

viability, count and morphology by Trypan blue staining

and MTT assay. The results displayed in Table 5.

Effects of AgNPs and Cefotaxime-CS-AgNPs on

RPE-1 Normal Cells Line

Treatment of RPE-1 normal cells with AgNPs caused

decrease proliferation rates. The results confirmed that the

proliferation of RPE-1 cells was inhibited in a concentration

and time exposed-dependent manner after treated with

AgNPs at different concentrations (3, 6, 12 and 24 µg/mL)

(Table 5). However, at 12 and 24 µg/mL treatment for 48 h,

showed significant antiproliferative activities on RPE-1 nor-

mal cells (50.40 ± 0.65 and 44.90 ± 0.79, respectively)

compared to treatment at 3 and 6 µg/mL (72.8 ± 0.10 and

62.8 ± 0.10, respectively). These indicated that AgNPs at

doses from 3 to 24 µg/mL were significant in inhibiting

cellular proliferation rate when compared with control

cells. On the other hand, the treatment of RPE-1 normal

cells with Cefotaxime-CS-AgNPs was safe up to a final

concentration of 24 µg/mL which showed viability

Table 3 Antibacterial Activity of Cefotaxime and Cefotaxime-CS

-AgNPs Against Multidrug-Resistant Bacteria

Bacterial

Strains

Accession

Number

AgNPs

Inhibitory

Zones (mm)

Cefotaxime

Inhibitory

Zones (mm)

Conjugates

Inhibitory

Zones (mm)

* STA5 LC189111.1 11 8 36

* STA7 LC189113.1 12 8 36

* STA8 LC189114.1 13 9 37

aESC3 LC189094.1 10 0 23

aESC5 LC189096.1 12 0 25

aESC7 LC189098.1 11 0 24

Notes: *Methicillin-resistant Staphylococcus aureus (MRSA).aMDR resistant E. coli
especially to cefotaxime.

Table 2 Resistance Patterns of Bacterial Isolates

Bacterial

Isolates

Antibiotic Resistance Pattern No. of

Antibiotics

*STA7 AMP, AMC, CEC, FOX, CXM, MEM,

OXA, PEN, ERY

9

*STA5 AMP, AMC, CEC, FOX, CXM, MEM,

OXA, PEN, LEX, CRO,CFR

11

*STA8 AK, AMC AZM, CEC, FOX, CXM, CIP,

LVX, OXA, PEN, CLR, CLI, ERY

13

aESC7 AMP, AMC, CEC, FEP, CLR, CXM,

CAZ, CRO, CTX, CIP, LVX, DO, SXT,

LEX, FUX

15

aESC3 AMP, AMC, CEC, FOX, FEP, CXM,

CAZ, CRO, CTX, CIP, LVX, DO, SXT,

LEX, CLR, AZM, CLI, FUX, CFR

19

aESC5 AMP, AMC, CEC, FOX, FEP, CXM,

CAZ, CRO, CTX, CIP, LVX, DO, SXT,

LEX, CLR, AZM, CLI, CFR, AK

19

Notes: *MRSA: Methicillin-resistant Staphylococcus aureus. aMDR resistant E. coli
especially to cefotaxime.

Abbreviations: AK, Amikacin; AMC, Amoxy/Clavulanic acid; CEC, Cefaclor; FEP,

Cefepime; CTX, Cefotaxime; FOX, Cefoxitin; CAZ, Ceftazidime; CRO,

Ceftriaxone; CXM, Cefuroxime; DO, Doxycycline/HCL; CIP, Ciprofloxacin; LVX,

Levofloxacin; CIR, Clarithromycin; CLI, Clindamycin; AMP, Ampicillin; LEX,

Cefalexin; AZM, Azithromycin; CFR, Cefadroxil; FEP, Cefepim; MEM, Meropenem;

SXT, Sulpha/Trimethoprim; FUX, Fluxocillin.
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inhibition effects by 20.8 and 25.5% when treated with RPE-

1 normal cells for 24 hrs and 48 hrs, respectively (Figure 4).

Effects of AgNPs and Cefotaxime-CS-AgNPs on

MCF-7 Breast Cancer Cell Line

The results in Table 5 indicated that MCF-7 treated with

AgNPs exhibited dose-dependent inhibition against the

proliferation rate. After 48 h of AgNPs treatment, the

IC50 value was 12µg/mL for MCF-7 cell line (Table 5)

and the untreated cells were used as a negative control.

When the MCF-7 cell line treated for 48 h, with AgNPs at

24.0 µg/mL a sever cytotoxicity induced in MCF-7 cell

and the growth inhibitory effect reaches 60% against

MCF-7 compared to the untreated cells with nanoparticles

(Figure 4). In this concern, Kishore et al55 indicated that

the in vitro anticancer effect of biosynthesized AgNPs

performed on MCF-7 cell line using MTT assay showed

99.82% cell death at 10 µg/mL of AgNPs with IC50 value

of 1.723 µg/mL.55 However, the conjugated NPs

(Cefotaime-CS-AgNPs) induced in a significant inhibition

in the proliferation percentage for both cell lines at doses

3.0 and 6.0 µg/mL when treated for period time 24

h. Comparing nano-drug, Cefotaime-CS-AgNPs to

AgNPs we showed that Cefotaime-CS-AgNPs having no

cytotoxic effect on normal cells at even 12.0 µg/mL for 24

hrs. When Cefotaime-CS-AgNPs treated at 24.0 µg/mL for

48 hrs induced moderate cytotoxic effects in MCF7 reach-

ing 25.5%. Interestingly, the cytotoxic properties of

AgNPs and Cefotaxime-CS-AgNPs are essentially depen-

dent on cell type. In this domain, higher cytotoxicity was

recorded against cancer cells when comparing to normal

cells56 and this confirms the present result.

On the other side, the AgNPs treatment exhibited inhi-

bition, based on the dose and time exposure, against the

proliferation of MCF-7 cell line in this research. After 48

h of treatment, the IC50 value was 12.0 µg/mL of AgNPs for

MCF-7 cells (Table 5). However, the growth inhibitory

effect was no prominent against MCF-7 cells when treated

with Cefotaxime-CS-AgNPs at the same concentration

(12 µg/mL) reaching 15 and 20% after treatment with

Cefotaxime-CS-AgNPs for a period of 24 and 48 h, respec-

tively (Figures 4 and 5). In the same manner, Rejeeth et al57

reported that the green-based synthesis of silver nanoscale

molecule induced in vitro proliferation inhibition on the

breast cancer cell. Also, Kuppusamy et al58 investigated

that the biosynthesized AgNPs using the aqueous extract

of Commelina nudiflora L increased cytotoxicity and sig-

nificantly reduced cell viability of colon cancer cells. Bio-

functional silver nanoparticles synthesized within various

Table 4 Percentage Change in MIC Value Cefotaxime-CS-AgNPs

Bacterial

Strains

AgNPs (µg/

mL)

Cefotaxime

(µg/mL)

AgNPs (µg/mL)

+Cefotaxime (µg/mL)

Conjugates

(µg/mL)

% Change in

MIC

* STA5 55 30 40 4 −26

* STA7 49 30 36 3 −27

* STA8 62 30 42 8 −22
aESC3 57 100 79 4 −96
aESC5 65 100 81 8 −92
aESC7 58 100 78 4 −96

Notes: Percentage change in MIC was calculated by using formula: b − a/a × 100, where a is cefotaxime alone and b is nanoparticles conjugates

(Cefotaxime-CS-AgNPs). *Methicillin-resistant Staphylococcus aureus (MRSA). aMDR resistant E. coli especially to cefotaxime.

Figure 3 TEM analysis of E. coli after exposure to Cefotaxime-CS-AgNPs, and blue

arrows explain its accumulation in cell wall (A) and inside the cell (B).
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plant extracts of clove and guava evidenced the satisfying

anti-cancer impact versus four different human cancer cell

lines; colorectal adenocarcinoma, kidney, chronic myelo-

genous, leukemia, bone marrow, and cervix.59 Moreover,

Kishore et al55 reported that apoptotic morphological

changes were caused by AgNPs using DAPI staining

method.57

Effects of Target AgNPs and Cefotaxime-CS-AgNPs

on the mRNA Expression of Apoptosis Related

Genes in MCF-7 Cell Line

To understand and recognize the cell death pathway

induced by both selected nanoparticles, we examined the

expression levels of apoptosis marker genes. The present

study utilized sqRT-PCR to determine the mRNA expres-

sion levels of apoptosis marker genes such as Bax, p53,

p21, and Bcl-2, in cancerous cells, MCF-7, exposed to

both AgNPs and Cefotaxime-CS-AgNPs at 24.0 µg/mL

for 48 h (Figure 5). Cefotaxime-CS-AgNPs induced slight

increase in cell apoptosis after treatment for 48 hrs at

a dose of 24.0 µg/mL, whereas significant cell apoptosis

was observed when MCF-7 cells treated with AgNPs

(Figure 5). Further, the expression of the p53 gene of

MCF-7 cancer cells treated with AgNPs was shown to be

upregulated by 1.6 fold and the mRNA expression p21

gene level was remarkably upregulated by approximately

2.3 fold. Moreover, a notable increase in mRNA expres-

sion of Bax resulted in MCF-7 cancer cells after treatment

with AgNPs followed by significant down-regulation in

BCl-2 mRNA expression by a percentage of 65%; com-

pared to untreated cells; these results leading to Bax/Bcl-2

ratio to be significantly increased (Figure 5).

The upregulation of p53 by NPs has been pointed to

trigger p21 protein accumulation, resulting in a sub-G1

phase cell cycle for apoptosis induction in MCF-7 cancer-

ous cells.39,60–62 Conventional cancer therapy often fails to

cause cell death in p53-nude cancer cells. Furthermore, it

was indicated that nanoparticles of size ranging from 5 to

35 nm primarily induced cell death by targeting the func-

tion and structure of mitochondria.63

These findings indicate that nanoparticles manufactured

using green nanotechnology and its conjugates can represent

an ideal and effective strategy for combating epidemic dis-

eases and cancer. The AgNPs treatment was more toxic than

Cefotaxime-CS-AgNPs for both cell lines. They battle the

Figure 4 Histogram represents the effect of CS-AgNPs and Cefotaxime-CS-AgNPs

treatments at 24 µg/mL for 24 and 48 hrs on viability inhibition percentage in MCF-

7 and RPE-1 cells.

Table 5 The Effect of AgNPs and Cefotaxime-CS-AgNPs Treatment on the Proliferative Percentage of MCF-7 and RPE-1 Cells at

Different Concentrations and Times Intervals

Treatments Groups μg/mL Proliferative Percentage of Treated Cells Lines

RPE-1 Cells MCF-7 Cells

After 24 hrs After 48 hrs After 24 hrs After 48 hrs

Untreated Cells 98.2 ± 0.98 a 94.8 ± 0.72a 95.30 ± 0.75a 97.54 ± 1.51a

AgNPs 3.0 78.50 ± 1.44 d 72.8 ± 0.10c 76.10 ± 0.95cd 71.80 ± 0.66 c

AgNPs 6.0 70.80 ± 1.54 b 62.8 ± 0.10 d 65.60 ± 0.72e 60.10 ± 1.67 d

AgNPs 12.0 64.60 ± 0.57 e 50.40 ± 0.65 ef 59.50 ± 0.37e 53.10 ± 0.68 d

AgNPs 24.0 50.90 ± 1.09 c 44.90 ± 0.79 f 47.60 ± 0.54f 39.30 ± 0.90 e

Cefotaxime-CS-AgNPs 3.0 97.60 ± 0.67 a 93.44 ± 0.54 a 94.60 ± 0.43a 96.50 ± 0.57 a

Cefotaxime-CS-AgNPs 6.0 93.20 ± 0.72 a 86.75 ± 0.52 b 89.80 ± 0.75b 86.5 ± 0.46 b

Cefotaxime-CS-AgNPs 12.0 87.61 ± 0.37 ab 79.74 ± 0.56 bc 81.60 ± 0.53c 79.90 ± 0.77 bc

Cefotaxime-CS-AgNPs 24.0 79.20 ± 0.94 b 74.52 ± 0.31c 80.17 ± 0.95c 73.10 ± 0.88 c

Notes: Means with different superscripts (a, b, c, d, e, and f) between groups in the same column are significantly different at P< 0.05. Cell numbers were counted and data

are expressed as the percentage of untreated control.
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cancer cell lines and have a low effect on normal cells

and these findings are in agreement with the previous

research.63–65

Herein, biosynthesis of highly stable AgNPs the usage

of Rosa damascenes extract and coated with chitosan. It

was conjugated with cefotaxime and evaluated as novel

drug delivery. AgNPs and its conjugates had been char-

acterized by the usage of UV–Vis spectroscopy, TEM,

XRD, and FTIR. The later confirm the conjugation of CS-

AGNPs and cefotaxime. Cefotaxime-CS-AgNPs showed

high efficacy against tested E. coli and MRSA strains

compared to pure cefotaxime drug with reduction of

MIC dose. Thus, Cs-AgNPs carriers represent an efficient,

viable, safe, and cheaper novel-targeted delivery system of

cefotaxime. Also, we evaluated the cytotoxic effects of 0

to 24.0 µg/mL for AgNPs and Cefotaxime-CS-AgNPs on

normal and tumor cells particularly breast cancer cells.

The effect of the AgNPs and Cefotaxime-Cs-AgNPs on

cell death and apoptosis was investigated and the role of

anti-proliferative and the cytotoxic effect of these nano-

particles was determined. This research gives remarkable

insights for designing nanoscale delivery and curative

systems that have a pronounced cytotoxic activity on can-

cer cells and are safe to normal cells. Further, such carriers

hold potential to increase the efficacy against MDR bac-

teria and reduce the toxicity of delivery of bioactive

against normal cells and might be effective for other

deadly diseases such as cancer.
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