
O R I G I N A L  R E S E A R C H

Synergistic Nanocomposites of Different Antibiotics 
Coupled with Green Synthesized Chitosan-Based 
Silver Nanoparticles: Characterization, Antibacterial, 
in vivo Toxicological and Biodistribution Studies

This article was published in the following Dove Press journal: 
International Journal of Nanomedicine

Muhammad Arif Asghar 1 

Rabia Ismail Yousuf 1 

Muhammad Harris Shoaib 1 

Muhammad Asif Asghar2 

Sabah Ansar3 

Mehrukh Zehravi4 

Ahad Abdul Rehman5

1Department of Pharmaceutics, Faculty of 
Pharmacy and Pharmaceutical Sciences, 
University of Karachi, Karachi 75270, 
Pakistan; 2Food and Feed Safety Laboratory, 
Food and Marine Resources Research 
Centre, PCSIR Laboratories Complex, 
Karachi, Sindh 74200, Pakistan; 
3Department of Clinical Laboratory 
Sciences, College of Applied Medical 
Sciences, King Saud University, Riyadh 
11433, Saudi Arabia; 4Department of 
Clinical Pharmacy, College of Pharmacy for 
Girls, Prince Sattam Bin Abdul Aziz 
University, Al-Kharj 16278, Kingdom of 
Saudi Arabia; 5Department of Pharmacology, 
Faculty of Pharmacy, Jinnah Sindh Medical 
University, Karachi 75510, Pakistan 

Purpose: The present study reports chitosan functionalized green synthesized CS-AgNPs, 
conjugated with amoxicillin (AMX), cefixime (CEF), and levofloxacin (LVX) for safe and 
enhanced antibacterial activity.
Methods: The CS-AgNPs and conjugates CS-AgNPs+AMX CS-AgNPs+CEF, and CS- 
AgNPs+LVX were characterized by UV–Vis, FTIR, SEM, TEM, EDX spectroscopy. The 
size distribution and zeta potential were measured using the dynamic light scattering (DLS) 
technique. The interaction between CS-AgNPs and antibiotic molecules was also investi-
gated using UV–Vis spectroscopy at the concentrations of 5, 50, 500, and 5000 µM for each 
antibiotic. Antibacterial activity and synergism were assessed by the Fractional Inhibitory 
Concentration (FIC) index. The mechanism for synergistic activity was investigated by the 
detection of hydroxyl species based on the chemiluminescence of luminol. The biocompat-
ibility index (BI) was calculated from IC50 using the HeLa cell line. In vivo toxicity and 
tissue distribution of silver ions were evaluated on Sprague Dawley rats. Physical interac-
tions of antibiotics and significant (P<0.05) antibacterial activity were observed after loading 
on CS-AgNPs surfaces.
Results: The spherical shape nanocomposites of CS-AgNPs with different antibiotics were 
prepared with mean size ranges of 80–120 nm. IC50 of antibiotics-conjugated CS-AgNPs 
decreased compared to CS-AgNPs. The biocompatibility (BI) index showed that antibiotics- 
conjugated CS-AgNPs have high antibacterial potential and low toxicity. Highly significant 
(P<0.005) increase in the generation of hydroxyl species indicated the radical scavenging 
mechanism for synergistic activity of CS-AgNPs after combined with different antibiotics. 
Biochemical analysis and histopathological examinations confirmed low toxicity with minor 
hepatotoxicity at higher doses. After oral administration, extensive distribution of Ag ion was 
observed in spleen and liver.
Conclusion: The study demonstrates positive attributes of antibiotics-conjugated CS- 
AgNPs, as a promising antibacterial agent with low toxicity.
Keywords: chitosan functionalized silver nanoparticles, antibiotic resistance, synergistic 
antibacterial activity, in vivo toxicity, tissue distribution

Introduction
The convergence of nanotechnology with nanomedicine has brought new hope to 
the pharmaceutical and therapeutic fields. Today, nanoparticles (NPs) have been 
used as diagnostic agents, fluorescent labels, antimicrobial agents, and transfection 
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labels.1,2 Silver nanoparticles (AgNPs) have unique physi-
cochemical and biological characteristics with the high 
surface area due to the variable size ranges from 1 to 
100 nm.3 These unique characteristics of AgNPs have 
attracted globally and are considered a potent antimicro-
bial agent. It has been suggested that silver NPs has a 
significant antimicrobial activity due to multiple reasons 
including their high affinity with the surface active groups 
of microbial strains, released of silver ions can rapture the 
bacterial cell wall or distortion of bacterial DNA helical 
structure.4,5

At recent times, natural polysaccharides have been 
widely used in numerous medical fields such as drug 
delivery, electrochemical devices, cell imaging, energy 
storage and biosensors.6–8 Especially, chitosan (CS) a car-
bon-based natural polymer, is one of the non-toxic, bio-
compatible, and cost-effective raw biomaterial, majorly 
found in crustaceans.9 CS has been a widely used biolo-
gical macromolecule as a drug carrier in the pharmaceu-
tical sector. Previously, researchers reported the 
antimicrobial activity of CS as nanocarrier.10,11 CS is 
non-toxic, a biodegradable natural polysaccharide with 
intrinsic antibacterial activity. It has an NH3+ group in its 
structure can adsorb on a cell wall by electrostatic 
interaction.12 It also reduces the need for additional reduc-
tant while conjugation with silver nanoparticles.13

The worldwide increase in mortality and morbidity 
rates due to multi-drug resistant pathogenic bacterial 
strains poses a severe challenge in the field of medicines. 
The World Health Organization (WHO) reported that more 
than 64% of patients die due to methicillin-resistant 
Staphylococcus aureus (MRSA) infections compared to 
non-resistant bacterial infected patients.14 The irrational 
use of antibiotics is the root cause of the development of 
resistance by bacterial strains against various antibiotics.15

To combat the multi-drug resistance crisis, novel 
approaches should be applied to bring improvements in 
current treatment options. Many researchers worked on 
the synergism of antibiotics using different non-toxic and 
eco-friendly techniques. Recently, several studies 
reported the synergistic antibacterial activities of differ-
ent antibiotics after combinations with different metallic 
nanoparticles.16–20 Some studies have described the 
reduction in the cytotoxicity of antimicrobial compounds 
after conjugations.21,22 However, the potential in vivo 
toxicity and tissue distribution of these synthesized and 
conjugated silver nanoparticles have not yet been inves-
tigated. Similarly, no report has been found for the 

assessment of synergism, in vivo toxicity and tissue dis-
tribution of chitosan functionalized silver nanoparticles 
(CS-AgNPs), synthesized from an extract of Syzygium 
aromaticum (clove bud).

The exponential rise in antimicrobial resistance is a big 
everyday challenge faced by clinicians. To combat the 
crisis, novel combinations of green synthesized silver 
nanocomposites, functionalized with chitosan, and conju-
gated with antibiotics, have been developed in the current 
study. The work is focused on evaluating the toxicity and 
antibacterial effectiveness of these synergistic combina-
tions. Moreover, histopathological evaluation and bio-dis-
tribution of silver ion in different doses of CS-AgNPs, by 
atomic absorption technique were also performed.

Materials and Methods
Antibiotics Loading on Synthesized 
Chitosan-Based Silver Nanoparticles (CS- 
AgNPs) Surfaces
Green synthesis of AgNPs using Syzygium aromaticum 
ethanolic extract (SAEE) and functionalized with chitosan 
(CS-AgNPs) was described in our previous study.23 

Briefly, AgNPs were synthesized by adding SAEE (10 
mg/mL) dropwise to the AgNO3 (1 mmol/L) solution in 
the ratio of 9:1. At room temperature, the mixture was 
continuously stirred and left in a darkroom for 24 h to 
prevent photodegradation of silver ions. Then, the 
obtained suspension was centrifuged at 10,000 rpm for 
40 min. After centrifugation, supernatant was drawn, 
washed with distilled water and assess on UV spectro-
photometer for AgNPs synthesis. Moreover, the change 
in color from silver to brownish-black was also indicated 
the completion of AgNPs synthesis. Finally, the synthe-
sized AgNPs were dried at 65°C for 3 h in a hot air oven. 
However, functionalization of chitosan with AgNPs was 
done by dissolving 0.5 g of CS in an acetic solution, and 
then 0.1 g of AgNPs was added in the prepared CS solu-
tion with constant stirring for 45 min. The synthesized 
precipitate of CS-AgNPs was washed, centrifuged at 
10,000 rpm for 10 min, and then dried at 65°C for 12 h 
in a hot air oven to obtain a purified nanocomposite of CS- 
AgNPs.

Ten milliliters of 10 µg/mL of synthesized CS-AgNPs 
was added to the selected widely prescribed antibiotics, ie, 
amoxicillin (AMX) (25 µg/mL), cefixime (CEF) (5 µg/ 
mL) and levofloxacin (LVX) (5 µg/mL) in the presence of 
2-(N-morpholino) ethane sulfonic acid buffer. The solution 
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was stirred using a magnetic stirrer at ambient temperature 
for 45 min, and surface plasmon resonance (SPR) fluctua-
tion was monitored using a UV spectrophotometer. The 
nanocomposites of CS-AgNPs after conjugation with dif-
ferent antibiotics were washed with distilled water, fil-
tered, and then dried at 65°C in an oven for 12 h. The 
efficiency of antibiotics loading on CS-AgNPs was eval-
uated by measuring the supernatant residues of antibiotics 
using a UV spectrophotometer after centrifugation at 
14,000 rpm for 15 min.24 The antibiotics loading were 
calculated by Eq. 1:

Antibiotic (AB) loading efficiency (%) = 
Total amount of AB� Amount of sup erna tan tAB

Total amount of AB x 100 (Eq. 1)

Characterization and Interaction of 
Antibiotics Loaded on CS-AgNPs 
Surfaces
UV visible spectrophotometer (Shimadzu, Model no: UV- 
1712, Japan) was used to evaluate the optical properties of 
antibiotics-loaded CS-AgNPs at the wavelength range of 
200–700 nm. Field emission scanning electron microscope 
(FESEM; Joel, Model no: JSM 4380B, Japan) and trans-
mission electron microscope (TEM; Joel, Model no: JEM 
300F, Japan) were used to assess the size and surface 
morphology of antibiotics-loaded nanocomposites. 
Fourier-transform infrared spectroscope (FTIR; 
Shimadzu, Model no: IR-100, Japan) in the operational 
wavelength of 500–4000/cm and energy dispersion x-ray 
spectroscope (EDX; Joel, Model no: JSM 6380, Japan) 
within 0 and 10 kV range, were used to identify the 
presence of functional groups and silver ions in antibio-
tics-loaded CS-AgNPs, respectively. The size distribution 
and stability of green synthesized AgNPs, CS-AgNPs, and 
antibiotics-conjugated nanocomposites were analyzed 
using dynamic light scattering (DLS) technique along 
with a particle size analyzer (Brookhaven, USA).24,25 

The interaction of CS-AgNPs with the studied antibiotics 
was investigated by the addition of each antibiotic sepa-
rately to CS-AgNPs solution (50 µM). The CS-AgNPs/ 
antibiotic ratio varied with the concentration of the anti-
biotic from 5 to 5000 µM. The UV/Vis spectrums were 
recorded after mixing for 2 h at different concentrations.26 

Also, the mass of each nanocomposite was estimated after 
dried in a hot air oven at 65°C while proper concentrations 
of AgNPs, CS, and different antibiotics in each nanocom-
posite were determined by dissolving each nanocomposite 

in deionized water and estimated on UV 
spectrophotometer.

Antibacterial Activity of AgNPs, CS- 
AgNPs and Antibiotics-Loaded NPs
Zone of Inhibitions (ZIs)
Pathogenic bacterial strains of Escherichia coli (LT 
01253), Klebsiella pneumoniae (LT 0471), 
Staphylococcus aureus (LT 3512), Salmonella typhi (LT 
01057), and Pseudomonas aeruginosa (LT 0261) were 
obtained from Kutiyana Memon Hospital Laboratory 
Karachi – Pakistan. The in vitro antibacterial activity of 
SAEE, CS, AgNPs, CS-AgNPs, and antibiotics-loaded 
NPs were analyzed using the Oxford cup well diffusion 
method.27 The concentration of each bacterial strain was 
made equivalent to (106 CFU/mL) as McFarland turbidity 
standard in nutrient broth. The bacterial suspension was 
spread, and 6 mm of sterile Oxford diffusion cups were 
placed on agar plates. Then, each antibacterial agent was 
dispensed in Oxford diffusion cups individually with the 
concentrations of 10,000 μg/mL of SAEE, 1000 μg/mL of 
CS, 50 μg/mL of both AgNPs and CS-AgNPs, 25 µg/mL 
of AMX, 50+25 µg/mL of CS-AgNPs+AMX, 5 µg/mL of 
CEF, 50+5 µg/mL CS-AgNPs+CEF, 5 µg/mL of LVX and 
50+5 µg/mL of CS-AgNPs+LVX. Plates were incubated 
for 24 h at 37 ± 2°C after 30 min diffusion period. The ZIs 
of each test solution were measured using a digital Vernier 
caliper and expressed in millimeter. ZIs determination was 
performed in triplicate.

The increase in antibacterial activity of each antibiotic 
(AB) after combination with synthesized CS-AgNPs was 
calculated using the following equation:

Fold increase of ZI = ZI of CS� AgNPsþAB� ZI of AB
ZI of AB (Eq. 2)

Minimum Inhibitory Concentrations (MICs), 
Fractional Inhibitory Concentrations (FICs) Index, 
and Minimum Bactericidal Concentrations (MBCs)
In the current study, MICs of SAEE, CS, AgNPs, CS- 
AgNPs, and antibiotics-loaded CS-AgNPs were estimated 
using the broth dilution method.28 The assay was per-
formed at the concentration ranges of SAEE (1000 to 
30,000 µg/mL), CS, AgNPs and CS-AgNPs (1 to 512 
µg/mL) and antibiotics alone (0.016 to 1024 µg/mL) in 
nutrient broth. However, the concentrations of CS-AgNPs 
in combinations with antibiotics were tested using the 
checkerboard titration method.21 Basically, a checkerboard 
titration method is normally used to assess two variables at 
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once: in our case, CS-AgNPs concentration and antibiotics 
concentration. By plating each strain with a different ratio 
of CS-AgNPs to an antibiotic, we found not only the 
optimal concentration of each but the optimal ratio of 
concentrations as well. All culture strains were adjusted 
to Mcfarland standard concentrations of 106 CFU/mL. An 
optical density (ODs) of each plate was determined after 
incubation using the ELISA reader (Infinite 200; USA) at 
600 nm. Each assay was performed three times and values 
are expressed in mean ± SD.

FIC index determination is an important tool for the 
assessment of synergism of different antibacterial agents. 
The concentrations of CS-AgNPs and antibiotics were 
used in the range of 2 x MICs to 1/16 x MICs for the 
determination of FICs. For calculation of the FIC index, 
the comparison was made between the MICs of the anti-
bacterial agent alone and in combination derived MIC. 
FICs index equal to ≤0.5 demonstrates the synergistic 
activity of the combination used, while FICs in the ranges 
of 0.5–1, 1–4, and >4 are considered as an additive, 
indifferent and antagonistic combinations respectively.29 

FIC index was calculated using the following equation:

FIC ¼
MIC of CS � AgNPs combined with AB

MIC of CS � AgNPs alone

þ
MIC of AB combined with CS � AgNPs

MIC of AB alone
(Eq. 3)

Minimum Bactericidal Concentrations (MBCs) were 
determined by spreading the 100 µL solution from already 
incubated tubes of each test samples on nutrient agar 
plates and incubated for 24 h at 37 ± 2°C. Then, bacterial 
colonies were observed after the incubation period.21 The 
MBC is defined as the lowest concentration of test solution 
exhibiting complete (>99.9%) killing of a bacterial 
strain.30

Mechanism of Synergistic Effects of CS-AgNPs in 
Combination with Different Antibiotics
The mechanism of synergistic activity of CS-AgNPs in 
combination with different antibiotics was evaluated by 
the assessment of hydroxyl radical generation using the 
luminol chemiluminescence method.31 The production of 
hydroxyl radicals was evaluated by mixing 100 µL of 
luminol solution with 100 µL AgNPs and 2 µL of anti-
biotic water solution (40 mg/mL) to obtain a final concen-
tration of 0.4 mg/mL for each antibiotic while 
combinations of these agents were used at their FICs. 

The measurement of chemiluminescence was done on a 
luminometer (LUMAT LB 9507) (Berthold Technologies) 
and noted in sec−1(see Figure 5).

Toxicity Studies
In vitro Cytotoxic Evaluation of Antibiotics and 
Antibiotics-Loaded CS-AgNPs
The cytotoxic potential of antibiotics-loaded CS-AgNPs 
was evaluated in triplicate using the HeLa cell line 
(ATCC, Virginia, USA) assay. The percentage viability 
of cells was determined using MTT (3 (4,5 dimethyl 
thiazol 2) 2.5 diphenyltetrazolium bromide) assay, as 
reported in previous studies.21,23 For the determination of 
IC50, all antibiotics in the concentrations range of 0.016– 
1024 μg/mL were used, whereas CS-AgNPs conjugated 
with AMX, CEF, and LVX, were applied in the concentra-
tions according to their respective FICs (defined in 
Table 3). Briefly, prior to the incubation for 24 h, each 
test solution was added separately in an adherent culture 
medium. Then, the cells were washed using phosphate- 
buffered saline (PBS) and again incubated for 30 min at 
room temperature in MTT reagent (1 mg/mL). After incu-
bation, cell viability was assessed using a differential 
interference-contrast microscope also with the help of 
UV spectrophotometer at 570 nm and the growth inhibi-
tion was expressed in percentages.

Biocompatibility Index (BI) of CS-AgNPs, Antibiotics 
and Antibiotics-Loaded CS-AgNPs
The biocompatibility index is defined as the ratio of IC50 

values of test solution determined on HeLa cell line and 
concentration of test solution produced 3 log10 reductions 
of bacterial growth (99%). The BI values higher than “1” 
demonstrates that test solution has more bactericidal 
potential and low cytotoxicity, while lower than “1” indi-
cates low bactericidal potential with high cytotoxic 
activity.32 In this study, BI was determined using MBC 
values at which a 99.9% reduction in bacterial growth was 
observed.

In vivo Acute- and Sub-Toxicity Studies of CS-AgNPs
Study Animals 
For in vivo toxicity studies on an animal model, ethical 
approvals were obtained from the Institutional Bioethics 
Committee (IBC) of the University of Karachi, Karachi, 
Pakistan, and also from Institutional Review Board (IRB) 
of the Jinnah Sindh Medical University with the reference 
number of JSMU/IRB/2019/286. Healthy Sprague dawley 
rats (10–12 weeks old) of both genders were purchased 
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from the animal house of Dow University of Health 
Sciences. Animals were kept in a standard environment 
(45–55% humidity and 25°C ± 2°C) with a 12 h light-dark 
cycle.33 They were divided into four groups, with 10 rats 
in each. All administrations were performed orally, and 
tested solutions were given once daily. Normal saline was 
given to 1st group (control) while 2nd, 3rd, and 4th test 
groups received 30 mg/kg, 60 mg/kg, and 90 mg/kg CS- 
AgNPs for 28 days, respectively. The test doses were 
adapted based on a preliminary acute toxicity study 
where a lethal dose (LD50) was found to be >200 mg/kg 
using a staged approach to the dosing method.34 T-61 
agent was administered IV as euthanasia, while medetomi-
dine was used for animal sedation.35 Animal handling was 
performed according to the guidelines of the National 
Advisory Committee for Laboratory Animal Research 
(NACLAR). The toxicity studies were performed accord-
ing to the Organization for Economic Corporation 
(OECD) guidelines no 407 and 425.36

Clinical Examinations, Body Weight, and Relative Organ 
Weights 
Initially, all test animals were evaluated for generalized 
well-being. After the dosing of CS-AgNP, the vital signs 
or any sign of toxic effects were recorded twice daily. 
Treatment effects on animal general health, behavior, 
hairs, and skin were observed. The body weight of each 
animal was noted on initial then after continued dosing for 
28 days. Organ weights such as the brain, heart, kidney, 
liver, and lungs were measured, and relative organ weights 
were calculated based on their total body weight.

Hematological and Biochemical Analysis 
Animals were anesthetized and then sacrificed after the 
last dosing. A volume of 5 mL of blood samples from each 
rat was collected from the femoral artery into the 20 mg/ 
mL ethylenediaminetetraacetic acid (EDTA), which is 
used as an anticoagulant for hematological and biochem-
ical analysis. Blood samples were analyzed for the counts 
of red blood cells (RBCs), white blood cells (WBCs), and 
differential WBCs using an automated blood sample ana-
lyzer (Beckman Coulter, U.S). Hemoglobin levels (Hb 
levels), serum electrolytes, erythrocyte sedimentation rate 
(ESR), and cholesterol levels were also estimated. The 
auto analyzer (7600–110, Hitachi, Japan) was used for 
biochemical analysis related to enzymatic levels of heart, 
liver, and kidney. Different inflammatory biomarkers, 
including C-reactive proteins, interleukins (IL)-1, IL-2, 

IL-6, IL-10, and tumor necrosis factor-alpha (TNF-α) 
were determined by MAGPIX (R&D Systems) in accor-
dance with the manufacturer’s instructions provided on 
commercial assay kits.33,37

Histopathological Examination 
Tissues of heart, kidney, and liver were fixed in formalin 
(10%), and tissues were handled using standard laboratory 
techniques recommended for histopathological examina-
tions. Tissue cleaning was done using a xylene solution 
(1%) for 1 h. Then, 3 to 5 µm sections were sliced using a 
microtome and stained with hematoxyline-eosin (H&E) 
stain according to the standard protocol for staining.38

Determination of Silver Ion 
Concentration in Tissues
Silver ion concentration was determined in different 
organs after the administration of CS-AgNPs in similar 
dosing scheduled used for toxicity studies according to the 
method reported by Lee et al in 2013.37 The animals were 
sacrificed after 28 days, and tissues were digested in nitric 
acid using a multiwave microwave digester (Anton Paar, 
USA). The atomic absorption (AA) spectrophotometer 
(AA-7000, Shimadzu, Japan) equipped with a graphite 
furnace (Elmer, USA) was used for the Ag ion determina-
tion. The Ag ion concentration in each tissue was calcu-
lated in μg/g wet weight. The limit of detection (LOD) and 
the limit of quantification (LOQ) were found to be 0.29 
μg/kg and 0.88 μg/kg, respectively, in the quantification 
method.

Statistical Analysis
All results are presented as their mean ± S.D values. The 
synergistic antibacterial activity, in vitro and in vivo toxi-
city findings, and silver ion determination were subjected 
to analysis of variance (ANOVA), two-tailed t-test, and 
Tukey post hoc tests using SPSS software (version 23). P< 
0.05 and P< 0.005 were considered statistically significant 
and highly statistically significant results, respectively.

Results and Discussion
Antibiotics Loading on Synthesized 
Chitosan-Loaded Silver Nanoparticles 
(CS-AgNPs) Surfaces
Amount and loading efficiencies of AMX, CEF, and LVX 
to CS-AgNPs were found to be 2.5 µg/µg (93.3%), 0.5 µg/ 
µg (85.8%), and 0.5 µg/µg (82.0%) respectively, using 
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UV-Vis spectrometric analysis. UV-vis absorption peaks 
for AMX were obtained at 337 nm, for CEF at 321 nm and 
LVX at 292 nm with CS-AgNPs (Figure S1). The peaks of 
these antibiotics at similar wavelengths have also been 
reported by other researchers.39–41

Characterization and Interaction of 
Antibiotics Loaded on CS-AgNPs 
Surfaces
The size, shape, and agglomeration of synthesized CS- 
AgNPs conjugated with antibiotics were evaluated by 
SEM and TEM analysis. SEM and TEM images are pre-
sented in Figure S2 and S3, respectively. Images showed 
more agglomeration in antibiotics-loaded NPs compared to 
AgNPs and CS-AgNPs alone, which may be due to the 
antibiotics conjugation on NPs surfaces.25 For AgNPs and 
CS-AgNPs, absorption peaks at 2922/cm (hydrocarbon 
chains), 1647/cm (C–O), and 1382/cm (C–O–H stretching 
vibrations) correspond to the presence of organic com-
pounds that prevent agglomeration.42 FTIR spectra also 
confirmed the antibiotics were loading on CS-AgNPs sur-
faces, as reflected in Figure S4. Major absorption peaks 
observed at 3463/cm (N-H) and 3167/cm (O-H) while 
stretching vibrations of carboxylic group and amide 
groups were observed at 1775/cm and 1685/cm, respec-
tively, in CS-AgNPs+AMX spectra, indicating the conju-
gation of AMX with CS-AgNPs. Homayoofal et al 
reported similar absorption peaks in the separation and 
characterization study of AMX alone.43 IR spectra of 

CS-AgNPs+CEF displays the absorption peak of NH2 at 
3260/cm and at 1665/cm for the amide group while the 
absorption band for the carboxylic group at 1760/cm con-
firms the presence of CEF on CS-AgNPs surfaces.44 

Characteristics peaks at 1730/cm (C=O), 1888/cm (quino-
lone moiety), and 2940/cm (aromatic stretching) were 
observed for LVX in CS-AgNPs+LVX spectra corre-
sponded with the absorption peaks of LVX reported by 
Khan et al in 2016.45 EDX technique was used for the 
localized detection of silver metal in antibiotics-loaded 
CS-AgNPs. In Figure S5 absorption band peaks at 3 
KeV, confirmed the presence of silver ion in antibiotics- 
loaded NPs in all EDX spectra.42 The size distribution and 
zeta potential of the AgNPs, CS-AgNPs, and antibiotics- 
loaded CS-AgNPs were determined by DLS. The particle 
size distribution curve shows that obtained AgNPs and 
CS-AgNPs were monodispersed with the mean size ranges 
of 10–20 and 30–40 nm, respectively (Figure S6). 
However, polydispersion was observed in antibiotics-con-
jugated nanocomposites with an increase in mean size 
ranges from 80 to 120 nm, which might be due to the 
presence of non-specific binding and aggregation between 
antibiotics and NPs.46 The measurements of zeta potential 
revealed that negative charge of green synthesized AgNPs 
and CS-AgNPs with the mean potential of −23.6 and 
−16.1 mV, respectively (Figure S7). The shifting of sur-
face charges toward positivity was observed after conjuga-
tion with AMX and LVX with the mean zeta potential of 
−7.9 and −19.4 mV, respectively. Aggregation between 
antibiotics and AgNPs might be observed due to these 

Table 1 Zone of Inhibitions (ZIs) of Different Antibacterial Agents Against Clinical Isolates

Antibacterial Agents Zone of Inhibitions 
(mm ± S.D)

E. coli K. pneumoniae S. aureus S. typhi P. aeruginosa

Control (Distilled water) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

SAEE 7.1 ± 0.57 6.3 ± 0.38 6.2 ± 0.17 6.2 ± 0.36 8.3 ± 0.74

CS 9.6 ± 0.32 9.4 ± 0.47 8.8 ± 0.26 7.1 ± 0.20 11.4 ± 0.39
AgNPs 13.2 ± 0.41* 12.3 ± 0.52* 11.9 ± 0.22 9.4 ± 0.47 13.1 ± 0.68*

CS-AgNPs 16.1 ± 0.83* 15.2 ± 0.16* 16.5 ± 0.54* 15.3 ± 0.23* 18.4 ± 0.30*

AMX 11.4 ± 0.23 6.3 ± 0.36 9.8 ± 0.19 12.8 ± 0.61* 11.8 ± 0.57
CS-AgNPs + AMX 21.5 ± 1.03** 19.7 ± 0.67** 23.6 ± 1.57** 24.5 ± 0.90** 26.2 ± 1.53**

CEF 14.5 ± 0.54* 17.6 ± 0.71* 7.1 ± 0.15 14.8 ± 0.77* 10.5 ± 0.24

CS-AgNPs + CEF 23.4 ± 0.35** 26.8 ± 1.32** 19.7 ± 0.97** 23.5 ± 1.57** 21.9 ± 1.07**
LVX 16.0 ± 0.64* 13.0 ± 0.74* 15.3 ± 0.83* 16.0 ± 0.24* 17.9 ± 0.62*

CS-AgNPs + LVX 25.5 ± 0.49** 27.7 ± 1.26** 29.4 ± 2.18** 31.7 ± 2.80** 32.5 ± 2.60**

Notes: All experiments were performed in triplicates and reported as mean ± SD. *p ≤ 0.05 significant as compared to control, **p ≤ 0.005 highly significant as compared to 
control. 
Abbreviations: S.D, standard deviation; SAEE, Syzygium aromaticum ethanolic extract; CS, chitosan; AMX, amoxicillin; CEF, cefixime; LVX, levofloxacin.
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positive-negative charges attractions. However, the nega-
tive potential value after final conjugation with CEF 
(−34.4 mV) supports good colloidal nature, long-term 
stability and high dispersity of nanocomposites.46

UV/Vis spectroscopy was used to investigate the inter-
action between CS-AgNPs and individual antibiotic mole-
cules. Upon addition of AMX, a slightly decreased in the 
extinction at 410 nm of CS-AgNPs in the entire concen-
tration range from 5 to 5000 µM was observed, without 
significant aggregation of synthesized CS-AgNPs. 
However, the broadband dominates the spectrum when 
CEF or LVX concentrations gradually increased, and the 
aggregation of CS-AgNPs was observed at 500 and 5000 
µM after the addition of LVX and CEF, respectively, as 
shown in Figure S8. This means that both antibiotics 
formed complexes physically with CS-AgNPs resulted in 
aggregation of the CS-AgNPs. This spectral information 
from UV-Vis spectrum clearly demonstrate that CEF and 
LVX interacted physically with CS-AgNPs strongly, repla-
cing the citrate molecules on surface and forming antibio-
tic-CS-AgNPs complexes.26 Moreover, these antibiotics 

readily caused aggregation of CS-AgNPs at higher con-
centrations, while no such aggregation was observed for 
AMX. However, the molecular nature of the interaction 
between the CS-AgNPs and the different antibiotics needs 
further investigation.

Antibacterial Activity of AgNPs, CS- 
AgNPs and Antibiotic-Loaded CS-AgNPs
The antibacterial activity of SAEE, CS, AgNPs, CS- 
AgNPs, and antibiotics-loaded CS-AgNPs were evaluated 
against five clinical pathogens using the Oxford cup diffu-
sion method. Table 1 and Figures 1–3 show the zone of 
inhibitions produced by tested antibacterial solutions 
against the selected clinical isolates. Amongst all patho-
genic strains, CS-AgNPs exhibited a maximum antibacter-
ial effect against Pseudomonas aeruginosa (18.4 ± 
0.30 mm), and its conjugation with LVX, produced more 
augmented response (32.5 ± 2.60 mm). A similar trend 
was observed with other antibiotics-conjugated with CS- 
AgNPs. The antibacterial mechanism of metal NPs is still 
not identified, but few studies have reported the plausible 

Figure 1 Antibacterial activities of CS-AgNP with amoxicillin against (A) Escherichia coli; (B) Klebsiella pneumoniae; (C) Staphylococcus aureus; (D) Salmonella typhi; (E) 
Pseudomonas aeruginosa.
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mechanism like Reidy et al (2013) have suggested that 
metal NPs have more significant antibacterial effects due 
to their high affinity with the surface-active groups of 
microbial strains.47 Wypij et al (2018) and Rai et al 
(2012) have reported that the released metal ions from 
NPs can rapture the bacterial cell wall and can cause cell 
death.21,48 Moreover, the distortion of bacterial DNA heli-
cal structure by a metal ion has also been reported.49,50 In 
addition, chitosan has been suggested to react with both 
the bacterial cell wall and the cell membrane.51

All the antibiotics combined with CS-AgNPs showed 
enhanced antibacterial potential against all tested pathogens 
(p ≤ 0.003). The fold increase in zones is reflected in 
Figure 4. Interestingly, antibiotics like AMX and CEF 
showed minimal susceptibility, when conjugated with CS- 
AgNPs exhibited potential antibacterial activity against 
Klebsiella pneumoniae and Staphylococcus aureus respec-
tively after conjugation as reflected in Table 1. CEF showed 
the highest fold increase in its activity against 
Staphylococcus aureus (1.8) while AMX and LVX showed 
2.2 and 1.2 fold increase in their activity, respectively, 

against Klebsiella pneumoniae when conjugated with CS- 
AgNPs. Different researchers have also been reported the 
synergistic activity of antibiotics when they were combined 
with AgNPs, synthesized by different methods.18,22,52

CS-AgNPs exhibited low values of MICs against all 
tested isolates (32 µg/mL) compared to AgNPs (64 µg/ 
mL) as presented in Table 2. The results of MIC assays 
after conjugation are given in Table 3. The MICs of all 
antibiotics reduced considerably when combined with CS- 
AgNPs against all pathogenic strains, and maximum reduc-
tion in MIC was observed for AMX from 1024 to 64 and 32 
µg/mL against Escherichia coli and Klebsiella pneumoniae, 
respectively. The FIC values ranging from 0.12 to 0.25 for 
all antibiotics conjugations against the tested isolates 
demonstrated their synergistic activity (Table 3). The pre-
vious study reported the comparable synergistic response of 
synthesized AgNPs with different antibiotics.21 In the pre-
sent work, the MBC value of CS-AgNPs was found to be 
32 µg/mL against all tested isolates (Table 4). However, 
these values reduced drastically after conjugation with dif-
ferent antibiotics ranging from 32 to 4 µg/mL.

Figure 2 Antibacterial activities of CS-AgNP with cefixime against (A) Escherichia coli; (B) Klebsiella pneumoniae; (C) Staphylococcus aureus; (D) Salmonella typhi; (E) 
Pseudomonas aeruginosa.
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Mechanism of Synergistic Effects
Silver nanoparticles (AgNPs) exhibit very distinctive 
physicochemical characteristics, and tremendous antibac-
terial activity, which highly recommend them as an alter-
native treatment against multi-drug resistant bacteria.53,54 

Biogenic silver nanoparticles reported showing greater 
antibiofilm activity against these superbugs.55 

Nanocomposites of silver with other metals observed 
the disruption of biofilm structure and penetration of 
metal ions into under layers of bacterial colony.56 

Chitosan conjugated nanocomposites have profound anti-
bacterial activity, due to the presence of an ammonia 
group in chitosan. Ammonia adsorbs on to the cell wall 
electrostatically and potentiates the destruction of cell 
wall by causing leaking of macromolecules from the 
bacterial cell.12,57 It is reported that synergistic antibac-
terial activity of chitosan with AgNPs may be resulted 
due to blistering (blebs), blockage of the electron trans-
port chain, and clumping of membranes.54 In addition, 
chemical interaction as the possible cause of the syner-
gistic rise in antibacterial activity of the synthesized 
AgNPs with antibiotic.31,58 However, it was also postu-
lated that the combined effect of antimicrobials drives 
synergy by membrane alterations generated by AgNPs, 
and no chemical interactions were detected between 
AgNPs and antibiotics.59 Moreover, it was also reported 
that amino and hydroxyl groups present in tested 

Figure 3 Antibacterial activities of CS-AgNP with levofloxacin against (A) Escherichia coli; (B) Klebsiella pneumoniae; (C) Staphylococcus aureus; (D) Salmonella typhi; (E) 
Pseudomonas aeruginosa.

Figure 4 Fold increase in inhibition zones of antibiotics after conjugation with CS- 
AgNPs against tested isolates. All experiments were performed in triplicates and 
reported as mean ± SD. *p ≤ 0.05 significant as compared to control (considered as 
no increase in activity), **p ≤ 0.005 highly significant as compared to control.
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antibiotics bind with CS-AgNPs by chelation, which may 
maximize agglomeration and increase antibacterial 
activity.19 Kohanski et al (2007) suggested that produc-
tion of hydroxyl radicals is an intriguing bacterial killing 
mechanism of several antibiotics.60 Consistent with 
reported studies, we tested whether or not bacterial cells 
treated with AgNPs generated hydroxyl radicals and how 
this affected the synergistic effects. In the luminol model, 

synthesized CS-AgNPs generated hydroxyl radicals as 
shown in Figure 5. All studied bactericidal antibiotics, 
caused the formation of hydroxyl radicals. However, 
treatment with combinations of CS-AgNPs and antibio-
tics showed increased hydroxyl radical formation com-
pared with each antibacterial agent alone. Results 
indicated a significant increase in the generation of 
hydroxyl radicals, which might be an important cause 

Figure 5 CS-AgNPs-associated generation of hydroxyl radicals in the presence of different antibacterial agent. *The chemiluminescence of luminol (stage 1) in the presence 
of CS-AgNPs (stage 2) antibiotic (stage 3) CS-AgNPs combined with different antibiotics (stage 4). **RLU, relative luminescence units; AMX, amoxicillin; CEF, cefixime; LVX, 
levofloxacin. All experiments were performed in triplicates and reported as mean. *p ≤ 0.05 significant as compared to control (luminol), **p ≤ 0.005 highly significant as 
compared to control.
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of the synergism seen. It is suggested that oxidative stress 
caused by AgNPs through increase in radicals production 
leads to damage of the nucleic acids and proteins, and 
consequently inhibition of proliferative processes in bac-
terial cells.55 Researchers confirmed that AgNPs 

produced different toxic radicals including hydrogen per-
oxide (H2O2) and hydroxyl radicals (OH).61,62 Moreover, 
results of physical interaction investigation also pointed 
out that the bacterial cells were killed more effectively by 
“CS-AgNPs-antibiotic complexes”, which is in consistent 

Table 2 Minimum Inhibitory Concentrations (MICs) of Different Antibacterial Agents Against Clinical Isolates

Antibacterial Agents Minimum Inhibitory Concentrations (µg/mL) 
(Mean ± S.D)

E. coli K. pneumoniae S. aureus S. typhi P. aeruginosa

SAEE 7500 ± 245.3 7500 ± 211.4 7500 ± 254.2 7500 ± 287.2 7500 ± 241.2
CS 256 ± 14.7 256 ± 15.5 256 ± 26.3 256 ± 17.5 256 ± 18.4

AgNPs 64 ± 9.4 64 ± 14.5 64 ± 8.4 64 ± 5.1 64 ± 9.3

CS-AgNPs 32 ± 3.4 32 ± 11.4 32 ± 6.5 32 ± 4.1 32 ± 7.3
AMX 1024 ± 141.2 1024 ± 102.4 256 ± 22.5 256 ± 29.4 512 ± 64.7

CEF 256 ± 12.4 128 ± 26.4 256 ± 22.4 32 ± 3.0 256 ± 23.4

LVX 16 ± 2.3 64 ± 7.9 128 ± 24.8 1 ± 0.12 1024 ± 126.4

Note: All experiments were performed in triplicates and reported as mean ± SD. 
Abbreviations: S.D, standard deviation; SAEE, Syzygium aromaticum ethanolic extract; CS, chitosan; AMX, amoxicillin; CEF, cefixime; LVX, levofloxacin.

Table 3 Fractional Inhibitory Concentration (FIC) Index and Minimum Inhibitory Concentrations (MICs) of Antibiotics-Conjugated 
CS-AgNPs Against Clinical Isolates

Clinical Isolates Fractional Inhibitory Concentration (FIC) Index

CS-AgNPs + AMX CS-AgNPs + CEF CS-AgNPs + LVX

FIC MIC of CS-AgNPs + AMX FIC MIC of CS-AgNPs + CEF FIC MIC of CS-AgNPs + LVX

E. coli 0.12 4 + 64 0.18 4 + 32 0.12 4 + 1

K. pneumoniae 0.15 8 + 32 0.12 4 + 8 0.18 8 + 4
S. aureus 0.18 4 + 16 0.18 4 + 16 0.15 4 + 4

S. typhi 0.18 4 + 16 0.18 4 + 2 0.12 2 + 0.0625

P. aeruginosa 0.18 4 + 32 0.25 4 + 32 0.25 4 + 128

Abbreviations: AMX, amoxicillin; CEF, cefixime; LVX, levofloxacin.

Table 4 Biocompatibility Index (BI) and Minimum Bactericidal Concentration (MBC) Values of Antibiotics of Different Antibacterial 
Agents Against Clinical Isolates

Antibacterial Agents Biocompatibility Index (BI)

E. coli K. pneumoniae S. aureus S. typhi P. aeruginosa IC50 

(µg/mL)
BI MBC BI MBC BI MBC BI MBC BI MBC

AgNPs 1.6 64 1.6 64 1.6 64 1.6 32 1.6 64 102.7*

CS-AgNPs 3.9 32 3.9 32 3.9 32 3.9 32 3.9 32 125.7*

AMX 0.1 1024 0.1 1024 0.7 256 0.3 512 0.1 1024 194.6

CS-AgNPs + AMX 5.2+2.8 16+64 5.2+1.4 16+128 5.2+1.4 16+128 10.4+2.8 8+64 5.2+2.8 16+64 84.4+180.1

CEF 0.3 512 0.7 256 0.3 512 2.8 64 0.3 512 179.3

CS-AgNPs + CEF 4.9+2.4 16+64 4.9+9.9 16+16 4.9+2.4 16+64 9.9+39.6 8+4 4.9+2.4 16+64 79.8+158.4

LVX 5.2 32 1.3 128 0.6 256 83.4 2 0.16 1024 166.8

CS-AgNPs + LVX 8.1+37.4 8+4 2.0+2.3 32+64 8.1+4.6 8+32 16.2+149.9 4+1 4.0+1.1 16+128 65.0+149.9

Note: *These IC50 values were taken from our previous study [Muhammad Arif et al 2020]. 
Abbreviations: MBC, minimum bactericidal concentration; IC50, inhibitory concentration; AMX, amoxicillin; CEF, cefixime; LVX, levofloxacin.
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with previous study.26 However, the exact molecular 
mechanism by which increase in production of radical 
species, still requires further studies.

Toxicity Studies
In vitro Cytotoxic Evaluation of Antibiotics-Loaded 
CS-AgNPs
The antibiotics-loaded CS-AgNPs were subjected to eval-
uate the cytotoxicity on the HeLa cell lines. The dose- 
dependent effects of all tested solutions were observed 
against eukaryotic cells. The IC50 value of AMX, CEF, 
and LVX was found to be 194, 179, and 166 µg/mL, 
respectively (Table 4). The percentage viability of HeLa 

cells at different concentrations of AgNPs, CS-AgNPs 
alone and in combination with different antibiotics is 
also presented in Figure 6. In our previous work, IC50 

value of CS-AgNPs was reported as 125 µg/mL.23 In the 
current study, IC50 values of CS-AgNPs were slightly 
decreased after conjugation with different antibiotics. 
However, a considerable reduction in MICs and FICs 
(Tables 2 and 3, Figure 7), suggested the dose reduction 

Figure 6 % viability of HeLa cells against AgNPs, CS-AgNPs alone, and combination 
with different antibiotics while IC50 of each agent are given in Table 4. All experi-
ments were performed in triplicates and reported as mean.

Figure 7 Cytotoxic activity of combined antibacterial agents (CS-AgNPs and 
antibiotics) against HeLa cell line. Both antimicrobials were used at concentrations 
of their FIC. 1 = (4 µg/mL of CS-AgNPs+64 µg/mL AMX or 32 µg/mL CEF or 1 µg/ 
mL LVX); 2 = (8 µg/mL of CS-AgNPs+32 µg/mL AMX or 4 µg/mL of CS-AgNPs+8 
µg/mL CEF or 8 µg/mL of CS-AgNPs+4 µg/mL LVX); 3 = (4 µg/mL of CS-AgNPs+16 
µg/mL AMX or CEF or 4 µg/mL LVX); 4 = (4 µg/mL of CS-AgNPs+16 µg/mL AMX 
or 2 µg/mL CEF or 2 µg/mL of CS-AgNPs+0.0625 µg/mL LVX); 5 = (4 µg/mL of CS- 
AgNPs+32 µg/mL AMX or CEF or 128 µg/mL LVX). AMX, amoxicillin; CEF, 
cefixime; LVX, levofloxacin.

Table 5 Body Weight and Relative Major Organ Weights of Both Male and Female Rats After 28th Day’s Exposure of CS-AgNPs at 
Different Concentrations

Groups Body Weight Gain 
(Mean ± S.D) 
(After 28th Days)

Relative Major Organ Weights (% ± S.D) 
(After 28th Days)

Brain Heart Kidneys Liver Lungs

Male

Control 24.4 ± 4.2 0.61 ± 0.04 0.36 ± 0.01 1.02 ± 0.09 4.33 ± 0.23 0.47 ± 0.07
CS-AgNPs (30 mg/kg) 22.8 ± 3.0 0.58 ± 0.02 0.34 ± 0.03 0.98 ± 0.12 4.57 ± 0.25 0.43 ± 0.09

CS-AgNPs (60 mg/kg) 19.7 ± 8.1 0.60 ± 0.04 0.33 ± 0.03 0.93 ± 0.06 4.66 ± 0.37 0.52 ± 0.10

CS-AgNPs (90 mg/kg) 18.1 ± 7.1 0.63 ± 0.01 0.35 ± 0.02 1.01 ± 0.10 4.72 ± 0.20 0.45 ± 0.05

Female

Control 18.9 ± 5.7 0.53 ± 0.03 0.38 ± 0.02 1.04 ± 0.05 4.12 ± 0.18 0.52 ± 0.04
CS-AgNPs (30 mg/kg) 19.3 ± 5.3 0.51 ± 0.05 0.36 ± 0.01 1.07 ± 0.04 4.41 ± 0.13 0.48 ± 0.10

CS-AgNPs (60 mg/kg) 20.4 ± 6.9 0.58 ± 0.07 0.30 ± 0.04 1.02 ± 0.11 4.37 ± 0.40 0.43 ± 0.02

CS-AgNPs (90 mg/kg) 19.0 ± 5.4 0.55 ± 0.02 0.36 ± 0.03 0.99 ± 0.07 4.48 ± 0.20 0.51 ± 0.07

Note: All experiments were performed in triplicates and reported as percentage ± SD. 
Abbreviation: S.D, standard deviation (n=10).
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with minimal potential toxicity, which is corresponded 
with a previous study.21 Researchers claimed that the 
combination of antibiotics with silver nanoparticles 
restored the antibacterial potential of these agents against 
resistance acquired bacteria along with the reduction in 
toxicity.18,22 These observations are also in agreement with 
the present study, where the BI values after conjugation 
with antibiotics were found more than 1, expressing more 
bactericidal activity with low toxicity (Table 4).

In vivo Acute and Sub-Acute Toxicity Studies of CS- 
AgNPs
Initially, the acute oral toxicity of synthesized CS-AgNPs 
was determined for 14 days. No significant sign of toxicity 
was observed in studied animals after 14 days of oral 
dosing of CS-AgNPs. The LD50 value of CS-AgNPs was 
found to be >200 mg/kg, resembled previous findings.63 In 
the sub-acute study, no significant changes were observed 
at any dose of CS-AgNPs in both male and female body 
weights and relative organ weights compared to control 
groups (P<0.05) Table 5. All studied groups animals sur-
vived until the euthanasia was performed for further stu-
dies. Furthermore, no sign of adverse effects or any 
infection was noticed during the study period of 28 days. 
Lee et al also reported similar observations after the treat-
ment of rats with AgNPs at concentrations of 500 mg/kg.37

In the present work, the effect of gender was not 
observed in the hematological and biochemical analysis 
of Sprague Dawley rats. At the dose of 90 mg/kg, synthe-
sized CS-AgNPs significantly increased the counts of 
WBCs, basophils, eosinophils, lymphocytes, and neutro-
phils compared to control at the significance level of 
P<0.05 (Table 6). There were no significant changes 
observed in other hematological parameters of studied 
groups after 28 days of oral dosing. Moreover, serum 
levels of sodium, potassium, and calcium were found in 
normal ranges during sub-acute toxicity studies compared 
to the control group.

The serum biochemical analyses are a widely used tool 
to assess responses in animals induced by different exo-
genous chemicals and toxins. These biochemical tests are 
also used to diagnose various diseases of the liver, kidney, 
heart, and other organs. The elevated levels of any serum 
biochemical parameter demonstrate any damaged or dys-
function of organs. After 28 days exposure of CS-AgNPs, 
significant (P<0.05) and highly significant (P<0.005) 
increased were observed in alkaline phosphatase (ALP), 
aspartate transaminase (AST), alanine transaminase Ta
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(ALT), and bilirubin levels, at the doses of 60 mg/kg and 
90 mg/kg, respectively. More than 50% increase in bilir-
ubin levels can be demonstrated to hepatocellular injury.64 

The highly significant increase in bilirubin levels at higher 
doses, implying that liver injury may have occurred. 
Increased levels of ALP, AST, and ALT also endorsed 
the possibility of hepatocellular injury. These enzymatic 
elevations, coupled with hyperbilirubinemia, may also be 
observed in cholestatic drug reactions.65 This implies that 
orally administered CS-AgNPs at higher doses may cause 
hepatocellular toxic reactions similar to those caused by 
other drugs. The significant increase in levels of CRP, IL- 

1, IL-2, IL-6, IL-10 and TNF-α at high doses also indi-
cated the minor tissue inflammation in treated rats. The 
present observations are also consistent with previously 
reported results related to the sub-acute oral toxicity of 
AgNPs.37,63 In contrast, the normal levels of creatinine, 
blood urea nitrogen (BUN), uric acid, creatinine kinase 
(CK-MB), and cholesterol at all doses indicated that CS- 
AgNPs did not produce any toxic effects on renal and 
cardiac systems.

Histopathological examinations were performed to 
evaluate the effects of CS-AgNPs on body organs of 
male and female rats, ie, heart, kidney, and liver (Figures 

Figure 8 Histopathological examinations of heart, kidney and liver of male rats after administration of CS-AgNPs at different doses using the 400× magnification. Arrows in 
figures shows the minor tissue inflammation at higher doses of CS-AgNPs.
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Figure 9 Histopathological examinations of heart, kidney and liver of female rats after administration of CS-AgNPs at different doses using the 400× magnification. Arrows 
in figures shows the minor tissue inflammation at higher doses of CS-AgNPs.

Figure 10 Silver concentrations (ng/g tissue wet weight) in different organs of both male and female after administration of CS-AgNPs. All experiments were performed in 
triplicates and reported as mean. *p ≤ 0.05 significant as compared to control (considered as zero concentration of silver ion), **p ≤ 0.005 highly significant as compared to 
control.
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8 and 9). Only mild histopathological changes, including 
inflammation and interstitial hyperemia, were observed 
only at high dose (90 mg/kg) in the heart, kidney, and 
liver when exposed to CS-AgNPs, compared to control in 
both gender groups. Moreover, there were no abnormal 
changes found at low (30 mg/kg) and medium (60 mg/kg) 
doses of CS-AgNPs in studied organs. Different research-
ers also reported the relevant histopathological examina-
tions of AgNPs on different organs and animals at 
numerous dosing scheduled.34,63

Determination of Silver Ions in Tissues
The concentrations of Ag ion in blood, brain, kidney, liver, 
and spleen were determined by atomic absorption techniques 
following the oral administration of CS-AgNPs in rats at the 
above-defined three doses for 28 days. The concentrations of 
Ag ion compared to males with female rats at different 
concentrations of CS-AgNPs are presented in Figure 10. 
After CS-AgNPs administration, the Ag ion concentrations 
were highest in the spleen followed by liver, kidney, blood, 
and brain at all doses in both males and females. At 90 mg/ 
kg, the average levels of Ag ion in the spleen of male and 
female after 28 days were 85.2 ± 7.8 µg/g and 102.5 ± 9.3 µg/ 
g, respectively, revealing gender difference. These findings 
are in agreement with previous studies on AgNPs distribution 
to various tissues at different concentrations.37,63 Moreover, 
all organs showed a gender-dependent concentration of Ag 
ion, with significantly high levels in female compared to 
male rats following the 28 days administration of all three 
doses of CS-AgNPs. Kim et al (2008) reported two folds 
higher accumulation of Ag ion in female compared to male 
rats.66 Different researchers also reported similar findings 
while evaluated the tissue distribution of Ag ion given by 
different routes, which is suggested that tissue distribution of 
Ag ion was independent of the administration route.63,67 

Further studies related to the specific mechanisms of the 
gender-related difference in the distribution of in vivo CS- 
AgNPs are warranted.

Conclusion
In the present study, the green synthesized and character-
ized CS-AgNPs were conjugated and physically interacted 
with different antibiotics by the simple centrifugation 
method. The stable functionalization of antibiotics on 
CS-AgNPs surfaces converses the resistance and increased 
antibacterial potential many folds against tested patho-
genic isolates by radical scavenging potential. Combined 
therapy also decreases the therapeutic concentration and 

toxicity. In vivo toxicity studies in rats also confirmed the 
low toxicity of synthesized CS-AgNPs at a higher dose. 
Moreover, gender-related differences are found in tissue 
distribution of Ag ion that is an extensive distribution to 
the spleen and liver following oral administration. This 
particular study has pointed out that antibiotic resistance 
in clinical isolates can be reduced if combined with chit-
osan functionalized green synthesized silver nanoparticles.
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