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ABSTRACT 

Oxidative stress is usually associated with the release of reactive oxygen species (ROS) involved 

in various pathological conditions going on inside the body. Azithromycin is a macrolide 

antibiotic recommended commonly for the treatment of upper respiratory infections, also acts as 

an active anti-inflammatory and antioxidant agent so might be beneficial in chronic 

inflammatory states other than infectious disease. However, at the same time it produces 

oxidative damages to several organs of the body due to unwanted penetration. The aim of this 

study is to identify suppressive role of azithromycin on ROS generation in human blood cells via 

chemiluminescence assay and to compare this effect with its silver and gold conjugated nano 

form. We have found that azithromycin suppressed ROS generation at the concentration between 

250 µg/ml and 500 µg/ml (IC50 =310.8µg/ml). However, the maximum effect was observed 

with silver nanoparticle (AgNp) conjugated form of azithromycin which showed maximum 

effect at comparatively lower concentration (between 25µg/ml and 100µg/ml with IC50 value of 
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34.8µg/ml) while gold nano particle (AuNp) conjugated form remain insignificant for 

antioxidant activity. Although antioxidative ability is related to azithromycin alone but when it 

was conjugated to AgNp could lead to higher antioxidant activity in lower concentration. 

Therefore, the results of our studies support the antioxidant effects of azithromycin enhanced to 

significant levels when conjugated with silver nanoparticle as compare to azithromycin alone.  

Keywords: Azithromycin, antioxidant effects, Gold and silver conjugation 

Abbreviations: 
ABTS:2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); AZM: Azithromycin; AgNp: Silver nanoparticle; AP-1: 
Activator protein 1; AuNp: Gold nanoparticle; CAT: Catalase; CSE: Cigarette smoke extract; DPPH  2,2-diphenyl-1-

picrylhydrazyl; FMLP: N-formyl-Methionyl-Leucyl-Phenylalanine; FDA; Food and Drug Administration; GPx:  
Glutathione peroxidase; GSTs    Glutathione S-transferase; GSTT1  Glutathione S-transferase theta-1; GSTM1 

Glutathione S-Transferase Mu 1; GRK4  G protein-coupled receptor kinase 4; GSTs    Glutathione S-transferase; GSTT1  
Glutathione S-transferase theta-1; GSTM1 Glutathione S-Transferase Mu 1; GSH: Glutathione; GSHR: Glutathione 

reductase; GSHPxGlutathione peroxidase; HBSS+  Hanks Balanced Salt Solution; HDAC2 Histone deacetylase 2; MDA   
Malondialdehyde (MDA); NF-kB Nuclear factor kappa-light-chain-enhancer of activated B cells; NO: Nitic oxide; Nrf2: 
Nuclear factor erythroid 2-related factor 2; PAF:Platelet-activating factor; PMA: Phorbol 12-Myristate 13-Acetate; ROS 

:Reactive oxygen species; SOD: Superoxide dismutase; TAC: Total antioxidant capacity; TEMPO: 2,2,6,6-
tetramethylpiperidine-N-oxyl; XO: Xanthine oxidase; VEGF: Vascular endothelial growth factor; ZO-1:Zonula 

occludens-1 

INTRODUCTION 

Oxidative stress is the damage brought about 

by disparity between oxidants and 

antioxidants in favour of oxidants attributed 

to interruption of normal  redox pathways 

causing cellular damage (Rahman et al., 

2012). It is not only  the disproportion 

between the production and destruction of 

reactive oxygen species leading to amplified 

ROS accumulation but also the 

overproduction of the reactive nitrogen 

species, reactive sulfur species, reactive 

carbonyl species etc. (Sies, 2015). 

Particularly ROS, being act like a double 

edge sword, is thought to play role not 

merely in numerous physiological processes, 

cell signaling, microbial killing, clearance of 

cells from necrosis and apoptosis from tissue 

remodeling but also coupled with different 

ailments (Silva et al., 2010). ROS generates 

certain compounds and unstable oxygen 

molecules which have the capability to be 

converted into free radicals consisting of 

unpaired electrons that eventually interact 

with biological polymers such as protein, 

DNA, lipid and carbohydrate. ROS can be 

divided into oxygen-centered radicals i.e. 

superoxide anion (O2-), hydroxyl radical 

(OH), alkoxyl radical (RO) and oxygen-

centered nonradicals such as hydrogen 

peroxide (H2O2) and singlet oxygen (1O2) 

(Phaniendra et al., 2015, El-Bahr, 2013). It 

is produced by number of cytoplasmic 

enzymes which include xanthine oxidase, 

lipoxygenase, cyclooxygenase and nitric 
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oxide synthase while mostly the phagocytic  

ROS produced by  polymorphonuclear 

neutrophils are derived from superoxide, 

produced by NADPH oxidase present  in 

mitochondria (Bryan et al., 2012) (Mittal et 

al., 2014). These molecules are critical for 

host protection against pathogens but  if 

persist for longer duration  may play role in 

the development of various  chronic diseases 

such as diabetes (Nagata and Allergy, 

2005), atherosclerosis (Buonocore etal., 

2010) and cancer (Sabharwal and 

Schumacker, 2014). Particularly in 

carcinogenesis ROS has also got significant 

importance  as excessive accumulation of 

ROS is involved in promotion of cancer 

where it was found that these cells have 

added capability to form more amounts of 

ROS, thus  are more susceptible to oxidative 

stress interruption than their  healthy 

counterparts (Prasad et al., 2017). 

Antioxidant compounds found in diet like 

retinoid acid,  ascorbic acid, tocopherol, 

carotenoid and other  plants derived phenols 

are renowned for  their potential  to wrestle 

with oxidative stress (Lobo et al., 2010). 

Individually, retinoids  showed inhibitory 

effects on OH-, H2O2 and O2- (Mandeville et 

al., 2010), while tocopherols and tocotrienols 

induced antioxidant effects by scavenging 

reactive oxygen species. Likewise ascorbic 

acid  works via removal of molecular oxygen  

and last but not the least, carotenoids have 

most prominent efficiency in quenching of 

singlet oxygen (Lee et al., 

2004).Unfortunately, neither all exogenous  

antioxidants mentioned above or endogenous 

antioxidants (glutathione, billirubin) have 

generalized proficiency to dilute all types of 

ROS nor they have  such potent  free  radical 

scavenging  properties that can avert the 

development of  various types of chronic or 

inflammation mediated disease (Siti et al., 

2015). 

Moreover, according to multiple clinical 

trials, these supplements are remained 

unsuccessful in attenuating the disease 

progression or increasing the life span of 

sufferers, particularly in relation to  

cancerous conditions (Klein et al., 2011). 

Therefore, researchers are seeking for more 

potent, efficacious and novel antioxidants 

that exhibit definite free radical scavenging 

properties with other well-known 

mechanisms for their anti-inflammatory or 

immuno-modulatory actions. 

The customary strategy for  discoveries  of 

new agents having antioxidant properties 

require de-novo detection, isolation  and 

confirmation of very original molecules with 

their active  functional groups which is   
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rather  tiresome  and costly approach (Shim 

and Liu, 2014). 

 Therefore, currently new strategy for drug 

development is in practice which includes 

driving new indications from compounds 

having  well  established efficacies  for other 

health conditions, an approach  may be called 

as drug repositioning that define as 

unearthing of innovative applications of 

previously FDA approved drugs, available in 

market for some other diseases for instance 

sildenafil and minoxidil (Juarez et al., 

2018). 

Antibiotics for long, are commonly 

employed group of drugs in the treatment of 

various infections. Growing body of 

literature supports  that conventional  

antibiotics have not only  bacteriocidal or 

bacteriostatic  activities but also have 

potential to modulate  immunity and alter 

oxidative balance in the body (Belenky and 

Collins, 2011, Yadav et al., 2019). 

 In this context,  multiple controversies are 

linked, on one hand many evidences support 

that  tetracyclines (tetracycline HCL, 

oxytetracycline HCL, minocycline HCL, 

erythromycin)  may inhibit ROS production 

by neutrophils especially the minocycline 

HCL which was according to one study 

suppressed H2O2,the most potent oxidant 

while on the other hand cephalexin, 

chloramphenicol, penicillin G, streptomycin 

had no effect on ROS (Miyachi et al., 1986). 

Macrolides, the prokaryotic protein synthesis 

inhibitors, are generally prescribed to treat 

bacterial infections of lungs, dermis, 

underlying tissue along with gastro and 

urogenital tract. Commonly included 

macrolides are erythromycin, clarithromycin, 

and roxithromycin having macrocyclic 

lactone ring in common (Zimmermann et 

al., 2018). Other than antibacterial effects, 

these drugs are also believed to possess anti-

inflammatory activities by suppressing the 

generation of ROS by neutrophils. The 

mechanisms involved are membrane 

stabilization by neutralizing phospholipids 

such as lysophosphatidylcholine, platelet-

activating factor (PAF) etc. (Kanoh and 

Rubin, 2010). They also suppress the nitric 

oxide, another type of ROS produce from 

macrophages by interfering with the 

induction of nitric oxide synthase (Asano 

etal., 2003). 

However,  azithromycin which is considered 

the safest among all  macrolides have 

ambiguous role in modulating oxidative 

stress of the body that is on one side it is 

reported that AZM  enhanced the   nuclear 

translocation of NRf2 causing increased 

transcription of antioxidant enzymes 

(Cuevas et al., 2016b), while in one study 
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done on cystic fibrosis patients displayed no 

benefit in up regulating the levels of enzymes 

such as TAC, CAT, SOD or GPx with the 

use of AZM (Olveira et al., 2017). 

Moreover, in another study, azithromycin  

when combined with paracetamol increased 

oxidative damage of hepatic cells evident by  

increased level of MDA(Singh et al., 2016). 

These findings are unclear and further 

researches are warranted to overcome this 

disparity. 

Apart from drug repurposing, a novel nano-

sized drug delivery system is commonly 

employed approach in these days to 

encounter current changes being affiliated 

with antibiotic therapy. The expected 

benefits of nanotechnology are sustained 

drug release, enhanced solubility, uniform 

distribution within the tissue and increased 

cellular internalization hence  more  targeted 

drug delivery, reduced dose requirement with 

decrement in adverse effects (Kalhapure et 

al., 2015). 

In the light of above mentioned literature 

search this study is designed to evaluate the 

antioxidant activity of azithromycin on 

human blood sample in nano-conjugated 

form with silver and gold to attain maximum 

benefits by this antibiotic in minimal 

concentrations. 

Moreover, these metallic nanoparticles after 

being conjugated to different drugs are 

known to enhance their activities. A study in 

this regard was also done on gold and silver 

bimetallic conjugation to upgrade 

antimicrobial effects of commonly used  

antibiotics (Fakhri et al., 2017). 

METHODOLOGY 

Chemiluminescence Assay for the 

Quantification of Intracellular Reactive 

Oxygen Species (ROS) 

This Study was conducted after getting 

approval from Independence Ethics 

Committee, ICCBS (International Center for 

Chemical and Biological Sciences), 

University of Karachi.  Amongst many 

methods for detection of  in-vitro ROS 

production and quantification, such as 

(chemiluminescence probes, fluorescent 

probes, chromatography methods, fluorescent 

proteins, spectrophotometric methods) 

(Zhang et al., 2018), this method is 

commonly employed as it is economical, less 

time consuming and gives early and easy 

interpretation of results (Caldefie-Chézet et 

al., 2002). Principle of this method is based 

on the production and quantification of 

reactive oxygen species being assessed by 

their capability to catalyze the oxidation of 

luminol, resulting in emission of light which 

is recorded by luminometer and can be 
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measured as relative light unit (RLU) (Liu et 

al., 1996). 

Reagents and Chemicals 

Regents were generously provided by PCMD 

(Panjwani Center for Molecular Medicine 

and Drug Research) Karachi. Drugs were 

purchased from Medchemexpress Co Ltd, 

United States. Silver and gold Conjugation of 

azithromycin were kindly supplied by TWC, 

PCMD, Karachi. We used HBSS+ as media. 

Serum opsonized zymosan which worked as 

an activator was used for the production of 

ROS in blood cells while luminol was added 

for the detection of amount of ROS 

produced. Both zymosan and luminol were 

light sensitive.     

Sample collection 

The effects of azithromycin and its silver and 

gold conjugated forms on ROS production 

were quantified on human blood. For that 

purpose healthy human venous blood sample 

was taken voluntarily without any history of 

smoking, alcohol and/or current use of any 

sort of medications like antibiotics, vitamins, 

minerals, special diet or antioxidant. Written 

informed consent was taken from the 

participant and complete information 

regarding the risks, discomfort and benefits 

was provided. After all aseptic measures 

being taken, 3 ml blood was drawn from 

antecubital vein and immediately transferred 

to heparinized Vacutainer tube. 

Azithromycin, its gold and silver conjugated 

form were tested at different concentrations 

(Azithromycin at 25µg/ml, 75µg/ml, 

100µg/ml, 125 µg/ml, 250 µg/ml, 500µg/ml, 

Gold conjugated Azithromycin at 25µg/ml, 

75µg/ml, 100µg/ml, 125µg/ml, 250µg/ml 

and silver conjugated form at 1 µg/ml, 10 

µg/ml, 25 µg/ml, 100 µg/ml. 

Chemiluminescence assay was carried out to 

analyze the effect of compounds on ROS 

production from phagocytes as describe by 

Mesaik et al (Mesaik et al., 2012). In brief, 

we carried it out in 96-well plate which was 

broadly classified as control wells and treated 

wells, further division was made in control 

wells as positive and negative. Among 

treated wells there were three divisions such 

as azithromycin alone, gold conjugated 

azithromycin and silver conjugated 

azithromycin. Both activator and detector 

were as added in positive control while in 

negative control only cells and detector were 

added. In treated wells, 25µL of whole blood 

(1:50 dilution prepared in sterile HBSS+) 

was mixed with 25 µL of serially diluted 

drugs (AZM/conjugated AZM) with different 

concentrations mentioned earlier. In control 

wells HBSS+ and blood cells were added 

containing no drugs. All tests were 
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performed in 96 well plate and final volume 

of 100 µL/well was achieved. The mixture 

was incubated for 5 min in luminoskan 

chamber at 37°C. After incubation 25µL 

serum opsonized zymosan was added in each 

well for the production of ROS in blood 

cells. The detection for ROS generation was 

done by the addition of 25 µL of 

which produced luminescence 

with ROS and used for its quantif

plate was placed in luminoskan chamber, 

incubated at 37°C for 50 minutes and results 

were measured as RLU (relative light units) 

with peak and total integral values set with 

repeated scans.  

All the experiments were run in triplicate, bar 

showed number of photons emitted expressed 

as relative light units and SD was represented 

(** shows P-value of <0.01) 
Figure 1: Effects of different concentrations 
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RESULTS 

 In our results, significant inhibition o

was observed only in AZM group that is

between concentration

500µg/ml whereas 

concentrations, inhibition was insignificant

(Figure 1). Moreover inhibition of ROS was 

found to be highly significant by treatment 

with silver conjugated azithromycin 

between 25µg/ml and 100µg/ml

While all the concentrations tested for gold 

conjugated azithromycin were remain 

unsuccessful in inhibiting RO

evident by nonsignificant p

 

Figure 1: Effects of different concentrations (25 µg/ml, 75µg/ml, 100µg/ml, 125µg/ml, 250µg/ml, 500
azithromycin on phagocytic oxidative burst 
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by error bars whereas ** represent P-value of 

<0.01 and *** represent value P-value of 

<0.001. Statistical analysis was done by one 

In our results, significant inhibition of ROS 

was observed only in AZM group that is in 

concentrations of 250µg/ml and 

 for rest of the 

inhibition was insignificant 

inhibition of ROS was 

found to be highly significant by treatment 

with silver conjugated azithromycin in 

25µg/ml and 100µg/ml (Figure 2). 

all the concentrations tested for gold 

conjugated azithromycin were remain 

unsuccessful in inhibiting ROS production as 

evident by nonsignificant p-value (Figure3). 

 

/ml, 125µg/ml, 250µg/ml, 500µg/ml) of 
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      (*** shows P-value of <0.001) 
Figure 2: Effects of different concentrations (1 µg/ml, 10µg/ml, 25µg/ml, 100µg/ml) of silver conjugated azithromycin

Figure 3:  Effects of different concentrations (25 µg/ml, 75µg/ml, 100µg/ml, 125µg/ml, 250µg/ml) 
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Figure 2: Effects of different concentrations (1 µg/ml, 10µg/ml, 25µg/ml, 100µg/ml) of silver conjugated azithromycin
phagocytic oxidative burst 
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DISCUSSION 

Apart from antimicrobial effects of 

macrolides, progressive researches signify 

that these drugs also have potential to combat 

ROS and thus have a role in reducing 

inflammation and oxidative stress going on 

in the body leading to chronic diseases, 

through various mechanisms. Present 

research was designed to examine the 

antioxidant activity of AZM alone and nano 

conjugated forms with gold and silver. 

Our results exhibit efficacy of AZM in 

reducing ROS production in between the 

concentration of 250µg/ml and 500µg/ml as 

evident by decrease light absorption with 

IC50 of 310.8µg/ml (Figure 1). 

Role of AZM in reducing inflammation has 

been extensively studied previously 

(Legssyer et al., 2006, Lendermon et al., 

2017) which is closely related to oxidative 

stress in  a cyclical manner like effort to 

attenuate one condition will ultimately 

improve the other, i.e. one of the accepted 

mechanism of reducing inflammation  is to 

neutralize ROS in the same way by 

decreasing inflammatory cascade, oxidative 

load  of the body can be minimized. From 

this perspective, various studies support our 

findings, study done by Levert et al, 1998, to 

observe the effects of azithromycin on 

neutrophilic ROS generation in which they  

 

demonstrated that the  respiratory burst 

activated by  membrane stimulating agents 

such as FMLP, PMA or  Staphylococcus 

aureus, was attenuated by AZM in time 

dependent manner  i.e. 50% inhibition was 

achieved at minimum concentration (19 

ug/ml) when incubated at 4 hours as 

compared to  2 hours (83 µg/ml) and 15 

minutes  (586µg/ml). Moreover, IC50 values 

were lower with S. aureus stimulated PMN 

(272 µg/ml) than with PMA- or FMLP-

stimulated neutrophils  i.e. 856 and 586 

ug/ml respectively (Levert et al., 1998). 

Lately, a study done on cystic fibrosis cell 

line (IB3-1) using GSTs (GSTT1 and 

GSTM1) expression as an indicator of 

oxidative stress condition, azithromycin was 

found to be effective in reducing the 

expression of GSTT1 and GSTM1 in IB3-1 

cells (Bergamini et al., 2009).  

Moreover, a study was conducted on ethanol 

induced animal model of gastric ulcer to 

evaluate the gatroprotective role of different 

commonly used drugs including 

azithromycin. Various parameters of  

oxidative  stress was measured  in this study 

such as CAT, XO,GSH, GSHR, GSHPx and 

it was observed that amongst different drugs 

studied, azithromycin  exerted significant 

antioxidant effect (Popovic et al., 2009).   
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As AZM is supposed to be the safest drug, 

researches are continuously growing   to 

establish its antioxidant potential in various 

diseased conditions particularly in pulmonary 

diseases  like COPD (Cuevas et al., 2016a), 

Cystic fibrosis (Cuevas et al., 2016b) etc. 

where it is commonly prescribed as 

antimicrobial and anti-inflammatory agent. A 

study in this regard was conducted on  CSE 

induced A549 cells to evaluate its role, 

oxidative  burden  was examined and  it was 

found that azithromycin protected vital 

functioning of airway epithelial cells and 

suppressed ROS production by CSE which 

was evident by decreased alteration in 

VEGF, ZO-1 and occluding protein 

expression, otherwise were  highly altered in 

CSE induced control cells with oxidative 

stress (Chen et al., 2015). 

Furthermore, Cuveus et al., 2016a, 

documented that AZM reduced ROS 

production in cells via stabilization of cell 

membrane or increase translocation of Nrf2 

to nucleus causing increase synthesis of 

antioxidant enzymes (Cuevas et al., 2016a). 

Other macrolides are also known to cause 

dose related inhibition of superoxide 

production by attenuating membrane-

destablization effects of bioactive 

phospholipids (Dey and Bishayi, 2016). 

Along with these antioxidant effects,  

azithromycin also  include downregulation of 

TNF-α leading to decreased NF-kB and AP-1 

activation which are renowned mediators of 

inflammation (Aghai et al., 2007). 

Despite these favorable findings, recent 

researches are raising question on its safety, 

and   in selected organs it is emerged as 

hazardous compound where it is  associated 

with cellular damage of  hepatic, (Paulose et 

al., 2016), cardiac (El-Shitany et al., 2016) 

and reproductive tissues (El-Sayed et al., 

2017). 

These findings may be dose dependent and 

attributed to redundant penetration of this 

drug to various organs causing either reduced 

actions of antioxidative enzymes like SoD, 

CAT and GSH Px, or enhanced membrane 

lipids peroxidation, free radical production 

during metabolism or mitochondrial 

dysfunction (Olayinka and Ore, 2014).  

 For this reason we did conjugate AZM with 

different inorganic metals such as gold and 

silver in nano delivery system, the 

technology to attain better targeting of drugs 

towards the inflammatory region and to 

circumvent unwanted consequences (Daraee 

et al., 2016).  

To the best of our literature search this was 

the first study in which anti-oxidant potential 

of gold and silver nano conjugated AZM was 

evaluated and compared. 
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According to our results when AZM 

conjugated with silver produced significant 

inhibition of ROS at concentration of 

38.4µg/ml as compared to AZM alone which 

is 310.8µg/ml, whereas when AZM 

conjugated with gold produce nonsignificant 

results. 

 Silver nanoparticles (AgNP) are known to 

possess huge applications in medical sciences 

such as drug delivery, gene therapy, 

antimicrobial, antifungal, antioxidant agents. 

Therefore, in accordance to our findings 

study done by Patra et al discovered the 

antioxidant capacity of AgNPs by in 

vitro assay of NO, DPPH and ABTS radical 

scavenging potential along with its reducing 

power. In this study they documented that 

AgNP exhibited high NO scavenging actions 

and significant reducing potential while 

DPPH and ABTS scavenging activities were 

moderate. Moreover they also reported that 

antimicrobial effects of antibiotics were 

enhanced when conjugated with AgNP 

(Patra and Baek, 2017). 

In one more study AgNp were synthesized 

biologically  via plant leaf extract,  showed 

increased scavenging potential of free 

radicals (Kharat et al., 2016). 

In another study the free radical scavenging 

actions of various antioxidant and their 

synthesized silver nanoforms, encapsulated 

in chitosan, a biocompatible and 

biodegradable  polymer was compared by 

utilizing different assays including DPPH 

assay, H2O2  and NO scavenging assay They 

revealed that  nano-formulations showed 

higher antioxidant capacities  than their non 

conjugated basic compounds (Nayak et al., 

2016). 

Other medicinal values of silver 

nanoparticles include catalytic activities, and 

antibacterial effects. Particularly in context 

of potential antimicrobial activity one  study 

proved that antimicrobial ceftriaxone when  

conjugated with AgNp  showed high and 

antimicrobial and antioxidant   activities but 

the mechanism remain unclear (Harshiny et 

al., 2015).  

As far as data regarding gold nano 

formulations of AZM is concerned we could 

find very little studies which evaluated gold 

conjugated azithromycin efficacy in terms of 

antioxidant effects.   

However, a study done on the TEMPO 

conjugated Au Np showed enhanced 

scavenging activity  against overproduction 

of ROS in human mesenchymal stem cells 

(Li et al., 2017) which is contrary to our 

findings. Furthermore, the antibacterial 

activity of gold and silver bimetallic 

conjugated nanoparticles of doxycycline was 

assessed under both aerobic and anaerobic 
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metabolism which indicated that this 

antimicrobial with metallic conjugation is 

affiliated with more potent antibacterial 

activity via suppression of ROS. Further they 

also documented  that activity was more 

pronounced in aerobic condition as there was 

more production of ROS when compared to 

anaerobic conditions (Fakhri et al., 2017). 

This finding highlights the significance of 

quantity of ROS generated i.e. greater the 

ROS production greater would be the 

inhibitory effects of antioxidants. However 

further confirmatory researches are 

warranted in this regard.  

Moreover there are numerous studies which 

prove the efficacy of gold conjugated 

different anti microbials including  

macrolides  against cancerous cells (Dreaden 

et al., 2012) resistance to chemotherapy 

(Dreaden et al., 2014) and infectious disease 

(Emmanuel et al., 2017), in all these studies 

authors claimed more encouraging outcomes 

of nano  conjugates over their basic 

materials. 

Like Silver, Gold nanoparticle possessing 

some therapeutic importance is considered 

noncytotoxic because of its inert nature but 

unlike silver it could be toxic and may 

produce ROS depending upon the surface 

functional attachments, diameter and shape 

of nanoparticles which could be one of 

reason of dissimilar results. The link between 

AuNP and oxidative stress is also not clear 

yet but it is thought to be associated with 

induction of ROS via damaging DNA, 

polyunsaturated fatty acids and oxidation of 

amino acids (Li et al., 2010). 

Data is yet ambiguous regarding safety 

concerns of these metallic nano particles, in 

this context  a study was done by 

Namasivayam et al on metallic nano 

particles in conjugation with azithromycin 

documented no cytotoxicity on blood cells 

under in-vitro conditions,  moreover  no 

morphological aberrations were observed 

with silver or gold conjugated AZM 

(Namasivayam and Samrat, 2016). This 

evidence is preliminary and further 

researches are obligatory to second these 

results. 

CONCLUSION 

On the basis of our findings it can be 

concluded that antioxidant effects of 

Azithromycin can be enhanced with silver 

nano conjugation which leads to better 

results in less concentrations but in case of 

gold its anti-oxidative capacity is abolished. 

Nevertheless, these findings are not 

irrefutable and further in vitro assays with 

different techniques are requisite before 

reaching to any conclusion. Additionally, 

other metallic and nonmetallic nano 
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approaches should be employed with AZM 

so that the utmost benefits can be avail from 

this multipurpose drug with better targeting 

and least adverse effects.  
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