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Abstract 

Antimicrobial resistance is a critical public health issue in the world which is now challenging 

the effectiveness of drugs and successful treatment of infectious disease as well as poverty 

eradication due to its significant financial burden. Urinary tract infection is the most common 

nosocomial infection which is mostly caused by Escherichia coli. Like other infectious disease, 

its management has become challenging due to antimicrobial resistance. To tackle this problem 

researchers develop various suitable alternatives including inorganic nanoparticles like zinc 

oxide nanoparticles (ZnONPs) which are known for their antimicrobial activity, and use of these 

nanoparticles for the delivery of antibiotics to benefit from the synergetic effect against resistant 

microbials. Therefore, our study aimed to synthesize ZnONPs using water extracts of Moringa 

Stenopetala leaf which is an endemic plant to Ethiopia, north Kenya and east Somali. 

Nanoparticles were characterized using ultraviolet-visible spectroscopy, X-ray diffraction 

(XRD), dynamic light scattering (DLS), scanning electron microscope (SEM), differential 

scanning calorimetry-thermogravimetric (DSC-TGA) analysis and fourier transform infrared 

spectroscopy (FTIR). Then, nanoparticles were loaded with ciprofloxacin and characterized 

using ultraviolet-visible spectroscopy, DLS and FTIR to confirm the effective loading of 

ciprofloxacin on nanoparticles. Nanoparticles were also evaluated for their drug delivery 

potential. The drug loading content and drug entrapment efficacy were 49.1% and 96.5 %, 

respectively. The drug loaded nanoparticles were also evaluated for their drug releasing behavior 

at four different pH conditions (1.2, 6.0, 6.8 and 7.4 to simulate gastric, E.coli infected urinary 

tract, intestine and blood pH values, respectively). The result revealed that the loaded 

ciprofloxacin were efficiently released from ZnONPs at the site of E.coli infected uroepithelium 

environment in a sustained manner but with instant release in acidic pH due to the higher 

solubility of the drug and the nanoparticle in acidic pH. Finally, the antimicrobial activity of 

ZnONPs and ciprofloxacin loaded NPs was evaluated and compared with ciprofloxacin alone by 

the disc diffusion method. Accordingly, the drug loaded ZnONPs showed promising result 

against ciprofloxacin resistant E.coli and significantly enhanced the antibacterial activity of 

ciprofloxacin against this pathogen compared with ciprofloxacin and the unloaded NPs.  

Key Words: Antimicrobial resistance; Drug delivery; Green synthesis; Moringa Stenopetala; 

Zinc oxide nanoparticles. 
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1. INTRODUCTION 

1.1. Antimicrobial resistance overview 

Antibiotics exert their actions on their targets which are generally conserved across the bacterial 

domain of life but absent or sufficiently different in eukaryotic cells. Keeping the specific 

mechanism vary from antibiotic to antibiotic, they inactivate bacterial target through mechanisms 

which include: inhibition of protein synthesis like aminoglycosides; alteration of cell wall 

synthesis like β-lactams; metabolic disruption like sulfonamides and interference with 

deoxyribonucleic acid (DNA) replication like fluoroquinolones (Crofts et al., 2017); the latter are 

known to interact with DNA gyrase and topoisomerase IV enzymes (Hooper, 2001). 

 

After long period of success in treating bacterial infections, conventional and last resort 

antibiotics are now facing resistant bacteria (Alawieh et al., 2015). While the specific vary from 

bacteria to bacteria, they utilize a few common approaches to resist antibiotics to survive their 

effect. Their resistance to antibiotics is demonstrated by the antibiotics inactivation through 

enzymatic degradation or modification of enzymatic scaffold, alteration of antibiotics targets, 

reducing the permeability of cell membrane and expression of efflux pump, in which the latter 

two mechanisms are to keep the intracellular concentration of antibiotics below inhibitory level 

(Crofts et al., 2017). Moreover, some bacteria and fungi may develop new cell processes that 

avoid using the antibiotics target. Sadly, when the exposed bacteria develop resistant genes, they 

share it with other pathogens that have not been exposed to antibiotics (CDC, 2019). 

 

Antimicrobial resistance (AMR) can be defined as the ability of microbes to grow in the 

presence of a class of drugs known as antimicrobials that would normally kill microbes or limit 

their growth. It occurs when microorganisms such as bacteria, viruses, fungi and parasites 

change in ways that render the medications used to cure the infections they cause ineffective 

(CDC, 2019, ECDC, 2018). 

 

Antimicrobial resistance is a critical public health issue in the world and is now challenging the 

effective and successful treatment of infectious disease (WHO, 2017). It is a global crisis which 

can affect any person at any stage of life and once it is developed somewhere in the world, it can 
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be spread to the other parts through people, goods and animals with a remarkable speed (CDC, 

2019). It was the fourth health issue to be discussed by United Nations General Assembly in 

September 2016 (Roope et al., 2019). The first report from the World Health Organization‘s 

(WHO) Global Antimicrobial Surveillance System (GLASS) in 2017 showed that there was a 

widespread occurrence of antibiotic resistance in 500,000 people with only eight suspected 

bacteria across 22 countries. According to this report, resistance to ciprofloxacin in urinary tract 

infection caused by E.coli, as an example, was between 8 and 65% (WHO, 2017). With under 

estimation due to poor reporting and surveillance, it is estimated that 700,000 people die every 

year globally from drug resistance bacterial infection, human immunodeficiency virus (HIV) and 

malaria (Ibrahim et al., 2018). This figure may be increased to 10 million deaths in 2050, from 

which 4.15 million will be the contribution of Africa, if nothing is done for the containment of 

AMR (Osman et al., 2019, Safdari et al., 2017, Roope et al., 2019, O‘neill, 2014). According to 

2019 Antibiotic Resistance (AR) Threats report of Centers for Disease Control and Prevention 

(CDC), more than 2.8 million antibiotic resistant infections occurs in the United States which 

ends up with the death of 35,000 people each year (CDC, 2019).  Similarly, in Europe, more than 

670, 000 infections occur due to bacteria resistant to antibiotics and around 33,000 people die 

each year (ECDC, 2018).  

 

Antimicrobial resistance is a problem for developing countries, like Ethiopia, too. A systematic 

review about bacterial infections and their antibiotic resistance pattern and which encompasses 

publications before April 2018 showed that, majority of the bacterial isolates were resistant to 

commonly used antibiotics (Reta et al., 2019). Another cross-sectional study conducted in 

Hawassa University Comprehensive Specialized Hospital indicated that, almost all isolates were 

with substantial rates of resistance to most of the antibiotics that are commonly used in the study 

area (Alemayehu et al., 2019). Similarly, a cross-sectional study conducted in Gondar town 

revealed that there were high multiple drug resistant bacterial pathogens for commonly used 

antibiotics from Gondar university teaching hospital waste water (Moges et al., 2014a). 

Treatment options for infectious disease have become limited due to the wide spread occurrence 

of resistant pathogens for frequently prescribed antimicrobials in some countries including 

Ethiopia (Moges et al., 2014b). 
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Antimicrobial resistance has also a significant financial burden due to longer treatment duration, 

additional laboratory test and use of expensive medicines, especially in developing countries 

(Sweileh et al., 2018, Ibrahim et al., 2018). By considering only the direct health care costs, it 

was estimated that AMR costs from 5 to 55,000 additional US dollar per patient episode (Roope 

et al., 2019). Worldwide, it may cause a loss of 100 trillion US dollar through 2015 to 2050, 

which negates the eradication of poverty (Ellen et al., 2019), and by 2030, due to AMR, more 

than 24 million people may be forced into extreme poverty, of which many will come from 

developing countries (FAO, 2018). It is also expected that the world‘s gross domestic product 

(GDP) may be 0.5% and 1.4% smaller by 2020 and 2030, respectively with 100 million people‘s 

premature death for the latter (O‘neill, 2014). In Europe also, there is an estimated 1.1 billion 

EUR costs related to AMR annually (ECDC, 2018). 

 

Among the most common bacterial infections, urinary tract infections are the one with 

significant economic and clinical burden. Regarding its financial burden, merely in United 

States, it costs 1.6 – 3.5 billion US dollar annually (Steiger et al., 2017).  

1.2. Urinary tract infections 

Urinary tract infection (UTI) is the inflammation of any tissue from renal cortex to urethral 

meatus due to invasions of both gram negative and gram positive bacteria or due to candida 

infections (Zhou and Lv, 2020).  UTIs are the most common nosocomial infection (Tielen et al., 

2011). Globally, the annual incidence is around 150 million cases (Arslan et al., 2005, Fasugba et 

al., 2015, Flores-Mireles et al., 2015) and whatever the sterility of hospital conditions, 10% of all 

hospitalized cases contract these infections (Fahimmunisha et al., 2020). It is responsible for 

25% of the health care related infections (Rajivgandhi et al., 2019) and is the second common 

causes of morbidity in the population only preceded by respiratory infections (Rajivgandhi et al., 

2019, Reis et al., 2016). In comparison with men, it is more common in women (Walsh and 

Collyns, 2017) and approximately half of all women have had a UTI during their late 20s‘ 

(Marrs et al., 2005).  

 

It is caused by both gram-positive and gram-negative bacteria including Staphylococcus aureus, 

Enterococcus faecalis, Escherichia coli, Proteus mirabilis, Pseudomonas aeruginosa, 

Enterobacter sp. and Klebsiella pneumonia (Rajivgandhi et al., 2019) but most commonly it is 
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caused by E.coli (80-90% of all UTIs) (Nielsen et al., 2017, Abejew et al., 2014, Kudinha, 2017, 

Robino et al., 2014).  

 

E.coli, which causes common hospital and community acquired infections worldwide, is among 

the eight pathogens selected for WHO‘s Global AMR Surveillance System (GLASS) early 

implementation phase (WHO, 2017). It is also among the three pathogens prioritized for 

surveillance in Ethiopia as part of WHO‘s GLASS early implementation phase (Ibrahim et al., 

2018). In addition, it is included in the list of WHO global priority pathogens for research and 

development to address antibiotic resistant bacteria (WHO, 2017).  

1.3. Ciprofloxacin hydrochloride 

Quinolones are family of antibiotics containing a bicyclic core structure related to the compound 

4-quinolone. Due to their high potency, broad spectrum of activity, favorable bioavailability, 

convenient formulations, high serum concentrations and low incidence of side effects, they have 

been favored for more than five decades (Pham et al., 2019). They are under critically important 

column in the list of critically important antimicrobials for human (Van Giau et al., 2019).  

 

Ciprofloxacin is the second generation quinolone drug with the chemical formula of 1-

cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinolinecarboxylic acid and 

ciprofloxacin hydrochloride is the monohydrochloride salt of it, as it is indicated in Figure 1. In 

short, it is resulted from additions of piperazine ring to C7 position, fluorine to C6 position and 

cyclopropyl at the N1 position of the pharmacophore of the class. The addition of fluorine and 

piperazine ring is to improve the gram negative potency and cyclopropyl is to improve the 

overall activity. 
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Figure 1: Chemical Structure of Ciprofloxacin Hydrochloride 

Ciprofloxacin is a faintly yellowish to light yellow crystalline substance. It is a zwitterionic 

molecule with pKa values of 6.2 and 8.59 at 37
0
C and 6.8 and 8.73-8.76 at 25

0
C for pKa1 and 

pKa2, respectively. It is with a ―U‖ shaped pH-solubility profile with a minimum solubility near 

the isoelectric point (close to neutral) and maximum solubility at pH values of less than 5 and 

greater than 10 (Olivera et al., 2011). It is soluble in water, slightly soluble in methanol, very 

slightly soluble in ethanol and practically insoluble in acetone, in ethyl acetate and in methylene 

chloride (Avramescu et al., 2017).  

Ciprofloxacin is effective against all gram-negative and some atypical pathogens (Pham et al., 

2019). It is the most potent fluoroquinolone, being aerobic gram-negative bacilli especially 

enterobacteriaceae and Neisseria are the most susceptible organisms for it (Sharma et al., 2010). 

It is approved for the treatments of 14 types of infections (Olivera et al., 2011) and it is among 

the most commonly used antibacterial agents for treatment of community acquired UTIs (Pham 

et al., 2019, Fasugba et al., 2015); even it is the first option to treat UTIs empirically (Reis et al., 

2016). Likewise, according to Ethiopian standard treatment guidelines for general hospitals, it is 

the first line drug for the treatment of both acute non-complicated as well as complicated UTIs 

(FMHACA, 2014). It is also among antibiotics selected for antimicrobial susceptibility testing 

(AST) for the GLASS early implementation phase (WHO, 2017). 
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1.4. AMR as a challenge for UTIs treatment 

Managing UTIs caused by E.coli has become challenging over the years due to the increased 

resistance to commonly used antibiotics (Kudinha, 2017). The result of the study that analyzed 

global research output in AMR among uropathogenes, which were published between 2002 and 

2016, revealed that there was a noticeable increase in AMR (Sweileh et al., 2018). It was also 

indicated that, in all WHO regions, there was higher rates of E.coli resistance for antimicrobials 

(Fasugba et al., 2015). The origin of fluoroquinolones resistant E.coli, though it is not defined, 

may be from the proliferation of spontaneous fluoroquinolones resistant E.coli mutants in human 

gut as a result of fluoroquinolones use or it may be due to human acquisition of preexisting 

fluoroquinolone resistant strains from exogenous sources (Johnson et al., 2006). In a systematic 

review which aimed to compare ciprofloxacin resistance to hospital and community acquired 

UTIs by E. coli, indicated that there was resistance in all parts of the world being the higher 

resistance rate was in developing countries compared with developed countries (31% for Africa 

only preceded by Asia which was 43%). The main reasons for higher resistance in developing 

countries are poverty and lack of knowledge which in turn increases the empirical and over-the-

counter uses of antibiotics. Patient expectation is also another factor which enforces 40% of 

general practitioners to prescribe antibiotic only to meet their patients need, which again leads to 

antimicrobial resistance (Zhou and Lv, 2020). In another study which aimed to investigate the 

level of AMR in E.coli isolate causing UTI in female outpatients from six European countries 

also indicated that there was a higher rate of resistance for ampicillin, trimethoprim, 

amoxicillin/clavulanic acid, trimethoprim/sulfamethoxazole and ciprofloxacin (Ny et al., 2019). 

More than half of the E.coli isolates reported to European Antimicrobial Resistance Surveillance 

Network (EARS-Net) for 2018 were resistant to at least for one of aminopenicillins, 

fluoroquinolones, third-generation cephalosporins, aminoglycosides and carbapenems. There 

was also a significant increase in resistance between 2015 and 2018 for fluoroquinolones and 

third generation cephalosporin. Both in number of cases and attributable disease in Europe, 

antimicrobial resistant E.coli contributed the most for the burden of AMR (ECDC, 2018). In 

Brazil also 35% of E.coli was resistant to ciprofloxacin (Reis et al., 2016). A study conducted to 

assess the antimicrobial resistance patterns of bacteria isolated from the urine samples for six 

years starting from 2012 in Ayder comprehensive specialized hospital, found in Tigray region of 

Ethiopia, indicated that there was a high level of antimicrobial resistance to commonly 
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prescribed antibiotics. This study also revealed that there was a significant resistance of E. coli to 

all tested antibiotics including ciprofloxacin except for imipenem and nitrofurantoin (Tuem et al., 

2019). According to Ethiopian Public Health Institute (EPHI) (EPHI, 2017), there was a multiple 

antibiotic resistance (resistance for more than 5 antibiotics) gram negative isolates including 

E.coli and even pan-antibiotic resistant E.coli when study was conducted from surgical site 

infections in St. Paul Specialized Hospital Millennium Medical College and Yekatit 12 Referral 

Hospital Medical College since 2016. There was also E.coli, isolated from cloacal swab of 

broiler chickens, which showed multi drug resistance (MDR) for two or more antimicrobials in a 

study conducted in eastern Harerge zone selected farms since 2013. A systematic review and 

meta-analysis conducted by considering five year back publications from 2019 indicated that 

many bacteria were resistant to commonly prescribed drugs and numerous pathogens were 

develop multidrug resistance. According to this study, there was resistance E.coli to ceftriaxone, 

ciprofloxacin, and norfloxacin and also there was multi drug resistant strain (Muhie, 2019). All 

in all, there is a wide spread resistance of E.coli to fluoroquinolones, which in turn can has 

serious clinical impacts due to they are one of few available options to treat serious E.coli 

infections (Fasugba et al., 2015).  

 

In the era of antimicrobial resistance development, therefore, it is very important to develop 

suitable alternative strategies which may include discovery of new generation antibiotics, 

combined therapy, use natural antibacterial agents like plant extracts, and application of 

nanotechnology in addition to proper utilization of the available antibiotics (Jelinkova et al., 

2019). The rapid development of AMR for the available antimicrobials made the researchers to 

constantly search efficient antimicrobial agents that prevent the microorganisms getting 

resistance to it (Barui et al., 2018, Raj and Jayalakshmy, 2015). Nanotechnology, in this regard, 

opens a new gateway in producing new antibacterial agents that can inhibit the growth of or kill 

the resistant organisms. In between 2018 and 2020, there were about 99,000 scientific 

publications about searching new antimicrobial compounds of which 5,900 were searching for 

antimicrobial compounds based on metallic compounds like zinc, copper, nickel, cobalt, 

manganese, chromium and silver (Gudkov et al., 2021). 
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1.5. Nanotechnology  

The term nanotechnology, invented by Norio Taniguchi, Professor of Tokyo University, in 1974 

(Rajoriya et al., 2017), is defined as a science which deals with the manufacture and application 

of materials with size of up to 100 nm (Siddiqi et al., 2018). It is the creation and utilization of 

particles which fall between individual molecule and corresponding bulk material through the 

control of properties and structure of matter at the nanomertic scale (Bhumi et al., 2014). It is 

sixth most revolutionary and promising technology with varieties of applications (Chandra et al., 

2019). It has an application in various sections of biological, medicine, cosmetics, renewable 

energies, environmental remediation and biomedical devices (Thatoi et al., 2016).   

 

Nanoparticles (NPs), on the other hand, according to European Commission, can be defined as 

―are such that 50% or more of the particles in a sample have a dimension in 1-100 nm size 

range‖ (Maguire et al., 2018). The word ―nano‖, which is derived from the Greek word ―dwarf‖, 

indicates the billions parts of a meter and it means extremely small (Rajoriya et al., 2017). When 

they are synthesized from their bulk equivalent, the physical, chemical, mechanical and 

biological properties are improved significantly (Akbar et al., 2020).  

 

These NPs can be classified primarily as organic and inorganic NPs. The former is for NPs of 

carbon and the latter is for a collection of magnetic, noble metal and semiconductor NPs. The 

noble metal NPs include platinum, gold and silver NPs; semiconductor NPs contain titanium 

dioxide, zinc oxide and zinc sulfide NPs (TC et al., 2010, Selvam and Sivakumar, 2015); and 

magnetic NPs include iron, nickel and cobalt (Akbarzadeh et al., 2012). From nanotechnology 

outputs, nowadays, many researches have been focused on the inorganic NPs due to their 

reduced toxicity, better antimicrobial activity and stability (Barui et al., 2018, Raj and 

Jayalakshmy, 2015). From inorganic NPs, metal and metal oxide NPs are emerging as potential 

candidates due to their wide range of applications (Muthuvel et al., 2020) like catalysis (e.g. 

titanium oxide NPs, manganese oxide NPs, copper oxide NPs) (Akbari et al., 2018), sensors (e.g. 

copper oxide NPs, zinc oxide NPs) (Chavali and Nikolova, 2019), antibacterial (e.g. silver NPs, 

zinc oxide NPs, titanium oxide NPs, copper oxide NPs (Dizaj et al., 2014), luminescent materials 

(e.g. gold NPs ) (Zheng et al., 2012) and drug delivery (e.g. silver, iron (Venkatesh et al., 2018), 

zinc oxide NPs (Nagarajan and Kuppusamy, 2013, Rajendran et al., 2021)).   
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1.5.1. Zinc oxide nanoparticles 

Zinc oxide (ZnO), one of inorganic metal oxides, is a member of the group II-VI semiconductor 

family (Matinise et al., 2017) which exhibits unique properties like a wide range of radiation 

absorption, piezoelectric, pyroelectric and possesses high catalytic activity. It is available in three 

crystalline forms namely hexagonal wurtzite, rock salt and cubic structure (Aldalbahi et al., 

2020) from which wurtzite is most common and thermodynamically stable at surrounding 

conditions (Beg et al., 2020, Agarwal et al., 2017), the cubic structure is meta stable and rock salt 

structure is only stable under extreme pressure (Agarwal et al., 2017). In hexagonal wurtzite 

structure, each tetrahedral zinc atoms are surrounded by four oxygen atoms and vice versa 

(Sirelkhatim et al., 2015). Zinc oxide has been listed as ―Generally Recognized as Safe‖ (GRAS) 

by US Food and Drug Administration (US-FDA) due to its non-toxic properties which in turn 

make it safe to be used on human and animals (Yusof et al., 2019, Sharma et al., 2019). In 

addition ZnONPs are biodegradable, biocompatible (Matinise et al., 2017) and with low cost 

(Vijayakumar et al., 2020).  

 

Among ten different known engineered nanomaterials, ZnONPs are the third highest 

nanoparticle produced and utilized in different fields globally only preceded by nano-silicon 

dioxide and nano-titanium dioxide (Piccinno et al., 2012). This wide scientific and industrial 

application of ZnONPs is due to their good conductivity, chemical stability, catalytic properties, 

antifungal, antimicrobial and antiviral activities (Akbar et al., 2020). Because of its high surface-

to-volume ratio, it is with high surface reactivity (Aldalbahi et al., 2020) and hence it is widely 

used in solar cells, Ultraviolet (UV) light emitting devices, gas sensor, photocatalysts, cosmetics 

industries, optoelectronic, varistors, photodetectors, pharmaceutical and other biological 

applications (Muthuvel et al., 2020, Sangeetha et al., 2011). The NPs have been reported in 

morphologies like nanoflower, nanobelt, nanoflake, nanoroads and nanowire (Agarwal et al., 

2017). 

1.5.2. Synthesis of metallic nanoparticles  

Nanoparticles can be synthesized in two approaches namely, top-down and bottom-up 

approaches. The top-down approach, as the name implies, is formulating or creating a nano scale 

structure starting from larger ones by reducing their size through ―cutting‖ to required values 

while bottom-up approach is synthesizing NPs by starting at the molecular, atomic or ionic level 
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with precise control of molecular structure (TC et al., 2010, Pryshchepa et al., 2020).  Based on 

processes had been used, synthesis techniques can be categorized as; physical, chemical and 

biological methods in which the former two methods are concidered as traditional methods. 

Physical approaches utilize physical agents like, heat, electrical discharge, plasma or 

electromagnetic radiation for the production of nanomaterials. It includes mechanical 

milling/ball milling, laser ablation, sputter deposition, lithography and spray pyrolysis. Chemical 

method, on the other hand, implies NPs production through chemical transformations of the 

starting materials (metal precursor, reducing agent, and stabilizing/capping agents). It includes 

hydrothermal mediated, precipitation, chemical reduction, micro-emulsion and sol-gel synthesis 

(Pryshchepa et al., 2020).  However, both physical and chemical methods are with limitations of; 

they are costly, with low production rate, need highly restricted laboratory environment, require 

high temperature and pressure, consume high energy for synthesis, produce toxic by-products 

and in case of chemical method, since toxic chemicals are used for synthesizing and stabilizing 

of NPs, they may be adsorbed on the surface which makes difficult for biological applications of 

NPs (Akbar et al., 2020). In addition there is a need of additional capping and stabilizing agents 

in these methods (Sharma et al., 2020).  

 

In order to deal with these limitations, it is obvious to need an alternative which is cost-effective, 

safe and environmentally sound method for NPs synthesis. Green synthesis method is a feasible 

alternate in this regard. It is a bottom-up approach which may be microbial mediated (use 

bacteria and bacterial extracts), natural extract mediated (use plant or algae extracts) and 

biomolecule/biopolymer mediated (utilizes biomolecules isolated from living 

organisms/structural biopolymers) (El Shafey, 2020). Due to the difficulty of selection and 

cultivation of suitable bacterial strain, scaling laboratory process to industry and additional stage 

of purification of microorganism mediated NPs production, plant mediated green synthesis is 

gaining popularity over it (Ivanova et al., 2018, Zhu et al., 2019). In addition, this microorganism 

mediated synthesis needs microorganism culture maintenance, highly aseptic conditions and high 

cost associated with media and process (Agarwal et al., 2017). Plant mediated green synthesis 

method utilizes natural extracts mainly phytochemicals (including sugars, lignans, polyphenols, 

flavonoids, aromatic acids, xanthones, terpenes, quinones, proteins and alkaloids) obtained from 
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plants, leaves, fruits, peels, flowers, and seeds for the synthesis of inorganic NPs including metal 

oxide NPs (Zhu et al., 2019, Isık et al., 2019).  

 

In general, green synthesis method reduces the negative effect of the production and applications 

of nanomaterials; in other words, it lowers nanotechnology riskiness. It is an eco-friendly 

approach, with reduced cost of synthesis because of utilization of biological components which 

acts as both reducing and capping agent, with reduced energy consumption and it can be used at 

large scale production of NPs (El Shafey, 2020). But, as a limitation for this method, the 

difficulty to point the exact compound from phytochemicals which is responsible to the 

formation of NPs and the variability of phytochemicals levels in plants based on climate change 

and location can be concidered (Zhu et al., 2019). 

1.5.2.1. Green synthesis of ZnONPs 

Due to the above aforementioned advantages and popularity of green synthesis method, different 

works had been done to synthesize ZnONPs using plant extracts. These includes synthesis of 

ZnONPs using extracts from Azadirachta indica, Agathosma betulina, Aloe vera, Anisochilus 

carnosus, Calatropis gigantean, Cocus nucifera, Coptidis rhizome, Moringa Oleifera, 

Parthenium hysterophorus (Agarwal et al., 2017), Calotropis procera , Aloe barbadensis miller, 

Corriandrum sativum, Acalypa indica, Sargassum myriocystum, Cassia auriculata, Vitex 

negundo, Camelia sinensis, Olea europea, Catharanthus roseus, Hybanthus enneaspermus, 

Hibiscus rosa-sinensis, Citrus paradise, Morinda pubescens, Tabernaemontana Divaricate, 

Murraya koeininggi, Cassia densistipulata taub, Cassia fistula, Ficus benghalensis, Trifolium 

pretense, Emblica Officinalis, Hibiscus subdariffa, Hemidesmus indicus, Punica granatum, 

Lawsonia inermis Melia azedarach L., Micrococca mercurialis, Passiflora edulis and Duranta 

erecta L. (Akbar et al., 2020). 

Although the ability of plant extracts to reduce metal ions has been known since the early 1900s 

(Kavitha et al., 2017), defining a precise mechanism route of synthesizing metal and metal oxide 

NPs using them is still a challenge because of a problem to analytically determine the exact 

amount of all molecules extracted from plant which are found in enormous variety and in 

different concentrations (Bandeira et al., 2020, Sangeetha et al., 2011). Phytochemicals present 

in plant extract with antioxidant property are the basis for ZnONPs preparation (Kavitha et al., 
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2017). One plausible mechanism for the formation of ZnONPs involves the formation of 

intermediate Zn(OH)2 due to reduction of Zn
+2

 ions to its stable form when it is chelated with 

antioxidant phytochemicals like polyphenols and flavonoids and latter ZnONPs will be formed 

due to heat treatment (calcination) of this intermediate product (Ezealisiji et al., 2019, 

Yuvakkumar et al., 2014, Matinise et al., 2017, Suresh et al., 2018, Gawade et al., 2017). 

Another estimated mechanism is Zn
+2

 may be reduced by these antioxidant phytochemicals to 

zero-valent states without forming coordinated complex with them and this reduced zero-valent 

zinc atom reacts with dissolved oxygen in the solution to form ZnO nuclei, which is stabilized by 

those plant compounds (Sutradhar and Saha, 2016, Singh et al., 2018, Jan et al., 2020, Akintelu 

and Folorunso, 2020). The latter proposed mechanism of formation for ZnONPs may be the 

mechanism involved in our NPs formation because they were formed without heat treatment 

(calcination) and the plausible mechanism is illustrated in Figure 2.  

  

                                                                                                                                                         Reduced Zn atom 

                                                                     +                          O2                                                              

            Reduced Zn atom              (dissolved in reaction mixture) 

                              

 

 

 

 

 

 

 

 

Figure 2: Probable mechanism of ZnONPs synthesis using M. Stenopetala leaf extract (Singh et 

al., 2018). 
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1.5.2.2. ZnONPs as an antimicrobials agent 

The antibacterial properties of ZnO is known since antiquity and historical records show it was 

used in many ointments for the treatment of injuries and boils even in 2000 BC (Siddiqi et al., 

2018). It is demonstrated that ZnONPs have strong bactericidal properties against broad 

spectrum of pathogenic bacteria (Isık et al., 2019, Ghasemi and Jalal, 2016) and it is with 

interesting antibacterial activities against both gram negative and gram positive bacteria 

(Muthuvel et al., 2020). Due to this, it is utilized in antiseptic creams, cosmetic products, 

calamine lotion, shampoos and surgical tapes (Happy et al., 2019). Its antimicrobial activity is 

proposed through destruction of cell integrity due to its direct contact with cell walls, reactive 

oxygen specious (ROS) formation, and release of antimicrobial ions mainly Zn
+2

, as shown in 

Figure 3 (Shaikh et al., 2019, da Silva et al., 2019). These broad spectrums of mechanisms create 

a difficulty for microorganisms to develop resistance for these NPs (Kora and Arunachalam, 

2011). 

 

Figure 3: Suggested mechanisms of action of ZnONPs against bacteria (da Silva et al., 2019). 

In addition to their own antimicrobial activity, they enhance the activities of antibiotics when 

they are conjugated with them with simultaneous antibiotic dose reduction (Shaikh et al., 2019, 

Van Giau et al., 2019, Kalita et al., 2016). Conjugation enhances the ability of killing the 

antibiotic resistant bacteria, increases antimicrobial concentration at the sites on which it interact 

with bacteria, aids the binding of antimicrobials with bacteria (Shaikh et al., 2019), and shields 

the antimicrobial from pathogens resistance mechanism (Van Giau et al., 2019). Conjugation 
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also reduces development of antimicrobial resistance. As it is reported, in comparison with the 

drug alone, microbes are unlikely to develop resistance to drug-NP conjugates (Sreedharan and 

Singh, 2019).  

1.5.2.3. ZnONPs as drug delivery devices 

Metallic NPs can act as an effective system for the delivery of drugs. Since the surface of green 

synthesized metallic NPs is covered with functional groups come from phytochemicals, they can 

easily bind or interact with target molecule of interest which is to be delivered (Sreedharan and 

Singh, 2019). Due to this, biosynthesized ZnONPs have been used as a drug carrier (Nagarajan 

and Kuppusamy, 2013, Rajendran et al., 2021) and ZnO based nanostructures are now being 

established in drug delivery system (DDS). They are good nano platform for drug delivery (Król 

et al., 2017). In one study, ZnONPs were synthesized by green method using Borassus flabellifer 

fruit extract and they were with high drug loading capacity and drug delivering efficiency 

(Vimala et al., 2014).  

1.6. Moringa Stenopetala 

Moringa Stenopetala (M. Stenopetala), originally discovered by Donadson Smith in 1895 

(Habtemariam, 2017), is a massive tree which attains a height of 6 - 12 meters with a diameter at 

breast height of 60 cm. It is with many leafy branches and the leaves are green, 3.3 - 6.3 cm long 

and 1.8 - 3.3 cm wide and they are di- or tri-pinnate with five pairs of pinnae and three to nine 

elliptic to ovate leaflets on each pinna (Hamza and Azmach, 2017).  

In Ethiopia it is locally called, amongst others, aleko or Shiferaw; or ‗cabbage tree‘ in English 

(Habtemariam and Varghese, 2015).  Its taxonomy is given as (Hamza and Azmach, 2017): 

Kingdom Plantae 

Division  Magnoliophyta 

Class   Magnoliopsida 

Order   Moringales 

Family  Moringaceae 

Genus   Moringa 

Species  stenopetala 
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M. Stenopetala is among 13 species of Moringaceae family which is endemic species to Ethiopia 

(mainly in southern part), Northern Kenya and Eastern Somali (Murali et al., 2014, Tekle et al., 

2015)  and due to this it is also called East African Moringa tree (Mitiku and Yilma, 2017). 

Although, in recent years, it is distributed nearly in all parts of the midlands and lowlands of 

Ethiopia (Abiyu et al., 2018), it is widely cultivated and distributed in Konso, Keffa, Borena, 

Gamo Gofa, Wolayita, Sidama, Debub Omo zone, Dherashe areas and the adjoining provinces.  

M. Stenopetala is resistant for drought, insects and pests (Abuye et al., 2003). It grows best in 

hot, semi-arid tropical region, at an altitude below 600 m and in a temperature range of 25-35
0
C.  

It can grow in an area with annual rain fall of 250 -1500 mm (Hamza and Azmach, 2017) and 

can grow in poor soil (Habtemariam and Varghese, 2015). Once it is established, it will not show 

any sign of moisture stress in areas with a harsh agro-ecology for tree growth (Jiru et al., 2006). 

It is with the ability to be harvested in a short period of time (Habtemariam and Varghese, 2015).  

     

Figure 4: M. stenopetala tree 

Almost all parts of the tree (roots, flowers, pods, seed oil, leaves, seed and fruits) have been used 

in traditional medicine preparation to treat various human diseases (Hamza and Azmach, 2017). 

It  is widely used as a traditional medicine for treatment of diarrhea, hypertension, diabetics, 

stomach pain, malaria, leprosy, epilepsy, asthma, cold, emetic, for wound healing and as an 
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antioxidant in addition to its utilization as source of diet (Habtemariam and Varghese, 2015). It is 

also used for water purification, hedges, fences, wind breaks and for animal food (Habtemariam, 

2017). 

Unlike ZnONPs synthesized by other methods, there is a scarcity of studies about the 

antimicrobial effects of antibiotics loaded ZnONPs prepared by green synthesis and more 

specifically, to the best of my knowledge, there is no study yet on the antibacterial effect of 

ZnONPs and antibiotics loaded ZnONPs synthesized using M. Stenoptala. In addition, ZnONPs, 

fabricated by green synthesis, are less explored for their drug delivery potential. Based on these 

facts, the aim of this study was to prepare ZnONPs using water extracts of M. stenoptala leaf for 

ciprofloxacin delivery and to evaluate the antimicrobial effect of drug loaded NPs against 

ciprofloxacin resistant E.coli.  

1.7. Significance of the study 

Antimicrobial resistance is a critical public health issue in the world with significant social and 

economic burden on the society especially in developing countries. Currently, the problem 

becomes even more severe because of reduced pharmaceutical interest in developing new 

antimicrobial agents (Alawieh et al., 2015) and resistance occurrence is outplaced the 

development of new drugs. One of the approaches currently used by different researchers to 

solve this global concern is the development of novel strategies that can alleviate the challenge. 

One of the strategies is development of antimicrobial nanomaterials for the delivery of the 

antibiotics to have a synergetic antimicrobial effect when conjugated with the antibiotics. 

Therefore, the aim of this study was to synthesize antimicrobial ZnONPs from water extract of 

M. Stenopetala leaf for the delivery of ciprofloxacin against ciprofloxacin resistant E.coli.  

 

Therapeutic drug molecules have different limitations like poor solubility, non-specificity and 

faster clearance from the body (Barui et al., 2018). For example, 70% of the oral dose of 

ciprofloxacin is excreted unchanged in the urine which necessitates frequent administration 

which in turn associated with numerous side effects (Isa et al., 2016). These limitations can be 

solved using NP based drug delivery system which allows sustained release and delivery of 

drugs to desired area of the body (Barui et al., 2018). Therefore, our study was aim to find 

alternative approach for the delivery of ciprofloxacin by synthesizing ZnONPs with good drug 
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loading and entrapment efficiency, and with sustained releasing profile at the pH value of the 

intended site of action. 

 

Many conventional ZnONPs synthesis routes like physical and chemical methods require a 

particular set-up, high cost, high temperature-pressure conditions and chemicals which can‘t 

easily disposed of due to their non-ecological nature. Hence, ZnONPs synthesis procedures that 

eliminate the use of toxic chemicals and apply environmentally friendly routes are becoming 

demand of the time. In line with this, in our study, we aimed to synthesize ZnONPs from M. 

Stenopetala leaf extract by green synthesis method which is cost effective, simple, rapid, and 

safe route. 

1.8. Objectives 

1.8.1. General Objective 

 To prepare ZnONPs from water extract of M. Stenopetala leaf for ciprofloxacin delivery 

and to evaluate the antibacterial effect of drug loaded NPs against ciprofloxacin resistant E. 

coli. 

1.8.2. Specific Objectives 

 To synthesize and characterize ZnONPs using M. Stenopetala leaf extract and 

Zn(NO3)2.6H2O. 

 To load ciprofloxacin on ZnONPs and to characterize drug loaded ZnONPs. 

 To determine the drug loading and encapsulation efficiency of ZnONPs. 

 To determine the in vitro drug release profile of the drug loaded NPs. 

 To evaluate the in vitro effect of drug loaded NPs against ciprofloxacin resistant E.coli. 
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2. MATERIALS AND METHODS 

2.1. Materials 

Ciprofloxacin HCl (98.28%) was kindly donated by Cadila pharmaceuticals (Ethiopia) P.L.C. 

Clinical isolates of ciprofloxacin resistant Escherichia coli was obtained from microbial stock 

cultures, Microbiology and Parasitology Laboratory, College of Health Sciences, Addis Ababa 

University. Other materials and chemicals that were used in the study include zinc nitrate 

hexahydrate (Zn(NO3)2.6H2O) (96%, Loba Chemie Pvt. Ltd., India), absolute ethanol (97%, 

Dallul Pharmaceuticals PLC), chloroform AR (Reagent Chemical Services Ltd., UK), sulfuric 

acid (98%, Loba Chemie Pvt. Ltd., India),  hydrochloric acid (35.4%, Loba Chemie Pvt. Ltd., 

India), potassium iodide (99-100.5%,  Loba Chemie Pvt. Ltd., India), ferric chloride (99%, Loba 

Chemie Pvt. Ltd., India), sodium carbonate (Sigma chemical company, USA), sodium chloride 

(99.8%, UNI-CHEM chemical reagent), iodine (Reagent Chemical Services Ltd., UK), sodium 

citrate (99%, UNI-CHEM chemical reagent), copper sulfate (98.5%, Banbury, UK), gelatin 

powder (Blulux Laboratories Ltd., India), sodium hydroxide (99.8% Norbright, China), 

potassium chloride (99% BDH Limited Poole, England), potassium dihydrogen orthophosphate 

(99%, TITAN BIOTECH LTD., India), distilled water, Whatman No.1 filter paper, Whatman 

No.3 filter paper, dialysis Sack (an average flat width of 35 mm,  and 12 kDa molecular weight 

cutoff, SIGMA-ALDRICH, USA), universal indicator (Effective laboratory supplies, India), 

thermometer, petri plate, Müller-Hinton agar (Sisco Research Laboratories Pvt. Ltd.) and other 

common laboratory equipments and supplies were used for this work. All chemicals and reagents 

used in this work are of analytical grade and they were used without any further purification. All 

aqueous solutions were prepared using distilled water.   

2.2. Collection and identification of M. Stenopetala leaves 

In September 2020, fresh leaves of M. Stenopetala, without any infestation were collected from 

Southern Nations Nationalities and Peoples Regional State of Ethiopia, Gamogofa zone, 

Arbaminich City (Latitude: 6° 01' 59.99" N and Longitude: 37° 32' 60.00" E). The collected 

leaves were botanically identified (authenticated) using the standard morphological 

characteristics features by department of plant biology and biodiversity management, Addis 

Ababa University.  
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2.3. Preparation of M. Stenopetala leaf extract 

The preparation of M. Stenopetala leaf extract was done according to (Rad et al., 2019). The 

collected M. Stenopetala leaves were washed with tap water and distilled water to remove 

unwanted impurities. Then, the leaf sample was shadow dried at room temperature for 10 days. 

The dried leaves were ground using high speed multifunction comminutor RRH-A350 (Shanghai 

Yuanwo Industrial and trade Co., Ltd.) and sieved using 125µm size sieve. About 5 g of the 

powder was weighed and boiled with 100 mL of distilled water for 10 min at 60
0
C while stirring 

under magnetic stirrer. Then, it was allowed to cool at room temperature once the time allowed 

for boiling was over. Finally, the extract was filtered by using Whatman No.1 filter paper and 

stored in refrigerator at 4
0
C for further experimental use. 

2.4. Qualitative phytochemical analysis 

The presence of various phytoconstituents in aqueous extracts of M. Stenopetala leaf was studied 

by conducting phytochemical analysis using standard chemical methods. The extract was 

screened for the presence of flavonoids, alkaloid, tannin, saponins, phenols, glycosides, proteins, 

carbohydrate, steroids, terpenoids and coumarins.  

2.4.1. Test of alkaloids 

Wagner’s Test: Two milliliter of aqueous extract of M. Stenopetala leaf was treated with five 

drops of Wager‘s reagent (Emasushan and Britto, 2018, Uma and Sekar, 2014, Banu and 

Cathrine, 2015). 

2.4.2. Test for flavonoids 

Alkaline Reagent Test: Two milliliter of 2.0% sodium hydroxide solution was mixed with two 

milliliter aqueous extract of M. Stenopetala leaf (Emasushan and Britto, 2018, Uma and Sekar, 

2014, Gul et al., 2017). 

2.4.3. Test for tannins 

Gelatin test: one percent (1 %) solution of gelatin containing 10% sodium chloride was added to 

5 mL of M. Stenopetala leaf extract (Makhawi and Hamadnalla, 2019). 
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2.4.4. Test for saponins 

Foam Test: Two milliliter of aqueous extract of M. Stenopetala leaf was diluted with 10 mL of 

distilled water and warmed gently. Then the mixture was shaken for 5 minutes. 

2.4.5. Test for phenols   

Ferric chloride test: Two milliliter of aqueous extract of M. Stenopetala leaf was treated with 

three drops of 5% ferric chloride solution (Emasushan and Britto, 2018, Uma and Sekar, 2014). 

2.4.6. Test for glycosides 

Glycoside Test: One milliliter of aqueous extract of M. Stenopetala leaf was treated with 1 mL 

water and shaken well. Then 2 mL of 2% sodium hydroxide solution was added to it (Emasushan 

and Britto, 2018). 

2.4.7. Test for proteins 

Biuret Test: Two milliliter of aqueous extract of M. Stenopetala leaf was treated with 5% 

sodium hydroxide (2 mL)  and 1% copper sulfate solutions (2 mL) (Emasushan and Britto, 

2018). 

2.4.8. Test for carbohydrates 

Benedict’s test: To 0.5 ml of filtrate, 0.5 ml of Benedic‘s reagent was added. Then after the 

mixture was heated on a boiling water bath (GFL Gesellschaft für Labortechnik mbH, Germany) 

for 2 minutes (Uma and Sekar, 2014, Banu and Cathrine, 2015). 

2.4.9. Test for steroids 

Salkowski’s Test: Two milliliter of aqueous extract of M. Stenopetala leaf was treated with 2 

mL chloroform and 2 mL concentrated sulfuric acid (Emasushan and Britto, 2018, Gul et al., 

2017). 

2.4.10. Test for terpenoids 

Salkowski’s Test: Two milliliter of chloroform and 1 mL of concentrated sulfuric acid was 

added to 1 mL of M. Stenopetala leaf extract. 
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2.4.11. Test for coumarins 

Two milliliter of aqueous extract of M. Stenopetala leaf was treated with 3 mL of 10% sodium 

hydroxide solution (Emasushan and Britto, 2018). 

2.5. Synthesis of ZnONPs using M. Stenopetala leaf extract 

Synthesis of ZnONPs synthesis from M. Stenopetala leaf extract was done according to (Liu et 

al., 2020). First, M. Stenopetala leaf extract was centrifuged (Beckman Coulter Allegra 64R, 

USA) at 10,000 rpm for 10 minutes to remove heavy biomaterials. Then, 25 mL of the extract 

was heated at 60
0
C for 10 minutes and 25 mL of 1 M zinc nitrate hexahydrate solution was 

added to it. Then, 1 M NaOH was added drop wise to the mixture to enhance precipitation and to 

adjust the pH of a solution. The resulting mixture was then continuously stirred at 800 rpm using 

magnetic stirrer for 2 h at 60 °C that resulted in pale white suspension. The formed solid 

precipitate was collected with centrifugation at 10,000 rpm for 20 minutes and washed twice 

with distilled water followed by ethanol to remove any impurities. Finally, the pale yellow 

colored NPs were obtained after fully drying in oven at 60 °C overnight and meshed using 

mortar and pestle so as to get a finer nature for characterization and applications. 

2.6. Optimization of physicochemical parameters for ZnONPs Synthesis 

The properties of ZnONPs are strongly depends on bioprocessing conditions (Wahab et al., 2009, 

Alam et al., 2014). Smaller sized metal NPs with narrow size distribution are necessity for 

successful green route synthesis and application perspectives (Rao and Paria, 2015). The size, 

shape, dispersity, optical properties and stability of green synthesized NPs are controlled by 

some synthesis parameters like concentration of metal ions, pH of the solution, plant extract 

volume, reaction temperature and time (Samari et al., 2019).   

 

Hence, in our study, the pH of the mixture, concentration of zinc nitrate hexahydrated solution, 

quantity of M. Stenopetala leaf extract, synthesis temperature and time were optimized to find 

the best condition for the synthesis of desired ZnONPs by identifying their impact on it. The 

synthesis process was optimized by varying these input variables sequentially by keeping all 

parameters constant except the one which was varied (one-factor-at-a-time) and the selected 

parameter for studied variable was used for the optimization of other consecutive variables. The 

formation of green synthesized ZnONPs and the influences of these impute variables on the 
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formed ZnONPs were investigated using UV/Vis spectrophotometer in addition to visual color 

changes.  

 

Therefore, the optimum parameters were found by varying the pH of the mixture (4, 6, 8, 10, 12 

and 14) using NaOH and HCl solutions, salt concentration (0.1, 0.5, 1 and 1.5 M), zinc nitrate 

hexahydrate solution to M. Stenopetala leaf extracts volume ratio (3:1, 2:1, 1:1 and 1:3), 

temperature (room temperature, 60
0
C and 80

0
C) and time interval (0.5, 1, 2 and 3h). Then, the 

optical properties, crystal structure, shape and size were investigated to characterize the NPs 

synthesized at the optimum conditions. 

2.7. Characterization techniques 

The as-synthesized ZnONPs and ciprofloxacin loaded ZnONPs were characterized using 

different techniques and instruments to study their physical, optical thermal properties and to 

confirm their formation (Ahmed et al., 2017). 

2.7.1. UV–Visible spectrophotometry analysis 

The optical properties of the synthesized ZnONPs and ciprofloxacin loaded ZnONPs was 

investigated by using ultraviolet and visible absorption spectrophotometer (Spectrophotometer 

carry 60, Agilent Technologies) in the range of 200-800 nm.  

2.7.2. Fourier transform-infra red (FTIR) analysis 

In order to determine the functional groups of leaf extract and their role in the synthesis of 

ZnONPs and to determine the functional groups involved in nanoparticle drug conjugate 

formation, FTIR spectrum of the leaf extract, ZnONPs, ciprofloxacin and ciprofloxacin loaded 

ZnONPs were measured using the KBr pellet method in the range of 4000-400 cm
-1

 on FTIR 

spectrophotometer (Perkin Elmer, spectrum 65). 

2.7.3. Powder x-ray diffraction (XRD) analysis 

To determine crystal structure, average crystalline size and composition of ZnONPs (phase 

purity), Powder X-ray diffraction analysis was performed. The XRD pattern of synthesized 

ZnONPs was determined using x-ray diffractometer (XRD-7000 X-RAY DIFFRACTOMETER, 

SHIMADZU Corporation, Japan) operating at a voltage of 40 kV and a current of 30 mA with 

CuKα radiation (k=1.541Ǻ) in a scanning range between 10
0
 and 80

0
 of 2θ angel and with 
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scanning speed of 3
0
 per minute. The result was analyzed using XꞌPert HighScore Plus software 

(version 2.1, PANalytical B.V. Almelo, The Netherlands). The crystallite size of the NPs was 

estimated by using Debye-Scherrer formula:  

D = 0.89λ / (β cosθ)        (Eq.1) 

Where, D is the mean size of the particle, λ is the wave length of X-ray, β is full width at half 

maximum intensity and θ is the diffraction (Bragg) angle (Raja et al., 2018). 

2.7.4. Scanning electron microscope (SEM) analysis 

SEM analysis was conducted to study the size, shape and surface roughness of synthesized 

ZnONPs by using scanning electron microscope (TESCAN VEGA 3 SBU, Brno, Czech 

Republic). 

2.7.5. Dynamic light scattering (DLS) analysis 

The hydrodynamic diameter and polydispersity index (PDI) of ZnONPs and ciprofloxacin loaded 

ZnONPs were assessed with 90 plus particle size analyzer (Brookhaven Instruments Corporation, 

USA). The aqueous suspensions of both ZnONPs and ciprofloxacin loaded ZnONPs were 

filtered through a 0.22 µm syringe driven filter unit and their size distribution was measured by 

using the principle of DLS technique. 

2.7.6. Differential scanning calorimetry /thermogravimetry (DSC-TGA) analysis 

The decomposition and thermal stability of the green synthesized ZnONPs was determined using 

a simultaneous differential scanning calorimetry and thermogravimetric (DSC-TGA) analysis 

(SDT Q600 V20.9 Build 20, Universal V4.5A TA instruments). 

2.8. Drug loading on ZnONPs 

2.8.1. Determination of λmax and construction of calibration curve  

To draw a calibration curve for drug loading study, ciprofloxacin stock solution was prepared 

with a concentration of 1 mg/mL in distilled water. From this stock solution, serial dilutions were 

made with distilled water to obtain a series of standard solutions with a final concentration 1, 2, 

3, 4, 5 and 6 µg/mL. The spectrum of standard solution was run from 200-400 nm using UV/Vis 

spectrophotometer (Spectrofluorimeter CM2203, Republic of Belarus) to determine the 

absorption maximum (λmax=275 nm) of ciprofloxacin. Then, the absorbance of the above 
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dilutions was measured at 275 nm and the graph was plotted by taking concentration on X-axis 

and absorbance on Y-axis. 

2.8.2. Drug loading 

Ciprofloxacin was loaded on ZnONPs according to a method used previously (Vimala et al., 

2014). Briefly, 6 mL of ZnONPs dispersion (1 mg/mL) was added to 2 mL aqueous solution of 

ciprofloxacin (2 mg/mL) and the resulting mixture was stirred at 200 rpm using magnetic stirrer 

for 12 h in dark atmosphere. Then, it was centrifuged at 10,000 rpm for 10 minutes in order to 

separate ciprofloxacin loaded ZnONPs and the drug loaded NPs were washed three times with 

distilled water to remove excess unadsorbed ciprofloxacin. Finally, the resulted drug loaded NPs 

were dried and stored in refrigerator for further experiment and the supernatant was used to 

determine the loading content and encapsulation efficiency of NPs.  

2.8.2.1. Optimization for drug loading 

In order to examine the effect of different factors on drug loading efficiency and loading content, 

optimization was done for time (6, 12 and 24 h) and ciprofloxacin quantity to be loaded (1.5, 2.0, 

3.0 mg/mL, all in 2 mL of distilled water).  

2.8.2.2. Drug loading and drug entrapment efficiency determination 

Drug loading content (LC) and entrapment efficiency (EE) was evaluated using UV-Vis 

spectrophotometer (Spectrofluorimeter CM2203, Republic of Belarus). The concentration of free 

ciprofloxacin in the supernatant isolated during drug loading procedure was determined via a 

calibration curve (Woźniak-Budych et al., 2017) and the amount of loaded drug onto the NPs 

was determined indirectly by measuring the amount of drug that is not loaded on NPs. Both 

parameters were computed as: 

 

   

 

   

 

Where, % EE is percentage entrapment efficiency and % LC is percentage loading content. 

% EE = 
Amount of the drug added initially – Amount of drug in supernatant 

Amount of drug added initially 
X 100 

% LC = 
Amount of the drug added initially – Amount of drug in supernatant 

Amount of drug loaded nanoparticles 
X 100 

 (Eq. 2) 

(Eq. 3) 
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2.9. In-vitro drug release study 

2.9.1. Determination of λmax and construction of calibration curve  

Since the drug release tests were conducted at four different pH conditions (pH = 1.2, pH = 6.0, 

pH = 6.8 and pH = 7.4), the absorption maximum (λmax) of ciprofloxacin was determined in 

buffer solutions at the pH values mentioned. Therefore, to determine λmax of ciprofloxacin in all 

buffer solutions, stock solutions with different concentrations of ciprofloxacin were prepared to 

obtain the working solutions and these final solutions were scanned in the range of 200-400 nm. 

The absorption maximums (λmax) of the drug were determined to be 276 nm, 276 nm, 270 nm 

and 268 nm in buffer solutions of pH 1.2, 6.0, 6.8 and 7.4, respectively.  

 

Similarly, the calibration curve was also constructed for all pH conditions. To do this, stock 

solutions with 0.2, 0.1, 0.05 and 0.025 mg/mL of ciprofloxacin were prepared in buffer solutions 

with pH 1.2, 6.0, 6.8 and 7.4, respectively. Then, there was a serial dilution to obtain final 

concentrations of 1, 2, 4, 6, 8, 10 and 12 µg/mL of ciprofloxacin in all buffer solutions. After 

that, the absorbance of each resultant solution for each buffer solutions was measured at 

determined λmax of ciprofloxacin in their corresponding buffer solutions and the values were 

plotted against concentration to obtain the calibration curve for all buffer conditions. 

Determination of λmax and measurement of absorbance for all solutions of buffers‘ with different 

pH values were conducted using UV/Visible spectrophotometer (Spectrofluorimeter CM2203, 

Republic of Belarus). 

2.9.2. Drug release test 

In order to understand the manner and extent of drug release from drug loaded NPs, drug release 

test was conducted according to a method used by (Shaker and Shaaban, 2017). The cumulative 

drug release was studied at a pH value of 1.2 (pH values of gastric), 6.0 (pH values of E.coli 

infected uroepithelium) (Martín-Gutiérrez et al., 2016), 6.8 (pH values of intestine) and 7.4 

(physiological pH including the blood pH). To do this, 15 mg ciprofloxacin loaded ZnONPs 

were dispersed in 5 mL of each buffer solutions with the above mentioned pH values and placed 

inside over-night soaked dialysis sacks. Then, the sacks were tied with thread at both of its ends 

and immersed in 50 mL of external buffer medium (with the pH value similar to the solution 

inside the sacks) in an Erlenmeyer flask which in turn was kept on the shaker ( Heidolph Unimax 
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1010, Heidolph instruments,  Germany) operating at 100 rpm. The drug release was monitored 

using UV/Vis. spectrophotometer (Spectrofluorimeter CM2203, Republic of Belarus) by 

measuring the absorbance of 5 mL samples from external buffers. Sink condition was maintained 

by replacing an equal volume of corresponding fresh buffers during every time of sample 

collection. The drug release tests were done in triplicates and the cumulative percentage of 

released ciprofloxacin was plotted as a function of time. 

2.10. In-vitro antibacterial activity study 

The antibacterial activities of ZnONPs, ciprofloxacin and ciprofloxacin loaded ZnONPs were 

tested separately by disc diffusion method. The procedures, except for filter paper disc 

preparation, were performed using a standard antimicrobial susceptibility testing procedures.  

2.10.1. Preparation of filter paper discs 

Here the filter paper discs were locally prepared according to a method used by (Vineetha et al., 

2015). Briefly, Whatman filter paper No. 3 was punched using office paper punching machine to 

produce holes of approximately 6 mm in diameters. The resulting filter paper discs were then 

autoclaved at 15 pounds per square inch pressure for 30 minutes. Next, the working solutions for 

ciprofloxacin, ciprofloxacin loaded ZnONPs and ZnONPs were prepared, loaded on the 

autoclaved paper discs (5 µg ciprofloxacin, 10 µg ZnONPs - ciprofloxacin conjugate and 5 µg 

ZnONPs per disc) and the loaded filter paper discs were dried in incubator at 37
0
C for 4 hours. 

The amount of ciprofloxacin to impregnate the disc was taken from Clinical and Laboratory 

Standards Institute (CLSI) guideline which was set based on a dosage regimen of 400 mg IV or 

500 mg orally administered every 12 hours (CLSI, 2020) and the amount of ciprofloxacin loaded 

ZnONPs and ZnONPs were determined based on the loading content of NPs. 

2.10.2. Inoculum preparation 

Three well isolated colonies, from sub-cultured isolates for 24 hours, of the same morphological 

types were selected. The top of each colony was touched with a loop and was suspended in 2 mL 

of sterile saline (0.85%). Then the saline tube was vortexed in order to create the smooth 

suspension and the suspension was adjusted to match 0.5 McFarland turbidity standard (1 to 2 x 

10
8
 colony-forming units (CFU)/mL). 
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2.10.3. Test plates inoculation  

Within 15 minutes after adjusting the turbidity of the inoculum suspension, a sterile cotton swab 

was dipped into the adjusted suspension. Then, a petri plate prepared with Muller Hinton Agar 

was inoculated by streaking the swab over its surface three times by rotating the plate 

approximately 60
0
 each time. Finally, the lid was left ajar for 5 minutes and made ready for the 

applications of discs. 

2.10.4. Disc applications to inoculated agar plates  

To apply discs on the surface of inoculated agar plates, a forceps was used after immersed in 

alcohol and ignited. Then, all discs (one control disc inoculated with normal saline and discs 

inoculated with ciprofloxacin, ciprofloxacin conjugated ZnONPs and bare ZnONPs) were placed 

on the plate gently with sufficient distance between their centers and were pressed with the 

forceps. Finally, the plates loaded with those discs were inverted and were incubated at 37
0
C for 

18 hours.  

2.10.5. Reading and interpreting results  

After 18 hours of incubation, the resulting zones of inhibitions‘ (ZOI) diameters were measured 

including the diameters of discs using a ruler on the back of the inverted petri plate. The 

susceptibility or resistance of the organism was then determined by using CLSI 2020 guideline 

for comparing the obtained results. The AST experiment was done in triplicates and the mean 

values were presented. 
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3. RESULTS AND DISCUSSION 

3.1. Qualitative phytochemical analysis 

Qualitative screening of phytochemicals in aqueous extracts of M. Stenopetala leaf revealed the 

presence of different phytoconstituents as presented in Table 1. 

Table 1: Phytochemical screening of aqueous extract of M. Stenopetala leaf 

S/No Phytochemicals Test Interference Result 

1 Flavonoids Alkaline reagent Concentrated yellow color  Positive 

2 Alkaloid Wagner‘s test Reddish brown precipitate formation Negative 

3 Tannin Gelatin test Formation of any precipitate Positive 

4 Saponins Foam test Persistent foaming Positive 

5 Phenols Ferric chloride Bluish-black color formation Positive 

6 Glycosides Glycoside test Appearance of yellow color Positive 

7 Proteins Biuret test Violet coloration Positive 

8 Carbohydrate Benedict‘s test Orange red precipitate formation Positive 

9 Steroids Salkowski‘s test Red chloroform layer and greenish 

yellow fluorescent acid layer 

Negative 

10 Terpenoids Salkowski‘s test Reddish brown color formation Negative 

11 Coumarins __________ Yellow coloration Positive 

The presence of phenols, flavonoids (Geleta et al., 2016, Assefa et al., 2015), saponins, tannins, 

glycosides and coumarins in aqueous extracts of M. Stenopetala leaf were also reported before 

(Geleta et al., 2016). Therefore, as it is stated above, since these phytochemicals are responsible 

for the formation of ZnONPs through the estimated mechanism in Figure 2, their presence in M. 

Stenopetala leaf extract confirms the ability of the plant extract for the production of the NPs. 

3.2. Formation of green synthesized ZnONPs 

3.2.1. Visual color change 

Visual color change of the solution is the preliminary test for synthesis of NPs. Like other meta- 

llic NPs, during the ZnONPs synthesis processes, there was a typical color change patterns which 

confirm the formation of NPs in all runs except for synthesis process at pH value of 4 and 6. 
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When the pH of the mixture was adjusted to pH values other than 4 and 6, immediately the 

mixture color was changed to light brown and at about 5 minutes of stirring on hot plate at 

specified temperature, the color of the solution was completely changed to creamy yellowish 

which latter changed to pale white up on continuous heating (starting from 15
th

 minutes of 

heating) (Figure 5). In line with our result, there was a formation of pale white precipitate when 

ZnONPs were synthesized using Laurus nobilis leaf (Vijayakumar et al., 2016), Aloe socotrina 

leaf (Fahimmunisha et al., 2020),  Malus pumila and Juglen regia leaf (Mirza et al., 2019), 

Corriandrum sativum leaf (Hassan et al., 2015), Solanum torvum (L) leaf (Ezealisiji et al., 2019), 

Ruta graveolens (L.) stem (Lingaraju et al., 2016), Ficus palmate leaf (Sati et al., 2020), 

Peganum harmala (Mehar et al., 2019) and Adhatoda vasica leaf extract (Bhumi et al., 2014).  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                    

 

Figure 5: Schematic procedures for biosynthesis of ZnONPs from zinc nitrate hexahydrate and 

M. Stenopetala leaf water extract at optimum conditions. 
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3.2.2. UV-Visible spectrophotometry analysis 

UV/Vis. spectrophotometer analysis is a method to confirm the formation of ZnONPs, because 

ZnONPs are associated with specific absorbance bands in characteristic spectra when the 

incident light enters into resonance with the conduction band electrons on the surface of the NP 

(Patra and Baek, 2014). The emergence of the peak is due to the Surface Plasmon Resonance 

(SPR) characteristic of ZnONPs (Abdullah et al., 2020, Chakraborty et al., 2020). SPR is a 

phenomenon ascribed to electron oscillation and transition from the valance band to conduction 

band upon interaction with the light of certain wave length and its occurrence between 310 and 

380 nm is a characteristics feature of ZnONPs (Agarwal and Shanmugam, 2019, Hoseinpour et 

al., 2017). In our study, the synthesized ZnONPs in all runs were with the characteristics 

UV/Vis. absorption peaks within this range except for NPs synthesized at pH values of 4 & 6, 

and that synthesized at room temperature as it is clearly indicated in Figure 6 for the former two 

and Figure 9 for the latter. The position of this peak is attributed to the particle size, shape, 

degree of charge transfer between the medium and the particles, and the interaction with the 

medium (Abdullah et al., 2020, Chakraborty et al., 2020, Rao and Paria, 2015, Aboelfetoh et al., 

2017, Mohammadi and Ghasemi, 2018, Yang and Li, 2013, Sivaraj et al., 2014, Devipriya and 

Roopan, 2017). Larger particles absorb light at higher wavelength with broad SPR band and 

smaller particles absorb light at shorter wavelength (Abdullah et al., 2020, Ibrahim, 2015, 

Siddiqui et al., 2018, Devipriya and Roopan, 2017). In addition, higher intensity of SPR band is a 

measure of higher concentration of produced NPs (Bar et al., 2009).  

3.3. Optimization of synthesis parameters 

3.3.1. Effect of pH on ZnONPs synthesis 

The pH of the reaction mixture is a key factor in the formation of NPs, especially for a 

biochemical reaction (Abdullah et al., 2020, Samari et al., 2019) and even more numerous 

studies reported it as the most important parameters affecting NPs formation (Praburaman et al., 

2016). As an example, during their optimized green synthesis of ZnONPs, (Agarwal and 

Shanmugam, 2019) found that size of ZnONPs was significantly affected by pH of the solution 

followed by temperature. Its influence is due to an increment of nucleation center development at 

higher pH value by affecting the protonation-deprotonation of active ingredients which finally 

leads to donation of electrons (Jameel et al., 2020). The major effect of pH is changing the 
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electrical charges of biomolecules which may change their reducing and capping ability and 

finally growth of NPs (Mohammadi and Ghasemi, 2018, Shabaani et al., 2020). In alkaline pH, 

many functional groups are ionized and are available for reduction and facilitate the formation of 

small size NPs (Velammal et al., 2016). At strongly basic pH, when compared with lower pH 

values, there will be more abundant hydroxyl ions in the solution which is important for the 

formation of ZnONPs and growth of formed NPs (Buazar et al., 2016). Also, (Aboelfetoh et al., 

2017) confirmed that the reducing and capping ability of C. serrulata extract was enhanced in 

alkaline medium.  

 

The result of our study also confirmed that the formation of ZnONPs is strongly dependent on 

the pH of the mixture. Figure 6 presents the UV/Vis. absorption spectra of ZnONPs synthesized 

at different pH values. The spectra revealed that, as the pH of the solution increased, the 

absorbance also increased and the peaks become narrower and hence, it suggests that more 

alkaline medium enhances the synthesis of ZnONPs. This result is in line with the findings of 

ZnONPs synthesized from banana peel extract which shows increased absorbance as the pH 

increased (Abdol Aziz et al., 2019). In another study, there was an increase in absorption of 

green synthesized ZnONPs as the pH of the mixture was increased from 8 to 12 (Rahaiee et al., 

2020). Also, during optimized green synthesis of ZnONPs, stable NPs were produced at higher 

pH due to the presence of abundant hydroxyl groups (Shabaani et al., 2020). Similarly, there was 

an increased SPR peak intensity of silver NPs with narrower width as pH of a solution was 

increased (Siddiqui et al., 2018).  

 

According to our study, at pH value of 4 and 6, both color change and characteristics SPR peaks 

of ZnONPs were not observed. The absence of SPR peaks was also reported during green 

synthesis of ZnONPs (Mohammadi and Ghasemi, 2018), gold NPs (Chandran et al., 2019) and 

silver NPs (Yang and Li, 2013) in acidic pH. This may be due to biomolecules which are 

assumed to be involved in green synthesis of NPs, are likely inactivated under acidic conditions 

(Yang and Li, 2013, Ibrahim, 2015). Similar justification was given when gold NPs were not 

synthesized at lower pH of the reaction medium by confirming the reducing and capping 

functional groups of biomolecules were blocked and deactivated in strongly acidic pH (Alam et 
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al., 2014). Therefore, for further investigations, the pH value of 14 was selected for the synthesis 

of high concentrations of ZnONPs. 
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Figure 6: UV/Vis. spectra of ZnONPs synthesized at different pH values (4, 6, 8, 10, 12 and 14) 

with fixed values for concentration of zinc nitrate hexahydrate solution (1M), zinc nitrate 

hexahydrate solution to M. Stenopetala leaf extracts volume ratio (1:1), temperature (60
0
C) and 

time (2h).  

3.3.2. Effect of zinc salt concentration on ZnONPs synthesis 

In our study, as clearly depicted in Figure 7, as the concentration of zinc nitrate hexahydrate 

increased (from 0.1 to 1.0 M), the absorbance intensity was increased. However, further 

increasing the concentration to 1.5 M was lead to broad and less intense SPR absorption peak.  

 

The increase in SPR band intensity with increasing salt concentration till 1 M was due to the 

availability of high zinc (II) ions concentration which in turn results higher numbers of ZnONPs 

formation. But the broad and less intense SPR peak of ZnONPs at the concentration of 1.5 M 

may be due to the formations of anisotropic NPs. A similar study done by (Shabaani et al., 2020) 
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showed that a decreased SPR absorption peak when zinc acetate di-hydrate concentration was at 

higher level of optimum value during green synthesis of ZnONPs. Similarly, during green 

synthesis of ZnONPs, large anisotropic NPs were formed when concentration of the precursor 

was increased (Mohammadi and Ghasemi, 2018). During optimized green synthesis of ZnONPs, 

increasing the concentration of zinc salt concentration beyond the threshold resulted in decrease 

in absorbance and broadening of peak (Jamdagni et al., 2018). Also, (Chandra et al., 2019) found 

that there was an increased SPR peak intensity  of green synthesized ZnONPs with sharpening as 

the concentration of zinc acetate dehydrate was increased till 0.01 M which was later changed to 

broaden peak with reduced intensity when the precursor concentration was further increased to 

0.02 M.  

 

In another study, when iron oxide NPs were synthesized by green method, the formation of NPs 

was decrease as ferric chloride concentration was beyond 50 mM (Kheshtzar et al., 2019). 

Similarly, when gold NPs were synthesized using green method, increasing the concentration of 

gold salt up to 0.5 mM was result in SPR band of narrower width with increased absorption 

intensity which was later changed to broad and less intense peak upon the increment of 

concentration to 1 mM. This was due to the formation of large anisotropic NPs as confirmed by 

transmission electron microscope (TEM) (Alam et al., 2014). There was also a decreased 

absorbance of the reaction mixture when sliver NPs were synthesized by green route with 

concentration of precursor higher than the optimum value (Velammal et al., 2016). Therefore, for 

our further studies, 1 M zinc nitrate hexahydrate concentration was selected as optimum value. 
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Figure 7: UV–Vis spectra of ZnONPs synthesized at different zinc nitrate hexahydrate solution 

concentration (0.1, 0.5, 1 and 1.5 M) with fixed values for pH of a mixture (14), zinc nitrate 

hexahydrate solution to M. Stenopetala leaf extracts volume ratio (1:1), temperature (60
0
C) and 

time (2h).  

3.3.3. Effect of the amount of M. Stenopetala leaf extract on ZnONPs synthesis 

In the current study, with increasing the quantity of leaf extract from 1 to 3 proportion (25% to 

75%) to 1 to 1 proportion (50% to 50%), there was an increase in SPR peak intensity but further 

increasing the quantity of leaf extract to 3 to 1 proportion (75% to 25%) resulted in reduced SPR 

peak intensity, as it is depicted in Figure 8. For lower level of extract concentration than 

optimum value, the reduced SPR absorption peak was due to the inadequacy of biomolecules for 

the reduction of metal ions which in turn leads to the formation of less numbers of NPs and 

increasing the quantity of leaf extract till the optimum value was lead to the formation of more 

numbers of NPs because of more availability of phytochemicals for reduction and capping.  

 

However, when the quantity of leaf extract was further increased than the optimum value, the 

SPR peak intensity was again decreased. This  may be due to the enhancement of the bridging 



35 
 

effect of phytochemicals because of their availability in excess amount which in turn may leads 

to the aggregation of NPs (Samari et al., 2019). This result was supported by a study done by 

(Muthuvel et al., 2020), who synthesized ZnONPs using Solanum nigrum leaf extract and the 

absorption of synthesized NPs was increased up to 15 mL of plant extracts which was later 

decreased when the volume was further increased to 20 mL. In another study, during optimized 

green synthesis of ZnONPs, increasing the volume of plant extract beyond the threshold resulted 

in decreased NP synthesis and their absorbance (Jamdagni et al., 2018). When (Ansari et al., 

2020) synthesized ZnONPs, they were found reduced UV light absorbance of synthesized NPs as 

plant extract volume was increased to 15 mL and even with more reduced absorption intensity 

when its volume was further increased to 20 mL and above. Similarly, when ZnONPs were 

synthesized by using Artocarpus gomezianus fruit extract, the SPR peak intensity was decreased 

when the extract was 15 mL and above (Suresh et al., 2015).  There was also a reduced SPR peak 

with red shift for green synthesized ZnONPs when leaf extract concentration was doubled than 

its initial concentration (Rajiv et al., 2013).  

 

Also, during controllable phyto-synthesis of cupric oxide NPs, there was a reduced SPR intensity 

of synthesized NPs together with unstable and aggregated NPs in the solution when the volume 

of extract was further increased beyond the optimum value (Samari et al., 2019). In another 

study, there was reduced intensity of silver NPs‘ SPR band when the extract concentration was 

25% during and they postulated that the reduced intensity may be due to aggregation of NPs 

(Aboelfetoh et al., 2017). Similarly, there was a reduced SPR band absorbance of silver NPs 

when the extract volume was beyond the optimum value (Velammal et al., 2016).  

 

In our result also, in addition to its reduced intensity and broadening, the SPR absorption peak 

was red shifted when the volume of the extract was three times higher than zinc nitrate solution. 

This red shift was due to the increased particle size which in turn may be due to aggregation. In 

concordance with this finding, it was confirmed on SEM micrographs that there was aggregation 

of ZnONPs when leaf extract volume was increased which in turn resulted in red shifted 

absorption peak (Handago et al., 2019). Similarly, there was a significant red shift in SPR peak 

when aleo vera extract concentration was increased above 25% during ZnONPs synthesis 
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(Sangeetha et al., 2011). There were also aggregated NPs when plant extract volume was beyond 

the optimum value during ZnONPs green synthesis (Nagarajan and Kuppusamy, 2013).  

 

So, the 1:1 volume ratio of zinc nitrate hexahydrate solution to M. Stenopetala leaf extract was 

selected as optimum value for the synthesis of ZnONPs. 
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Figure 8: UV–Vis spectra of ZnONPs synthesized at different zinc nitrate hexahydrate solution 

to M. Stenopetala leaf extracts volume ratio (3:1, 2:1, 1:1 and 1:3) with fixed values for pH of a 

mixture (14), zinc nitrate hexahydrate solution concentration (1 M), temperature (60
0
C) and time 

(2 h).  

3.3.4. Effect of temperature on ZnONPs synthesis 

In our study, the effect of temperature was demonstrated on the formation of ZnONPs and it was 

revealed that NP formation was highly affected by temperature. As shown in Figure 9, there 

were sharp and intense SPR peaks of synthesized NPs accompanied with a blue shift along with 

temperature increase while a broad and very weak absorption peak intensity of NPs synthesized 

at room temperature. As the temperature increases, the reactants will be consumed rapidly and 

smaller particles will be formed (Ibrahim, 2015, Aboelfetoh et al., 2017).  
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At high temperature also number of nuclei formed increases which results in smaller particles 

size since metallic NPs formation is dependent on nucleation and growth mechanism (Nagarajan 

and Kuppusamy, 2013). Ibrahim found similar result, as the temperature of reaction increased, a 

sharp and narrow peak at lower wave length was observed, and as the reaction temperature 

decreased, the peak of the NP was found at higher wave length region (Ibrahim, 2015). 

Similarly, (Aboelfetoh et al., 2017) found less intense SPR peak of silver NPs synthesized at 

room temperature which later become sharp and intense when the temperature was increased. 

During green synthesis of silver NPs also, there was a sharp and blue shifted SPR bands as the 

temperature increased which signifies a decrease in particle size (Yang and Li, 2013). Another 

study also demonstrated that, there was a broaden and red shifted silver NPs‘ SPR peak as 

temperature decreased and there was no characteristics SPR peak for NPs synthesized at room 

temperature (Avoseh et al., 2017). Hence, in our study, 80
0
C was selected as optimum 

temperature for the synthesis of ZnONPs. 
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Figure 9: UV–Vis spectra of ZnONPs synthesized at different temperature (room T0, 600C and 

800C) with fixed values for pH of a mixture (14), zinc nitrate hexahydrate solution to M. 
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Stenopetala leaf extracts volume ratio (1:1), zinc nitrate hexahydrate solution concentration (1 

M) and time (2 h).  

3.3.5. Effect of time on ZnONPs synthesis 

The quality, quantity, type and characteristics of synthesized NPs by green route are greatly 

influenced by duration of incubation time for the reaction medium (Patra and Baek, 2014). This 

effect was also demonstrated in our study; when the incubation time of the reaction medium was 

increased, SPR peak intensity of synthesized ZnONPs was also increased, since longer 

incubation time allows production of higher quantity of NPs (Figure 10).  

 

There was a similar finding showing a steadily increased SPR absorbance intensities as 

incubation time was longer during green synthesis of ZnONPs (Sharmila et al., 2018, Dobrucka 

and Długaszewska, 2016, Singh et al., 2018), iron oxide NPs (Khatami et al., 2017), silver NPs. 

(Aboelfetoh et al., 2017, Roy et al., 2010, Mondal et al., 2011) and gold NPs (Ahmad et al., 

2016, Mondal et al., 2011, Roy et al., 2010). Therefore, in our study, 3 hours was selected as 

optimum incubation time for effective synthesis of ZnONPs.  
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Figure 10: UV–Vis spectra of ZnONPs synthesized at different time period (0.5, 1, 2 and 3 h) 

with fixed values for pH of a mixture (14), zinc nitrate hexahydrate solution to M. Stenopetala 
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leaf extracts volume ratio (1:1), zinc nitrate hexahydrate solution concentration (1 M) and 

temperature of 80
0
C.  

Since the selected optimum values of the preceding factors to be optimized were used to find the 

optimum values of the succeeding factors, ZnONPs produced at incubation time of 3 hours were 

synthesized at optimum conditions for all parameters and hence, they were characterized for 

optical properties, crystal structure, shape and size, and they were utilized for further different 

applications.  

3.4. Characterization of ZnONPs and ciprofloxacin loaded ZnONPs 

3.4.1. UV-Visible spectrophotometer  

Pure ciprofloxacin showed UV/Vis absorption band at 275 and 315 nm in which the first is being 

for π-π* transition of the fluorobenzene ring and the latter is for n-π* transition of quinolone ring 

(Grace and Pandian, 2007). While green synthesized ZnONPs using M. Stenopetala leaf extract 

at optimized conditions were exhibited a peak at 350 nm, as shown in Figure 10. But, after 

ciprofloxacin loading, there was a new UV/Vis absorption peak at 335 nm keeping the peaks at 

275 nm in place for ciprofloxacin and the SPR peak of ZnONPs was shifted to 360 nm, as it is 

indicated in Figure 11. These peak shifts demonstrated that there was effective loading of 

ciprofloxacin on ZnONPs which alter their photo-physical property. The red shift of ZnONPs‘ 

peak from 350 to 360 nm may be due to the change in surface chemistry of NPs when 

ciprofloxacin was loaded on it. In line with our finding, there was SPR peak shift of ZnONPs 

synthesized using microwave irradiation when it was conjugated with ciprofloxacin (Patra et al., 

2014). There was also a red shift of UV/Vis. absorption peaks for gold and silver NPs when 

ampicillin was loaded on them which cause a change in surface chemistry for NPs (Brown et al., 

2012). Similarly, there was a red shift of SPR absorption peak of silver NPs (Kaur et al., 2019) 

and gold NPs (Sulaiman et al., 2020) when vancomycin and hesperidin, respectively were loaded 

on them.  
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Figure 11: UV/Vis spectra of a) ciprofloxacin b) ciprofloxacin loaded ZnONPs. 

3.4.2. Fourier transform-infra red (FTIR) analysis 

The main peaks found in the spectra of M. Stenopetala leaf extract were shown in Figure 12A. 

As it is indicated in table 2, these peaks are attributed to different functional groups. 

Table 2: FTIR data of M. Stenopetala leaf aqueous extract 

Wave number (cm
-1

)  Assignment Reference 

  3370 O–H stretching of carboxylic acid 

O–H stretching of phenols and alcohols 

(Stuart, 2004) 

(Pavia et al., 2014) 

  2922 C–H stretching of alkanes, aldehydes/ketones (Stuart, 2004) 

 

(Stuart, 2004) 

 

 

(Stuart, 2004) 

 

 

(Stuart, 2004) 

  1626 N–H bending of amides or –C=C– stretching of 

aromatic groups 

  1412 C–O–H bending of carboxylic acids 

  1066 C–O stretching of alcohol, phenol/ ester or C–N 

stretching of aliphatic amines or C–O–C 

stretching of ether 

  617 C–H bending of alkenes (Pavia et al., 2014) 
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While on the FTIR spectrum of ZnONPs, as indicated in Figure 12B, the bands at 3370, 2922, 

1626, 1412, 1066 and 617 cm
-1 

on the spectrum of M. Stenopetala leaf extract were shifted to 

3399, 2911, 1586, 1410, 1056 and 616 cm
-1

, respectively. These shifts and broadening of bands 

observed on FTIR spectrum of ZnONPs indicates the participation of the above mentioned 

functional groups of different phytochemicals in reduction of zinc precursor in to ZnONPs and 

stabilization of ZnONPs (Gawade et al., 2017). 
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Figure 12: FTIR spectrum of A) M. Stenopetala leaf aqueous extract B) ZnONPs synthesized 

using M. Stenopetala leaf extract. 

As determined by phytochemical screening test above, the water extracts of M. Stenopetala leaf 

is mainly composed of flavonoids, tannin, saponins, phenols, glycosides, proteins, carbohydrate 
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and coumarins. Thus, the functional groups related to these organic matters may be engaged in 

the reduction of zinc salts to ZnONPs as well as in the capping of the formed NPs. In additions to 

the bands of different functional groups found on spectrum of ZnONPs, there was also a peak 

found at 445 cm
-1

 which was due to the vibration of metal–oxygen bond of Zn–O as it was 

observed in earlier reports that the absorptions between 400 and 600 cm
-1

 were characteristics 

vibration of Zn–O (Sangeetha et al., 2011, Gao et al., 2020, Ahmad and Kalra, 2020). Therefore, 

FTIR spectrophotometer was also used to confirm the effective synthesis of ZnONPs in addition 

to functional groups identification. 

FTIR result also revealed that the effective loading of ciprofloxacin on green synthesized 

ZnONPs. According to the FTIR spectra of ciprofloxacin, shown in Figure 13A, the band at 3530 

cm
-1

 was due to –OH stretching of carboxyl, at 3379 cm
-1

 was due to N–H stretching of imino 

moiety of the piperazinyl group, at 1709 cm
-1

 was due to symmetric stretching of C=O of 

carboxylic acid, at 1625 cm
-1

 was due to symmetric stretching of C=O of pyridone moiety, at 

1272 cm
-1

  was due to C–N stretching (Grace and Pandian, 2007, Tom et al., 2004),  at 1449 cm
-1

 

was due to –CH bending vibration and at 1046 cm
-1

 was due to C–F stretching vibration (Grace 

and Pandian, 2007).  

However, in the case of drug loaded ZnONPs spectra, shown in Figure 13B, the N–H stretching 

peak of imino moiety of the piperazinyl group was shifted to lower wave length with reduced 

intensity and the peak intensity of C=O stretching of carboxylic acid was significantly reduced. 

This finding clearly revealed that ciprofloxacin was form a conjugate with green synthesized 

ZnONPs through its carboxylic acid functional group and nitrogen atom of the imino piperazinyl 

group. Since nitrogen atoms of quinolone ring and the one which is ortho- to fluorine are not 

electron rich due to delocalization of electrons to electron deficient fluoroquinolone ring and are 

sterically hindered by cyclopropyl and piperazinyl ring, they are less likely to bind with ZnONPs 

(Tom et al., 2004).  In line with our study, there were studies which showed effective loading of 

ciprofloxacin on amine functionalized ZnONPs using its carboxylic acid group (Patra et al., 

2014) and on citrate capped gold NPs using its nitrogen atom of the imino piperazinyl group 

(Grace and Pandian, 2007). In the other study also, ciprofloxacin was form conjugate with 

hydroxylated ZnONPs through its nitrogen atom of the imino piperazinyl group by ionic 

interaction (Banoee et al., 2010). Similarly, there was a disappearance of absorption peaks for 
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carbonyl group on ciprofloxacin spectrum when it is conjugated with Cu
+2

, indicating that this 

functional group was participated in the bonding to this ion (Wu et al., 2003). There was also the 

disappearance of band for carbonyl group of carboxylic acid when norfloxacin was made 

complex with Ca
+2

, Mg
+2

, Ba
+2

 (Al-Mustafa, 2002), Iron(II) and Iron(III) perchlorate  (Al-

Mustafa and Tashtoush, 2003) which was indicative for the involvement of carboxyl group for 

complexation.  

Similarly, there was also merging and absorbance intensity reduction of bands of functional 

groups which were participated during stabilization of silver and gold NPs with ceftriaxone 

(Shah et al., 2014) and during conjugations of ceftriaxone with green synthesized silver NPs 

(Harshiny et al., 2015). In the other study, when silver NP was capped with 5-Amino-β-

resorcylic acid hydrochloride dihydrate, there was the disappearance of the peak at carbonyl 

region in 5-Amino-β-resorcylic acid hydrochloride dihydrate spectrum indicated the participation 

of carboxylic group for electrostatic interaction with silver NPs (Naz et al., 2014). Moreover, 

during the preparation of doxorubicin functionalized gold NPs, the N–H stretching peak of 

doxorubicin was shifted to lower wavelength in doxorubicin-gold NPs conjugate spectrum 

indicating the participation of this functional group for interacting electrostatically with gold NPs 

(Mirza and Shamshad, 2011). However, in our case, since the NPs were functionalized with 

many phytochemicals, both of the functional groups namely, nitrogen atom of the imino 

piperazinyl group and carboxylic acid group of ciprofloxacin were participated for conjugate 

formation. 
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Figure 13: FTIR spectrum of A) ciprofloxacin B) ciprofloxacin loaded ZnONPs. 

3.4.3. Powder X-ray diffraction (XRD) analysis 

Figure 14 shows the X-ray diffractogram of synthesized ZnONPs which confirmed the formation 

of biosynthesized ZnONPs. The diffraction peaks appeared at 2θ value of 31.74
0
, 34.38

0
, 36.23

0
, 

47.49
0
, 56.56

0
, 62.79

0
, 66.33

0
, 67.9

0
 and 69.01

0
 which corresponds to (100), (002), (101), (102), 

(110), (103), (200), (112) and (201) crystal planes (h, l, k), respectively, are characteristics peaks 

for pure ZnONPs. The peaks of the X-ray diffractogram are in line with the previously reported 

works (Devi and Gayathri, 2014, Nilavukkarasi et al., 2020). As confirmed from the analysis, 

this typical XRD pattern of ZnONPs is found to possess the hexagonal crystal structure which 

goes very well (96%) with the value manipulated for hexagonal crystal structure of ZnONPs 

(Joint Committee on Powder Diffraction Standards: File No. 01-080-0074).    
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Figure 14: XRD patterns of ZnONPs synthesized using M. Stenopetala leaf extract. 

Sharp diffraction peaks and absence of any random peaks in XRD pattern depicts a good degree 

of crystallinity and purity of synthesized ZnONPs, respectively (Agarwal and Shanmugam, 

2019).The sharp diffraction peaks are also indicators for the biosynthesis of smaller ZnONPs 

(Chandra et al., 2019). The average crystal size of biosynthesized ZnONPs was determined using 

Debye-Scherrer‘s equation (Eq.1) using the Full-Width Half-Maximum (FWHM) values of the 

three most intense peaks and it was found 25.4 nm, as presented in Table 3. 
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Table 3: The average size of synthesized ZnONPs calculated from XRD data using Debye-

Scherrer equation 

2θ (degree) d-spacing (d h k l) FWHM (degree) Diameter (nm) (h k l) 

31.707 2.81979 0.428 19.7 (100) 

34.345 2.60885 0.239 36.2 (002) 

36.195 2.47974 0.420 20.3 (101) 

47.462 1.91407 0.646   13.6 (102) 

56.536 1.62653 0.417 22.1 (110) 

62.772 1.47908 0.518 18.3 (103) 

66.328 1.40816 0.510 18.9 (200) 

67.875 1.37977 0.475 20.5 (112) 

69.004 1.35986 0.541 18.1 (201) 

3.4.4. Scanning electron microscope (SEM) analysis   

The biosynthesized ZnONPs were inspected by SEM for their size, shape and surface roughness 

and their electron microscopical images are illustrated on Figure 15 A and B. From these 

experimental findings, it is possible to see that the fabricated NPs possessed predominately 

spherical shape (Figure 15A) and they were found together. In concordance with our study, the 

SEM images of ZnONPs synthesized using Lippia adoensis (Koseret) leaf extract showed 

particles inclined together and the phenomenon was justified as it was due to the presence of 

many capping agents (Demissie et al., 2020). In addition, the average size of NPs was estimated 

from SEM image and it was found 58 + 0.012 nm. It is somewhat larger than the crystallite size 

determined using XRD. This difference clearly indicated that the presence or formation of a 

number of crystallites in a single particle. The surface roughness analysis also revealed that the 

particles were with rough surfaces (Figure 15B).  
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Figure 15: A) SEM image of green synthesized ZnONPs B) Surface roughness analysis. 

3.4.5. Dynamic light scattering (DLS) analysis  

As shown in Figure 16A and B, the size distribution measurement revealed that the average size 

of the green synthesized ZnONPs and ciprofloxacin loaded ZnONPs was 134 + 0.7 and 148 + 

0.7 nm, respectively, with a PDI of 0.164 + 0.017 for the former and 0.206 + 0.014 for the latter. 

The PDI values of this experiment revealed a homogenous distribution of both blank and drug 

loaded NPs because values for PDI less than or equal to 0.3 are concidered as indicative of 

homogenous particle distribution (Eltarahony et al., 2018). It was clearly seen that the resulted 

particle size from DLS was larger than the particle size obtained from SEM and XRD results. 

This is due to DLS measures the hydrodynamic radius, a hypothetical hard sphere that diffuses 

with the same speed as the particles assayed in DLS, which ends up with overestimated particle 

size (Pryshchepa et al., 2020) and the size of this hydrodynamic radius is dependent on the 

particle structure, particle shape and roughness (Aldalbahi et al., 2020). There was a similar 

finding by (Jan et al., 2020) when they measured ZnONPs synthesized using aqueous extracts of 

A. pubiflora by DLS, it was 131 nm which was far from their SEM (34.23 nm) and XRD (9.58 

nm) results of size measurement.  

Even though DLS is the most recurrently used sizing technique by nanomedicine stakeholders 

due to its simplicity for use and low cost, it is recognized to be a low resolution method hence, 

the combination of multiple high-resolution techniques is often required to understand the 

particle size distribution (PSD) of NPs (Caputo et al., 2019). The technique is also highly biased 

B) A) 
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towards larger particles in suspension (Modena et al., 2019, Maguire et al., 2018, Faisal et al., 

2021). In addition to low resolution power of the equipment, the increased measured size of the 

NPs may also be due to aggregation of NPs when they dispersed in distilled water. There was 

aggregation and size increment of commercially obtained ZnO nanopowders when their size was 

measured by DLS after dispersed in distilled water and other solvents (Vinardell et al., 2017).  

                  

Figure 16: Size distribution of A) ZnONPs and B) ciprofloxacin loaded ZnONPs. 

3.4.6. Differential scanning calorimetry /thermogravimetry (DSC-TGA) analysis  

The DSC-TGA spectra of synthesized ZnONPs showed continuous weight loss with four major 

stages of decomposition or mass-loss-events at temperatures of 49.85, 157.47, 240.84 and 

411.37
0
C, as clearly indicated by the endothermic peaks of DSC spectra (Figure 17). The minor 

weight loss which happened early at 49.85
0
C was due to the loss of adsorbed ethanol (Faisal et 

al., 2021, Bhuiyan et al., 2020, Tamaekong et al., 2014) and around 157.47
0
C was due to the 

removal of adsorbed water (Faisal et al., 2021, Bhuiyan et al., 2020, Rajendran et al., 2021, 

Mashrai et al., 2017, Khalil et al., 2014, Ebadi et al., 2019, Kheshtzar et al., 2019). Similarly, the 

weight loss event around 240.84
0
C was due to the condensation dehydration of hydroxyls (El-

Arab, 2018) and around 411.37
0
C was due to the decomposition of organic materials (Bhuiyan et 

al., 2020, Tamaekong et al., 2014, Mashrai et al., 2017, Ebadi et al., 2019, Kheshtzar et al., 2019, 

Matinise et al., 2017, Fatimah et al., 2016). In general, the decomposition of ZnONPs took place 

at very slow rate and the total weight loss was negligible (8%) which signify the synthesized NPs 

were thermally stable.   

A) B) 
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Figure 17: DSC-TGA curve of ZnONPs synthesized using M. Stenopetala leaf extract. 

3.5. Drug loading on ZnONPs  

3.5.1. Construction of calibration curve for drug loading  

The absorbance readings were obtained and plotted against concentration. Finally, the calibration 

curve with a linear regression equation of: Y= 0.1038X + 0.0199 and correlation coefficient (R
2
) 

of 0.9992 was obtained where Y is absorbance and X is concentration in µg/mL (the graph is 

shown in Appendix I). 

3.5.2. Optimization for drug loading 

3.5.2.1. Incubation time 

As it is indicated in Table 4, the efficiency of ciprofloxacin loading on ZnONPs was increased 

with the time of experiments. Here, incubation time of 24 hours was selected as optimum time 

for drug loading.  
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Table 4: Changes of loading content and entrapment efficiency of ZnONPs with different 

incubation time  

Incubation  

Time (hrs) 

 Total amount of 

drug added (mg) 

Amount 

loaded (mg) 

 

EE (%) 

 

LC (%) 

6  4 3.62 90.5 37.6 

12  4 3.65 91.2 37.8 

24  4 3.68 92.0 38.0 

3.5.2.2. Quantity of Ciprofloxacin to be loaded 

As it is indicated in Table 5, the efficiency of ciprofloxacin loading on ZnONPs was increased 

with the quantity of ciprofloxacin and 3 mg/mL (a total of 6 mg) was choosen as optimal 

quantity. As we can see from these results, the loading efficiency of synthesized ZnONPs was 

encouraging. 

Table 5: Changes of loading content and entrapment efficiency of ZnONPs with different 

quantity of ciprofloxacin to be loaded. 

Ciprofloxacin concentration  

(mg/mL) 

Total amount of 

drug added (mg) 

Amount 

loaded (mg) 

 

EE (%) 

 

LC (%) 

1.5 3 2.80 93.3 31.8 

2.0 4 3.68 92.0 38.0 

3.0 6 5.79 96.5 49.1 

3.6. In-vitro drug release study 

3.6.1. Construction of calibration curve for drug release test  

For all solutions of ciprofloxacin in all buffer conditions, the absorbance readings were obtained 

and plotted (Y-axis) against concentration of solutions (X-axis) (Appendix II, A through D). 

Then, linear regression equations and correlation coefficients were obtained for each calibration 

curve (Table 6). 
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Table 6: Linear regression equations and correlation coefficients (R
2
) of calibration curves of 

ciprofloxacin in different buffer solutions 

S/No Buffer solutions’ pH Linear regression equation
*
 Correlation coefficient (R

2
) 

1 1.2 Y = 0.0709X + 0.0030 0.9992 

2 6.0 Y = 0.0769X – 0.0012 0.9999 

3 6.8 Y = 0.0679X + 0.0145 0.9991 

4 7.4 Y = 0.0654X + 0.0125 0.9995 

*
- Y is absorbance and X is concentration in µg/mL. 

3.6.2. Drug release test 

The result, shown in Figure 18, revealed that the release of ciprofloxacin from ZnONPs was both 

time and pH dependent. At pH values of 7.4, the drug release rate was slow, only 55% of the 

drug was released within the first three days and only additional 5% drug (data not shown) was 

released until the fifth day. This gives evidence about the stability of ciprofloxacin loaded 

ZnONPs at physiologic pH which is advantageous so that ciprofloxacin will not be released 

during blood circulation. When the pH value was reduced, the drug release rate was accelerated 

when compared with a pH of 7.4. At pH 6.8, around 71% and at pH 6.0, around 86% of the drug 

was released within 72 hours. At much lower pH value, pH 1.2, ciprofloxacin was released 

completely within the first 5 hours. This implies the drug was dissolved instantly because 

ciprofloxacin is highly soluble at this pH value. In addition, the higher solubility of ZnONPs in 

acidic pH (Avramescu et al., 2017, Siddiqi et al., 2018, da Silva et al., 2019) may also facilitate 

the complete drug release at this specific pH value.  

Therefore, from our result, we can conclude that the loaded ciprofloxacin could be efficiently 

released from ZnONPs at the site of E.coli infected uroepithelium environment in a sustained 

manner, but sufficiently stable in physiological pH conditions. However, the drug loaded NPs 

were not stable in acidic pH and it needs some levels of modification and protection if it 

encounters acidic environment like gastric environment, especially when it is desired to release 

the drug in sustained manner.  
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Figure 18: % Cumulative drug releases of ciprofloxacin from ciprofloxacin loaded ZnONPs in 

different pH conditions. 

3.7. In-vitro antibacterial activity study 

Many of inorganic metal oxide NPs inhibit the growth of E.coli, but ZnONPs are among the 

most promising for clinical translation because of their high potency against drug resistant 

strains, reduced toxicity to mammalian cells and its low cost (Kadiyala et al., 2018). ZnONPs are 

active against gram positive and negative bacteria and even show conciderable activities against 

more resistant bacterial spores (Jamdagni et al., 2018).  

The result showed in Table 7 is the antimicrobial activities of ciprofloxacin, ZnONPs and 

ciprofloxacin loaded ZnONPs against ciprofloxacin resistant E.coli. As it is clearly indicated, 

green synthesized ZnONPs alone displayed antimicrobial activity against ciprofloxacin resistant 

E.coli and increased the activities of ciprofloxacin when conjugated with it while the negative 

control showed no inhibitory effect. As it is stated in CLSI, the zone diameter break points, when 

antimicrobial susceptibility test is conducted for ciprofloxacin against E.coli using disc diffusion 

method, can be categorized as ≥ 26, 25-22 and ≤ 21 which are indicative for the susceptibility, 

intermediate susceptibility and resistance, respectively, of the bacteria for the drug (CLSI, 2020). 
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Therefore, according to this guideline, our result demonstrated that E.coli was resistant for 

ciprofloxacin because the diameter of ZOI around ciprofloxacin impregnated disc was 17 + 0.71.  

However, when it was conjugated with green synthesized ZnONPs, the diameter of ZOI was 

increased to 23 + 0.92, which falls in the intermediate susceptibility break point category. Hence, 

it is possible to conclude that ZnONPs can enhance the activity of ciprofloxacin against 

ciprofloxacin resistant E.coli. The supplement of activity of ciprofloxacin by ZnONPs may be 

due to the destruction of the outer protective membranes of bacteria by the NPs, an action 

ciprofloxacin alone fails to do that and this cell wall destruction allows easier entrance of it to 

bacterial cells (Patra et al., 2014). In concordance with our study, (Banoee et al., 2010) was 

found that there was an increased antimicrobial activity of ciprofloxacin against E.coli when it 

was combined with ZnONPs. There was also a report which showed the dose dependent efficacy 

of ciprofloxacin conjugated ZnONPs against multi drug resistant bacterial strains including 

E.coli (Patra et al., 2014). It was also reported that ZOI for ciprofloxacin in the presence of 

ZnONPs was increased by 22% against a tested strain of E. coli (Shaikh et al., 2019).  

In another study, ZnONPs, prepared by solvothermal method and combined with ciprofloxacin 

and ceftazidime, showed increased antibacterial activity and uptake of both antibiotics against 

multidrug resistant Acinetobacter baumannii (Ghasemi and Jalal, 2016).  

Table 7: Zone of inhibition (mm) of ciprofloxacin, ZnONPs and ciprofloxacin loaded ZnONPs 

against ciprofloxacin resistant E.coli. 

S/No Antimicrobial agents ZOI diameter
a
 (mm)

b
 

1 Ciprofloxacin 17 + 0.71 

2 ZnONPs 8 + 0.43 

3 ZnONPs-ciprofloxacin conjugate 23 + 0.92 

4 0.85% Normal saline  6 +  0.00 

     a
 -the measured ZOI diameter includes the disc diameter 

     b
 -the diameter is the mean of three tests 

As it is mentioned above, the antimicrobial activities of ZnONPs is proposed through destruction 

of cell integrity due to its direct contact with cell walls, ROS formation and release of 

antimicrobial ions mainly Zn
+2

, though it is yet to be clarified (Shaikh et al., 2019). The contact 
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of ZnONPs with cell wall is due to the electrostatic attraction because of the bacteria carries 

negative charge and metal oxides possibly carry positive charge. This may result in destruction 

of the outer membrane of E.coli cell which in turn leads to leakage of materials, proteins and 

genetic materials (Bekele et al., 2020). This may be facilitated due to the small size of 

biosynthesized ZnONPs which provides a large surface area for contact with bacteria (da Silva et 

al., 2019, Rahaiee et al., 2020). This scenario may also work for our case because the average 

size of our NPs was 25.4 nm (as determined from XRD data) and 58 nm (as determined from 

SEM data) in which both data indicated that the NPs were small in size. In addition, as it was 

revealed in SEM image above, the synthesized NPs were with rough surface which in turn can 

increase the possibility of direct contact killing because surface roughness increases the 

probability of bacterial adhesion to NPs (Chang et al., 2021). 

Regarding reactive oxygen species generation, once it is generated (mostly H2O2), it penetrates 

the bacterial cell wall and can disrupt the metabolic process (Ribut et al., 2018); play an 

important role in alteration of proteins, enzymes and damage RNA/DNA (Shabaani et al., 2020); 

while, Zn
+2

 attacks the bacterial cell wall and rupture it (Ribut et al., 2018).  As an opportunity 

also, E.coli has a thin peptidoglycan layer that may facilitate the entrance of ions from NPs in to 

the bacteria which ends up with cell wall destruction (da Silva et al., 2019, Rahaiee et al., 2020, 

Umar et al., 2019). These broad spectrums of mechanisms create a difficulty to microorganisms 

to develop resistance for these NPs (Kora and Arunachalam, 2011). 

There are a number of studies which shared the above proposed mechanisms as a mechanism of 

ZnONPs used to exert their antimicrobial effect. For example, the antimicrobial effects of 

ZnONPs in ciprofloxacin-ZnONPs conjugate, when it was evaluated against multidrug resistant 

E. coli, Staphylococcus aureus and Klebsiella sp. (resistant to ciprofloxacin, ofloxacine, 

tetracycline, chloramphenicol and gintamicin), was justified as; ZnONPs were damage the cell 

membrane of the bacteria through reactive oxygen species generation or due to mechanical 

damage because of its surface defect. The cell membrane damage was confirmed by release 

assay which showed the release of RNA, DNA and other materials (Patra et al., 2014). Similarly, 

there was an evidence for destruction of cell membrane of carbapenem resistant Acinetobacter 

baumannii when there was a leakage of reducing sugars, protein and DNA as a result of its 

treatment with ZnONPs (Tiwari et al., 2018).  
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4. CONCLUSIONS 

In our study, ZnONPs were synthesized by green method using non-toxic and renewable aqueous 

extracts of M. Stenopetala leaf as a reducing, capping and stabilizing agents. The synthesized 

NPs were characterized using different techniques to know their properties. The effective 

formation of ZnONPs were confirmed using UV/Vis. spectrophotometer due to the presence of 

SPR peak at 350 nm and FTIR spectrophotometers due to the vibration present at 445 cm
-1

. The 

synthesized NPs were: pure crystalline as it is indicated from XRD data; predominately spherical 

in shape as the SEM data revealed; and thermally stable as it is indicated in DSC-TGA 

thermogram. The estimated crystallite size of NPs was 25.4 nm; their average diameter was 58 

nm according to SEM result; and 134 nm according to DLS analysis. The drug loaded NPs were 

also characterized and hence the effective loading of the drug was confirmed through FTIR and 

UV/Vis. spectrophotometer analysis, and their hydrodynamic radius was 148 nm which was 

measured by DLS. 

The NPs were also evaluated for their drug loading potential and release characteristics. They 

were with 96.5% of EE and 49.1% of LC. The drug release test was revealed that the drug loaded 

NPs were stable at physiological pH and release the drug in sustained manner at a pH value of 

E.coli infected urinary tract environment which makes the NPs good candidate for ciprofloxacin 

delivery while it was unstable in acidic pH. Finally, AST test was conducted and the results 

revealed that ZnONPs alone were effective against ciprofloxacin resistant E.coli and when 

conjugated with ciprofloxacin, they enhanced the effect of it against this pathogen.  
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5. RECOMMENDATIONS 

In this study, ZnONPs were synthesized effectively using M. Stenopetala leaf extract. They were 

characterized for their physicochemical characteristics, evaluated for their drug loading 

efficiency and drug releasing behavior and the findings were promising. It is better if it is known 

for how long their characteristics and quality stay with them.  Therefore, we recommend stability 

study for both bare ZnONPs and drug loaded ZnONPs. 

Likewise, the in vitro antimicrobial activity of ZnONPs and drug loaded NPs against 

ciprofloxacin resistance E.coli was evaluated and the result was again promising. Based on this 

finding, we also recommend the evaluation of in vivo antibacterial effect of bare and 

ciprofloxacin loaded ZnONPs. 
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APPENDICES  

Appendix I. Calibration curve for drug loading 
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Appendix II. Calibration curves for drug release 

A) Standard calibration curve of pure ciprofloxacin at λmax of 276 nm in buffer solution with 

pH value of 1.2. 
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B) Standard calibration curve of pure ciprofloxacin at λmax of 276 nm in buffer solution with pH 

value of 6.0. 
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C) Standard calibration curve of pure ciprofloxacin at λmax of 270 nm in buffer solution with pH 

value of 6.8. 
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D) Standard calibration curve of pure ciprofloxacin at λmax of 268 nm in buffer solution with pH 

value of 7.4. 
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