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Abstract: 

 

in the present work, Zink Oxide nano powder sis synthesized through thermal 

precipitation as a chemical method in alkaline media then loaded on Graphene-

Graphite Nanocomplex oxide by emigration method at room temperature. Further, 

microscopic techniques such as SEM established the formation of a multi-shaped 

ZnO-GO complex with an average size of 20-40 nm. XRD characterization was 

employed to analyzed  showed purity and phase of complex yield. In addition to this, 

ZnO-GO complex nano-powder conjugated with metronidazole (drug) through 

chemical method.  
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Introduction  

 

 

 

 

 

 

 

 

 



1. INTRODUCTION 

    The emergence of infectious diseases promises to be one of the leading mortality 

factors in the healthcare sector. Although several drugs are available on the market, 

newly found microorganisms carrying multidrug resistance (MDR) against which 

existing drugs cannot function effectively, giving rise to escalated antibiotic dosage 

therapies and the need to develop novel drugs, which require time, money, and 

manpower. Thus  the exploitation of antimicrobials has led to the production of MDR 

bacteria, and their prevalence and growth are a major concern. Novel approaches to 

prevent antimicrobial drug resistance are in practice. Nanotechnology-based 

innovation provide  physicians and patients the opportunity to overcome the crisis of 

drug resistance. Nanoparticles have promising potential in the healthcare sector .Thus, 

nanotechnology provides an excellent opportunity to treat drug-resistant microbial 

infections. Numerous antibiotics have been used to inhibit the growth and kill of 

microbes, but the development of resistance and the emergence of side effects have 

severely limited the use of these agents. Due to the development of the 

nanotechnology, nanoparticles are widely used as antimicrobials. Silver and chitosan 

nanoparticles have antifungal, antiviral and antibacterial properties, and many studies 

confirm the antifungal properties of silver nanoparticles. Nowadays, the use of 

nanoparticles in the diagnosis and treatment of infectious diseases has developed due 

to less side effects and also the help of these particles in effective drug delivery to the 

target tissue. Liposomes are also used as carriers of drug delivery, genes, and 

modeling of cell membranes in both animals and humans. The ability of these 

liposomes to encapsulate large amounts of drugs, minimize unwanted side effects, 

high effectiveness and low toxicity has attracted the interest of researchers[1-2] . 

 



1.1Nanoparticles: 

     Nanoparticles NPs are tiny materials having size ranges from 1 to 100 nm. They 

can be classified into different classes based on their properties, shapes or sizes. The 

different groups include fullerenes, metal NPs, ceramic NPs, and polymeric NPs. NPs 

possess unique physical and chemical properties due to their high surface area and 

nanoscale size. Their optical properties are reported to be dependent on the size, 

which imparts different colors due to absorption in the visible region. Their reactivity, 

toughness and other properties are also dependent on their unique size, shape and 

structure. Due to these characteristics, they are suitable candidates for various 

commercial and domestic applications, which include catalysis, imaging, medical 

applications, energybased research, and environmental applications[3]. Heavy metal 

NPs of lead, mercury and tin are reported to be so rigid and stable that their 

degradation is not easily achievable, which can lead to many environmental toxicities. 

Nanoparticles (NPs) are wide class of materials that include particulate substances, 

which have one dimension less than 100 nm at least . Depending on the overall shape 

these materials can be 0D, 1D, 2D or 3D . The importance of these materials realized 

when researchers found that size can influence the physiochemical properties of a 

substance e.g., the optical properties. A 20-nm gold (Au), platinum (Pt), silver (Ag), 

and palladium (Pd) NPs[4]. 

 

Fig (1): Examples of some materials NPs 



 

    ZnO NPs is of highest interest because they are inexpensive to produce, safe and 

can be prepared easily . Moreover, they possess several novel properties, such as large 

band gap (3.37eV) and high exciton binding energy (60 meV), high refractive index, 

binding energy, large thermal conductivity, high catalytic activity, antibacterial, UV 

filtering properties, anti-inflammatory, wound healing [5-6]. ZnO has also high 

biocompatibility and fast electric transfer kinetics, such phenomena encourage the use 

of this material as a biomimic membrane to immobilize and modify the biomolecules 

[7] 

 

Fig (2):Applications of  ZnO-NPs. 

NPs are not simple molecules itself and therefore composed of three layers i.e. (a) The 

surface layer, which may be functionalized with a variety of small molecules, metal 

ions, surfactants and polymers. (b) The shell layer, which is chemically different 

material from the core in all aspects, and (c) The core, which is essentially the central 

portion of the NP and usually refers the NP itself [8]. Owing to such exceptional 

characteristics, these materials got immense interest of researchers in 

multidisciplinary fields. The NPs can be employed for drug delivery, chemical and 

biological sensing, gas sensing, CO2 capturing, and other related applications [9]. 



1.2 Composite between nanoparticles:  

      Composite nanoparticles are advanced materials having recently gained increasing 

attention due to their scientific and technological importance. They find a wide 

variety of applications such as catalysts with huge activity and specificity, metal 

semiconductor junctions, optical sensors, and modifiers of polymeric films for 

packaging. From a scientific point of view the composition and the atomic order of 

the aggregates, in addition to size, are pivotal factors in determining their properties 

and functionalities, while the nanoscale regime confers to them structural and 

electronic degrees of freedom which are inaccessible to bulk materials. The first 

indispensable stage to develop novel nanotechnologies is the preparation of tailored 

composite nanostructures. Virtually all the possible physicochemical phenomena have 

been employed to reach this objective allowing to set up a huge number of protocols 

each one with its specific advantages and disadvantages. The aspects of novel 

preparation methods are addressed in two manuscripts. S. Bagheri et al. describe a 

novel synthesis of anatase titanium dioxide nanoparticles using egg white solution via 

solgel method and characterized them through a high number of techniques. The main 

advantage of using egg white proteins as a gelling agent is that it can provide long-

term stability for nanoparticles by preventing particle agglomeration. They 

demonstrated that egg white solution is a reliable and cheap green gelling agent that 

can be used as a matrix in the sol-gel method to synthesise tiny size TNPs. V. 

Ovchinnikov and A. Shevchenko describe a costeffective fabrication of random 

noble-metal nanostructures with a feature size of the order of 10 nm on a large-area 

dielectric substrate. The technique allows to create metal nanoislands on a 

nanopatterned dielectric template with an enhanced adhesion between the metal and 

the dielectric. The use of the adhesion layer (that makes the structures stable) is 



important in view of variety of optical and other potential applications of the 

structures. The results of their work can be of interest in regard to the development of 

new approaches to self-organization based nanofabrication of extremely small metal 

and metal-dielectric nanostructures on large-area substrates. Due to their peculiarities, 

the production of nanomaterials is a promising strategy to fuel novel technological 

applications[10]. Two manuscripts, highlighting enhanced properties for applicative 

purposes, are good examples of the potentialities of these materials. M. C. Carrera et 

al. studied the permeation of CO2 in films of high density polyethylene (HDPE) and 

organoclay modified with polyvinylalcohol (MMTHDTMA/PVA) obtained from melt 

blending. They showed that the incorporation of the modified organoclay generated 

an exfoliated nanocomposite structure with a significant effect on the barrier 

properties of HDPE. Notably the mechanical properties remain equal to those of pure 

polyethylene, but with an increase in barrier properties to CO2 allowing to obtain 

nanocomposites of HDPE competitively used in packaging. Q. X. Li et al. prepared a 

novel Pd/C catalyst with enhanced performance for direct ethanol fuel cell. They 

characterized the catalysts by XRD and TEM showing that they are spherical and 

homogeneously dispersed on carbon. Finally, the theoretical/computational approach 

has been faced by P. Shabanzadeh et al. In their investigation, they applied the 

accuracy of artificial neural network training algorithm to study the effects of 

different parameters on the synthesis of Ag nanoparticles performed in the 

interlamellar space of montmorillonite (MMT) by chemical reduction technique. 

Using the best performing artificial neural network, they predicted the optimum 

conditions of AgNO3 concentration, MMT d-spacing, and reaction temperature. By 

compiling these papers, we hope to enrich our readers and researchers with respect to 

the most recent progresses in the field of nanoscale multicomponent particles[11]. 



1.3 Zinc oxide nanoparticles (ZnO NPs): 

as one of the most important metal oxide nanoparticles, are popularly employed in 

various fields due to their peculiar physical and chemical properties. ZnO NPs are 

firstly applied in the rubber industry as they can provide wearproof of the rubber 

composite, improve performance of high polymer in their toughness and intensity and 

antiaging, and other functions [12-13]. Because of the strong UV absorption 

properties of ZnO, they are increasingly used in personal care products, 2 such as 

cosmetics and sunscreen [14]. In addition, ZnO NPs have superior antibacterial, 

antimicrobial, and excellent UV- blocking properties. Therefore, in the textile 

industry, the finished fabrics by adding ZnO NPs exhibited the attractive functions of 

ultraviolet and visible light resistance, anti- bacteria, and deodorant [15]. Apart from 

the applications mentioned above, zinc oxide can also be used in other branches of 

industry, including concrete production, pho- tocatalysis, electronics, 

electrotechnology industries, and so on [16]. It is generally known that zinc as an 

essential trace el- ement extensively exists in all body tissues, including the brain, 

muscle, bone, skin, and so on. As the main component of various enzyme systems, 

zinc takes part in body’s metabolism and plays crucial roles in proteins and nucleic 

acid synthesis, hematopoiesis, and neurogenesis . Nano-ZnO, with small particle size, 

makes zinc more easily to be absorbed by the body. Thus, nano-ZnO is commonly 

used as a food additive. Moreover, ZnO is graded as a ―GRAS‖ (generally recognized 

as safe) substance by the US Food and Drug Administration (FDA) [17]. With these 

properties, ZnO NPs have received more attention in bio medical applications. 

Compared with other metal oxide NPs, ZnO NPs with the comparatively inexpensive 

and relatively less toxic property exhibit excellent biomedical applications, such as 

anticancer, drug delivery, antibacterial, and diabetes treatment; anti-inflammation; 



wound healing; and bio- imaging .Herein, in this review, we will summarize the 

methods of synthesis and recent exciting progress on the use of ZnO NPs in the 

biomedical fields. [18–19] 

1.3.1 Basic Crystal Structures of ZnO: 

Zinc oxide crystallizes in three forms i.e. hexagonal wurtzite, cubic zincblende, and 

cubic rock salt. The wurtzite structure is most stable at ambient conditions and thus 

most common. The zincblende form can be 3 stabilized by growing ZnO on substrates 

with cubic lattice structure. In both cases, the zinc and oxide centers are tetrahedral. 

The rock salt (NaCl-type) structure is rarely observed and it is only observed at 

relatively high pressures of about 10 Gpa. Despite of these three basic forms zinc 

oxide can be induced to form a very large variety of crystalline shapes using 

specialized growth[20]. 

 

Fig (3) : Stick and ball representation of ZnO crystal structures (a)cubic rocksalt 

(B1),(b) cubic zincblende (B3) and (c) hexagonal wurtzite(B4). 

 



1.4 Graphene oxide (GO): 

Graphene oxide (GO) is an oxidized derivative of graphene, a fascinating carbon 

material that has spurred significant interest in the last 10 years. GO contains a large 

number of oxygen bonds, such as hydroxyl and epoxy functional groups on the 

hexagonal network of carbon atoms and carboxyl groups at the edges. These abundant 

oxygen functional groups not only assist the dispersion of GO in water as a stable 

colloidal suspension but also provide active sites for functionalization and 

hybridization with other materials, especially metal and metal oxide through both 

electrostatic and coordinate approaches. Various metal/metal oxide and GO 

composites have been synthesized and applied in different fields, such as biosensors, 

capacitors, and photocatalysts. Recently, the antibacterial properties of GO have been 

reported also. GO shows obvious antibacterial activity at concentrations of around 40 

μg mL
−1

 . In the meantime, GO possesses good biocompatibility. Therefore, we aim 

to elucidate that the composite of ZnO NPs and GO may reach more superior 

antibacterial ability compared to ZnO NPs or GO alone[21]. 

 



Fig (4) : Structure of Graphene Oxide 

 1.5 ZnO/GO composite: 

Herein, employing a facile one-pot reaction, we synthesized ZnO/GO composites. A 

typical bacterium, Escherichia coli, was used to evaluate the antibacterial activity and 

HeLa cells for the cytotoxicity study. The results showed that the composites have a 

much stronger ability to kill bacteria at low concentrations, which do not affect the 

viability of the HeLa cells at all. Synthesis and Characterization of the ZnO/GO 

Composites. GO sheets are graphene basal planes covered mostly with epoxy and 

hydroxyl groups, while carbonyl and carboxyl groups are located at the edges. These 

oxygen-containing groups, acting as anchor sites, enable the in situ formation of 

nanostructures on the surfaces and edges of the GO sheets[22]. In the reaction, zinc 

ions from reactant zinc acetate bound to oxygen atoms of negatively charged oxygen-

containing functional groups on GO by the electrostatic force and coordination 

reaction, acting as anchor sites for the growth of ZnO NPs. With the addition of OH−, 

a large number of crystal nuclei formed at the anchor sites in a short time. Then, ZnO 

NPs grew larger along the planes and edges of the GO sheets to form the ZnO/GO 

composites. Finally, ZnO NPs uniformly anchored on the GO sheets. The density and 

size of ZnO NPs on GO can be regulated by adjusting the quantity of the reactants 

(GO and zinc ions) and by altering the reaction time[23]. 

1.6 Metronidazole: 

Metronidazole is a commonly used antibiotic, belonging to the nitroimidazole class of 

antibiotics. It is frequently used to treat gastrointestinal infections as well as 

trichomoniasis and giardiasis, and amebiasis which are parasitic infections. 

Metronidazole has been used as an antibiotic for several decades with added 



antiparasitic properties that set it apart from many other antibacterial drugs, allowing 

it to treat a wide variety of infections. It is available in capsule form, tablet form, and 

topical form, and suppository preparations for the treatment of various infections[24-

25] . 

Small Molecule Type 

C6H9N3O3 Chemical Formula 

mol/g 171  Molecular weight 

Flagyl , Metrolotion , Vandazole , 

Flagystatin 

Brand Names 

 

 

Fig (5) : Structure of Metronidazole drug 

 

 

 



Dosage Forms & Strengths: 

Capsule  375mg    

Tablet     250mg    ,      500mg 

tablet, extended-release    750mg 

infusion solution     500mg/100mL 

 

      Metronidazole is indicated for the treatment of confirmed trichomoniasis caused 

by Trichomonas vaginalis (except for in the first trimester of pregnancy) and the 

patient's sexual partners, certain types of amebiasis, and various anaerobic infections. 

The above anaerobic infections may occur on the skin and skin structures, the 

abdomen, the heart, reproductive organs, central nervous system, and the respiratory 

system. Some may also be present in the bloodstream in cases of septicemia. 

Common infections treated by metronidazole are Bacteroides species infections, 

Clostridium infections, and Fusobacterium infections, as well as Peptococcus and 

Peptostreptococcus infections. Topical formulations of metronidazole are indicated 

for the treatment of inflammatory lesions of rosacea[17,20] . 

 



1.6.1Mechanism of action: 

Metronidazole  diffuses into the organism, inhibits protein synthesis by interacting 

with DNA, and causes a loss of helical DNA structure and strand breakage . 

Therefore, it causes cell death in susceptible organism[22] . 

1.6.2 side effects: 

Dizziness, headache, stomach upset, nausea, vomiting, loss of appetite, diarrhea, 

constipation, or metallic taste in your mouth may occur . This medication may cause 

your urine to turn darker in color. This effect is harmless and will disappear when the 

medication is stopped and Toxicity The oral LD50 of metronidazole in rats is 5000 

mg/kg [25] . 

 

 

Fig (6) :common side effects of metronidazole 

 



1.7 Drug Delivery: 

Drug delivery refers to approaches, formulations, manufacturing techniques, storage 

systems, and technologies involved in transporting a pharmaceutical compound to its 

target site to achieve a desired therapeutic effectPrinciples related to drug preparation, 

route of administration, site-specific targeting, metabolism, and toxicity are used to 

optimize efficacy and safety, and to improve patient convenience and compliance. 

Drug delivery is aimed at altering a drug's pharmacokinetics and specificity by 

formulating it with different excipients, drug carriers, and medical devices[26].  There 

is additional emphasis on increasing the bioavailability and duration of action of a 

drug to improve therapeutic outcomes.  Some research has also been focused on 

improving safety for the person administering  the medication. For example, several 

types of microneedle patches have been developed for administering vaccines and 

other medications to reduce the risk of needlestick injury[27]. Drug delivery is a 

concept heavily integrated with dosage form and route of administration, the latter 

sometimes being considered part of the definition.  While route of administration is 

often used interchangeably with drug delivery, the two are separate concepts. Route of 

administration refers to the path a drug takes to enter the body whereas drug delivery 

also encompasses the engineering of delivery systems and can include different 

dosage forms and devices used to deliver a drug through the same route [29]. 

Common routes of administration include oral, parenteral (injected), sublingual, 

topical, transdermal, nasal, ocular, rectal, and vaginal, however, drug delivery is not 

limited to these routes and there may be several ways to deliver medications through 

other routes.[30] Since the approval of the first controlled-release formulation in the 

1950s, research into new delivery systems has been progressing, as opposed to new 

drug development which has been declining. Several factors may be contributing to 



this shift in focus. One of the driving factors is the high cost of developing new drugs. 

A 2013 review found the cost of developing a delivery system was only 10% of the 

cost of developing a new pharmaceutical . A more recent study found the median cost 

of bringing a new drug to market was $985 million in 2020, but did not look at the 

cost of developing drug delivery systems. Other factors that have potentially 

influenced the increase in drug delivery system development may include the 

increasing prevalence of both chronic and infectious diseases as well as a general 

increased understanding of the pharmacology, pharmacokinetics, and 

pharmacodynamics of many drugs[30]. 

 

Fig (7): Different routes of drug delivery. 
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Table 2.1. A simple review and comparison of results of some articles on Zinc Oxide 

different applications prepared by nanotechnology. 

NO. Synthesis method Characterization  Application  Refs.  

1 Sol-Gel 1-FESEM 

2-XRD  

3- EDX 

anti-corrosion, anti-bacteria [31] 

2 Green synthesis of zinc 

oxide 

1- UV–Visible. 

2- FT-IR  

3- XRD 

4- SEM  

 

Anti-bacterial  

 

[32] 

3 Precipitation 1-FT-IR  

2-XRD  

3-TEM  

photocatalytic degradation [33] 

4 The direct thermal 

precipitation technique 

1- XRD. 

2- EDX  

 

indicate antibacterial activity towards 

the Gram-positive Staphylococcus. 

[34] 

5 polymer 

nanocomposites 

 SEM 

FT-IR 

 

antibacterial capability [35] 

6 Emulsion ESM 

XRD 

preparing ultrafine ceramic powder 

having controlled morphology and 

composition 

[36] 

7 Green synthesis of zinc 

oxide 

 UV – visible 

FTIR  

TEM  

technological applications, because of its 

exceptional optical and electrical 

properties, such as thin-film transistors, 

gas sensors, transparent conductors, 

biomedical and piezoelectric 

applications 

[37] 

 

2.2. Synthesis of ZnO nanoparticles 

The direct thermal precipitation technique has been used in preparing zinc oxide NPs. 

Using deionized water, the preparation of KOH and zinc nitrate (0.4M and 0.2M, 

respectively) took place at room temperature, marginally adding the aqueous solution 

to the zinc nitrate while constantly stirring, followed by controlling the temperature at 



60 oC for 120 min, forming a white precipitation. The resulting mixture is centrifuged 

at 500 rmp for 20 minutes, followed by a triple wash in deionized water and absolute 

alcohol. Kept at 300, 500oC for 2 hours, the formation of zinc oxide is facilitated 

using a custom prepared tubular muffle furnace with no calcination.[39] 

2.2 Synthesis ZnO/GO Composites  

Prepare the ZnO/GO composite, approximately 10 mg GO was dispersed into 150 mL 

of distilled water and sonicated for 10 min, Zinc Oxide powder was added to the GO 

suspension with continuous  stirring. After that, it was  sonicated  for 60 min. , the 

suspension containing GO and ZnO particles. After that, the composite was processed 

under stirring for 12 h. The composites were prepared using ratios of  ZnO and  GO. 

This mass ratios was (25:1) [38]. 

2.3 loading metronidazole on ZnO/GO NPs 

The loaded ZnO nanoparticles  with metronidazole . To prepare the ZnO/ GO/ 

metronidazole , approximately  7.5 mg of metronidazole were dissolved in 10 mL of a 

mixture of metronidazole and 20 mg ZnO and sonicated for 4 h. The  solutions were 

stirred for 24 h at room temperature [39]. 
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Results and discussion 

 

 

 

 

 

 

 

 

 

 



3.1 Morphological Analysis SEM  

The SEM was used to study the morphologies of the as-prepared GO, ZnO, and 

ZnO/GO nanomaterials, Figure 8(A) displays the SEM images at a higher 

magnification, and demonstrates the formation of particles with a size of rang (35-

70)nm by Image J  software. It also provided a clearer idea about the particle 

separation, as the particles are seen to be separated smoothly, without being highly 

affected by agglomeration. The graphene sheets are not perfectly flat but intrinsically 

microscopic roughening and out-of-plane deformations (wrinkles). Besides, some 

dispersed GO sheets could connect randomly to each other that brought about a 

porous structure with numerous cavities or holes, which provides additional 

possibilities to form ZnO-GO nanohybrid between precursor and GO. Figure 8(B) 

clearly shows that ZnO nanoparticles appear as granule-like nanostructures and the 

powder aggregation at different levels. It can be seen from Figure 8(C) that the 

surface of GO is covered rigorously by ZnO crystals, demonstrating a good 

combination between GO sheet and ZnO nanoparticles. The ZnO-GO catalyst shows a 

cross-linked flaky structure and excellent dispersibility without agglomeration, and 

the structure presents an average thickness of about rang (20-40) nm. It can be 

observed obviously that the ZnO-GO nanocomposites collapsed into a smaller 

average sizes. It can be seen that the calcined samples have better dispersion. 

 



 

Fig 8: SEM images of (A) GO, (B) ZnO, (C) ZnO-GO nanocomposite 
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Fig 8: Histogram show the distribution of (a) GO, (b) ZnO, (c) ZnO-GO nanocomposite 



Fig. 9 exhibits the SEM imaging of the metronidazole- ZnO-GO. The surface shape of 

metronidazole has altered after being loaded with ZnO-GO. As we can see in Fig. 9B, 

the NPs manifested as granules with a light color which are evenly spread over the 

surface of metronidazole. In Fig. 9B, we can see the SEM micrograph of the ZnO-GO 

after reaction with metronidazole. The morphology of these ZnO-GO was altered 

completely, and the greatest available holes and pores on the surface of ZnO-GO were 

occupied by metronidazole particles. When comparing Fig. 9A with Fig. 9B, we can 

see the significant change in the morphology of metronidazole-ZnO-GO.  

 

Fig 9: SEM images of(A) ZnO-GO nanocomposite, and (B) loaded ZnO-GO/ 

metronidazole 

3.2 X-ray diffraction pattern (XRD) : 

Structural Analysis. In order to gain the crystal structure information of ZnO and 

ZnO-GO as well as the influences from different preparation conditions, the XRD 

measurements of the photocatalysts were conducted, as shown in Figure 10. The 

characteristic peaks at 2θ = 31:7° , 34.4° , 36.2° , 47.5° , 56.7° , 63.0° , 66.4° , 68.1° , 

and 69.3° were observed from the XRD patterns of ZnO and ZnO-GO 

nanocomposites, corresponding to the planes (100), (002), (101), (102), (110), (103), 



(200), (112), and (201), respectively (Figure 10), indicating the existence of ZnO . No 

existence of other phases or impurity was found, indicating the high purity of 

catalysts[40-41]. It is notable that the characteristic diffraction peak of GO at 2θ = 

24:6° was not found in the XRD pattern of ZnO-GO, which was probably because 

ZnO crystals were covered by limited amounts of GO that changed its structure[42]. 

According to related literatures[43], the presence of grain boundaries in ZnO and 

ZnO-GO nanocomposition can be proved owing to the existence of amorphous 

superficial and intergranular layers between ZnO and ZnO/GO. 
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Fig 10: X-ray diffraction (XRD) spectra of ZnO ,GO, ZnO-GO, and loaded ZnO-GO/ 

metronidazole  

      



Reference 

 

1- Elveny, Marischa, et al. "A state-of-the-art review on the application of various 

pharmaceutical nanoparticles as a promising technology in cancer treatment." Arabian 

Journal of Chemistry 14.10 (2021): 103352.  

2-Aminov, Rustam I., et al. "Detection of tetracycline resistance genes by PCR 

methods." Public Health Microbiology: Methods and Protocols (2004): 3-13.  

3-Kabir, Humayun, et al. "Polyethylene glycol assisted facile sol-gel synthesis of 

lanthanum oxide nanoparticles: Structural characterizations and photoluminescence 

studies." Ceramics International 45.1 (2019): 424-431.  

4- Mirzaei, Hamed, and Majid Darroudi. "Zinc oxide nanoparticles: Biological 

synthesis and biomedical applications." Ceramics International 43.1 (2017): 907-914.  

5- Patel, Vijay, et al. "Screening of cyanobacteria and microalgae for their ability to 

synthesize silver nanoparticles with antibacterial activity." Biotechnology Reports 5 

(2015): 112-119.  

6- Sheikhloo, Zeinab, Mojtaba Salouti, and Farzad Katiraee. "Biological synthesis of 

gold nanoparticles by fungus Epicoccum nigrum." Journal of Cluster Science 22 

(2011): 661-665.  

7- Chitra, K., and G. Annadurai. "Antimicrobial activity of wet chemically engineered 

spherical shaped ZnO nanoparticles on food borne pathogen." International food 

research journal 20.1 (2013).  



8- Sköld, Sven-Erik. "RNA-protein complexes identified by crosslinking of 

polysomes." Biochimie 63.1 (1981): 53-60.  

9- POOLE, C. "P.. Jr., OWENS, FJ,―Introduction to Nano Technology‖, A John 

Wiley & Sons." INC, New Jersey (2003): 72.  

10- Smijs, Threes G., and Stanislav Pavel. "Titanium dioxide and zinc oxide 

nanoparticles in sunscreens: focus on their safety and effectiveness." Nanotechnology, 

science and applications (2021): 95-112.  

11- Ruszkiewicz, Joanna A., et al. "Neurotoxic effect of active ingredients in 

sunscreen products, a contemporary review." Toxicology reports 4 (2017): 245-259.  

12- Kołodziejczak-Radzimska, Agnieszka, and Teofil Jesionowski. "Zinc oxide—

from synthesis to application: a review." Materials 7.4 (2019): 2833-2881.  

13- Sahoo, Suchismita, et al. "Effect of zinc oxide nanoparticles as cure activator on 

the properties of natural rubber and nitrile rubber." Journal of applied polymer 

science 105.4 (2017): 2407-2415.  

14- Newman, Marissa D., Mira Stotland, and Jeffrey I. Ellis. "The safety of nanosized 

particles in titanium dioxide–and zinc oxide–based sunscreens." Journal of the 

American Academy of Dermatology 61.4 (2009): 685-692.  

15- Hatamie, Amir, et al. "Zinc oxide nanostructure-modified textile and its 

application to biosensing, photocatalysis, and as antibacterial 

material." Langmuir 31.39 (2018): 10913-10921.  

16- Xiao, Fang-Xing, et al. "Spatially branched hierarchical ZnO nanorod-TiO2 

nanotube array heterostructures for versatile photocatalytic and photoelectrocatalytic 



applications: towards intimate integration of 1D–1D hybrid 

nanostructures." Nanoscale 6.24 (2014): 14950-14961.. 

 

17 Rasmussen, John W., et al. "Zinc oxide nanoparticles for selective destruction of 

tumor cells and potential for drug delivery applications." Expert opinion on drug 

delivery 7.9 (2010): 1063-1077.   

18- Mishra, Pawan K., et al. "Zinc oxide nanoparticles: a promising nanomaterial for 

biomedical applications." Drug discovery today 22.12 (2017): 1825-1834.  

19- Carofiglio, Marco, et al. "Doped zinc oxide nanoparticles: synthesis, 

characterization and potential use in nanomedicine." Applied Sciences 10.15 (2020): 

5194.. 

20- Kavitha, A., et al. "A mini review on plant-mediated zinc oxide nanoparticles and 

their antibacterial potency." Biocatalysis and Agricultural Biotechnology (2023): 

102654.  

21- Qiu, Meikang, et al. "RNA nanotechnology for computer design and in vivo 

computation." Philosophical Transactions of the Royal Society A: Mathematical, 

Physical and Engineering Sciences 371.2000 (2013): 20120310.  

22-Dhamecha, Dinesh, et al. "Applications of alginate microspheres in therapeutics 

delivery and cell culture: Past, present and future." International journal of 

pharmaceutics 569 (2019): 118627.  

23- Alam, Md Irshad, and Nazia Khanam. "An innovation in clinical practice by 

microneedles: A review." (2018): 651-660.  



24- Singh, Akhand Pratap, et al. "Targeted therapy in chronic diseases using 

nanomaterial-based drug delivery vehicles." Signal transduction and targeted 

therapy 4.1 (2019): 33.  

25- Kim, Yeu-Chun, Jung-Hwan Park, and Mark R. Prausnitz. "Microneedles for drug 

and vaccine delivery." Advanced drug delivery reviews 64.14 (2012): 1547-1568.  

26- Patra, Jayanta Kumar, et al. "Nano based drug delivery systems: recent 

developments and future prospects." Journal of nanobiotechnology 16.1 (2018): 1-33.  

27- Park, Kinam. "Controlled drug delivery systems: past forward and future 

back." Journal of Controlled Release 190 (2014): 3-8.  

28- Scannell, Jack W., et al. "Diagnosing the decline in pharmaceutical R&D 

efficiency." Nature reviews Drug discovery 11.3 (2012): 191-200.  

29- Wouters, Olivier J., Martin McKee, and Jeroen Luyten. "Estimated research and 

development investment needed to bring a new medicine to market, 2009-

2018." Jama 323.9 (2020): 844-853.  

30- Pearce, Amy, and Glynis Longhurst. "The role of the clinical exercise 

physiologist in reducing the burden of chronic disease in New Zealand." International 

Journal of Environmental Research and Public Health 18.3 (2021): 859.  

31-Moezzi, Amir, Andrew M. McDonagh, and Michael B. Cortie. "Zinc oxide 

particles: Synthesis, properties and applications." Chemical engineering journal 185 

(2012): 1-22.  



32-Fakhari, Shabnam, Mina Jamzad, and Hassan Kabiri Fard. "Green synthesis of 

zinc oxide nanoparticles: a comparison." Green chemistry letters and reviews 12.1 

(2019): 19-24.  

33-Hong, Ruoyu, et al. "Synthesis and surface modification of ZnO 

nanoparticles." Chemical Engineering Journal 119.2-3 (2006): 71-81.  

34-Nair, Manjula G., et al. "Structural, optical, photo catalytic and antibacterial 

activity of ZnO and Co doped ZnO nanoparticles." Materials letters 65.12 (2011): 

1797-1800.  

35-Matei, A., et al. "Synthesis and characterization of ZnO–polymer 

nanocomposites." International Journal of Material Forming 1 (2008): 767-770.  

36-Lu, Chung-Hsin, and Chi-Hsien Yeh. "Emulsion precipitation of submicron zinc 

oxide powder." Materials Letters 33.3-4 (1997): 129-132.  

37-Sutradhar, Prasanta, and Mitali Saha. "Synthesis of zinc oxide nanoparticles using 

tea leaf extract and its application for solar cell." Bulletin of Materials Science 38 

(2015): 653-657.  

38-Lin, Yi, et al. "Green synthesis of ZnO-GO composites for the photocatalytic 

degradation of methylene blue." Journal of Nanomaterials 2020 (2020): 1-11. 

39- Habeeb, Saba Abdulmunem, et al. " Green synthesis of metronidazole or 

clindamycin-loaded hexagonal zinc oxide nanoparticles from Ziziphus extracts and its 

antibacterial activity." Pharmacia 69.3 (2022): 855-864. 



40- El Hamidi, A., et al. "Refractive index controlled by film morphology and free 

carrier density in undoped ZnO through sol-pH variation." Optik 158 (2018): 1139-

1146. 

41- Hernández-Carrillo, M. A., et al. "Eu-modified ZnO nanoparticles for applications 

in photocatalysis." Catalysis Today 349 (2020): 191-197. 

42- Wu, Yunyan, et al. "Light-induced ZnO/Ag/rGO bactericidal photocatalyst with 

synergistic effect of sustained release of silver ions and enhanced reactive oxygen 

species." Chinese Journal of Catalysis 40.5 (2019): 691-702. 

43- Straumal, Boris, et al. "Influence of texture on the ferromagnetic properties of 

nanograined ZnO films." physica status solidi (b) 248.7 (2011): 1581-1586. 

 


