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Abstract: Nanoparticles are particles with size 1-100 nm, which exhibit different shapes like spherical, 

triangular, rod, etc. Research on synthesis of nanoparticles is the current area of interest due to the unique 

visible properties (chemical, physical, optical) of nanoparticles compared with the bulk material. Owing 

to the wide range of applications offered by nanoparticles in different fields of science and technology, 

different protocols have been designed for their synthesis. The nanoparticles can be synthesized using the 

top-down (physical) approach which deals with methods such as thermal decomposition, diffusion, 

irradiation, arc discharge, and bottom-up (chemical and biological) approach,which involves seeded 

growth method, polyol synthesis method, electrochemical synthesis, chemical reduction, and biological 

entities for fabrication of nanoparticles. Different synthesis methods involve the use of different types of 

chemical, physical, and biological agents to yield nanoparticles of different sizes and shapes. The most 

often used method for the chemical synthesis of nanoparticles is the chemical reduction method, which 

deals with the reduction of metal particles to nanoparticles using chemical reducing agents like sodium 

borohydride or sodium citrate. 
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Nanoantimicrobial agents: 
 

1. Layered double hydroxide (LDH): 
 

Layered double hydroxides (LDHs) 
as hydrotalcite-like materials or anionic 
clays, can be found in nature as 
minerals that are readily synthesized in 
the laboratory (1,2,3). In nature, they 
are formed from the weathering of 
basalts or precipitation in saline water 
sources (Figure 1) (10). LDH 
nanocomposite is a class of inorganic 
material with chemical composition 

represented by the general formula, 
[M2+1-xM3+x (OH) 2] x+ [An-] 
x/n⋅mH2O] where M2+ and M3+ are 
divalent and trivalent metal cations 
respectively (11). LDHs, also known as 
one of the inorganic delivery 
nanoparticles have recently been 
receiving considerable attention, they 
possess some promising advantages 
such as low cost, good biocompatibility, 
low toxicity to mammalian cells, 
controlled release property, and full 
protection for loaded drugs (4,5,6). 

 

 
Figure (1): The structure of layered double hydroxides (LDHs) (10). 

mailto:saifealahmer@yahoo.com


 

 

Iraqi Journal of Biotechnology                                                       2 

 

 

 

 
Many LDH compounds intercalated 

with beneficial organic anions, such as 

DNA (7,8,9,10,11,12,13,14), amino 

acids, anionic polymers, (15,16), 

pesticides (17) and drugs (18, 19, 20. 

21) have been prepared successfully, 

furthermore, the antioxidant intercalated 

into LDH delivery can be used as a 

nanomaterial antioxidant supple 

mentation, thereby expanding its range 

of applications (22). 

Cellular delivery involving the 

transfer of various drugs and bioactive 

molecules (peptides, proteins, and 

DNA) through the cell membrane into 

cells via some delivery vehicles has 

attracted increasing attention due to the 

difficulty and inefficiency for bioactive 

molecules and drugs to go across the 

cell membrane. Therefore, searching for 

efficient and safe transport vehicles 

(agents) to cellularly deliver 

biomolecules and drugs has been a 

challenging yet exciting task for 

scientific researchers (23). 

LDH drug particles are adhered to 

the cell membrane surface, some are 

internalized into the cell. The possible 

pathway for such nanohybrids to be 

internalized into cells is phagocytosis or 

endocytosis. Phagocytosis generally 

involves the uptake of particles larger 

than 500 nm. In this connection, slightly 

agglomerated LDH aggregates (several 

hundreds of nm) may be taken up via 

phagocytosis while individual LDH 

crystallites (50-300 nm) via 

endocytosis. Obviously, two pathways 

give rise to a different internalization 

efficacy, and endocytosis can lead to a 

quicker uptake of LDH nanoparticles. 

Although endocytosis has not been well 

understood, microscopic observations 

indicate that cell morphology and 

cytoskeleton structure gradually change 

during the process, which is presumed 

to take place even with more difficultly 

for phagocytosis (24). 

The endocytosis may be a receptor-

mediated process that facilitates the  

uptake of LDH–drug nanohybrid 

particles. The cellular uptake is one key 

step for drug delivery. LDH 

nanoparticles, as potential delivery 

agents, provide the basic prerequisites 

to maximize the efficacy of the cellular 

uptake by tailoring the LDH particle 

size, adjusting the zeta potential, and 

conjugating the ligands to enhance the 

receptor- mediated endocytosis (25). 

 

2. Antibiotics: 

 

Antibiotics are a substance or 

compound that kills, or inhibits, the 

growth of, bacteria (26). Antibiotics 

belong to the broader group of 

antimicrobial compounds, used to treat 

infections caused by microorganisms, 

including fungi and protozoa. The term 

antibiotic was coined by Selman 

Waksman in 1942 (27). Antibacterial 

antibiotics are commonly classified 

based on their mechanism of action, 

chemical structure, or spectrum of 

activity. Most target bacterial functions 

or growth processes (28). Those that 

target the bacterial cell wall (penicillins 

and cephalosporins) or the cell 

membrane (polymyxins), or interfere 

with essential bacterial enzymes 

(rifamycins, lipiarmycins, quinolones, 

and sulfonamides) have bactericidal 

activities. Those that target protein 

synthesis (macrolides, lincosamides and 

tetracyclines) are usually bacteriostatic 
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(with the exception of bactericidal 

aminoglycosides) (29). 

Further categorization is based on 

their target specificity. Narrowspectrum 

antibacterial antibiotics target specific 

types of bacteria, such as Gram-

negative or Gram-positive bacteria, 

whereas broad-spectrum antibiotics 

affect a wide range of bacteria. 

Following a 40-year hiatus in 

discovering new classes of antibacterial 

compounds, four new classes of 

antibacterial antibiotics have been 

brought into clinical use in the late 

2000s and early 2010s: cyclic 

lipopeptides (such as daptomycin), 

glycylcyclines (such as tigecycline), 

oxazolidinones (such as linezolid), and 

lipiarmycins (such as fidaxomicin) (30, 

31). 

 

Ciprofloxacin (CIP): 

 

Ciprofloxacin is a broad-spectrum 

antibiotic of the fluoroquinolone class. 

It is active against both Gram-positive 

and Gram-negative bacteria, (Figure 2) 

(32).  
 

 
Figure (2): Chemical structure of ciprofloxacin (CIP) (32). 

 

The primary functional route of this 

class of antibiotic is the inhibition of the 

enzyme, DNA gyrase, in bacterial cells 

(bacterial topoisomerase II). This 

enzyme is responsible for negative 

supercoiling of DNA during the 

replication process. The inhibition of 

this enzyme‘s activity will, naturally, 

lead to a number of adverse and 

bactericidal effects as a result of 

inhibition of DNA replication. These 

effects include interfering with the 

DNA replication, transcription and the 

separation of the bacterial 

chromosomes, along with the damage of 

DNA and other cellular processes (33). 

Ciprofloxacin is recognized as one of 

the most effective antibiotics of the 

quinolone drug class (34) and has been 

used for the treatment of urinary tract 

infections (35), sexually transmitted 

diseases (36), bacterial prostatitis (37), 

and infections of the respiratory and 

digestive tract (38). 
 

Nalidixic acid (NA): 
 

Nalidixic acid is the first of the 

synthetic quinolone antibiotics. In a 

technical sense, it is a naphthyridone, 

not a quinolone: its ring structure is a 

1,8- naphthyridine nucleus that contains 

two nitrogen atoms, unlike quinoline, 

which has a single nitrogen atom 

(Figure 3) (39). Synthetic quinolone 

antibiotics were discovered by George 

Lesher and coworkers as a by-product 

of chloroquine manufacture in the 

1960s (40). 
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Figure (3): The chemical structural of nalidixic acid (NA) (39). 

 

Nalidixic acid is effective primarily 

against gram-negative bacteria, with 

minor antigram- positive activity. In 

lower concentrations, it acts in a 

bacteriostatic manner,that it inhibits 

growth and reproduction. In higher 

concentrations, it is bactericidal, 

meaning , that it kills bacteria instead of 

merely inhibiting their growth. It has 

historically been used for treating 

urinary tract infections, caused, for 

example, by Escherichia coli, Proteus, 

Shigella, Enterobacter, and Klebsiella. 

It is no longer clinically used for this 

indication in the USA as less toxic and 

more effective agents are available. It is 

also a tool in studies as a regulation of 

bacterial division. It selectively and 

reversibly blocks DNA replication in 

susceptible bacteria. Nalidixic acid and 

related antibiotics inhibit a subunit of 

DNA gyrase and topoisomerase IV and 

induce formation of cleavage 

complexes. It also inhibits the 

nickingclosing activity on the subunit of 

DNA gyrase that releases the positive 

binding stress on the supercoiled 

DNA(41). 

 

Nanoparticles and drug delivery: 

 

The primary goals for research of 

nano-bio-technologies in drug delivery 

include: i) more specific drug targeting 

and delivery, ii) reduction in toxicity 

while maintaining therapeutic effects, 

iii) greater safety and biocompatibility, 

iv) faster development of new safe 

medicines, v) reduce the dosage 

required by more efficient, localized 

targeting of the drug (42). 

Nanoparticles (NPs) in general 

have many properties that are different 

from those of traditionally used 

materials (43, 44, 45). They have 

dimensions typically below 100 nm, 

which allows them to reach specific 

sites inside the body and even to be 

permeable to tissues and cells. 

Therefore, they can deliver the drugs in 

active forms at sites that conventional 

drugs may not reach by themselves and 

thus minimise the undesirable side 

effects (46). Additionally, they have 

high surface to volume ratio, therefore 

by using a small amount of drug, the 

exposure of it at the point of interest 

will be maximized and thus any toxicity 

issues of the incorporated drug can be 

avoided (47). 

Moreover, by integrating different 

coatings with drugs, non-acute and time 

controlled drug delivery can be 

achieved. This is very important for 

treating infectious diseases since the 

delivery of the drug should be 

controlled both in time and in quantity. 

Many nanosized structures can be used 

as drug carriers such as liposomes, 

synthetic or natural polymers, inorganic 

and metallic NPs, dendrimers, silicon 

and others. Iron oxide magnetic NPs 
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(MNPs) have many advantages and are 

considered very promising drug carriers 

(48). They can be handled by using an 

external magnetic field, thus directed to 

a specific area in the body where they 

then excrete the medicine, avoiding 

delivery to unwanted tissues. MNPs can 

be formed either from pure metals 

(cobalt, nickel, manganese and iron) or 

alloys and their oxides (Figure 4) (49).

 

 
Figure (4): Nanoparticle drug delivery systems with relation to other scales (49). 

 
 

Nanotechnology and the treatment of 

viral infection: 

  

Certain challenges exist for the 

treatment and subsequent eradication of 

viruses in the infected host. One major 

example is the establishment of 

reservoirs in cellular and anatomically 

rich sites such as the blood-brain barrier 

(BBB) (50) and blood-testis 

barrier. This leads to low-level 

replication in these compartments, 

which are inaccessible to conventional 

therapeutics. Nanoparticulate drug 

carriers are, however, able to traverse 

these membranes and are therefore 

promising tools to be investigated for 

circule this barrier (51). Other 

challenges in viral treatment include the 

use of   RNA interference (RNAi) 

technology–a popular molecular 

approach for the treatment of many 

infectious diseases. The inability of 

RNA to cross the cell membrane, due to 

the large molecular weight and anionic 

charge, rapid renal clearance, uptake by 

phagocytes, and toxicity due to 

stimulated immune response, all present 

limitations which prohibits their clinical 

utility (52). The incorporation of siRNA 

onto nanocarriers, however, can also 

overcome this limitation to achieve 

successful inhibition of viral replication 

Moreover. There have been many 

attempts for improving the physico-

chemical properties of antiviral drugs 

by chemical modifications (53,54). 

Another alternative for the delivery of 
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antiviral drugs is the use of controlled-

release delivery vehicles in the form of 

tablets and patches. Such formulations 

reduce the administered dose and aim to 

overcome problems of non-compliance 

and loss of drug activity. The ideal 

delivery platform would release the 

antiviral drug at a constant dose over a 

long time (55). 

The design of nanomaterials-based 

delivery systems has several 

advantages. Nanomaterials have the 

characteristics of high surface-to-

volume ratios, enabling the packaging 

of multiple antiviral agents onto the 

same nanoparticles. Using these 

nanomaterials, it might be possible to 

overcome problems associated with the 

use of high doses of antiviral drugs. 

Moreover, this type of approach also 

provides the possibility of targeting 

specific biological sites actively or 

passively. Because of their unique 

features, such as nanometric size and 

controllable 

hydrophobicity/lipophilicity, such 

antiviral nanocarriers can target drugs to 

specific tissues or organs, while the 

modification of nanocarrier surfaces 

enables them to reach particular sites to 

deliver the drug at the specific target. 

This helps local and systematic delivery 

of antiviral drugs with the results of 

minimizing side effects of healthy cells 

and tissue. With respect to intravenous 

administration, due to their small size, 

nanoparticles can circulate in the 

bloodstream without being retained by 

the pulmonary capillaries or uptaken by 

the reticolo-endothelial system (RES). 

Indeed, the most frequently used 

approach to increase the longevity of 

nanocarriers to avoid the RES uptake is 

to modify their surface with hydrophilic 

polymers such as polyethylene glycol 

(PEG) units (56). Various nanocarriers 

for antiviral agents have been proposed 

over the years and some of the most 

currently considered are listed in 

(Figure 5) (57). 
 

 

 
Figure (5): Different types of nanocarriers used for antiviral drug delivery: (a) nanocapsules (b) 

nanosphere (c) liposome (d) micelle (e) dendrimers and (f) gold nanoparticle (57). 

 
 

Dendrimers are polymeric 

nanostructures with unique 

morphological features. They exhibit 

three-dimensional tree-like structures 

connected to a central core .They can be 

synthesized with precise physico-

chemical and biological properties 

depending on the type of polymer and 

functional groups used. One of the most 

widely known antiviral dendrimeric 



 

 

Iraqi Journal of Biotechnology                                                       7 

 

 

 

structure is VivaGel, the first topical 

nanomicrobicid (58). Liposomes are 

spherical carriers ranging from 20 to 30 

nm in size. They are composed of a 

phospholipid bilayer (which can mimic 

cell membranes and directly fuse with 

microbial membranes) (59), containing 

an aqueous core. The surface of 

liposomes can be easily engineered with 

various functions to enhance their 

recognition as well as uptake by 

macrophages or other components of 

the immune system. They are mainly 

explored for delivering HIV vaccines as 

well as siRNA. While commercially 

feasible technologies are available for 

large-scale production, these systems 

have been shown to aggregate and the 

active ingredient degraded during 

storage, thereby reducing the 

performance of these molecular 

architectures over long periods of time. 

Inorganic nanoparticles, such as gold, 

silver, iron oxide, etc., have found their 

application in antiviral therapy. 

Elichegurra et al. were the first to 

demonstrate the effect of silver 

nanoparticles (Ag NPs) on HCV-1. 

Several studies showed that Ag NPs 

interfered with several stages of the 

viral replication cycle (60). 

Microemulsions, isotropic systems 

of oil, water, and a surfactant, are 

droplets in the nanometer range (61). 

These thermodynamically stable 

mixtures allow the entrapment of a wide 

range of active drugs and have great 

potential as drug delivery systems. 

Microemulsions can be classified into 

solid lipid nanoparticles (SLN) and lipid 

nanocapsules (LNC). SLN are made of 

a solid hydrophobic core (triglycerides, 

fatty acids, steroids) surrounded and 

stabilized by emulsifiers such as lecithin 

or polymers.. LNCs consist of an oily 

core surrounded by a crown of 

triglycerides composed of a lipophilic 

surfactant such as lecithin and a 

nonionic one such as Solutol HS15. The 

LNC have the advantage of being 

formulated in the absence of solvents, 

with biocompatible constituents with a 

size varying between 20 nm and a few 

hundred nanometers (62). 

 

Types of nanomaterials used in HIV 

therapeutics: 

 

Treatment for HIV/AIDS is based 

on the use of drugs that target the 

various stages in the life cycle of the 

virus. The current antiretroviral (ARV) 

includes six classes of drugs, that is, 

nucleoside/nucleotide reverse 

transcriptase inhibitors (N(t) RTIs), 

non-nucleoside inhibitors (NNRTIs), 

protease inhibitors (PIs), entry/fusion 

inhibitors (FIs), CCR5 antagonists, and 

integrase inhibitors. The combination of 

three or more drugs, known as highly 

active ARV therapy (HAART) has 

significantly improved the expectancy 

and quality of life of HIV-infected 

individuals (63). 

Nanotechnology can impact HIV 

therapy at several levels (1). 

Nanoparticles by themselves have 

therapeutic effects since they can 

penetrate and neutralize the virus, by 

structural interference with viral 

assembly and thereby inhibit viral 

replication (2). Nanotechnology allows 

improved delivery platforms for 

systemic delivery of antiretroviral 

drugs, by allowing controlled release of 

antiretroviral drugs in circulation, 

thereby enhancing their half-lives and 

effectiveness, all of which can have a 

major implication in improving 

adherence to drugs in HIV infected 

patients (3). Gene immunotherapy can 

be significantly improved using various 

nanomaterials. Nanotechnology-based 

vaccines have the ability to target 
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specific immune cells, eliciting a 

controlled and sustained HIV-1 specific 

antibody and cellular immune response. 

Nonviral delivery of siRNA has 

tremendous translational potential and 

although delivery of siRNA to HIV-

specific cells has been demonstrated 

(64). 

 

Nanotechnology in parasitology: 

 

Parasites can be affect millions of 

people worldwide and are involved with 

many limitations in treatment and 

control methods. Despite the rapid and 

remarkable developments in health care 

and health advancement in most regions 

of the world, parasite infections remain 

as one of the most main health problems 

affecting the economy, especially in 

developing countries. According to the 

world health organization (WHO), 

around two-thirds of the world’s 

population Moreover, about 16 million 

of the whole deaths each year that 

happen in developing countries are 

associated with parasitic infections (65). 

Nanotechnology have been used the 

materials and systems at atomic scales 

(1–100 nm), where their properties 

differ significantly from those at a 

larger scale. The use of nanotechnology 

and nanomaterials in medical research 

was grow (66). Nanotechnology in 

microbiology have gained importance in 

the field of chemotherapy. 

Nanotechnology are associated with 

modern science. Nanomaterials have 

admitted more attention as antiparasitic 

agents (67). The size nanomaterials of is 

alike to that of most biological 

structures and molecules; therefore, 

nanomaterials can be helpful for both in 

vivo and in vitro parasitical studies and 

applications (68). The percentage 30% 

of the world's population have been 

affected of parasitic infections. The 

parasitic infections caused morbidity 

round in the developing countries. The 

antiparasitic chemotherapy residue is 

the only weapon for fighting parasitic 

infections. The side effects of 

antiparasitic drugs and the severity of 

parasitic diseases, it is necessary to 

investigate on new antiparasitic 

compounds with high activity, low 

toxicity that are cheaper and have more 

efficacies. Therefore, in this review we 

prepared a list of all nanomaterials, 

which were used against parasites (69). 

The unique properties of NPs 

including AgNPs, AuNPs, chitosan, 

selenium oxide, and other metallic 

oxide NPs that have shown excellent 

inhibitory effects against parasitic 

infections including insect larvae (70).  

The rate of discovery in the anti-

parasitic segment was seen in last few 

decades and has necessitated effective 

management of existing drugs by 

modulating their delivery. The NPs may 

not have the recognizable antimicrobial 

activity compared to the mass 

formulations of the metal oxide or 

solutions of metal salts. But, the 

stability and slow release of metal ions 

from NPs are the main characteristics 

during usage of them (71). The 

antimicrobial effective of NPs depends 

on the particle size. The smallest sized 

NPs showed the antimicrobial activity. 

NPs are killed parasites by cytotoxic 

and inhibitory effects. The table 1 

described the antiprotozoal of NPs 

against diverse genera of protozoa and 

the antihelminth of NPs against diverse 

genera of helminth (72). 

In the early of 1980s, NPs are 

synthetic and complex molecules with 

specified chemical structures that were 

synthesized firstly. These nanomaterials 

are nanosized polymers and are 

assembled from branch units. The 

surface of a synthetic nanomaterial has 
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numerous chain ends, which can be 

tailored to complete specific chemical 

functions. This property could also be 

helpful for catalytic uses. Nanomaterials 

show some remarkably improved 

chemical and physical properties 

compared to traditional polymers (73).

 

Table (1): Antiprotozoa and helminthes of NPs against diverse genera of protozoa and     

helminthes (72). 

Antiprotozoal activates of NPs 

Giardia lamblia References 

Silver 

Chitosan 

Curcumin 

Gold 

(70) 

(70) 

(70) 

(74) 

E. histolytica  

Copper 

Silver 

(75) 

(75) 

Leishmania  

Gold 

Poly(D, L -lactide-co-glycolide) 

Titanium 

Silver 

Selenium 

Chitosan 

(76) 

(77) 

(78) 

(79) 

(80) 

(81) 

Cryptosporidium parvum  

Nano-Nitazoxanide 

Silver 

(82) 

(70) 

Toxoplasma gondii  

Chitosan 

Silver 

(80) 

(80) 

Plasmodium  

Copper 

Chitosan 

Curcumin 

Silver 

(83) 

(84) 

(78) 

(85) 

Echinococcus multilocularis 

Albendazole–Chitosan 

(86) 

Trichinella spiralis 

Chitosan 

(87) 

Fasciola 

Silver  

(88) 

 

Nanotechnology diagnosis in parasite 

infections: 
  

In the diagnosis of malaria, 

recombinant heat  shock protein 70 

(HSP70) of P. Plasmodium falciparum 

conjugated with gold NPs and 

functionalized with anti-HSP70 

monoclonal antibodies are  sensitive in 

the detection of malaria antigen (89). 

Polyclonal IgG antibodies specific 

conjugated polystyrene NPs with to P. 

falciparum showed sensitive results 

(90). P. falciparum biomarkers 

(histidine-rich protein-2 and pan-

Plasmodium lactic dehydrogenase, Pf-

HRP2/ PAN-pLDH) linked gold NPs in 

an immunochromatographic (ICT) 

assay rapid diagnostic test (91). Specific 

agglutination of antigen-coated gold 

NPs uses of detection in Toxoplasma of 

the corresponding antibody gave 
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satisfactory agreement with ELISA 

results (92).The gold NPs conjugated 

HSP7 of cryptosporidiosis to target 

HSP70 mRNA from C. parvum oocysts 

(93). The assay that used probes of 

oligonucleotide-functionalized gold NPs 

(complementary to the 18s rRNA 

sequence on C. parvum) proved its 

ability to detect the nucleic acids of C. 

parvum oocysts in stool samples (94). 

The fluorescent silica NPs were 

synthesized and conjugated with 

monoclonal anti-E. histolytica IgG1 for 

diagnosis of E. histolytica. It showed 

high sensitivity results without cross 

reaction with other protozoa (E. dispar, 

E. moshkovskii, G. lamblia and 

Blastocystis spp.) (95). 

Synthesized iron oxide NPs were 

functionalized with CS and used to 

capture and remove Entamoeba spp. 

cysts after application of an external 

magnetic field. Shukla et al. (96) 

reported that the synthesized NPs were 

well dispersed and suitable for water 

treatment. They suggested that cyst wall 

components (lectins and chitin) might 

interact with CS NPs, and 

recommended further studies to validate 

the use of NPs in water treatment, with 

a special emphasis on possible NPs 

toxicity. For leishmania, gold NPs 

conjugated with four oligonucleotide 

probes, targeting DNA of Leishmania 

kinetoplastid, were used this mothod. 

The gold NPs were also conjugated with 

labeled Leishmania spp. primers and 

magnetic beads for isothermal 

amplification of Leishmania DNA in 

blood samples of infected dogs. It was 

found that NPs have electrocatalytic 

activity for the rapid detection of the 

amplified DNA. This approach was 

found to be more sensitive and less 

expensive than the traditional PCR 

methods used in the diagnosis of 

visceral leishmaniasis (VL) (97). 

Other nanotechnology applications 

uses in parasite: 

  

One of the important applications 

that used as a drug delivery system, for 

example quercetin conjugated with gold 

NPs was established for treatment of 

visceral leishmanisis caused by wild-

type resistant strains (98). CS proved to 

be a suitable drug delivery mean for 

several drugs used in VL treatment. A 

Doxorubicin displayed significant 

reduction in Leishmania amastigotes (in 

vivo) and promastigotes (in vitro), while 

amphotericin B and rifampicin gave 

significant results compared with 

control drugs without CS. Amphotericin 

B was also encapsulated in PLGA NPs 

and gave significantly effective results 

in comparison with the drug alone (99). 

Chavez-Fumagalli et al., (100) 

discussed all the studies that employed 

nanotechnology in drug delivery 

systems for amphotericin B in the 

treatment of VL. The reviewers 

concluded that CS and chondroitin 

sulfate NPs are the best ones nowadays 

due to their lower costs. In cutaneous 

leishmaniasis, glucantime formulated 

with liposomes was effective in the 

topical treatment of leishmanial ulcers 

caused by L. major in mice. It resulted 

in a significant decrease in lesion size 

and spleen parasite burden. 

Trichoderma harzianum Isolated from 

the soil conjugated with silver NPs 

increased the efficacy of triclabendazole 

in the treatment of fascioliasis (88). 

Polyvinyl alcohol conjugated with CS 

was proven to suppress the attachment 

of Cryptosporidium sporozoites to 

enterocytes in vitro. In E. 

multilocularis, Albendazole bound to 

CS was effective in the  treatment of 

alveolar echinococciosis (101). In 

visceral larva migrans caused by T. 

canis. In the schistosomiasis mansoni, 
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praziquantel (300mg/kg) encapsulated 

in liposomes showed a significant 

reduction in worm burden and stool and 

intestinal egg counts as well as in the 

number of hepatic granulomas. 

Diminazene aceturate also encapsulated 

into liposomes, showed in vitro and in 

vivo significant results in treatment of 

Suda, caused by T. evans. Miltefosine, 

an anticancer therapy, was enclosed in 

lipid nanocapsules and administered to 

S. mansoni-infected mice as a single 

oral dose (20 mg/kg), and its efficacy 

was compared with that of praziquantel. 

The results proved its potentiality in 

schistosomiasis mansoni, and the ability 

of nanomedicine (102). 

 

Conclusions: 

 

In our conclusions, the possible 

ability of hybrid nanoantibiotics 

preparation from the free antibiotics that 

used in treatment of human infections 

caused by different pathogenic bacteria. 

The hybrid nanonalidixic acid had more 

inhibition activity comparing with 

hybrid nanocirofloxacin against several 

bacteria. Using of hybrid 

nanoantibiotics resulting from loaded of 

different antibiotics on LDHs carrier 

could be represented a promising future 

tool to treat the human bacterial 

infections. On other hand several 

aspects still need to be considered and 

optimized for a successful translation of 

nanomaterials from the laboratory to the 

clinical setting. In fact, most of the 

studies using anti-viral nanostructures 

are limited to either cell culture or in 

vivo models. 
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