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Abstract  

In appealing idea to increase the therapeutic efficacy of the encapsulated medicine is targeted drug delivery to 

macrophages. Thus, macrophages can be used to deliver drugs to specific areas of the body. Nanocarriers are able 

to go between various membrane barriers and deliver their drug cargo at infection sites. Since macrophages may 

prolong the circulation and release of pharmaceuticals, boost their stability and targeting capacity, lengthen their 

half-life, and decrease immunogenicity, they have been widely exploited in the development of drug delivery 

systems. Additionally, they are biocompatible anddegradability and offer a large number of surface receptors for 

tailored drug administration. Drugs or drug-laden nanoparticles can be injected into macrophages, macrophage 

membranes, or macrophage-derived vesicles to create macrophage-mediated drug delivery systems.Although 

these systems can be used to treat diseases like HIV infection, cancer, and inflammation, they still need to be 

improved upon because they were put together from many sources.It can consequently have a wide range of 

physical and chemical characteristics. 
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Introduction:- 

What are macrophages  

Macrophages are a type of white blood cell that play an important role in the human immune system and carry out various functions 

including engulfing and digesting microorganism;clearing out debris and dead cells ;and stimulating other cells involved in immune 

function. 
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The majority of medications used in clinics have short half-lives, erratic blood concentrations, difficult removal from the body, poor 

targeting, and negative side effects. Numerous chemical and biological carriers that act as medication delivery systems have been 

created to address these drawbacks. Nano-drug delivery technologies have gotten a lot of attention among them as drug, gene, order 

to their high biocompatibility, minimal toxicity, and controlled release in vivo, vaccination carriers.[1]However, due to the fact that 

nanoformulations, like other exogenous biomaterials, are perceived as intruders by the immune system and are promptly removed from 

the circulation by the mononuclear phagocyte system, their applications have been restricted thus far (MPS).[2,3]Currently, the most 

popular way to decrease MPS clearance is to Add polyethylene glycol to nanoparticles (NPs) to change their surface (PEG).[4-6]In 

mammalian biology, macrophages have a number of functions, including innate immunity, cellular repair, and cellular homeostasis[7] 

Numerous obstacles must be overcome in order to create effective drug delivery systems, including those related to drug solubility, 

effective targeting, in vivo stability, and hemolytic and cytotoxic effects. With several benefits, including increased solubility and 

bioavailability of hydrophobic drugs, high drug payload, prolonged half-life, improved therapeutic index, controlled release of bioactives, 

along with reduced immunogenicity, and toxicity, nanotechnology-based drug delivery systems are emerging as promising candidates 

to meet the need for new delivery.[8,9] 

By increasing drug delivery to the target tissue and the target-to-non-target tissue ratio, targeted drug delivery systems promise to 

increase the therapeutic windows of medications. This reduces the lowest effective dose of the drug and the associated drug toxicity. 

Targeted administration is a particularly appealing strategy for bioactives with narrow therapeutic windows and/or active at very low 

concentrations due to the small number of receptor sites on any given tissue. Active and passive tactics are the two basic methods for 

delivering targeted drugs. The extravasation of the nanocarriers at the sick region, where the microvasculature is leaky, results in passive 

targeting. When stimulated, macrophages become activated, resulting in unique patterns of gene and protein expression.[10,11] 

Sometimes when describing activated macrophages, an apparent M1/M2 dichotomy is used, which implies that macrophages are 

"polarised" to have either pro-inflammatory or anti-inflammatory phenotypes.[12]Populations of both M1 and M2 are present in some 

illnesses. There are macrophages[13-15] 

 

Fig.1  Macrophages exist in different tissues including lung, liver, and brain and have different functions. Different forms of 

macrophages include Kupffer cells in the liver, alveolar macrophages in the lung, osteoclasts in the bone, and microglia in the brain. 

Similarly, macrophages may simultaneously and to varying degrees exhibit M1 and M2 markers, indicating intermediate activation levels. 

Due to the preservation of the cited literature, we should mention that the M1/M2 language is occasionally employed in this review as 

a shorthand explanation of macrophage activation.However, it has been demonstrated that macrophages with prolonged M1 

phenotypes encourage autoimmune disorders because they secrete Th1 response elements, iNOS-dependent RNIs, chemokines, and 

cytokines such IFN-1, IL-12, IL-23, and TNF-Moreover, M1 macrophages exhibit poorIL-10 phrases. The strong expression of scavenging 

molecules, mannose and galactose receptors, ornithine, and polyamines, on the other hand, makes M2 macrophages typically anti-

inflammatory.However, M2 phenotyped macrophages have been found in malignant tissues.connected to tumour metastasis and 

growthPro-inflammatory and anti-inflammatory therapies should be balanced.is frequently essential to how inflammatory disorders 

turn out (IDs). 
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Additionally, because macrophages play a role in innate immunity across the body, immunological reactions to drug action in IDs, 

particularly in cancer and autoimmune illnesses, are also covered.The tumour microenvironment is heavily populated with macrophages, 

which has a profound impact on tumour development, metastasis, and therapeutic treatment. 

These characteristics make macrophages effective transporters of macromolecules like proteins and nucleic acids as well as tiny 

molecules like medicines. Utilizing macrophages, macrophage membranes, or macrophage-derived vesicles, biomimetic drug delivery 

methods take use of the extended circulation duration, plethora of surface receptors, and active targeting capacity of macrophages. 

They have a significant deal of promise to overcome the typical carrier materials' unfavourable immunogenicity, short cycle time, and 

poor biocompatibility. In this study, we provide an overview of macrophage-mediated drug delivery systems' development, sources, 

benefits, drug-loading techniques, and possible therapeutic uses. This can serve as a resource for more investigation. 

1.1 Sources of macrophages:- 

The blood contains monocytes, which can pass the endothelium barrier to become tissue macrophages, also referred to as mononuclear 

macrophages.[16 17]Alveolar macrophages and primary macrophages taken from animals, primarily those produced from bone marrow, 

are the two main groups of macrophages that have been examined.[18,19]Biological roles:-Blood is the most well-known source of 

tissue-resident macrophages.Since hematopoietic stem cells in the bone marrow are the source of monocytes,which commit to 

becoming a monocyte after a number of differentiation processesLineage.[20] Depending on their anatomical placements, tissue-

resident macrophages perform a variety of tasks. The liver's kupffer cells play a major role in the elimination of waste, including the 

removal of germs and cell debris from the circulation.[21]According to a linear scale, macrophages can be divided intoM1 macrophages, 

which are typically activated macrophages, are at one extreme, while M2 macrophages, which are alternatively (activated 

macrophages) on the other.[20]Cellular or external triggers like interferon-γ (IFN-γ), tumour necrosis factor (TNF), and 

lipopolysaccharide (LPS) trigger to the M1 phenotype . To aid in the destruction of alien organisms and tumour cells, M1 macrophages 

secrete pro-inflammatory cytokines, oxygen and nitrogen radicals, and other chemicals.[20,22].As opposed to this, polarisation into the 

M2 phenotype entails interleukin-4 (IL-4), and IL-13, and Transforming growth factor (TGF-β),  produce the immunosuppressive cytokine 

IL-10.[23].By taking part in tissue remodelling, scavenging for debris, and angiogenesis, M2 macrophages help to resolve inflammatory 

responses.[20,22,23]. 

 

 

 

Fig. 2.(a)Tissue-resident macrophage origins include the most well-known, foetal liver-derived monocytes, as well as yolk sac-derived 

macrophages[21]. (b) A linear scale identifying the two macrophage activation states, M1 and M2, as well as the stimuli . Adapted 

figures from.[20]. 
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Macrophages and tumor-associated macrophages (TAMs)tumor-enriched niches or tumours themselves, have made great progress. 

cancer therapy field of interest.[24-26].TAMs are a noticeable part of solid tumours, frequently making up a significant portion of the 

cell mass.[24].TAMs are produced from monocytes that the tumour attracts. via soluble mediators such as chemokine (C-C) ligand 2. 

(CCL2).[27].When monocytes are subjected to anti-inflammatory substances such  TGF-β and prostaglandin E2, IL-4, and IL-10, they 

become polarised into M2-like macrophages.[24,27].TAMs(Tumor-associated macrophages) can also increase tumour spread through 

non-immune mechanisms, such as by releasing a significant amount of (VEGF), which encourages angiogenesis and vasculogenesis.[28] 

Monocytes are blood cells that may overcome endothelial barriers. barrier for tissue macrophages to differentiate. known as 

mononuclear macrophages.Primary macrophages taken from animals, which mostly contain bone marrow-derived macrophages, are 

one of two main groups of macrophages that have been examined.[34,35],alveolar macrophages[36].human acute mononuclear 

leukemia cells (THP-1).[37] 

1.2.Development of Macrophage-Mediated Delivery Systems Drug:-  

The first report on a macrophage-mediated anti-retroviral medication delivery system using nanoparticles was made in 

2006.[29].additionally to distribute medication for the care of Parkinson's disease.[30]Based on positive results, macrophages have been 

used as carriers for the delivery of medications with various qualities.  substantially increased in order to research and treat 

different illnesses like cancer.[31],inflammation[32],and HIV infection[33] 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.   (a) all the different kinds of NPs, metallic plasmonic NPs have the highest extinction cross-section to physical cross-section 

ratio. (b) During the synthesis, the longitudinal absorption of gold nanorods can be accurately controlled and can even reach the near 

infrared range. As AuNR aspect ratios rise from 3.8 to 7.5, AuNR longitudinal absorptions change from 780 nm to 1200 nm. (c) 

Thermographs of mice getting photothermal therapy who were carrying tumours. (d) A rise in temperature in the tumour area as a 

function of the radiation exposure period. For these investigations, a diode laser (808 nm) with a power density of 1.2 W/cm2 was 

used. American Chemical Society permission granted for reproduction.[38,39,40] 

 

Auto immune Deficiency Syndrome (AIDS) 

macrophages have a distinct role in HIV infection. The HIV can enter the macrophage when gp120 binds to CD4 and the chemokine 

receptor CCR5 second membrane receptor[43]. In fact, productive HIV-1 infection in macrophages happens independently of cellular 

DNA synthesis.[44]the creation and development of viral In macrophages, cytoplasmic vacuoles contain particles.[45]Macro pinocytosis 

is another entrance point that has been proven to be necessary for the transmission of HIV-1 to macrophages[46]. 
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Tuberculosis 

TuberculosisVarious pathogens are stored in macrophages. InCases of mycobacterium tuberculosis and tubercle bacillusAn aerial cause 

of tuberculosis calledfor a very long time in lung alveolar macrophages.[47] 

Gaucher Disease 

Gaucher disease is a rare hereditary condition that is connected to functioning b-glucocerebrosidase activity deficit and characterised 

by the presence of macrophages that are lipid-rich. the liver, spleen, bone, and lungs all include (gaucher cells). In order for this disease's 

enzyme replacement therapy to be effective, the capacity to provide macrophages with b-glucocerebrosidase,when these cells build up 

glycolipids when there is an enzyme shortage.[48,49] 

Skin Cancer 

MIF (migration inhibitory factor) is a potent inhibitor of macrophages and an in vivo activator. The skin displays MIF through the 

keratinocytes and fibroblasts of the epidermis.[50,51]Both the development of tumours and inflammation are directly influenced by the 

MIF.Chronic UV radiation (280–320 nm) exposure improves MIF synthesis, which could reduce the p53-dependent apoptotic 

mechanisms, resulting in the photocarcinogenesis in the skin This recently discovered mechanism might be involved. Towards a general 

comprehension of photoinduced skin damage,This ultimately leads to cancer development.[52] 

1.3.Macrophages in drug delivery  system:- 

 i .macrophage in targeted site for cancer therapy:-  

Macrophage residence and polarisation are highly linked with the advancement of cancer. Numerous studies have demonstrated that 

the Tumor-associated macrophages (TAMs) can control the course of solid malignancies.[53] capable of stimulating tumour cell 

extravasation, formation, and subsequent progression of metastatic lesions, hence establishing favoured locations for metastatic cell 

seeding.[54]. It Having a mostly concentrated on controlling adaptive immune reactions.  

There is still a clear possibility to target innate immune cells in order to eradicate cancer given the crucial role that macrophages and 

monocytes play in the aetiology of the disease. In order to treat cancer, macrophages are primarily targeted using three 

strategies:(i)block the invasion of monocytes into solid tumours, (ii) repolarize TAMs to destroy  the solid tumours TAMs from the tumour 

microenvironment.[55] 

 This section will go over the major developments, restrictions, and potential future Possibilities for medication delivery to macrophages 

and  monocytes methods for treating cancer. Macrophages have traditionally been avoided during circulation in cancer therapy because 

they are thought to be an unfavourable mechanism for the early clearance of drug delivery systems.  

However, macrophages are being reconsidered as a potential target in cancer therapy due to the growing understanding of the 

complicated involvement of TAMs in tumour growth.[57-59].In cancer therapy, TAMs have been addressed in two different ways: first, 

by depleting TAMs and preventing its tumor-promoting actions, and second, by reprogramming TAMs into more M1-like pro-

inflammatory phenotypes and enhancing their immunostimulatory characteristics. Chemotherapeutic drugs are used in these 

strategies.[58,60-62]particular signalling pathway blockers.[63]According to Germanoetal, trabectedin selectively reduced angiogenesis 

and reduced monocytes and macrophages in tumours, spleens, and blood, indicating that TAM inhibition may be the primary mechanism 

behind its anticancer effects.[62]Similar to this, local administration of IL-21 caused TAM to polarise from the M2 phenotype to the M1 

phenotype, activating their anticancer potential.[64]Due to their affinity toward hypoxia and capacity to move and infiltrate into 

tumours, macrophages and monocytes have been investigated as potential carriers of anticancer medications and imaging 

agents.[65,66]. 

An essential cytokine with anti-proliferation properties is transmembrane TNF. In one experiment, TNF-expressing macrophages' 
membranes were used to enclose empty chitosan nanoparticles, and the resulting particles greatly reduced the growth of cancer 
cells.[67] 

The targeting tumour site are shown in fig.[56] 
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Fig. 4.  A schematic representation of the role of tumor-associated macrophages intumor progression 

Panel A. Monocytes and MoMDSCare recruited in tumors in response to diverse chemoattractants including CSF1, chemokines and 

complement components. In tumors, monocytes differentiate into macrophages (Tumor-associated macrophages, TAM). In some 

tumors, in situ proliferation may occur and local tissue resident macrophages of embryonic origin may contribute to TAM. Signals in the 

tumor microenvironment skew the function of TAM. 

Panel B. Pathways and molecules polarizing TAM differ in different tumors. These include: IL-4 and IL-13 derived from TH2 cells, 
eosinophils (Eos) and basophils (Bas); cytokines and metabolites from tumor cells; antibodies (Ab) from B cells and immune complexes 
(Ic); stromal cell-derived factors (IL-1, LT). 
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Panel C. TAM affect virtually all aspects of tumor cell biology, including provision of a niche for cancer stem cells (CSC); angiogenesis; 
epithelial to mesenchymal transition (EMT); invasion and metastasis; proliferation; genetic instability.[56] 

ii.Macrophages in targeted drug delivery to cardiovascular disease(cvd):- 

Nearly all CVDs, including myocarditis, atherosclerosis (AS), pulmonary artery hypertension (PAH), stroke, and cardiac disease, are 

accompanied by macrophage-induced inflammation. Targeting malfunctioning macrophages is thus a promising CVD treatment method. 

In order to treat cardiovascular disease, this section will cover current developments employing DDS to target vascular macrophages. 

ii.(a). Atherosclerosis (AS) 

AS is an inflammatory condition of the artery wall caused by lipids and characterised by plaque accumulation. This happens as a result 

of the buildup of sick cells, including monocytes, macrophages, endothelial cells (ECs), smooth muscle cells (SMCs), and neutrophils, as 

well as lipids and elements of the extracellular matrix (ECM), with the typical buildup of cholesteryl ester (oxLDL).[68,69] 

Although the pathophysiology of AS is not entirely understood, mounting evidence indicates that the presence of macrophages and the 

pro-inflammatory cytokines produced by macrophages, such as IL-1, IL-18, and macrophage inflammatory protein-1 (MIP-1), play a 

significant role.[70] 

Targeting macrophages in AS:-  

In the clinic, delaying the onset of AS is frequently accomplished by enhancing cholesterol efflux from macrophages or lowering lipid 

uptake into macrophages. 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA) inhibitors, also referred to as statins 

(e.g.,  lovastatin, and atorvastatin), are one class of medications that are utilised to elicit these responses. However, statins are typically 

given as a capsule or tablet, which could be hazardous to the liver because of their restricted ability to target. A number of DDS, including 

NPs that resemble HDL, were addressed in an effort to increase statin administration.[71,72] 

In order to deliver the miR-33 mimic to naive macrophages, chitosan NPs with a diameter of 150–200 nm were created. This led to a 5% 

increase in cholesterol efflux and a general decrease in reverse cholesterol transport to the plasma, liver, and faeces.[73] 

Beta -CD, which is frequently employed in pharmaceutical applications to distribute hydrophobic medicines, is another method to 

encourage cholesterol efflux. According to Zimmer et al., treatment of beta -CD dramatically increased cholesterol efflux by encouraging 

plaque macrophage LXR activation and amplifying anti-inflammatory effects.[74,75]Follow-up research have been prompted by these 

findings, which point to the possibility that improving the solubility and removing cholesterol crystals could be an efficient and potentially 

applicable technique for treating AS.[74,75] 

Plaque rupture can be avoided and inflammation can be reduced by modifying the polarity of monocytes and macrophages toward anti-

inflammatory phenotypes.[76-79]. 

There is evidence that the LyP-1 peptide can penetrate tumours. LyP-1 was shown by She et al. to target atherosclerotic plaques, enter 

the inside of the plaques, aggregate in macrophages, and cause their death, which significantly decreased the loads brought on by 

advanced hypoxic plaques.[80] 

Overall, DDS-delivered biologics and small molecule medications regulate macrophage activity and prevent AS plaque rupture. Small 

molecule medications must be administered repeatedly to maintain blood concentration, although toxicity frequently occurs and 

reduces efficacy. Due to their high efficacy and specificity, biological medications like IL-1 antibody, TRAF6i, and CD47 antibody display 

excellent anti-AS effects and represent a new approach to treating AS. It is difficult for DDS to accumulate at the plaque site because of 

dispersed intravascular plaque and changed blood flow. HDL-based NPs efficiently undergo cytosolic transport and naturally target 

plaque, allowing the cargo to enter cells without being stopped by endosomes.[78,79]. 

ii.(b).Pulmonary arterial hypertension (PAH) 

Precapillary pulmonary arteries in PAH undergo vascular remodelling as a result of SMC overgrowth, apoptosis-resistant ECs, fibroblasts, 

macrophages, increased ECM deposition, and persistent inflammation.[81-83]. 

PAH is classified into thefollowing categories:  
 (i) idiopathic PAH,  
(ii) heritable PAH (HPAH), 
(iii) drug- and toxin-induced PAH, 
 (iv) associated PAH (APAH), and 
(v) persistent pulmonary hypertension of the newborn (PPHN).[84] 

One distinct feature of PAH is the increased recruitment of monocytes and macrophages in the perivascular region.[85,86] 
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Techniques for PAH macrophage targeting :- 

In numerous models, including those with experimentally generated hypoxia and portopulmonary hypertension, depletion or 

inactivation of such macrophages has showed promise in the treatment of PAH.[86-88]In example, inhaled cerivastatin-liposomes 

displayed sustained release profiles over a period of 12 hours, prevented PASMC proliferation, and markedly decreased CD68+ 

macrophages, which are common in advanced obliterative plexiform lesions. This had the impact of reducing small artery blockage and 

decreasing pulmonary alveolar proteinosis.[89] 

Macrophages work together to cause PAH inflammation, although the precise process by which this happens is unknown. Because 

macrophages are mostly found in the perivascular area and there aren't many products being tested in clinical settings, targeting them 

can be difficult. 

Since the proliferation of SMCs and the malfunction of ECs are directly related to remodelling of the pulmonary arteries, concurrently 

targeting macrophages and SMCs or ECs presents a promising PAH therapy strategy. 

iii.Targeting on the other specified diseases:- 

Catalase has been delivered by macrophages, which successfully crosses the blood-brain barrier and achieves active targeted therapy 

by drastically reducing neuroinflammation and substantia nigra degeneration in rats with Parkinson's disease.[90-92] 

The macrophage's bacterial recognition receptorsmembrane is capable of identifying pathogen-related molecularbacteria's patterns 

Macrophages have so been cocultured.to substantially boost the expression with bacteriaa macrophage's recognition 

receptorsmembrane.[93]By taking advantage of the precise recognition between integrin 41 on the macrophage membrane and the 

atherosclerotic vascular adhesion molecule VCAM-1, atherosclerotic lesions can be targeted for medication delivery via macrophages. 

One study used this technique to remove more than 90% of reactive oxygen species from endothelial cells.[94]  

This formulation demonstrated great biocompatibility, decreased the drug's inherent toxicity, and permitted the use of a lower dose to 

have the same therapeutic benefit. 

2.Review  of  literature:- 

1. .Patra JK,et al.(2018) 
Nanomedicine and nano delivery systems are a relatively new but rapidly developing science where materials in the nanoscale range 

are employed to serve as means of diagnostic tools or to deliver therapeutic agents to specific targeted sites in a controlled manner. 

Nanotechnology offers multiple benefits in treating chronic human diseases by site-specific, and target-oriented delivery of precise 

medicines. 

2. García KP,et al.(2014) 
 Nanoparticles represent highly promising platforms for the development of imaging      and therapeutic agents, including those that 

can either be detected via more than one imaging technique (multi-modal imaging agents) or used for both diagnosis and therapy 

(theranostics). 

3. T.A. Wynn, et al. (2013) 
 In this Review, we discuss how macrophages regulate normal physiology and development, and provide several examples of their 

pathophysiological roles in disease.  

4. J. Godsell, et al. (2016)    
 Systemic lupus erythematosus (SLE) is a systemic autoimmune disease characterized by the development of autoantibodies to 

nuclear antigens and inflammatory responses mediated by multiple cytokines. 

 

5.  D.M. Mosser, et al. (2008) 
 In this Review we suggest a new grouping of macrophage populations based on three different homeostatic activities — host 

defence, wound healing and immune regulation. We propose that similarly to primary colours, these three basic macrophage 

populations can blend into various other 'shades' of activation. 

6. Li R., et al.(2019) 
the targeted delivery of therapeutics to sites of rheumatoid arthritis (RA) has been a long-standing challenge. Inspired by the intrinsic 

inflammation-targeting capacity of macrophages, a macrophage-derived microvesicle (MMV)-coated nanoparticle (MNP) was 

developed for targeting RA. The MMV was efficiently produced through a novel method. 

7. Schett G., et al. (2008) 
Cytokine expression in the inflamed synovial membrane of patients with rheumatoid arthritis and other forms of chronic 

inflammatory arthritis and other forms of chronic inflammatory arthritis leads to formation of osteoclasts. 
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8. Kumar PV, et al. (2006) 
The present study was aimed at developing and exploring the use of mannosylated dendritic architecture for the selective delivery 

of an anti-tuberculosis drug, rifampicin (RIF) to alveolar macrophages (AM). 

9.   R. Ostuni,et al.(2015) 
Infiltration by immune cells is a hallmark of most forms of malignancy. In this context, tumor-associated macrophages (TAMs) 

represent key regulators of the complex interplay between the immune system and cancer. 

10. G. Germano,et al.(2013) 
There is widespread interest in macrophages as a therapeutic target in cancer. Here, we demonstrate that trabectedin, a recently 

approved chemotherapeutic agent, induces rapid apoptosis exclusively in mononuclear phagocytes. 

3.Future:- 

As our understanding of molecular and cellular pathways advances quickly, it will be crucial to keep in mind how they are integrated into 

more complex functions. This may be best accomplished by combining in vitro and whole animal studies and by paying closer attention 

to the biology of macrophage cells. Amazing advancements in imaging inside a living host.[95] 

where TAM can both influence and promote cancermigration and metastasis of tumour cells. Consideration should also be given to the 

idea that surface contact-dependent interactions, independent of antibodies or phagocytosis, may directly contribute to cellular and 

antimicrobial cytoxicity. Despite recent advancements in our understanding of the diversity of surface receptors, the ability of 

macrophages to distinguish between changed host components, such as virus-infected cells and tumours, and normal physiologic 

constituents is still poorly understood. Compared to research on lymphocytes and epithelial cells, investigations on the functions of 

macrophage membrane receptors and transporters have received comparatively little attention. By utilising modern genetic, cellular, 

and molecular approaches, traceable experimental models are available to investigate the mechanisms of macrophage membrane 

activities during cell-cell fusion, phagocytosis, adhesion, and infection.[96]both in vitro and in vivo, in controlled gene expression. 

Although there has already been significant advancement in the experimental ability to conditionally and selectively remove undesirable 

or enhance macrophage function in vivo, antibodies directed against particular surface receptors and regulatory plasma membrane 

molecules also support enhanced molecular engineering. Overall, maintaining host tolerance to infection while selectively modulating 

macrophage sub - groups inside the living host remains a key treatment objective. 

4.Outlook for macrophages:- 

One strategy to address the lack of specificity of traditional chemotherapeutic drugs is molecularly targeted therapy. Site-specific 

targeted drug delivery negotiates an exclusive distribution to a predetermined compartment with the maximal intrinsic therapeutic 

activity of the bioactive, which concurrently minimises the access of the drug to irrelevant non-target cells and provides distinct 

therapeutic effects. The distinctive characteristic of targeting is the controlled pace and mechanism of drug delivery to pharmacological 

receptors and precise interaction with target cells. An ideal targeted drug delivery strategy would not only increase the therapeutic 

effectiveness of medications but would also reduce the toxicity of the drug so that smaller dosages of the drug may be used in therapy. 

Utilizing ligand-anchored carrier systems, targeted medication delivery may be accomplished. 

Despite the potential advantages of targeted nanocarriers, there are still several hurdles to be cleared, including low oral bioavailability, 

instability in circulation, insufficient tissue dispersion, toxicity, and expense. The targeting moiety needs to be unique to the targeted 

macrophages. Additional research should examine internalisation using several cell types to confirm specificity as well as surface 

modification utilising different target molecules to improve macrophage internalisation selectivity. However, circulatory instability and 

hemolytic as well as cytotoxic toxicity are likely to significantly hinder the desired translation from bench to clinics. 

Many of these innovative nanoarchitectures currently lack safety information; therefore, long-term toxicity studies that go beyond proof-

of-concept studies should be conducted. 

There should be more preclinical and clinical research on pertinent animal models and disease states. It is important to overcome 

problems with the manufacture and scaling up of these nanocarriers. Another need when considering these systems for clinical 

application is long-term storage stability.Finally, the price of these nanomedicines must be within a reasonable low range in order for 

them to be successful in the clinic.It may be able to realise the idea of comprehensive targeting by chronologically developing the drug 

delivery system from a simple drug carrier to a designed nanocarrier. We think a multidisciplinary approach is necessary to understand 

the function of numerous, as-yet-unknown elements in the targeting of medications and nanocarriers to this critical immune system 

cell, the macrophage.It's crucial to note that further research is required to produce the mechanistic information needed to understand 

how and why receptor-based drug delivery systems considerably maximise (or optimise) their therapeutic efficacies. 
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5.Need of macrophages: 
Overall, macrophages are good and play a critical role in the human body. They protect our body from bacterial and viral infections by 

secreting antimicrobial mediators and pro-inflammatory cytokines, while also mediating repair through an anti-inflammatory response. 

They also allow for protection from neuronal damage in the brain, and regulate iron and bilirubin levels in the liver.  

They attract anti-inflammatory cytokines, which mediate vascular growth and have microcidal properties, to the wound site. 

Macrophages have very positive effects and maintain tissue homeostasis within humans, however they can also contribute to disease. 

This can be the case when tumor-associated macrophages evade suppression by the immune system and promote tumor growth, or 

when atherosclerosis is promoted within arteries by the action of macrophages.  

6.Conclusion :  
Macrophages are phagocytic cells that play an important part in inflammation, cancer, and injury in the human immune system. 

Compared to conventional drug delivery approaches, macrophage-mediated drug delivery has several benefits, but the variability of the 

macrophages used to create these delivery systems has restricted their usage in clinical settings. Furthermore, it is uncertain how 

macrophages interact with drug cargo, making it challenging to anticipate whether the medication would be metabolised by endolysin. 

More study is required to determine how to safeguard membrane surface proteins during extraction of the macrophage membrane in 

order to ensure that delivery systems mediated by macrophages maintain the natural functions of macrophages. Macrophage storage 

that maintains biological activity is still a significant barrier to large-scale production. Future research addressing these issues might 

advance the clinical use of macrophage-mediated medication delivery. 

Reference:- 

1.Patra JK, Das G, Fraceto LF, et al. Nano based drug delivery systems: recent developments and future prospects. J Nanobiotechnol. 

2018;16. doi:10.1186/s12951-018-0392-8 

2. García KP, Zarschler K, Barbaro L, et al. Zwitterionic coatings: zwitterionic-coated “stealth” nanoparticles for biomedical applications: 

recent advances in countering biomolecular corona formation and uptake by the mononuclear phagocyte system. Small. 2014;13:2516–

2529. doi:10.1002/smll.201303540 

3. Tsoi KM, Macparland SA, Ma X-Z, et al. Mechanism of hard-nanomaterial clearance by the liver. Nat Mater. 2016;15 (11):1212–1221. 

doi:10.1038/nmat4718 

4. .Kolate A, Baradia D, Patil S, et al. PEG — a versatile conjugating ligand for drugs and drug delivery systems. J Control Release. 

2014;192:67–81. doi:10.1016/j.jconrel.2014.06.046 

5. Li C, Wang X, Li R, et al. Resveratrol-loaded PLGA nanoparticles functionalized with red blood cell membranes as a biomimetic delivery 

system for prolonged circulation time. J Drug Deliv Sci Technol. 2019;54:101369. doi:10.1016/j.jddst.2019.101369 

6. Zhang Z, Chu Y, Li C, et al. Anti-PEG scFv corona ameliorates accelerated blood clearance phenomenon of PEGylated nanomedicines. 

J Control Release. 2020;330:493–501. doi:10.1016/j. jconrel.2020.12.047 

7. T.A. Wynn, A. Chawla, J.W. Pollard, Macrophage biology in development, homeostasisand disease, Nature 496 (2013) 445–455. 
8.Suri SS, Fenniri H, Singh B.Nanotechnology-based drug delivery systems. J Occup Med Toxicol 2007;2(1):1-6 
 
9. Petros RA, DeSimone JM. Strategies in the design of nanoparticles fortherapeutic applications. Nat RevDrug Discov 2010;9(8):615-27 
10. P.J. Murray, J.E. Allen, S.K. Biswas, E.A. Fisher, D.W. Gilroy, S. Goerdt, S. Gordon, J.A.Hamilton, L.B. Ivashkiv, T. Lawrence, M. Locati, 
A. Mantovani, F.O. Martinez, J.-L., Mege, D.M. Mosser, G. Natoli, J.P. Saeij, J.L. Schultze, K.A. Shirey, A. Sica, J. Suttles,mI. Udalova, J.A. 
van Ginderachter, S.N. Vogel, T.A. Wynn, Macrophage activation and polarization: nomenclature and experimental guidelines, Immunity 
41 (2014) 14–20. 
 
11. F.O. Martinez, S. Gordon, The M1 and M2 Paradigm of Macrophage Activation: mTime for Reassessment, F1000prime Reports, 6, 
2014 
12. V. Piccolo, A. Curina, M. Genua, S. Ghisletti, M. Simonatto, A. Sabo, B. Amati, R. Ostuni, G. Natoli, Opposing macrophage polarization 
programs show extensive epigenomic and transcriptional cross-talk, Nat. Immunol. 18 (2017) 530–540 
 
13. O. Jin, L.Y. Sun, K.X. Zhou, X.S. Zhang, X.B. Feng,M.Y.Mok, C.S. Lau, Lymphocyte apoptosis and macrophage function: correlation with 
disease activity in systemiclupus erythematosus, Clin. Rheumatol. 24 (2005) 107–110. 
 
14. S. Mellor-Pita, M.J. Citores, R. Castejon, M. Yebra-Bango, P. Tutor-Ureta, S. Rosado, J.L. Andreu, J.A. Vargas, Monocytes and T 
lymphocytes contribute to a predominance of interleukin 6 and interleukin 10 in systemic lupus erythematosus, Cytometry B Clin. Cytom. 
76b (2009) 261–270 

http://www.ijcrt.org/
https://www.osmosis.org/learn/Innate_immune_response:_Nursing
https://www.osmosis.org/answers/fruiting-body-of-aspergillus
https://www.osmosis.org/learn/Cytokines
https://www.osmosis.org/answers/anti-inflammatory-diet
https://www.osmosis.org/learn/Jaundice:_Nursing
https://www.osmosis.org/answers/anti-inflammatory-diet
https://www.osmosis.org/learn/Cytokines
https://www.osmosis.org/learn/Growth_and_development
https://www.osmosis.org/learn/Peripheral_artery_disease:_Pathology_review


www.ijcrt.org                                                               © 2023 IJCRT | Volume 11, Issue 3 March 2023 | ISSN: 2320-2882  

IJCRT2303206 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b900 
 

15. J. Godsell, I. Rudloff, R. Kandane-Rathnayake, A. Hoi, M.F. Nold, E.F. Morand, J. Harris, Clinical associations of IL-10 and IL-37 in 
systemic lupus erythematosus,n Sci. Rep. 6 (2016) 34601 
 
16. Gordon S, Taylor PR. Monocyte and macrophage heterogeneity. Nat Rev Immunol. 2005;5(12):953–964. doi:10.1038/nri1733  

17. Shi C, Pamer EG. Monocyte recruitment during infection and inflammation. Nat Rev Immunol. 2011;11(11):762–774. doi:10.1038/ 

nri3070. 

18. Zhao Y, Haney MJ, Mahajan V, et al. Active targeted macrophage- mediated delivery of catalase to affected brain regions in models 

of parkinson’s disease. J NanomedNanotechnol. 2011;S4:003. doi:10.4172/2157-7439.S4-003 

19. Evans M, Huang PJ, Iwamoto Y, et al. Macrophage-mediated delivery of light activated nitric oxide prodrugs with spatial, temporal 

and concentration control. Chem Sci. 2018;9:3729–3741. doi:10.1039/ C8SC00015H 

20. D.M. Mosser, J.P. Edwards, Exploring the full spectrum of macrophage activation, Nat. Rev. Immunol. 8 (2008) 958–969 
 
21. L.C. Davies, S.J. Jenkins, J.E. Allen, P.R. Taylor, Tissue-resident macrophages, Nat.Immunol. 14 (2013) 986–995. 

22. [9] V.W. Ho, L.M. Sly, Derivation and characterization of murine alternatively activated(M2) macrophages, Methods Mol. Biol. 531 

(2009) 173–185. 

23. [10] L. Chavez-Galan, M.L. Olleros, D. Vesin, I. Garcia, Much more than M1 and M2 mac-rophages, there are also CD169(+) and TCR(+) 

macrophages, Front. Immunol. 6(2015). 

24. K.S. Siveen, G. Kuttan, Role of macrophages in tumour progression, Immunol. Lett.123 (2009) 97–102. 

25.  R. Ostuni, F. Kratochvill, P.J. Murray, G. Natoli, Macrophages and cancer: frommechanisms to therapeutic implications, Trends 

Immunol. 36 (2015) 229–239. 

26.  R.A. Franklin, W. Liao, A. Sarkar, M.V. Kim, M.R. Bivona, K. Liu, E.G. Pamer, M.O. Li,The cellular and molecular origin of tumor-

associated macrophages, Science 344(2014) 921–925. 

27. M. Jinushi, Y. Komohara, Tumor-associated macrophages as an emerging targetagainst tumors: creating a new path from bench to 

bedside, Biochim. Biophys.Acta 1855 (2015) 123–130. 

28. T. Kitamura, B.-Z. Qian, J.W. Pollard, Immune cell promotion of metastasis, Nat. Rev.Immunol. 15 (2015) 73–86. 

29. Dou H, Destache CJ, Morehead JR,  et al. Development of a macrophage-based nanoparticle  platform  for  antiretroviral  drug delivry.  

Blood.  2006;108:2827–2835.  doi:10.1182/blood-2006-03- 012534. 

30. Choi MR, Stanton-Maxey KJ, Stanley JK, et al. A cellular trojan horse for delivery of therapeutic nanoparticles into tumors. Nano Lett. 

2007;7(12):3759–3765. doi:10.1021/nl072209h. 

31. Wayne EC, Long C, Haney MJ, et al. Targeted delivery of siRNA lipoplexes to cancer cells using macrophage transient horizontal gene  

transfer.  Adv  Sci.  2019;6(21):1900582.  doi:10.1002/ advs.201900582. 

32. Li R, He Y,  Zhu Y,  et al. Route to  rheumatoid  arthritis by macrophage-derived microvesicle-coated nanoparticles. Nano Lett. 

2019;19(1):124–134. doi:10.1021/acs.nanolett.8b03439. 

33. Nowacek AS, Balkundi S, Mcmillan JE, et al. Analyses of nanofor-mulated antiretroviral drug charge, size, shape and content for 

uptake, drug release  and antiviral activities in  human monocyte-derived macrophages. J Control Release. 2011;150(2):204–211. 

doi:10.101 6/j.jconrel.2010.11.019. 

34. Zhao Y, Haney MJ, Mahajan V, et al. Active targeted macrophage- mediated delivery of catalase to affected brain regions in models 

of parkinson’s  disease.  J  Nanomed  Nanotechnol.  2011;S4:003. doi:10.4172/2157-7439.S4-003 

35.Evans M, Huang PJ, Iwamoto Y, et al. Macrophage-mediated deliv-ery of light activated nitric oxide prodrugs with spatial, temporal 

and concentration control. Chem Sci.  2018;9:3729–3741.  doi:10.1039/ C8SC00015H. 

36. Madsen SJ, Christie C, Hong SJ, et  al.  Nanoparticle-loaded macrophage-mediated photothermal therapy:  potential for  glioma 

treatment. Laser Med Sci. 2015;30:1357–1365. doi:10.1007/s10103-015-1742-5 

37. He W, Frueh J, Wu Z, He Q. Leucocyte membrane-coated janus microcapsules  for  enhanced  photothermal  cancer  treatment. 

Langmuir.  2016;32(15):3637–3644.  doi:10.1021/acs. langmuir.5b04762 

http://www.ijcrt.org/


www.ijcrt.org                                                               © 2023 IJCRT | Volume 11, Issue 3 March 2023 | ISSN: 2320-2882  

IJCRT2303206 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b901 
 

38.Li S., Huang H., Shao L., Wang J. How to Utilize Excited Plasmon Energy Efficiently. ACS Nano. 2021;15:10759–10768. doi: 
10.1021/acsnano.1c02627. - DOI - PubMed                 18 
 
39.Ye X., Zheng C., Chen J., Gao Y., Murray C.B. Using Binary Surfactant Mixtures to Simultaneously Improve the Dimensional Tunability 
and Monodispersity in the Seeded Growth of Gold Nanorods. Nano Lett. 2013;13:765–771. doi: 10.1021/nl304478h. - DOI - PubMed 
 
40.Wang Y., Black K.C.L., Luehmann H., Li W., Zhang Y., Cai X., Wan D., Liu S.-Y., Li M., Kim P., et al. Comparison Study of Gold 
Nanohexapods, Nanorods, and Nanocages for Photothermal Cancer Treatment. ACS Nano. 2013;7:2068–2077. doi: 10.1021/nn304332s. 
- DOI - PMC - PubMed 
 
41.Adamopoulos IE, Sabokbar A,Wordsworth BP, et al. Synovial fluidmacrophages are capable of osteoclast formation and resorption. J 
Pathol 2006;208:35-43 
 
42. Schett G. Review: immune cells andmediators of inflammatory arthritis.Autoimmunity 2008;41:224-9 
 
43. Sebastiaan MB, Viviana C-J, Neeltje AK,et al. HIV-1 and the macrophages.Future Virol 2011;6(2):187-208 

44. Weinberg JB, Matthews TJ, Cullen BR,et al. Productive human immunodeficiency virus type 1 (HIV-1)infection of nonproliferating 

humanmonocytes. J Exp Med1991;174:1477-82 

45. Orenstein JM, Meltzer MS, Phipps T,et al. Cytoplasmic assembly andaccumulation of human immunodeficiency virus types 1 and 2 

inrecombinant human colony-stimulatingfactor-1-treated human monocytes: an ultrastructural study. J Virol 1988;62:2578-86 

46. Marechal V, Prevost MC, Petit C, et al.Human immunodeficiency virustype 1 entry into macrophages mediated by macropinocytosis. 

J Virol2001;75:11166-77 

47. Kumar PV, Asthana A, Dutta T, et al.Intracellular macrophage uptake of rifampicin loaded mannosylateddendrimers. J Drug Target 

2006;14(8):546- 

48. Friedman BA, Vaddi K, Preston C, et al.Comparison of the pharmacological properties of carbohydrate remodelled recombinant and 

placental-derived b-glucocerebrosidase: implications for clinical efficacy in treatment of gaucher disease. Blood 1999;93(9):2807-16 

49. Furbish FS, Steer CJ, Krett NL, et al.Uptake and distribution of placental glucocerebrosidase in rat hepatic cells and effects of 

sequential deglycosylation.Biochim Biophys Acta 1981;673:425-3 

50. Shimizu T, Ohkawara A, Nishihira J,et al. Identification of macrophage migration inhibitory factor (MIF) in human skin and its 

immunohistochemical localization. FEBS Lett 1996;381:189-199 

51. Watanabe H, Shimizu T, Nishihira J,et al. Ultraviolet A-induced production of matrix metalloproteinase-1 is mediated by macrophage 

migration inhibitory factor (MIF) in human dermal fibroblasts. J Biol Chem 2004;279:1676-83 

52. Bach JP, Rinn B, Meyer B, et al. Role of MIF in inflammation and tumorigenesis. Oncology 2008;75:127-33. 

53. L.M. Coussens, Z. Werb, Inflammation and cancer, Nature 420 (2002) 860 

54. B.-Z. Qian, J. Pollard, Macrophage diversity enhances tumor progression and me-tastasis, Cell 141 (2010) 39–51. 

55. L. Cassetta, J.W. Pollard, Targeting macrophages: therapeutic approaches in cancer,Nat. Rev. Drug Discov. (2018) 1–18. 

56. Nat Rev Clin Oncol. 2017 Jul; 14(7): 399–416.Published online 2017 Jan 24. doi: 10.1038/nrclinonc.2016.217 

57.  R. Ostuni, F. Kratochvill, P.J. Murray, G. Natoli, Macrophages and cancer: from mechanisms to therapeutic implications, Trends 
Immunol. 36 (2015) 229–239 
58. M. Jinushi, Y. Komohara, Tumor-associated macrophages as an emerging target against tumors: creating a new path from bench to 
bedside, Biochim. Biophys. Acta 1855 (2015) 123–130 
 
59. Z. Amoozgar, M.S. Goldberg, Targeting myeloid cells using nanoparticles to improve cancer immunotherapy, Adv. Drug Deliv. Rev. 
91 (2015) 38–51. 
60. W. Zhang, X.-D. Zhu, H.-C. Sun, Y.-Q. Xiong, P.-Y. Zhuang, H.-X. Xu, L.-Q. Kong, L. Wang,W.-Z.Wu, Z.-Y. Tang, Depletion of tumor-
associated macrophages enhances the effect of sorafenib in metastatic liver cancer models by antimetastatic and antiangiogenic effects, 
Clin. Cancer Res. 16 (2010) 3420–3430. 
 

http://www.ijcrt.org/
https://doi.org/10.1021/acsnano.1c02627
https://pubmed.ncbi.nlm.nih.gov/34137261/
https://doi.org/10.1021/nl304478h
https://pubmed.ncbi.nlm.nih.gov/23286198/
https://doi.org/10.1021/nn304332s
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3609935/
https://pubmed.ncbi.nlm.nih.gov/23383982/
https://doi.org/10.1038%2Fnrclinonc.2016.217


www.ijcrt.org                                                               © 2023 IJCRT | Volume 11, Issue 3 March 2023 | ISSN: 2320-2882  

IJCRT2303206 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b902 
 

61.  P. Allavena, G. Germano, C. Belgiovine, M. D'Incalci, A. Mantovani, Trabectedin: a drug from the sea that strikes tumor-associated 
macrophages, Oncoimmunology 2 (2013) 16. 
 
62. G. Germano, R. Frapolli, C. Belgiovine, A. Anselmo, S. Pesce, M. Liguori, E. Erba, S.Uboldi, M. Zucchetti, F. Pasqualini, M. Nebuloni, 
N.van Rooijen, R. Mortarini, L. Beltrame, S. Marchini, I. Fuso Nerini, R. Sanfilippo, P.G. Casali, S. Pilotti, C.M. Galmarini, A. Anichini, A. 
Mantovani, M. D'Incalci, P. Allavena, Role of macrophage targeting in the antitumor activity of trabectedin, Cancer Cell 23 (2013) 249–
262. 
 
63.Y. Zhu, B.L. Knolhoff,M.A.Meyer, T.M. Nywening, B.L.West, J. Luo, A.Wang-Gillam, S.P. Goedegebuure, D.C. Linehan, D.G. DeNardo, 
CSF1/CSF1R blockade reprograms tumor-infiltrating macrophages and improves response to T-cell checkpoint immunotherapy in 
pancreatic cancer models, Cancer Res. 74 (2014) 5057–5069. 
 
64. M. Xu, M. Liu, X. Du, S. Li, H. Li, X. Li, Y. Li, Y. Wang, Z. Qin, Y.X. Fu, S. Wang, Intratumoral delivery of IL-21 overcomes anti-Her2/Neu 
resistance through shifting tumor-associated macrophages from M2 to M1 phenotype, J. Immunol.194 (2015) 4997–5006. 
 
65. M.-R. Choi, K.J. Stanton-Maxey, J.K. Stanley, C.S. Levin, R. Bardhan, D. Akin, S. Badve, J. Sturgis, J.P. Robinson, R. Bashir, N.J. Halas, 
S.E. Clare, A cellular trojan horse for delivery of therapeutic nanoparticles into tumors, Nano Lett. 7 (2007) 3759–3765. 
 
66. W.C. Huang, W.H. Chiang, Y.H. Cheng, W.C. Lin, C.F. Yu, C.Y. Yen, C.K. Yeh, C.S. Chern, C.S. Chiang, H.C. Chiu, Tumortropic monocyte-
mediated delivery of echogenic polymer bubbles and therapeutic vesicles for chemotherapy of tumor hypoxia, Biomaterials 71 (2015) 
71–83. 
  
67.  Srirupa B, Sankar GS. Transmembrane TNFα-expressed macrophage membrane-coated chitosan nanoparticles as cancer 

therapeutics. ACS Omega. 2020;5:1572–1580. doi:10.1021/acsomega.9b03531 

68. C.Weber, H. Noels, Atherosclerosis: current pathogenesis and therapeutic options, Nat. Med. 17 (2011) 1410.  
 
69.G.L. Basatemur, H.F. Jørgensen, M.C. Clarke, M.R. Bennett, Z. Mallat, Vascularm smooth muscle cells in atherosclerosis, Nat. Rev. 
Cardiol. 16 (2019) 727–744. 
 
70. K.J. Moore, I., Tabas, macrophages in the pathogenesis of atherosclerosis, Cell 145 (2011) 341–355 
 
71. A. Alaarg, M.L. Senders, A. Varela-Moreira, C. Pérez-Medina, Y. Zhao, J. Tang, F. Fay, T. Reiner, Z.A. Fayad,W.E. Hennink, J.M. 
Metselaar, W.J.M. Mulder, G. Storm, A systematic comparison of clinically viable nanomedicines targeting HMG-CoA reductase in 
inflammatory atherosclerosis, J. Control. Release 262 (2017) 47–57. 
 
72. N. Tsigkas, S. Kidambi, A. Tawakol, Y.S. Chatzizisis, Drug-loaded particles: "Trojan horses" in the therapy of atherosclerosis, 
Atherosclerosis 251 (2016) 528–530. 
 
73. M.-A. Nguyen, H. Wyatt, L. Susser, M. Geoffrion, A. Rasheed, A.-C. Duchez, M.L. Cottee, E. Afolayan, E. Farah, Z. Kahiel, M. Côté, S. 
Gadde, K.J. Rayner, Delivery of MicroRNAs by chitosan nanoparticles to functionally alter macrophage cholesterol efflux in vitro and in 
vivo, ACS Nano 13 (2019) 6491 
 
74. s.Zimmer, A. Grebe, S.S. Bakke, N. Bode, B. Halvorsen, T. Ulas, M. Skjelland, D. DeNardo, L.I. Labzin, A. Kerksiek, Cyclodextrin promotes 

atherosclerosis regression via macrophage reprogramming, Sci. Transl. Med. 8 (2016)(333ra350). 

75. O. Leavy, Macrophages: dissolving cholesterol to unclog arteries, Nat. Rev. Immunol. 16 (2016) 274.6505 
 
 
76. S. Nakashiro, T. Matoba, R. Umezu, J. Koga, M. Tokutome, S. Katsuki, K. Nakano, K. Sunagawa, K. Egashira, Pioglitazone-incorporated 
nanoparticles prevent plaque destabilization and rupture by regulating monocyte/macrophage differentiation in ApoE−/− mice, 
Arterioscler. Thromb. Vasc. Biol. 36 (2016) 491–500. 
 
77. S. Katsuki, T. Matoba, S. Nakashiro, K. Sato, J. Koga, K. Nakano, Y. Nakano, S. Egusa, K. Sunagawa, K. Egashira, Nanoparticle-mediated 
delivery of pitavastatin inhibits atherosclerotic plaque destabilization/rupture in mice by regulating the recruitment of inflammatory 
monocytes, Circulation 129 (2014) 896–906. 
 
78. K.L. Spiller, S. Nassiri, C.E. Witherel, R.R. Anfang, J. Ng, K.R. Nakazawa, T. Yu, G. Vunjak-Novakovic, Sequential delivery of 
immunomodulatory cytokines to facilitate the M1-to-M2 transition of macrophages and enhance vascularization of bone scaffolds, 
Biomaterials 37 (2015) 194–207. 
  

http://www.ijcrt.org/


www.ijcrt.org                                                               © 2023 IJCRT | Volume 11, Issue 3 March 2023 | ISSN: 2320-2882  

IJCRT2303206 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b903 
 

79. M.M. Alvarez, J.C. Liu, G. Trujillo-de Santiago, B.-H. Cha, A. Vishwakarma, A.M. Ghaemmaghami, A. Khademhosseini, Delivery 
strategies to control inflammatory response: modulating M1–M2 polarization in tissue engineering applications, J. Control. Release 240 
(2016) 349–363.  
 
80.Z.-G. She, J. Hamzah, V.R. Kotamraju, H.-B. Pang, S. Jansen, E. Ruoslahti, Plaquepenetrating peptide inhibits development of hypoxic 
atherosclerotic plaque, J. Control. Release 238 (2016) 212–220. 
 
81. M. Rabinovitch, Molecular pathogenesis of pulmonary arterial hypertension, J. Clin. Invest. 122 (2012) 4306–4313. 
 
82.  M. Rabinovitch, C. Guignabert, M. Humbert, M.R. Nicolls, Inflammation and immunity in the pathogenesis of pulmonary arterial 
hypertension, Circ. Res. 115 (2014) 165–175.  
 
83. Y.-C. Lai, K.C. Potoka, H.C. Champion, A.L. Mora, M.T. Gladwin, Pulmonary arterial hypertension: the clinical syndrome, Circ. Res. 115 
(2014) 115–130 
84. V.V. McLaughlin, S.L. Archer, D.B. Badesch, R.J. Barst, H.W. Farber, J.R. Lindner, M.A. Mathier, M.D. McGoon,M.H. Park, R.S. 
Rosenson, ACCF/AHA 2009 expert consensus  document on pulmonary hypertension: a report of the American College of Cardiology 
Foundation Task Force on expert consensus documents and the American Heart Association developed in collaboration with the 
American College of Chest Physicians; American Thoracic Society, Inc.; and the Pulmonary Hypertension Association, J. Am. Coll. Cardiol. 
53 (2009) 1573–1619. 
 
85. W. Tian, X. Jiang, R. Tamosiuniene, Y.K. Sung, J. Qian, G. Dhillon, L. Gera, L. Farkas, M. Rabinovitch, R.T. Zamanian, M. Inayathullah, 
M. Fridlib, J. Rajadas, M. Peters- Golden, N.F. Voelkel, M.R. Nicolls, Blocking macrophage leukotriene b4 prevents endothelial injury and 
reverses pulmonary hypertension, Sci. Transl. Med. 5 (2013)(200ra117-200ra117). 
 
86. T. Thenappan, A. Goel, G. Marsboom, Y.-H. Fang, P.T. Toth, H.J. Zhang, H. Kajimoto, Z. Hong, J. Paul, C. Wietholt, A central role for 
CD68 (+) macrophages in hepatopulmonary syndrome: reversal by macrophage depletion, Am. Respir. Crit. Care Med. 183 (2011) 1080–
1091. 
  
87. E. Vergadi, M.S. Chang, C. Lee, O.D. Liang, X. Liu, A. Fernandez-Gonzalez, S.A. Mitsialis, S. Kourembanas, Early macrophage 
recruitment and alternative activation are critical for the later development of hypoxia-induced pulmonary hypertension, Circulation 
123 (2011) 1986–1995. 
 
88. M. Žaloudíková, R. Vytášek, O. Vajnerová, O. Hniličková, M. Vízek, V. Hampl, J. Herget, Depletion of alveolar macrophages attenuates 
hypoxic pulmonary hypertension but not hypoxia-induced increase in serum concentration of MCP-1, Physiol. Res. 65 (2016) 763–768. 
 
89. Y. Lee, S.B. Pai, R.V. Bellamkonda, D.H. Thompson, J. Singh, Cerivastatin nanoliposome as a potential disease modifying approach for 
the treatment of pulmonary arterial hypertension, J. Pharmacol. Exp.Ther. 366 (2018) 66–74. 
 
90. Batrakova EV, Li S, Reynolds AD, et al. A macrophage-nanozyme delivery system for parkinson’s disease. Bioconjug Chem. 

2007;18:1498–1506. doi:10.1021/bc700184b   

91. Zhao Y, Haney MJ, Mahajan V, et al. Active targeted macrophage- mediated delivery of catalase to affected brain regions in models 

of parkinson’s disease. J Nanomed Nanotechnol. 2011;S4:003. doi:10.4172/2157-7439.S4-003 

92. Haney MJ, Klyachko NL, Zhao Y, et al. Exosomes as drug delivery vehicles for parkinson’s disease therapy. J Control Release. 

2015;207:18–30. doi:10.1016/j.jconrel.2015.03.033   

93.Wang C, Wang Y, Zhang L, et al. Pretreated macrophage-membrane- coated gold nanocages for precise drug delivery for treatment 

of bacterial infections. Adv Mater. 2018;30(46):e1804023. doi:10.1002/ adma.201804023 

94. Lee S. Monocytes: a novel drug delivery system targeting atherosclerosis. J Drug Target. 2014;22(2):138–145. doi:10.3109/ 

1061186X.2013.844158. 

95.Amirbekian, V., Lipinski, M. J., Briley-Saebo, K. C., Amirbekian, S., Aguinaldo, J. G., Weinreb, D. B., Vucic, E. et al., Detecting and 

assessing macrophages in vivo to evaluate atherosclerosis noninvasively using molecular MRI. Proc. Natl. Acad. Sci. USA 2007. 104: 961–

966. 

96.Herbomel, P. and Levraud, J. P., Imaging early macrophage differentiation, migration, and behaviors in live zebrafish embryos. 

Methods Mol. Med. 2005. 105: 199–214.  

 

http://www.ijcrt.org/

