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a b s t r a c t 

The early understanding of mitochondria posited that they were ‘innocent organelles’ solely devoted to energy production and utilisation. Intriguingly, recent 

findings have outlined in detail the ‘modern-day’ view that mitochondria are an important but underappreciated drug target. Mitochondria have been implicated 

in the pathophysiology of many human diseases, ranging from neurodegenerative disorders and cardiovascular diseases to infections and cancer. It is now clear 

that normal mitochondrial function involves the building blocks of a cell to generate lipids, proteins and nucleic acids thereby facilitating cell growth. On the other 

hand, mitochondrial dysfunction reprograms crucial cellular functions into pathological pathways, and is considered as an integral hallmark of cancer. Therefore, 

strategies to target mitochondria can provide a wealth of new therapeutic approaches in the fight against cancer, by overcoming a number of problems associated 

with conventional pharmaceutical drugs, including low solubility, poor bioavailability and non-selective biodistribution. The combination of nanoparticles with 

‘classical’ chemotherapeutic drugs to create biocompatible, multifunctional mitochondria-targeted nanoplatforms has been recently studied. This approach is now 

rapidly expanding for targeted drug delivery systems, and for hybrid nanostructures that can be activated with light (photodynamic and/or photothermal therapy). 

The selective delivery of nanoparticles to mitochondria is an elegant shortcut to more selective, targeted, and safer cancer treatment. We propose that the use of 

nanoparticles to target mitochondria be termed “mitoNANO ”. The present minireview sheds light on the design and application of mitoNANO as advanced cancer 

therapeutics, that may overcome drug resistance and show fewer side effects. 
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anotechnology: tiny particles against big problems 

Nanotechnology is a multidisciplinary field, which has provided

any technological breakthroughs, most notably in electronics, energy

torage, photovoltaics, pharmaceutics, and diagnostics. Nanomedicine

ses nanotechnology to create advanced therapeutic approaches, par-

icularly in the fight against cancer. Nanomedicine is driven by the

ynergy between nanoparticles (NPs) and their unique tunable features

size, shape, surface properties, optical properties, etc.) compared to

onventional pharmaceutical compounds. The use of nanotechnology

o detect biomarkers for more precise diagnosis of cancer at a curable

tage, as well its use to treat cancer in a timely fashion has been em-

loyed for nearly 50 years [1] . NPs offer a wide variety of advantages

or diagnosis and therapy, such as control over shape and size, large

urface area to carry both therapeutic and imaging payloads, extremely

igh surface-to-volume ratio, ability to solubilise hydrophobic drugs,

nd the ease of surface functionalisation. NPs can be selectively accu-

ulated in tumours using either active or passive targeting strategies.

n passive tumour targeting, the enhanced permeability and retention

EPR) effect leads to preferential extravasation of NPs through the leaky

lood vessels. In active targeting, ligands are attached to the NPs that

an recognise molecules that are over-expressed on tumour cells. A key

verall advantage of NPs over standard chemotherapy drugs is their

bility to be selectively delivered to the desired target [2] . Active tar-
∗ Corresponding author. 

E-mail address: t.tabish@imperial.ac.uk (T.A. Tabish). 

ttps://doi.org/10.1016/j.bbiosy.2021.100023 

eceived 19 June 2021; Received in revised form 6 August 2021; Accepted 11 Augus

666-5344/Crown Copyright © 2021 Published by Elsevier Ltd. This is an open acce

 http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
eting approaches include covalent linkage of antibodies, aptamers, or

eptides, or ligands, which bind to receptors. The use of NPs can ex-

end the blood circulation time, reduce the rate of excretion, and pro-

ect the drugs from biodegradation [3] . NPs can be constructed with

ifferent morphologies, such as zero-dimensional (0D) structures (e.g.,

uantum dots), one-dimensional (1D) structures (e.g., nanowires, nan-

tubes), two-dimensional (2D) structures (e.g., single-layered graphene

nd other molecular sheets), or three-dimensional (3D) structures (e.g.,

iposomes, micelles, hydrogels) [4] . 

Drug delivery is considered one of the most important and promis-

ng aspects of cancer treatment. The application of NPs in drug delivery

ystems include, controlled, sustained and predictable release of drugs

r biomolecules, external/internal stimulus-responsive site-targeted de-

ivery, and the sensing of specific biomolecules that can provide thera-

eutic feedback. Drug delivery platforms can precisely be controlled via

arying their size, shape, surface chemistry, and chemical composition

n order to achieve optimal cellular and subcellular delivery. Liposomes

oaded with doxorubicin were approved 25 years ago for the treatment

f Kaposi’s sarcoma , and have recently been approved to treat breast

nd ovarian cancer [5] . For diagnostic purposes, other NPs have been

sed clinically both to enhance imaging contrast and to improve target-

ng at molecular and cellular levels. For instance, gadolinium [6] and

ron oxide-based [7] NPs have been clinically approved to improve MRI

maging contrast, while lipid NPs are used to improve ultrasound imag-
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Fig. 1. Schematic showing mitochondria as a key driver and important therapeutic target of cancer. This figure shows the chaotic progression of events linked to cell 

death. Proton translocation derived by respiratory actions of complexes I, III and IV across the inner mitochondrial membrane mediates the generation of adenosine 

triphosphate (ATP) from adenosine diphosphate (ADP) and Pi. Oxidation of mitochondrial electron transfer chain by quinone oxidoreductase results in the reduction 

of coenzyme quinone (Q). Reduced Q generates cytochrome c ( via complex III) which catalyses the reduction of molecular oxygen to water ( via complex IV). Reactive 

oxygen species (ROS) generation derived from complex I along with accumulation of calcium ions facilitates the opening of mitochondrial permeability transition 

pore (MPTP) thereby resulting in programmed cell death. 
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ng [5] , which highlight the ability of NPs to solve real-world clinical

roblems. 

Until now more than 20 different NPs have been FDA approved for

se in clinical settings [8] . The synthetic methods for NPs continue to be

efined for more targeted therapies. Examples of extensively employed

Ps for cancer nanomedicine are, liposomes [9] , polymeric and inor-

anic NPs [10] , metallic NPs (gold or silver) [11] , and carbon nanotubes

12] . Given the therapeutic benefits of nanotechnology for the targeted

elivery of anticancer agents, nanomedicine may address unmet clinical

roblems, reduce side-effects, and improve the bioavailability of drugs.

he present perspective aims to summarise the use of nanoplatforms to

arget mitochondria for cancer therapy, and to discuss the future possi-

ilities and problems that may occur. 

itochondria: function and dysfunction 

Mitochondria are subcellular organelles with a double membrane

ocated within the cytoplasm of eukaryotic cells. Mitochondria are com-

osed of four components ( Fig. 1 ): the outer mitochondrial membrane,

he inner mitochondrial membrane, the intermembrane space, and the

atrix. The inner mitochondrial membrane preserves the negative mem-

rane potential which is needed to initiate the electron transport chain

ETC) and adenosine triphosphate (ATP) production. Moreover, the in-

er membrane also carries several proteins involved in the respiratory

hain [13] . Mitochondria play multiple crucial roles in the cellular func-

ion of normal cells, including energy supply, oxidative phosphoryla-

ion, ATP production, production of reactive oxygen species (ROS), cell

ycle control, cell differentiation, and programmed cell death. Mito-

hondria are responsible for mediating cell apoptosis by controlling the

ormation of the mitochondrial permeability transition pore (MPTP),

nd play a central role in cell proliferation, growth and survival. Mito-

hondria function as an enzymatic factory for ATP production either via

xidative phosphorylation, or via aerobic glycolysis in cancer (known

s the Warburg effect) [13] . ATP production is carried out on the inner

embrane of mitochondria via the ATP synthase enzyme. During ATP
2 
roduction, protons are pumped out of the mitochondrial matrix into the

ntermembrane space via complexes I, III and IV [14] . Fig. 1 shows the

nvolvement of complexes (I, III, and IV) in the additional processes of

OS generation and movement of calcium ions, which in turn open the

itochondrial transition pores and induce cell death. Electrons trans-

erred from reduced coenzymes via the ETC are used to pump out pro-

ons from the inner membrane, thereby resulting in maintenance of the

ormal mitochondrial membrane potential ( ∼140 mV). 

On the other hand, prolonged oxidative stress or genetic mutations in

enes encoding mitochondrial proteins induce mitochondrial dysfunc-

ion, which in turn contributes to a number of diseases, such as cancer,

lzheimer’s disease, Parkinson’s disease, and diabetes. Mitochondrial

ysfunction is closely associated with cell apoptosis, autophagy, and

ecrosis. In cancer, mitochondrial dysfunction is involved in more rapid

umour cell proliferation, cell survival, tumour progression, and recur-

ence. Cancer cells show an increased membrane potential ( ∼ 220 mV)

ompared to normal cells ( ∼140 mV) [15] . Additionally, the mitochon-

rial dysfunction found in tumours is associated with impaired oxidative

hosphorylation, overproduction of ROS, accumulation of calcium, and

levated inflammation. These key aspects of mitochondrial dysfunction

ean that tumours are more sensitive to reduced energy metabolism in

omparison to normal cells and tissues. It has widely been reported that

itochondrial dysfunction also promotes hypoxia, an acidic microen-

ironment, and cancer drug resistance. Owing to these distinctive fea-

ures of mitochondrial function and dysfunction, targeting mitochondria

as been proposed and evaluated as a promising therapeutic strategy.

owever, the complex nature, negative membrane potential and highly

ense double membrane of mitochondria make it challenging to target

hem selectively and safely. Therefore, the conjugation of mitochondria-

argeting moieties/ligands with drugs or NPs have received much atten-

ion over recent years. NPs which have the ability to selectively probe

nd perturb mitochondrial function, represent a new approach for can-

er therapy. These NPs can act as drug-carriers, photosensitisers, ra-

iosensitisers, or theranostic agents, and may be an alternative anti-

ancer approach by targeting the energy machinery of tumours. Some
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pecific examples of these ligands and mitochondria-targeting strategies

ill be discussed in the following sections. 

itochondria-targeting strategies 

The current mainstream cancer therapies include, surgery,

hemotherapy, immunotherapy, radiation therapy, along with pho-

othermal and photodynamic therapy In general, only surgical removal

f early-stage cancer is curative, while the other modalities only aim to

xtend survival and can also cause considerable long-term side-effects.

espite the key advances made in cancer treatment over the past several

ecades, the development of resistance to chemotherapy, radiation

herapy, and immunotherapy is a major failure in cancer management.

hemotherapy drugs can eradicate drug-responsive tumour cells, whilst

he surviving drug-resistant tumour cells allow tumour recurrence and

ltimately metastasis [16] . Drug resistance occurs by either intrinsic or

cquired mechanisms [17] . Intrinsic drug resistance exists in some tu-

our types prior to treatment, while acquired drug resistance emerges

uring the course of treatment. Drug resistance may result from a wide

ange of mechanisms including, genetic mutations, up-regulation of

rug efflux pumps, dysregulation of cell death mechanisms, alterations

ithin the tumour microenvironment, and activation of alternative

urvival pathways. The tumour heterogeneity and the propensity for

teadily increasing cellular invasion and metastasis, make the emer-

ence of drug resistance even more lethal. Drug resistance accounts for

0% of cancer related deaths [18] , thus ensuring it has received a great

eal of attention in oncology over recent decades. 

Intriguingly, the targeting of subcellular organelles has emerged as

n important strategy in order to overcome drug resistance and asso-

iated problems, including limited penetration of drugs into the site of

ction, targeted and safe delivery of drugs to the target site etc. NPs

an be used to specifically target a range of different intracellular or-

anelles, such as mitochondria [19] , lysosomes [ 20 , 21 ], endoplasmic

eticulum [22] and Golgi apparatus [ 23 , 24 ]. This targeting ability could

e achieved with rationally designed engineered NPs, depending on the

esired organelle. 

Over the past two decades, a wide variety of strategies have

een devised and evaluated for mitochondria-targeted therapeutics.

itochondria-targeted therapy primarily relies on the selective and tar-

eted delivery of drugs at correct doses and concentrations to the mito-

hondria in order to achieve optimal therapeutic outcomes while avoid-

ng off-target toxicity to healthy cells and tissues. Typical examples of

itochondria-targeted anticancer drugs are mito-lonidamine [25] and

isplatin [26] , which promote mitochondrial-dependent ROS genera-

ion, and induce programmed cell death. One of the mechanisms of

ction of cisplatin involves its targeting to mitochondrial DNA. Lipo-

omes co-loaded with either lonidamine or epirubicin for improved mi-

ochondrial targeting showed the highest cytotoxic effect on A549/cDDP

ells in vitro and significant antitumour activity against A549/cDDP

enografts in nude mice, when compared with free lonidamine or

pirubicin used alone [27] . Lonidamine has also been tested in Phase

I and Phase III trials targeting lung cancer and was shown to be

afe, but with only limited anticancer effects [28] . These drugs trig-

er programmed cell death via activating the BAX and BAK proteins.

AX and BAK are key facilitators of mitochondrial outer membrane

ermeability, which typically governs the fate between cell survival

nd cell death. Mitochondria-targeted NPs (mitoNANO) co-loaded with

onidamine showed 10-fold higher antitumour effects compared to pure

onidamine. Therefore, selective targeting of mitochondria using NPs

either as a drug carrier or as drug-free light-responsive materials) can

e an alternative approach to develop innovative cancer treatments. mi-

oNANO may also lead to mitochondrial impairment via photodynamic

herapy or photothermal therapy. 

The complex structure of the mitochondrial membrane along with

ts high negative potential prevents the entry of anionic drugs and

olecules into the mitochondrial matrix [29,30] . Therefore, the design
3 
nd development of mitochondria ligand conjugated NPs is a promis-

ng strategy to target mitochondria. There are two approaches avail-

ble to achieve the mitochondrial targeting of NPs; active and passive

argeting. Passive targeting involves the pH-dependent surface cationic

harge of NPs (which could help them bind to the negative potential of

he mitochondrial membrane), while active targeting involves the sur-

ace functionalisation of NPs with lipophilic cations (mitochondrial spe-

ific ligands). Owing to the hydrophobic and highly negative mitochon-

ria membrane potential, the passive targeting approach of preparing

itoNANO offers a number of advantages such as a simple and cost-

ffective synthetic procedure. Despite these advantages, these passively

argeted NPs can also undergo aggregation leading to rapid clearance

rom the living system. For active targeting of mitoNANO, there are a

ide variety of mitochondrial-specific moieties that can be attached ei-

her to drug-loaded or free NPs. These ligands include triphenylphospho-

ium (TPP + ) [31] , tetramethylrhodamine-5-isothiocyanate [32] , mito-

hondrial peptides [33] , dequalinium [34] , various cationic heterocy-

les [35] , vitamin E analogue 𝛼-tocopheryl [ 36 , 37 ], 7-amino coumarin

 38 , 39 , 40 ] and some natural products (hypericin and glycyrrhetinic

cid) [41] . There are some specific issues associated with these ligands,

uch as immunogenicity, high costs, complex synthesis routes, off-target

oxicity, long blood circulation time, and delayed clearance/excretion

rom the living system. 

TPP + is a widely studied mitochondrial ligand used in the prepa-

ation of nontoxic NPs that can be selectively internalised into mito-

hondria. The conjugation of TPP + to NPs increases the lipophilicity

nd enables them to freely pass through the membrane bilayers of the

itochondria. The more negative plasma membrane potential of the mi-

ochondria in cancer cells facilitates the transport of the TPP + tagged

Ps from the cytoplasm into mitochondria up to one hundred times

ompared to non-functionalised NPs. Hence, TPP + is a frequently em-

loyed approach owing to its lipophilic nature, stable cationic charge,

nd ability to escape from lysosomal compartments. TPP + function-

lised NPs such as polymeric, gold, silver, silica, iron, core-shell nanos-

ructures, carbon nanotubes, graphene oxide, graphene quantum dots,

oaded with a variety of drugs, and with varying sizes and shapes have

hown promise for mitochondrial targeting [42] . Despite these advan-

ages, the delayed delivery of TPP + conjugated NPs to tumour mito-

hondria can reduce the targeting ability of NPs to the site of action.

n addition to mitochondria ligands, short mitochondria-penetrating or

argeting signal peptides have also been used for the development of mi-

ochondria targeted formulations. However, these peptide-conjugated

Ps show some limitations, such as limited storage, lack of controlled

elease of drugs from NPs, and limited penetration of the formulations

nto diseased mitochondria [40] . 

In order to achieve the optimal therapeutic effects and targeting of

itochondria, an ideal design of mitoNANO formulations should meet

he following requirements. (i) A suitable surface charge, which can fa-

ilitate the escape of particles from the endolysosomes. One promising

trategy is to coat NPs with PEG, which can also reduce the likelihood

f adsorption of proteins onto NPs. Moreover, wrapping of NPs with

EG can facilitate the passive targeting of NPs into the tumour via the

PR effect. (ii) Stimulus responsive release of drugs triggered by pH,

edox reactions, light irradiation, magnetic field, etc. (iii) A sufficient

rug loading abilities of the formulation. (iv) Controlled, predictable

nd slow release of drugs in the optimum amount at the desired time

nd place. In addition to these requirements, further studies are needed

o design mitoNANO, which can actively interact with respiratory chains

nd complexes to produce ROS, thereby resulting the opening of transi-

ion pores and triggering apoptosis. 

itochondria-targeted nanoparticles (mitoNANO) exerts 

nticancer effects 

Recent reports have shown that mitoNANO can exert toxic effects

n cancer cells but not in surrounding healthy cells. NP-based therapies
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ay act directly on the cancer cell mitochondria to accelerate mitochon-

rial blockades such as, electron transport chain inhibition, respiratory

nhibition, modulation of the MPTP, inhibition of anti-apoptotic protein

amily members, suppression of phenotypes linked with mutated DNA,

nd the promotion of mitochondrial regulated cancer cell death. 

Chen et al. [43] described gold nanostars that were functionalised

ith cationic octaarginine peptide and with TPP + . These were loaded

ith doxorubicin and tested for combined photothermal therapy and

hemotherapy. This formulation was taken up into squamous cell car-

inoma (SCC-7) and doxorubicin-resistant breast cancer cells (MCF-7)

ia interaction with CD44 receptors. Not only did this formulation se-

ectively deliver doxorubicin to mitochondria, but also produced hyper-

hermia when triggered by NIR laser irradiation. TPP + anchored drug-

ree NPs have been investigated as photosensitisers (for use in photo-

ynamic or photothermal therapy). Gold nanostructures such as nanos-

ars, nanorods, or nanohybrids have also shown excellent therapeutic ef-

ects owing to their size-dependant optical properties, high yield of ROS

eneration, and surface plasmon resonance phenomena. For instance,

uo et al. [44] reported that TPP + covalently conjugated to nitrogen-

oped graphene quantum dots could selectively deliver nitric oxide to

umours. This platform efficiently targeted the cancer cell mitochondria.

old-platinum bimetallic NPs have also been shown to enhance the cat-

lytic conversion of H 2 O 2 into O 2 for improving the oxygen availabil-

ty in photodynamic therapy [45] . Recently Hu et al. [46] reported the

ynthesis and photodynamic effects of mitoDNA-targeted mesoporous

ilica shell coated upconversion NPs, demonstrating their rapid accu-

ulation within cancer cell’s mitochondria with light activated gener-

tion of H 2 O 2 and hydroxyl radicals. NIR mediated photothermal ther-

py has ability to overcome some issues of photodynamic therapy in-

luding the dependence on oxygen levels and the low penetration of

ltraviolet/visible light. In another study, Xu et al. [47] reported the

esign of polypyrrole-silica-based (Py@Si) hybrid NPs for targeting can-

er cell mitochondria via conjugation of NPs with TPP + . This hybrid

howed good internalisation of NPs into mitochondria. The combina-

ion of chemotherapy and PTT using NIR (808 nm) laser irradiation,

educed the tumour weight in the Py@Si-TH-DOX treatment group to

.5 times lower than that in the Py@Si-H-DOX group. These results fur-

her confirm that targeting mitochondria is a valid approach for targeted

herapy. Clearly, TPP + functionalised NPs have become an attractive

herapeutic platform to achieve better targeting with minimal aggre-

ation. Nevertheless, the synthesis methods for the functionalisation of

Ps with TPP + are expensive and time consuming, and can have a low

ield with relatively poor control over the size of the final product. As

uch there are a wide variety of experimental studies available on in

itro and in vivo utility of mitoNANO for cancer targeting, in the current

inireview, we have therefore, focussed on the latest strategies, poten-

ials and challenges of this emerging technology in selectively targeting

itochondria with minimal side-effects for cancer therapy. 

Despite some promising developments regarding the preparation and

herapeutic evaluation of mitoNANO, the progress of this technology to-

ards clinical trials is slow. This delay might be attributed to several

ssues associated with the tumour microenvironment and extracellular

atrix where NPs can form a protein corona as a result of their interac-

ion with extracellular proteins. The protein corona may interfere with

he circulation of NPs in the biological environment as well as the clear-

nce of NPs from living systems. Therefore, the protein corona tends to

nhibit the entry of NPs into cancer cells thereby leading to poor tumour

ccumulation. In summary, an in-depth investigation into the innovative

esign of targeted NPs to improve the biopharmaceutical properties of

Ps and their molecular and cellular fate within the tumour mitochon-

ria is necessary to achieve the maximum on-target cytotoxic effects. 

roblems and future possibilities 

Over the past two decades, it has become clear that mitochondria

lay a central role in the processes of both cell survival and cell death.
4 
ore recent findings have suggested that mitochondria are a major ther-

peutic target in common diseases such as cancer, infections, neurode-

enerative, and cardiovascular diseases. The pivotal role of mitochon-

ria in many facets of the malignant phenotype that control cancer pro-

ression, invasion and metastasis has led to the development of innova-

ive small molecules and drugs. Nevertheless, only a few mitochondria-

argeted drugs have been approved by the FDA so far. To date, there

ave been no drug-loaded or drug-free NPs that have received clinical

pproval for the controlled delivery of anticancer drugs to mitochon-

ria. Targeted drug delivery relies on the ability of drugs to reach the

arget site, with controlled release of the correct amounts of drug at

he correct time. mitoNANO platforms constitute a novel class of agents

apable of delivering drugs to the mitochondria where they are most

eeded. Based on the hydrophobicity of the mitochondrial membrane

nd its hyperpolarised potential, mitoNANO have ability to be accumu-

ated in tumour mitochondria. The interplay between size and shape as

ell as the hydrophobicity of the NPs affect their transport rate across

he mitochondrial membrane mediated by passive diffusion or active

ranslocation. The encapsulation of drugs inside mitochondrial ligand-

oated NPs provides controlled, sustained, and predictable release of

rugs at the right site inside the cell. This mitoNANO approach has

een proven to be efficacious in laboratory models of cancer, such as

ung, breast, ovarian, pancreatic, and melanoma, and has stimulated sci-

ntists across multiple disciplines to pursue advanced designs of these

anodrugs. 

Personalised medicine involves a combination of addressing individ-

al clinical needs, image-guided therapy, and monitoring of treatment

esponses. The translation of personalised targeted therapies from the

aboratory to the clinic is urgently required to determine when and why

hese therapies suits each individual. The rich tapestry of variability in

ancer patients has not yet been fully taken into account. Some severe

ide effects associated with chemotherapy include cardiotoxicity, neu-

otoxicity, and hepatotoxicity. It has yet to be determined whether the

nticancer activity of mitoNANO is sufficient to trigger mitochondrial

ependent cell death pathways with fewer side effects. A further con-

ern is the underlying mechanism of mitoNANO that can trigger lipid

eroxidation within the mitochondrial inner membrane, whose implica-

ions remain to be resolved. However, exosomes and other biomarkers

f oxidative damage in the mitochondria could be examined to confirm

ow mitoNANO triggers oxidative stress and associated damage. This

lso applies to mitochondria-targeted drugs as well as NPs. The ulti-

ate goal of cancer therapy is to destroy tumours, which some studies

ave shown that mitoNANO can accomplish efficiently, but the specific

echanisms involved in the cell death need to be cogently evaluated.

nother important issue is that if the mitoNANO drugs are recycled

y the electron transport respiratory chain, what will be their cellu-

ar fate and could they result in unwanted cell death? A wide variety

f imaging tools, including fluorescence lifetime imaging and coherent

aman scattering microscopy could be used to investigate these ques-

ions at a single cell level. In drug discovery, the Lipinski rule of five

RO5) describes the desirable physiochemical features of an ideal drug,

nd is generally used to determine whether a candidate pharmacologi-

al compound will suffer from pharmacokinetic complications. This rule

pecifies the desirable parameters for drug-like molecules, including the

olecular mass ( < 500 Da), water-octanol partition coefficient (log P

 5), number of hydrogen bonding donors ( < 5), and number of hydrogen

onding acceptors ( < 10). It is yet to be ascertained whether mitoNANO

ollow these rules, as most of the mitoNANO compounds do not show

he water-solubility and dispersibility characteristics of small molecule

rugs. Given that nanotechnology-based mitochondria-targeted therapy

s still in its infancy, we have tried to rekindle interest in these mito-

ANO formulations, in order to improve the therapeutic responses and

o further investigate the mechanisms of action. mitoNANO have the

otential to fight against cancer without causing any collateral dam-

ge to healthy tissues, while in parallel, allowing the monitoring of the

reatment response in real time. 
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