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ABSTRACT: 

Many advancements have been made in diagnosis and treatment tools with the  progress in modern 
medicine and technology. Theronostics are multifunctional nanomaterials that combine therapeutic and 
diagnostic functions in a single nanostructured system. Theranostic nanomedicines are highly suitable 
systems for monitoring drug delivery, drug release and drug efficacy.The incorporation of diagnostic and 
therapeutic agents within a single system provides the target site localization and accumulation of 
nanomedicines in organs.It provides a transition from conventional medicine to personalized medicine. It 
Many different types of nanomedicines have been evaluated over the years. Theragnostics approach 
includes personalized medicine, pharmacogenomics, and molecular imaging to develop efficient new 
targeted therapies which will help in better and optimize drug selection along with monitoring the therapy 
response to increase drug saafety  and efficacy This review summarizes the various nanocarriers 
developed until now for nanotheranostics, such as Polymeric, drug  polymer conjugates, dendrimers, 
micelles, liposomes, metallic, inorganic nanoparticles, and carbon nanotubes. 

Keywords:Theranostics, Nanomedicine, Nanoparticles, Personalized therapy, Liposomes, 
Targeting 
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1. INTRODUCTION: 

The past decade witnessed a tremendous progress in the field of diagnostics and treatments due to the 
advancement in medicinal and pharmaceutical area.Theranostic is an emerging therapeutic system which 
combines therapy and diagnostic strategy in a nanostructure entity for developing targeted personalized 
therapy[1]Theranostic obtained when a single particle (nanoparticle), is fabricated which contain a 
combination of therapeutic element (drug) and diagnostic/ imaging element.  In the scientist community, 
there is increase in the interest for theranostic drug delivery systems for the management of diseases 
such as, inflammatory and cancer[2]Recent Innovations in nanodelivery system have led to the 
escalating research work and advancement on nanotheranostics due to various advantages of 
nanoparticles such as site-specific targeting, thermo stimulation, phototherapy and delivery of 
combination of drugs [1]. 

 The therapeutic agents in theranosticnanocarriers include therapeutic drugs, proteins, peptides and 
genetic materials. Diagnostic/imaging agents used in theranosticnanocarriers include gadolinium, 
fluorescent dyes, quantum dots, radionuclides,  superparamagnetic iron oxides and  heavy elements 
(iodine) for optical imaging, magnetic resonance imaging (MRI), nuclear imaging and computed 
tomography[3]For theranostic applications, various combinations of therapeutic and imaging 
combinations are possible.  

Several drug delivery systems reported to use clinically such as,  liposomes, micelles and nanoparticles 
etc.[4,5]Imaging agents along with therapeutics can be incorporated into such nanocarrier system, which 
helps in providing valuable diagnostic information and thus can be used as theranostic agents, which can 
be employed to non-invasively monitor drug delivery, drug release and drug efficacy, and which therefore 
hold significant potential for personalizing nanomedicine treatments[1]In the present Review article, we 
discussed the possible use of nanocarrier system for drug delivery and imaging purposes, andalso the 
applications and challenges of Theronostics in Pharmaceutical drug delivery development. 

 

2.TheranosticNanomedicine: 
Due to multifunctional and intrinsic molecular characteristics, nanomaterials have emerged as one of the 
promising tool in theranostics and biomedical science [6-8]Recently, nanotechnology has been vastly 
utilized for the diagnosis and treatment of many diseases including cardiovascular diseases, diabetes  as 
shown in Figure 1. 
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Figure 1: Role of Theranostic in Various Diseases 

 
Nanotheranostics is a rapidly developing field for monitoring distribution of drug, drug release, and 
therapeutic efficacy through a single nano carrier system[9-13]Nanoparticles can be chemically modified 
to incorporate various bioconjugate moieties for precise detection and therapy[14-17]Various 
nanoparticle-basedtheranostic agents have been designed that involves carbon nanotubes,magnetic 
nanoparticles, gold nanoparticles, silica nanoparticles, [2,18,19],and quantum dots[20-22]. 
The variety of Theronostic platforms are explored such as in therapy, formulation design, diagnostics, 
imaging,drug deliver as shown in figure 2. 
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Figure 2: Interdisciplinary  Applications of Theranostics. 

Theronostics nanoparticles can be composed of organic and inorganic materials such as polymeric 
nanoparticles, nano capsules, , micelles, liposomes, dendrimers, quantum dots , and carbon nanotubes 

as depicted in Figure 3. 

 

 

Figure 3: Theronostics Nanoparticles 
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2.1 Metallic Nanoparticles ForTheranostics: 

There are various nanoparticle formulations which can be used as theranostics including both organic 
and inorganic nanoparticles. Common materials used to synthesize or form nanoparticle systems include 
proteins, polymers, lipids, gold, and iron oxides. 

2.1.1 Gold Nanoparticles: 

Gold Nanoparticles (AuNPs) designed from gold cores are biocompatible and are usually prepared as 
spheres, wire, rods, cubes, and cages[23-26]. Unprepared with core size from 1.5 to 10 mare conjugated 
with drug and targeting ligand as that specifically recognizes the target receptor for active targeting[ 27-
29]AuNPs showed promising results in treating MDR tumors by targeted photothermal treatment in 
combination with a chemotherapeutic agent [30]A theranostic system for cancer treatment, which was 
able to reduce the cytotoxic effect on normal cells, has been developed based on the use of Unsurfaced-
functionalized with a paclitaxel drug and biotin receptor. AuNPs were also investigated for their peculiar 
interaction with cancer cells and found to be more efficient and improve the treatment of gliomas[31, 
32]Recently, matrix metalloproteinase-2- sensitive gold-gelatin nanoparticles were developed; RGD and 
octarginine were used as targeting ligands to pass through the BBB, allowing a pH-triggered release to 
the glioma-specific area[33] 

2.1.2 Silver Nanoparticle : 

Metallic NPs have this capacity to be attached to biological compartments to target specific receptors on 
tumor cells[34]Silver nanoparticles (AgNPs)  have several characteristics that make them suitable for 
cancer diagnosis and therapy[34] Many  researchers have  developed nanocomposite particles using 
Silver with other metals or polymers for  cancer theranostics[35] developed biocompatible AgNP with 
chitosan, labeled with a p-aminothiophenol[36]developed AgNP using Olaz scandens leaf extracts that 
showed anticancer activity against different cancer cells[35, 36]. 

2.2 Polymer Based Nanoparticles: 
The most common materials used to make polymeric nanoparticles are poly(lactic acid)/poly(lactic-co-
glycolic acid) PLA/PGLA,block copolymers, and chitosan. Polymeric nanoparticles are utilized in 
Theronostics due to their biocompatibility, better physiochemical characteristics, easy surface 
modification nontoxicity, storage stability, protection of loaded drug/diagnostic agent and controlled/ 
sustained release[37, 38]. 
 
The glycol chitosan (GC) has gained interest owing to solubility in aqueous media, biodegradability, and 
bio-compatibility. fluorescent polymeric nanoparticles (FNPs) were researched as theranostic agents for 
cancer detection and treatment. These are fabricated by employing fluorescent proteins, inorganic 
quantum dots, commercial organic dyes, and biocompatible biopolymers[39, 40].  
Polymer based magnetic nanoparticles (PMNPs) have applications in targeted drug delivery, cell tracking, 
tissue engineering and bio separation[15,41]PMNPshaving targeting moiety which possesses a magneto-
responsive therapeutic agent found to be an efficient nanotheranaostic  system for diagnostics as well as 
drug delivery [41,42]. 
Dendrimers, highly branched macromolecules, with a low density interior and a high density exterior have 
found many applications in theranosticnanomedicine. Many researchers havedeveloped dendrimers for 
cancer theranostics including PAMAM (poly(amidoamine)), Bis¬MPA (2,2¬bis(hydroxymethyl) propionic 
acid), PPI (polypropylene), PEG (poly(ethylene glycol)), 5¬ALA (5aminolevulinic acid), and TEA 
(triethanolamine)[43]. 
 
2.2.1 Drug-Polymer Conjugates: 
Drug-polymer conjugates include protein conjugates and drug conjugates with appropriate polymers. 
HPMA (N-(2-hydroxypropyl) methacrylamide)based conjugates are used for theranostics since they're 
stable, non-toxic and biocompatible for in vivo applications[44, 45] There are many studies showing the 
applications of HPMA polymer together with diagnostic agents. as an example, a passive targeted HPMA-
doxorubicin (DOX) conjugate labeled with I-131 has been studied in run phase I clinical trial[46] Yuan et 
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al synthesized poly(HPMA) based theranostic copolymers loaded with Cu-64 (i.e., intrinsic theranostic 
agent) and RGD was used as targeting ligand for targeting tumor angiogenesis[47]. 
2.2.2 Chitosan Nanoparticles: 

Chitosan (CS) could be a biodegradable polymer of cationic polysaccharide generated by partial 
deacetylation of chitin. Several researchers have conducted studies on chitosan nanoparticles for 
carcinoma drug delivery for therapeutic purposes evaluated the effect of chitosan coated doxorubicin 
loaded nanocarrier in cancer of the liver where it showed excellent inhibitions of cell growth of cancer of 
the liver[48]Loutfy et al, (2016) synthesized chitosan nanoparticle (CS-NPs) for evaluation of the in vitro 
human carcinoma cell model (HepG2). They investigated that the cytotoxic effect of CS-NPs towards 
carcinoma cells is comparatively good and that they suggested that CS-NPs are suitable for drug delivery 
proposes for cancer of the liver [49]. 

2.3 Based Nanoparticles: 
The lipid-based NCs provide an option in the development of a specific nanotheronostic delivery system 
for different liver cancer drugs. A nanostructured lipid carrier was synthesized by Bondì et al, (2015) for 
the controlled release of sorafenib drug to see the anticancer activity compared to free drug. They 
suggest that lipid based nanocarrier can be a good delivery agent for liver cancer for therapeutic 
application[50]Furthermore, Zhao et al, (2015) developed a lipid nanocarrier that delivers the doxorubicin 
and curcumin drug in mice model and they found that lipid nanocarrier has the excellent inhibitory effect 
on tumor growth with its high encapsulation efficacy, uniform particle size and sustained release 
profile[51]. 

 

2.3.1 Solid Lipid Nanoparticles: 

Solid lipid nanoparticles are a secure and effective alternative colloidal matrix carrier to traditional 
emulsions, liposomes, and polymeric nanoparticles[52].They are made of solid hydrophobic core 
containing dissolved or dispersed drug. Solid lipid nanoparticles are nanomedicine made from 
biocompatible lipids (e.g., triglycerides) which are solid at temperature. Solid lipid nanoparticles gain 
access to the blood compartment easily due to their small size and lipophilic surface. the size range of 
less articles for intravascular delivery than 100 nm allows solid lipid nanoparticles to cross tight-
endothelial cells of barrier for brain targeting[53-55]Bae et al. reported quantum dots loaded solid lipid 
nanoparticles for anti-cancer theranostics with synergistic/multimodal therapeutic effects of paclitaxel and 
siRNA[56] Recently, lymphatic delivery of solid lipid nanoparticles emerged as a technology to provide 
better transport into the lymphatics resulting in enhanced oral bioavailability of therapeutic agents[57]Bae 
et al. reported quantum dots loaded solid lipid nanoparticles for anticancertheranostics with 
synergistic/multimodal therapeutic effects of paclitaxel and siRNA[56]. 
2.3.2 Liposomes: 

Phospholipids, the dominant component of cell membranes, naturally become a category of promising 
candidates to create the platforms for nanomedicine due to their wide availability and excellent 
biocompatibility. Lipid nanoparticles within the style of vesicles and micelles are widely applied to drug 
delivery systems, and are developed with many successful products of nanomedicine on the market and 
within the clinical trials [58]. 

Liposomes are composed of natural or synthetic phospholipids, and other stabilizing components like 
cholesterol, which assemble into vesicles with their sizes varying from tens to many nanometers. 
Basically, liposomes are obtained through the rehydration of a lipid film and further physical extrusion or 
sonication [59] and theranostic liposomes is produced by adding functional agents into the starting 
materials during the preparation. For liposomes, their aqueous chamber can encapsulate hydrophilic 
payloads, and therefore the lipid bilayer may accommodate hydrophobic molecules. Therefore, liposomal 
drug formulations have succeeded in many chemotherapeutic compounds, including doxorubicin (DOX), 
paclitaxel, cisplatin, irinotecan, mitoxantrone, annamycin, topotecan and vinorelbine.  
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The liposomes can successfully protect the functional components from the external environment, 
prolong the systematic circulation time, and enhance their tumor accumulations[58]Many researchers 
have worked on liposomal formulations that have applications in targeting, therapeutic, and imaging 
functionalities[60]Besides liposomes, other varieties of lipid-based drug carriers are developed for the 
delivery of theranostic agents [61] including nano emulsions, and solid-lipid nanoparticles. for example, 
an oil-in-water nanoemulsion encapsulating iron oxide nanoparticles (IONPs), Cy7 near infrared (NIR) 
dye and glucocorticoid prednisolone acetate valeranate is utilized to look at the uptake of the 
nanoparticles and therapeutic effectiveness through resonance imaging (MRI) with high spatial resolution 
and fluorescent imaging with high sensitivity[62]. 

The lipid drug conjugates have also been demonstrated with an enhanced anticancer activity against 
solid cancers for squalene based anticancer prodrugs[63, 64] Solid lipid nanoparticles with a solid lipid 
core matrix are developed to boost the physical stability that hurdles the appliance of liposomes, and are 
utilized to deliver both of paclitaxel and Bcl¬2 targeted siRNA into human lung carcinoma cells[56, 65] 
Cell membranes are considered to be an ideal disguise for drug carriers to avoid immune  clearance[66]. 

2.3.3 Micelles: 

Polymeric micelles are self-assembling colloidal structure with a hydrophobic core and hydrophilic shell 
were tested as theranostic carriers and imaging probes[67]Therapeutic/ diagnostic agents is loaded into 
hydrophobic core of micelles and also the outer hydrophilic layer with targeting agent, which might then 
be administered intravenously[68- 71] 

 
2.3.4 Dendrimers: 
Dendrimers are hyperbranched nanostructures with controlled functionality and are vehicles which will be 
efficiently tailored for the spatial distribution of varied functionalities on their surface. These versatile 
functions, which permit stimuli–response ability and also the ability to self-assembly, make dendrimers 
excellent candidates for theranostic applications[72]Dendrimers used in nanotheranostics are usually 10 
to 100nm [73]Saad and coworker designed, and  evaluated a theranostic dendrimer for in vitro and in 
vivo. These nanocarriers delivered the paclitaxel and diagnostic agent [74]. 
Taratula et al. developed a novel dendrimer-based theranostic platform for tumor- targeted delivery of 
phthalocyanines. The study revealed the significant potential of dendrimers as an efficient theranostic 
agent[75]. 

 
 
2.4 Carbon Nanomaterials: 
2.4.1 Nano Carbons: 

Nano carbons, such as carbon nanotubes (CNTs), graphene derivatives and carbon dots (Cdots) show 
inherent optical properties which makes them useful contrast agents in optical imaging and sensing[76-
78]Carbon nanotubes (CNTs) are composed of various layers of graphene sheets, which form a 
cylindrical shape. CNTs are considered as allotropes of carbon with poor biocompatibility and slow 
biodegradation[87] CNTs are useful for theranostic applications since they will ameliorate the effect of 
chemotherapeutic drugs and are adaptable to clinical applications[86, 87]CNTs are potentially considered 
excellent nano-vehicles for the delivery of different therapeutic agents due to their small size and mass, 
high electrical, strong mechanical potency and thermal conductivity[89-92]Chen et al., reviewed the 
applications of functionalized fullerenes in tumor theranostics[93]Xu and co-workers investigated the 
influence of oxidized multiwalled CNTs on macrophages and reported novel approach of using CNTs in 
cancer immunotherapy[94]Shen H and co-workers[95]reported the applications of  graphene and 
graphene derivatives in the field of biomedicine such as,  drug and gene delivery, cancer therapy, 
biomedical imaging, biosensing and  tissue engineering. 
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3. Recent Advancement of Theranostic Nanoparticles: 
The Table 1 summarized the recent applications and advancement of Theranostic Nanoparticles. 

 
Table1 : Recent Advancement of Theranostic Nanoparticle 
 

Types of theranostic 
nanomaterials 

Theranostic 
advancement 

References 

Liposomes Co-delivery of docetaxel 
and 
quantum dots 
 

[79] 
 

Gold Nanoparticles  AUNPs improve 
the treatment of 
glimos 

 Stimulus 
responsive drug 
release 

 Diazirine-
decorated 

gold NPs 

[80]  
 
[81] 

Magnetic Nanoparticles Useful tool for magnetically 
enhanced accumulation in 
brain tumors and non-
invasive MRI screening 

[82]  

Drug-polymer conjugates 
 

Cancer imaging and radio 
chemo- 
therapy 

[47] 

Solid lipid 
Nanoparticles 

Multimodal 
Therapy 

[83] 

Polymeric 
nanoparticles 

Co-delivery of docetaxel 
and 
quantum dots 

[84] 

Dendrimers Delivery of single 
theranostic agent 

[75] 

Micelles Delivery of single 
theranostic agent 

[85] 
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4. Challenges: 

One of the major challenges associated with theranostic nanomedicine is interaction and compatibility 
between nano material and biological components which can show immunoreaction, inflammation and 
related side effects[96]Many researchers reported acute adverse immune reaction caused by many 
nanoplatforms . Another challenge is the safety profile of nanotheranostics in humans, and for this more 
advanced clinical trial are needed to established the safety concern. The major challenge associated with 
thetheranostic nanomedicines is the difficulty in control and reproducibility of the formulation process. 
Since theranostic nanoparticles are multifunctional unit, more accurate formulation approach  and control 
along with good manufacturing practice are needed. Also, more stringent regulatory steps are needed to 
bring  theranostic nanomedicine from research laboratories to clinical use [97]. 

5. Conclusion: 

Nano theranostics is a promising field that conglomerates the advantages of diagnosis and therapy. 
These novel nanocarriers not only deliver the drug but also simultaneously monitor and diagnose therapy 
response. The theranostic nanomaterials are fabricated based on the concept of combining therapeutic 
agents, imaging agents, and targeting moieties. The NP-based theranostic involves gold-, magnetic-, 
carbon-, silica-NPS and carbon nanotubes. These nano-drug delivery systems have shown potential 
outcome in cancer and other diseases. This technology will help to save time and decrease costs and  

better patient compliance. 

COMPETING INTERESTS DISCLAIMER: 
 
Authors have declared that no competing interests exist. The products used for this research 
are commonly and predominantly use products in our area of research and country. There is 
absolutely no conflict of interest between the authors and producers of the products because we 
do not intend to use these products as an avenue for any litigation but for the advancement of 
knowledge. Also, the research was not funded by the producing company rather it was funded 
by personal efforts of the authors. 
 

     6. References: 

1) Lammers T, Aime S, Hennink WE, Storm G, Kiessling F. Theranostic nanomedicine. Acc Chem Res. 
2011 Oct 18;44(10):1029-38. doi: 10.1021/ar200019c.  

2) Choi KY, Liu G, Lee S, Chen X. Theranostic nanoplatforms for simultaneous cancer imaging and 
therapy: current approaches and future perspectives. Nanoscale. 2012 Jan 21;4(2):330-42. doi: 
10.1039/c1nr11277e.  

3) Ye Y, Chen X. Integrin targeting for tumor optical imaging. Theranostics. 2011;1:102-26. doi: 
10.7150/thno/v01p0102. 

Carbon Nanotubes  They can ameliorate the 
effect of chemotherapeutic 
agent and translatable to 
clinical application 

[86, 87] 
 

Carbon 
nanomaterials 

Self photolumines-cent and 
photothermal property 

[88] 



 

10 
 

4) Duncan R, Vicent MJ. Polymer therapeutics-prospects for 21st century: the end of the beginning. Adv 
Drug Deliv Rev. 2013 Jan;65(1):60-70. doi: 10.1016/j.addr.2012.08.012.  

5) Allen TM, Cullis PR. Liposomal drug delivery systems: from concept to clinical applications. Adv Drug 
Deliv Rev. 2013 Jan;65(1):36-48. doi: 10.1016/j.addr.2012.09.037.  

6)Mukherjee S, Patra CR. Therapeutic application of anti-angiogenic nanomaterials in cancers. 
Nanoscale. 2016 Jul 7;8(25):12444-70. doi: 10.1039/c5nr07887c.  

7)Yue X, Dai Z. Liposomal Nanotechnology for Cancer Theranostics. Curr Med Chem. 2018;25(12):1397-
1408. doi: 10.2174/0929867324666170306105350.  

8)Mukherjee A, Paul M, Mukherjee S. Recent Progress in the Theranostics Application of Nanomedicine 
in Lung Cancer. Cancers (Basel). 2019 Apr 29;11(5):597. doi: 10.3390/cancers11050597.  

9)Zhu L, Zhou Z, Mao H, Yang L. Magnetic nanoparticles for precision oncology: theranostic magnetic 
iron oxide nanoparticles for image-guided and targeted cancer therapy. Nanomedicine (Lond). 2017 
Jan;12(1):73-87. doi: 10.2217/nnm-2016-0316. 

10)Jiang B, Fang L, Wu K, Yan X, Fan K. Ferritins as natural and artificial nanozymes for theranostics. 
Theranostics. 2020 Jan 1;10(2):687-706. doi: 10.7150/thno.39827.  

 
11Sneider A, VanDyke D, Paliwal S, Rai P. Remotely Triggered Nano-Theranostics For Cancer 
Applications. Nanotheranostics. 2017;1(1):1-22. doi: 10.7150/ntno.17109.. 

 

12)Lin Y , Yang Y , Yan J , Chen J , Cao J , Pu Y , Li L , He B . Redox/ATP switchable theranostic 
nanoparticles for real-time fluorescence monitoring of doxorubicin delivery. J Mater Chem B. 2018 Apr 
14;6(14):2089-2103. doi: 10.1039/c7tb03325g.  

13)Peng H , Liu X , Wang G , Li M , Bratlie KM , Cochran E , Wang Q . Polymeric multifunctional 
nanomaterials for theranostics. J Mater Chem B. 2015 Sep 14;3(34):6856-6870. doi: 
10.1039/c5tb00617a.  

14)Fan W, Shen B, Bu W, Chen F, He Q, Zhao K, Zhang S, Zhou L, Peng W, Xiao Q, Ni D, Liu J, Shi J. A 
smart up conversion-based mesoporous silica nanotheranostic system for synergetic chemo-/radio-
/photodynamic therapy and simultaneous MR/UCL imaging. Biomaterials. 2014 Oct;35(32):8992-9002. 
doi: 10.1016/j.biomaterials.2014.07.024.  

15)Ulbrich K, Holá K, Šubr V, Bakandritsos A, Tuček J, Zbořil R. Targeted Drug Delivery with Polymers 
and Magnetic Nanoparticles: Covalent and Noncovalent Approaches, Release Control, and Clinical 
Studies. Chem Rev. 2016 May 11;116(9):5338-431. doi: 10.1021/acs.chemrev.5b00589.  

16)Pitsillides CM, Joe EK, Wei X, Anderson RR, Lin CP. Selective cell targeting with light-absorbing 
microparticles and nanoparticles. Biophys J. 2003 Jun;84(6):4023-32. doi: 10.1016/S0006-
3495(03)75128-5.  

17)Kamaly N, Yameen B, Wu J, Farokhzad OC. Degradable Controlled-Release Polymers and Polymeric 
Nanoparticles: Mechanisms of Controlling Drug Release. Chem Rev. 2016 Feb 24;116(4):2602-63. doi: 
10.1021/acs.chemrev.5b00346.  

18) Webb JA, Bardhan R. Emerging advances in nanomedicine with engineered gold nanostructures. 
Nanoscale. 2014 Mar 7;6(5):2502-30. doi: 10.1039/c3nr05112a.  



 

11 
 

19)Wu W, Wu Z, Yu T, Jiang C, Kim WS. Recent progress on magnetic iron oxide nanoparticles: 
synthesis, surface functional strategies and biomedical applications. Sci Technol Adv Mater. 2015 Apr 
28;16(2):023501. doi: 10.1088/1468-6996/16/2/023501.  

20)Bagalkot V, Zhang L, Levy-Nissenbaum E, Jon S, Kantoff PW, Langer R, Farokhzad OC. Quantum 
dot-aptamer conjugates for synchronous cancer imaging, therapy, and sensing of drug delivery based on 
bi-fluorescence resonance energy transfer. Nano Lett. 2007 Oct;7(10):3065-70. doi: 10.1021/nl071546n.  

21) Kumar R, Kulkarni A, Nagesha DK, Sridhar S. In vitro evaluation of theranostic polymeric micelles for 
imaging and drug delivery in cancer. Theranostics. 2012;2(7):714-22. doi: 10.7150/thno.3927. Epub 2012 
Jul 31.  

22) Yong KT, Wang Y, Roy I, Rui H, Swihart MT, Law WC, Kwak SK, Ye L, Liu J, Mahajan SD, Reynolds 
JL. Preparation of quantum dot/drug nanoparticle formulations for traceable targeted delivery and 
therapy. Theranostics. 2012;2(7):681-94. doi: 10.7150/thno.3692.  

23) Chen WH, Xu XD, Jia HZ, Lei Q, Luo GF, Cheng SX, Zhuo RX, Zhang XZ. Therapeutic nanomedicine 
based on dual-intelligent functionalized gold nanoparticles for cancer imaging and therapy in vivo. 
Biomaterials. 2013 Nov;34(34):8798-807. doi: 10.1016/j.biomaterials.2013.07.084.  

24) Xiao Y, Hong H, Matson VZ, Javadi A, Xu W, Yang Y, Zhang Y, Engle JW, Nickles RJ, Cai W, 
Steeber DA, Gong S. Gold Nanorods Conjugated with Doxorubicin and cRGD for Combined Anticancer 
Drug Delivery and PET Imaging. Theranostics. 2012;2(8):757-68. doi: 10.7150/thno.4756.  

25) Rengan AK, Jagtap M, De A, Banerjee R, Srivastava R. Multifunctional gold coated thermo-sensitive 
liposomes for multimodal imaging and photo-thermal therapy of breast cancer cells. Nanoscale. 2014 Jan 
21;6(2):916-23. doi: 10.1039/c3nr04448c.  

26) Daniel MC, Astruc D. Gold nanoparticles: assembly, supramolecular chemistry, quantum-size-related 
properties, and applications toward biology, catalysis, and nanotechnology. Chem Rev. 2004 
Jan;104(1):293-346. doi: 10.1021/cr030698+.  

27) Link S, El-Sayed MA. Shape and size dependence of radiative, non-radiative and photothermal 
properties of gold nanocrystals. Int. reviews in  physical chemistry. 2000 Jul 1;19(3):409-53. 

28) Connor EE, Mwamuka J, Gole A, Murphy CJ, Wyatt MD. Gold nanoparticles are taken up by human 
cells but do not cause acute cytotoxicity. Small. 2005 Mar;1(3):325-7. doi: 10.1002/smll.200400093. 

29) Kumar R, Korideck H, Ngwa W, Berbeco RI, Makrigiorgos GM, Sridhar S. Third generation gold 
nanoplatform optimized for radiation therapy. Transl Cancer Res. 2013 Aug;2(4):10.3978/j.issn.2218-
676X.2013.07.02. doi: 10.3978/j.issn.2218-676X.2013.07.02. 

30) Lee SM, Kim HJ, Kim SY, Kwon MK, Kim S, Cho A, Yun M, Shin JS, Yoo KH. Drug-loaded gold 
plasmonic nanoparticles for treatment of multidrug resistance in cancer. Biomaterials. 2014 
Feb;35(7):2272-82. doi: 10.1016/j.biomaterials.2013.11.068. 

31) Heo DN, Yang DH, Moon HJ, Lee JB, Bae MS, Lee SC, Lee WJ, Sun IC, Kwon IK. Gold 
nanoparticles surface-functionalized with paclitaxel drug and biotin receptor as theranostic agents for 
cancer therapy. Biomaterials. 2012 Jan;33(3):856-66. doi: 10.1016/j.biomaterials.2011.09.064.  

32) Hainfeld JF, Smilowitz HM, O'Connor MJ, Dilmanian FA, Slatkin DN. Gold nanoparticle imaging and 
radiotherapy of brain tumors in mice. Nanomedicine (Lond). 2013 Oct;8(10):1601-9. doi: 
10.2217/nnm.12.165. 



 

12 
 

33) Ruan S, He Q, Gao H. Matrix metalloproteinase triggered size-shrinkable gelatin-gold fabricated 
nanoparticles for tumor microenvironment sensitive penetration and diagnosis of glioma. Nanoscale. 2015 
Jun 7;7(21):9487-96. doi: 10.1039/c5nr01408e. 

34) Barabadi H. Nanobiotechnology: A promising scope of gold biotechnology. Cell Mol Biol (Noisy-le-
grand). 2017 Dec 15;63(12):3-4. doi: 10.14715/cmb/2017.63.12.2. 

35) Boca-Farcau S, Potara M, Simon T, Juhem A, Baldeck P, Astilean S. Folic acid-conjugated, SERS-
labeled silver nanotriangles for multimodal detection and targeted photothermal treatment on human 
ovarian cancer cells. Mol Pharm. 2014 Feb 3;11(2):391-9. doi: 10.1021/mp400300m. 

36) Mukherjee S, Chowdhury D, Kotcherlakota R, Patra S, B V, Bhadra MP, Sreedhar B, Patra CR. 
Potential theranostics application of bio-synthesized silver nanoparticles (4-in-1 system). Theranostics. 
2014 Jan 29;4(3):316-35. doi: 10.7150/thno.7819.  

37) Rydz J, Sikorska W, Kyulavska M, Christova D. Polyester-based (bio)degradable polymers as 
environmentally friendly materials for sustainable development. Int J Mol Sci. 2014 Dec 29;16(1):564-96. 
doi: 10.3390/ijms16010564. 

38) Luk BT, Zhang L. Current advances in polymer-based nanotheranostics for cancer treatment and 
diagnosis. ACS Appl Mater Interfaces. 2014 Dec 24;6(24):21859-73. doi: 10.1021/am5036225.  

39) Wan Q, Liu M, Xu D, Mao L, Tian J, Huang H, Gao P, Deng F, Zhang X, Wei Y. Fabrication of 
aggregation induced emission active luminescent chitosan nanoparticles via a "one-pot" multicomponent 
reaction. Carbohydr Polym. 2016 Nov 5;152:189-195. doi: 10.1016/j.carbpol.2016.07.026.  

40) Andreiuk B, Reisch A, Lindecker M, Follain G, Peyriéras N, Goetz JG, Klymchenko AS. Fluorescent 
Polymer Nanoparticles for Cell Barcoding In Vitro and In Vivo. Small. 2017 Oct;13(38). doi: 
10.1002/smll.201701582.  

41)Krasia-Christoforou T , Georgiou TK . Polymeric theranostics: using polymer-based systems for 
simultaneous imaging and therapy. J Mater Chem B. 2013 Jun 28;1(24):3002-3025. doi: 
10.1039/c3tb20191k.  

42) Gobbo OL, Sjaastad K, Radomski MW, Volkov Y, Prina-Mello A. Magnetic Nanoparticles in Cancer 
Theranostics. Theranostics. 2015 Sep 1;5(11):1249-63. doi: 10.7150/thno.11544. 

43) Lo ST, Kumar A, Hsieh JT, Sun X. Dendrimer nanoscaffolds for potential theranostics of prostate 
cancer with a focus on radiochemistry. Mol Pharm. 2013 Mar 4;10(3):793-812. doi: 10.1021/mp3005325. 

44) Kopecek J, Kopecková P. HPMA copolymers: origins, early developments, present, and future. Adv 
Drug Deliv Rev. 2010 Feb 17;62(2):122-49. doi: 10.1016/j.addr.2009.10.004. 

45) Nakamura H, Etrych T, Chytil P, Ohkubo M, Fang J, Ulbrich K, Maeda H. Two step mechanisms of 
tumor selective delivery of N-(2-hydroxypropyl)methacrylamide copolymer conjugated with pirarubicin via 
an acid-cleavable linkage. J Control Release. 2014 Jan 28;174:81-7. doi: 10.1016/j.jconrel.2013.11.011.  

46) Nakamura H, Etrych T, Chytil P, Ohkubo M, Fang J, Ulbrich K, Maeda H. Two step mechanisms of 
tumor selective delivery of N-(2-hydroxypropyl)methacrylamide copolymer conjugated with pirarubicin via 
an acid-cleavable linkage. J Control Release. 2014 Jan 28;174:81-7. doi: 10.1016/j.jconrel.2013.11.011. 

47) Yuan J, Zhang H, Kaur H, Oupicky D, Peng F. Synthesis and characterization of theranostic 
poly(HPMA)-c(RGDyK)-DOTA-64Cu copolymer targeting tumor angiogenesis: tumor localization 
visualized by positron emission tomography. Mol Imaging. 2013 May;12(3):203-12 



 

13 
 

48) Ye Y, Chen X. Integrin targeting for tumor optical imaging. Theranostics. 2011;1:102-26. doi: 
10.7150/thno/v01p0102. 

49) Loutfy SA, El-Din HM, Elberry MH, Allam NG, Hasanin MT, Abdellah AM. Synthesis, characterization 
and cytotoxic evaluation of chitosan nanoparticles: in vitro liver cancer model. Adv. Nat. Sci: Nanosci. 
Nanotechnol.2016 Aug 1;7(3):035008. 

50) Bondì ML, Botto C, Amore E, Emma MR, Augello G, Craparo EF, Cervello M. Lipid nanocarriers 
containing sorafenib inhibit colonies formation in human hepatocarcinoma cells. Int J Pharm. 2015 Sep 
30;493(1-2):75-85. doi: 10.1016/j.ijpharm.2015.07.055.  

51) Zhao X, Chen Q, Li Y, Tang H, Liu W, Yang X. Doxorubicin and curcumin co-delivery by lipid 
nanoparticles for enhanced treatment of diethylnitrosamine-induced hepatocellular carcinoma in mice. 
Eur J Pharm Biopharm. 2015 Jun;93:27-36. doi: 10.1016/j.ejpb.2015.03.003.  

52) Muthu MS, Singh S. Targeted nanomedicines: effective treatment modalities for cancer, AIDS and 
brain disorders. Nanomedicine (Lond). 2009 Jan;4(1):105-18. doi: 10.2217/17435889.4.1.105.  

53) Müller RH, Mäder K, Gohla S. Solid lipid nanoparticles (SLN) for controlled drug delivery - a review of 
the state of the art. Eur J Pharm Biopharm. 2000 Jul;50(1):161-77. doi: 10.1016/s0939-6411(00)00087-4.  

54) Mehnert W, Mäder K. Solid lipid nanoparticles: production, characterization and applications. Adv 
Drug Deliv Rev. 2001 Apr 25;47(2-3):165-96. doi: 10.1016/s0169-409x(01)00105-3. 

55)  Wissing SA, Kayser O, Müller RH. Solid lipid nanoparticles for parenteral drug delivery. Adv Drug 
Deliv Rev. 2004 May 7;56(9):1257-72. doi: 10.1016/j.addr.2003.12.002. 

56) Bae KH, Lee JY, Lee SH, Park TG, Nam YS. Optically traceable solid lipid nanoparticles loaded with 
siRNA and paclitaxel for synergistic chemotherapy with in situ imaging. Adv Healthc Mater. 2013 
Apr;2(4):576-84. doi: 10.1002/adhm.201200338. 

57) Singh I, Swami R, Khan W, Sistla R. Lymphatic system: a prospective area for advanced targeting of 
particulate drug carriers. Expert Opin Drug Deliv. 2014 Feb;11(2):211-29. doi: 
10.1517/17425247.2014.866088.  

58) Pattni BS, Chupin VV, Torchilin VP. New Developments in Liposomal Drug Delivery. Chem Rev. 2015 
Oct 14;115(19):10938-66. doi: 10.1021/acs.chemrev.5b00046.  

59) Luk BT, Fang RH, Zhang L. Lipid- and polymer-based nanostructures for cancer theranostics. 
Theranostics. 2012;2(12):1117-26. doi: 10.7150/thno.4381.  

60) Janib SM, Moses AS, MacKay JA. Imaging and drug delivery using theranostic nanoparticles. Adv 
Drug Deliv Rev. 2010 Aug 30;62(11):1052-1063. doi: 10.1016/j.addr.2010.08.004. 

61) Valetti S, Mura S, Stella B, Couvreur P. Rational design for multifunctional non-liposomal lipid-based 
nanocarriers for cancer management: theory to practice. J Nanobiotechnology. 2013;11 Suppl 1(Suppl 
1):S6. doi: 10.1186/1477-3155-11-S1-S6. 

62) Gianella A, Jarzyna PA, Mani V, Ramachandran S, Calcagno C, Tang J, Kann B, Dijk WJ, Thijssen 
VL, Griffioen AW, Storm G, Fayad ZA, Mulder WJ. Multifunctional nanoemulsion platform for imaging 
guided therapy evaluated in experimental cancer. ACS Nano. 2011 Jun 28;5(6):4422-33. doi: 
10.1021/nn103336a.  



 

14 
 

63) Arias JL, Reddy LH, Othman M, Gillet B, Desmaële D, Zouhiri F, Dosio F, Gref R, Couvreur P. 
Squalene based nanocomposites: a new platform for the design of multifunctional pharmaceutical 
theragnostics. ACS Nano. 2011 Feb 22;5(2):1513-21. doi: 10.1021/nn1034197. 

64) Réjiba S, Reddy LH, Bigand C, Parmentier C, Couvreur P, Hajri A. Squalenoyl gemcitabine 
nanomedicine overcomes the low efficacy of gemcitabine therapy in pancreatic cancer. Nanomedicine. 
2011 Dec;7(6):841-9. doi: 10.1016/j.nano.2011.02.012.  

65) Albuquerque J, Moura CC, Sarmento B, Reis S. Solid Lipid Nanoparticles: A Potential Multifunctional 
Approach towards Rheumatoid Arthritis Theranostics. Molecules. 2015 Jun 16;20(6):11103-18. doi: 
10.3390/molecules200611103.  

66) Krishnamurthy S, Vaiyapuri R, Zhang L, Chan JM. Lipid-coated polymeric nanoparticles for cancer 
drug delivery. Biomater Sci. 2015 Jul;3(7):923-36. doi: 10.1039/c4bm00427b. 

67) Mahmud A, Xiong XB, Aliabadi HM, Lavasanifar A. Polymeric micelles for drug targeting. J Drug 
Target. 2007 Nov;15(9):553-84. doi: 10.1080/10611860701538586. 

68) Kumar R, Kulkarni A, Nagesha DK, Sridhar S. In vitro evaluation of theranostic polymeric micelles for 
imaging and drug delivery in cancer. Theranostics. 2012;2(7):714-22. doi: 10.7150/thno.3927. 

69) Liu Z, Liang XJ. Nano-carbons as theranostics. Theranostics. 2012;2(3):235-7. doi: 
10.7150/thno.4156. 

70) Mi Y, Liu Y, Feng SS. Formulation of Docetaxel by folic acid-conjugated d-α-tocopheryl polyethylene 
glycol succinate 2000 (Vitamin E TPGS(2k)) micelles for targeted and synergistic chemotherapy. 
Biomaterials. 2011 Jun;32(16):4058-66. doi: 10.1016/j.biomaterials.2011.02.022. 

71) Torchilin VP, Lukyanov AN, Gao Z, Papahadjopoulos-Sternberg B. Immunomicelles: targeted 
pharmaceutical carriers for poorly soluble drugs. Proc Natl Acad Sci U S A. 2003 May 13;100(10):6039-
44. doi: 10.1073/pnas.0931428100. 

72) Scott RW, Wilson OM, Crook RM. Synthesis, Characterization, and Applications of Dendrimer-
Encapsulated Nanoparticles.The Journal of Physical Chemistry B 2005 109 (2), 692-704 DOI: 
10.1021/jp0469665 

73) Fahmy TM, Fong PM, Park J, Constable T, Saltzman WM. Nanosystems for simultaneous imaging 
and drug delivery to T cells. AAPS J. 2007 Jun 8;9(2):E171-80. doi: 10.1208/aapsj0902019 

74) Saad M, Garbuzenko OB, Ber E, Chandna P, Khandare JJ, Pozharov VP, Minko T. Receptor targeted 
polymers, dendrimers, liposomes: which nanocarrier is the most efficient for tumor-specific treatment and 
imaging? J Control Release. 2008 Sep 10;130(2):107-14. doi: 10.1016/j.jconrel.2008.05.024.  

75) Taratula O, Schumann C, Naleway MA, Pang AJ, Chon KJ, Taratula O. A multifunctional theranostic 
platform based on phthalocyanine-loaded dendrimer for image-guided drug delivery and photodynamic 
therapy. Mol Pharm. 2013 Oct 7;10(10):3946-58. doi: 10.1021/mp400397t. 

76) Liu Z, Robinson JT, Tabakman SM, Yang K, Dai H. Carbon materials for drug delivery & cancer 
therapy. Materials today. 2011 Jul 1;14(7-8):316-23.doi.org/10.1016/S1369-7021(11)70161-4. 

77) Loh KP, Bao Q, Eda G, Chhowalla M. Graphene oxide as a chemically tunable platform for optical 
applications. Nat Chem. 2010 Dec;2(12):1015-24. doi: 10.1038/nchem.907. 

78) Elhissi AM, Ahmed W, Hassan IU, Dhanak VR, D'Emanuele A. Carbon nanotubes in cancer therapy 
and drug delivery. J Drug Deliv. 2012;2012:837327. doi: 10.1155/2012/837327. 



 

15 
 

79) Muthu MS, Kulkarni SA, Raju A, Feng SS. Theranostic liposomes of TPGS coating for targeted co-
delivery of docetaxel and quantum dots. Biomaterials. 2012 Apr;33(12):3494-501. doi: 
10.1016/j.biomaterials.2012.01.036 

80) d'Angelo M, Castelli V, Benedetti E, Antonosante A, Catanesi M, Dominguez-Benot R, Pitari G, 
Ippoliti R, Cimini A. Theranostic Nanomedicine for Malignant Gliomas. Front Bioeng Biotechnol. 2019 Nov 
14;7:325. doi: 10.3389/fbioe.2019.00325. 

81) Chen WH, Xu XD, Jia HZ, Lei Q, Luo GF, Cheng SX, Zhuo RX, Zhang XZ. Therapeutic nanomedicine 
based on dual-intelligent functionalized gold nanoparticles for cancer imaging and therapy in vivo. 
Biomaterials. 2013 Nov;34(34):8798-807. doi: 10.1016/j.biomaterials.2013.07.084. 

82) Chertok B, Moffat BA, David AE, Yu F, Bergemann C, Ross BD, Yang VC. Iron oxide nanoparticles as 
a drug delivery vehicle for MRI monitored magnetic targeting of brain tumors. Biomaterials. 2008 
Feb;29(4):487-96. doi: 10.1016/j.biomaterials.2007.08.050.  

83) Shuhendler AJ, Prasad P, Leung M, Rauth AM, Dacosta RS, Wu XY. A novel solid lipid nanoparticle 
formulation for active targeting to tumor α(v) β(3) integrin receptors reveals cyclic RGD as a double-edged 
sword. Adv Healthc Mater. 2012 Sep;1(5):600-8. doi: 10.1002/adhm.201200006.  

84) Pan J, Liu Y, Feng SS. Multifunctional nanoparticles of biodegradable copolymer blend for cancer 
diagnosis and treatment. Nanomedicine (Lond). 2010 Apr;5(3):347-60. doi: 10.2217/nnm.10.13.  

85) Chandrasekharan P, Maity D, Yong CX, Chuang KH, Ding J, Feng SS. Vitamin E (D-alpha-
tocopheryl-co-poly(ethylene glycol) 1000 succinate) micelles-superparamagnetic iron oxide nanoparticles 
for enhanced thermotherapy and MRI. Biomaterials. 2011 Aug;32(24):5663-72. doi: 
10.1016/j.biomaterials.2011.04.037.  

86)  Shapira A, Livney YD, Broxterman HJ, Assaraf YG. Nanomedicine for targeted cancer therapy: 
towards the overcoming of drug resistance. Drug Resist Updat. 2011 Jun;14(3):150-63. doi: 
10.1016/j.drup.2011.01.003. 

87) Singh RP, Sharma G, Sonali, Singh S, Kumar M, Pandey BL, Koch B, Muthu MS. Vitamin E TPGS 
conjugated carbon nanotubes improved efficacy of docetaxel with safety for lung cancer treatment. 
Colloids Surf B Biointerfaces. 2016 May 1;141:429-442. doi: 10.1016/j.colsurfb.2016.02.011. 

88) Robinson JT, Welsher K, Tabakman SM, Sherlock SP, Wang H, Luong R, Dai H. High Performance 
In Vivo Near-IR (>1 μm) Imaging and Photothermal Cancer Therapy with Carbon Nanotubes. Nano Res. 
2010 Oct 1;3(11):779-793. doi: 10.1007/s12274-010-0045-1.  

89) Fubini B, Ghiazza M, Fenoglio I. Physico-chemical features of engineered nanoparticles relevant to 
their toxicity. Nanotoxicology. 2010 Dec;4:347-63. doi: 10.3109/17435390.2010.509519.  

90) Zare H, Ahmadi S, Ghasemi A, Ghanbari M, Rabiee N, Bagherzadeh M, Karimi M, Webster TJ, 
Hamblin MR, Mostafavi E. Carbon Nanotubes: Smart Drug/Gene Delivery Carriers. Int J Nanomedicine. 
2021;16:1681-1706 

https://doi.org/10.2147/IJN.S299448 

91) Qi X, Rui Y, Fan Y, Chen H, Ma N, Wu Z. Galactosylated chitosan-grafted multiwall carbon nanotubes 
for pH-dependent sustained release and hepatic tumor-targeted delivery of doxorubicin in vivo. Colloids 
Surf B Biointerfaces. 2015 Sep 1;133:314-22. doi: 10.1016/j.colsurfb.2015.06.003. 

92) Elsayed MM, Mostafa ME, Alaaeldin E, Sarhan HA, Shaykoon MS, Allam S, Ahmed AR, Elsadek BE. 
Design And Characterisation Of Novel Sorafenib-Loaded Carbon Nanotubes With Distinct Tumour-



 

16 
 

Suppressive Activity In Hepatocellular Carcinoma. Int J Nanomedicine. 2019 Oct 29;14:8445-8467. doi: 
10.2147/IJN.S223920.  

93) Chen Z, Ma L, Liu Y, Chen C. Applications of functionalized fullerenes in tumor theranostics. 
Theranostics. 2012;2(3):238-50. doi: 10.7150/thno.3509.  

94) Yang M, Meng J, Cheng X, Lei J, Guo H, Zhang W, Kong H, Xu H. Multiwalled carbon nanotubes 
interact with macrophages and influence tumor progression and metastasis. Theranostics. 2012;2(3):258-
70. doi: 10.7150/thno.3629.  

95) Shen H, Zhang L, Liu M, Zhang Z. Biomedical applications of graphene. Theranostics. 2012;2(3):283-
94. doi: 10.7150/thno.3642.  

96) Dilnawaz F, Acharya S, Sahoo SK. Recent trends of nanomedicinal approaches in clinics. Int J 
Pharm. 2018 Mar 1;538(1-2):263-278. doi: 10.1016/j.ijpharm.2018.01.016.  

97) Jackman JA, Mészáros T, Fülöp T, Urbanics R, Szebeni J, Cho NJ. Comparison of complement 
activation-related pseudoallergy in miniature and domestic pigs: foundation of a validatable immune 
toxicity model. Nanomedicine. 2016 May;12(4):933-943. doi: 10.1016/j.nano.2015.12.377.  

 

 

 


