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A B S T R A C T   

Quantum dots (QDs) are nanocrystals of semiconducting material possessing quantum mechanical characteristics 
with capability to get conjugated with drug moieties. The particle size of QDs varies from 2 to 10 nm and can 
radiate a wide range of colours depending upon their size. Their wide and diverse usage of QDs across the world 
is due to their adaptable properties like large quantum yield, photostability, and adjustable emission spectrum. 
QDs are nanomaterials with inherent electrical characteristics that can be used as drug carrier vehicle and as a 
diagnostic in the field of nanomedicine. Scientists from various fields are aggressively working for the devel-
opment of single platform that can sense, can produce a microscopic image and even be used to deliver a 
therapeutic agent. QDs are the fluorescent nano dots with which the possibilities of the drug delivery to a tar-
geted site and its biomedical imaging can be explored. This review is mainly focused on the different process of 
synthesis of QDs, their application especially in the areas of malignancies and as a theranostic tool. The attempt is 
to consolidate the data available for the use of QDs in the biomedical applications.   

1. Introduction 

Quantum dots are semiconducting nanocrystals with intermolecular 
distance of approximately 2–10 nm. The use of QDs extends from the 
commonly seen items like lights, reflectors, photovoltaic devices and 
sign boards to the more sophisticated, delicate and precise medicines to 
be administered to humans. In case of medicines, QDs are useful as drug 
carriers and are also used as tools for diagnosis of diseases when seen 
under light of particular wavelength [1]. QDs can be synthesized by 
many well established documented procedures and uniqueness lies in 

the fact that different QDs emit different emission spectra when excited 
under same wavelength. This is based on the composition of materials 
used for their synthesis and resultant particle size obtained for fluores-
cent dot [2]. The ease of conjugating QDs with drug delivery vehicles 
viz; a polymer, solid lipid nanoparticles, micelles, liposomes and carbon 
based nanomaterials allows the use of such fluorescent nano dots in the 
field of nano medicine [3]. Very recently the application of nano-
materials is seen in the areas of diagnosis as well as treatment for even 
complicated conditions like diabetes, cardiovascular ailments, 
neuro-muscular diseases and cancer. Due to the property of photo 
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excitation, QDs finds its place in various nano biomedical examinations 
in chronic conditions particularly cancer for detecting the extent and site 
of actual damage caused by the disease [4]. Cancer is the leading cause 
of death as one of the WHO reports in the year 2018 documented 9.6 
million deaths solely due to cancer [5,6]. Globally, one in every 6th 
death is reported due to cancer. This calls for the urgent need to find 
newer and precise treatment strategies for the better management of 
cancer. 

The nanomaterials as discussed above in conjunction with QDs are 
accepted in the treatment strategies due to their biocompatibility and 
absolutely no toxic effects to the human physiology. They come with the 
properties of surface functionalization with which both hydrophilic and 
hydrophobic drug moieties can be conjugated to form a release control 
delivery vehicle [4]. Scientists working in the field of drug therapy, 
diagnostics and medical science are interested in developing a 
nano-theranostic tool that can simultaneously detect the origin of the 
disease and direct the nanocouture for therapy. QDs qualify as ideal 
material for drug delivery, imaging tool and as nanosensor as promising 
scientific findings are published in the area of biomedical sciences. The 
present review is based on consolidation of such data for the use of QDs 
in biomedical application particularly in the area of cancer theranostics. 

2. Optical properties and cellular toxicity of QDs 

Optical properties exhibited by QDs along with their unique elec-
tronic properties impart various advantages to new fluorophores to be 
used as biological dyes, florescent proteins, and lanthanide chelates [7]. 
QDs show extensive emission spectra, which allow excitation by a wide 
range of wavelengths, a characteristic that may be exploited to energize 
numerous distinctively coloured QDs utilizing a single wavelength. 
Regular colours likewise have broad emission spectra, which mean the 
spectra of diverse colours may be exhibited to a vast degree. This ex-
hibits that the fluorescent material can be conjugated to distinctive 
natural particles for analysing their fluorescence properties. Surpris-
ingly, QDs having narrow emission spectrum can be inhibited in a 
relatively straightforward way by a variation in core dimensions, and 
through different structures [8]. 

Cellular toxicity of QDs has been reported in a number of in vitro 
tests, influencing cellular development furthermore, feasibility. The 
degree of cytotoxicity has been found to be dependent upon various 
elements including size, fluorescence, surface chemistry, and bioactivity 
and handling parameters. Regardless of instigating noteworthy modifi-
cations in cell physiology, QDs are capable of causing inconspicuous 
changes that could suggest the toxic behaviour of formed QDs [9]. These 
contain elution of free Cadmium (QD core degradation), free radical 
formation, and interaction of quantum dots with inner cellular envi-
ronment. Recently, investigation of QDs toxicity in a hepatocyte culture 
model demonstrated that the accumulation of Cadmium Selenide core 
within an oxidative surrounding of cell could result in degradation of 
core leading to elution of Cadmium ions [10]. 

3. Molecular targeting with QDs 

Luminescent QDs are a potential alternative in contrast to natural 
dyes for fluorescence-based applications. Inferable from their narrow 
emission, wide ultra violet ray excitation, brilliant fluorescence, and 
high photostability makes QDs extremely attractive candidates for 
visualization techniques [11]. QDs of transferrin (an iron-transport 
protein) conjugates were prepared by covalently binding zinc 
sulfide-cadmium selenide QDs s to a protein with the help of mercap-
toacetic acid (MA). At the point when the conjugates were fused with 
HeLa cells, the transferrin particles were separated from the receptors 
over cell surface and also inside the cells by receptor-interceded endo-
cytic mechanisms. Prior endeavours have been made to apply quantum 
dots in live cells invitro. This could allow constant examination of mo-
lecular processes in living cells along with ligand receptor interactions 

[12]. Further engineered scientific investigations for developing 
long-term and multifaceted imaging techniques which can be used in 
humans are essential. Walling et al. mentioned in their communication 
about the use of QDs for live cell imaging. The synthesized fluorescent 
dots gets attached to cell proteins resulting in insightful imaging of live 
cancer cells. In this investigation, the cells remained stable for over 
seven days as they developed into a live imaging tool. This showed the 
non-toxic impact on cell capacity/morphology; thus making QDs ideal 
for long term and deep imaging of living cells [13]. 

4. Theranostics platform with QDs 

Theranostics is the term given when a system/tool/delivery vehicle 
is capable of instantaneous detection of a disease along with its treat-
ment. Warner described the term as the integrated system/platform 
which is smart enough to assist in diagnosis as well as provides a 
treatment for a disease. The nanotherapeutics is now shifting towards 
concept of theranostics by which coordinated approach is utilized for 
simultaneous treatment and also examining the disease regression [14, 
15]. It has resulted in a more sophisticated image-assisted nano-
therapeutics for chronic disease conditions particularly for cancers [15, 
16]. The striking feature of the therapy is that it comes with biocom-
patibility, diminished side effects and lowered risks affecting the healthy 
human cells. 

Early stage detection of cancer is still a fantasy which calls for the 
development of modern and sophisticated tools for its detection. Con-
ventional methods viz; physical examination, biopsy and blood tests are 
less precise, time consuming and are performed with tedious proced-
ures. So, the introduction of theranostics into the field of oncology is the 
need of the hour and recent investigations have proved that such 
application will provide additional molecular level information along 
with superior treatment options [17]. The Fig. 1 below shows the use of 
QDs for gathering the multidimensional information based on invitro cell 
imaging, assays and invivo animal studies. 

From the past one decade theranostic tools are developed for better 
understanding of cancer cell biology [18,19]. QDs coupled with ligand 
molecules like antibodies and aptamers have led to the development of 
more effective therapeutics. This has opened the field of personalized 
medicine for cancer, diabetes, cardiovascular and patients with neuro-
logical disorders [20]. The concept of theranostics has now extended to 
genomics, proteomics and other ‘omic techology’ that have contributed 
a lot for development of superior diagnostic tools. 

5. Theranostic nanomaterials in tumour microenvironment 

The medicinal or therapeutic viability of any theranostics can be 
decided by the intensity of the response generated for the therapeutic 
after its administration into the living cells. Typically, the nanomaterials 
are stimulus-responsive (for example, pH, attractive field and light), 
therefore, the circulation life of the nano material in the human physi-
ology system is dependent upon the factors responsible for disease onset 
and its progression [21]. For, example, gold nanostructures gathered at 
the tumor site can be effortlessly illuminated by near infrared (NIR) light 
leading to unconstrained build-up of heat that brings about diseased 
cell’s death by means of hyperthermia [22]. Doxorubicin (DOX), an 
anticancer medicine, is an example of a drug that can detect malignant 
growth and cause cell death after its transportation to the tumor site in a 
controlled fashion depending upon the nanomaterial used for synthesis 
of its nanocargo. The cumulative movement to the cancer cells and drug 
discharge from the nano-delivery vehicle can be observed using their 
fluorescent properties of QDs [23,24]. Hence, with QDs it is observed 
that the pharmacodynamics of nanomaterials can be judged, which lead 
to in-depth knowledge of the disease and its progression [25]. 

In the year 2015, Pawar et al. documented CdS nanoprobes for 
estimation of penicillamine content in the nanoparticles formed. The 
authors reported an increase in size of the QDs in presence of the drug 
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and enhanced fluorescence attributed towards synergistic interaction 
between the drug and the QDs [26]. Similarly, QD based tools are 
developed for cancer therapy and genetic material delivery especially 
for siRNA. These are useful for MRI imaging, multiplexed molecular 
imaging and can be used for monitoring the dynamic nature of tumour 
microenvironment [25,26]. Moving on same lines Sun et al. reported 
successful detection of HER2 (human epidermal growth factor receptor 
found on the surface of breast tumours) with QDs based immunohisto-
chemistry even at lower expression levels of the HER2 protein. The 
authors also reported that with the developed system, multiplexed QDs 
based analysis was also possible [27]. Fig. 2 below depicts the unique 
characteristics of QDs employed in the modern age oncology 
therapeutics. 

6. Use of theranostics in targeted cancer treatment and imaging 

As the branch of theranostics is concerned with providing treatment 
as well as diagnostic attributes to the delivery vehicle, this serves dual 
purpose in the complicated oncology strategy followed for cancer 
remission. QDs with surface functionalization also provide the oppor-
tunity to target the therapeutic at the specific site, thus minimising the 

peripheral side effects associated with therapy [28]. Very recently, the 
omic technology in association with the QDs has been able to develop 
symptomatic diagnostic kits for cancers. In this, ligands specific for 
cancers like antibodies, peptides and aptamers attached to the surface of 
kits which can detect the corresponding cancer biomarker present in the 
sample [29]. 

Cai et al. developed DOX encapsulated ZnO QDs with dimensions of 
~ 3 nm with biocompatible materials like polyethylene glycol and hy-
aluronic acid. The system was synthesized to target the overexpressed 
CD44 glycoprotein in the lung cancer. The drug loading was done to 
fulfil the therapeutic component of QDs and it resulted in controlled 
release inside the acidic tumour microenvironment when imaged using 
confocal laser scanning microscopy [30]. The cancer imaging using QDs 
was successfully reported by Yezhelyev et al. done on breast tumour cell 
line and on clinical specimens. The authors investigated the comparative 
study with the developed system vis-à-vis conventional available tech-
niques of western blotting and fluorescence in situ hybridization (FISH). 
MCF-7 cells line was used to evaluate HER2, ER, and mTOR in the 
tumour microenvironment. The relevance of the study was proved by 
the fact that the diagnostic tool was in the position to detect even low 
concentration of these protein markers in breast tumour [31]. Fig. 3 

Fig. 1. Use of Quantum dots as various contrasts mediators in bioimaging.  

Fig. 2. Attributes of QDs useful in the cancer therapy.  
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below depicts the associated benefits with QDs when applied in the 
oncology segment. 

7. Various methods used for quantum dots synthesis 

7.1. Wet-chemical methods (microemulsion process/sol-gel process/hot- 
solution decomposition process) 

QDs with tunable dimensions can be synthesized through chemical 
methods. Epitaxial hetero structures can be constructed using a variety 
of wet-chemical methods, including the direct synthesis from molecular 
precursors (e.g., solution epitaxial growth) and the post-synthesis, 
treatments of the existing seeds or templates (e.g., ion exchange) [32, 
33]. In the solution of epitaxial growth methods, the nucleation of the 
second material is allowed on the defined sites of existing seeds. Ion 
exchange methods, especially the cation exchange in which the cations 
in a nitrocellulosde host lattice are substituted for those in solution, have 
been used as a particularly powerful tool for the construction of epitaxial 
hetero structures [34,35]. 

Similar to sol-gel processes, microemulsion and hot-solution 
decomposition process can be carried out at atmospheric temperature. 
One can adjust the dimension of QDs by altering the concentration of 
surface-active agent and can furthermore have the smallest possible size 
when synthesized from the sol-gel process. Low yield, risk of contami-
nation and deformations of formed crystal lattice are major disadvan-
tages of these techniques. The inverse micelle techniques is most 
favoured for preparation of QDs, where water globules scattering may 
be improved with the use of surface-active agents like acetyl tri methyl- 
ammonium-bromide (CTAB), sodium lauryl sulfate (SLS) and other non- 
ionic surfactant. As these surface-active agents have both hydrophilic 
and hydrophobic characteristics, numerous minute aggregates called 
micelles surround the oil phase. Such micelles are thermodynamically 
stable and are called as ’nonreactors’. Formation of resultant QDs is 
facilitated by micelle particles which in turn is dependent upon molar 
concentration of water and surfactant [36,37]. 

7.2. Hot-arrangement decay process 

This strategy incorporates reactivity of the organometallics at a 
maximum temperature and a brief description was first given by 

Bawendi and partners in 1993. Process involves injecting a cool solution 
of precursor molecules into a hot liquid of tri-octylphosphine oxide 
(TOPO) between 295 and 305 ◦C under vacuum in a three-necked round 
bottom flask. The injection leads to the formation of tri-n-octyl-phos-
phine selenide nuclei which can be controlled by variation in tempera-
ture. Consistent nucleation to produce QDs is done through a mechanism 
of dominant particle growth called ’Ostwald ripening’ which results in 
broadening of their size distribution and increase in the free energy of 
QDs which further influences their photoluminescence [38]. The 
tri-octyl-phosphine oxide solution (purity nearly to 90%) controls the 
QDs scattering, enhance the surface coating, and imparts surface 
aggregating property for adequate development of QDs. This strategy 
involving the use of heat transfer fluids provides a convenient means to 
control growth and results in mono scattered QDs. Additionally, a pro-
gression of QDs dimensions may improve after a similar antecedent 
growth by tweaking the temperature. In any case, this procedure faces 
limitations over its higher expenses for the utilization of higher heat, the 
toxicity potential of organo-metallic precursors, and low scattering in 
water [39]. 

7.3. Vapor-stage phase techniques (molecular beam epitaxy (MBE)/ 
physical vapor deposition (PVD)/chemical vapor deposition (CVD) 

In vapor-stage strategies, layers of QDs are created within a molecule 
through particle processes with no structuring rather by the hetero- 
epitaxial migration of self-assembled QDs [40]. This has brought a 
paradigm shift in research since the past few years owing to their 
exceptional properties, crystallinity and potential for biomedical appli-
cation. In the III-V system for synthesis of QDs according to Stranski- 
Krastanow (SK) the formation of uniform QDs, like nano structures can 
be well controlled by the nucleation conditions [41]. The entire syn-
thesis process is dependent upon the precursors, their concentration and 
the controlled temperature conditions during the reaction. 

7.4. Physical vapor deposition method (PVDM) 

Vaporization occurs from dense material or fluid obtained in 
different natures of atom/molecules and is directed through an evacu-
ated/low pressure gas in the PVD process where distillation is carried 
out. The most customarily utilized PVDM in the mechanical application 
is when the surface of the sputtering target is blocked with vaporous 
molecules with increased electrical frequency for QD production. The 
molecules/atoms are produced using this method by energy exchanged 
from the colliding molecules in solution [42]. 

7.5. Chemical vapor deposition method (CVDM) 

In CVDM, powder/solid film is deposited over the substrate at 
increased temperature using different precursors. These precursors are 
formed by a chemical interaction converting the molecules or atoms into 
gaseous phase. This process commonly occurs with evaporation induced 
by the secondary products as well as starting materials [43]. CVDM are 
of different types, such as vapor phase epitaxy method (VPEM) when 
CVDM is used to deposit single crystal film, metal-organic CVDM 
(MOCVDM) when precursors are metal-organic species, plasma 
increased CVDM (PECVDM) when a plasma is utilized to increase the 
reaction and if the breakdown is taking place at decrease pressurize gas 
is known as low-pressure CVD (LPCVD) [42]. Likewise, atmospheric 
pressure CVDM (APCVDM), photochemical vapor deposition (PCVDM), 
laser chemical vapor topping (LCVDM) are also well recognized. 
Correspondingly, ecological weight CVD, photochemical vapor articu-
lation (PCVD) are furthermore outstanding techniques for QDs synthesis 
[44]. 

Fig. 3. Theranostic utilization of QDs for delivery of therapeutic inside cancer 
microenvironment. 
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7.6. Substantial metal-free quantum dots or green method for synthesis 

For business reasonability, a scope of cadmium-free quantum dots, 
for example, Indium Phosphide/Zinc Selenide and Copper Indium Sul-
fide (CuInS2)/Zinc Selenide have been synthesized. They represent 
brilliant discharges in the regular near infrared range with comparable 
optical characteristics to that of CdSe QDs. A green technique for 
combining the hydrophilic CuInS2 and CuInS2/ZnS colloidal quantum 
dots was devised utilizing N, N-dimethylformamide in soluble form. 
Ionic liquids (IL) are beneficial due to their eco-friendly green nature 
and can be utilized as elective response media by replacing conventional 
unstable organic solvents. Another technique was detailed by Wang Y. 
Q, and colleagues utilizing ionic fluids as microwave absorbing solvents 
for the synthesis of ZnS quantum dots [45,46]. Fig. 4 below portray the 
simplest lab scale injection method of synthesis for graphene quantum 
dots. 

8. DNA-functionalization of QDs 

QDs can also function as fluorophores by a process known as quan-
tum confinement which leads to emission of electromagnetic radiation 
perceived as fluorescence and helps in imaging of various cellular and 
sub-cellular structures. In this regard, conventional CdSe/ZnS quantum 
dots are not the most attractive preference as they may cause damage to 
characteristic cells. To make cell compatible features, superficial alter-
ations of QDs are done. Recent changes made to address these limita-
tions include synthesis employing hydrogel or covalent link between 
layers to explicitly attach with DNA, which can be utilized for cellular as 
well as molecular discovery [47]. Fig. 5 depicts the sequential steps 
involved in DNA functionalized QDs to reach the target site. In a 
hydrogel system, the outer surface of Zinc Selenide might possess elec-
tric charge to bind the hydrophobic core of a micelle which enables the 
hydrophilic surface to stay associated with organic frameworks. 
Nevertheless, during bio conjugation, two covalently reinforced bio-
molecules can form a defensive coat over the QDs. Hydrophobic bio 
conjugation hinders breakdown of the QDs structure inside the body 
[48]. 

Xiaohu Gao et al. utilized tri-n-octylphosphine oxide for attachment 
with receptor site, and a trisquare polymer comprising of two hydro-
phobic and one hydrophilic portion, with an entirely hydrophobic hy-
drocarbon sequence. The intense hydrophobic relationship among tri- 
noctylphosphine oxide and polymer hydrocarbon empowers them to 
assume a hydrophobic conformational nature [49,50]. 

9. Biological use of quantum dots 

Fluorescence resonance energy transfer (FRET) includes the trans-
mission of fluorescence energy initiated from donor particle to a receiver 

particle at all points. FRET can be an accurate measure of molecular 
proximity at angstrom distances (10–100 Å) and highly efficient if the 
donor and acceptor are positioned within the Förster radius (the dis-
tance at which half the excitation energy of the donor is transferred to 
the acceptor, typically 3–6 nm) [51]. It is a sensitive technique suitable 
for estimating variations in inter-molecular separation, investigating 
various biological phenomena causing changes in molecular proximity, 
estimating protein conformational deviations, and analysis of protein 
interaction. A collective effort to utilize QDs in FRET has led to several 
advances, mostly after coupling to peptides and antibodies used for 
immunoassays. QD-FRET remains useful for observing protein reactions 
in the Holliday Junction, an intermodal recombinant DNA which un-
dergoes conformational modification after interacting withMg2+ ions 
[52]. A large number of references demonstrate that QD-conjugated 
oligonucleotide arrangements (coupled by means of surface carboxylic 
acid groups) bind with DNA or mRNA1 [53]. The optical properties of 
QDs were utilized to identify the clinically valuable ERBB2/HER2/new 
locus, which is useful for breast cancer. Coupling of oligonucleotides to 
the QDs surface leads to low stability because these QDs develops free 
carboxylic acid groups on the surface, making them much less useful 
than predictable organic fluorophore probes [54]. 

9.1. Blood and biochemical markers 

The QDs being minute particles may influence the resistance mech-
anisms or initiate a rapid reaction, which would be demonstrated by 
changes in hematological factors, for which standard hematological and 
biochemical markers are evaluated. Hematological outcomes demon-
strated in the mice with CdTe QDs and PBS infused appeared to be or-
dinary wherein the actions of hematological and biochemical markers 
showed extraordinary results at the samplings intervals of 0, 7, 15 and 
30 days post administration. Besides, the mice infused with CdTe QDs 
demonstrated an altogether increased WBC number in samples taken at 
7, 15 and 30th day with the greatest increase at 30 days after infusion. 
This may be because of likely irritation caused by the QDs in kidney 
tissues [55]. The increased dimensions of WBCs at a high dose (100 g) of 
QDs are also reported. Also, serum organic chemistry examinations were 
conducted on weekly basis and hinted at no liver damage as both the 
AST and ALT were within ordinary range. Markers of kidney function 
such as blood nitrogen urea and creatinine were observed to be higher in 
CdTe QDs infused animals. Overall, the consequences of hematology and 
blood estimations demonstrated that the CdTe QDs cause mild to mod-
erate renal harm [56]. 

9.2. In vivo imaging 

Current known advancement in superior QDs for whole body imag-
ing is still at developmental stage. Whole body imaging poses a few 
critical challenges with the goal of developing more significant diag-
nostic tool over the existing methods already utilizing QDs in this 
domain. In contrast to single-layered cells and thin tissue segments, 
imaging in live subjects acquaints confusions owing to scrambling and 
auto-fluorescence of tissue due to UV and the bright range. Hence, im-
ages have been acquired at proximity of a couple of mm beneath the 
surface of the skin [58]. QDs can be employed for inner body imaging as 
they can radiate infrared radiations in the near infrared window 
(700–900 nm). Such wavelengths are harmless for skin and appropriate 
for biomedical use, due to low energy conduction of QDs. A vital limi-
tation for in vivo applications is their escape from the circulatory system 
[57]. 

9.3. Drug transportation 

As of late, collaborations in organic frameworks have led to 
increased interests in science and medicine. QDs, otherwise called 
modest light-radiating NPs, have incredible photophysical 

Fig. 4. Green synthesis method for the preparation of graphene quantum dots 
(GQDs). (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 
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characteristics that are involved in effective extension of the application 
and also possess extraordinary possibilities in disease detection as well 
as treatment progression. In order to uphold their numerous abilities, 
existing QDs are innovating rapidly. QDs can be cross-linked to bio-
molecules, for example, antibodies, peptides, or small ligands which can 
be preferred over conventional organic frameworks and can be utilized 
in developing drug therapies as highlighted in Table 1 below. 

The use of QDs in the field of biomedical sciences fascinates the 
scientific community for its potential advantageous aspects. The spectra 
of scope for these fluorescent dots to be used in understanding and 
revealing newer concepts in cellular biology is far more enormous which 
calls for further scientific investigations. 

10. Conclusions 

Theranostics is a rapidly evolving area of drug development in the 
dynamic research and in various fields of material science, imaging 
specialties and atomic science. Theranostic nanomaterials have been 
widely investigated in the area of oncology for complex purposes, such 
as chemotherapeutic drug delivery, quality delivery, photothermal 
treatment, and photodynamic treatment/management. In addition, 
theranostic agents may also find wide application in agricultural sci-
ences and chemotherapy of cancer. As of late, theranostic nanomaterials 
have likewise been investigated, though to a lesser degree, in cardio-
vascular indications, renal complications and immunological disorders 
for their improved treatment and monitoring of disease progression. 
Advances in therapeutic science, hereditary patterns, physical science, 
biomedical development, and nanotechnology are being made for 
improvement of diagnostic tests in terms of multi-modality and molec-
ular visualization of disease with remedial specialists focusing majorly 
on cancer treatment. Peptides, nanoparticles, peptidomimetics, pro-
teins, and antibodies labeled with radioisotopes, fluorescent dyes, super 
paramagnetic nanoparticles, and QDs have been studies extensively in 
this regard. This gives the guarantee that the fluorescents dots (QDs) can 
definitely illuminate the complicated terrain of oncology sciences with 
newer diagnostic tools, novel biomarkers and a patient compliant 
treatment regimens in near future. 

Fig. 5. Schematic representation of liquid-liquid extraction process of DNA functionalized quantum dots.  

Table 1 
QD conjugated/loaded with drug molecules acting as a carrier system for cancer 
therapy.  

Type of quantum dots 
(QDs) 

Drug Moiety Outcome Ref 

Mn/ZnS QDs 5-Fluorouracil 5-FU loaded FACS-Mn: 
ZnS nanocomposite for 
targeted delivery for 
breast cancer therapy 

[58] 

Tri-element doped 
magneto- 
fluorescent carbon 
QDs (GdNS@CQDs) 

Doxorubicin QDs showed a maximum 
drug filling and pH- 
depending drug release. 

[59] 

Graphene QDs 
(GQDs) 

Cisplatin Enhancement to cisplatin 
cellular uptake in 
cisplatin-resistant cells 

[60] 

ZnO QDs Doxorubicin Biodegradable pH- 
responsive drug delivery 
platform 

[61] 

Cu2(OH) PO4 QDs photodynamic 
treatment/ 
photothermal 
method of treatment 

The developed system 
worked on 
photoactivated 
development of reactive 
oxygen species and 
photothermal adaptation 
of the synthesized QDs 

[62] 

ZnSe:Mn/ZnS QDs Paclitaxel Hybrid nanocapsules 
with tunable fluorescence 
and sustain release 
behaviour 

[63] 

CdTe/CdsS/ZnS QDs Paclitaxel Parenteral 
multifunctional delivery 
system (NLC) 

[64] 

ZnO QDs Doxorubicin The developed system 
developed surface 
protonation/ 
deprotonation controlled 
charge switch 

[65]  
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