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 Nanotechnology is an exciting field that has a profitable outcome due to the increased applications 
of nanomaterials in many areas such as industry, agriculture, business, medicine and public health. 
Nanomedicine is a science that studies the application of nanotechnology in medicine. For diseases 
diagnosis, treatment, monitoring, control and prevention. Titanium dioxide nanoparticles (TiO2 NPs) 
possess the potential to be used in nanomedicine for cancer diagnosis and therapy due to their 
advantageous characteristics such as biocompatibility, photocatalytic activity and good optical and 
electronic properties. This review aims to introduce nanomedicine and nanomaterials and focus on 
the recent research interest toward TiO2 NPs in medicine. 
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1. INTRODUCTION 
  Recently, nanotechnology has gained significant 
interest due to increasing applications of nanomaterials, 
materials sized in the scale of 1 to 100 nm, in many 
fields such as industry, agriculture, medicine and public 
health [1]. 
       Nanomedicine is the application of nanotechnology 
in medicine for disease diagnosis and treatment and 
disease monitoring, control and prevention. 
Nanomedicine is considered an Enabling Technology 
that provides new and forward-looking solutions to 
manage non-solved medical needs [2].  

         The application of nanomaterials in nanomedicine can 
be divided into three main subdivisions: nano-diagnosis, 
nano-therapy, and regenerative medicine (organ 
replacement or transplantation). Moreover, there is a new 
exciting and emerging field that aims to combine diagnosis 
and therapy and is entitled as theranostics. Theranostic 
medicine is merely using the same system for both disease 
diagnosis and treatment [3]. 

       Nanomedicine improves clinical practice by introducing 
novel medicines for both disease diagnosis and treatment by 
Providing beneficial molecules that were previously toxic 
and clinically untuneful. Moreover, nanomedicine could 
improve drug bioavailability that will subsequently lead to 
reducing the dose and toxicity. Besides, nanomedicine 
provides a very useful drug-targeting through controlled and 
site-specific release, site-selective distribution in the body 
and increased capability of crossing biological barriers. All of 
these beneficial outcomes of nanomedicine depend on the 
properties of nanomaterials [4]. 

2.  Nanomaterials 

        To fully understand the advantages of 
nanomaterials and how could the properties of the 
nanomaterials affect the outcomes of using these  
 

 
materials in medicine, we need to answer important 
questions; what the definition of a nanomaterial is and  
 
how to decide whether a material is considered as a 
nanomaterial or not. 
       The European Commission (EC) defined the 
nanomaterials based on the European Commission Joint 
Research Center and the Scientific Committee on 
Emerging. Accordingly, the EC recommended that 
nanomaterial can be defined as a natural or 
manufactured particle, either in an unbound state or as 
an aggregate where the external dimensions are in the 
size range of 1– 100 nm for ≥ 50 percentage of the 
particles [5]. 
  The small size of the nanomaterials provides novel 
physical and chemical properties that are different from 
their conventional bulk chemical equivalents. These 
physical and chemical properties can alter 
pharmacokinetics such as absorption, distribution, the 
ability to cross biological barriers, metabolism and 
elimination [6]. But, some concerns about the 
nanomaterial's safety have emerged; therefore, FDA 
advises evaluating the safety of the nanomaterials and 
their impact on public health [7].  

3. Properties of nanomaterials 

  The size of the nanomaterial is the most important 
property to characterize a nanomaterial. Nano-size 
nanomaterials provide a high specific surface area 
about the volume leading to an increase in the particle 
surface energy and render the nanomaterials much 
more reactive. In a biological system, nanomaterials are 
capable of adsorbing biomolecules such as proteins and 
lipids on its surface. One of the most critical interaction 
in the biological system depends on adsorption of the 
plasma biomolecules leading to the formation of the 
corona layer on the nanoparticles [8]. The structure of 
the corona layer depends on the root of the entry of 
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nanomaterials to the body and on the body fluid in 
which the nanoparticles will get through such as blood, 
gastro-intestinal fluid or lung fluid. The corona 
constitution could be changed while moving from one 
biological fluid to another [9].  

       Other properties of the nanomaterials such as optical, 
electrical and magnetic properties can be modified by 
electron confinement. The remarkable outcome is that 
different sizes, shapes and chemical compositions of a 
nanomaterial can be skillfully engineered. Besides, their 
surfaces could be modified to render the nanoparticles more 
interactive toward specific biological targets [10].  

  Obtaining successful biological outcomes comes after 
careful particle design. A well-known mechanism of how 
nanomaterials could interact with any biological system is 
mandatory as it will influence the cellular signaling 
pathways, kinetics and transport. Therefore, a better 
understanding of the molecular processes leads to well-
engineered nanomaterials that could target a desired site in 
the body [11].  

4. Application of nanoparticles for cancer therapy 

        Recently, there is an excellent research effort for the 
implementation of nanoparticles (NPs) for cancer therapy to 
prevent cancer incidence and progression owing to their 
antitumor activity. The anti-cancer activity of NPs is related 
to intrinsic NPs capability; for example, some NPs capable of 
inducing oxidative stress or DNA adduct. Besides, NPs anti-
cancer activity could depend on activities relies on external 
stimuli, such as hyperthermia results from tumor irradiation 
by magnetic fields or infrared rays. NPs, with such activities, 
could be employed as antitumor therapies such as 
photodynamic therapy and photothermal therapy. In 
radiotherapy, the external radiation stimulates NPs can 
produce free radicals that can eradicate cancer cells. 
Besides, NPs could affect the tumor environment, such as 
blood vessels or stroma, to prevent the development of 
tumors. Moreover, some NPs inhibited tumor progression as 
a result of their oxidative stress activities [12].  

         The use of NPs in cancer therapy in both active and 
passive response. The tolerant attitude of NPs through the 
enhanced permeability and also increase retention effects 
with the presence of leaky vasculature can permit the 
diffusion of NPs into cancer tissues to accumulate and 
eradicate cancer cells [13].  

        The disadvantage of relying on the passive process for 
cancer therapy is that the leakage in the vascular system 
present in cancer can be located in inflamed tissue and will 
target drug delivery. Researchers could overcome this 
disadvantage by directing the used anti-cancer drug through 
active processes. It depends on the ability to render the NPs 
o be functionalized and targeted at the cancerous cell. 
Modifying the NPs surface by biomolecules or a ligand to a 
specific target on the surface of cancer cells might increase 
the uptake of the anti-cancer drugs into the cancerous cells 
instead of healthy normal tissues [14]. Here we will focus on 
Titanium dioxide nanoparticles as one of the essential 

nanoparticles that recently is being studied for 
nanomedicine. 

5. Titanium dioxide nanoparticles (TiO2 NPs) 

         Titanium dioxide or titanium (IV) oxide or Titania is a 
metal oxide particle with the chemical formula, TiO2. 
According to U.S National Nanotechnology, TiO2NPs are one 
of the commonly manufactured NPs worldwide. TiO2 NPs 
have many industrial applications as paints, printing ink, 
rubber, paper, cosmetics, pharmaceuticals, sunscreens, car 
materials, implanted biomaterials and decomposing organic 
matters in wastewater [15].  

       The recent growth of the research interest has been 
seen in nanoscience, and nanotechnology resulted in 
discovering new physical and chemical properties. At the 
same time, the size of the material becomes smaller down 
to the nanometer scale. TiO2 NPs demonstrated unique 
characteristics that promote its utilization in favor of 
medicine [2]       

 In the research area of cancer therapy and diagnosis, 
the small size of NPs allows their incorporation into cells via 
endocytosis, and they, therefore, may affect the cellular 
function [16]. Furthermore, the magnitudes of their 
modulatory effects may vary considerably among different 
sizes and surface coatings of the NPs [17].  

TiO2 NPs is considered to be a suitable candidate for 
biomedical applications due to their many advantageous 
characters such as good optical and electronic properties, 
photocatalytic activity as well as being stable, non-toxic, 
cheap, and biologically and chemically inert [18]. 
Simultaneously, the high surface area of TiO2 NPs results in 
remarkable capability for drug loading and nanocarriers 
formation. Therefore, TiO2 NPs reconsidered as an efficient 
drug carrier for cancer chemotherapy [19].         

  In cancer radiotherapy, TiO2 NPs showed a promising 
anti-cancer activity due to its photocatalytic activity. For 
example, TiO2 NPs are efficiently used in photodynamic 
therapy (PDT). The primary mechanism of action of PDT 
depends on the excitation of photosensitizer upon exposure 
of electromagnetic radiation that generates cytotoxic ROS, 
which induces the cascade of apoptosis. Moreover, TiO2 NPs 
showed a promising anti-cancer effect in photothermal 
therapy (PTT). The principle of PTT depends on the 
accumulation of TiO2 NPs in cancer cells that will be excited 
with irradiation of tumor tissue leading to hyperthermia and 
cell death. Moreover, TiO2 NPs are applied in cancer 
bioimaging, such as photodynamic diagnosis (PDD) [20]. 

6. Characterization of TiO2 NPs  

         Despite the widespread use of TiO2 NPs, their use in 
research has some problems, such as irregular shape, broad 
size range, and a high potential for aggregation, all of which 
make it difficult to generate accurate data regarding 
nanoparticle safety for use in the future development of 
nanoparticle applications. Size, in particular, is a critical 
parameter affecting both the cellular uptake and 
cytotoxicity of nanoparticles. Kim et al. found that 
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nanoparticles ranging from 400 to 800 nm exhibit enhanced 
cytotoxicity resulting from ROS generation in response to 
oxidative stress [21]. Furthermore, Andersson et al.  
reported that both the primary size and agglomeration size 
of nanoparticles play essential roles in cytotoxicity through 
different cellular uptake pathways and pro-inflammatory 
responses. Therefore, controlling the size of nanoparticles is 
particularly important for research examining their 
cytotoxicity [22].  

The relationship between the sizes of nanoparticles and 
their cytotoxicity has not been thoroughly elucidated. The 
critical problem preventing the elucidation of this 
relationship is rooted in the non-uniform sizes of the 
nanoparticles used in previous studies and their tendency to 
aggregate. Because of these issues, it has been challenging 
to define suitable size ranges for nanoparticles to be used in 
drug delivery and therapeutic agents. Therefore, the 
production of nanoparticles of uniform size and shape could 
increase their medical applicability by enabling the accurate 
determinations of the relationship between nanoparticle 
size and biocompatibility [23]. 

7. Coating of TiO2 NPs by polyethylene glycol 

 

Figure I. Scanning electron microscope (SEM) and Transmission electron 
microscope (TEM) images of TiO2 NPs that shows the aggregation tendency 

of the nanoparticles [24]. 

 

Figure II. Morphological characterization and structure diagram of TiO2 PEG 
nanoparticles of different sizes. TiO2-PEG nanoparticles 100, 200, and 300 
nm in size were characterized by SEM (upper panels) and TEM (lower 
panels). Both SEM and TEM images showed that the nanoparticles were 
spherical and uniform. The characterization of TiO2PEG NPs confirmed the 
enhancement effect of PEG-glycation on the dispersity and uniformity of 
TiO2 NPs [23].  

 Polyethylene Glycol (PEG) is generally considered a safe 
polymer. It is therefore widely utilized in medicine and 
biotechnology due to its unique properties, such as 
biocompatibility, ready excretion from living organisms, and 
resistance to protein adsorption. In our work, PEG was used 
to functionalize the TiO2 surface to decrease the cytotoxicity 
of NPs.  Generally, when NPs are dispersed in a culture 

medium, protein molecules adsorb onto the surface, 
forming a corona that increases the mean size of the 
particles [25]. However, surfaces covered with PEG resist 
protein adsorption due to the high steric exclusion of PEG. 
Besides, PEG modification decreases the surface 
area/volume ratio and thus reduces the aggregation of NPs. 
Therefore, PEG modification was expected to reduce the 
tendency of TiO2-PEG NPs to aggregate and hence improves 
the biological efficacy of TiO2-PEG NPs [26].   

8. Applications of TiO2 NPs for cancer therapy  

8.1. TiO2 NPs and PDT 

        PDT is one of the effective treatment models that has 
been studied for various cancers. PDT depends on its 
sensitivity to light and non-toxic photosensitizer (PS) drugs 
given to cancer patients and could accumulate in the tumor 
tissue [27]. The PS can be excited with light, which has a 
wide range of wavelength of 580 to 810 nm. The resultant 
excitation of the PS within the particular wavelength will 
react with the cancerous tissues' molecular oxygen, and ROS 
is generated to eradicate cancer tissues. PDT reaction 
induces tumor death by several cell death pathways, 
especially autophagy and apoptosis [28].  

        TiO2 NPs could be used as PS. TiO2 NPs are safe inert in 
a non-excited state, and when applied to the patient, it 
accumulates in tumor tissue. After TiO2 NPs being excited by 
a light source with a long therapeutic threshold wavelength 
that ranges from 580 to 810 nm, a photo-oxidative reaction 
occurs in which NPs react with water and produce OH* 
radicals and O2* anions, that are a cytotoxic type of ROS. 
Increased ROS will induce oxidative stress and initiate cell 
death pathways to cause cancer cell death [29].  

1. Administration 

of      TiO2 NPs

Apoptosis

TiO2 NPs and PDT

4. TiO2 NPs induce ROS 

generation leading to apoptosis 
Created by bio render

 

Figure III. mechanism of using TiO2 NPs in PDT. After systematic 
administration of TiO2 NPs, the NPs accumulate in tumor tissue, and with 
site-selective irradiation, TiO2 NPs inside cancer cells increased ROS 
regeneration leading to apoptosis and cancer cells death.  
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8.2. TiO2 NPs and PTT 

PTT is a therapeutic method in which photon energy is 
converted into heat to induce hyperthermia in malignant 
tumor cells. In this method, energy conversion is performed 
by nanoparticles (NPs) to enhance induced heat efficacy. 
The low cytotoxicity and high optical absorbance of TiO2 NPs 
used in this technique are significant [30]. 

       PTT using NPs promises a new technique to efficiently 
treat cancer cells without any significant limitation or side 
effects. In particular, TiO2 NPs play an efficient role in 
converting the photon energy of laser light into heat due to 
their specific physicochemical properties such as good 
thermal conductivity, good optical absorption, and in-vivo 
chemical, thermal stability. These characteristics enable NPs 
to induce hyperthermia in malignant tissues [31]. 

1. Administration of

TiO2 NPs

Hyperthermia

TiO2 NPs and PTT

4. TiO2 NPs convert photon 

energy of laser in to heat
Created by bio render

2. TiO2 NPs accumulate

in tumor tissue

3. Laser irradiation

 

Figure IV. mechanism of using TiO2 NPs in PTT. After 
systematic administration of TiO2 NPs, the NPs accumulate 
in tumor tissue, and with site-selective irradiation, TiO2 NPs 
inside cancer cells convert the laser energy into heat and 
generates hyperthermia that results in cancer cells death.  

9. Applications of TiO2 NPs for cancer diagnosis 

9.1. TiO2 NPs and PDD 

 The European association of urology has recommended 
PDD for the detection of urinary bladder carcinoma. PDD 
depends on using a photosensitizer, which is a fluorophore 
drug characterized by being non-toxic to the cells and able 
to localize in cancer tissues only precisely. By site-selective 
irradiation using laser light with Low wavelengths, ranging 
from 370 to 410 nm, the PS will be excited [32]. The excited 
PS will fluoresce, leading to auto-fluorescent tumor 
identification. If PDD will be engineered and applied 
correctly, it will be rapid, accurate, non-invasive and has the 
potential to be used to identify both primary and secondary 
cancer. Since PDD utilizes photosynthesizers, PDT can be 
used immediately after cancer identification; since the 
photosynthesizers agent remains inactive after it fluoresces 

at the low wavelength, it can be activated at a high 
wavelength start immediate treatment [33].  

       The first generation PDD agents is 5-Aminolevulinic acid 
(5-ALA), which is enzymatically converted to protoporphyrin 
IX (PpIX). 5-ALA is considered the only widely used first-
generation PS in dermatology as it demonstrated a 
promising outcome for PDD. ALA could be excited at a 
wavelength range of 375 to 445 nm, such as visible blue 
light. Even though the limitations of first-generation PSs 
promote the research to discover and develop further PSs, 
that could show superior properties to allow them to be 
considered an ideal choice for a combination of both PDT 
and PDD applications [34].  

         TiO2 NPs are used as enhancement agent to increase 
fluorescence signals. Much recent research work concluded 
that TiO2 PEG NPs could decrease photobleaching, enhance 
and prolong fluorescence of PDD agents and hence, improve 
tumor visualization by PDD [35]. 

The simultaneous application of PDD with PDT is very 
advantageous as it will lead to cancer diagnosis and therapy. 
The benefits came from the synergistic mechanism of action 
in which a PS drug will be used and excited with several light 
sources. Therefore, the PS can induce two different 
biochemical effects. One is fluorescence for diagnosis, and 
the second is a biochemical response, such as apoptosis for 
treatment [36].  

The difference between PDD and PDT mechanisms rely 
on how the PS would be excited. For PDT, the PS is excited 
using a light source with a longer therapeutic window 
wavelength, ranges from 600 to 800 nm. It leads to a photo-
oxidative reaction and induction of ROS regeneration, such 
as hydroxyl radicals and superoxide anions. The increased 
ROS could induce oxidative stress within cancer cells and 
initiate cell death pathways that finally results in tumor 
destruction. PDD and PDT have the same requirements: a PS 
drug that can accumulate in cancer tissue. The only 
difference being the different light wavelengths to be used 
for PS excitation that lead to either diagnostic auto-
fluorescence or cytotoxic species induction for treatment 
[37]. 

Conclusion 

      Recently, nanomaterials elucidated a favorable outcome 
in the field of nanomedicine. Therefore, many research 
efforts are conducted to discover, characterize and modify 
new nanomaterials for the favor of medicine.  

     TiO2 NPs are nanomaterials widely used in cancer therapy 
and bioimaging, such as photodynamic therapy, 
photothermal therapy and photodynamic diagnosis. 
Modification in the characteristics and surface coating of 
TiO2 NPs could lead to new and different outcomes directed 
toward the improvement of nanomedicine. Therefore, it is 
recommended to study, modify and investigate the 
biological, medical, and toxicological effects of TiO2 NPs.  
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