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Introduction

Nanotechnology emerges amidst global science established 
by stable and repetitive protocols, seeking to present, firstly, 
to the scientific community a new perspective on possible 
technological advances associated with a nanometric scale. 
With the article “Engines of creation: The coming era of 
nanotechnology,” Drexler inserted the term nanotechnology 
for the first time in a scientific publication in 1986, and a 
new era emerged, as its title suggests, in the search for 
understanding and application of the new science being 
presented [1]. The first articles published between 1980 
and 1999 were theoretical and pointed to hope towards 
nanoscience [1-6]. Since the 2000s, scientific production has 
primarily focused on the synthesis and characterization of 
nanostructures, unveiling to the scientific community a vast 
potential associated with nanostructures and their advantages 
when compared to bulk. This potential has sparked optimism 
about the future of the field as science continues its mission 

to compare nanotechnologies with established technologies 
and to demonstrate, primarily, the advantages associated with 
the nanoscale [7-9].

Data extracted from the Google Scholar platform show that 
between 1986 and 1990, approximately 1,900 articles were 
published worldwide mentioning the term nanotechnology, 
according to an analysis on Google Scholar. This seemingly 
modest number, however, was a significant starting point in 
the search for understanding the nanoscale for technological 
innovations and proposals for work with future perspectives. 
It marked the beginning of a journey where scientists sought 
to contextualize discoveries and new scientific possibilities 
through a minimum of theory.

The scenario was even more impressive between 2001 and 
2024. Around 1,020,000 articles were published mentioning 
nanotechnology. However, during this period, an important 
watershed needs to be highlighted. In 1990, the term “green 
chemistry” emerged, establishing 12 principles that must be 
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respected so that new products emerge in an environmentally 
responsible manner [10-14]. Furthermore, in 2015, the 
United Nations launched the Sustainable Development 
Goals, encouraging the scientific community to think more 
harmoniously with the environment [15]. A new search 
has begun to integrate technologies into the environment 
responsibly. In this context, the profile associated with new 
scientific productions with nanotechnology has changed.

The new analysis searches for terms disseminated in 
the scientific literature that introduce so-called “green” 
methodologies, which introduce eco-friendly concepts into 
the synthesis routes of nanostructures [16-21]. Making the 
same assessment, in the same periods, no article from 1986 

to 1990 found the term “green synthesis” associated with 
nanotechnology. From 1991 to 2000, the search for the terms 
eco-friendly, green synthesis and biosynthesis associated 
with nanotechnology began to emerge, and much of this 
emergence is related to the understanding of the nanoscale 
behavior of nanosystems. Because they present characteristics 
of colloidal systems, scientists worldwide are beginning to 
understand the powerful dispersive and stabilizing potential 
of the dispersive medium from plant extracts [22-26]. Then, the 
biosynthesis of nanostructures begins to emerge. As Figure 
2 suggests, and in comparison with Figure 1, the evolution 
associated with green nanotechnology is an essential factor 
in the aggregation of new technologies based on eco-friendly 
concepts.

 

 

  

0

1430

11400

123000

0 20000 40000 60000 80000 100000 120000

Number of published Green nanotechnology articles x 
time gap

2011-2024 2001-2010 1991-2000 1986-1990

Figure 2. Analysis of the evolution of the number of published articles related to green nanotechnology from the first publication to the 
present year.
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Figure 1. Analysis of the evolution of the number of published articles related to nanotechnology from the first publication to the present 
year.
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In general, terms, green nanotechnology represents a 
significant evolution when it aligns protocols and the 
environment and generates as a final product a nanomaterial 
with insignificant cytotoxicity and high efficiency for a wide 
range of applications. Safe and environmentally friendly 
protocols and sustainable technologies aligned with the 
current planetary demand have represented a significant 
innovation over the years. These protocols present stability, 
repeatability, and efficiency, in addition to presenting final 
products with very low or no cytotoxicity, very low energy 
and water consumption, and low cost. This allows for a 
wide range of application possibilities that resonate with 
various applications, and in the health area, they have shown 
increasing use [27-31].

Theranostics justifies its name because its main objective is 
the conjunction of diagnosis and therapy. The growing search 
for the development of this technology led to the so-called 
Theranostic Nanotechnology or Nanotheranostics. Thus, from 
the 2000s onwards, the scientific community used therapy 
and diagnosis on a nanoscale [32-42]. The studies, although 
in increasing production, are still in their early stages but 
represent a new configuration for scientific productions 
on the world stage every year (Figure 3). The proposal 
encompasses a series of serious diseases, such as cancer, which 
can be diagnosed and treated efficiently and quickly without 
side effects and insignificant cytotoxicity, especially when 
compared to conventional therapies. Therefore, searching 
for methodologies that detect and treat malignant tumors as 
soon as they are discovered becomes urgent and increasingly 
closer.

The combination of nanotechnology, the environment, and 
the ability of nanosystems to diagnose and treat diseases is 
seen as a new hope for the near future. The development 
of Nano devices based on green technologies, capable of 

diagnosing and synergistically treating a disease, is the most 
advanced therapeutic approach expected, as they are less 
invasive and more specific, generating diagnostic efficiency 
and incredibly advantageous treatment by minimizing 
side effects. Thus, green nanotheranostics is a promising 
approach that will result in assertive diagnoses and more 
conservative treatments [43-48]. The graph analysis in Figure 
4 demonstrates that discoveries associated with green 
nanotheranostics are increasing and represent a significant 
technological advance in the treatment and diagnosis based 
on green nanotechnologies with an ecologically responsible 
approach.

Suppose an evolutionary scale associated with 
nanotechnology is established. It is the most innovative 
thing in contemporary science since it is associated with 
green nanotheranostics. These potentialities are beginning 
to align with the most urgent needs of medicine and those 
equally urgent associated with the environment. Therefore, 
approaching green nanotheranostics in the evolutionary 
chain of the history of nanotechnology, expressed in (Figure 
5), can be a good way to welcome discoveries and understand 
the gains and advances in this new approach.

Given all the above, the article aims to disseminate 
the advances in nanotechnology, since the synthesis of 
nanostuctures was a determining milestone in the visibility 
of nanoscience in the global scientific scenario. With the first 
articles associating the nanoscale with possible advances in 
science, scientists from all over the world began screening 
in search of problems addressed conventionally, intending 
to implement nanotechnologies as new therapies for old 
global problems, such as new environmentally friendly and 
efficient materials to improve and preserve life on the planet 
and economic, the search for storage and production of 
clean energy, development of nanotechnologies capable of 
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Figure 3. Analysis of the evolution of the number of published articles related to nanotechnology from the first publication to the present 
year.
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promoting environmental recovery, based on sustainability 
and regeneration, Nano sensors capable of detecting pollutant 
or disease indices with excellent detection limits, with simple, 
economical and efficient synthesis routes. In addition to 
pharmaceutical, medical and cosmetic health applications 
based on green nanotechnologies, which are efficient and 
environmentally friendly.

Nanotechnology: A Great Discovery!

A material is classified as nanoscale with at least one dimension 
between 1 and 100 nanometres (nm) [49]. This dimension 
leads to a series of properties associated with the nanoscale 
since a larger contact surface significantly increases reactivity, 
so nanostructures tend to be more reactive when compared 
to bulk. High reactivity depends on several factors, such as 

the chemical composition of the nanomaterial, precursor 
concentration, and the state of aggregation in the synthesized 
nanosystem, as well as the nanoparticles' size, morphology, 
and coating. As a main advantage, nanotechnology presents 
optimized properties due to the larger contact surface, use of 
little reagent, and efficiency of action at the intended end due 
to greater availability. However, there are disadvantages such 
as the increase in the vibrational energy of the nanostructures; 
aggregation and inactivity of the method, since exceeding the 
range established in the standard, the nanotechnology is lost; 
and in the case of metallic nanostructures, there may be the 
possibility of oxidation of the fundamental element, due to 
the high reactivity and loss of chemical properties [50-53].

Due to its highly differentiated characteristics, 
nanotechnology has invaded all industrial sectors. It is 
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Figure 4. Analysis of the evolution of the number of published articles related to Green nanotheranostics from the first publication to the 
present year.

 

 

 
 

 

  

Figure 5. The nanotechnology evolution overview. 
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increasingly gaining ground in sectors that significantly impact 
industrial production and the planet's economy, ranging from 
computing to food, engineering to medicine, agriculture to 
pharmaceuticals. In the field of computing, transistors that are 
more efficient and as small as possible are increasingly being 
studied, so the nanoscale will allow for a greater quantity in 
a smaller space, which is increasingly desirable. The biggest 
issue associated with computing is predicting and scaling 
the production of nanotechnology-based transistors on an 
industrial scale. The study on carbon nanotube field effect 
transistors (CNFETs) defined a promising nanotechnology for 
innovation in computing that is expected to go beyond the 
limits of the laboratory and can be scaled to an industrial scale 
[54-55]. Nanotechnology is used in preservatives, biosensors, 
and packaging in the food sector. With food shortages 
becoming increasingly exacerbated, increasing the shelf life 
of food is becoming increasingly urgent. Packaging based 
on nanotechnology allows for the control of the growth of 
pathogenic microorganisms, which promotes an increase in 
the shelf life of food. Furthermore, nanosensors allow for the 
detection of whether the product has already expired due 
to the presence of detected microorganisms [56-59]. In the 
field of engineering, there are benefits of nanotechnology 
in many of them, mainly in biomedical engineering, through 
the efficiency of nanostructures in combating pathogenic 
microorganisms, in addition to intelligent coatings based 
on nanotechnology that creates an efficient protective layer 
in combating hospital contamination [60], in addition to the 
development of intelligent fabrics and dressings based on 
nanotechnology that effectively favors recovery [61-63]. In 
agriculture, the replacement of fertilizers and pesticides with 
products based on nanotechnology is increasingly prevalent. 

However, considering the large proportions used, there is still 
a lack of legislation to safely regulate their use. In addition, the 
development of sensors that diagnose soil health is currently 
being targeted [64,65].

Green Nanotechnology

Technological advances aligned with the environment 
sustainable development goals seek to balance the planets 
demands with the new urgent challenges that living beings 
are already facing. The climate emergency, the scarcity of 
water resources, poverty, and health are increasingly present 
demands, and the search for solutions must come quickly. 
The word sustainability comes from the Latin “sustain,” which 
means to conserve. In many ways, sustaining the planet's 
conditions is already becoming a risk. Aquatic environments 
with a level of pollution outside the average are suitable for 
treatment, invasive health treatments with significant side 
effects due to above-average cytotoxicity, and exacerbated 
industrial production, among many current scenarios, and 
they require much more than sustaining a reality. Therefore, 
the sustainable bias must sometimes be replaced by 
environmental regeneration. Studies confirm the efficiency 
of green syntheses of nanostructures in all urgent contexts 
compared to traditional methodologies, which use toxic 
precursors, high water and energy consumption, and high 
industrial value [66,67].

Based on this growing need for developing new protocols that 
generate new sustainable materials, nanotechnology aligns 
scientific development based on efficient and advantageous 
green protocols, as expressed in Figure 6. 

 

 

 

 

Figure 6. Nanostructures based on Green synthesis. 
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Table 1 lists the main metallic nanostructures synthesized 
in a green way, based on plant extracts, which are silver 
nanoparticles (AgNPs), zinc oxide nanoparticles (ZnONPs), 
magnesium oxide nanoparticles (MgONPs), and gold 
nanoparticles (AuNPS). It is possible to certify a wide variety 
of applications with high efficiency and very low or no 
environmental impact based on cytotoxicity studies and the 
useful life cycle of the nanomaterial, which makes it, in fact, 

biodegradable and integrated with the principles associated 
with sustainability and regeneration. Applications range from 
agriculture, where silver nanoparticles (AgNPs) are synthesized 
based on plant extracts such as Serratia sp, Brassica rapa L, 
and Capparis spinosa L, and are intended for agriculture as 
nano fungicides, Antifungal activity wood-rotting pathogens 
and seed priming [68-70]. They also act in ​​water treatment, 
degrading toxic substances when treated with ZnONPs based 

Table 1. Highlight of studies based on nanostructures synthesized in natural extracts and their applications.

Nanostructure Natural Extract Performance Reference

AgNPs Serratia sp Nanofungicide/Agriculture [68]

AgNPs Brassica rapa L.  Antifungal activity wood-rotting pathogens/Agriculture [69]

AgNPs Capparis spinosa L. Seed priming/Agriculture [70]

AgNPs Saliva Sclarea Antibacterial action [74]

AgNPs Clematis gouriana leaf extract Bloodstream infections [75]

AgNPs Malvastrum coromandelianum Anti-dengue and mosquitocidal [76]

AgNPs Ocimum species Anticancer potential [77]

AgNPs Camellia Cinensis Ovalbumin-induced allergic conjunctivitis [78]

AgNPs Chenopodium album extract Antifungal potential on patogenic fungi [79]

AgNPs Calotropis procera leaf extract Removal of Cr3+ from petroleum waste water [80]

ZnONPs Pontederia crassipes leaf extract Anticancer property [81]

ZnONPs Dysoxylum binectariferum Fruit Extract Antimicrobial potential [82]

ZnONPs Epipremnum aureum leaves Photocatalytic degradation of Congo red [83]

ZnONPs Shilajit aqueous extract Anticancer activity against HeLa cells [84]

ZnONPs Azadirachta indica Removal of carbamazepine in water and soil systems [85]

ZnONPs Mariposa Christia vespertilionis Potential as anode materials in sodium-ion batteries [86]

ZnONPs Vitex negundo Degradation of methylene blue dye [87]

ZnONPs Syngonium podophyllum Efficient Cr(VI) removal [88]

ZnONPs Allium sativum Efficacy against murine cryptosporidiosis [89]

ZnONPS Solanum tuberosum Antibacterial agent in the active packaging [90]

MgONPS Lemon juice Degradation of organic pollutants [91]

MgONPS Pumpkin seed extract Against breast cancer cells [92]

MgONPs Datura metel leaves Antimicrobial activity [93]

MgONPs Terminalia catappa EBT Dye Removal [94]

MgONPS Eichhornia Crassipes leaf extract Antibacterial activity [95]

MgONPs Tagetes erecta Antioxidant potential [96]

AuNPs Panicum Maximum Hepatocellular carcinoma [97]

AuNPs Sphagneticola trilobata Anti-breast cancer [98]

AuNPs Acorus calamus Anti-Alzheimer potential [99]

AuNPs Moringa oleifera Lung cancer [100]

AuNPs Crocus sativus Effect of antidepressant in adolescence [101]
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on Lepidagathis ananthapuramensis leaves and rubber leaf 
extract [71,72]. Even treating diseases such as cancer with 
silver and gold nanoparticles based on Butea monosperma 
leaf extract [73], and iron and silver nanoparticles synthesized 
using alcoholic Blumea eriantha DC plant extract.

Green nanomaterial synthesis uses nature as a raw 
material but returns to nature the advancements of new 
environmentally friendly materials. Researchers have created 
Nd2Sn2O7 nanostructures using an innovative, easy and 
environmentally friendly technique that uses grape juice as 
a sustainable fuel. These nanostructures, produced at 500°C, 
have proven effective in destroying a contaminant called 
erythrosine under UV light, destroying about 90% of it. Still 
using grape extract, Pr6O11 nanostructures were created in an 
environmentally friendly and simple way using ultrasound 
and grape juice as a sensing agent. After characterization, an 
electrode modified with these nanocrystals was developed to 
detect CHB. The combination of the large surface area and high 
performance of Pr6O11 improved the accuracy in detecting 
CHB compared to the electrode without modification. The 
sensor showed a low detection threshold, high stability, wide 
measurement range and good reproducibility, proving to be 
a promising tool for clinical monitoring of CHB simply and 
effectively [102]. In addition, they created a nanocomposite of 
Nd2Sn2O7 with Nd2O3, which further improved the efficiency 
in removing the contaminant, reaching 96%. These green 
materials have the potential to help in water cleaning 
and environmental remediation, being a sustainable and 
efficient alternative for water treatment [103]. Still, in the 
area of ​​environmental remediation, the study developed 
an innovative method using ultrasound to produce ceramic 
oxide (CeO2) nanoparticles with glucose as a coating agent. 
This approach significantly improved their photocatalytic 
properties under visible light, achieving an efficiency of 97.2% 
in the degradation of the Acid Red 14 dye, much higher than 
the 9.7% of commercial TiO2. The nanocrystals also showed 
high activity against other contaminants, such as Amlodipine 
and Malachite Green, with degradation rates above 98%. In 
addition, they maintained their performance after multiple 
reuses, demonstrating durability and potential for sustainable 
applications in water purification [104]. The benefits of green 
syntheses lie in the mild conditions under which the routes 
are developed. In this work, a PL-Dy2Ce2O7 nanostructure was 
created using an environmentally friendly approach. This 
nanocomposite was applied to screen electrodes to develop 
an effective sensor for detecting the MEZ drug. The sensor 
showed high efficiency due to the catalytic action and the 
large surface area of ​​the nanoparticles, in addition to being 
stable and reproducible under room temperature conditions. 
This indicates that the sensor has potential for practical use 
in the pharmaceutical and biological fields [105]. In a study 
based on natural extracts, CL-Dy2Ce2O7 nanoparticles were 
developed using an environmentally friendly and efficient 
ultrasound approach, using orange juice as part of the process. 

With a uniform spherical shape, these nanoparticles were used 
to modify a liquid ion electrode, creating a high-performance 
sensor to detect IZN. The sensor presented a low detection 
threshold (9.0 nM), and a wide measurement range (from 0.02 
to 340.0 µM), in addition to being stable, reproducible and 
selective. Tests on real samples showed that the method is 
promising for analytical applications, being an effective tool to 
determine IZN simply and reliably [106]. In the following study, 
peppermint extract was used as an environmentally friendly 
scavenging agent to quickly and easily fabricate cubic phase 
CeO2 nanocrystals using ultrasound. Since the agent used is 
environmentally friendly and non-toxic, its application helps 
to reduce waste and environmental problems. Furthermore, 
CeO2 nanocarriers showed potential in cancer treatment 
as they had cytotoxic effects on cancer cell lines (T98 and 
SHSY5Y) at various concentrations. These results suggest that 
CeO2 nanocrystals may be promising as cancer therapeutics, 
although further studies are needed to confirm their potential 
[107]. In another cancer study, sponge-like ceramic dioxide 
nanostructures were produced using a fast and easy method 
with a natural agent called Rosa damascena extract. These 
nanostructures have high purity, good crystallinity and 
cubic structure. The nanocrystals showed strong and dose-
dependent cytotoxic effects against the cancer cell lines T98 
and SHSY5Y. Since a good chemotherapy treatment should 
attack cancer cells without harming healthy ones, the ability 
of the nanocrystals to specifically target cancer cells due to 
pH differences is an important advantage. The positive effects 
may be related to the secondary metabolites of plants used 
in green synthesis. Although further studies are needed, the 
in vitro results indicate that these CeO2 nanocrystals have 
great potential as chemotherapeutic agents against invasive 
cancers [108]. In the food industry, this study presented 
a new fast and simple technique using mango extract as 
green fuel to synthesize dysprosium cerium oxide (Dy2Ce2O7) 
nanostructures. These spherical nanoparticles with fluorite 
structure significantly improved the properties of WS/SSG 
composite films, making them stronger, with better water vapor 
barrier, UV protection, and thermal resistance. In addition, the 
films became more hydrophobic, which is ideal for food and 
pharmaceutical packaging as it reduces water susceptibility. 
These improvements are due to the unique properties of the 
nanostructures and the better adhesion between them and 
the polymer matrix. Future research can explore the addition 
of sorbitol to increase flexibility and evaluate antibacterial and 
antioxidant activities, in addition to ensuring the safety and 
biocompatibility of these films for direct use with food [109]. 
This study used lactose as an eco-friendly coating agent to 
quickly and easily fabricate Dy2Ce2O7 nanostructures using 
ultrasound. These nanostructures were incorporated into WS/
LPSM-based films, resulting in denser nanocomposites with 
improved properties. The films gained greater elongation, UV 
resistance, and lower water vapor permeability. The addition 
of Na-MMT nanoparticles together with Dy2Ce2O7 maintained 
adequate mechanical strength. One of the films, with a low 
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concentration of Dy2Ce2O7, stood out for its high elasticity 
and strength, showing potential for sustainable applications 
in food and drug packaging. The results indicate that the use 
of green methods in the synthesis of these nanostructures can 
lead to films with excellent functional properties, and future 
research can focus on large-scale production, optimization 
of nanoparticle proportions, and environmental durability 
testing [110]. This other study based on biopolymers such 
as cornstarch and pectin and AgNPs, demonstrated high 
efficiency in the synthesis of resistant and efficient plastic films 
against the action of microorganisms, effectively increasing 
food preservation, as proven in the article [111].

There are so many applications of nanostructures based on 
the green synthesis process, which are efficient, fast, low cost, 
eco-friendly, and potentially challenge science towards new 
paradigms associated with the detection and treatment of 
diseases. 

Nanotheranostics: Nanoscale Diagnostics and Therapy

Theranostic Nanomedicine is based on nanomaterials that 
can diagnose and identify where the disease is located by 
implanting nanostructures in the diseased area and diagnosing 
a tumor by attacking the cancer cells. Nanostructures can 
highlight the damaged region, aiding in detection and 
subsequent treatment. Through photothermal therapy, it is 
possible to identify and treat tumor cells by irradiation and 
heating using gold nanostructures [112]. Studies indicate that 
AuNPs demonstrate a promising future in nanotheranostics 
for cancer therapy, a characteristic attributed to their atomic 
volume and high biocompatibility [113,114], in addition 
to demonstrating improvement in cancer detection, as it 
highlights the cancer cell efficiently and aids in therapy [115]. 
Another study predicts that AuNPs of around 15 nm are more 
efficient because their nanoscale can be internalized into the 
tumor cell, offering greater efficiency in treating Gliosarcoma 
[116]. Furthermore, the efficient participation of AuNPs in 
therapies for cancer immunotherapy represents hope for more 
efficient treatments in metastasis treatment [117]. A Nano 
flower can be advantageous as it increases the surface area 
and can, therefore, undergo more significant heating. Thus, 
the image obtained by photoacoustic spectroscopy, through 
the absorption of infrared light, generates the diagnosis of the 
tumor and is converted to treatment with the absorption of 
light by the nanostructure, combating the tumor cell [118]. 
Another study uses nanocarriers based on ZnONPs, which can 
deliver drugs and also be a theranostic platform, in addition 
to having antimicrobial activity, which makes them efficient 
structures for combining the usual treatments against chronic 
and infectious diseases in a single therapeutic platform 
[119]. Another nanostructure that is the focus of studies, as 
it efficiently combines detection and therapy, is Platinum 
nanoparticles. These can efficiently highlight tumor cells 
and prove to be a powerful platform for drug delivery [120]. 

Nanomaterials based on carbon also demonstrate effective 
crescent association with neurodegenerative disorders 
[121]. Furthermore, titanium dioxide nanotubes have 
proven efficient in bone regeneration, representing hope 
for orthopedics [122]. Magnetic nanoparticles have great 
potential for nanotheranostics since magnetic hyperthermia 
selectively heats tumors using alternating magnetic fields. 
Thus, magnetic resonance imaging (MRI) diagnosis occurs with 
greater sensitivity, and it is possible to vectorize drugs to release 
drugs directly to the affected site [123]. Nanotheranostics 
is gradually being introduced to the academic community 
as a strategy for conducting science more objectively, 
thinking about protocols capable of detecting and treating 
the problem. Through nanostructures that, in a combined 
manner, function as a nanosensor to detect the problem, and 
through the controlled release of agents that can remedy 
the problem in question. For example, this study suggests 
that it will be possible to produce a nanostructure with a 
shell morphology, capable of functioning as a nanosensor for 
situations associated with mental disorders. Mental disorders 
are often accompanied by signs indicating abnormal brain 
activity that can be detected by electroencephalogram 
(EEG). Therefore, it will be like brain waves to control the DNA 
origami nanorobots that promote the release of the drug. This 
nanostructure is manufactured with a “memory” that allows, 
upon a certain signal and stimulus, previously detected 
by electroencephalogram, to open the shell structure and 
release the drug to control the crisis, even before the patient 
is aware of the imminent outbreak. Thus, this nanostructure 
is a powerful sensor that, through the impulse sent by the 
synapses, allows the shell structure to open and the drug to 
be released early. This is nanotheranostics in action: detection 
and remediation in the same nanostructure [124-126].

Green Nanotheranostics: A Hope

Nanotheranostics represents an evolution in the world 
of nanoscience, as it presents an innovative bias based on 
the efficiency of action of nanostructures due to their high 
reactivity and surface area. In addition, the nanoscale allows 
for effective interaction between nanoparticles and the target, 
which makes a difference compared to traditional therapies. 
Carbon and gold-based nanobiosensors are highly efficient 
in detecting tumor cells, making excellent diagnosis markers. 
This efficiency is closely related to the interaction between 
the nanostructures and the sensor, increasing detection 
sensitivity [127-129]. Nanobiosensors are already established 
in the literature, and the diagnosis has proven to be very 
efficient. Thus, nanobiosensors have begun to be developed, 
based on green synthesis, as indicated by the evolutionary 
scale [130]. Many of the existing green chemistry-based 
sensors are not yet intended for disease diagnosis [131-133], 
but their syntheses are already well-established. However, the 
mechanism of action has still not been studied. The same is 
true when we evaluate studies associated with diseases based 
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on green nanotechnology. Potential nanostructures based on 
green syntheses that become allies in diseases such as cancer 
are already established in the literature [134-138]. Combining 
diagnosis and therapy based on green nanotechnology is still 
scarce. Although Figure 4 shows about 19 thousand articles 
published on the subject, many refer to the first stage of the 
study. The process of assimilation of these nanostructures 
in the treatment is not yet understood, nor is the material's 
life cycle, even if it is eco-friendly. Gold nanoparticles, 
synthesized greenly, are the most widely used in green-based 
nanotheranostics. An easy, low-cost, environmentally friendly 
green synthesis makes it promising to diagnose and treat 
cancer [23]. Green AuNPs can be located in the tumor cell and 
heated by a near-infrared laser, and through biomimicry, they 
release drugs directly into the tumor cells, sparing healthy 
tissues. Silver nanoparticles also have the potential for green-
based nanotheranostics. The green synthesis of AgNPs is 
established in the literature, and presents high morphological 
repeatability, in addition to efficiency and stability. However, 
there are few reports of their use in nanotheranostics. This 
scenario is closely associated with the context of mechanisms 
that link efficiency and toxicity, which minimizes their use 
as diagnostic and therapeutic platforms [139-141]. Zinc 
oxide nanoparticles based on green synthesis demonstrate 
potential in ​​nanotheranostics, as their biocompatibility, 
stability, and low cytotoxicity have already been established, 
which are fundamental characteristics for nanotheranostics 
[142]. Overall, metallic nanoparticles are the most synthesized 
greenly and demonstrate high potential for the new era of 
green-based nanotheranostics [143,144].

Conclusion

This article has as its main responsibility the dissemination 
of a new stage in the area of nanotechnology that seeks to 
integrate the diagnosis of the problem and therapeutic 
action into the same nanostructure. The diffusion of 
nanotheranostics, on an evolutionary scale, is linked to more 
complete devices capable of integrating potentialities, which 
until now were carried out on a nanoscale in separate stages. 
For this, the synthesis routes of these nanoparticles need to 
present a kind of memory, capable of acting efficiently in the 
detection of the problem when synthesized, and that in the 
same nanodevice already present mechanisms that allow the 
treatment. In this way, a new way of thinking is established at 
the time of designing the synthesis of the nanostructure, so 
that it is conditioned to a morphology that allows it to respond 
to the stimulus and slowly and gradually release the solution 
to the problem. This new way of thinking is still not widely 
disseminated, and the paper's main intention is to stimulate 
research groups around the world with this new scope of 
production of nanostructures, capable of functioning as 
nanosensors and also treating the problem concomitantly. A 
stage associated with a diagnosis is eliminated in the process. 
And the treatment becomes immediate with that stimulus. 

Nanoscience has opened up a promising field in science. The 
methodologies established in the literature are gradually 
evolving so that nanotechnology can effectively address urgent 
problems that, with globalization, are becoming worldwide. 
The evolutionary scale associated with the nanoscale has 
become more prominent since the surface area of particles 
interacts strongly with targets related to microorganisms. 
In addition, cancer cells, for example, are easily accessed at 
the nanoscale, which enables the identification and action 
of specific drugs. This is where nanotheranostics emerged, 
representing the future in research and solutions for global 
problems. In the current scenario, combining nanotheranostics 
with environmentally friendly protocols may become a 
new challenge for science. Thus, combining diagnosis and 
therapy based on nanotechnology and associating them 
with protocols aligned with the environment may represent a 
significant scientific advance in the coming years. The new era 
of nanotechnology brings therapy combined with diagnosis 
and hope. Thus, green nanotheranostics holds great promise 
for new challenges in the future.

References

1.	 Eric DK. Engines of Creation. The Coming Era of Nanotechnology. 
Anchor Book. 1986.

2.	 Seeman NC. DNA engineering and its application to 
nanotechnology. Trends in Biotechnology. 1999 Nov 1; 
17(11):437-43.

3.	 Seeman NC. DNA nanotechnology: novel DNA constructions. 
Annu Rev Biophys Biomol Struct. 1998;27:225-48.

4.	 Meyer M, Persson O. Nanotechnology-interdisciplinarity, patterns 
of collaboration and differences in application. Scientometrics. 
1998 Jun 1;42(2):195-205. 

5.	 Kaehler T. Nanotechnology: basic concepts and definitions. 
Clinical Chemistry. 1994 Sep 1;40(9):1797-9.

6.	 Crandall BC, Lewis J, editors. Nanotechnology: research and 
perspectives: papers from the First Foresight Conference on 
Nanotechnology. MIT Press; 1992.

7.	 Whitesides GM. Nanoscience, nanotechnology, and chemistry. 
Small. 2005 Feb 1;1(2):172-9.

8.	 DeRosa MC, Monreal C, Schnitzer M, Walsh R, Sultan Y. 
Nanotechnology in fertilizers. Nature Nanotechnology. 2010 
Feb;5(2):91.

9.	 Zhu W, Bartos PJ, Porro A. Application of nanotechnology in 
construction: Summary of a State-of-the-art Report. Materials 
and Structures. 2004 Nov;37:649-58.

10.	 Clark JH. Green chemistry: challenges and opportunities. Green 
Chemistry. 1999;1(1):1-8.

11.	 Collins TJ. Introducing green chemistry in teaching and research. 
J Chem Educ.1995;72(11):965.



  
Backx BP. Nanoscale Diagnosis and Therapy: Nanotheranostics as an Advance in Nanotechnology. J Nanotechnol 
Nanomaterials. 2025;6(1):28-42.

J Nanotechnol Nanomaterials. 2025
Volume 6, Issue 1 37

12.	 Horton B. Green chemistry puts down roots. Nature. 
1999;400:797-9.

13.	 Graedel T. Green chemistry in an industrial ecology context. 
Green Chemistry. 1999 Jan 1;1(5):G126-8.

14.	 Okkerse C, Van Bekkum H. From fossil to green. Green Chemistry. 
1999;1(2):107-14. 

15.	 Robert KW, Parris TM, Leiserowitz AA. What is sustainable 
development? Goals, indicators, values, and practice. 
Environment: Science and Policy For Sustainable Development. 
2005 Apr 1;47(3):8-21. 

16.	 Karn B. The Road to Green Nanotechnology. Journal of Industrial 
Ecology. 2008 Jun 1;12(3):263-6.

17.	 Nune SK, Chanda N, Shukla R, Katti K, Kulkarni RR, Thilakavathy 
S, et al. Green nanotechnology from tea: phytochemicals in 
tea as building blocks for production of biocompatible gold 
nanoparticles. Journal of Materials Chemistry. 2009; 19(19):2912-
20.

18.	 Katti K, Chanda N, Shukla R, Zambre A, Suibramanian T, Kulkarni 
RR, et al. Green nanotechnology from cumin phytochemicals: 
generation of biocompatible gold nanoparticles. International 
Journal of Green Nanotechnology: Biomedicine. 2009 Aug 
7;1(1):B39-52.

19.	 Schwarz AE. Green dreams of reason. Green nanotechnology 
between visions of excess and control. NanoEthics. 2009 
Aug;3:109-18.

20.	 Ravichandran R. Nanotechnology applications in food and food 
processing: innovative green approaches, opportunities and 
uncertainties for global market. International Journal of Green 
Nanotechnology: Physics and Chemistry. 2010 May 20;1(2):P72-
96. 

21.	 Dhingra R, Naidu S, Upreti G, Sawhney R. Sustainable 
nanotechnology: through green methods and life-cycle 
thinking. Sustainability. 2010 Oct 25;2(10):3323-38.

22.	 Ovais M, Ahmad I, Khalil AT, Mukherjee S, Javed R, Ayaz M, et 
al. Wound healing applications of biogenic colloidal silver and 
gold nanoparticles: recent trends and future prospects. Applied 
Microbiology and Biotechnology. 2018 May;102:4305-18.

23.	 Ovais M, Raza A, Naz S, Islam NU, Khalil AT, Ali S, et al. Current 
state and prospects of the phytosynthesized colloidal gold 
nanoparticles and their applications in cancer theranostics. 
Applied Microbiology and Biotechnology. 2017 May;101:3551-
65. 

24.	 Darroudi M, Zak AK, Muhamad MR, Huang NM, Hakimi M. Green 
synthesis of colloidal silver nanoparticles by sonochemical 
method. Materials Letters. 2012 Jan 1;66(1):117-20.

25.	 Zikalala N, Matshetshe K, Parani S, Oluwafemi OS. Biosynthesis 
protocols for colloidal metal oxide nanoparticles. Nano-
Structures & Nano-Objects. 2018 Oct 1;16:288-99.

26.	 Sankar R, Rizwana K, Shivashangari KS, Ravikumar V. Ultra-

rapid photocatalytic activity of Azadirachta indica engineered 
colloidal titanium dioxide nanoparticles. Applied Nanoscience. 
2015 Aug;5:731-6.

27.	 dos Santos OA, de Araujo I, da Silva FD, Sales MN, Christoffolete 
MA, Backx BP. Surface modification of textiles by green 
nanotechnology against pathogenic microorganisms. Current 
Research in Green and Sustainable Chemistry. 2021 Jan 
1;4:100206.

28.	 Santana J, Antunes S, Bonelli R, Backx B. Development of 
Antimicrobial Dressings by the Action of Silver Nanoparticles 
Based on Green Nanotechnology. Lett Appl NanoBioSci. 
2022;12(2):35.

29.	 Morais M, Teixeira AL, Dias F, Machado V, Medeiros R, Prior JA. 
Cytotoxic effect of silver nanoparticles synthesized by green 
methods in cancer. Journal of Medicinal Chemistry. 2020 Nov 
24;63(23):14308-35.

30.	 Montazersaheb S, Eftekhari A, Shafaroodi A, Tavakoli S, Jafari 
S, Baran A, Baran MF, Jafari S, Ahmadian E. Green-synthesized 
silver nanoparticles from peel extract of pumpkin as a potent 
radiosensitizer against triple-negative breast cancer (TNBC). 
Cancer Nanotechnology. 2024 Dec;15(1):47.

31.	 Jahangirian H, Lemraski EG, Webster TJ, Rafiee-Moghaddam 
R, Abdollahi Y. A review of drug delivery systems based on 
nanotechnology and green chemistry: green nanomedicine. 
International journal of Nanomedicine. 2017 Apr 12:2957-78.

32.	 Viswanadh MK, Singh RP, Agrawal P, Mehata AK, Pawde DM, 
Sonkar R, et al. Nanotheranostics: emerging strategies for early 
diagnosis and therapy of brain cancer. Nanotheranostics. 2018 
Jan 1;2(1):70-86. 

33.	 Mura S, Couvreur P. Nanotheranostics for personalized medicine. 
Advanced drug delivery reviews. 2012 Oct 1;64(13):1394-416.

34.	 Chen H, Zhang W, Zhu G, Xie J, Chen X. Rethinking cancer 
nanotheranostics. Nature Reviews Materials. 2017 May 9;2(7):1-
18.

35.	 Sneider A, VanDyke D, Paliwal S, Rai P. Remotely triggered nano-
theranostics for cancer applications. Nanotheranostics. 2017 Jan 
1;1(1):1-22.

36.	 Kim TH, Lee S, Chen X. Nanotheranostics for personalized 
medicine. Expert review of molecular diagnostics. 2013 Apr 
1;13(3):257-69.

37.	 Song N, Lou XY, Ma L, Gao H, Yang YW. Supramolecular 
nanotheranostics based on pillarenes. Theranostics. 2019 May 
18;9(11):3075-93.

38.	 Lammers T, Kiessling F, Hennink WE, Storm G. Nanotheranostics 
and image-guided drug delivery: current concepts and future 
directions. Molecular Pharmaceutics. 2010 Dec 6;7(6):1899-912.

39.	 Nelson NR, Port JD, Pandey MK. Use of superparamagnetic iron 
oxide nanoparticles (SPIONs) via multiple imaging modalities 
and modifications to reduce cytotoxicity: An educational review. 
Journal of Nanotheranostics. 2020 Dec 9;1(1):105-35.



  
Backx BP. Nanoscale Diagnosis and Therapy: Nanotheranostics as an Advance in Nanotechnology. J Nanotechnol 
Nanomaterials. 2025;6(1):28-42.

J Nanotechnol Nanomaterials. 2025
Volume 6, Issue 1 38

40.	 Choi SK. Activation strategies in image-guided nanotherapeutic 
delivery. Journal of Nanotheranostics. 2020 Nov 30;1(1):78-104.

41.	 Adrita SH, Tasnim KN, Ryu JH, Sharker SM. Nanotheranostic 
carbon dots as an emerging platform for cancer therapy. Journal 
of Nanotheranostics. 2020 Nov 23;1(1):58-77.

42.	 Hens B, Smothers J, Rizvanovic H, Patel R, Wu Q, Kim K. The future 
of anticancer drugs: A cytotoxicity assessment study of CdSe/ZnS 
quantum dots. Journal of Nanotheranostics. 2020 Aug 21;1(1):3.

43.	 Shahid S, Fatima U, Sajjad R, Khan SA. Bioinspired nanotheranostic 
agent: Zinc oxide; green synthesis and biomedical potential. Dig. 
J. Nanomater. Biostruct. 2019 Oct 1;14:1023-31. 

44.	 Shahid S, Mansoor S, Javed M, Iqbal S, Yousaf U, Alsaab HO, 
et al. CuO-GO-Ag; green synthesis with Fagonia arabica 
and biomedical potential is a bioinspired nano theranostics 
composite. Frontiers in Materials. 2022 Apr 1;9:875148.

45.	 Eram R, Kumari P, Panda PK, Singh S, Sarkar B, Mallick MA, et 
al. Cellular investigations on mechanistic biocompatibility of 
green synthesized calcium oxide nanoparticles with Danio rerio. 
Journal of Nanotheranostics. 2021 Mar 9;2(1):51-62.

46.	 Bhaumik J, Thakur NS, Aili PK, Ghanghoriya A, Mittal AK, Banerjee 
UC. Bioinspired nanotheranostic agents: synthesis, surface 
functionalization, and antioxidant potential. ACS Biomaterials 
Science & Engineering. 2015 Jun 8;1(6):382-92.

47.	 Ovais M, Khalil AT, Ayaz M, Ahmad I. Biosynthesized metallic 
nanoparticles as emerging cancer theranostics agents. 
Nanotheranostics: Applications and limitations. 2019:229-44.

48.	 Desmond LJ, Phan AN, Gentile P. Critical overview on the green 
synthesis of carbon quantum dots and their application for 
cancer therapy. Environmental Science: Nano. 2021;8(4):848-62.

49.	 Soltani AM, Pouypouy H. Standardization and regulations of 
nanotechnology and recent government policies across the 
world on nanomaterials. In: Ghorbanpour M, Wani SH, editors. 
Advances in Phytonanotechnology. New York: Academic Press; 
2019. P. 419-46.

50.	 Mansfield E, Kaiser DL, Fujita D, Van de Voorde M, editors. 
Metrology and standardization for nanotechnology: protocols 
and industrial innovations. Weinheim: Wiley‐VCH Verlag GmbH 
& Co. KGaA; 2017 Jan 20.

51.	 Klaessig FC. Nanotechnology Definitions at ISO and ASTM 
International: Origin, Usage, and Relationship to Nomenclature 
and Regulatory and Metrology Activities. Metrology and 
Standardization of Nanotechnology: Protocols and Industrial 
Innovations. 2017 Feb 15:15-48.

52.	 Allan J, Belz S, Hoeveler A, Hugas M, Okuda H, Patri A, Rauscher 
H, et al. Regulatory landscape of nanotechnology and 
nanoplastics from a global perspective. Regulatory Toxicology 
and Pharmacology. 2021 Jun 1;122:104885.

53.	 Devasahayam S. Nanotechnology and nanomedicine in market: 
a global perspective on regulatory issues. In: Dasgupta N, Mishra 
RK, Thomas S, Ranjan S, Mohapatra S, Editors. Characterization 

and biology of nanomaterials for drug delivery. Amsterdam: 
Elsevier; 2019. P. 477-522.

54.	 Bishop MD, Hills G, Srimani T, Lau C, Murphy D, Fuller S, et 
al. Fabrication of carbon nanotube field-effect transistors in 
commercial silicon manufacturing facilities. Nature Electronics. 
2020 Aug;3(8):492-501.

55.	 Maqbool M, Sharma VK. Circuits implementations using carbon 
nanotube field-effect transistor nanotechnology. Engineering 
Research Express. 2024 Jul 15;6(3):036001. 

56.	 Joshi JT, Harsha V, Arakal JJ, Krishnan AS. Engineered 
nanomaterials in food packaging: synthesis, safety issues, 
and assessment. In: Kumari A, Malik JA, Goyal MR, editors. 
Food Process Engineering and Technology: Safety, Packaging, 
Nanotechnologies and Human Health. Singapore: Springer 
Nature Singapore; 2024. P. 245-66.

57.	 Barage S, Lakkakula J, Sharma A, Roy A, Alghamdi S, Almehmadi 
M, et al. Nanomaterial in food packaging: A comprehensive 
review. Journal of Nanomaterials. 2022;2022(1):6053922.

58.	 Peng B, Qin J, Li Y, Wu K, Kuang Y, Jiang F. Recent advances in 
nanomaterials-enabled active food packaging: nanomaterials 
synthesis, applications and future prospects. Food Control. 2024 
Apr 24:110542.

59.	 del Rosario Herrera-Rivera M, Torres-Arellanes SP, Cortés-Martínez 
CI, Navarro-Ibarra DC, Hernández-Sánchez L, Solis-Pomar F, 
et al. Nanotechnology in food packaging materials: role and 
application of nanoparticles. RSC advances. 2024;14(30):21832-
58.

60.	 Selvakumar P, Seenivasan S, Vijayakumar G, Panneerselvam 
A, Revathi A. Application of Nanotechnology on Medicine 
and Biomedical Engineering. Nanomaterials and the Nervous 
System. 2025;195-210.

61.	 Singh M, Dabas H, Rehman A, Solanki PR. Skin tissue engineering 
based on nanotechnology for wound management. In: 
Kumar A, Singh J, Singh KRB, Solanki PR, Singh RP, editors. 
Nanotechnological Aspects for Next-Generation Wound 
Management. New York: Academic Press; 2024. P. 233-44.

62.	 Hamdan S, Pastar I, Drakulich S, Dikici E, Tomic-Canic M, Deo S, et 
al. Nanotechnology-driven therapeutic interventions in wound 
healing: potential uses and applications. ACS central science. 
2017 Mar 22;3(3):163-75.

63.	 Sun D, Ahmad M, Siddiqui MO, Iqbal K. Nanotechnology in 
Smart Textiles. In: Wazed Ali S, Bairagi S, Ahmed S, editors. 
Nanotechnology in Textile Finishing: Advancements and 
Applications. Singapore: Springer Nature Singapore; 2024. P. 
441-59.

64.	 Zain M, Ma H, Rahman SU, Nuruzzaman M, Chaudhary S, Azeem 
I, et al. Nanotechnology in precision agriculture: Advancing 
towards sustainable crop production. Plant Physiology and 
Biochemistry. 2024 Jan 1;206:108244.

65.	 Tang Y, Zhao W, Zhu G, Tan Z, Huang L, Zhang P, et al. Nano-
Pesticides and Fertilizers: Solutions for Global Food Security. 
Nanomaterials. 2024;14:90.



  
Backx BP. Nanoscale Diagnosis and Therapy: Nanotheranostics as an Advance in Nanotechnology. J Nanotechnol 
Nanomaterials. 2025;6(1):28-42.

J Nanotechnol Nanomaterials. 2025
Volume 6, Issue 1 39

66.	 Kambale EK, Domingues I, Zhang W, Marotti V, Chen C, Hughes 
K, et al. “Green” synthesized versus chemically synthesized zinc 
oxide nanoparticles: In vivo antihyperglycemic activity and 
pharmacokinetics. International journal of pharmaceutics. 2024 
Jan 25;650:123701.

67.	 Soto KM, López-Romero JM, Mendoza S, Peza-Ledesma C, Rivera-
Muñoz EM, Velazquez-Castillo RR, et al. Rapid and facile synthesis 
of gold nanoparticles with two Mexican medicinal plants and 
a comparison with traditional chemical synthesis. Materials 
Chemistry and Physics. 2023 Feb 1;295:127109.

68.	 Mishra S, Singh BR, Singh A, Keswani C, Naqvi AH, Singh HB. 
Biofabricated silver nanoparticles act as a strong fungicide 
against Bipolaris sorokiniana causing spot blotch disease in 
wheat. Plos one. 2014 May 19;9(5):e97881.

69.	 Narayanan KB, Park HH. Antifungal activity of silver nanoparticles 
synthesized using turnip leaf extract (Brassica rapa L.) against 
wood rotting pathogens. European journal of plant pathology. 
2014 Oct;140:185-92.

70.	 Abou-Zeid H, Ismail G. The role of priming with biosynthesized 
silver nanoparticles in the response of Triticum aestivum L to salt 
stress. Egyptian Journal of Botany. 2018 Apr 1;58(1):73-85.

71.	 Supin KK, PM PN, Vasundhara M. Enhanced photocatalytic activity 
in ZnO nanoparticles developed using novel Lepidagathis 
ananthapuramensis leaf extract. RSC advances. 2023;13(3):1497-
515.

72.	 Maijan P, Waen-ngoen T, Suwanboon S, Chantarak S, 
Voravuthikunchai SP. Sustainable environmental-based 
synthesis of zinc oxide nanoparticles using para rubber leaf 
extract for photocatalytic degradation of organic pollutants and 
microbial control in wastewater treatment. Inorganic Chemistry 
Communications. 2024 Apr 1;162:112086.

73.	 Patra S, Mukherjee S, Barui AK, Ganguly A, Sreedhar B, Patra CR. 
Green synthesis, characterization of gold and silver nanoparticles 
and their potential application for cancer therapeutics. Materials 
Science and Engineering: C. 2015 Aug 1;53:298-309. 

74.	 Khan S, Ullah I, Khan H, Rahman FU, Rahman MU, Saleem MA, 
et al. Green synthesis of AgNPs from leaves extract of Saliva 
Sclarea, their characterization, antibacterial activity, and catalytic 
reduction ability. Zeitschrift für Physikalische Chemie. 2024 May 
1;238(5):931-47.

75.	 Yadav V, Galatage ST, Manjappa AS, Salawi A, Peram MR, Nadaf 
SJ, et al. Green Synthesis of silver nanoparticles from clematis 
gouriana leaf extract: Physicochemical characterization and 
antibacterial activity determination for treatment of blood 
stream infections. The Microbe. 2024 Dec 1;5:100197.

76.	 Kovendan K, Fabiola M, Jebanesan A, Rajaganesh R. Green 
synthesis of Malvastrum coromandelianum fabricated AgNPs: 
Anti-dengue and mosquitocidal studies. Inorganic Chemistry 
Communications. 2024 Mar 1;161:112067.

77.	 Alex AM, Subburaman S, Chauhan S, Ahuja V, Abdi G, Tarighat 
MA. Green synthesis of silver nanoparticle prepared with 
Ocimum species and assessment of anticancer potential. 
Scientific Reports. 2024 May 22;14(1):11707. 

78.	 Yang M, Zhu B, Zhang Y, Yang Q, Amraii SA. Protective properties 
of AgNPs green-synthesized by Camellia sinensis on ovalbumin-
induced allergic conjunctivitis. Journal of Engineering Research. 
2024 Mar 1;12(1):17-24.

79.	 Kumar M, Saini RV, Gupta M, Singh R. Green synthesis of silver 
nanoparticle (Cha-AgNPs) using Chenopodium album extract 
and evaluation of their antifungal potential against pathogenic 
fungi. Biomass Conversion and Biorefinery. 2024 May 22;15:8955-
66.

80.	 Kantoma D, Nwokem CO, Yashim ZI, Garba ZN. Green Synthesis 
of Silver Nanoparticles (AgNPs) using Calotropis procera Leaves 
Extract and it Adsorption Properties for the Removal of Cr3+ from 
Petroleum Waste Water. Communication in Physical Sciences. 
2024 Jan 26;10(3). 

81.	 Albo Hay Allah MA, Alshamsi HA. Green synthesis of ZnO 
NPs using Pontederia crassipes leaf extract: characterization, 
their adsorption behavior and anti-cancer property. Biomass 
Conversion and Biorefinery. 2024 May;14(9):10487-500.

82.	 Sharma V, Kumar G, Kumar P, Kumar D, Nemiwal M. Green 
Synthesis of ZnO Nanoparticles from Dysoxylum binectariferum 
Fruit Extract and Assessment of Antimicrobial Potential. 
ChemistrySelect. 2024 Sep 11;9(34):e202402125.

83.	 Brishti RS, Habib MA, Ara MH, Karim KM, Islam MK, Naime J, 
et al. Green synthesis of ZnO NPs using aqueous extract of 
Epipremnum aureum leave: Photocatalytic degradation of 
Congo red. Results in Chemistry. 2024 Jan 1;7:101441. 

84.	 Perumal P, Sathakkathulla NA, Kumaran K, Ravikumar R, Selvaraj 
JJ, Nagendran V, et al. Green synthesis of zinc oxide nanoparticles 
using aqueous extract of shilajit and their anticancer activity 
against HeLa cells. Scientific Reports. 2024 Jan 25;14(1):2204.

85.	 Mehmood S, Ahmed W, Rizwan M, Bundschuh J, Elnahal AS, 
Li W. Green synthesized zinc oxide nanoparticles for removal 
of carbamazepine in water and soil systems. Separation and 
Purification Technology. 2024 Apr 14;334:125988.

86.	 Idris NA, Yusoff HM, Idris NH, Badar N, Elong K, Muhamad SU, 
et al. Green synthesis of zinc oxide nanoparticles using leaves 
extract of mariposa christia vespertilionis and its potential as 
anode materials in sodium-ion batteries (SIBs). Arabian Journal 
for Science and Engineering. 2024 Jan;49(1):623-35.

87.	 Venkatesan S, Suresh S, Arumugam J, Ramu P, Pugazhenthiran N, 
Jothilakshmi R, et al. Sunlight assisted degradation of methylene 
blue dye by zinc oxide nanoparticles green synthesized using 
Vitex negundo plant leaf extract. Results in Chemistry. 2024 Jan 
1;7:101315.

88.	 Naaz R, Fakhar N, Siddiqui VU, Siddiqi WA, Mohsin M. Green 
Synthesis of ZnO Nanoparticles for Efficient Cr (VI) Removal and 
Antioxidant/Microbial Properties. ChemistrySelect. 2024 May 
3;9(17):e202304990.

89.	 Hamdy DA, Ismail MA, El‐Askary HM, Abdel‐Baki AA, Al‐
Quraishy S, Mohamed F, et al. Green synthesis of zinc oxide/
Allium sativum nano‐composite and its efficacy against murine 
cryptosporidiosis. Microscopy Research and Technique. 2024 
Aug;87(8):1912-25.



  
Backx BP. Nanoscale Diagnosis and Therapy: Nanotheranostics as an Advance in Nanotechnology. J Nanotechnol 
Nanomaterials. 2025;6(1):28-42.

J Nanotechnol Nanomaterials. 2025
Volume 6, Issue 1 40

90.	 Susiani S, Nugraha M. Green Synthesis of ZnO Nanoparticles 
Using Potato Extracts (Solanum tuberosum) As an Antibacterial 
Agent in the Active Packaging For Food Products. KnE 
Engineering. 2024 Mar 7:420-8.

91.	 Alam MK, Hossain MS, Tabassum S, Bahadur NM, Ahmed S. 
Green synthesis of nano-MgO using lemon juice for amplified 
photocatalytic degradation of organic pollutants. Open 
Ceramics. 2024 Sep 1;19:100625.

92.	 Khan MR, Alafaleq NO, Ramu AK, Alhosaini K, Khan MS, Zughaibi 
TA, et al. Evaluation of biogenically synthesized MgO NPs 
anticancer activity against breast cancer cells. Saudi Journal of 
Biological Sciences. 2024 Jan 1;31(1):103874. 

93.	 Prathap A, Naik HB, Viswanath R, Vishnu G, Adarshgowda N. 
An effect of Datura metel leaves extract on photocatalytic 
and antimicrobial activity of MgO nanoparticles synthesized 
via a biogenic method. Chemical Data Collections. 2024 Jun 
1;51:101131.

94.	 Tiwari AN, Tapadia K, Thakur C. A Facile Synthesis of MgO 
Decorated Spinel Magnetic Nanoparticles Using Terminalia 
catappa Leaf Extract: Its Application in EBT Dye Removal. 
Chemistry Africa. 2024 Aug;7(6):3211-32.

95.	 Jayanthi R, Muthukrishnan P. Green Synthesis of Magnesium 
Nanoparticles and Magnesium Chitosan Composite using 
Eichhornia Crassipes Leaf Extract and its Antibacterial Activity. 
Research Square. doi: 10.21203/rs.3.rs-2755765/v1. 

96.	 Chandrasekaran N, Periakaruppan R, Selvaraj KS, Shalini KV, Al-
Dayan N. Flower extract of Tagetes erecta (marigold) as capping 
agents for synthesis of magnesium oxide nanoparticles with 
antioxidant potential. Biomass Conversion and Biorefinery. 2024 
Apr 29;2024. 

97.	 Chen S, Wang Q. Green Synthesis of AuNPs and Their Effect on 
Cell Apoptosis of HepG2 cells for Applications in Treatment of 
Hepatocellular Carcinoma in Nursing Care. Plasmonics. 2024 
Jun;19(3):1553-63. 

98.	 Mardina V, Fadlly TA, Harmawan T, Sufriadi E, Iqramullah M, Umar 
H, et al. Green synthesis of gold nanoparticles from the aqueous 
extracts of Sphagneticola trilobata (L.) JF Pruski as anti-breast 
cancer agents. Journal of Advanced Pharmaceutical Technology 
& Research. 2024 Apr 1;15(2):75-80. 

99.	 Peng H, Zhang S, Chai Q, Hua Z. Green synthesis of gold 
nanoparticles using Acorus calamus leaf extract and study on 
their anti-alzheimer potential. Biotechnology and Bioprocess 
Engineering. 2024 Feb;29(1):157-63. 

100.	Bouttier-Figueroa DC, Loreto-Romero MA, Roldan MA, González-
Gutiérrez FH, Cortez-Valadez M, Flores-Acosta M, et al. Green 
synthesis of gold nanoparticles via Moringa oleifera seed extract: 
antioxidant, antibacterial and anticarcinogenic activity on lung 
cancer. Journal of Environmental Science and Health, Part A. 
2024 Apr 15;59(5):231-40.

101.	Li R, Chen X, Ye H, Sheng X. Green synthesis of gold nanoparticles 
from the extract of Crocus sativus to study the effect of 
antidepressant in adolescence and to observe its aggressive 

and impulsive behavior in rat models. South African Journal of 
Botany. 2024 Feb 1;165:455-65. 

102.	Zinatloo-Ajabshir S, Mahmoudi-Moghaddam H, Amiri M, Javar 
HA. A green route for the synthesis of sponge-like Pr6O11 
nanoparticles and their application for the development of 
chlorambucil sensor. Measurement. 2024 Aug 1;235:114924.

103.	Zinatloo-Ajabshir S, Morassaei MS, Salavati-Niasari M. Eco-
friendly synthesis of Nd2Sn2O7–based nanostructure materials 
using grape juice as green fuel as photocatalyst for the 
degradation of erythrosine. Composites Part B: Engineering. 
2019 Jun 15;167:643-53.

104.	Zinatloo-Ajabshir S, Mehrabadi Z, Khojasteh H, Sharifianjazi 
F. Innovative fabrication of highly efficient CeO2 ceramic 
nanomaterials for enhanced photocatalytic degradation of toxic 
contaminants under sunlight. Ceramics International. 2024 Dec 
1;50(23):49263-76.

105.	Zinatloo-Ajabshir S, Mahmoudi-Moghaddam H, Amiri M, Akbari 
Javar H. A green and simple procedure to synthesize dysprosium 
cerate plate-like nanostructures and their application in the 
electrochemical sensing of mesalazine. Journal of Materials 
Science: Materials in Electronics. 2024 Mar;35(7):500.

106.	Zinatloo-Ajabshir S, Mahmoudi-Moghaddam H, Amiri M, Javar 
HA. Eco-friendly synthesis of cluster-like Dy2Ce2O7 nanoparticles 
using orange juice and their application in electrochemical 
determination of isoniazid. Journal of Molecular Liquids. 2024 
Jun 15;404:124975.

107.	Zinatloo-Ajabshir S, Ahmadi-Zeidabadi M, Amiri M, Sharifianjazi 
F. Innovative sono-synthesis of cerium dioxide nanomaterials 
using mentha extract with efficient activity for cancer therapy 
application. Results in Engineering. 2024 Sep 1;23:102720.

108.	Amiri M, Zinatloo-Ajabshir S, Ahmadi-Zeidabadi M, Sharifianjazi 
F. Innovative ultrasound assisted synthesis of sponge like cerium 
dioxide nanostructure using Rosa Damascena extract and its 
efficient performance for cancer therapy. Scientific Reports. 
2025 Jan 6;15(1):933. 

109.	Yousefi A, Zinatloo-Ajabshir S, Jekle M, Panah MY. Rapid and 
green combustion synthesis of dysprosium cerium oxide 
nanostructures: Incorporation into wheat starch/sage seed 
gum hybrid composites. International Journal of Biological 
Macromolecules. 2025 May 1;308:142502. 

110.	Zinatloo-Ajabshir S, Yousefi A, Jekle M, Sharifianjazi F. Ingenious 
wheat starch/Lepidium perfoliatum seed mucilage hybrid 
composite films: Synthesis, incorporating nanostructured 
Dy2Ce2O7 synthesized via an ultrasound-assisted approach 
and characterization. Carbohydrate Polymer Technologies and 
Applications. 2025 Mar 1;9:100657.

111.	Nogueira BR, Backx BP, Delazare T. Starch, pectin and chitosan-
based bioplastics with silver nanoparticles: An eco-friendly 
alternative for the food industry. Sustainable Chemistry for the 
Environment. 2025 Jun 1;10:100246.

112.	Marangoni VS, Cancino Bernardi J, Reis IB, Fávaro WJ, Zucolotto 
V. Photothermia and activated drug release of natural cell 



  
Backx BP. Nanoscale Diagnosis and Therapy: Nanotheranostics as an Advance in Nanotechnology. J Nanotechnol 
Nanomaterials. 2025;6(1):28-42.

J Nanotechnol Nanomaterials. 2025
Volume 6, Issue 1 41

membrane coated plasmonic gold nanorods and β-lapachone. 
ACS applied bio materials. 2019 Jan 18;2(2):728-36.

113.	Vogel S, O’keefe A, Seban L, Valceski M, Engels E, Khochaiche A, 
et al. Fluorescent gold nanoparticles in suspension as an efficient 
theranostic agent for highly radio-resistant cancer cells. Journal 
of Nanotheranostics. 2023 Jan 30;4(1):37-54.

114.	Kumar A, Das N, Rayavarapu RG. Role of tunable gold 
nanostructures in cancer nanotheranostics: implications on 
synthesis, toxicity, clinical applications and their associated 
opportunities and challenges. Journal of Nanotheranostics. 2023 
Jan 6;4(1):1-34.

115.	Kouri MA, Polychronidou K, Loukas G, Megapanou A, Vagena 
IA, Gerardos AM, et al. Consolidation of gold and gadolinium 
nanoparticles: an extra step towards improving cancer imaging 
and therapy. Journal of Nanotheranostics. 2023 Apr 26;4(2):127-
49.

116.	Engels E, Lerch M, Corde S, Tehei M. Efficacy of 15 nm gold 
nanoparticles for image-guided Gliosarcoma Radiotherapy. 
Journal of Nanotheranostics. 2023 Oct 26;4(4):480-95.

117.	Kumar PP, Lee M, Kim T. Unlocking the Potential of Gold 
as Nanomedicine in Cancer Immunotherapy. Journal of 
Nanotheranostics. 2024 Apr 30;5(2):29-59.

118.	Santos O, Cancino-Bernardi J, Pincela Lins PM, Sampaio D, Pavan 
T, Zucolotto V. Near-Infrared photoactive theragnostic gold 
nanoflowers for photoacoustic imaging and hyperthermia. ACS 
Applied Bio Materials. 2021 Aug 11;4(9):6780-90. 

119.	Rissi NC, Comparetti EJ, Estevao BM, Mastelaro VR, Zucolotto V. 
Doped plasmonic zinc oxide nanoparticles with near-infrared 
absorption for antitumor activity. ACS Applied Nano Materials. 
2021 Sep 8;4(9):9779-89.

120.	Kumar A, Das N, Rayavarapu RG. Smart Platinum Nanostructures: 
A Journey from Synthesis to Advanced Theranostic Applications. 
Journal of Nanotheranostics. 2023 Aug 10;4(3):384-407.

121.	Wilson DL, Ahlawat J, Narayan M. The role of fullerenes in 
neurodegenerative disorders. Journal of Nanotheranostics. 2024 
Jan 16;5(1):1-2.

122.	Pang AS, Liau ZQ, Oh JY, Srinivasan DK. Nanotechnology-
Enhanced Orthopaedic Surgery. Journal of Nanotheranostics. 
2024 Nov 13;5(4):167-87. 

123.	Kalaiselvan CR, Laha SS, Somvanshi SB, Tabish TA, Thorat ND, 
Sahu NK. Manganese ferrite (MnFe2O4) nanostructures for 
cancer theranostics. Coordination Chemistry Reviews. 2022 Dec 
15;473:214809.

124.	Arnon S, Dahan N, Koren A, Radiano O, Ronen M, Yannay T, et 
al. Thought-Controlled Nanoscale Robots in a Living Host. PLoS 
One. 2016 Aug 15;11(8):e0161227.

125.	Knappe GA, Wamhoff EC, Bathe M. Functionalizing DNA origami 
to investigate and interact with biological systems. Nat Rev 
Mater. 2023;8:123-38.

126.	Nummelin S, Shen B, Piskunen P, Liu Q, Kostiainen MA, Linko V. 

Robotic DNA nanostructures. ACS Synthetic Biology. 2020 Jun 
26;9(8):1923-40.

127.	Yaari Z, Yang Y, Apfelbaum E, Cupo C, Settle AH, Cullen Q, et 
al. A perception-based nanosensor platform to detect cancer 
biomarkers. Sci Adv. 2021 Nov 19;7(47):eabj0852.

128.	Liu WJ, Song R, Zou XR, Li DL, Xu Q, Zhang CY. Enzymatic 
DNA repairing amplification-powered construction of an Au 
nanoparticle-based nanosensor for single-molecule monitoring 
of cytosine deaminase activity in cancer cells. Analytica Chimica 
Acta. 2023 Nov 15;1281:341895.

129.	Ahmad M, Hasan M, Tarannum N, Ahmed S. Recent advances in 
optical and photoelectrochemical nanobiosensor technology 
for cancer biomarker detection. Biosensors and Bioelectronics: 
X. 2023 Sep 1;14:100375.

130.	Backx BP. Potential role of nanotechnology in the treatment 
of influenza and hepatitis viruses. In: Yadav A, Rai M, editors. 
Nanotechnological Applications in Virology. New York: Academic 
Press; 2022. P. 195-218.

131.	Alahdal FA, Qashqoosh MT, Manea YK, Salem MA, Khan AM, 
Naqvi S. Eco-friendly synthesis of zinc oxide nanoparticles as 
nanosensor, nanocatalyst and antioxidant agent using leaf 
extract of P. austroarabica. OpenNano. 2022 Nov 1;8:100067.

132.	Al-Qasmi N, Al-Gethami W, Alhashmialameer D, Ismail SH, Sadek 
AH. Evaluation of Green-Synthesized Cuprospinel Nanoparticles 
as a Nanosensor for Detection of Low-Concentration Cd(II) Ion 
in the Aqueous Solutions by the Quartz Crystal Microbalance 
Method. Materials. 2022;15(18):6240.

133.	Patra S, Golder AK, Uppaluri RV. Green synthesis of carbon dots 
from mature green tea leaves for label-free fluorescence sensing 
of chromium (VI). Optical Materials. 2024 Aug 1;154:115767.

134.	Venkatadri B, Shanparvish E, Rameshkumar MR, Arasu MV, Al-
Dhabi NA, et al. Green synthesis of silver nanoparticles using 
aqueous rhizome extract of Zingiber officinale and Curcuma 
longa: In-vitro anti-cancer potential on human colon carcinoma 
HT-29 cells. Saudi Journal of Biological Sciences. 2020 Nov 
1;27(11):2980-6.

135.	Shabani L, Kasaee SR, Chelliapan S, Abbasi M, Khajehzadeh H, 
Dehghani FS, et al. An investigation into green synthesis of Ru 
template gold nanoparticles and the in vitro photothermal effect 
on the MCF-7 human breast cancer cell line. Applied Physics A. 
2023 Aug;129(8):564.

136.	Mir RH, Maqbool M, Mir PA, Hussain MS, Wani S, Pottoo FH, et 
al. Green Synthesis of Silver Nanoparticles and their Potential 
Applications in Mitigating Cancer. Current Pharmaceutical 
Design. 2024;30(31):2445- 67.

137.	Abed AS, Khalaf YH, Mohammed AM. Green synthesis of gold 
nanoparticles as an effective opportunity for cancer treatment. 
Results in Chemistry. 2023 Jan 1;5:100848.

138.	Oliveira M, Sousa A, Sá S, Soares S, Pereira AC, Rocha AC, et al. 
Harvesting the power of green synthesis: gold nanoparticles 
tailored for prostate cancer therapy. International Journal of 
Molecular Sciences. 2024 Feb 14;25(4):2277.



  
Backx BP. Nanoscale Diagnosis and Therapy: Nanotheranostics as an Advance in Nanotechnology. J Nanotechnol 
Nanomaterials. 2025;6(1):28-42.

J Nanotechnol Nanomaterials. 2025
Volume 6, Issue 1 42

139.	Adhikary T, Hossain CM, Basak P. Optimization of the process 
parameters to develop green‐synthesized nanostructures with 
a special interest in cancer theranostics. Bioinspired and Green 
Synthesis of Nanostructures: A Sustainable Approach. 2023 Jun 
12:43-64.

140.	Vedelago J, Gomez CG, Valente M, Mattea F. Green synthesis of 
silver nanoparticles aimed at improving theranostics. Radiation 
Physics and Chemistry. 2018 May 1;146:55-67.

141.	Alomar TS, AlMasoud N, Awad MA, AlOmar RS, Merghani 
NM, El-Zaidy M, et al. Designing green synthesis-based silver 
nanoparticles for antimicrobial theranostics and cancer invasion 
prevention. International Journal of Nanomedicine. 2024 Dec 
31:4451-64.

142.	Hameed S, Iqbal J, Ali M, Khalil AT, Abbasi BA, Numan M, et al. 
Green synthesis of zinc nanoparticles through plant extracts: 
establishing a novel era in cancer theranostics. Materials 
Research Express. 2019 Sep 18;6(10):102005. 

143.	Xulu JH, Ndongwe T, Ezealisiji KM, Tembu VJ, Mncwangi NP, 
Witika BA, et al. The use of medicinal plant-derived metallic 
nanoparticles in theranostics. Pharmaceutics. 2022 Nov 
10;14(11):2437.

144.	Ovais M, Khalil AT, Raza A, Islam NU, Ayaz M, Saravanan M, et 
al. Multifunctional theranostic applications of biocompatible 
green-synthesized colloidal nanoparticles. Applied microbiology 
and biotechnology. 2018 May;102:4393-408.


