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Introduction
Brain tumors are usually classified as primary brain tumors or 
secondary brain tumors, and non-malignant brain tumors or 
malignant brain tumors. According to the worldwide statistics, the 
prevalence rate of intracranial tumors is 40 per 100000. The top 
three in terms of incidence rate and mortality are China, India and 
the United States, respectively [1]. At present, the incidence rate 
of secondary brain tumors accounts for about 15% of all cancer 
patients according to American social statistics. At the same time, 
the prognosis of brain tumors is not optimistic. The 5-year survival 
rate is about 34%, and the 10-year survival rate is about 30% [2]. 
There are many different types of brain tumors, and their incidence 
rate and survival rates vary greatly. The most common primary 
malignant brain and spinal cord tumor is glioblastoma, and the 
most common primary non-malignant brain and spinal cord tumor 

is meningioma. Brain tumors are usually induced by high intensity 
electron radiation. Because of the special and precise structure and 
function of the brain, even non-malignant brain tumors can cause 
death or permanent sequelae due to the damaged brain structures 
that are difficult to repair.

The incidence rate of secondary brain tumors is far higher than 
that of primary brain tumors, about 10 times that of primary brain 
tumors [3]. Cancer changes in any part of the body may spread to 
the whole body with blood and then transfer to the brain. The most 
common metastatic tumors usually come from breast cancer, colon 
cancer, kidney cancer, lung cancer, and melanoma.

According to the cancer epidemiological statistics in the United 
States and China, the incidence rate of brain tumors is still increasing 
year by year. The number of new brain tumor patients every year 
has caused a heavy burden to the medical system and society. Due 
to the special structure and function of the brain, the double-layer 
blockade of the blood-brain barrier and the blood-tumor barrier 
leads to the inability to break through the traditional drug delivery 
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ABSTRACT
Compared with traditional pharmaceutical preparations, nanomaterials have a wider range of variable structural 
design ideas and a higher ability to be controlled artificially, which leads to more advantages and opportunities for 
nanomaterials to overcome the disease fields and research directions that traditional drugs have been powerless for 
more than 100 years. Tumor, brain and nerve, the lesions that are difficult to reach by drugs in history, are expected 
to be broken through with the improvement of nano drug delivery system.

This review lists a variety of nano drug delivery systems with different design ideas, taking brain tumors as 
an example, including nano cars, nano robots, bionic nano drug delivery, intelligent nano drug delivery, light 
controlled nano drug delivery, macrophage nano drug delivery, biomaterial nano drugs represented by proteins, 
nanodrug immunotherapy, nanodrug gene therapy, etc. Otherwise, the advantages and special functions of nano 
drugs, as well as the safety risks of nano drugs under current research are listed. Finally, this review mentions the 
current problems that must be solved and the future direction of nano pharmaceuticals.
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system, resulting in high systemic blood concentration and low 
tumor site accumulation concentration, thus causing side effects 
of drugs that are far higher than the therapeutic effects, while 
seriously affecting the survival rate and quality of life of patients 
[4]. Therefore, developing a new nano drug delivery system has 
become an important mission in the field of nano pharmaceuticals.

In addition, it is worth noting that in addition to the special 
problems faced by brain tumors, the blood brain barrier, and the 
common difficulties to be solved by all tumor treatments, the blood 
tumor barrier and drug therapy also need to solve a barrier that 
does not exist in the physical level: the metabolic barrier. There 
are abundant transporters and transport cells in many biological 
tissues represented by the blood brain barrier. They do not prevent 
the drug particles from entering the tumor tissue, but they capture 
the drug particles that have entered the tissue and then discharge 
them, or make the drug particles lose biological activity and 
become harmless through the metabolism of tumor cells [5].

The nano drug delivery system is a drug delivery system that takes 
nano scale materials combined with drug particles as the basic unit, 
involves and is affected by a variety of human cells, and needs to 
break through multiple biological barriers. The goal is to target 
and identify drug particles and deliver them to designated organs 
and sites. As a result, drug therapeutic ingredients are stably 
released at designated sites under control. A successful nano drug 
delivery system should be to control the local drug concentration 
of the diseased part as stably as possible and reduce the systemic 
drug concentration outside the diseased tissue as much as possible, 
to meet the requirements of improving drug effectiveness and 
reducing adverse drug reactions. Nanodrug delivery systems have 
many different research directions. According to the selection of 
nano drug delivery platforms, they can be roughly classified into 
five categories: liposome nano drug delivery, polymer nano drug 
delivery, inorganic nanoparticles, nanoparticle albumin bond (nab) 
technology delivery, and bionic nano drug delivery. In addition 
to the five categories of the above classification methods, nano 
drug delivery systems based on tumor immunotherapy, nano drug 
delivery systems based on gene expression therapy, nano drug 
delivery systems based on photothermal imaging therapy, and the 
latest forms of intelligent nano drug delivery systems, nano cars, 
nano robots, nano chips and nano motors can also be classified 
according to the treatment schemes. 

In the above classification, liposome nanoparticles and polymer 
nanoparticles are the major nano drug delivery system that has 
been successfully developed into a commercial product so far. 
Thanks to a clearer design idea, more definite efficacy and side 
effects, and a simpler production route, liposome nano drugs 
are easier to complete a full set of R&D-test-commercialization 
processes than other kinds of nano drug delivery systems. Most 
other nano drugs still need more data and experience accumulation 
before they are marketed. 

Structure determines function. Because of the high degree of 
freedom in the field of structural design unique to nanomedicine, 

the new properties of materials in the nanoscale and the biological 
affinity of nanomedicine delivery systems, researchers have found 
that nanomedicine has an extremely broad application potential, 
which has not yet been discovered and developed. At present, the 
degree of exploration of nanomedicine delivery systems played by 
researchers in the design of nanomedicine application prospects 
is less than 1% of all. Although the research and development 
experience and commercialization experience of liposome 
nanoparticles are relatively mature, the development of nano 
pharmaceutical by researchers cannot stop in the field of liposome 
nanoparticles. This review discusses the significant advantages of 
the known nano drug delivery system under the current research 
progress, including reducing adverse reactions, improving 
treatment effect, suppressing cancer recurrence rate, blocking 
cancer metastasis, combating drug resistance of tumor tissue, etc. 
At the same time, it puts forward ideas for the future direction, 
including the integration trend of tumor monitoring imaging 
treatment in the direction of nano drug research and development, 
and the comprehensive nano trend of all serious disease treatment 
drugs, As well as the data and experience related to adverse 
reactions and risks of nano drugs that are seriously lacking at 
present, including material allergy, neurotoxicity, commercial 
development and abuse risks, and potential environmental hazards.

Basic Classification of Drug Targeting Types
Since 1906 Ehrlich P was the first to put forward the theory of drug 
targeted delivery. Today, in the more than 110 years of research 
process, researchers still have a very difficult way to explore and 
implement drug targeted delivery. The rapid development of nano 
pharmacy is more suitable for the application of drug targeting 
delivery theory than traditional pharmacy to a certain extent, but 
the process from experimental design to clinical application is still 
full of obstacles. In the past two decades, only 15 passive targeted 
drugs have been used in clinical treatment, while no active targeted 
drugs have been used in clinical treatment so far [6].

Passive targeting means that depending on the unique physiological 
and pathological characteristics of the tumor microenvironment 
and the differences between normal human tissues and organs, 
the tumor has enhanced permeability and retention effect (EPR 
effect), as well as the chemical and biological properties of 
nanoparticles, so that the nano drug delivery system can produce 
natural distribution differences and effectively accumulate in the 
tumor site [7].

Active targeting refers to modifying the structure of drug particles 
at the nanoscale through technical means, giving the drug or its 
carrier the ability to actively bind to the target, relying on the active 
recognition between specific molecules on the surface of the nano 
system and specific molecules and proteins at the tumor site, such 
as the chemical or physical coupling of probe molecules (such as 
antibodies, peptides, sugar chains and aptamers) that specifically 
bind to the target molecules and the drug or its carrier surface, 
in order to achieve the targeted effect and achieve the purpose of 
selective concentration of drugs in tumor tissues and cells [8].
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Physical targeting refers to the use of light, heat, magnetic field, 
electric field, ultrasound and other physical signals on the tumor 
part of the patient to artificially affect the distribution of drugs in 
the body and activate the release characteristics, to achieve the 
target of the lesion [9].

So far, the maturity of passive targeting nano drug delivery system 
technology is ahead of that of active targeting, which benefits from 
the relatively easy design idea of passive targeting nano drug delivery 
system, more extensive experience and data accumulation, relatively 
low production cost, clear and controllable drug toxicity and side 
effects [10]. Correspondingly, the current defects of passive targeting 
nano drug delivery systems mainly focus on the unsatisfactory 
therapeutic effect and limited drug targeting specificity [11].

On the contrary, active targeting is expected to combine and 
accumulate specifically in target tissues and reduce residues in 
healthy tissues as much as possible to achieve the most perfect 
targeting state envisaged by drug delivery targeting theory. 
However, up to now, no clinical results have been achieved with 
high cost and high manpower input. Active targeting drug delivery 
system suffers from stronger than expected resistance from tumor 
tissue immune function (12). The immune and metabolic barrier 
in the tumor tissue will intercept and capture many nano drug 
particles. Some of these nano particles will be metabolized into 
metabolites that lose biological activity, and the other part will be 
expelled from the tumor tissue during exocytosis [13].

Advantages and Limitations of Drug Delivery Nano Systems 
with Various Platforms
Polymer nanomedicine is a kind of intelligent drug delivery 
system that is created by self-assembly or other methods and 
connects polymers or drugs through chemical bonds. After 
entering the body, it uses exogenous or endogenous changes, such 
as pH, temperature, and redox environment, to break the chemical 
bonds and release drugs to targeted sites [14]. Polymer nano 
carriers can effectively reduce the side effects of drugs, improve 
the bioavailability, and have natural biological affinity. On the 
contrary, some polymer nano carriers may degrade too fast or 
too slowly, lack of modifiable end effectors, lead to accumulated 
toxicity due to difficulties in degradation in vivo, and difficult to 
prepare with high cost [15].

Liposome nanoparticles are drug particles that phospholipid 
materials self-assemble into spherical vesicles in aqueous solution, 
with a hydrophobic core surrounded by hydrophobic membranes, 
and can be used to load hydrophobic or hydrophilic molecules 
[16]. Liposome nanoparticles are the most advanced nano drug 
delivery system in the clinical application and commercialization 
of all nano drug delivery systems [17]. It has excellent biological 
affinity, stability, low toxicity, and controllability of drug release. 
Its shortcomings mainly lie in the unsatisfied targeting at present, 
and insufficient energy stored locally in the tumor [18].

Nanoemulsion, which is prepared by mixing oil, emulsifier and 
water into nanoscale emulsion droplets, can be used to transport 

drug particles [19]. The advantages of nano emulsion are 
good biological affinity and easy absorption by human tissues, 
satisfactory low toxicity and side effects, and good bioavailability. 
It can be made into different kinds of preparations, including 
sprays, oral liquids, creams, eye creams and other products for 
easy use [20]. The defect is that the stability is not ideal, and the 
emulsion particles may be destroyed [21].

The bionic nano drug delivery system, represented by virus coat 
vector, uses the shell structure of viruses or bacteria such as 
bacteriophages, makes use of the high binding rate of biological 
coat protein to cells and injects its own genetic material into cells 
to participate in gene expression, playing a role in tumor gene 
therapy [22]. However, because the antigen determinant contained 
in the viral coat is easy to cause human immune response, patients 
may have to use immune blocking drugs to inhibit adverse 
reactions [23].

Protein based nanoparticles are used to transport hydrophobic 
drug particles by non-covalent combination of protein and drug 
molecules. Its advantages are easy to be absorbed and degraded 
by human body, clear carrier structure activity relationship, easy 
production and low toxicity [24]. However, there are many kinds 
of proteins used in the Protein based nanoparticles delivery system. 
Each protein has different structures and properties, and a Protein 
based nanoparticle can use more than one protein to participate 
in assembly. The experience and understanding of researchers on 
Protein based nanoparticles still need to be accumulated [25].

Brain Tumor Microenvironment, Blood-Tumor Barrier and 
Blood-Brain Barrier
Blood brain barrier, blood tumor barrier, and tumor 
microenvironment of brain tumor tissue are not only the living 
space and nutrition source of brain tumor in physical sense, but 
also the main difference between brain tumor and other tumor 
types.

Blood-brain barrier (BBB)
The intermediate structure of neurovascular unit (NVU), which is 
composed of endothelial cells (EC), pericytes, astrocyte and other 
cells and tissues, is clear and stable, and its function is to prevent 
external substances from entering the BBB of central nervous 
system by regulating the permeability of endothelial cells and other 
structures. In brain tissue, many capillary networks, astrocytes 
around blood vessels, neuronal cell endings, and many microglia 
and monolayer brain endothelial cells are closely connected, and 
the membrane structure formed together forms the basal layer of 
BBB physical layer morphology [26]. BBB in normal form is a 
good protective layer, which can prevent 99% of substances in 
the blood, such as neurotoxic components and pathogens, from 
entering the central nervous system, and at the same time identify 
and release correct cells and nutrients into the central nervous 
system.

During the development of brain tumors, both primary brain 
tumors and brain metastatic tumors could invade the biological 
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structure of BBB, making the originally hierarchical and regular 
BBB become disordered, and local destruction and invasion 
lead to increased permeability. The nutrients and cells needed 
by the tumor enter the brain tumor tissue through the damaged 
BBB [27]. Different types and subtypes of brain tumors have 
different directions of erosion and transformation of BBB. For 
example, BBB modified by medulloblastoma has stronger ability 
to intercept chemotherapy drugs. BBB physiological ability varies 
greatly among patients due to different gene and cancer gene 
variations. However, the BBB permeability of anti-tumor drugs 
after BBB destruction has rarely been improved. One reason is 
that the invaded BBB only improves the selective permeability of 
some cells, rather than completely releasing all substances. On the 
other hand, the defective BBB and more microglia are used to form a 
new barrier: blood tumor barrier [28].

Blood-tumor barrier (BTB)
After brain tumors invade and damage BBB, more cells and 
tissues are used to regenerate BTB. BTB also could intercept 
and eject substances. The BTB tissues of some brain tumors 
represented by glioblastoma may even contain complete BBB 
tissue structures, including transporters that discharge drug 
particles [29]. The abnormal disconnection of the original tight 
connection between the nerve cell tip and outer membrane and 
the astrocyte cell membrane, and the invasion of glioma cells into 
BBB and replacement of the original astrocytes, led to the increase 
of the permeability of the original barrier structure, decreased the 
interception function, and the increase of cell permeability was the 
main feature of BTB.

Although the permeability of BTB to cells and substances needed 
for brain tumors has increased, the permeability of anticancer 
drugs has not increased significantly. This means that brain tumor 
anticancer drugs may experience double interception of BBB and 
BTB before entering brain tumor tissue, making drug treatment 
more difficult than other cancer types.

Tumor microenvironment (TME)
The tumor microenvironment is the living environment of tumor 
tissue, which is usually composed of tumor cells and tissues, 
tumor related cells and tumor affected cells, immune cells, 
extracellular matrix, and signal molecules. It usually contains rich 
abnormally hyperplastic vascular tissue, accompanied by hypoxia, 
abnormal acidic environment, and some necrotic cells. Due to 
the proliferation and abnormal metabolic activity of cell tissues, 
TME may have local necrosis, hydrops and edema, which may 
change the physical properties of TME. TME contains a variety of 
lymphocytes and immune cells, including an abnormal number of 
macrophages, other bone marrow cells, T cells, and B cells [30]. 
However, TME contains various signal molecules at the same time 
to play a strong immunosuppressive role, making lymphocytes 
lose their original immunity and ability to kill tumor tissues.

In normal state, brain tissue and the periphery of central nerve 
contain abundant extracellular matrix, also known as ECM. 
ECM is rich in proteins, mainly including tendinosis and lectin. 

The invasion of tumor will change the normal components and 
physiological functions of ECM [31]. The original regular and 
clear ECM structure will become disorganized and disordered, 
and become hard with the proliferation of tumor tissue. ECM after 
tumor invasion and change contains abnormal signal molecules, 
which can affect and inhibit the activity of human immune system. 
The expression level of integrin and fibronectin increased which 
improved the mobility and invasion of tumor cells [32].

Macrophages (MDMs) differentiated from monocytes in bone 
marrow are recruited into TME by abnormal signals sent by 
tumor ECM, which can reach 30% of the total weight of brain 
tumor tissue [33]. Microglia are the macrophage group with the 
second highest content of TME. They are recruited into TME by 
ECM signal molecules such as granulocyte macrophage colony 
stimulating factor (GM-CSF), matrix derived factor-1 (SDF-1) 
and glial cell line derived neurotrophic factor (GDNF), accounting 
for 30% of the total weight. Microglia entering TME can interact 
with cancer cells, cancer cells release cytokines and chemokines, 
microglia express tumor promoting and survival promoting factors, 
promote the proliferation of cancer cells, immune cells and other 
anti-tumor activities [34]. Stimulated by TME, these macrophages 
changed the direction of gene expression and biological function, 
not only lost the ability of immunity and killing antigens, but 
also gathered in large numbers to protect cancerous cells from 
being destroyed. MDMs and microglia are collectively referred 
to as tumor associated macrophages (TAM). Due to the different 
tumor types and subtypes, as well as the individual differences 
of patients, the different types of gene variation and expression 
directions, the TAM induced by different kinds also changes in 
different directions, resulting in functional diversity and plasticity. 
The soluble factor secreted by TAM is one of the important sources 
of TME immunosuppression [35].

The tumor cells represented by glioma stem cells (GSCs) have 
been proved to secrete angiogenesis promoting factors, can recruit 
monocytes into TME, and generate active factors such as CCL2 
and CSF-1, which can induce monocytes to differentiate into tumor 
promoting phenotype, inhibit the proliferation, differentiation and 
killing ability of T cells, and induce apoptosis of T cells. GSC 
can also affect neutrophils [36]. Neutrophils in TME can promote 
brain tumor metastasis and enhance the ability of brain tumor 
metastasis and post metastasis colonization. In addition, GSC can 
help tumor cells hide and escape NK cell-mediated cytotoxicity by 
secreting NK cell inhibitory ligand HLA-G [37]. In addition, GSC 
has a special ability to promote the differentiation and proliferation 
of vascular system in TME to generate small space for endothelial 
cells and protect the proliferation of GSC.

Dendritic cells (DCs) are important antigen presenting cells, which 
are responsible for endocytosis, processing and presenting antigens 
to immune cells to activate the immune response. However, TME 
will release CCL5, XCL1 and other chemokines to recruit DC and 
NK cells after brain tumor invasion. DCs stimulated to inhibit 
immunity activate Treg and further inhibit T cell activity [38].
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Astrocytes, responsible for the specific communication of brain 
tissue and information exchange between brain cells, regulate the 
blood brain barrier, are the unique and highest content glial cells in 
the central nervous system. However, astrocytes can bind to tumor 
cells in TME, and this newly generated functional channel can 
transmit the oncogenic factors expressed and secreted by tumor 
cells. At the same time, astrocytes can also provide neurotrophic 
factors, growth factors, cytokines and metalloproteinases to tumor 
cells through this channel to support tumor cell proliferation and 
invasion. In addition, astrocytes can also express programmed 
death ligand 1 (PD-L1) to enhance the immunosuppressive ability 
of TME [39]. It is worth mentioning that the reflex of the nervous 
system and the signal molecules secreted by the synapses of 
nerve cells have been found to have the ability to stimulate the 
proliferation of tumor cells.

The vascular endothelial cells stimulated by tumor cells begin 
to express integrin in TME ανβ 3. Promote the proliferation of 
vascular network in tumor tissue. With the proliferation and 
progress of brain tumors, vascular tissue will become abnormal. 
Many vascular endothelial growth factor (VEGF) rich in tumor 
tissue will induce many new immature blood vessels with abnormal 
distorted shape, weak tube walls and high drug permeability, 
which are called dystrophic growth [40]. Compared with the 
canceration of other parts, the malnourished growth of the blood 
vessels of brain tumors will repair as mature blood vessels with 
low drug permeability at a faster rate. Therefore, the tumor tissue 
of glioblastoma usually has more abundant reticular vascular 
system than other types of tumor tissue.

As a result of the above research results on brain tumor mechanism, 
some brain tumor treatment strategies are inferred:

1.	 Using the recruitment effect of TME on macrophages, designing 
a nano drug delivery system that is easy to combine with 
macrophages, and the macrophages will bring drug particles 
into tumor tissue.

2.	 Design immune activating drugs, through the nano drug 
delivery system that is easy to combine with immune cells, to 
re-awake immune cells that are immune suppressed by TME 
signal molecules and fall into sleep [41].

3.	 Design anti-angiogenesis drugs to inhibit the proliferation of 
blood vessels in the tumor tissue, leading to the tumor tissue 
necrosis due to lack of nutrients. At the same time, vascular 
inhibitors can also prevent the immature high permeability 
new blood vessels from continuing to become complete, keep 
the blood vessel wall ultra-thin and do not block the drug 
permeability, so that anti-cancer drugs can easily enter TME 
from the blood.

Intelligent Nano-Drug Delivery System
In the context of current technology research and development, 
the design of nano drug delivery system has fallen into a two-
way difficulty. Targeting delivery of nano drugs can be divided 

into active targeting and passive targeting. However, the current 
accumulation of technology cannot support the active targeting of 
R&D drugs into clinical practice. At the same time, the research 
and development of passive targeting drugs is not satisfactory 
because of its low targeting. Drugs cannot be accurately delivered 
to targeted organs without spreading to the whole body. At this 
time, the intelligent nano drug delivery system has opened up a new 
road in the two-way obstacles. The intelligent nano drug delivery 
system does not rely on active or passive targeting to deliver 
drugs to the correct targeted organs and tissues. Instead, it uses a 
designed polymer nano carrier to lock the active ingredients of the 
drug [42]. Only when the drug diffuses into tumor targeted tissues. 
Only when the polymer nano carrier is opened, can the effective 
components of the drug be released to the correct position. The 
drug active ingredients sealed by polymer nano carriers have no 
biological activity, and even if they spread to the whole body, they 
will not cause adverse reactions in other organs [43]. When nano 
drug carriers are stimulated by endogenous or exogenous stimuli, 
including special PH, enzyme, redox activity. As well as light, 
temperature, magnetic field, electric field, wave, polymer nano 
carriers will open and release drugs, so that the active ingredients 
of drugs can play a role [44].

Brain tumor tissues have many specific properties, including 
slightly lower PH than normal tissues, and specific enzymes and 
signal molecules in the tumor microenvironment. Glutathione 
GSH is a tripeptide used to remove excess ROS. The levels of 
GSH and ROS in tumor cells were much higher than those in 
normal cells. Therefore, it is a very good group of endogenous 
stimuli. In addition, light, magnetic field, electrical signal and 
other stimuli can also be triggered artificially. To induce polymer 
nano drug particles in the correct position of tissues and organs, 
and release drug active ingredients [45].

In addition, polymer nano carriers can also be used to design nano 
cars and nano robots. This is a new nano carrier technology, which 
is characterized by the ability of nano cars and nano robots to move 
independently in the body [46]. They can be programmed. It can 
automatically move to the correct part of brain tumor tissue, even 
to the tumor cells [47]. Until the nano car accident robot enters the 
correct target cell. Only these smart carriers can release effective 
components of drugs and play a role in killing tumors [48].

Biomimetic Nanoparticle Drug Delivery System
Some cells of the human body, even some viruses and bacteria, 
have natural immune hiding ability and are not recognized, 
discovered and captured by the immune system. When these bio-
membranes are separated and extracted, the specific recognition 
factors and proteins on the surface of these bio-membranes still 
retain the ability to hide themselves from the recognition of the 
immune system. Using these bio-membranes as bionic carriers to 
carry effective drug ingredients can also prevent drugs from being 
captured by the immune system and sent to the corresponding 
target organs and tissues [49]. 

It is worth mentioning that some special viruses have extremely 
special shell structures, which enable them to penetrate BBB 
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naturally and enter the central nervous system [50]. These viral 
shells were isolated and purified as carriers of nano drugs. Carrying 
active ingredients of drugs. It can enable these nano drug particles 
to penetrate BBB, which is beneficial to the treatment of brain 
tumors [51].

One of the advantages of biomimetic nano drug carriers is that 
there is no need to worry about human metabolism. It is different 
from the shell of nano carrier composed of some heavy metals. 
Biomimetic nano drug carriers come from biological natural 
components, so the human body can also metabolize these biofilm 
tissues and convert them into the components it needs. It will not 
accumulate in individual organs, causing cumulative toxicity.

Conclusions
So far, the contribution made in the research field of nano drug 
delivery system is worthy of recognition. In a completely different 
direction. It includes polymer nano drug delivery system, liposome 
nano drug delivery system, biomaterial nano drug delivery 
system and bionic nano drug system. In addition, the intelligent 
nano drug delivery system, nano chip, nano motor, nano robot, 
etc. that are still under development. From the perspective of 
different therapeutic directions, there are still more directions in 
the process of research and development, such as the nano drug 
delivery system with macrophages as the carrier cells, the nano 
drug delivery system with the goal of activating immune activity, 
and the nano drug delivery system with the goal of gene therapy. 
Although many research products are still under test, there 
are still many difficulties to be solved in the process of clinical 
application and market commercialization, and there is a long 
way to go. However, it can be predicted that these drugs all have 
the advantages of nano drug delivery systems. It includes high 
biological compatibility, high bioavailability, effectiveness, low 
toxicity and targeting. They have enough potential to solve the 
disease fields that traditional medicine can't conquer for hundreds 
of years.

Future trends
With the current progress of nano pharmaceutical research and 
development. And experience. In addition to continuing to 
improve their own direction and research products so that they can 
be promoted to clinical applications and market productization, 
there are several trends that will occur in the future

Multi in One Research Direction of Nano Drugs.
At present, researchers have found that two or more effective 
components of drugs are sealed in the same nano carrier. At the 
same time, the design of multiple factors to stimulate the opening 
of the nano carrier shell can enable the same nano drug product 
to have multiple functions. Other studies have also found that the 
shell of nano carrier is not only a function of loading effective 
drug ingredients, but also can play a role in drug activity, 
monitoring the internal environment, and sensitivity to light and 
heat. Therefore, it can be boldly inferred that one of the future 
directions of nano drug research and development will be multi in 
one nano drug products. Cancer monitoring, tumor imaging, drug 

therapy, chemotherapy and radiotherapy have the opportunity to 
be realized through the same nano drug preparation, which has the 
advantages of convenience and efficiency.

Large-Scale Nano Scale of Existing Therapeutic Drugs.
According to the current experience in nano drug research, it is 
found that the manufacturing process of some nano drugs is not 
necessarily complicated, difficult and costly, but it has a strong 
ability to improve the toxicity, stability and targeting of drug 
effectiveness. Once the research of nano drug delivery system is 
mature. At that time, it will no longer be difficult to determine 
the appropriate nano encapsulation of known active ingredients 
of drugs. Therefore, it may promote the nano upgrading of drug 
products in the existing market.

Estimation of Harmfulness and Risk of Nanomaterials.
At present, the clinical use experience of nano drugs is extremely 
lacking, which leads to insufficient experience and data on 
adverse reactions of nano drugs to human body. In particular, the 
awareness of allergy and inflammation, neurotoxicity, abuse risk 
and environmental hazards is very insufficient.

Up to now, medical research has not fully understood the deep 
mechanism of allergy and inflammation, but it can be found that 
there are strong individual differences in allergy. Even food that is 
completely harmless to the vast majority of people in life, including 
vegetables and fruits, also has the risk of disease or even death for 
special populations. It is necessary to do a good job in the research 
and development of nanomaterials to prepare for the response and 
treatment of patients with nanomaterial allergy.

It is necessary to make a more detailed assessment of the potential 
neurotoxicity of nano drugs and attach great importance to the 
review and evaluation in the process of nano drug research and 
development. Due to the small size and special physical and 
biological functions of nano drugs, nano drugs are naturally easier 
to enter the central or peripheral nervous system through biological 
barriers than other drug materials. Therefore, nano particles have 
the potential to cause neurotoxicity.

Some nano drug materials and by-products in the production 
process of nano drugs may cause harm to the environment. It is 
known that the toxicity of heavy metal nanoparticles, including 
gold nanoparticles and silver nanoparticles, to the environment, 
especially aquatic animals, deserves attention.

Drugs and food with new technologies are particularly vulnerable 
to abuse by users. Therefore, it is necessary to pay attention to 
the abuse of nano drugs. Users should be educated to follow the 
doctor's instructions and use the correct dosage for the correct 
symptoms to take nano drugs. It should not be used privately or 
change the drug dosage, nor should it be taken as a nutrient or 
health care product for a long time. At present, there are many 
cases in different countries where patients overdose certain drugs 
and mistakenly believe that drugs should be taken as often as food. 
Nanodrugs are usually more stable. Once the patient overdoses, it 
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may be difficult to rescue, and it is difficult to quickly metabolize 
the drugs already taken, which increases the difficulty of rescue. 
Therefore, the prevention and rescue measures for nano drug abuse 
should be paid enough attention and improved as soon as possible.
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