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Abstract---Nanocarriers have emerged as a safe and effective method 
of medication administration and release during the past few years. 
When compared to their larger-scale counterparts, nanoparticles 
display amazing properties. The excellent biocompatibility of many of 
these carriers makes them more attractive, as does the fact that they 
provide better effectiveness, particularly in cancer therapies. Over the 
past half-century, nanocrystal, liposomal, and micelle nanocarriers for 
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drug administration and release have been widely studied. As a result 
of these successful uses, the pharmaceutical industry now has a 
whole new product to choose from. An overview of recent works on 
nanocarrier materials and designs to improve the efficacy of 
medications for illness treatment is provided below. As organic and 
inorganic nanocarrier materials that are highly biocompatible and 
easy to manipulate get the most interest, specific emphasis is paid to 
the design and implementation of novel nanocarrier materials such as 
nanohydrogels, chitins, graphene oxides, and solid lipoprotein 
nanoparticles. Each summary shows how far the project has 
progressed. In order to give better therapy to patients, there is a 
pressing demand in pharmaceutical technology for improved 
knowledge of the current condition of these nanomaterials. 
 

Keywords---nanocarrier, drug delivery, nanomaterials, controlled, 
drug release. 

 
 
Introduction  
 
Nanomaterials are defined as materials with one or more dimensions below 100 
nm (1). According to the European Commission, a nanomaterial was defined as 
follows in 2011: Particles in an unbound condition, aggregates, or agglomerates, 
in which at least 50% of the particles in the number size distribution have an 
exterior dimension in the range of 1 nm-100 nm, in a natural, incidental, or 
produced substance (2). Nanomaterials offer considerable research and 
development/product\s development potential in medical applications. Some of 
these applications include DNA/ RNA nanotechnology, diagnostics by\s 
molecular imaging, biosensing, nanomedicine, and nanocarriers\s for medication 
delivery (3). Graphene (GR)/ GR oxide (GO) nanosheets, iron oxide nanoparticles, 
gold nanoparticles, ceria oxide nanoparticles, and carbon nanotube/nanoparticles 
are only a few examples of the numerous nanomaterials that have been created, 
manufactured, and used in various sectors. 
 
Nanomaterials display exceptional optical, electrical, and/or\s mechanical 
characteristics when contrasted with their higher scaled\s forms. Their colour, 
conductivity and reactivity can be different from macro forms. Surface area to 
volume ratio can also differ. Surface tension can also differ. Due\s to this, 
nanomaterials have drawn the interest of scientists\s for their potential 
application in vaccinations, medicine development, and\s drug delivery (4). Over 
many years, several nanomaterials have been\s adopted as nanocarriers, i.e. 
nanohydrogels, oil-in-waters emulsions, liposomes, and nanoparticles based on 
synthetic\s polymers or natural macromolecules (5). In the late 1970s, Couvreur 
et al (6). and Kreuter and Speiser (7), used polymeric nanocapsules as 
lysosomotropic carriers and adjuvants in their initial research. 
 
In most cases, drug nanocarriers are used for one of two purposes: controllable 
medication release and precise drug delivery to a specific organ, tissue, or cell 
type. Biocompatible nanoparticles or nanocapsule and targeting molecules are the 
building blocks of medication delivery. Hydrophobic carrier systems or 
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pharmaceuticals can be made more hydrophilic by including biocompatible 
components. Directly targeting tissues, organs, or cells with antibodies or 
avidin/biotin is the primary mode of action of targeting agents. The 
environmentally sensitive structure of the carrier provides the drug release 
characteristics found in nanocarrier systems. Preventing healthy tissue damage 
caused by some medications, such as chemotherapy treatments, is a major 
benefit of controlling drug release, which releases the drug with high efficiency in 
the desired location (8). Polymer-based nanoparticles, which are solid colloidal 
particles between 10 and 500 nanometers in diameter, have been used to develop 
nanocarriers (4). Dissolution, entrapment, adsorption, adhesion, or encapsulation 
are all techniques of drug integration into nanocarriers (9). Nanocarrier systems 
are reviewed in this section. Nanocarriers such as chitosan (CS) nanoparticles, 
graphene/graphene oxide nanoparticles (GR/GO), and solid lipid nanoparticle 
(SLN) have been widely used in recent years. The most strongly rotated 
amphiphilic nanocarrier materials are nanohydrogels and CS nanoparticle 
derivatives. A large variety of carrier designs may be achieved by using GR/GO 
nanomaterials. It's now the most promising and innovative lipophilic drug carrier 
is solid lipid nanocarriers (SLNs) (10). 
 
Nanohydrogel Carriers 
 
Starting with descriptions of macro-scale hydrogels, nanohydrogels may be 
described. A hydrogel is a network of hydrophilic polymer chains that is 
crosslinked in three dimensions. Natural or manmade polymers can be used to 
create network structures that expand when they come into contact with water or 
bodily fluids. It's also possible for them to return back to their original condition if 
they're not in contact with water or biological fluids. 11-13 Hydrogels have gotten 
a lot of interest and use in biological applications including drug transport, drug 
release, and vaccine creation because of their distinctive properties (14). The 
crosslink-controlled pore architectures of hydrogel drug delivery and release 
system designs have been and are still regarded appealing in medicine. Hydrogels, 
on the other hand, have a physiochemical similarity to the human body's 
extracellular matrix. Hydrogels are noted for their great biocompatibility because 
of their high-water content. Their viscosity was a major drawback, prompting the 
development of nanohydrogels as a workaround. A needle may readily be used to 
inject these submicron drug carriers. Further bioconjugation is made possible by 
reduced size and increased surface area (11), (15). 
 
Systemic drug delivery is possible using nanogels in the 10-100 nm size range. 
Designing nanogel carriers with kidney filtration clearance in mind, the diameter 
must fall below 10 nm. In order to deliver drugs to cells and tissues, 
nanohydrogels, which are generally between 5 and 100 nm in diameter, are used 
(16). The crosslink bond concentration that develops or breaks changes the mesh 
size in stimuli-dependent designs, such as temperature- and pH-sensitive ones 
(15). Drug release acceleration can be controlled by regulating the breakages of 
crosslinking bonds that produce the initial mesh size of the carriers. The swelling 
capability of nanohydrogels can also be used in other designs (17). As the edoema 
progresses, the mesh size expands, allowing the medicine to be released over time 
(15). Environmentally responsive nanohydrogel carriers include designs that are 
sensitive to pH, temperature, electric field, light, enzyme, calcium, glucose, redox, 
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etc (18). Some of these designs are described in this study based on their 
sensitive qualities as seen in the following figure. According to this description, 
there are numerous common materials that stand out when compared to others 
as nanohydrogel carriers. Table 1 lists the materials that scientists are most 
interested in. 
 
Temperature-sensitive nanohydrogel carriers 
 
Temperature-sensitive nanohydrogel carriers are systems that\s exhibit swelling 
behaviour that is dependent on temperature\s changes and are a highly explored 
field (19). A temperature sensitive\s drug-release design was disclosed by 
Ichikawa and\s Fukumori (20), in 1999. The concept comprises of a water-
soluble\s hemostatic drug core inside a thermosensitive poly 
[Nisopropylacrylamide\s (NIPAAm)] nanohydrogel comprising an\s ethyl cellulose 
shell. Ichikawa and Fukumori (20), indicated that the\s mentioned shell may vary 
and revert to its initial size with\s temperature variations between 30°C and 50°C 
in water and\s that nanohydrogels display positive thermosensitive swelling. 
 
The drug release rate is found to be not only temperature\s dependent but also 
nanohydrogel concentration dependent (20). A fairly recent study presented 
thermosensitive 5-fluorouracil\s (5-FU; a chemotherapeutic medication utilised 
for solid tumor\s treatments) incorporating methyl cellulose (MC) 
nanohydrogels\s for minimised adverse effects of chemotherapy. In this 2018 
study\s Dalwadi and Patel (21) created MC nanohydrogels via a tip 
probesonicator\s method from MC hydrogels. The release of 5-FU is temperature 
and biodegradability dependent. Conventional chemotherapy uses a significant 
number of cytotoxic drugs that explode in an area over a long period of time (21). 
 
PH- and/or ionic-strength-sensitive nanohydrogel carriers 
 
S+� DQG�RU� LRQLF� VWUHQJWK� VHQVLWLYLW\� SHUPLWV� QDQRFDUULHUV·� PHVK\s size to be 
changed according to the ambient pH.Nanohydrogels were created by inverse 
microemulsion polymerization in 2010 by Elsaeed et al (22). On\s average, the 
diameter of these nanohydrogels is reported to\s range between 60 and 80 nm. 
When the pH is between 4.00 and 8.00, the poly (NIPA-co-AAC) nanohydrogel is 
characterised for its swelling behaviour between these two pH values, a feasible 
drug release technique is provided. Researchers found that the swelling capacity 
of nanohydrogels increased with the pH of their surroundings (22). Previous 
research has shown that pH-sensitive poly (N-isopropylacrylamide) derivative 
copolymers or poly(alkyl(meth)acrylate) diblock copolymers can be used as 
carriers for indomethacin (a nonsteroidal anti-inflammatory drug), fenofibrate (a 
drug for treating abnormal blood lipid levels), and doxorubicin (DOX) and 
aluminium chloride phthalocyanine (ACP). Free radical polymerization was said to 
be used to make PNIPAM copolymers, whereas atom transfer radical 
polymerization was said to be used to make poly[alkyl(meth)acrylate) diblock 
copolymers. A combination of in vitro and in vivo testing was used by the 
members of the team. An alternative to Cremophor®EL for weakly water-soluble 
medicines has been suggested by Dufresne and colleagues (23). The nanoparticles 
of polyethylene glycol (PEG) were also claimed to be effective transporters for 
hydrophobic medicines that may be taken orally, according to the study. 
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Increasing the pH causes dissociation in the carrier system, according to one 
investigation (23). 
 
Chitosan nanocarriers 
 
As the raw material for CS nanocarriers, chitin is a long-chain polymer derivative 
of glucose [poly (1-4)-Nacetyl-D-glucosamine)] (CSNs). A linear backbone 
connected by glycosidic linkages is formed when chitin is deacetylated to a level of 
around 50% (24), (25). CS's bio-adhesiveness and permeability make it a desirable 
nanocarrier material among hydrophilic polymers (26). As a nanocarrier, CS has a 
high rate of drug loading. C-2 NH2 protonation at the D-glucosamine repeat C-2 
is one of the most essential properties of D-glucosamine, as seen in Figure 1 (24). 
CS nanocapsules, on the other hand, are an ideal delivery method for 
hydrophobic medicines (27). CS nanoparticles are an ideal nanocarrier material 
because of the above-mentioned characteristics. 
 
It is also pH sensitive because of the acetylated monomers in the chains and their 
arrangement (28). Scientists use this characteristic to release regulated amounts 
of drugs. Because tumour cells have a pH that is lower than that of healthy cells, 
delivering drugs to them and regulating their release is a frequent example of this 
(29). Table 2 provides a historical overview of the research on CSNs as drug 
delivery methods. Ionotropic gelation, the most popular process for producing CS 
carriers, is predicated on the polyelectrolyte's capacity to crosslink in the 
presence of counter ions (30). 
 
Fernández-Urrusuno et al (31). proposed the use of CS nanoparticles as possible 
drug carriers for transmucosal administration in 1999, according to Table 2. CS 
nanoparticles loaded with insulin were designed for nasal administration to 
conscious normoglycemic rabbits. The serum glucose levels are said to have 
dropped by 40% (31). PEG-grafted CS nanoparticles as peptide drug carriers were 
GHVFULEHG� E\� $NWDü� HW� DO� ������ ,Q� DQ� DTXHRXV� VROXWLRQ�� WKH\� REVHUYHd the 
production of nanoparticles via intermolecular hydrogen bonding. Insulin 
absorption and release were influenced by the degree of PEG chain incorporation 
on CS and the observed long-term release phenomena (52), (53). A study by Pérez-
Alvarez et al. (51). one of the most current research projects in this sector, 
provides a clear picture of where things stand in 2019. Their work makes use of 
the CSN as a promising vehicle for delivering polyoxometalate to tumour cells. To 
make CSN, it is necessary to crosslink low molecular weight CS gel particles in an 
inverse microemulsion medium by dissolving them in 1 percent (v/v) acetic acid 
solutions. The team was able to limit the release of cytotoxic drugs using pH-
sensitive features (51). 
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Graphene and graphene oxide 
Nanocarriers 
 
GR production was eventually nailed down in 2004 by Professors Andre Geim and 
Kostya Novoselov, who produced a ground-breaking discovery. The discovery was 
noteworthy since it was previously impossible to make a single layer of graphite 
(carbon atoms with honeycomb-shaped sp2 links). One of the first graphitic 
materials to emerge was spherical GR, also known as 0D fullerenes, carbon 
nanotubes, and 3D graphite; later, it became regarded as the fundamental 
building block of graphitic materials (54-58). GR's submicron size and the -
conjugation in its structure were the first things scientists noticed after its 
discovery. The thermal, mechanical, and electrical characteristics of GR have 
been discovered (57).  
 
Research into the physical and chemical nature of GR's surface has generated 
interest in medical and pharmaceutical technologies and other sectors of study 
due to the new knowledge. Nanoscaffolds, chemical/biosensing, imaging, drug 
delivery, and controlled drug release are all possible applications for GR (59). GR 
and its composites have a key role in nanomedicine and nanocarriers because of 
their huge surface area (2600 m2 g-1), number of layers, lateral dimension, 
surface chemistry, and purity (60-62). By virtue of its above-mentioned 
properties, GR may be deemed a good candidate for a nanocarrier with a high 
drug load capacity (58). 
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It's common to see GR derivatives like GO, GR with oxygen-containing functions 
(such as epoxide, carbonyl, carboxyl, and hydroxyl groups). Because of this, the 
performance of nanocarriers GR and GO differs greatly from one another. When it 
comes to using GR in biological fluids, GO is very hydrophilic, but GR is 
hydrophobic, requiring surface modifications for utilisation. Thus, any 
nanocarrier design using GR must take into account the various contaminants 
and unfavourable consequences, such as cytotoxicity, that may arise (61, 63). As 
a result, scientists are turning away from GR nanocarrier designs in favour of 
those that incorporate GO. 
 
Table 3 summarises the various GR/GO nanocarrier configurations. According to 
Hummer's technique of manufacture, graphite oxidative exfoliation with NaNO3 is 
the most prevalent way of production. Nanocarrier designs have evolved over time 
into more sophisticated systems that use chemotherapy and photothermal 
treatment to cure cancer, however Hummer's manufacturing process is commonly 
chosen rather than other difficult approaches. 
 
A noncovalent physisorption chemotherapeutic drug delivery method utilising 
PEG-functionalized GO nanocarriers was demonstrated by Liu et al (87), in 2008. 
The researchers found that the nanocarriers were capable of cellular absorption 
in vitro (87). GO nanocarriers have been the subject of a recent investigation by 
Bullo and colleagues (88). Hummer's approach reportedly produces GO. 
Protocatechuic acid and chlorogenic acid are added to the GO to increase its 
biocompatibility and make it more effective in treating cancer. In order to target 
cancer cells, the carrier is coated with folic acid since tumour membranes contain 
a higher number of folate receptors, With a median size of 8 nm, the final size of 
the nanocarrier system is said to be 9-40 nm. To achieve a consistent therapeutic 
impact, the researchers found that medication release from this design required 
more than 100 hours (88). 
 
Solid lipid nanoparticles 
 
Nanocarriers based on polymers provide a distinct advantage in terms of chemical 
changes, including the creation of block and comb polymers. Combining and 
avoiding the shortcomings of SLNs is a benefit that may be used in (89) designs 
that employ SLNs. 
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Hydrophobic or hydrophilic molecules that are insoluble in water and soluble in 
organic solvents are called lipids (90). In 1995, the IUPAC provided the following 
additional definition: Soluble in nonpolar solvents, biologically derived 
compounds are referred to be "solubilized." Glycerides (fats and oils) and 
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phospholipids, as well as nonsaponifiable lipids, such as steroids, make up the 
majority of these lipids "(91). An alternative colloidal carrier for drug delivery and 
drug release has been discovered by researchers in the form of colloidal 
nanospheres (SLNs) (5). According to the surfactant employed during 
manufacture, SLNs have an average diameter of 150 to 300 nm, although they 
can be as large as 1000 nm, depending on the surfactant utilized (92). Smaller 
SLNs are more stable over time, have a higher drug loading capacity, and release 
more slowly than larger SLNs (93). Accordingly, SLNs offer a number of 
advantages, including the fact that they do not harm healthy tissue and are easy 
to produce in larger batches, the ability to load both lipophilic and hydrophilic 
therapeutic agents, and the capability to carry large amounts of drugs (5). Oral 
medication administration is the most prevalent use for SLN nanocarriers. SLNs 
have also been used to deliver doxorubicin, idarubicin, thymopentin, and 
camptothecin, among other medicines (96). 
 
Discussion and Conclusion 
 
Researchers may now use nanocarriers to deliver drugs to specific areas of the 
body while also controlling the rate at which the drugs are released. When 
compared to their larger-scale counterparts, nanocarriers offer a unique set of 
properties that have made them an important focus in pharmaceutical 
technology. Color, visible light, reactivity, surface area to volume ratio, 
conductivity, and surface tension are all used to describe these properties in this 
study. A variety of these carriers are increasingly common because to their high\s 
biocompatibility, assuring improved efficacy specifically in cancer\s treatments. 
One of the most important benefits of successful applications has been the 
creation of new pharmacological options. Among the nanocarrier materials 
discussed in this study are nanohydrogels, CSNs, GR/GO nanocarriers, and 
SLNs, which are referred to as nanohydrogels carriers. Besides these 
nanomaterials there are also a great\s number of alternative nanocarrier designs 
that are not included in\s this study, such as gold nanocarriers (97), starch 
and/or cellulose\s nanocarriers (98). cerium oxide nanocarriers (99), and carbon 
nanotube\s incorporated nanocarriers (100). It is apparent that, with further\s 
information obtained on nanocarriers for drug delivery and the\s current position 
in the development process of these nanomaterials there is a great chance to give 
better therapy to patients\s desperate in need of efficient treatment options. 
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