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Abstract:

Hydrogels and nanomaterial properties are combined in nanogels. Numerous nanogels have been
developed and manufactured using the emulsion solvent diffusion nano precipitated method, the
emulsion evaporation of the solvent method. The purpose of this review was to study the effect of
nanogels of Nitrofurantoin. The emergence of antibiotic resistance has sparked a renewed interest in
Nitrofurantoin, an oral antibiotics used to treat or prevent acute urinary tract infections. However,
because the medication was developed prior to the advent of standardized research for drug approval,
their pharmacokinetics is not well understood. This medication existing knowledge seems to be
inadequate and mostly derived from outdated research. Numerous factors, including formulations, and
analytical techniques, were used in the investigations that yielded the nitrofurantoin PK values. This
will help to maximize efficacy and prevent toxicity and resistance development. Both medications can
continue to have antibacterial activity against uropathogens only with the help of this current
understanding and efficacy data from well-structured trials. Nanogels have a lot of potential for use in
chemo, organ targeting, and the delivery of bioactive substances. The article focused on how to make,
choose, test, and use nanogels as a targeted delivery system.
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Introduction:

Polymers and hydrogels are physically and chemically cross-linked at the nanoscale to form nanogels
(). Nanogels typically range in size from 20 to 200 nm. In addition to their bulging and deteriorating
properties, nanogels are distinguished by their size, larger surface area, and hygroscopicity. Nanogels
make it possible for medications to be released in a controlled and sustained manner. Using nanogels,
it is simple to entrap medicines, polymers, and liquid phases in suspension due to their three-
dimensional architecture (2). Even enormous molecules can fit through the holes. They work as drug
carriers because they are designed to quickly form biomolecular interactions with physiologically
active compounds, such as hydrophobic or hydrogen bonding and salt bonds (3). Nanogels are a
unique composite material that exhibits characteristics of both solids and liquids. The theoretical
framework suggests that the length of time that the nanoparticles remain in contact with the skin after
being entrapped within a nanogels matrix is positively correlated with the therapy's efficacy (4, 5). An
old antibiotic like nitrofurantoin is attracting renewed interest as oral therapeutic or prophylactic
agents for acute urinary tract infections (UTIs) (5-8). Nitrofurantoin was approved by the US FDA in
1954 and has been in clinical use ever since (5). It is currently recommended as first-line UTI therapy
because of the emergence of resistance to other antibiotics like co-trimoxazole, trimethoprim, and the
fluoroquinolones. This is an important limitation since the consumption of nitrofurantoin has increased
and because optimizing PK improves patient outcomes and minimizes the risk of emergence of drug
resistance (9, 10). Knowledge about the PK properties is also needed as input for in vitro
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pharmacodynamics (PD) models in order to investigate the effect of the antibiotic concentrations
obtained in human subjects on a pathogen and thus to establish clinical breakpoints. PK parameters
describing the absorption, distribution, metabolism, and elimination of nitrofurantoin following oral
administration to volunteers or patients. Following a description of the chemical and pharmacological
properties of nitrofurantoin, the various methods to prepare nanogels techniques utilized in the
reviewed papers will be discussed. The major part of this review will be devoted to nanogels of
nitrofurantoin.

Types:

Thermo sensitive nanogels: The shrinkage-swelling behavior of temperature-responsive nanogels is a
phenomenon in which their size changes in response to changes in their environment's temperature. The
reduction in particle size brought about by stimulation increased intracellular absorption and facilitated
accumulation in the microenvironment associated with the illness (11). These effects may have positive
implications for the outcomes of therapy (12). This unique property enables the controlled release of
drugs in a titration manner (13).

pH-sensitive nanogels: The design's ionizing groups are primarily responsible for the nanogels
swelling-shrinking behavior, which can change through an alteration in ionic behavior depending on the
pH value. The pH of various environments, such as pH between 6.5 and 7.2, lysosome pH between 4.5
and 5.0, and endosome pH between 5.0 and 6.5 associated with cancer tissue, lysosome, endosome
changed to physiological pH 7.4, has provided information about the various pH range (14).

Ultrasound-sensitive nanogels: The use of acoustic waves for anticancer therapy has been motivated
by their ability to deeply penetrate tissues and the associated benefits (15, 16). The area of transdermal
administration in the management of central nervous system-oriented ailments has seen significant
growth in US-based drug delivery. Perfluorohexane's transition from a liquid to a gas was observed to
facilitate the medication's release when applied (17).

Magnetic response nanogels: The induction of hyperthermia may be facilitated by using a magnetic
field. Furthermore, these nanoparticles can also be employed for magnetic targeting inside a robust
magnetic field. In a study, magnetic nanoparticles and temperature-sensitive nanogels were used to
make hybrid nanogels that contained the medication. The alternating magnetic field ensures the dynamic
process of shrinking and swelling of nanogels, which facilitates the release of stimuli-responsive drugs
(18).

Response to multiple stimuli: Due to their improved capacity to consistently sustain regulated drug
release, nanogels with dual or multi-stimuli responsiveness have attracted significant interest. The study
of combinations that are sensitive to pH and temperature has made significant progress (19).

Chain transfer polymerization: The only reaction that can be changed by giving dithioester molecules
to a polymer is reversible addition—fragmentation chain-transfer (RAFT) (20). RAFT technology can
change the length, structure, and characteristics of an amphiphilic polymer, such as poly (N-vinyl
caprolactam) (21).

Photo-induced crosslinking polymerization: Crosslinking between molecules caused by irradiation
can result in the formation of radicals and atoms in a polymer that, when water molecules are broken
down, form nanogel (22).

Modifications of nanogels for active targeting: A ligand can reach the specific receptors on the cells
or subcellular structures it was designed to affect through active targeting. Pharmaceutical nanoparticles
also contain biological substances like proteins, small molecules, peptides, and polysaccharides to make
them more effective (23).
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Types of nanogels Based on Polymer:

Polysaccharide-based nanogels: Inter-molecular electrostatic interaction that results in ionic
complexes is employed to produce nanogels with oppositely charged polymers using polysaccharides
such as chitosan, sodium alginate, sodium hyaluronate, chondroitin, and cyclodextrin. Physiological pH
changes can be sensed and accounted for by using nanogels with this property (24). Hydrophobic groups
are used to modify hydrophilic polysaccharides. Amphiphilic polymers are also used to produce
nanogels in an aqueous system (25).

Chitosan-based nanogels: Chitosan is a promising option for developing chitosan-based nanogels
using oil-in-water lipid emulsion technology due to its ability to improve emulsion stability and prevent
coalescence through steric and electrostatic mechanisms. Notably, using chitosan obviates the need for
surfactants or proteins. Chemical crosslinking of chitosan nanogels could result in highly stable
matrices. Some chitosan nanogels were made by reacting with bifunctional agents like dialdehyde,
glutaraldehyde, di-isocyanate, and di-epoxy compounds (26). Chitosan nanogels were made by using
genipin as a crosslinking agent in reverse microemulsion for biomedical applications (27).

Pullulan-based nanogels: A useful tool could be pullulan-based nanogels modified with cholesterol to
provide functional groups. In a number of studies, various functional groups have been attached to the
pullulan backbone. The amount of cholesterol substituted for the hydrophobic moiety in the pullulan-
based hydrogel nanoparticles correlated with their size and density. These include tricarboxylate,
acryloyl groups, and urocanic acid. The nanogels were made from hydrophilic self-associating polymers,
which are extremely stable and effective at reducing protein side effects by, among other things,
preventing aggregation and protecting proteins from enzymatic breakdown (28-30).

Hyaluronic acid-based nanogels: The polysaccharide HA generated from animals has favorable
characteristics that make it suitable for developing nanogels. These traits include biocompatibility,
mucoadhesion, and non-immunogenicity, which may be attributed to its specific glucuronic acid and N-
acetylglucosamine composition. In addition, it is essential to keep in mind that HA possesses a high
degree of bioactivity, primarily as a result of its distinctive binding to particular cell receptors. The most
well-known of these receptors is CD44, or cell surface adhesion receptor 44 (31).

. Alginate-based nanogels: The polysaccharide known as alginate contains alternate blocks containing
residues of the acids beta mannuronic and alpha guluronic. Due to highly reactive groups (OH, COOH),
alginate is chemically susceptible to oxidation, amidation, esterification, and sulfation. Solubility and
lipophilicity can be controlled through chemical changes, expanding the scope of possible uses.
Alginate nanogels can protect the proteins during oral administration, despite the fact that they are
notoriously unstable in the acidic environment of the stomach (32).

Cyclodextrin-based nanogels: Cyclodextrins are cyclic-structured oligosaccharides with D-
glucopyranose units linked by -1, 4- glycosidic bonds that are biologically compatible. The hydrophobic
phenolphthalein was very well absorbed by the nanogels (33, 34).

Gum acacia-based nanogels: Arabic gum, also known as acacia gum, comes from the plant Acacia
niloticais. It was used to make nanoparticles and microparticles. This polysaccharide's high water
solubility, biocompatibility, and low price are its primary benefits for this purpose. To make nanogels,
gum acacia was mixed with proteins like gelatine or polysaccharides like alginate and chitosan. Arabic
gum is more biocompatible and biodegradable than chemicals because it has many binding sites with
negative charges for interacting with polycationic polymers like chitosan (35).

IJNRD2505087 International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/

© 2025 IJNRD | Volume 10, Issue 5 May 2025 | ISSN: 2456-4184 | INRD.ORG
Protein based Nanogel:

Gelatin: Nanogels for a variety of applications have been made using gelatine, a collagen hydrolysate.
In addition, there are other advantages to using gelatine in the production of nanogels. It has been
demonstrated that this kind of biopolymer is extremely biocompatible. Second, it serves multiple
purposes (the COOH and NH2 groups), making it simple to alter. Third, the tumor cells’ porous
endothelial junctions provide a pathway for the NGs to enter the cells. Gelatine-based nanogels have
been produced using a variety of methods, including precipitation polymerization and inverse mini
emulsions polymerization. Among the crosslinkers used for this purpose are aldehydes, genipin,
carbodiimide/N-hydroxy succinimide, and enzymatic crosslinkers like transglutaminase. It was
discovered that uncross-linked gelatine-based nanogels were unstable and accumulated over time.
Gelatine-based nanogels can form triple helical structures at lower temperatures when the crosslinking
density is reduced, resulting in the acquisition of thermo-responsive features by the nanogels. Nanogels
were produced by oxidizing gum Arabic to gum arabic aldehyde and crosslinking with gelatin (36, 37).

Soy protein: At around pH 4.8, soy protein has an isoelectric point. A more thorough purification of the
initial product is required due to the pyridine's toxicity and the difficulty of removing its remnants.
Several synthetic polymers that are frequently used to manufacture nanoparticles have suboptimal
protein encapsulation, inadequate dosage properties, and limited durability. The protein-polymer ratio
determines the nanogel’s particle size, which ranges from 200 to 900 nm. In rat stifle joints, single
intraarticular injections of nanogels containing proteins extend their retention for more than 14 days. The
use of an altered catalyst in the polyhydroxyethylmethacrylate- pyridine reaction has facilitated the
attainment of meticulous control over the sizes of nanogels, confined inside a narrow range of 145 to
160 nm, allowing for the development of immunostimulatory self-assembly nanogel vaccines. By
delivering protein antigens to dendritic cells, these nanogels primed ovalbumin-specific CD8+ T
lymphocytes effectively (38, 39).

Advantages of Nanogels:

Because they have more surface area and free energy, nanogels can move more easily. There are
invisible internal mechanisms involved in creaming, flocculation, coalescence, and sedimentation. It is
available in liquids, creams, and other forms. They are beneficial for use by both humans and animals,
are non-toxic, and In cell cultures, hydrophilic compounds are better incorporated. An alternative to
the vesicle-oriented drug delivery system might be this substance (40).

Restrictions of Nanogels:

During the process of preparation, the final removal of solvents and surfactants results in a significant
financial burden. When the body is exposed to even minute amounts of surfactants or polymers, there
is a risk of injury. Additionally, the interaction between the drug and the polymer may increase the
hydrophilicity of the nanogels matrix, resulting in the drug molecules being permanently entrapped
within the matrix (41).

METHODS OF NANOGEL PREPARATION:

Emulsion Solvent Diffusion Method: An organic layer is used to solubilize the drug's aqueous
solution. The drug phase is made by dissolving the polymer and gelling agent in water. This drug phase
is then added drop by drop to the aqueous phase after it has been homogenized for 30 minutes at 6000
rpm. An oil-water emulsion is created when an emulsion is homogenized into nanodroplets by a
homogenizer. To make nanogels, triethanolamine is added to the oil-water emulsion and continuously
stirred for an hour at 8000 rotations per minute. The final removal of surfactants and solvents during
preparation adds a significant amount of cost. When the body is exposed to even minute amounts of
surfactants or polymers, there is a risk of injury. Additionally, the interaction between the drug and the
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polymer may increase the hydrophilicity of the nanogel matrix, resulting in the drug molecules being
permanently entrapped within the matrix (41-43).

Nano Precipitated Method: Polymer precipitated when the organic phase, which contained both
medication and polymer, reacted with the aqueous layer of surfactant. After the removal of the excess
solvent, polymeric nanoparticles are left out. Gelling agent and necessary amounts of nanoparticle
dispersion are added after the particles have been moistened. Triethanolamine is used to stabilize the pH
(44, 45).

Evaporation of the Solvent Method: The drug-polymer mixture is injected into the designated area of
the aqueous phase for two hours. The obtained Nano sponges are then subjected to further filtration,
followed by a drying process in a hot air oven maintained at a temperature of 40°C for 24 hours. Finally,
the dried Nano sponges are carefully transferred into vials for storage. This process is accompanied by
continuous stirring at 1000 rpm, which is made easier by a magnetic stirrer. The polymer should be
agitated at a rotational speed of 6000 rpm after being submerged in water for two hours to ensure a
homogeneous dispersion. The pH is modified with the use of a pH-adjusting agent. The optimized Nano
sponge suspension and permeation enhancers are then added to the aqueous dispersion (46-51).

Reverse Micellar Method: An organic solvent dissolves a surfactant, medication, and polymer. After
adding the cross-linking agent, it must be incorporated over an extended period of time during the night.
After the nanoparticles have been purified, the solvent is evaporated, creating a desiccated bulk. It was
created by dissolving the gelling component in water. A nanogel is made when nanoparticles and an
aqueous phase with a gelling agent combine. The pH is altered when a neutralizer is applied (52-54).

Modified Diffusion Emulsification Method: The medication is combined with a polymer that contains
the solvent in a ratio that has been precisely calculated. A syringe equipped with a needle is used to add
the organic phase to the aqueous stabilizer solution at a rate of 0.5 mL per minute. The drug-polymer
mixture is continuously agitated in the aqueous phase at a rotating speed of 5000 to 10,000 rpm to create
the organic phase. The suspension is then sonicated for five to ten minutes after being agitated for six
minutes at a rotational speed of 10000 to 25000 rpm (55).

Chemistry, mechanism of action and currently used dosing regimens:

The nitrofuran family includes nitrofurantoin (Figure 1a). A furan ring—a five-membered aromatic
ring containing four carbon (C) atoms and one oxygen (O) atom—that is directly connected to a nitro
group (-NO2) is the defining structural component. Microcrystalline nitrofurantoin is still available,
but it is not a first-line product due to its higher rate of gastrointestinal (Gl) side effects. Nitrofurantoin
capsules contain 50 or 100 mg of the macrocrystal-line form, which is also available in slow-release
formulation and as a suspension. The standard dose of nitrofurantoin depends on the indication and on
the geographical location: regimens of either 50—-100 mg g6h (regular-release formu- lation) or 100 mg
g12h or g8h (slow-release formulation) are pre- scribed for the treatment of acute UTI, while 50-100
mg g24h is prescribed for prophylactic use. The spectrum of activity includes (vancomycin-resistant)
enterococci and ESBL-producing Enterobacteriaceae, with the exception of Pseudomonas aeruginosa
and several Proteae strains because they carry intrinsic resistance to nitrofurantoin. Resistance among
E. coli and most other ESBL-producing Enterobacteriaceae is still low, probably because
nitrofurantoin has a different mode of Nitroxoline, 8-hydroxy-5-nitroquinoline, is not a member of the
nitrofurans, despite what its name might suggest. Soft capsules containing 250 mg of nitroxoline are
available for this hydroxyquinoline derivate, which is considered structurally unrelated to any other
drug class (56-60).
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Figure 1a: Chemical Structure of Nitrofurantoin
Analytical methods:

When comparing the reported concentrations of this antibiotic, it is essential to take into account both
the analytical method and the corresponding sample preparation method because nitrofurantoin is
susceptible to photochemical degradation. Bender, Nohle, and Paul presented the first method for
detecting nitrofurantoin in urine in 1956. Colorimetric or spectrophotometric detection is described in
their papers after chromatographic separation. However, the majority of the papers included in this
review utilized the 1965-described spectrophotometric method, which can be used to quantify urinary
concentrations but cannot differentiate between different metabolites. Following spectrophotometric
detection, the method prepares the samples through a liquid—liquid extraction. Mason et al. developed
an improved version of this procedure, in which HPLC was used to separate nitrofurantoin from the
urine matrix. The photochemical degradation of nitrofurantoin was taken into consideration in the
development of additional UV-detection HPLC methods for nitrofurantoin alone or for the
quantification of the amino and cyano metabolites in plasma and urine. The only method for
quantifying nitrofurantoin and its toxic metabolite in urine that did not specifically mention
photochemical degradation was that of Arancibia et al. The most recently developed method consists
of HPLC with MS detection for nitrofurantoin in plasma; amber-coloured vials are used in order to
protect the nitrofurantoin content from light. It appears that concentrations can be accurately
quantified using UV detection since most PK papers report concentrations using this detection method
and concentrations in urine are relatively high. MS detection, therefore, does not seem to be
specifically necessary to determine nitrofurantoin concentrations.  However, because these
concentrations may be outside of the UV detection range, MS detection may be of additional benefit in
elucidating the metabolism pattern of nitrofurantoin (61-69).

Clinical use of nitrofurantoin:

Two meta-analyses based on controlled trials have recently described the clinical efficacy and toxicity
of nitrofurantoin when used as a prophylaxis or treatment for lower UTIs. Twenty-seven controlled
trials with 4807 patients were evaluated to investigate nitrofurantoin as a treatment for UTIs.
Nitrofurantoin was found to be clinically and microbiologically effective, with clinical cure rates
ranging from 79% to 92% and microbiological. The standard 5-day treatment was found to be more
effective than the 7-day treatment, but its clinical efficacy was reduced by 61%-70% when given for
only 3 days. Toxicity was found in 5%-16% of cases and was mild, reversible and mainly limited to
Gl-related side effects. Nitrofurantoin efficacy and safety as a UTI prophylaxis were evaluated in 26
controlled trials involving 3052 patients. The drug was found to be effective in preventing UT]Is, and
side effects were again noted to be mild. The risk of (severe) toxicity increased with the duration of
the prophylactic use (70-72). Not only crystal size, but also (high) plasma levels are associated with
toxicity (56). It would therefore be interesting to compare plasma concentrations.

Discussion:

Due to their notable capacity for drug encapsulation, uniformity, adjustable size, simple production,
low toxicity, serum stability, and responsiveness to stimuli, nanogels have distinct and encouraging
properties in the biomedical field. The approaches to the preparation of nanogels with varying
topology and shape were described in this overview. Nanogels was prepared using different techniques
such as emulsion solvent diffusion, nano precipitated method, emulsion evaporation of the solvent
method, reverse micellar method and modified diffusion emulsification method. Polysaccharide,
chitosan, pullulan, hyaluronic acid, alginate, cyclodextrin, gum acacia, protein, and protonation and
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thermo controlled polymeric nanogels using copolymerizing N-vinyl caprolactam and acrylic acid
monomers with anticancer doxorubicin, a dual temperature and protonation responsive self-assembled
micellar nanogels using a combination of methoxy poly Utilizing synthetic polypeptide and cadmium
selenium-zinc sulfur quantum dots, paclitaxel was loaded into the nanogels. For melanoma treatment,
the quantum dot-polypeptide nanogels with anticancer potential, antioxidant quercetin, and titanium
dioxide loaded nanogels simultaneously contained both hydrophobic and hydrophilic drugs. In this
case, methotrexate-loaded chitin nanogels demonstrated optimal drug release, and chia seed oil and
resveratrol-loaded chia seed oil emulsified nanogel formulation with anti-inflammatory properties
were created by homogenizing quercetin nanocrystals with titanium dioxide. The constituent materials
of nanogels—natural or synthetic—as well as external factors like protonation states, temperature,
ionic behavior, and the presence of hydrophilic residues determine their characteristics. Nanogels'
increased use as drug carriers is due to their exceptional stability, biodegradability, biocompatibility,
large surface area, and efficient manufacturing process. The numerous aspects of nanogels and their
application in biomedicine, such as the intracellular transportation of genetic material, targeted protein
delivery, and drug delivery strategy, have been examined in this review. Due to the existing
availability of clinical research and in-vivo uses of nanogels as nanogels have distinctive and
encouraging characteristics within the biomedical field due to their notable capacity for drug
encapsulation, uniformity, adjustable size, straightforward synthesis, limited toxicity, resilience in the
presence of serum, and responsiveness to stimuli.

Conclusion:

Nanogels are used in a variety of pharmaceutical applications because they are a flexible and
adaptable drug carrier. Due to their advantageous properties, nanogels demonstrated promise as a
novel bio-responsive delivery method. In the case of Urinary Tract Infection as well as cancer, skin
ilinesses, diabetes, etc., nanogels may transform the natural product into the most effective medication.
The transdermal delivery of pharmaceuticals using these cross-linked nitrofurantoin nanogels has great
potential, as it may shown to increase patient compliance while causing fewer adverse effects. The
medication is more bioavailable and penetrates more easily through nanogels. It is possible to draw the
conclusion that nanogels are a promising dosage form for targeted drug delivery that promotes
efficacy while minimizing toxicity and organ damage.
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