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"Quality by Design" (QbD) is a strategic process for development and manufacturing, it is aimed to make
sure that a final pharmaceutical product performs as expected, both in terms of purity and efficacy. To
achieve this, QbD implementation in the manufacturing process must be done clearly with defined
objectives and proper risk management. Considering that it provides drug developers with a better
understanding of manufacturing processes, reduces the frequency of batch failures, and therefore is data-
driven, the QbD methodology contributes to the progressive manufacturing environment and provides a
higher return on investment. Applying QbD in nano formulation can greatly impact advanced drug delivery.
Particles with a diameter of less than 100 nm are known as nanoparticles, are extensively studied in
nanotechnology, and have wide application in novel drug delivery systems, targeted sites, and dosing
regimens. Controlling particle size, surface characteristics, and the release of pharmacologically active
substances are the main criteria when formulating nanoparticles as a delivery system. As fungal infections
are increasing rapidly which affect the skin, hair, nails, or mucous membranes and can also infect the
lungs or other parts of your body, implementing QbD in the processing of nanoparticles loading antifungals
might be of great need.

1. Introduction formulation. All pharmaceutical companies comply
“In a product, Quality cannot be tested; it must be with different types of ICH guidelines. The phrase
built” there are various perceptions on this remark, "Quality by Design” is very much needed in
making it necessary to present an arrangement to guidance materials for the pharmaceutical sector to
dispel confusion. Pharmaceutical industry can acquire the most desired product with appealing
produce reliable products while considering every features and  simultaneous  facilitation  of
element of quality in the method of preparation of governmental barriers *. The components of quality

by design are discussed in ICH Q8: Pharmaceutical
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Development. These together with the enablers form
the cornerstone of the QbD development
methodology. A visual illustration of the usual QbD

elements is shown in Figure 1 2.
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Figure 1: Elements Of Quality by Design (QbD)

The undefined parameters that appear during the
formulation development process have a rationale
provided by a subset of QbD known as the Design
of Experiments (DoE). The application of DoE also
helps the manufacturer identify critical materials
attributes (CMAs) and critical process parameters
(CPPs) to fit within the desired critical quality
attributes (CQAs) inside the design space 2.
Application of the QbD approach is so important
that even final product quality testing may be
neglected 4. Aspects of the Quality Target Product
Profile (QTPP) would be the first stage in the
product development cycle in a QbD strategy to
ensure the desired qualities. This step entails making
good assignments. QbD is an overview of drug
development with a primary focus on safety and
efficacy provided in terms of labelling concepts
which include description, clinical pharmacology,
indications, and usage, contraindications, warning,
drug abuse and dependence, precautions, adverse
reactions, how it is supplied, dosage and
administration, clinical studies, overdosage, animal
pharmacology/ toxicology. CQAs in QTPP become
a subcategory that specifies a few CPPs involved in
developing a product. CPPs that are likely to change
are illustrated in Figure 2. To guarantee that a
pharmacological product remains within safe and
reliable boundaries, it must be observed and

assessed throughout the product development period
5
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Figure 2: A cycle of QbD in Product
Development

The features and attributes of the materials that are
used in the process technology play a crucial part
in any high-quality product. For instance, the input
materials must be noted as Qualities of Critical
Material  (CMAs).  Materials'  in-process
characteristics are CMAs for a one-step process
and are then considered as CQAs in the
downstream production procedure. ldentifying
Critical Processes CPPs are added to production
process parameters. Finally, product development
is influenced by risk assessment . The current
review analysis emphasizes the various challenges
experienced while scaling up polymeric
nanoparticles in these aspects and the viability of
overcoming such challenges’. The research has
been developed at the atomic, molecular, or
macromolecular  levels  referred to as
nanotechnology. Particles with a diameter of less
than 100 nm are known as nanoparticles, are
extensively studied in nanotechnology, and have
wide application in novel drug delivery systems,
targeted sites, and dosing regimens 8°. Controlling
the size of particles, surface characteristics, and
the release of pharmacologically active substances
are the main criteria when formulating
nanoparticles as a delivery system. Types of
nanomaterials: carbon-based, metal-based,
dendrimers, and nanocomposites, a brief
explanation is given in Figure 3 ' The main
characteristics of nanoparticles are explained in
Table 12,
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Table 1: Characteristics of nanoparticles Narrow of DNA
Types of Characteristics | Applications emission
Nanoparticles Immunoassay
Carbon Carbon sheets Enhance Highly
Nanotubes are available as | solubility photostable
SWNT and Polymeric High drug Long term
MWNT in their | Penetration Micelles entrapment circulation
allotropic into
crystalline Cytoplasm Biostability Target-
form. Nucleus specific drug
Block delivery
Crystals are amphiphilic through
extremely copolymer active and
strong. micelles passive
methods
Special Polymeric | Biocompatible | Excellent for
electrical nanoparticles sustained,
characteristics Biopolymer controlled
Dendrimer Highly Long-term drug delivery
branched circulation Complete
protection of Stealth and
Nearly Enhance drugs surface
monodispersed | the release of altering
polymeric bioactive Incorporates
system substances both lipophilic
under control and hydrophilic
Liposomes Phospholipid Long drugs
vesicle circulatory
Carbon nanotubes (CNTs) have been
Biocompatible | Offers active successfully used in pharmacy and medicine
and passive because of its large surface area and ability to
Versatile delivery for adsorb or conjugate with a range of medicinal and
genes, and diagnostic substances, (drugs, genes, vaccines,
protein. antibodies, biosensors, etc.). Pure carbon atoms
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are bound together in the shape of hexagohs and
pentagons to form the soccer-ball-like molecule
C60. In addition to diamond, graphite, and C60,
multi-walled carbon nanotubes (MWNT) are
another form of carbon that was initially identified
by lijima et al., in 1991 in carbon-soot created
using the arc-discharge technique. After two
years, he made observations of SWNT 3. An
SWNT is a graphene sheet that has been folded
over into a cylinder with a typical diameter of the
order of 1.4 nm and is made of cylinders with an
interlayer spacing of 3.4A and a diameter that is
typically in the range of 10-20 nm. According to
important prior research, carbon nanotubes'
distinctive structural, electrical, mechanical, and
chemical characteristics may be the main use for
them. 4 Novel pharmaceutical formulations
known as nanostructured lipid carriers (NLCs) are
made up of lipids that are physiological and
biocompatible as well as surfactants and co-
surfactants. Solid lipid nanoparticles (SLNs) and
nanostructured lipid carriers are the two primary
types of lipid-based nanoparticles (NLCs). SLNs
were developed to address the drawbacks of
conventional nanocarriers, such as emulsions,
liposomes, and polymeric nanoparticles, by
providing advantages such as a high-release
profile and tailored drug delivery with remarkable
physical stability. (109). Cholesterol and natural,
non-toxic phospholipids can be used to make the
small, spherical vesicles known as liposomes.
Liposomes are promising drug delivery devices
because of their size, hydrophobic and hydrophilic
nature, and biocompatibility. Initially, liposomes
were given through the oral route only because of
their high compatibility they can now be given in
other different routes. Liposomes have been
used to deliver anticancer agents in order to reduce
the toxic effects of the drugs when given alone or
to increase the circulation time and effectiveness
of the drugs 5. Polymeric nanoparticles (PNPs)
have generated much interest due to their distinct
characteristics like high mechanical strength,
electrical conductivity, optical and thermal
properties ®. Nanoparticles have a major
application, in  targeted drug delivery,
biocompatibility, biocatalysts, antigen detection,
etc 7. The merits of PNPs include carriers for
controlled release, combining both therapeutic and
imaging agents (Theranostics), and enhancing
therapeutic index 819, It can be made of various

2.

— e — — -
materials, such as lipids, polymers, and
copolymers. Compared to other nanoparticles,
Polymeric Nanoparticles have distinct properties
due to their versatility in exhibiting a range of
surface-attached ligands, stability in loading
therapeutic compounds at high levels, control over
drug release, and a long history of safe use in
humans. 2. The drug can be maintained inside or
adsorbed onto the surface of nanospheres thanks
to their continuous polymeric network 2. PNPs
like  nanospheres  (matrix system) and
nanocapsules (reservoir system) are included
under the term “nanoparticle” umbrella. This is
shown in Figure 4 ?2. Nano capsule size ranges
from 10-1000 nm. Depending on the preparation
and use the size will be more specific . Nano
capsule consists of a nano vesicular system formed
in a shell arrangement and the shell is made from
a polymeric membrane or coating 2%. The drug is
dissolved in an oily nanocapsule core, encased in
a polymeric shell that regulates the drug's release
profile (36). Encapsulation depends on the drug
substance's  requirement and on  the
physicochemical properties of the wall material,
core material, and required size. Nanocapsules can
be prepared by nano preparation, solvent
evaporation, and emulsion diffusion. Nanosphere
size ranges from 10-200nm. They are
homogenous matrix systems in which active
compounds are dispersed, adsorbed, or entrapped
within the polymeric matrix 2. Nanospheres can
be prepared by emulsification-evaporation and
nanoprecipitation methods and they play a major
role in fungal infection .

Polymeric Nanoparticle

Polymeric
Matrix

%+ Inner Core  Polymeric

Membrane

Nanocapsules

Nanospheres

Figure 4: Forms of Polymeric Nanoparticles

Fungal Infection
Infections of the skin and mucous membranes as
well as more serious invasive infections of the
internal organs can be brought on by fungi. (1).
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Patlents visits to dermatologlsts are frequently
caused by superficial fungal infections i.e.,
Chronic fungal infections of the Subcutaneous
tissues and skin caused by various fungal agents
(2). Some of the infections are shown in Figure 5

Some of the fungal skin infections

-

Thrust

Toenail Fungus

Some of the dangerous Fungal infection

i &

Eye Infection
Alveoli with pnuemonia

Rhinosinusitis
Figure 5: Some of the skin and dangerous
fungal infections 2°.

Approximately, 20-25% of people worldwide are
having superficial mycoses (3). Invasive fungal
infections are a major source of morbidity and
mortality for people with AIDS, hematologic
malignancies, aplastic anaemia, and
myelodysplasia, impaired immune  system
individuals, and people undergoing organ
transplants, infants (0-1 years), and the elders (>65
years) (4). In the 1990s, the introduction of first-
generation azole medications, such as fluconazole
and itraconazole, and second-generation azole
medications, such as aripiprazole, olanzapine,
clozapine, etc were introduced after this (5). The
newly developed antifungal agents like
voriconazole, Posaconazole, and ravuconazole can
overcome the limits relating to their
pharmacokinetics, drug-drug interactions,
physicochemical and biological properties, and
pharmacodynamic characteristics (6). The potential
ability of these therapeutic agents is utilized to
enhance the efficacy, safety profile, and reduce the
side effects of antifungal medicines, many novel
drug delivery methods have been developed.
Nanoparticles (NPs) have emerged and aims to
target drug delivery by minimizing undesirable side
effect (7). The drugs that will kill or inhibit the

growth of fungi that causes |nfect|ons |t is also called
antimycotic agents. In the 1990s researchers
discovered and developed novel antifungals; hence,
it is deemed as the “Golden era” of antifungal drugs.
Since then the discovery of Antifungal agents
became stagnant, its been two decades since the
discovery of echinocandins, the newest class of
antifungal drugs. Currently, four classes of
antifungal medications are FDA-approved. are
shown in Figure 6 2728,
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CLASS E EXAMPLES NANOCARRIERS | ADMINISTRATION
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AZOLES i e preparations,
diniconazole, hyaluranic acid, "
e ¢ impregnate
epoxiconazole, nanoemulsions, hone cement,
flutriafol liposomes :
i | Caspofungin, Liposome,Gold | | Intravenous
ECHINOCANDINS | | micafungin and and silver infusion

anidulafungin : nanoparticles

Figure 6: Class of antifungal drugs.
Polyenes were the broad-spectrum antifungals for
humans discovered in the 1940s and 1950s with the
first ever FDA- approved antifungal drug
Amphotericin B and it remained as standard for
many Yyears in the treatment of mycoses.
Amphotericin B lipid complex (ABLC), Liposomal
amphotericin B (LAmB), and amphotericin B
colloidal dispersion(ABCD), and having low
toxicity were developed as amphotericin B had been
showing toxicity, especially nephrotoxicity which
can lead to kidney failure 2°3°. In 1957, Since being
created as a possible anti-tumor agent, 5-
fluorocytosine was granted human antifungal
authorization. It is a pyrimidine (heterocyclic
nitrogenous base found in the nucleic acids DNA
and RNA). Flucytosine cannot be wused in
monotherapy, it is always used in combination with
other antifungals as it can develop resistance, this is
one of the major drawbacks of using flucytosine. In
addition to this, they are associated with
hepatotoxicity and hemotoxicity as the common
adverse event 3133, Despite being discovered in the
1940s, azoles were not licensed for usage in humans
until the late 1950s and early 1960s. Numerous
azoles are fungistatic and have a relatively wide
range of activity. As a result of its fungistatic
properties, resistance development happens
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frequently.“The most used azole for reating
systemic infections is fluconazole. The development
of triazoles created a revolution in treating fungal
infections 3%, The FDA has approved the class of
antifungals known as echinocandins. It was not
introduced in the market till the 2000s though it was
discovered in the 1970s. They were initially used for
the treatment of aspergillosis infection. The first
approved echinocandin in humans was caspofungin.
Later on, micafungin and anidulafungin were
discovered in 2005 and 2006 respectively.
Resistance is rare as the consequence of drug
exposure increases 3%, Figure 7 shows the
structure of a fungal cell and the different classes of
antifungals acting on them. The mechanism of
action is explained in Table 2,

Nucleolus

Endoplasmic reticulum

Cell Wall
]

Vacuole «———

& —=— Peroxisome
+— Mitochondria

Cell hjlembrane
-
Figure 7: Fungal Cell

Table 2: Mechanism of action
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To improve patient compliance and reduce
variability, pharmaceutical companies have
recently been devoting a large portion of their
resources to developing better carrier systems “°.
These systems must be able to deliver the drugs
continuously for an extended period with fewer
side effects possible. Polymer-based drug delivery
systems are being evaluated as a viable substitute
for traditional carrier systems due to their variety
of functions and characteristics °.

3. QbD approach
To include quality in the product from the start of
manufacturing, QbD and process analytical
technology (PAT) were introduced by the FDA in
2003 %, In the olden days, the quality by testing
(QbT) method assesses the quality of a product at
the very end of the manufacturing process by
comparing it against the accepted regulatory
criteria. Scaling up a product from research to
manufacturing size is very unpredictable, and the
causes of failure are frequently unknown. If
products do not meet their standards, the batch will
either be rejected or need to be reworked,
increasing the cost and regulatory responsibility.
Post-approval changes of noncritical behavior
should also be pre-approved by the regulatory
authorities. If a batch of a critical product is
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wasted it may be dlfflcult for a pharmaceutlcal
company to remain competitive in the market.
Because of this, there is a significant
communication gap  between  regulatory
organizations and industrial businesses, which
emphasizes the need for strong regulations and
supervision. The QbD principles promote product
innovation and continuous development to
achieve predetermined quality goals. Novel risk-
based strategies are used in the product and
process design by consequently meeting the
regulatory requirements and patient needs at an
affordable price (81). In the initial stages, it enlists
the CQA and CPP that directly affect the product’s
quality. The research findings can be more
successfully incorporated into the development
phase if the design and testing of pharmaceuticals
are based on the QbD technique. QTPP is the first
step in QbD, which is the objective of
development. The following stages are to
determine CQA, CMA, and CPP, and thereafter
risk assessment is used to choose the parameters
that could potentially affect the quality of the
product %2, Although the QbD technique is a novel
way of creating medications, it can be difficult for
developers to implement because the QbD
principle is different in each formulation.*.
Manufacturing problems are crucial and require
rapid response to avoid damaging the company's
reputation and financial losses. A very important
strategy for maintaining and continuously
enhancing product quality is quality management,
which is composed of quality assurance and
quality control. The Ishikawa diagram is one of the
methods used to increase quality and decrease
rejection that is well known and widely applied. It
is highly helpful for identifying problems from
many angles and is hence called a cause-and-effect
diagram (CED). It is also called a fishbone
diagram as the shape of the diagram is like a
fishbone depicted in Figure 8 which helps us to
identify the root cause of the problem 33,
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The field of drug delivery has been transformed by
nanoparticles (NPs), which are created by
combining biodegradable and/or biocompatible
polymers, particularly in the treatment of cancer.
NPs have demonstrated excellent capability in
improving the therapeutic effects of drugs while
reducing their toxicity. Although some NP-based
polymeric Cytotoxic drug formulations are still in
the design stages, many have already reached
clinical trials %. From to several studies,
incorporating  antifungal medications inside
nanospheres and nanocapsules maintained sustained
release, increased antifungal activity, and decreased
toxicity.

4. QbD approach to polymeric nanoparticles
loaded antifungal drugs °’
Vinam Puri et al., conducted a study on Qbd the
synthesis of terbinafine hydrochloride PNPs
utilizinga nano gel formulation to treat
onychomycosis. Infections caused by fungi are the
most type of skin illness in the world, with
superficial infections ranking among the ten most
common. Onychomycosis is the most common nail
problem and the most challenging superficial fungal
infection to treat 8%°, The popular oral and topical
formulation of the broad-spectrum allylamine
antifungal terbinafine is available 561, Numerous
topical formulations using PNs have shown
prolonged and efficient drug delivery. The objective
of his project was to create terbinafine hydrochloride
(TBH)-containing polymeric antifungal
nanospheres for topical nail drug delivery
containing TBH gel. Topical formulations have been
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effectrvely produced to meet the qualrty target
product profile, it was done by improving the
process and material variables that affected CQA.
The TBH Nanospheres were prepared by dissolving
polymer and drug in Dichloromethane (DCM) and
then the organic phase was mixed with Polyvinyl
alcohol (PVA) solution using a magnetic stirrer at
450 rpm for 10 mins, After centrifuging the samples
at 20,000 rpm for 15 minutes at 18 degrees,
discarding the supernatant layer, and collecting the
pellet, the emulsion was then converted to an
aqueous suspension of the drug-loaded nanospheres
by stirring at 450 rpm when it was room temperature
to allow the solvent to evaporation. Cause and
effective diagram were employed to ensure the
possible risk. 2* full factorial designs were
employed. PVA concentration and Drug-to-polymer
ratio were the material attributes, and mixing period
after emulsion formulation and ultrasonication time
were the process variables. To investigate the
independent factors, preliminary tests, like particle
size and polydispersity index were employed. Based
on these findings, the EPV to IPV ratio was
investigated using a secondary fractional factorial
design for this series of studies, which continued to
use particle size and PDI response. In combination
with a strong set of procedures and material
characteristics, 2% PVA by weight and a drug-to-
polymer ratio of 1:4 created nanoparticles
measuring 108.7 nm with a polydispersity index
(PDI) of 0.63 and a recovery rate of 57.43%. Ex vivo
nail permeation research and in vitro drug release
testing (IVRT) wasused to analyze this
investigation. Compared to the control gel, TBH
nanosphere-containing gel exhibited a slower and
more controlled drug release profile., as well as
more effective nail delivery 2.

5. QbD approach to Nano lipid carriers (NLC)
loaded antifungal drugs °3
Tejashree Waghule et al., in their study, said that in
clinical research, voriconazole has many adverse
effects, including nausea, vomiting, and other
gastrointestinal problems. A topical formulation
with embedded nanostructured lipid carriers (NLCs)
was created to distribute voriconazole to reduce the
both the probability and severity of the related
adverse effects at the topical site. The formulation of
voriconazole-loaded NLCs was carried out in this
research using the QbD (Quality by Design)-based
risk analysis. NLCs were developed using a hot-

meIt emuIsrfrcatron process by uItrasonrcatron Ina
brief, liquid lipid and solid lipid were mixed in a
3:7 ratio. The co-surfactant and surfactant were
dissolved in five ml of Milli-Q to create the aqueous
phase. These two phases were kept at a constant 75
°C. In order to create a homogeneous emulsion,
voriconazole (20 mg) was added to the melted lipid
mixture after being mixed with 0.4 mL of acetone.
Acetone was then continuously evaporated while the
lipid mixture was being stirred, and then the aqueous
phase was added drop by drop and stirred
continuously —at  600rpm.  The  resulting
primary emulsion underwent six minutes of
ultrasonication (30 s of "ON" time and four s of
"OFF" time with a 25% amplitude. The resultant
solution was diluted with 5 mL of ice-cold water and
stirred on a magnetic stirrer at room temperature for
15 minutes. (99,100). Characterization was done by
conducting spreadability, viscosity, extrudability, an
assay of gel, Ex-vivo skin permeation study.
Optimization and risk assessment for different
formulations and CPPs were done using the Box-
Behnken design. To achieve this purpose, two
central points were used. The formulation had a
average size of 107.7 £ 8 nm, an entrapment
efficiency of 70.52 + 5%, and a drug loading of
6.59%. An in-vitro drug release investigation said
that voriconazole released slowly over a 10-hour
period. The chosen formulation was added to the
Carbopol gel, and in comparison, to free drug-based
gel, ex-vivo permeation experiments using NLCs-
loaded gel revealed better penetration (66.45%) and
sustained release for up to 11 h. The NLC gel keep
drug in the skin layers, indicating that systemic
circulation was decreased, could lessen the side
effects brought on by drugs. The zone of inhibition
for the NLCs formulation in in-vitro antifungal
research on Aspergillus flavus culture was 22.5 +
0.5 mm, whereas the zone for the free drug was only
14.5 £ 0.5 mm. The QbD assimilation approach for
formulation optimization helped to understand the
connections between process and formulation
parameters. The prepared NLCs gel may therefore
target skin and be a new potential option for the
treatment of topical fungal infections in the future

6. QbD approach to Cubosomes loaded
antifungal drugs ®

Vamshi krishna rapali et al., wanted to develop a

topical hydrogel based on gbd that contained

cubosomes loaded with ketoconazole in their
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were loaded with ketoconazole. which was
previously used by esposito etal and morsi 1454, The
fats employed in this work was glycerol monooleate
(GMO). At various concentrations, PVA and
Poloxamer 407 were utilized as stabilizers and
surfactants, respectively. Poloxamer 407 (in an
amount ranging from 200 to 400 mg) was added to
melted 2g of GMO at 85 °C temperatures, and then
it was stirred at 700 RPM on a magnetic stirrer until
clear solution of the surfactant was formed in the
oily mass. This molten lipid mass received 100 mg
of Kketoconazole, which was then agitated into
complete solubilization. A little amount of PVA
(between 0 and 5% of the weight of the GMO
utilized) was gently added to the preheated aqueous
dispersion with the lipidic mass until an emulsion
was produced. The heated emulsion was then
agitated for a short period of time at a comparable
RPM until it reached room temperature. The volume
was then increased to 50 mL by adding the pre-
emulsion while continuously stirring (at 500 RPM).
On constant stirring, a cubosomal dispersion stable
emulsion is produced. To separate the cubosomal
dispersion from the unentrapped drug and extra
lipid, the generated dispersion was centrifuged at
5000 RPM for 5 minutes. The screening was done
after the risk assessment was completed and 32
factorial designs were used with Design-Expert®
software to optimize the results. As it was expected
following the completion of the (DoE) research,
large scale batches were made while maintaining a
constituent combination same as the optimal
batches. The 32 factorial design model was used to
estimate the composition of the optimal
formulation. Different mathematical models were
used to carry out and analyze an in vitro drug release
investigation. Goat ear skin was used to investigate
an ex vivo permeation study. The optimized drug
had a 24-hour cumulative release of 67%
ketoconazole and a release pattern like the
Korsmeyer-Peppas model. In an ex vivo permeation
research, hydrogel containing ketoconazole-loaded
cubosomes with a 92.73% 24-hour release rate
through goat ear skin was found to have a sustained
release pattern. Ketoconazole-loaded cubosomes
had a 198 nm particle size and a 45% entrapment
efficiency, according to scale-up batches
experiments that supported the results of the post-
characterization investigations.. Topical drug

ketoconazole 5568,

7. QbD approach to Liposome loaded

antifungal drugs ®°

An attempt has been made to use the QbD
technique to create nanoliposomes (NLs) with a
long retention time by controlled release of the
antifungal medication fluconazole (FCZ). A low
partition coefficient antifungal drug called FCZ
(logP 0.5) with reduced bioavailability as a result
of tear fluid washing it off needs giving doses
repeatedly, which reduces patient compliance.
Thin-film hydration-based liposomes containing
FCZ were created using the Box-Behnken design,
which included the lipid content, sonication time,
and hydration time as independent parameters..
The FCZ-loaded NLs (FCZ-NLs) have
an optimum PS (268 3.6 nm), potential (23.15
3.12 mV), and EE (69.75 4.4%). Also, For
Iyophilization, the amount of cryoprotectant was
modified.. FCZ-NLs demonstrated higher ex-vivo
penetration rates and zero-order release kinetics
that closely matched the data when compared to
the commercial formulation. Eye pain and
hemolysis were not noted in preclinical studies.
The FCZ-NLs' AUC (0-), MRT, and drug
availability above the MIC were 2.36, 3.05, and
4.57 times higher than those of the commercial
formulation. The enhanced FCZ-NLs may one day
be employed as a method of delivering eye
medications.

8. Conclusion

Applying gbd in manufacturing is creating a good
impact on the quality of the product and adopting
gbd can prevent a company’s reputation and
financial loss. As the number of antifungal cases is
increasing  massively  adopting gbd and
implementing it in our manufacturing process can
lead to a good quality product and helps us in
understanding the risk associated with it along with
creating a quality target product profile. In the
current review it was found that there was less
number of research article on the gbd approach in
processing nanoparticles loading antifungals, the
articles which were found were majority from the
azoles group and so increasing the number of
research related to this topic, and working on other
class of antifungals may help the other researchers
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to have an |dea in the field of manufacturmg and can
have a good number of product meeting the quality
requirements.
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