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Abstract

In recent years, probiotics and prebiot-
ics are now well known for their expanded clin-
ical applications beyond the gut microbiome to
the skin microbiome by managing several skin
disorders from acne to skin cancer. Lactoba-
cilli and Bifidobacterium were extracted from
non-dairy origins such as honey, tomato, and
banana. The obtained isolates, recognized as
Lactiplantibacillus pentosus, Lactiplantibacillus
plantarum, and Bifidobacterium animalis, un-
derwent detailed analysis to assess their probi-
otic qualities. This assessment involved various
morphological and biochemical tests, including
the catalase test, pH tolerance, temperature
resistance, salt sensitivity, antibiotic susceptibil-
ity, and antimicrobial activity. All three isolates
showed increased growth under skin-like con-
ditions including higher growth at pH 4 to 5, at
wide range of temperature and at various salt
concentrations. This research paper deals with
the isolation of Lactobacilli and Bifidobacteri-
um from non-dairy sources and further charac-
terization to evaluate their antibiotic sensitivity
against Ampicillin, Penicillin, Gentamycin, Cip-
rofloxacin, and Tetracycline and to study their
antimicrobial effect against the main skin’s op-
portunistic pathogen Staphylococcus aureus,
that causes approx. 80% of skin diseases. Fur-
thermore, research was undertaken to formu-

late optimal synbiotics. This involved assessing
the preferential growth of isolated probiotics in
the presence of prebiotics, specifically inulin,
following an evaluation of the isolates’ activity
scores both with and without prebiotic supple-
mentation.

Keywords: Probiotics, Prebiotics, Skin microbi-
ome, Skin diseases.

Introduction

Nowadays, food is not only consumed
for their taste and for nutrition, but also to im-
prove overall health and well-being of recipients
in health sector due to their therapeutic effects
in preventing and treatment of many diseas-
es (1,2). Lactic acid bacteria (LAB) constitute
a diverse category of gram-positive rods or
cocci, devoid of spores, with a heterogeneous
nature. They thrive in various environments,
including the gastrointestinal tracts of humans
and animals, as well as in plants and non-liv-
ing components of the environment. Notably,
they are non-pathogenic and exhibit anaero-
bic or facultative aerobic characteristics, while
being catalase negative (3,4). Because of the
considerable role in animals and human diets
as supplements, strains belonging to Lactoba-
cilli are usually referred to as probiotics and are
commercially available for human consumption

The Potential Impact of Probiotics along with Prebiotic against the Dermatic pathogen
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(5,6). In 2014, experts from ISAPP (Internation-
al Scientific Association for Probiotics and Pre-
biotics) termed it as, “probiotics are referring to
many types of microorganisms which demon-
strate health benefits for the host, while remain-
ing alive”

Probiotics have garnered significant at-
tention for their beneficial influence on human
health, emerging healthy alternative therapeu-
tics to mitigate drug resistance associated with
the extensive use of antibiotics in combating
infections (8,9). Present globally, these micro-
organisms have the capacity to enhance the
native microbiota, bolstering and fortifying the
immune system, while also impeding the pro-
liferation of detrimental pathogens through the
production of bacteriocins ("9, They can prevent
and mend many health diseases including gen-
eral digestion problems, Helicobacter pylori in-
fection, Lyme diseases, Fever blisters, lowering
liver lipids concentrations, atopic dermatitis or
eczema, cardiovascular diseases, diabetes, al-
lergic diseases, and even cancer (11,12,13).

Skin is the largest external organ in hu-
mans, and is remarkably inhospitable environ-
ment of rich and diverse communities of micro-
organisms, approximately one billion microbes
per square centimetres including species of
bacteria, fungi, mites, archaea that provides
a primary protective barrier against infection
causing microbes, also exerting several roles
in addition to homeostasis and thermoregula-
tion, immune responses, metabolic functions
etc (14). The resident skin microbiome varies
according to their respective location on the
surface and are controlled by several extrinsic
and intrinsic factors including age, temperature,
moisture, gender, and environmental factors
(15,16). However, cleansing practices and eth-
nicity may also be the secondary factors which
determine cutaneous microbial composition as
it was already revealed that increased exposure
to skin’s microbiota may lead to several condi-
tions or diseases from acute to chronic (17,18).
Any sudden disturbance in the maintained skin
ecosystem changes microflora from beneficial

to pathogenic. The best example is S. epider-
midis and Staphylococcus aureus as both are
common and harmless members of the human
skin ecosystem but when get disturbed can
change phenotype and becomes pathogenic
(19,20).

In accordance to Gibson and Rober-
froid in 1995 and Roberfroid in 2007, Prebiotics
one the other hand, are “selectively fermented
ingredients belong to oligosaccharides, poly-
saccharides, and oligofructose that allows spe-
cific alterations, both in activity and composition
of resident microflora of host that accord ben-
efits on health and well-being” (21). The realm
of prebiotics is multifaceted, comprising various
oligosaccharides, polysaccharides, and inulin,
specifically oligofructose, which can serve as a
viable alternative or supplementary support to
probiotics. In contrast to probiotics, which are
live microorganisms, prebiotics function a kind
of “fertilizers,” fostering the selective growth and
activity of probiotics while curbing the prolifera-
tion of harmful microbes. Presently, numerous
scientists are delving into the significance of the
microbiota as a pivotal tool in their respective
research endeavours, aiming to develop nov-
el biotherapeutics incorporating probiotics and
prebiotics. These products hold promise for ad-
dressing skin disorders and diseases (22).

Researchers are starting to unravel
the relationship between microbial communi-
ties and their associated diseases. Although
understanding the skin’s microbiome presents
challenges, ample evidence already links dysbi-
osis in microbial composition to skin associated
disorders from acute to chronic including acne,
atopic dermatitis or eczema, seborrheic der-
matitis, allergic inflammation, psoriasis, vitiligo,
rosacea, UV-induced photodamage and photo-
aging, epidermolysis bullosa and skin cancer
(23).

As our understanding of the influence of
microbes on human health advances, there is
a rapid emergence of probiotics-based dermal
products for topical application. These products
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may consist of probiotics alone, in the form of
lysates or supernatants, or combined with pre-
biotics to form synbiotics. Clinical data suggests
that the use of probiotics-based biotherapeutic
products can rebalance the skin microbiome,
offering protection against and prevention of
various skin conditions such as acne, eczema,
atopic dermatitis, hypersensitive skin, UV-in-
duced photodamage, and wound healing. Fur-
thermore, these products contribute to mitigat-
ing signs of aging, thereby promoting overall
skin health (24,25). Previous studies primarily
explored the potential of gut-focused probiotics
to elicit beneficial effects on the skin. However,
recent research is shifting towards the direct ap-
plication of probiotic and prebiotic-based prod-
ucts onto the skin. While the concept of improv-
ing skin health internally is commendable, a
more practical and logical approach may involve
addressing skin conditions directly at the site of
concern, namely the skin surface. Gram-posi-
tive bacterial species such as Lactobacillus and
Bifidobacterium, commonly used as probiotics,
offers significant benefits to the skin microbiota
due to their lack of proinflammatory lipopolysac-
charides. This characteristic enables them to
release bioactive molecules into the skin tissue,
triggering signaling pathways that mitigate skin
cell dysfunction (26,27). Consequently, recent
research efforts are directed towards formulat-
ing topical synbiotics tailored for maintaining
skin health.

Thus, this research endeavour stands
to enrich our understanding of the identification
and prevalence of potential probiotic bacteria in
non-dairy sources, along with their relevance in
promoting skin health. Key criteria such as an-
timicrobial activity, antibiotic susceptibility, acid
and salt tolerance, and temperature stability are
vital features in screening the probiotic potential
of isolated strains for therapeutic applications.
The primary aim of this study was to assess
the antagonistic impact of Lactobacilli and Bi-
fidobacterium strains isolated from non-dairy
products against the standard strain of Staph-
ylococcus aureus, sourced from the Regional

Centre of Biotechnology in Faridabad, known
as a major contributor to skin-related ailments.

Materials and Methods

Sources were collected from nearby
area and the edible part of tomato and banana
while honey as such was used for the isolation
of LAB. The primary medium chosen for the
isolation and selection of lactic acid bacteria
(LAB) was deMan, Rogosa, and Sharpe (MRS)
broth and agar medium. Approximately 1ml of
liquid extract from each of the three samples
was combined with a PBS buffer or sterile sa-
line and inoculated into 100 ml of MRS broth.
The samples were then incubated for 24-48
hours at 37°C, and turbidity in the MRS broth
containing sample extracts was observed. Sub-
sequently, serial dilutions of all three samples
were prepared up to 10*-7 and plated onto MRS
agar plates. Colonies with similar morphologies
were streaked onto sterile MRS agar plates
under aseptic conditions to obtain isolated and
pure colonies, which were then incubated for
24 hours at 37°C. The resulting pure colonies
were either stored at 4°C for immediate use or
preserved in a 20% glycerol solution for future
applications (28).

Identification and characterization of bacte-
ria

Lactobacilli strains were extracted
from non-dairy origins, specifically honey, to-
mato, and banana, through the enrichment of
MRS (De Man, Rogosa, and Sharpe) broth
(Hi-Media Pvt Ltd., India). The strains were
confirmed through microscopic examination
using Gram staining and catalase testing. Only
strains exhibiting gram-positive characteristics
and negative catalase reactions were chosen
for subsequent use, classifying them as Lactic
acid bacteria, as strains of Lactobacilli are rod
shaped, gram-positive and catalase negative.

16s RNA sequencing

Fresh culture in the exponential growth
phase was used to isolate the genomic DNA.

The Potential Impact of Probiotics along with Prebiotic against the Dermatic pathogen
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The resulting pellets obtained was resuspend-
ed in Tris EDTA buffer after being cleaned with
ethanol. For isolates by PCR amplification 5’
GGATGAGCCCGCGGCCTA 3 was used as
16S forward primer and 5 CGGTGTGTACAAG-
GCCCGG 3’as the reverse primer. The result
was integrated into sequencing programme at:
http://blast.ncbi.nlm.nih.gov, where the isomers
were determined and identified at a percentage
> 90%. The identification and similarity of the
strains was compared with the sequence of
other Lactobacilli strains by using BLAST data-

base. The strains were identified as Lactiplan-
tibacillus plantarum, Lactiplantibacillus pento-
sus, and Bifidobacterium animalis. The selected
cultures were identified from was performed
by Bio kart Pvt. Ltd, Bangalore. The identified
strain from banana had 99.92% similarity with
Bifidobacterium animalis, strain from honey had
99.92% similarity with Lactiplantibacillus planta-
rum and from tomato the identified strain had
92.69% similarity with Lactiplantibacillus pento-
sus. (Table1)

Table 1. Identification of the isolates from different sources.

s Sources and Accession Base
N'O designation of | Identified Strain | number lenath % of similarity
" | the isolates (NCBI) 9
92.69% similarity with Lacti-
1 Tomato Lactiplantibacil- OR105181 1446 plantibacillus pentosus strain
SUB13507764 | lus pentosus bp 124-2 16S ribosomal RNA
NR_029133.1
. o 99.92% with Lactiplantibacillus
2 | QoY oy |2CuRantibaci- | oR105053 | 1249 | plantarum strain JCM 1149 165
P P ribosomal RNA NR_115605.1
Banana 99.92% with Bifidobacteri-
Bifidobacterium 1271 um animalis subsp. lactis
3 | SUB13507546 | imalis OR105051 | 1 strain YIT 4121 16S ribo-
somal RNA NR_040867.1

Figure 1. Gel image of PCR amplification.

Determination of optimal growth at pH

The optimal pH for the growth of all
three isolated strains from non-dairy sources,
namely Lactiplantibacillus plantarum, Bifidobac-
terium animalis, and Lactiplantibacillus pento-
sus was determined using MRS broth with pH
values ranging from 2 to 7. Each broth was in-
oculated with 1% (v/v) of the respective isolates
and then incubated at 37°C for 24-48 hours un-
der anaerobic conditions. Bacterial growth was
assessed by either measuring the optical densi-
ty at 560 nm using a UV-visible spectrophotom-
eter against a control or by spreading 0.1 ml of
culture from the broth with varying pH onto MRS
agar plates, with a control at pH 6.5, or observ-
ing colony formation after incubation at 37°C for
24 hours (29).
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The NaCl tolerance assay is useful to
determine the optimal growth of isolated pro-
biotics on varying salt concentration. For this
1% (v/v) of each sample were inoculated in 100
ml flasks containing MRS broth having varying
concentration range of NaCl from 1% to 7% in-
cubated at 37°C for 24-48 h under anaerobic
conditions. The growth was determined by opti-
cal density at 600 nm using UV-visible spectro-
photometer (30).

Growth at various temperature

The temperature tolerance is done to
determine both the refrigerated and shelf-stable
varieties as many strains cannot tolerate certain
range of temperature. The stability of various
probiotic strains at different temperatures was
measured by determining the viability of cells
at different temperatures. For this, all isolates
were inoculated in the flasks containing MRS
broth and all the flasks were incubated at low
to high range of temperature i.e., at 4°C, 25°C,
37°C, and 45°C respectively. Growth was mea-
sured by taking optical density at 560 nm using
UV-Spectrophotometer (31).

Antibiotic sensitivity test

To assess the antibiotic sensitivity of
the bacteria, both disc diffusion and antibiotic
strip diffusion methods were employed. Various
antibiotics were tested on the isolated probiotic
strains using Hi Comb™ MIC strips containing
five different antibiotics. These MIC strips fea-
ture a comb-like structure with 15 extensions
carrying porous material containing antibiotics
of varying concentrations. Each strip encom-
passes 15 two-fold dilutions, ranging from the
highest concentration at one end to the lowest at
the other. Muller-Hinton agar (MHA) plates were
prepared by pouring MHA media and allowing it
to solidify at room temperature. Subsequently,
100 microliters of freshly grown cultures were
spread onto the MHA plates, followed by the
placement of appropriate antibiotic-impregnated
strips over the surface. The zones of inhibition

and minimum inhibitory concentration (MIC) val-
ues were then determined for each isolate. The
antibiotic susceptibility pattern was evaluated
using five antibiotic strips: Ampicillin (0.016-256
pg/ml), Penicillin (0.002-32 pg/ml), Ciprofloxa-
cin (0.002-32 pg/ml), Gentamycin (0.016-256
pg/ml), and Tetracycline (0.016-256 ug/ml) for
each of the three isolates obtained from banana,
honey, and tomato pulp. When placed over the
Muller-Hinton agar plates, these strips created
a defined concentration gradient, allowing the
antibiotics to diffuse into the porous agar bed.
Consequently, zones of inhibition appeared in
the form of ellipses. After 24 hours of incubation
at 37°C, the zones of inhibition were examined
to determine the sensitivity assay. Sensitivity
was indicated by the presence of zones of inhi-
bition, whereas resistance was characterized by
the absence of such zones (32).

Antimicrobial activity

The antimicrobial activity against patho-
gen or conditional pathogen is one of the main
requirements for probiotic strain as all probiot-
ics show the strain-specific antimicrobial activ-
ity against pathogens. There is a necessity to
examine the antimicrobial activity of each iso-
lated strain against the selected pathogen i.e.,
Staphylococcus aureus via direct or indirect
mechanisms of interactions. The existing meth-
ods belong to two major groups: in- vitro meth-
ods including well-diffusion method, disc-dif-
fusion method, and co-culturing methods and
in- vivo methods that directly involve animals or
humans’ trials. To assess the antimicrobial effi-
cacy of the three isolates, the overnight cultures
were centrifuged at 10,000 rpm at 4°C for 15-20
minutes. The resulting supernatants from each
sample were then evaluated for their antibacte-
rial properties against Staphylococcus aureus,
which was inoculated onto Mannitol salt agar
plates. Wells with a diameter of 8 mm were cre-
ated in the agar plates, into which 50pl aliquots
of each sample were added. Subsequently, the
plates were incubated at 37°C for 24-48 hours,
after which clear zones of inhibition surrounding
the wells and discs were examined as indicators

The Potential Impact of Probiotics along with Prebiotic against the Dermatic pathogen
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of antimicrobial activity against the target micro-
organisms (33-35).

Effects of inulin as prebiotic on growth of
Probiotics

Human skin acts as shield to external
environment and harbours millions of microbes
that are involved in developing immunity. Probi-
otic strains are very sensitive in nature and their
growth and survival depend on external envi-
ronment including oxygen, pH, moisture, heat
etc. The prebiotics are defined as “non-digest-
ible oligosaccharides that beneficially effects
host health by selectively supporting or stimulat-
ing the growth or activity of probiotics.” Includ-
ing prebiotics promotes the proliferation of lactic
acid bacteria through the facilitation of lactic acid
fermentation. Inulin has garnered significant at-
tention due to its ability to modulate microbial
composition, favouring probiotic growth. Inulin
is a polymeric compound composed of fruc-
tose units ranging from 2 to over 200, with the
specific composition influenced by factors such
as plant species, age, and extraction method.
While over 30,000 plant species serve as po-
tential sources of inulin, chicory roots and dahlia
are commonly utilized as commercial sources
for extraction (36).

Inulin as prebiotics, serves as food or
fuel utilized by probiotics to optimize their func-
tions. Derived from chicory root, it is an excel-
lent ingredient in skincare products, aiding in
balancing the skin’s microbiome and thereby
supporting the preservation of its healthy ap-
pearance.

Inulin is a naturally occurring anti-oxi-
dant and humectant that draws moisture from
the surrounding environment to the skin and
keeps it hydrated. It also acts as a skin-condi-
tioning agent by forming a protective thin lay-
er over the skin surface that reduces dryness,
redness, and aging thus makes the skin smooth
and supple. Combination of Inulin as prebiotic
and probiotics forms synbiotics when applied
topically, inulin helps the probiotics to thrive thus
maintains skin youthful, and subsequently, re-

pair and restore the skin barrier (37).
Results and Discussion

Scientists are making sustained efforts
to substitute chemical-based pharmaceutical
drugs with natural biotherapeutic products. Re-
cently, there has been renewed interest and
investigation into the potential benefits of both
probiotics and prebiotics. Hence, employing
probiotics and prebiotics is believed to posi-
tively influence the normal functions of healthy
skin and play a significant role in preventing and
treating various skin conditions, such as acne,
atopic dermatitis, psoriasis, photoaging, and
wound healing. Collectively, they are believed
to support skin health by hydrating, nourishing,
and reducing inflammation, thus mitigating the
risk of skin diseases. This paper aims to isolate
and characterize probiotics sourced from non-
dairy origins to assess their impact on the target
bacteria S. aureus, which is implicated in der-
matological conditions. Overall, this research
advocates for the utilization of probiotics and
prebiotics as a viable strategy for preventing
and managing skin issues.

This study discovered that probiot-
ics from the Lactobacillus and Bifidobacterium
genera, sourced from non-dairy origins like fer-
mented goods, fruits, and vegetables, exhibit-
ed resilience to acidity and salt, demonstrated
resistance to antibiotics, and displayed antago-
nistic properties against pathogens associated
with skin conditions. Numerous Lactobacilli spe-
cies naturally inhabit the human body, including
the gastrointestinal tract (GIT), oral cavity, and
skin.

Hence, the objective of this study was
to isolate and evaluate LAB strains from various
environments, aiming to identify new probiotic
candidates through in-vitro characterization. All
three isolates underwent characterization for
probiotic traits through morphological assess-
ment via Gram staining and biochemical anal-
yses, encompassing tests for catalase activity,
pH tolerance, temperature resilience, salt toler-
ance, antibiotic susceptibility, and antimicrobial
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efficacy. These attributes are crucial consider-
ations when selecting probiotic strains for syn-
biotic formulations, offering an advantage in an-
timicrobial activity against harmful pathogens.

The majority of Lactobacillus and Bi-
fidobacterium species identified from various
origins have extensive records of safety for hu-
man consumption and have been designated as
GRAS (38). Both strains have been extensively
utilized as food supplements or in pharmaceuti-
cals, or in both capacities. However, the primary
criterion for selecting probiotics involves exam-
ining the behaviour of the isolated strains under
conditions that mimic the skin environment and
assessing their ability to endure harsh condi-
tions, thereby establishing, and proliferating
within the prevailing nutritional and ecological
parameters.

Isolation and identification

Ample research has been conducted
in the identification and isolation of probiotics
from various biotic and abiotic sources includ-
ing humans, fermented foods, dairy sources,
air, and soil, but recent research has focused on
isolates from varieties of non-dairy sources. As
probiotics nhowadays are not only used as diet
supplements but also as therapeutic products,
it is necessary to administer inflexible screen-
ing assays for the identification of new probiot-
ic strains to discover their functional properties
by different biochemical processes at varying
pH, temperature, salt concentration, and safe-
ty properties such as antibiotic resistance, and
antimicrobial activity for survival over skin sur-
face under harsh conditions (39). The molecular
identification of promising probiotic strains was
conducted through 16S rDNA sequence anal-
ysis, following the 16S rRNA gene sequence
and DNA-DNA hybridization analysis protocols.
Strains obtained from honey, tomato, and ba-
nana were determined to be Lactiplantibacillus
plantarum, Lactiplantibacillus pentosus, and Bi-
fidobacterium animalis, respectively (40). The
bacterial isolates were further characterized
and screened for the confirmation of Lactobacil-

lus species. The creamy colour gram-positive,
rod-shaped bacterial isolates were observed by
Gram-staining, and there was no bubble forma-
tion with hydrogen peroxide indicating that they
were catalase negative.

PH tolerance

The acid tolerance of the isolates is a
crucial trait, particularly given the acidic pH of
the skin where many commensal organisms
thrive. Hence, it is imperative for the isolated
probiotic strains to endure acidic conditions and
thrive within the pH range of 4-5, which is con-
ducive to skin application. This study aimed to
pinpoint probiotic isolates from non-dairy origins
that exhibit stability within the skin’s pH range
of approximately 4 to 5. The viability assays
demonstrated the pH stability of all three iso-
lates Lactiplantibacillus plantarum, Lactiplanti-
bacillus pentosus and Bifidobacterium animalis.
It was observed that all three survived well at
pH 4-5 after incubation at 37°C for 24 h, which
is suitable for skin pH.

From the result obtained, it was inter-
preted that at pH 2 all showed less growth, at
pH 3 the all isolates showed moderate growth,
but at pH 4 and 5, all isolates showed the high-
est growth, which is the normal range of skin pH
that supports microbial growth. (Table 2)

The pH of the skin plays a crucial role in
maintaining homeostasis, ensuring proper bar-
rier function, and preserving the integrity and
cohesion of the stratum corneum. Additionally,
it serves as a key component of the skin’s anti-
microbial defence system against external envi-
ronmental factors. Typically, the skin maintains
a slightly acidic pH, known as the acid mantle,
ranging from 4 to 5. This pH varies according
to the needs of specific skin regions, aiding in
the regulation of the cutaneous microflora eco-
system. This balance helps safeguard the skin
against harmful pathogens, contributing to over-
all skin health and well-being (41,42). There is
a positive relationship between lower pH values
ranging from 4 to 5 and preservation of the skin
microbiome.
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Table 2. Screening of all isolates at different pH levels.

S. No. oH Lactiplantibacillus|Lactiplantibacillus plan- |Bifidobacterium
pentosus tarum animalis
Control 6.5 |- - -
1 2 - - -
2 3 + + +
3 4 ++ ++ ++
4 5 +++ +++ +++
Table symbols: ‘-’ represents no growth, ‘+’ less growth, ‘++ moderate growth, ‘“+++’ high growth.

Temperature tolerance

The surface temperature of the skin is
an essential physiological indicator, reflecting
the dynamics of heat exchange between the
human body and its surroundings (43). Tem-
perature is also a major factor that determines
the stability and viability of probiotics when
they are subjected to various harsh conditions
during further refining methods, freeze-drying,
nanoparticles, hydrogels or bio gels, and other
pharmaceutical processes.

According to the results of the temperature tol-
erance assay indicated that, every isolate could
withstand a broad range of temperatures and
flourished at room temperature, both above and
below it, and at higher temperatures relative to
lower temperature. Isolated strains Lactiplanti-
bacillus plantarum showed higher stability, as
it grows well at different range of temperature
followed by Lactiplantibacillus pentosus and Bi-
fidobacterium animalis. (Figure 2)

Lactoptantibacil
0.6 4

Bifidobacterium animalis

plantibacillus pentosus

0.D. (560 nm)

At37degree
temperature celsius

Above room
temperature celsius

Atddegree  Below room

temperature

Temperature range (Degree Celsius)

Figure 2. Effect of different temperature on L.
pentosus, L. plantarum, and B. bifidum.

Salt tolerance

Sweating diminishes bacterial load
on healthy skin, and its generation directly im-
pacts the salt levels within the skin. Research
indicates that an excess of salt can influence
the innate immune system by altering T cell re-
sponses (44,45).

The results of the assay showed that
the viability of the isolates was reduced by high
salt concentration. Tolerance to NaCl is required
for controlling the skin’s innate immune system.
Species of Lactobacilli can thrive in conditions
where the concentration of salt varies from 2%
to 7%. The results of the assay showed that the
viability of the isolates was reduced by high salt
concentration. From the graph it was interpret-
ed that Lactiplantibacillus pentosus was highly
stable at 2% and 3% and least stable at 6%
whereas, Lactiplantibacillus plantarum showed
less stability at varying salt range as it was most
stable at 2% and least stable at 6% and 7%. Bi-
fidobacterium animalis was highly stable at 3%
and 5% salt concentration. (Figure 3)
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Antimicrobial assay

Antimicrobial efficacy stands as a vital
criterion in probiotic culture selection, serving
as natural adversaries against potentially harm-
ful pathogens. Consequently, two Lactobacillus
strains and one Bifidobacterium strain were as-
sessed for their activity against Staphylococcus
aureus, a primary culprit in skin infections. On
agar plates, wells measuring 8 mm in diameter
were created, and 50-100 ul of cell-free super-
natant was introduced into these wells. The anti-
microbial activity was gauged by the diameter of
the inhibition zones surrounding the wells after
an overnight incubation period at 37°C. Zones
of inhibition measuring 210 mm were deemed
positive. Varied sensitivities among the isolated
probiotics resulted in distinct zones of inhibi-
tion against the target pathogens within the pH
range of 4-5.

Many studies have accepted that Lac-
tobacilli are bio conservatives as they exhibit a
broad antimicrobial spectrum against diverse
pathogens belonging to Gram-negative and
Gram- positive microorganismes, including food-
borne pathogens E. coli, Pseudomonas, and
dermal pathogens including Staphylococcus
aureus, the main culprit responsible for approx.
80% of skin diseases. Both lyophilized and con-
centrated cell-free substrates derived from the
cultivation of isolated and selected Lactobacilli
and Bifidobacterium in MRS broth underwent
testing for antimicrobial activity (46). The prima-

ry cause of antimicrobial activity in Lactobacil-
li stems from the generation of organic acids,
such as lactic and acetic acids, as well as the
production of microbial metabolites, hydrogen
peroxide, and various low molecular weight an-
timicrobial peptides like bacteriocins. Addition-
ally, there is a decrease in pH because of com-
petition with pathogenic bacteria (47,48,49).
The antimicrobial impact is also attributed to the
undissociated acid form and its ability to lower
the intracellular pH, thereby inhibiting vital cell
functions of pathogens (50,51).

The antimicrobial activity of the isolated
Lactobacillus and Bifidobacterium strains was
determined using the well diffusion method,
which resulted in inhibition zones ranging from
0.9to 1.5 cm or 9 to 15 mm in diameter against
Staphylococcus aureus, the primary pathogen
linked to various skin issues, particularly atop-
ic dermatitis. From the antimicrobial assay
performed, it was observed that the superna-
tants from all isolates showed activity against
the pathogenic strain Staphylococcus aureus.
Based on the findings, it was determined that
Lactiplantibacillus pentosus had the largest in-
hibitory zone of 15mm, followed by Lactiplanti-
bacillus plantarum of 13mm, and finally Bifido-
bacterium animalis of 9mm. It was determined
that Lactiplantibacillus plantarum, Bifidobacte-
rium animalis, and Lactiplantibacillus pentosus
had the strongest antagonistic activity against
S. aureus. (Table 3)

Table 3. Zone of inhibition of all isolates against Staphylococcus aureus.

. Zones of inhibition against Staphylococcus aureus in
S. No. | Name of the strain
mm.
1 Lactiplantibacillus pentosus 15 mm
2 Lactiplantibacillus plantarum 13 mm
3 Bifidobacterium animalis 9 mm

Antibiotic sensitivity assay

Antibiotic sensitivity assays for deter-
mining the sensitivity and resistivity against
various antibiotics are of great importance in

the human and veterinary fields. The safety as-
sessment of strains intended for probiotic use
necessitates an evaluation of their antibiotic
susceptibility profiles and the presence of antibi-
otic-resistant genes. All three isolates displayed
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comparable antibiotic susceptibility patterns
with minor exceptions. None of them exhibited
susceptibility to Penicillin and Ampicillin, while
they demonstrated susceptibility to Ciprofloxa-
cin, Gentamycin, and Tetracycline. The resis-
tance of probiotic strains to certain antibiotics
could serve both preventive and therapeutic
purposes in combating skin-related ailments.
This investigation unveiled that the intake of
certain antibiotics, such as penicillin and ampi-
cillin, would not affect the growth of the Lactoba-
cilli population, whereas other antibiotics could
significantly diminish Lactobacillus spp. popu-
lations. The antibiotic resistance data indicate
differences among the isolates in terms of their
antibiotic sensitivity patterns (52).

The tolerance of all three isolates to-

ward ampicillin, tetracycline, ciprofloxacin, gen-
tamycin, and penicillin was determined using
antibiotic strips of different antibiotics with dif-
ferent ranges. We concluded that all the test-
ed Lactobacillus and Bifidobacterium strains
were resistant toward ampicillin and penicillin.
Lactiplantibacillus pentosus is sensitive to gen-
tamicin and ciprofloxacin with MICs of 4.0 and
0.25, respectively. Lactiplantibacillus plantarum
is sensitive to tetracycline, gentamicin, and ci-
profloxacin with MICs of 1.0, 2.0 and 0.12, re-
spectively. Bifidobacterium animalis is sensitive
to Tetracycline, gentamicin, and ciprofloxacin
with MICs of 32.0, 16.0 and 0.25, respectively.
Generally, they are sensitive to broad-spectrum
antibiotics including tetracycline and resistant to
the beta-lactam antibiotic ampicillin and cell wall
inhibitor antibiotic like penicillin. (Table 4)

Table 4. Antibiotic susceptibility profiles of the three probiotic bacteria to the selected antibiotics of
Tetracycline, Ampicillin, Ciprofloxacin, Penicillin, and Gentamycin

Antibiotics Lactiplantibacillus Lactiplantibacillus plantarum | Bifidobacterium animalis
pentosus

Tetracycline R S (MIC: 1.0) S (MIC: 32.0)

Gentamycin S (MIC: 4.0) S (MIC: 2.0) S (MIC: 16.0)

Ampicillin R R R

Penicillin R R R

Ciprofloxacin S (MIC: 0.25) S (MIC: 0.12) S (MIC: 0.25)

MIC: minimum inhibitory concentration (ug/ml), R: resistant, S: susceptibility.

Prebiotics and their respective activity
scores

Prebiotics function as promoters of
probiotic growth, and their efficacy can be as-
sessed through the calculation of a probiotic
score, which evaluates the ability of prebiotics
to support probiotic growth (53). The prebiotic
score is determined by measuring the growth of
bacterial cells from each isolate in the presence
and absence of prebiotics and other saccha-
rides, such as sucrose, using spread plate, pour
plate, and optical density measurements at 560
nm. The impact of prebiotics on the growth of
all three isolated probiotic strains was evaluated
through the prebiotic activity score, represent-
ed as a percentage. A higher prebiotic score for

inulin compared to sucrose indicates that the
selected prebiotic molecule effectively supports
the growth of the isolated probiotic bacterial
strains.

Activity score of prebiotics on probiotics
(%) = OD at 560 nm in absence of prebiotic/OD
at 560 nm in presence of inulin.

Activity score of sucrose on probiotics
(%) = OD at 560 nm in absence of sucrose/ OD
at 560 nm in presence of sucrose.

Prebiotics, which are oligosaccharides
resistant to digestion, stimulate the growth of
probiotics when consumed in suitable quanti-
ties. Previous research has indicated that pro-
biotics and prebiotics contribute positively to
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skin health by enhancing skin moisture, elastic-
ity, and radiance, as well as by improving skin
barrier function and follicular structure through
the regulation of keratinocyte differentiation.
From the results, it was concluded that the inu-
lin taken as prebiotic showed maximum activity
score for Lactiplantibacillus plantarum isolated
from honey followed by Bifidobacterium anima-

lis from banana and Lactiplantibacillus pento-
sus from tomato as compared to sucrose taken
as control carbohydrate as growth promoter in
place of inulin. Also, inulin taken as prebiotic,
showed higher activity than sucrose as a carbo-
hydrate for promoting growth of isolated probi-
otics strains. (Table 5)

Table 5. Activity score of probiotics in presence and absence of prebiotics (inulin).

S Probiotic strain Optical|Optical|Optical densi-|Activity|Activity
No. density at|density at|ty at 560 nm in | score of | score of
560 nm | 560nm in |the presence |probiotics|probiotics
in the ab-|the pres-|of control car-|in the pres-|in the pres-
sence of |ence  of | bohydrate (Su-|ence and|ence and
prebiotics | prebiotic | crose) absence of | absence of
(Inulin) Inulin Sucrose
1 Lactiplantibacillus | 1.049 1.175 1.109 89.2% 73.9%
pentosus
2 Bifidobacterium | 0.878 1.447 1.042 60.6% 59.16%
animalis
3 Lactiplantibacillus | 1.083 1.112 1.663 97% 65.12%
plantarum

Under in-vitro conditions, the isolates
underwent assessment for their probiotic attri-
butes, which encompassed tolerance to salt,
acid, and temperature, as well as antagonistic
activity against specific pathogens and antibiot-
ic sensitivity. The isolated strains exhibit prom-
ising probiotic traits, such as tolerance to tem-
perature, acidity, and salt, irrespective of their
diverse origins. These favourable characteris-
tics render the isolated strains viable for topical
applications on the skin surface.

Conclusion

In recent times, there has been a surge
in the exploration of probiotics, not only as sup-
plements but also as therapeutic agents. Probi-
otics, which are live microorganisms that confer
health benefits when consumed in adequate
quantities, have gained considerable attention.
Among the most widely utilized probiotics are
species belonging to Lactobacilli and Bifidobac-
terium, which have been employed for many

years. The skin cells and skin ‘s microbiome
works synergistically to maintain homeostasis
in daily routine. Employing probiotics and pre-
biotics, either independently or in an appropri-
ate combination, could represent a fresh and
efficient strategy for addressing a variety of skin
disorders, spanning from acne to eczema. The
sensitivity and resistance of numerous probi-
otic strains to commonly prescribed antibiotics
render them safe for the formulation of diverse
products for both animal and human use. Data
analyse have already indicated that probiotics’
antimicrobial properties against Staphylococ-
cus aureus are beneficial for averting and man-
aging skin conditions such as acne, inflamma-
tion, atopic dermatitis. In addition, it has been
observed that the use of probiotic cultures and
their lysates either alone or with prebiotics as
cosmetic products and their ingredients mois-
turizes and exfoliates the skin, thus maintaining
good skin health.
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Abstract

Cefpodoxime proxetil (CP) is
broad-spectrum antibiotic belongs to third-gen-
eration cephalosporin family. Its low solubility
and bioavailability have been a challenge for
drug delivery. Nanosuspension (NS) technol-
ogy has been explored in drug delivery to ad-
dress the issues of drugs with poor water sol-
ubility. The study focused on developing a CP
nanosuspension (CP-NS) formulation using
solvent-antisolvent precipitation technique. The
CP-NS was synthesized by precipitation using
0.5 % w/v sodium lauryl sulphate and 1.5 % w/v
poloxamer-188 under controlled ultrasonication.
CP-NS was characterized for Fourier transform
infrared (FTIR), Transmission electron micros-
copy (TEM), Differential scanning calorimetry
(DSC), and X-ray diffraction (XRD). In vitro dis-
solution studies revealed that CP-NS exhibit in-
creased dissolution rate 2-folds than pure drug
and 1.3-folds higher than marketed formulation.
In vivo pharmacokinetic studies revealed 4.3-
fold improvement in oral bioavailability of CP-
NS than pure drug and marketed formulation.
In conclusion, the formulation of cefpodoxime
proxetil nanosuspension showed promising re-
sults in terms of drug dissolution and antimicro-
bial activity for prodrug based active moieties.

Keywords: Cefpodoxime proxetil, Nanosus-
pension, Prodrug, Solubility enhancement, Oral
bioavailability enhancement, Pharmacokinetic
study.

Introduction

Antibiotics are crucial for prophylactic
and therapeutic treatment of bacterial infec-
tions, and supporting complex medical proce-
dures by effectively targeting and controlling
bacteria. They have contributed to more than
70% reduction in fatalities from infectious dis-
ease (1). Cephalosporin are crucial antibiotics
known for their broad-spectrum activity, making
them efficient at combating diverse bacterial in-
fections (2). They are widely used due to their
efficacy, lower resistance rate and low toxicity
compared to other antibiotic classes (3). Cefpo-
doxime proxetil (CP) belongs to third-genera-
tion cephalosporin family and a broad-spectrum
antibiotic. They effectively target a wide range
of gram-positive and gram-negative bacteria
by inhibiting the synthesis of bacterial cell wall.
They effectively treat urinary and respiratory
tract infections. Cefpodoxime proxetil after oral
administration absorbed through the Gl tract.
It undergoes hydrolysis to convert into active
form cefpodoxime (4). Despite being formulat-
ed to enhance permeability and bioavailability,
CP still has 50% oral bioavailability (5). It is due
to poor solubility in an aqueous base, which
results in CP with poor dissolution characteris-
tic leads to lower bioavailability (6). CP shows
pH-dependent solubility, showing typical gela-
tion behavior in acidic conditions. To improve its
solubility various conventional and novel drug
delivery approaches were explored such as sol-
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id dispersion (7), solid-lipid nanoparticles (SLN)
(8), self-nanoemulsifying drug delivery system
(SNEDDS) (9), nanoparticles (10), nano-emul-
sion (11), microparticles (12).

Nanosuspension (NS) technology has
great potential in drug delivery to address solu-
bility-related challenges of drugs with poor solu-
bility (13). Areduction in drug particle size to the
nanometer range enlarges surface area for dis-
solution, which improves bioavailability of drug
(14). Nanosuspension are colloidal dispersion
of drug particles at nano-scale in an aqueous
base, stabilized by suitable stabilizers (surfac-
tant, polymers, or mixture of both). Nanosus-
pension are unique owing to their simplicity and
advantages over other formulation strategies
(15). Nanosuspension are effective in controlled
drug delivery systems, maintaining the drug in
crystalline state with reduced particle size, that
improves bioavailability. The nanosized parti-
cles enhance saturation solubility (16). Com-
pared to liposome and other conventional col-
loidal drug carriers, nanosuspension are simple,
cost-effective approach to produce a physically
more stable product.

Two methods employed for manufac-
turing nanosuspension; Bottom-up process
and top-down process (17). Solvent-antisol-
vent precipitation method has been employed
to produce submicron sized particles for drugs
with poor solubility. This is easy, scalable and
cost-effective technique. The drug is dissolved
in organic solvent and mix with miscible anti-
solvent (18). This creates a high concentration
gradient, which enhances supersaturation by
reducing the diffusional pathway around drug
nanoparticles. The disruption of drug crystal into
nanoparticles can generate high-energy surfac-
es, increasing saturation solubility, dissolution
rate, and oral bioavailability (19). The increased
surface area also increases saturation solubil-
ity for nanosized drug particles (5). To ensure
a stable nanosuspension and prevent Ostwald
ripening, a phenomenon where smaller parti-
cles dissolve and accumulate on larger ones, it
is crucial to maintain uniform particle size. This

uniformity avoids instability caused by large
variations in particle size (20).

The present research focused on de-
veloping CP-NS to improve the solubility and
bioavailability. The Box-Behnken design with
three-level, three factor was employed to for-
mulate CP-NS by solvent-antisolvent precipita-
tion method using probe sonication technique.
Further, CP-NS were analysed for particle size,
zeta potential, polydispersity index (PDI), an-
timicrobial study, in vitro drug release, in vivo
pharmacokinetic and stability study.

Materials and Methods
Chemicals

Cefpodoxime proxetil was received
as gift sample from Indoco remedies, Mumbai
India. Sodium lauryl sulphate (SLS), poloxam-
er-188 (P-188), polyvinylpyrrolidone (PVP) K30
were sourced through Loba (Mumbai, India).
O-phosphoric acid (HPLC grade), acetonitrile
(ACN), methanol (HPLC grade), potassium di-
hydrogen phosphate, sodium dihydrogen or-
thophosphate anhydrous, were purchased from
Merck and Loba (Mumbai, India).

Preliminary studies

Selection of stabilizer - Stabilizer were
screened among categories like: Anionic stabi-
lizers (SLS), Non-ionic stabilizers (PVA, Tween
80, PEG, P-188), and Polymeric stabilizers
(HPMC, PVP K30) (21). The CP is cationic in
nature to provide better stabilization the anion-
ic and non-ionic stabilizers were selected (22).
The solubility of CP in the various stabilizer
solutions was evaluated using incubator shak-
er. 1% wi/v stabilizer solution (10 ml) prepared
and excess amount of drug was added. These
sample were shaken on an incubator shaker at
the maximum speed of 20 rpm for 24 h to reach
equilibrium (23). After 24 h, sample were filtered
through Whatman filter paper. The aliquot was
analysed by UV-spectrophotometer at 235 nm.
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QbD approach for optimization of CP nano-
suspension

Experimental design

The conventional approaches for drug
formulation development often face challenges
being time consuming, unpredictable and costly.
To address these pitfalls Design of Experiment
(DoE) was utilized. DoE provides systematic
way to investigate the effect of variables on re-
sponses. It reduces costs and time while ensur-
ing reliable, reproducible optimization and more
accurate identification of optimal conditions
(24). The Box-Behnken Design (BBD) provides
several benefits over traditional methods, such
as more efficient resources use and simpler ex-
perimentation (25). It requires fewer runs for ac-
curate results, enabling precise modelling of in-
teractions and quadratic effects. The BBD with

three variables and three level were applied to
optimize the CP-NS. In this design, the experi-
mental space was considered as cube (26). As
per BBD, 15 runs were conducted with three
variables and three level. The mid-point was re-
peated three times. On the basis of preliminary
analysis the experimental range of variables
selected for design. The independent variables
(X) are concentration of (stabilizer) P-188 (X,),
concentration of (surfactant) SLS (X,), and ul-
trasonication time (X,) with three levels (-1, 0,
and +1). The dependent variables (Y) are parti-
cle size (Y,) and percent entrapment efficiency
(Y,). These variables were chosen due to their
significant effect on responses. Table 1 and 2
display the variable design and data of all 15
runs. The design and assessment of experi-
ment were conducted using Design-Expert®
software version 11.

Table 1. Variables and levels in Box-Behnken design

Factors Levels
Independent variables Low Medium High
X[J= Concentration of poloxamer-188 (mg) 10 30 50
X[1= Concentration of SLS (mg) 5 10 15
X,= Ultrasonication time (min) 5 10 15
Response variables
RJ: Particle size (nm) Minimize
R[1: Entrapment efficiency (%) Maximize
Table 2. Box-Behnken design experimental 10 30 15 5
runs. , 11 30 15 15
Batch | X, (P-188:| X, (SLS: | X, (Time: 12 10 5 10
mg) mg) min) 13 10 10 5
1 20 o 10 14 10 10 15
2 50 10 5 15 10 15 10
3 S0 10 15 Yi = b0 + b1X, + b2X, + b3X, + b1X,2 + b2X 2 +
4 o0 15 10 b3X 2 ol hee)
5 30 5 5 ’
6 30 5 15 The response for each factor at par-
7 30 10 10 ticular level predicted by the r_egression equa-
tion expressed as coded variables. The rela-
8 30 10 10 tive impact of the variable can be determined
9 30 10 10 by coded equation.
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Preparation of nanosuspension

Cefpodoxime proxetil nanosuspension
(CP-NS) was formulated by the solvent-antisol-
vent precipitation technique. Weighed quantity
of CP was dissolved in ethanol. Simultaneous-
ly to prepare an aqueous solution the required

quantity of P-188 as a stabilizer and SLS as sur-
factant was dispersed in distilled water. Etha-
nol-CP solution were dropwise added into aque-
ous base at 1200 rpm under magnetic stirring.
This dispersion was further subjected to probe
ultrasonication for 10 min with 30% amplitude
as represented in Figure 1 (27).

Solution 1
CP Stabilizer Surfactant %, !
B TN W _
= -— Solution 2
S =
&5 -
x Probe
Ethanol Distilled water sonication
Organic solution (1) Aqueous solution (2) :
Nanosuspension

Figure 1. Preparation of cefpodoxime proxetil nanosuspension (CP-NS) by solvent-antisolvent pre-

cipitation method.

Analytical characterization of nanosuspen-
sion

Particle size and zeta potential

The particle size and zeta potential of
CP-NS were analyzed by particle size analyzer
(Nanopartica, HORIBA Scientific). All experi-
ments were conducted in triplicates.

Entrapment efficiency

To determine entrapment efficiency (% EE),
the free drug present in 1mL CP-NS dispersion
was determined by centrifugation (Allegra 64R
Benchtop Centrifuge, Beckman Coulter, USA)
(28). 1mL of prepared formulation was centri-
fuged at 18,000 for 30 minutes. The supernatant
is separated, filtered and analyzed by UV-spec-
trophotometer (JASCO V- 730, Japan) at 235
nm. The study was performed in triplicate. The
entrapment efficiency was determined using the
following equation:

GhEE = Total amount of drug added = amount of free drug % 100
Hee k4 Total amount of drug added

Transmission electron microscopy

The morphological evaluation of CP-NS
was analyzed by Transmission electron micros-
copy (TEM, Philips, CM 200). A thin layer of CP-
NS placed on copper grid (#400) and negatively
stained by phosphotungstic acid. The solution
was applied to grid and allowed to sit for 60
seconds. At ambient temperature, the TEM im-
ages were captured (29).

FTIR analysis

FTIR spectra of CP, physical mixture
(PM) and CP-NS were obtained with JASCO
FTIR-4100 spectrometer (Japan). Potassium
Bromide (KBr) was combined with sample (2-
3mg) and filled in the cavity. The sample was
scanned over the range of 4000 - 400 cm™ wave
numbers (30).

Saturation solubility

Solubility studies of CP and CP-NS for-
mulation were evaluated by adding excess drug
and lyophilized CP nanosuspension to the vial
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containing water, hydrochloride buffer (0.1N
HCL) and phosphate buffer (PBS). The vials
were placed on shaker incubator for about 24h,
then a specific volume of aliquots was taken
and centrifuged at 15,000 rpm at 25°C for 15
minutes (23).The supernatant was filtered and
assayed using UV-visible spectrophotometer
(JASCO V-730, Japan) at 235 nm. The results
measured in triplicate.

Differential scanning calorimetry studies
(DSC)

DSC was carried out using a thermal
analysis system (DSC7020, HITACHI) of CP,
P-188, SLS, PM, and CP-NS. The 1mg sample
were heated at 1- 400°C at a constant rate of
10°C/min, in aluminium pan under a nitrogen
atmosphere (31).

X-ray diffraction studies (XRD)

The XRD analysis of CP, PM and CP-
NS were recorded on X-ray diffractometer (Mini-
flex 300/600, Rigaku Tokyo, Japan). The sam-
ples were kept in aluminium sample holder and
scanning rate was about 1°/min and the scan-
ning range of 28 in the range of 2-80° (31).

In-Vitro dissolution profile

Dialysis bag technique was employed to
determine the drug release profile of pure drug
(CP dispersion), CP-NS formulation, and CP
marketed formulation (suspension). The dialy-
sis bag (molecular weight:12000 -14000 g/mol)
was prepared by soaking it in dissolution media
for 24 h before initiation of study. A pre-treated
dialysis bag was filled with 2ml of CP-NS and
sealed at both ends. The sac was placed in 40
ml of freshly prepared acidic medium (pH 1.2)
for 4 h with stirring at 100 rpm on magnetic stir-
rer (REMI 1MLH). 1ml of sample were drawn
at pre-determined time points (0.25, 0.5, 1, 1.5,
2, 2.5, 3, 4, and 5h) and same volume of fresh
media added to maintain sink condition. The
release study of CP dispersion and marketed
formulation were conducted with same exper-
imental conditions. The samples were filtered

and analyzed using UV-spectrophotometer at
235 nm. All experiment conducted in triplicate
and data were analyzed using kinetic models
(zero-order, first-order, korsemeyer-peppas,
and Higuchi). The mechanism of drug release
were determined by using the regression coef-
ficient (r?). Invitro release data of CP-NS was
compared with pure drug and marketed formu-
lations (32).

Antimicrobial efficacy study

The assessment of antimicrobial ac-
tivity was done by agar well diffusion test. The
medium used was Mueller Hinton agar for E.coli
and S.aureus. Micro-organisms were inoculat-
ed into Mueller Hinton agar medium, and kept
at 45°C. A microbial suspension (100 pl) was
spread uniformly on surface of Mueller Hinton
agar for inoculation. Then, four perforation each
of depth 5 mm were made in which the market-
ed formulation, CP, CP-NS and dimethyl sulf-
oxide (control) were placed. Petri-plates were
incubated at 37°C for 24 h. The size of inhibition
zone (mm) around micro-organism was used to
determine the results (33).

In-vivo pharmacokinetic study
Animal and dosing

Male wistar rats of 200-250 g were
procured from Global Biosciences Pvt Ltd. The
Institutional Ethics Animal Committee (IEAC)
approved the investigation and experiment
were conducted in compliance with CPCSEA
guideline in India. Re. No. 1703/PO/Re/S/01/
CPCSEA, dated 17/06/2016 Approval No. CPC-
SEA/PCP/2024-1-15. The rats were randomly
assigned to three groups, each consisting six
animals and housed under controlled conditions
of 25£1°C and humidity 55+5% with 12 h light/
dark condition. Before the initiation of experi-
ment, the animals were fasted overnight but had
free access to water. Oral administration of CP,
CP-NS and CP marketed formulation at dose
of 10 mg/kg were received by three groups of
rats (12). After oral administration 0.5 ml blood
was collected from the retro-orbital plexus at
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predefined intervals of 0.5, 1, 2, 4, 6, 8, 12, and
24h. Plasma sample were collected and centri-
fuged at 6000 rpm for 15 min at 4 °C and stored
at -20 °C (9,34).

Plasma sample preparation and analysis

CP was determined by HPLC (Jas-
c0,PU-2080 plus, UV-2075plus, Japan) method.
The mobile phase was composed of ammonium
acetate buffer (pH 5) and acetonitrile 55:45 v/v
and was eluted at flow rate of 1.0 ml/min with
UV detection at 235 nm. Plasma samples were
precipitated with methanol in 1:1 ratio. The
sample centrifuged at 6000 rpm for 10 min and
filtered by 0.45um membrane filter. The super-
natant (20uL) was introduced into the HPLC for
analysis (35).

Pharmacokinetic and statistical analysis

Analysis of pharmacokinetic parameter
was performed by PKSolver, Microsoft Excel
add-in (version 2.0). The pharmacokinetic pro-
filesoft ,C__ and AUC were determined.

max’ — ma 0—-24h

Stability studies

The stability of CP-NS formulation were
investigated under two distinct condition 4°C
and 30°C/60% RH for 3 months. Particle size
and PDI analysis of formulation were performed
(36).

Results and Discussion
Selection of stabilizer

Preliminary selection of stabilizer was
based on drugs solubility in selected stabilizer.
CP showed maximum solubility in tween 80,
which could be due to amphiphilic nature of
CP. If drug is more soluble in stabilizer solution,
leading to Ostwald ripening. It is phenomenon
in which the particle size increases on storage
leading to instability of nanosuspension. Hence
tween 80 were not consider for further studies
(9). P-188 shown lowest solubility as shown
in Figure 2. Preparation of CP-NS with P-188
results in least particle size and PDI. On the
other hand, the particle size of P-188 with SLS

remains unchanged compared to P-188 alone.
Hence, to prevent the aggregation of nano-sized
particle the combination of P-188 and SLS were
preferred as steric stabilizer.

2000
1600

1200

800
) J I I I L
0

PEG PVA Tween 80 PVP K30 HPMC SLS

Stabilizers

Saturation Solubility (ng/ml)

3

Poloxamer 188

Figure 2. Saturation solubility of Cefpodoxime
proxetil (CP) with different stabilizers.

Development of CP nanosuspension and
experimental Design

The influence of the concentration of
P-188 (X,), concentration of SLS (X,), and the
ultrasonication time (X,) on response particle
size (Y,) and entrapment efficiency (Y,) were
analyse by using Box-Behnken Design (BBD).
Table 3 contain response information corre-
sponding to each of 15 runs. The responses
were analysed using various statistical param-
eters to select a quadratic model. The predicted
R? and adjusted R? values ranges from 0.98 to
1, model with statistical significant p-value ( p
< 0.05) and p-value (p > 0.10) reflecting an in-
significant lack of fit. The particle size (Y,) and
entrapment efficiency (Y,) of the responses
vary between 126+18 nm and 3057 nm and
52.88+£19.13% to 86.52+25.56%, respectively.

Table 3. BBD presenting the value of response
obtained for CP nanosuspension

Run | X, X, X, Y, Y,
mg | Mg | min nm %
1 50 5 10 292 +4 64.47 £ 7.1
2 50 10 5 176 £ 12 52.88 +19.13
3 50 10 15 126 £ 18 83.26 + 8.11
4 50 15 10 280+ 14 68.32 + 10.42
5 30 5 5 240+ 18 | 59.65 +21.68
6 30 5 15 15716 68.12+9.78
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30 10 10 152+ 10 | 86.52 + 25.56
30 10 10 143+ 9 74.35+13.25
30 10 10 148 + 21 79.98 + 6.47
10 30 15 5 2095 84.98 +12.5
1" 30 15 15 176 £20 | 52.72+19.44
12 10 5 10 305+7 69.87 + 16.34
13 10 10 5 230+ 14 68.38 +2.15
14 10 10 15 126 + 10 69.32 +8.74
15 10 15 10 20819 | 7421 £17.14

[(X,)-Concentration of Poloxamer-188,
(X,)-Concentration of SLS, (X,)-Ultrasonication
time, (Y,)- Particle size and (Y,)- Entrapment
efficiency. Data are presented as mean + SD
(n=3)]

Table 4 presents analysis of variance
(ANOVA) for response variable of particle size
(Y,) and entrapment efficiency (Y.). If p-value of
model is (p < 0.05), ANOVA suggest response

is significant. ANOVA determines the degree of
influence, significance and correlation. Variance
in adjusted R? and predicted R? was less than
0.3, indicating that the values of the response
were precisely predicted by the model. Polyno-
mial Egs. (3), (4) are derived from regression

Y1= 152-6A-16.13B-39.88C-1.25AB+42.75
AC+24BC+62.92A2+45.17B2-19.83C2 .....(3)

Y2 =85-2.23A+0.84B-2.61C-0.29AB-2.88AC
-7.10BC-6.07A2-9.87B2-11.79C2 ........ (4)

analysis.

In model, the negative coefficient indi-
cates a contradictory effect, whereas a positive
coefficient suggests a synergistic effect.

Table 4. Quadratic response surface model of the ANOVA for particle size and entrapment

Source Sum of | Entrapment |F-value |Entrapment|P-value Entrapment
square efficiency (%) | Particle | efficiency (%) | Particle | efficiency (%)
Particle size (nm) size (nm)
size (nm)

Model 54777.52 1222.89 8.33 27.47 0.0155 0.0010

X1 1352.00 39.92 1.85 8.07 0.2320 0.0362

X2 1176.13 5.76 1.61 1.17 0.2605 0.3297

X3 780.13 54.29 1.07 10.97 0.3490 0.0212

X1X2 6.25 0.3481 0.0085 0.0704 0.9299 0.8014

X1X3 4556.25 33.24 6.23 6.72 0.0547 0.0487

X2X3 3364.00 201.50 4.60 40.73 0.0848 0.0014

X12 13255.41 135.97 18.13 27.49 0.0080 0.0033

X22 17157.03 359.94 23.47 72.76 0.0047 0.0004

X3? 11101.64 512.88 15.19 103.68 0.0114 0.0002

Residual 3655.42 24.73 - - - -

Lack of fit 710.75 17.62 0.1609 1.65 0.9143 0.3988

Pure error 2944.67 712 - - - -

Cor Total 58432.93 1247.62 - - - -
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Figure 3. Response surface plot illustrating the effect of concentration of the Poloxamer-188, con-
centration of the Sodium lauryl sulphate (SLS) and Ultrasonication time upon 1) Particle size (nm)

and 2) Entrapment efficiency (%).

Effect on particle size

Particle size is key parameter in im-
proving the solubility of drugs with poor solubili-
ty. Adecrease in particle size, increases surface
area leading to improved saturation solubility.
Figure 3-1. a) illustrates the impact of P-188
concentration on particle size. The optimal
concentration of P-188 significantly reduces
the particle size in the nanosuspension. How-
ever, both lower and higher concentrations of
the stabilizer lead to increased particle size. At
low stabilizer concentrations, resulting in larg-
er particle sizes. The effect of concentration of
SLS was similar to P-188. Furthermore, Figure
3-1.c) demonstrates that increasing ultrasonica-
tion time significantly reduces particle size in the
nanosuspension. This reduction was attributed

to the fragmentation of particles facilitated by ul-
trasonic waves (28).

Effect on entrapment efficiency

The concentration of P-188 significant-
ly impacts entrapment efficiency, with both low
and high concentrations. As P-188 concen-
tration increases, flocculation and aggregate
formation occur, resulting in lower entrapment
efficiency (37). Conversely, increasing the con-
centration of SLS shows a slight improvement
in entrapment efficiency, as depicted in Figure
3-2.b) Additionally, prolonged ultrasonication
time gradually reduces entrapment efficiency,
likely due to increased attrition and generation
of mechanical energy. This extended sonication
causes larger particles to break down into small-
er ones, further affecting entrapment efficiency.

Engineering cefpodoxime prodrug using nanosuspension approach to modulate solubility, antimi-
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Establishment of design space and model
validation

Design-Expert software (version 11)
was used to assess design space in order to
achieve optimized CP-NS. A numerical optimi-
zation approach was used to select optimized
CP-NS, based on desirability value near to 1.
The optimal formulation were determined by
criteria of minimum particle size and maximum
entrapment efficiency. The optimized nanosus-
pension (b7) was prepared with 0.5% w/v SLS,
1.5 % w/v P-188 under controlled sonication
time. The observed R? and predicted R? values
are 0.995- 0.988 shows a linear correlation (38).
The results of validation trials showed robust-
ness and feasibility of design.

TEM Analysis

The morphology of CP-NS was anal-
ysed by TEM. The resulting TEM micrograph of
CP nanosuspension was presented in Figure 4.
TEM analysis showed suspended nanoparticles
was uniformly distributed and approximately
spherical in shape. The size of the nanoparti-
cles was found to be between 150-250 nm.

. s )

Figure 4. A. TEM image of Cefpodoxime proxetil
(CP) nanosuspension on 500 nm scale and B.
100 nm scale.

FT-IR analysis

FTIR was used to evaluate any chemi-
cal modification between drug (CP) and stabiliz-
er (P-188, SLS). The spectra of CP, P-188, SLS,
PM and CP-NS were shown in Figure 5. CP
displayed a characteristic amide C-N stretching
vibration band at 1650 cm', a C-O stretching
band at 1074 cm™ and carbonyl C-H band at

2950 cm™ (39). The FTIR spectra of P-188 dis-
play aromatic C-H stretching peak at 2851 cm,
C-O-C poly (ethylene oxide) stretching at 1079
cm™ and O-H stretching peak at 3404 cm.
For SLS C-O stretching at 1657 cm™ and C-O
stretching at 1657 cm™' was observed. Consis-
tent with the literature finding (40) Figure 5 pres-
ents the spectra for CP, P-188, and SLS. The
interaction between the drug and stabilizer can
be significantly influence these characteristic
peaks, either by altering the intensity or causing
a variation in wavenumber. The PM showed no
spectral shift being simply overlay of CP, P-188,
and SLS, suggesting the stabilizer and drug had
no interaction.

VT YW
ey -

R ——

&
H

Figure 5. FTIR spectra of A. Cefpodoxime prox-
etil (CP) B. Poloxamer-188 (P-188) C. Sodium
lauryl sulphate (SLS) D. Physical mixture (PM)
E. Cefpodoxime proxetil nanosuspension (CP-
NS).

Differential scanning calorimetry

DSC analysis was conducted to con-
firm the physical state of CP in nanosuspension
and compare it with CP, P-188, SLS and PM. As
shown in Figure 6, CP exhibited single melting
endothermic peak at 95.1°C, with a fusion en-
thalpy of (AH) of 0.76 mW/min. The DSC pro-
files of P-188 and SLS exhibited sharp melting
peaks at 49.53°C and 198.47°C respectively.
The PM exhibited broadened endothermic peak
of CP at 103°C with an enthalpy change (AH)
at 1.65 mW/min, indicating possible interaction
between drug and excipients. The presence of
distinct peak suggest the drug retain some of its
crystalline properties in PM (41). The appear-
ance of same peaks between PM and CP-NS
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can be attributed to melting peaks of P-188 and
SLS. In the CP-NS, melting peak of CP was
absent, indicates reduction in crystallinity and
conversion to amorphous state. The amorphi-
zation is attributed to nanosizing process and
stabilization by excipient such as P-188 and
SLS during the formation of nanosuspension
(42). These finding suggest that during nano-
suspension formation, CP nanoparticles tran-
sitioned from a crystalline state to amorphous

CP-NS

~ — SES— - ——
PM

Heat flow (mV)
i

[

V
I
Temperature °C

state which improve solubility and beneficial for
enhancing the bioavailability of drug (43).

Figure 6. DSC patterns of A. Cefpodoxime prox-
etil (CP) B. Poloxamer-188 (P-188) C. Sodium
lauryl sulphate (SLS) D. Physical mixture (PM)
E. Cefpodoxime proxetil nanosuspension (CP-
NS).

X-ray diffraction

XRD analysis were carried out for val-
idation of crystalline form of CP and the amor-
phous state of CP nanosuspension. Figure 7
shows the XRD of CP, PM, and CP-NS. The
diffraction pattern revealed that CP exhibited
distinct high-energy diffraction peak at 19.88°
and 23.35° which demonstrated that CP was
crystalline in nature. Due to crystalline structure,
it often results in poor solubility. The diffraction
pattern of the PM reveal the peak similar to CP
which indicate CP in crystalline form. The CP-
NS displayed peaks at 31.55° and 40.03°, with
significant reduction in intensity of crystalline
peaks and some of the characteristic peaks of
CP was absent. This suggest that crystalline CP
was transitioned to amorphous form in the na-
nosuspension (44). A drug in amorphous form
possesses a higher-energy state, which pro-
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vides the benefit of enhanced solubility. This
results in a faster dissolution rate and conse-
quently, improved oral bioavailability (45).

Figure 7. XRD spectrum of A. Cefpodoxime
proxetil (CP) B. Physical mixture (PM) C. Cef-
podoxime proxetil nanosuspension (CP-NS).

Stability studies

Physical stability study was carried
out by storage of CP-NS at two different con-
ditions at 4°C and 30°C/60% RH over a period
of 3 months. The particle size and PDI was as-
sessed after preparation and periodically over a
3 month under various conditions Table 5. The
particle size of formulation stored at 30°C/60%
RH increased significantly (p < 0.05) after 3
months. In contrast, the formulation stored at
4°C showed no significant change in particle
size or PDI (38). The CP-NS formulation shown
physical instability at 30°C/60% could be due
to aggregation in nanosuspension, which was
influenced by high temperature and humidity.
These factors are known to adversely affect
drug nucleation and accelerate the rate of crys-
tallization.

Table 5. Comparison of the mean particle size
and PDI of nanosuspension after 3 months of
storage at 4°C and 30°C with initial values.

Initial 1 month 3 month
4°C |30°C| 4°C 30°C
Particle | 136 140 150 | 145+ | 170+
size +5 +5 +8 10 10
(nm)
PDI 022+] 022 [ 023 | 022 | 0.24 +
008 | 03 [ +03 | +04 0.5
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Saturation solubility

CP is crystalline in nature and exhibit
poor solubility. The saturation solubility in water
was 0.266 + 0.004 mg/mL. However, upon for-
mulation into nanosuspension (CP-NS) showed
five-fold increase in saturation solubility in wa-
ter. It is due to significant reduction of particle
size in the nanosuspension. The reduced parti-
cle size leads to larger surface area, facilitating
better interaction with dissolution media (46).
The saturation solubility was carried out in dif-
ferent pH conditions (1.2, 6.8). As shown in Fig-
ure 8, the results of saturation solubility depicts
CP exhibits pH-dependent solubility. CP has
ionizable functional group that change with pH
levels. In acidic pH drug remain protonated thus
increasing its solubility. However, at alkaline pH,
deprotonation can cause degradation of drug
and decrease its solubility (47).

2000

M Drug (CP) B CP-NS

1600

1200

800

400

Concentration (ug/ml)

o
Distilled Water HCL pH (1.2) PBS pH(6.8)

Solvents

Figure 8. Saturation solubility of Cefpodoxime
proxetil (CP) and Cefpodoxime proxetil nano-
suspension (CP-NS) in distilled water, HCL pH
(1.2) and PBS pH (6.8).

In-Vitro Dissolution Study

The dissolution profile for CP, CP-NS
and CP marketed formulation were shown in
Figure 9. The CP-NS exhibit better in-vitro drug
release than CP and CP marketed formula-
tion. The release of CP from the CP-NS was >
90% within 2 h, while those for pure drug was
40% and 65% for CP marketed formulation.
The reason might be enhanced surface area
by reducing particle size, decreases thickness
of diffusional layer, and increases concentra-
tion gradient between particle surface and bulk
solution, thereby improving bioavailability (46).
Furthermore the dissolution rate significantly
influence by state of drug in nanosuspension.

Previous studies, including XRD and DSC anal-
ysis, indicated the amorphization of CP in CP-
NS formulation. The drug in amorphous form
has increased molecular mobility and higher in-
ternal energy promoting solubility (48). CP-NS
release followed the Korsmeyer—Peppas model
(R=0.97, n=0.063) indicating exponential drug
release over time.

—&— CP Suspension ~—@®— CP-NS

CP Marketed Suspension

Concentration (ug/ml)

0 1 2 3 4 5 6
Time (H)

Figure 9. Comparative in-vitro dissolution profile
of the Cefpodoxime proxetil (CP), Cefpodoxime
proxetil nanosuspension (CP-NS) and CP mar-
keted formulation.

Antimicrobial Efficacy Study

The antimicrobial activity of CP were
investigated by using E. coli and S. aureus mi-
cro-organism. For 24 h, the petri plates were in-
cubated at 37°C. The results were assessed by
measuring diameter (mm) of the inhibition halo
around microbial growth and the calculation of
the area of inhibition (49). The antimicrobial ac-
tivity of the CP-NS against the E. coli and S.
aureus micro-organism can be depicted with
the help of petri plate photograph. Figure 10 (1)
and 10 (2) depicts the CP-NS showed 36.5 mm?
and 32.6 mm? area of inhibition compared with
CP marketed formulation, pure CP and DMSO
against E. coli and S. aureus micro-organism,
respectively.

Figure 10. Average inhibition halo (mm) against
1. Escherichia coli, 2. Staphylococcus aureus.
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In-vivo pharmacokinetic study

The plasma concentration of CP was
measured by a HPLC method, which demon-
strated linearity within the range of 1-1000 pg/
mL and exhibited high accuracy and specificity.

The Table 6 present pharmacokinetic data for
orally administered CP, CP marketed formula-
tion and CP-NS. The plasma drug concentra-
tion-time profiles after oral administration at a
dose of 10 mg/kg CP solution shown in Figure

1.
Table 6. Pharmacokinetic parameters of CP in wistar rats after oral administration of CP, CP mar-

keted formulation, and CP-NS.

Parameters CP CP marketed formulation CP-NS
C.... (ug/mL) 355120 62128 16241214
T . (h) 2 2 2
AUC .. (ug/mL) 1542134 2674154 71171320
*Data are presented as mean £ SD (n = 3).
Pharmacokinetic data reveals signif- Conclusion
icant and remarkable insights. A significant Cefoodoxi i
difference was observed in the plasma con- efpodoxime  proxetil -~ nanosuspen-

centration-time profile of CP, CP-NS, and CP
marketed formulation (Figure 11). C__ and
AUC are key parameters revealing insights
about the rate and extent of absorption. The re-
sults shows 4.5-folds and 2.6-folds higher C__
of CP-NS when compared to C__ of CP and
CP marketed formulation respectively. The rel-
ative bioavailability of CP-NS was 4.3-folds as
compared to CP and CP marketed formulation.
In-vivo results of current study were better than
the literature which reports o/w submicron emul-
sion of CP with 2.1-folds enhanced AUC of opti-
mized batch (50). The outcome of in-vivo study
showed a remarkable enhancement in the ab-
solute bioavailability of CP as nanosuspension.
This was because the decrease in particle size
leads to increase in rate of dissolution as ex-
plained by Noyes-Whitney equation.

2000, —&— CP—®— CP-NS CP inarketed formulation

1600

1200

Concentration (ig/ml)

o s 10 s 20 25 30
Time (h)

Figure 11. Plasma drug concentration time pro-
file of the Cefpodoxime proxetil (CP), Cefpodox-
ime proxetil nanosuspension (CP-NS) and CP
marketed formulation after oral administration
(10 mg/kg).

sion using the solvent-antisolvent precipitation
technique is successfully prepared to enhance
solubility and antimicrobial activity. Optimiza-
tion using the Box-Behnken Design resulted in
batch (B7), which shows a low particle size and
highest entrapment efficiency. The particle size
of developed nanosuspension ranged from 126
+ 18 to 305 = 7 nm. Physicochemical characteri-
sation, such as DSC and XRD studies confirmed
the formation of amorphous CP nanoparticles
within the nanosuspension. The CP-NS showed
a 5-fold enhanced solubility. In vitro dissolution
studies revealed that CP-NS exhibit increased
dissolution rate 2-fold than pure drug and 1.3-
fold higher than marketed formulation. Stability
studies indicated that nanosuspension was sta-
ble when stored at 4°C. The storage conditions
affected particle size and PDI. Antimicrobial
efficacy studies demonstrated the effectiveness
of CP-NS against E.coli and S.aureus micro-or-
ganism. Finally, in vivo pharmacokinetic data
showed 4.3-fold improvement in bioavailability
of CP-NS than pure drug and marketed formula-
tion. Overall, CP-NS formulation showed prom-
ising results in terms of solubility enhancement
and antimicrobial activity. Further studies, the
pharmacodynamic study can be performed to
confirm the safety and efficacy of the cefpodox-
ime proxetil nanosuspension. Studies on long-
term stability will ensure the product’s quality
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and shelf life, which is necessary for a success-
ful commercialization.
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Abstract

Serum  paraoxonase (PON1), a
glycoprotein synthesized in the liver, protects
against oxidative stress and lipid peroxidation,
potentially reducing the risk of chronic kidney
disease (CKD). A study using bioinformatics
methods, such as PROVEAN (Protein Variation
Effect Analyzer), SIFT (Sorting Intolerant
from Tolerant), Polyphen 2, and I-Mutant 2.0
analyzed non-synonymous single nucleotide
polymorphisms (SNPs) of the PON1 gene. The
Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis and Gene Ontology
(GO) enrichment were used to identify biological
processes and pathways. SIFT analysis of the
PON1 gene’s SNPs showed that 55 and 33
were tolerable, and 22 were harmful alterations.
According to PROVEAN analysis, 22 mutations
were neutral, and 33 were harmful. Polyphen 2
revealed that 26 were damaging and 32 were
benign. Thirty-four SNPs on |-Mutant analysis
showed decreased thermodynamic stability,
while twenty-one showed enhanced stability.
The study found that the structure and function
of the PON1 gene are impacted by mutations,
with decreased stability predicted. These
mutations may affect CKD’s pathobiology
and risk for cardiovascular disease. A wet lab
investigation on PON1 pathways could help link
CKD pathophysiology and progression.

Keywords: In silico, Single nucleotide
polymorphisms, Serum paraoxonase (PON1),
chronic kidney disease (CKD).

Introduction

Health issues associated with chronic
kidney disease (CKD) are widespread and
negatively impact people worldwide. According
to the 2010 Global Disease Burden Report,
chronic renal disease was the 27th leading
cause of death worldwide in 1990. However,
chronic renal disease moved up to the 18th spot
on the list in 2010 (1). CKD is the term used
to describe abnormalities in kidney structure
or function that have affected health and have
been present for at least three months. Despite
the aetiology, CKD is indicated by kidney
damage or an estimated glomerular filtration
rate (eGFR) of less than 60 mL/min/1.73 m? that
persists for three months or more. According to
GFR, CKD is classified into six groups by the
Kidney Disease Improving Global Outcomes
(KDIGO) 2012 classification (G1 to G5, with G3
being further subdivided into 3a and 3b). It is
also recommended that the cause of CKD be
determined. The urinary albumin-creatinine ratio
(ACR; mg/g or mg/mmol) in an early morning
“spot” urine sample is used to categorize each
stage of CKD. It also includes staging based on
the three albuminuria levels (A1, A2, and A3)

).

Supriya et al



Current Trends in Biotechnology and Pharmacy

2269

Vol. 19(2) 2268-2281, April 2025, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2025.2.14

Primary care doctors must detect and
treat CKD in its early stages since CKD is linked
to serious health issues such as cardiovascular
disease, end-stage renal disease (ESKD),
and mortality (3). Patients with CKD have a
range of cardiometabolic diseases, including
diabetes, insulin resistance, hypertension,
and dyslipoproteinaemia, in addition to other
physical abnormalities that may contribute to
oxidative stress (4).

Highly reactive atoms or molecules
known as free radicals possess one or more
unpaired electron(s) in their outer shell and can
be generated t hrough the interaction of oxygen
with specific compounds (5). These radicals can
be generated within cells and act as oxidants
or reductants by either gaining or losing a
single electron (6). Reactive oxygen species
(ROS) and reactive nitrogen species (RNS)
refer to the reactive radical and non-radical
derivatives of oxygen and nitrogen, respectively
(7). Oxidative stress is defined by an imbalance
in the production and elimination of reactive
oxygen and nitrogen species (RONS), resulting
from either their excessive generation or a
diminished capacity to neutralize them and
repair the resultant damage (8).

Free radicals and oxidative stress are
recognized to be harmful to human health.
Numerous studies demonstrate that free radicals
do, contribute to the onset and progression of
a variety of illnesses, including cardiovascular
disease and cancer. The progression of CKD
is primarily affected by oxidative stress, leading
to glomerular damage, renal ischemia, and, in
turn, contributing to inflammation, endothelial
dysfunction, and arterial hypertension (9).
Oxidative stress adversely affects the kidneys,
which triggers the recruitment of inflammatory
cells and the release of proinflammatory
cytokines, culminating in an initial inflammatory
phase.

Oxidative stress causes damaged cell
components, including proteins, DNA, and
lipids, to accumulate. Cells evolved several
defense mechanisms, including detoxification,
antioxidant enzymes, repair enzymes, and thiol-

redox systems, to prevent the harmful effects
of oxidative stress. The “antioxidant defense
system” of the cells is generally understood to
consist of cellular enzymatic and non-enzymatic
antioxidant components that work together
in a complex network to keep the generation
and clearance of ROS/RNS in balance (10).
Antioxidants are essential for shielding our
bodies from the harm caused by free radicals.
They cleanse excess free radicals and balance
their production (11). The term “antioxidant
enzymes” refers to the majority of the
enzymatic elements of this antioxidant defense
mechanism, such as glutathione peroxidase,
superoxide dismutase, and catalase.
Paraoxonase 1 (PON1) and other antioxidant
enzymes are essential for combating oxidative
stress and supporting HDL's antiatherogenic
properties (12). The objective is to investigate
whether PON1 plays a mechanistic role in
the development of cardiovascular disease
associated with chronic renal illness.

Investigations indicate that the activity
and concentration of PON1 are influenced by two
prevalent polymorphisms located in the coding
region (at positions 55 and 192). Variations in
PON1 serum concentrations and the incidence
of cardiovascular disease have been linked
to the leucine/methionine  polymorphism
at position 55 of the amino acid sequence
(L55M) (13). The Q192 isoform has been
shown to hydrolyze paraoxon and metabolize
oxidized LDL more efficiently than the R192
isoform, indicating that the glutamine/arginine
polymorphism at position 192 (Q192R) impacts
the PON1 function (14). PON1 serves a crucial
role in physiological processes, highlighted
by the association between diminished PON1
activity and a heightened risk of cardiovascular
disease.

Single-nucleotide polymorphisms, or
SNPs, are the most prevalent genetic variation
(15). As a result of the advancements, the
dbSNP database of technologies for next-
generation sequencing currently contains over
950 million SNPs in the human genome -(http://
www.ncbi.nim.nih.gov/SNP/) (16). SNPs are
polymorphisms in a single nucleotide that affect

A preliminary bioinformatics data analysis of single nucleotide polymorphisms of the PON1 genes
in chronic kidney disease: In silico analysis
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the DNA sequence (A, T, C, or G). SNPs are
estimated to occur at a frequency of 1 in 1,000
bp across the genome. These minute variations
might be transient or transversional. About
25% of SNPs cause silent mutations, which
do not change translated amino acids; 25%
cause missense mutations, sometimes known
as coding SNPs or cSNPs, and 50% occur in
noncoding regions. Known as synonymous
SNPs, these quiet SNPs are probably not
influenced by natural selection (17). Conversely,
natural selection may affect nonsynonymous
SNPs (nSNPs, change-encoded amino acids),
which can result in pathology. Both synonymous
and nonsynonymous SNPs affect pre-mRNA
conformation (or stability) and promoter activity.
They also modify a protein’s subcellular location
and capacity to bind its substrate or inhibitors
(SNPs) (18). Thus, they might be responsible
for genome evolution, drug deposition, and
disease susceptibility.

Thanks to bioinformatics techniques
for in silico gene analysis, screening a large
number of people is no longer necessary to find
a statistically significant association between
genes and illnesses. Stated differently, these
methods facilitate SNP pre-selection (19).
Separating disease-associated SNPs from
neutral SNPs would be highly beneficial before
using wet lab-based techniques. In silico
analysis can be helpful when independent future
research cannot establish the links between
the illnesses (20). Thus, it may be possible to
distinguish between true and false positives
using independent proof of SNP functioning
discovered by applying prediction algorithms.

The study intends to perform an in silico
analysis of PON1 and its receptor gene using
bioinformatics tools such as sorting the intolerant
from tolerant (SIFT), Protein Variation Effect
Analyzer (PROVEAN), Polyphen 2, [-mutant
software, and protein-protein interactions
by STRING database to ascertain the likely
detrimental effects of mutations and protein-
protein interactions of these genes. The present
study may indicate that experimental research
is necessary to investigate the possible role
of PON1 gene alterations in pathobiology,

progression, and risk of cardiovascular disease
(CVD) in CKD.

This study aims to do a preliminary
bioinformatics analysis of SNPs in the
paraoxonase 1 (PON1) gene and investigate
possible potential associations with CKD. The
analysis was conducted usingin silicotechniques
to identify functionally significant SNPs, predict
the probable impact on PON1 gene expression
or protein function, and explore their possible
roles in the pathophysiology of CKD.

Materials and Methods

The analysis of the PON 1 gene using
bioinformatic tools (SIFT, PROVEAN, Polyphen
2, and I-Mutant) is shown in Figure 1.

NCB| o

Sorting Intolernat From Tolerant

Polyphen 2

PROVEAN

I-Mutant 2.0

Figure 1: lllustrating the use of bioinformatics
tools (SIFT, PROVEAN, Polyphen 2, and
I-Mutant 2.0) for gene analysis.

Employing a bioinformatics program to
analyze PON1 gene SNPs for stability, damage,
and benignity. The main sources of information
on the human PON1 gene were the National
Center for Biological Information (http://www.
ncbi.nim.nih.gov/) (21). The polymorphism data
on SNPs of the human PON1 gene and related
metadata were obtained for the computational
analysis from the publicly accessible online
database dbSNP-NCBI (http://www.ncbi.nim.
nih.gov/SNP/) and protein sequence from
FASTA(http://www.ncbi.nlm.nih.gov/SNP/).
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Sorting
approach

intolerant from tolerant (sift)

The functional impact of damaging
nsSNPs was evaluated by sorting intolerant from
tolerant (SIFT), a sequence homology-based
approach. To ascertain whether a change in an
amino acid could affect protein function and,
consequently, alter phenotype, SIFT (Sorting
Intolerant From Tolerant) uses sequence
homology (22). When used on human variation
datasets, SIFT could differentiate between
neutral polymorphisms and mutations implicated
in disease. We applied SIFT to a database of
missense substitutions linked to or involved in
disease, assuming that amino acid alterations
that cause disease are detrimental to protein
function (23). SIFT calculates the normalized
probability for each mutation in terms of the
tolerance index (TI) score or SIFT score. SIFT
scores can be classified as potentially intolerant
(0.051-0.10), tolerant (0.201-1.00), borderline
(0.101-0.20), or intolerant (0.00-0.05) (24). As
the tolerance index rises, the probability that an
amino acid substitution will have an effect falls.

Structural (PolyPhen)

approach

homology-based

The functional effects of coding nsSNPs
were analysed using a structural homology-
based approach (PolyPhen). A computational
technique for identifying potentially useful
nsSNPs is PolyPhen (25). By using fundamental
physical and comparative concepts, this
technique (Polymorphism Phenotyping 2)
forecasts how modifications in amino acids may
impact the structure and functionality of human
proteins (26). Making use of PolyPhen 2 (http://
genetics.bwh.harvard.edu/pph2). The possible
effects of a change in an amino acid on the
structure and functionality of the PON1 protein
were examined. The protein sequence including
the mutational site was submitted to the server
along with two different amino acid variants.
Predictions are based on a combination
of structural, phylogenetic, and sequence
annotation information that characterizes a
substitution and where it occurs in the protein.
The PolyPhen score assigns specificity and

sensitivity values to nsSNPs and divides them
into three primary categories: benign, perhaps
harmful, and probably harmful.

Assess the functional impact of coding
nsSNPs by PROVEAN

The function of the standalone
PROVEAN software package distribution can
be accessed online through the “PROVEAN
Protein” interface. Its primary purpose is
anticipating a protein sequence from any
creature. The program generates PROVEAN
scores after obtaining a protein sequence along
with changes in amino acids. It then performs
a BLAST search to identify homologous or
supporting sequences (27). The Protein
Variation Effect Analyzer or PROVEAN, predicts
how each class of protein sequence variants—
including insertions, deletions, and multiple
substitutions in addition to single amino acid
changes—uwill affect the alignment-based score
(28). The score calculates how much a query
sequence’s sequence similarity to a protein
sequence homolog changes when an amino
acid variant of the query sequence is added or
removed. If the protein variation's PROVEAN
score is less than -2.5, it is predicted to have
a “deleterious” effect; if it is larger than -2.5,
it is predicted to have a “neutral” effect. The
PROVEAN tool can be accessed at http://
provean.jcvi.org (29).

Assessment of the functional impact of
coding nsSNPs by I-Mutant 2.0

[-Mutant2.0 (http://folding.biofold.org/i-
mutant/i-mutant 2.0.html), a support vector
machine-based tool, is used to predict the
impact of nonsynonymous mutations on protein
stability. For the first time, |-Mutant2.0 can
predict the extent to which a protein sequence
mutation will or won’t affect the folded protein’s
stability. Additionally, it can predict the changes
in the stability of the altered protein structure
(30). According to the technique, I-Mutant 2.0
scores larger than zero are assumed to indicate
enhanced stability, whereas numbers less than
zero will reflect lower stability.

A preliminary bioinformatics data analysis of single nucleotide polymorphisms of the PON1 genes
in chronic kidney disease: In silico analysis
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STRING analysis

STRING refers to the Search Tool for
the Retrieval of Interacting Genes (STRING).
Finding knowledge about protein-protein
interactions is a significant task in fundamental
biological research and aids in the identification
of new therapeutic targets for the treatment of a
range of illnesses. Protein-protein interactions
must be experimentally probed using time-
consuming methods like affinity chromatography
or co-immunoprecipitation. High-throughput
testing methods include mass spectrometry and
yeast two-hybrid screens. As a result of these
developments, a variety of computer techniques
have been created to forecast networks
of protein-protein interactions by building
databases like STRING (31). The STRING offers
exceptionally thorough coverage and convenient
access to information on both anticipated and
experimental interactions. STRING assigns a

confidence score to interactions within a stable
and consistent identifier space, in addition to
auxiliary information like as protein domains
and three-dimensional structures. STRING
version 9.0, accessible at http://string-db.org
(32), covers over 1100 completely sequenced
organisms. To find biological processes and
pathways, KEGG pathway analysis and Gene
Ontology (GO) enrichment were employed.

Results and Discussion
Identification of harmful and tolerant SNPs

Using the gene ID 5444, the dbSNP was
used to get the SNPs in the human PON1 gene.
Out of the 55 SNPs examined, 22 variants were
determined to be harmful, and the remaining
variants were to be tolerated when the SNPs
were submitted to the SIFT tool to predict their
impact on protein function. Table 1 presents the
comprehensive outcome.

Table 1: The number and percentage of SNPs damaging, tolerated, and decreased protein stability

results of the PON1 gene.

Bioinformatic tools PON1 gene (55 SNPs)

SIFT 40% (22n0’s) Deleterious 60% (33n0’s) tolerated
Polyphen2 32% (18no’s) damaged 37% (68no’s) benign

PROVEAN 60% (33no’s) (deleterious 40% (22n0’s) Neutral

[-Mutant 2.0 62% (34no’s) decreased stability 48% (31 no’s) increased stability

nsSNPs damaged by the PolyPhen 2 server

The PolyPhen 2 server received all
55missensensSNPsthatwere submittedto SIFT.
Of the 55 SNPs, 26 were thought to be likely
harmful. Table 2 shows that the results from the
structurally based technique PolyPhen and the
evolutionary-based approach SIFT showed a
substantial correlation. Twenty -two of the SNPs
identified by PolyPhen as likely harmful were
also found to be harmful by SIFT, indicating that
these nsSNPs may impair the structure and
function of proteins.

Destructive nsSNPs discovered by I-Mutant
2.0

The stability of protein structural
changes is predicted by using an online tool
called [|-Mutant 2.0. Table 2 displays the

outcomes for each of the 55 missense SNPs’
inputs. The free energy change upon mutation
is anticipated to either increase or decrease.
It was discovered that 34 of the 55 SNPs
examined resulted in a drop in free energy.

Functional Characterization of PON1 by
PROVEAN

PROVEAN predicts 33 out of 55 as
deleterious and remaining as neutral mutations.
Table 2 shows the outcomes for each of the
55 missense SNPs. The PROVEAN analysis
yielded a greater number of harmful SNPs
than the SIFT analysis did. This might be
because, in addition to amino acid alterations,
the PROVEAN tool can also evaluate insertions
and deletions.
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Table 3 shows the accepted range of damaging
and Tolerant SNPs using SIFT, Ployphen, and
PROVEAN bioinformatic tools and the accepted
range of their stability through I-Mutant 2.0.

Figure 2 Shows the Percentage of deleterious
and Tolerant SNPs by using Bioinformatic tools
(SIFT, PROVEAN, Polyphen 2, and I|-Mutant
2.0).

Table 3: Bioinformatic tools (SIFT, PROVEAN, Polyphen 2, and I-Mutant 2.0) showing damaging

and tolerated ranges of the PON1 gene.

BIOINFORMATIC TOOL Damaged/Deleterious Tolerated

SIFT 0.0 -0.05 0.05-1

POLYPHEN 2 0.5-1 0.00-0.5

PROVEAN <-2.5 >-2.5

I-Mutant 2.0 <0 (decreased stability) >0 (increased stability)

70 62
50 50

60 60
60
=0 40 40 18
40
30
20
10
0

SIFT POLYPHEN 2 PROVEAN I MUTANT 2.0
Bioinformatic tools

M Deleterious M Tolerated

Percentage % of deleterious and tolerent

Figure 2: Comparison of deleterious and
tolerated PON1 gene by bioinformatic tools
(SIFT, PROVEAN, Polyphen 2, and I-Mutant
2.0).

Using STRING analysis, Figure 3
depicts the PON1 protein-protein interaction
(PPI) network. The network has 50 edges and
11 nodes (proteins), with a clustering coefficient
of 0.949 and a high average node degree
of 9.09. The proteins are at least somewhat
physiologically related to one another, according

to the PPI enrichment p-value of 1.11e-16.
The network’s nodes are proteins. The edges
represent the proposed functional links. Eight
different colored lines representing the presence
of the eight different categories of evidence that
were taken into consideration while predicting
the linkages were drawn on an edge in evidence
mode (Fig. 3).

Bluish-green lines are derived from
carefully selected databases; pink lines are
experimentally determined; green lines indicate
gene neighborhoods; violet lines indicate gene
co-occurrences; reddish-green lines indicate
text mining; black lines indicate co-expression;
and blue lines indicate protein homology.
Table 4 shows the predictions of the functional
partner genes with the PON1 gene through the
STRING Analysis. This table also explains the
Co-expression and Experimental interaction of
various genes and their combined score with
the PON1 gene.
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Figure 3: STRING analysis showing PON1 interacting with other proteins
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Table 4: Predicted functional partner genes with PON1 gene
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Figure 4 shows the k-means clustering of
proteins involved in PON1 and associated
metabolic pathways. The proteins have been
grouped into clusters based on their biological
roles. Cluster 1 (red) highlights high-density
lipoprotein synthesis with nine genes, including
LCAT and APOA1, which play a multifaceted role
in triglyceride homeostasis and prevent stress-
induced aggregation of blood plasma proteins.
Cluster 2 (green) includes CETP synthesis, with
one gene involved in the regulation of reverse
cholesterol transport. Cluster 3 (blue) highlights
PON 3 synthesis, which works similarly to
hydrolyzing aromatic lactones and lactones
with aliphatic substituents in rings of five or six,
but not simple lactones or lactones with polar
substituents.

Figure 4: Showing K-means cluster analysis of
PON1 with other proteins

Figure 5 shows the MCL clustering
of proteins involved in PON1 and associated
metabolic pathways. The proteins have been
grouped into clusters based on their biological
roles: MCL clustering shows only one cluster
(red) highlighting high-density lipoprotein
synthesis, eleven genes, including CETP,
LCAT, APOA1, etc. (Fig. 5), which inhibits the
aggregation of blood plasma proteins brought
on by stress and has a variety of functions in
maintaining triglyceride homeostasis.

Figure 5: Showing MCL cluster analysis of
PON1 with other proteins
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Figure 6 shows the DBSCAN clustering of
proteins involved in PON1 and associated
metabolic pathways. The proteins have
been grouped into clusters based on their
biological roles: DBSCAN clustering shows
only one cluster (Red) highlighting high-density
lipoprotein synthesis, ten genes, including CETP,
LCAT, APOA1, etc. (Fig. 6), which inhibits the
aggregation of blood plasma proteins brought
on by stress and has a variety of functions in
maintaining triglyceride homeostasis.

Figure 6: Showing DBSCAN cluster analysis of
PON1 with other proteins

Figure 7 highlights the biological processes
associated with  PON1 and its interacting
proteins. Notable terms include: Lipoprotein
metabolism is involved in reverse cholesterol

transport, plasmalipoprotein particle remodeling,
high-density lipoprotein  remodeling, and
triglyceride-rich lipoprotein particle remodeling.
Cholesterol transport and cholesterol efflux play
a significant role in cholesterol homeostasis.
The enrichment of these terms supports the
theory that disruptions in PON1 or its network
can impact lipid metabolic pathways, and
its decreased levels may potentially lead to
cardiovascular risk in CKD Patients. The KEGG
pathway analysis identifies significant metabolic
pathways involving PON1 gene.

Cholesterol metabolism is directly
involved in absorbing, synthesizing, and
transporting cholesterol in the body; the PPAR
signaling pathway controls the expression of
genes related to the intake, storage, oxidation,
and metabolism of fatty acids. Participates in
the process of vitamin absorption and digestion.
These enriched pathways demonstrate
PON1’s centrality in maintaining cholesterol
homeostasis, and the network can impact lipid
metabolic pathways; its decreased potentiality
leads to cardiovascular risk in CKD patients.

Reverse cholesterol transport

Plasma lipoprotein particle remodeling

High-density lipoprotein particle
remodeling

Cholesterol transport

Triglyceride-rich lipoprotein particle .

remodeling
Plasma lipoprotein particle assembly _.

Plasma lipoprotein particle clearance _.
Cholesterol efflux —‘

Regulation of cholesterol transport —.

Cli ol hom

45 5.0 5.5

Biological Process (Gene Ontology) enrichment

Signal

FDR
- 1.0e-14
- 1.0e-13
- 1.0e-12

1.0e-11
1.0e-10
2.0e-09

Gene count

5

6

Groups at similarity 0.8

8

6.0 6.5 7.0

Figure 7: Gene Ontology (GO) biological processes enrichment of PON1 gene by STRING Analysis

The results across figures and tables
collectively depict PON1 as a central enzyme
in lipid metabolism. Its interactions with other
proteins like apoproteins and lipoproteins

and their biosynthesis pathways, as well as
its relevance to various biological processes,
highlight its significance. These findings provide
a strong foundation for the decreased PON1

A preliminary bioinformatics data analysis of single nucleotide polymorphisms of the PON1 genes
in chronic kidney disease: In silico analysis
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gene potentiality, which leads to cardiovascular
risk in CKD Patients.

Discussion

The susceptibility of these patients to CVD
often makes care more challenging, even
with advancements in CKD management
approaches. A possible key factor in the
disproportionate morbidity and mortality from
cardiovascular disease is the defective High-
Density Lipoprotein (HDL). The PON-1 enzyme,
which is produced by the liver, binds to High-
Density lipoprotein (HDL) cholesterol and
circulates. Reduced PON-1 activity has also
been connected to adverse outcomes and a
higher risk of CVD (33). The HDL-associated
protein PON1 can hydrolyze oxidized LDL
cholesterol, perhaps protecting against
atherosclerosis. Additionally, PON1 can break
phospholipid peroxidation adducts, which
may have cytoprotective effects (34). The
degree of coronary lesion was predicted by the
decline in PON1 activity in serum, which was
demonstrated to have a significant protective
function in the development of atherosclerosis
(35). Many inflammatory conditions, including
systemic lupus erythematosus, rheumatoid
arthritis, diabetes mellitus, and several hepatic
and renal conditions, such as renal failure,
psoriasis, and macular degeneration, are linked
to low serum PON1. These disorders are
likewise characterized by elevated rates of CHD
and malfunctioning HDL, which is thought to be
(though not confirmed) brought on by decreased
PON1 activity (36). Multiple polymorphisms in
the coding and promoter areas affect PON1
function and gene expression levels. The most
prevalent polymorphisms in the area that codes
for PON1 are Q192R, which contains a leucine
(L) to methionine (M) substitution at codon 55
and a glutamine (Q) to arginine (R) change at
codon 192 (35).

The PON1 gene was analyzed in
silico using SIFT, PolyPhen-2, PROVEAN, and
I-Mutant, which yielded important information
about the structural and functional effects of

its genetic variants. The outcomes of these
instruments show how particular single
nucleotide polymorphisms (SNPs) may affect
PON1’s stability and enzymatic activity, which
are essential for its physiological function
in detoxification and antioxidation. SIFT,
PolyPhen-2, PROVEAN, and I-Mutant results
indicate lower protein stability and higher
harmful and detrimental scores. This may
have important ramifications for oxidative
stress-related diseases like cardiovascular and
neurological problems.

The protein-protein interaction (PPI)
network, biochemical pathways, and metabolic
processes linked to PON1 are all thoroughly
examined in the STRING ANALYSIS research.
Every figure and table produced by this study
emphasizes a distinct aspect of the biological
network of PON1 and its relevance to human
health and illness.

A comprehensive understanding of
PON1’s function in metabolism is offered by
the combination of STRING analysis, clustering
techniques, GO enrichment, and KEGG
pathway mapping. The study confirms PON1’s
pivotal role in cholesterol metabolism and its
subsequent impact on the risk of cardiovascular
disease.

Conclusion

According to this preliminary bioinformatics
research, single nucleotide polymorphisms
(SNPs) in the PON1 gene may play a part in the
aetiology of CKD. SIFT, PROVEAN, PolyPhen-2,
[-Mutant, and STRING were used to determine
the potential impacts of genetic variations
on the structure, function, and interactions of
the PON1 protein. Utilizing in silico tools, we
identified key SNPs that may influence PON1
function, particularly in oxidative stress and
lipid metabolism pathways, which are critical
in developing CVD risk in CKD progression.
Future research should concentrate on bridging
computational predictions with  functional
studies to investigate the molecular significance
of PON1 variations in CKD and evaluate their
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potential as diagnostic or therapeutic targets.
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Abstract

Miglitol is an Anti-diabetic having a place
with the class of a-glucosidase inhibitors, it has
ability to bring down the postprandial glucose
level in type-ll diabetic patients. The present
work was aimed to prepare miglitol pulsincaps
to reduce the dose frequency and increase the
patient compliance. Arrangement of pulsicap-
sules is associated with the four distinct stages:
First stage involved preparation of immediate
release granules and optimization of immediate
release granules which were prepared by using
crospovidone as superdisintegtrant in different
conc. (MCM1-MCM®6) by wet granulation meth-
od and granules were evaluated for the flow
properties, drug content and in-vitro dissolution.
Based on the results MCM5 was optimized to
prepare the pulsincaps. In the second stage in-
soluble bodies of the capsules was prepared by
treating with the formaldehyde solution. Third
step was preparation of hydrogel plugs with 6
hr. lag time and the final stage was assembling
of pulsincaps with three pulses of immediate re-
lease granules (MCM5) which were separated
by two hydrogel plugs. The prearranged pulsin-
caps were assessed for in vitro drug release in
three distinctive dissolution media. From the
results CDC8 was optimized based on the pre-
determined lag time and drug release. Stability

studies led at 40+2°C/75+5% RH showed no
note worthy changes inferring that an effective
pulsatile drug delivery system of Miglitol was
designed.

Keywords: Miglitol, a-glucosidase inhibitor,
Pulsincaps, Crospovidone, Accelerated stability
Studies.

Introduction

Most convenient route of drug adminis-
tration is oral route due to its large surface area.
Conventional drug delivery approaches are af-
flict by issues pertaining to the systemic toxicity
and repeated dosing (1).

The classical drug delivery system has
many limitations such as (2); (i) An improper
time of drug release, (ii) Ultimate side effects on
the body.

To avoid the all above snags and to
meet the following requirements like: (i) Improve
the site-specific targeted drug delivery, (ii) Cor-
relation of the drug release process with the pa-
tient circadian rhythm, (iii) A careful control de-
livery of the highly toxic drugs, (iv) Use of more
drugs in one system like pulsatile and controlled
release drug delivery systems.

In the instances mentioned above, it is
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better to optimize the drug release from a dos-
age form that will supply the necessary drug
concentration at a certain time only (3).

Nonetheless, in the field of present
day’s drug treatment, developing considerations
have been centered around pulsatile delivery of
the drug for which ordinary controlled drug re-
lease framework with a ceaseless delivery are
not great but rather a requirement for a beat
of remedial focus in the intermittent way goes
about as a push for the improvement of “Pulsa-
tile Drug Delivery System”. In these systems a
predetermined amount of the drug was released
rapidly and transiently within short time period
following a predetermined lag time (3).

Diabetes mellitus (DM) is one of the
most serious health crises of the 21t century,
and the majority of ministries and public health
authorities are focusing on the disease’s con-
temporary impact and consequences. Only in
2012, it was reported that at least 1.5 million
people died as a results of diabetes. Diabetic
patients are estimated to number around 642
billion by 2040 (4).

Diabetes mellitus necessitates long
term therapy with medications such as sulfony-
lureas, which may harm the pancreas quickly
with the immediate release dosage form. Final-
ly, medicines that cause tolerance should not
be given at a constant rate because the drug’s
effect dimishes at a constant dose level. Fur-
thermore, when a drug level is kept constant,
drug toxicity may grow with the time. In some
instances, it is advisable to use a dosage form
that will deliver the desired medication concen-
tration at a certain time point only (5).

Miglitol (6) is a newer class of a- glu-
cosidase inhibitor which is derived from
1- deoxy-nijirimycin structurally related to glu-
cose. It is completely absorbed from GI tract
with fewer side effects when compared to the
acarbose.

MGL competitively inhibits the glycosi-
dase at the small intestine brush borders, which
is responsible for the breakdown of the complex
polysaccharides in to simple glucose. This re-
sults in decrease in the postprandial glycaemia.
Due to its short biological half-life (2-3 h), there
is a need to develop pulsatile drug delivery sys-
tem which can overcome its multi-dosing per a
day and to increase the patient compliance, and
reduce drug toxicity.

Materials and Methods
Material

MGL was obtained as gift sample from
Mylan laboratories limited, Kazipally, Hyder-
abad, India. Crospovidone and Aerosil from
Otto Chemical biochemika reagents. Mumbai.
Metalose was a gift from Signet Chemical Cor-
poration Pvt. Ltd, Mumbai. Sodium Carboxy
Methyl Cellulose was obtained from Excel Fine
Chemical, A.P., Magnesium Stearate was ob-
tained from S.D Fine Chem Ltd, Mumbai, Meth-
anol and other reagents used were standard
analytical grade.

Methods

Formulation and evaluation of miglitol im-
mediate release granules:

Miglitol immediate release immediate re-
lease granules were prepared by wet granu-
lation process, by using various proportions of
crospovidone as superdisintegrant were added
to MGL and MCC along (3% w/v 50% methanol)
to get the wet mass. The coherent mass was
passed through the sieve no.22 (IP Standard)
and the granules were dried at 60°C for one
hour using hot air oven. Then the dried granules
were packed in a poly-bag for further use. For-
mulation of MGL immediate release core gran-
ules was given in the Table-1.

Chronomodulated therapy for the treatment of type ii diabetics by using a-glucosidasel inhibitor



Current Trends in Biotechnology and Pharmacy 2284
Vol. 19(2) 2282-2293, April 2025, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2025.2.15

Table -1: Different formulations of Miglitol immediate release granules
Ingredientsiforigranulesiinimg Formulation code

MCM1 | MCM2 | MCM3 | MCM4 | MCM5 MCM6

Miglitol 25 25 25 25 25 25
Crospovidone 0 2 4 6 8 10
Micro crystalline cellulose (MCC) 42 40 38 36 34 32
PVPIK30 5 5 5 5 5 5
Methanol Qs Qs Qs Qs Qs Qs

Flow properties of granules
Bulk density (7)
It is mathematically expressed as:

Weight of thr granules (w)

Bulk density =

Bulk volume of the granules (V)

Procedure

Accurately weighed powder was trans-
ferred in to measuring cylinder and noted down
the volume occupied by the powder in ml.

Hausner’s ratio (8)

The hausner’s ratio <1.25 show free
flowing of granules and > 1.25 indicates poor
flow properties of granules.

Tapped bulk density

Hausner’s ratio = .
Bulk density

Carr’s compressibility index (8)

It indicated the compressibility of pow-
der or granules. Powder or granules which have
smaller the Carr’s index value it has good com-
pressibility.

Consolidation Flow
Index (%)
5-15 Excellent
12-16 Good
18-21 Fair to passable
23-35 Poor
33-38 Very poor
>40 Very very poor

Angle of repose (9)

Angle of repose was used to measure
the flow properties. Angle of repose was mea-
sured by fixed funnel method of Banker and An-
derson.

tan 6 =

2l

Where

8 = Angle of repose

h = height of pile

r = Radius of the base of the pile

Drug content (9)

Drug content was measured by dissolv-
ing the 10 mg of granules in 10 ml methanol
and the solution was filtered and 1 ml filtrate
was diluted with suitable dissolution medium.
The diluted sample absorbance was measured
at 210 nm using UV-Visible spectrophotometer.
The results were given in the Table-3.

In-vitro Dissolution studies of immediate re-
lease granules (9)

Immediate release granules dissolu-
tion studies were carried out by using USP I
dissolution apparatus (Dissolution model: 8
VDA). The test was carried out by taking gran-
ules equivalent 25 mg drug and performed in
three different dissolution media like 0.1 N HCI,
pH 7.4 phosphate buffer and pH 6.8 phosphate
buffer. Test was conducted by taking 900 ml of
dissolution medium at a temp. 37+ 0.5°C for 2
h and paddles were rotated at a speed of 75

Sreelatha et al



Current Trends in Biotechnology and Pharmacy

2285

Vol. 19(2) 2282-2293, April 2025, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2025.2.15

rpm. A sample of 5 ml dissolution medium was
withdrawn at predetermined time interval (5,
10, 15, 30, 45, 60, 90 and 120 min). Samples
were suitably diluted and analyzed UV-Visible
spectrophotometer at 210 nm. Three trails were
done and mean % drug release was calculated.

Preparation of pulsincaps

Solubility modification of hard gelatin cap-
sules (10)

About 200 capsules of ‘0’ size were tak-
en. Bodies and caps were separated. The sepa-
rated bodies were kept on the wire mesh placed
in the desiccator which contained 25 ml of 37%
v/v formaldehyde. To this a pinch of potassium
permanganate was added and the desiccator
was tightly closed. The bodies were exposed
to formaldehyde vapours until proper solubility
was achieved. Then the bodies were dried at
room temp for 24 h to remove the excess form-
aldehyde. After drying the treated bodies were
joined with untreated caps and kept in the poly
bags for future use.

Evaluation of treated bodies (11)

Qualitative Analysis for formaldehyde con-
tent

Preparation of formaldehyde standard solu-
tion

Suitable volume of formaldehyde was
diluted with water to get 20 pyg/mL concentra-
tion.

Table 2: Different formulations of Hydrogel plugs

Preparation of test sample

Twenty five treated bodies were taken
and cut into small pieces and dissolved in 40 ml
of distilled water by stirring with magnetic stirrer
for 1 h to get excess amount of formaldehyde.
Then the solution was filtered and volume made
up to 50 ml with distilled water.

Procedure for testing the concentration of
Formaldehyde

One ml of test solution was taken, to
this 4 ml of distilled water and 5 ml of 99.5% v/v
acetyl acetone were added. Then this solution
was heated for 40 min at 40°C. At the same time
1 ml of standard formaldehyde was treated in
the same manner taken as reference. Then the
two solutions, i.e., test and reference samples
were compared for color intensity. The color of
the test sample was not more intensive than the
reference sample.

Preparation of hydrogel plugs (12)

Two polymers like Metalose 90SH
4000, Sodium Carboxy Methyl Cellulose were
initially selected for the preparation of hydrogel
plugs which were swellable polymers. The poly-
mers were taken in two different Drug: Polymer
ratios, i.e., 1:2 and 1:3 and these polymers were
mixed with two diluents MCC and DCP. To this
magnesium stearate and Aerosil were added to
increase the flow properties of powder and it was
directly compressed with 6 mm flat round punch-
es in punching machine. Different formulations
of hydrogel plugs were given in the Table 2.

Ingredients | Metalose |Sodium | MCC | DCP | Aerosil | Magnesium Total Wt
mg/ Plug 90 SH 4000 | CMC stearate Ofi plug mg
MMC1 50 48 1 1 100
MDC2 50 48 1 1 100
MMC3 75 23 1 1 100
MDC4 75 23 1 1 100
CMC5 50 48 1 1 100
CDC6 50 48 1 1 100
CMC7 75 23 1 1 100
CDC8 75 23 1 1 100
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Physicochemical characterization of Hydro-
gel plugs (13)

Weight variation

Twenty hydrogel plugs were taken and
test was conducted according to IP standard
procedure.

Thickness

Hydrogel plugs thickness was mea-
sured by using vernier calipers.

Hardness test

Monsanto’s hardness tester was used
to measure the hardness of plugs. It was ex-
pressed in kg/cm?.

Preparation of pulsicapsules (14)

Treated bodies and untreated caps of
the ‘0’ size capsules were taken for filling. Imme-
diate release core granules formula MCM5 was
optimized for the preparation of Miglitol pulsi-
capsules. Then the pulsicapsules were assem-
bled inside the treated bodies with three doses
of optimized core granules and each dose was
separated by hydrogel plug then closed with
untreated caps. The assembled pulsicapsules
contained three doses of Miglitol granules and
two hydrogel plugs.

In-vitro dissolution studies of pulsicapsules
(15)

Dissolution studies were carried out by
using USP Il apparatus. Here three dissolution
media were used to simulate the pH changes
along the Gl tract.

Acid stage

Stomach has acidic pH this was main-
tained by using 0.1N HCI (900 ml) for first 2 h
because it is average gastric emptying time.
Then the acid was removed and refilled with
phosphate buffer.

Buffer stage

After gastric emptying the contents

were goes into intestine which having the basic
pH. Then pH 7.4 phosphate buffer (900 ml) was
used for next 3 h transit time of small intestine.
After 3 h 7.4 buffer was replaced with pH 6.8
phosphate buffer to maintain the colonic pH for
remaining 13 h. Paddles were rotated at 75 rpm
and temperature was maintained at 37+0.5°C.
5 ml of sample was withdrawn from the dissolu-
tion basket and replaced with the same volume
with respective dissolution medium to maintain
the sink conditions. Samples were analyzed at
210 nm by using UV-Visible spectrophotometer.

Stability studies (16)

Stability studies were conducted to pre-
dict the shelf life of a product. The optimized
formula was exposed to different conditions in
stability chamber and analyzed for appearance,
drug content and in-vitro dissolution drug re-
lease. The obtained results were compared with
initial month results.

Results and Discussion

Flow properties of immediate release gran-
ules:

All prepared granules were uniform in
size and flow properties of core granules of six
formulations indicated that the granules were
free flowing and drug content in the range of
99.26 + 0.82 to 99.85 £ 0.11 and results were
given in the Table 3.

In-vitro Dissolution studies of immediate re-
lease granules:

Three different dissolution media was
used in these studies. Different concentrations
of crospovidone results in significant increase
in drug release profile. The formulation MCM1
without crospovidone showed less % drug re-
lease and MCM2-MCM4 formulation released
the less % of drug than MCM5 and MCM6 be-
cause it contains low amount of superdisinte-
grant. The formulation MCM6 drug release was
completed within one hour due to high amount
of superdisintegrant. Hence MCM5 was opti-
mized based on the flow properties, drug con-
tent and drug release profile. The results were
given in the Tables 4, 5 & 6 and Figures 1, 2 &3.
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Table 3: Flow properties of immediate release core granules:

2287

Formulation | Bulk density | Tapped Compressibility | Hauser’s | Angle ofi | Drug
Code (g/cm?) density Index (%) ratio repose (') | Content (%)
(g/ml)
MSM1 0.623+0.05 | 0.698+0.02 10.32+0.06 1.11+£0.05 |24.39+0.11 | 99.81+0.34
MSM2 0.634+0.03 0.704+0.05 10.78+0.05 1.12+0.07 | 24.1740.81 | 99.32+0.17
MSM3 0.627+0.02 | 0.715+0.06 10.67+0.01 1.10£0.04 | 25.19+0.05 | 99.26+0.82
MSM4 0.642+0.04 0.745+0.03 10.45+0.04 1.12+0.03 | 27.0340.11 | 99.88+0.21
MSM5 0.639+0.01 0.759+0.02 9.78+0.04 1.10+0.05 24.08+0.45 | 99.95+0.11
MSM6 0.645+0.06 0.773+0.08 10.05+0.07 1.09+0.02 24.11+£0.87 | 99.83+0.56
All values were expressed meanzts.d., n=5
Table 4: The in vitro drug release profile for immediate release granules in 0.1N HCI
Time Cumulative% Drug Release*
MCM1 MCM2 MCM3 MCM4 MCM5 MCM6
(min)
0 0 0 0 0 0 0
15 17.461£0.87 | 23.42+0.93 | 27.97+0.23 | 35.44+0.56 | 38.87+0.51 | 46.031£0.73
30 36.98+0.56 | 46.98+0.47 | 45.76£0.96 | 58.09+0.71 | 57.96+£0.37 | 79.8310.27
45 52.44+0.43 | 56.65+0.63 | 78.41+0.57 | 73.87+0.23 | 72.98+0.34 | 86.78+0.41
60 74.83+0.87 | 78.64+0.43 | 81.23+0.47 | 85.34+0.63 | 83.88+0.75 | 98.9810.67
90 82.341+0.56 | 84.86+0.95 | 88.75+0.68 | 92.87+0.61 | 95.37+0.56
120 88.67+0.34 | 91.66+0.95 | 93.77+0.98 | 95.98+0.23 | 99.73+0.17
All values were expressed as meants.d., n=3
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Fig.1: Comparative %drug release profile for immediate release granules of MCM1-MCM®6 in 0.1N HCI
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Table 5: The in-vitro drug release profile for immediate release granules in pH 7.4iPhosphateiBuffer

2288

Time Cumulative % Drug Release*
(Min) MCMA1 MCM2 MCM3 MCM4 MCM5 MCMé6
0 0 0 0 0 0 0
15 17.06+£0.98 | 25.45+0.86 | 29.78+0.12 | 33.64+0.76 | 37.56+0.45 | 45.68+0.98
30 38.98+0.56 | 48.07+0.37 | 51.87+0.34 | 54.79+0.47 | 68.97+0.65 | 76.95+0.56
45 49.98+0.47 | 73.67%0.61 74.67+0.76 | 78.05+0.36 | 82.45+0.72 | 85.03+0.52
60 67.57+0.34 | 80.01+0.65 | 83.75+0.58 | 86.98+0.86 | 89.92+0.73 | 97.98+0.41
90 84.23+0.68 | 86.96+0.55 | 89.45+0.43 |91.09+0.62 | 93.45+0.45
120 | 86.76+0.23 | 91.97+0.78 | 95.78+0.94 | 96.98+0.89 | 99.67+0.91
All values were expressed as meanzts.d., n=3
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Fig.2: Comparative % drug release profile for immediate release granules of MCM1-MCMG6 in pH
7.4iPhosphateiBuffer

Table 6: The in-vitro drug release profile forimmediate release granules in pH 6.8 Phosphate Buffer

Time Cumulative % Drug Release*

(min) MCM1 MCM2 MCM3 MCM4 MCM5 MCM6
0 0 0 0 0 0 0
15 15.34+0.97 | 23.45+0.65 | 23.32+0.56 | 37.43%0.42 39.35+0.73 46.45+0.13
30 35.57+0.56 | 46.63+0.74 | 48.65+0.53 | 55.01+0.35 60.67+0.21 69.98+0.25
45 | 57.43+0.34 | 69.23+0.38 | 70.12+0.68 | 78.09+0.64 81.45+0.16 87.75+0.34
60 72.98+0.57 | 75.98+0.55 | 79.65+0.24 | 85.54+0.24 87.23+0.27 98.95+0.15
90 85.67+0.97 | 81.12+0.69 | 85.89+0.67 | 90.45+0.81 93.45+0.76
120 | 87.12+0.97 | 93.02+0.85 | 94.56+0.62 | 95.32+0.36 99.87+0.13

All values were expressed meants.d., n=3
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Fig.3: Comparative %drug release profile for immediate release granules of MCM1-MCM®6 in pH

6.8iPhosphateiBuffer
Post compression characterization of hy-

drogel plugs:

Hydrogel plugs were evaluated for post
compression parameters like weight variation,

Table 7: Evaluation ofihydrogeliplugs

thickness and hardness. This ranges from 98.89
+1.15 to 101.1£0.02, 3.41+0.45 to 3.45+0.78
and 4.1+0.05 to 4.71£0.01 respectively. The re-
sults were given in the Table 7.

Hydrogel plug Weight variation Thickness Hardness Lag time* (h)

code (mg) (mm) (kg/cm?)

MMCA1 100+0.75 3.45+0.08 4.5+0.02 2.30
MDC2 99+0.98 3.42+0.78 4.3+0.01 2.45
MMC3 100+0.23 3.44+0.45 4.2+0.02 3.45
MDC4 98.89 +1.15 3.45+0.78 4.7+0.01 4.15
CMC5 101.1£0.02 3.42+0.78 4.1+0.05 4.45
CDC6 100+0.23 3.41+0.91 4.3+0.98 5.15
CMC7 100+0.54 3.41+£0.45 4.5+0.01 5.45
CDC8 99.5+0.65 3.42+0.91 4.7+0.01 6.00

All values were expressed as meanzts.d., n=6
*All values were expressed as meanzs.d., n=3
Pulsincaps In-vitro dissolution studies:

Dissolution studies revealed that there
is no effect of dissolution media on drug release.

with two different polymers in two ratios 1:2, 1:3
and two diluents were used i.e., MCC which is
a hydrophilic in nature, and another one is DCP
which is hydrophobic in nature.

All prepared pulsicapsules shown the
desired drug release in 0.1N HCI for first 2 h,
nearly 100% release which was first pulse.

All these 8 pulsincaps were prepared

Chronomodulated therapy for the treatment of type ii diabetics by using a-glucosidasel inhibitor
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The formulations MMC1, MDC2, MMC3,
MDC4 pulsicapsules prepared with Metalose 90
SH 4000 as hydrogel plug shows minimum lag
time of 2 h 30 min and maximum lag time of 4 h
15 min. In these formulations the second pulse
starts 6 h 30 min which is not desirable.

Formulations CMCS5, CDC6, CMC7,
and CDCS8 prepared with sodium carboxy meth-
yl cellulose as hydrogel plug shown maximum
lag time of 6 h, which was a predetermined lag
time. CDCS8 formulation was optimized because
of its predetermined lag time of 6 h. CDC8 for-
mulation contains 1:3 ratio of drug: polymer and
DCP as diluents. Its maximum drug release of
99.79% in first pulse which was rapid, the sec-
ond pulse release was started at 8" h (98.97%)

and third pulse release was started at 16" h
(99.87%). Hence the formulation CDC8 was se-
lected for stability studies.

During the in-vitro studies it was ob-
served that the cap was dissolved within 5 min
and first dose was released initially and rapidly
then hydrogel plug was exposed to dissolution
medium and absorbs the surrounding medium
to get wetted and converted into soft mass,
ejected from the capsule body and release the
second pulse and same procedure was ob-
served for release of third pulse. The formation
of soft mass of hydrogel depends on its nature
and amount of polymer and nature of diluents
used. The results were given in the Tables 8, 9
and 7 & Figures 4 and 5.

Table 8: The in vitro drug release profiles of pulsincaps formulations Metalose 90 SH 4000.

Time(h) | Cumulative % drug release*

Buffer Formulation code
MMC1 MDC2 MMC3 MMD4
0 0 0 0 0

0.4 N HCI 38.87+0.27  |35.98+0.24 31.09+0.45 36.76+0.57

0.15 57.96+0.98  |49.34+0.46 48.87+0.65 51.97+0.34

0.30 72.98+0.67  |71.29+0.89 60.88+0.45 68.34+0.75

?‘45 83.88+0.56 | 85.93+0.32 85.83+0.56 81.08+0.72

2 99.37+0.43  |99.23+0.78 99.23+0.82 99.45+0.21

pH7.4 3 0 0 0 0

phosphate 0 0 0 0

buffer

g 37.56+0.89  |20.78+0.98 0 0

pH 6.8 6 82.92+0.45 64.96+1.22 15.47+2.42 0

phosphate 0 99.01+0.98 65.2412.34 35.76+2.34

?“ﬁer 0 0 99.45+0.43 66.350.76

8 0 0 0 0

9 40.67+2.45  |22.34+1.09 0 0

10 81.89+0.34  |65.92+0.56 0 0

o 99.57£053.  |2645¢1.56 |0

13 63.45+1.09 37.97+1.45
14 78.9+0.21 69.99+0.21
14.15 98.97+0.98 76.98+0.56
14.30 87.90+0.78
14.45 98.68+0.96

Allivaluesiwereiexpressedias meants.d., n=3
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Fig.4: Cumulative % drug release profile of Miglitol pulsicapsules formulations MMC1, MDC2,
MMC3, MDC4.

Table 9: The in-vitro drug release profile of pulsicapsule of formulations sodium carboxy methylcellulose

Buffer Time (h) Cumulative % drug release*
Formulation code
CMC5 CDC6 cmMmc7 CcDC8
0.00 0 0 0 0
0.1 N HCl 0.15 21.3440.78 19.99+1.22 23.45+0.89 22.98+0.55
0.30 43.57+0.57 35.78+0.76 36.7840.23 46.56+0.45
0.45 67.89+0.97 57.89+3.67 57.9040.76 59.86+0,23
1.00 76.86+0.45 83.55+0.89 85.78+0.64 87.09+0.87
2.00 97.98+1.57 98.68+0.65 96.89+3.46 97.90+£1.75
pH 7.4 3.00 0 0 0 0
phosphate 4.00 0 0 0 0
buffer 5.00 0 0 0 0
pH 6.8 6.00 0 0 0 0
phosphate 7.00 20.98+1.55 0 0 0
8.00 71.90+0.33 56.09+0.21 21.98+0.41 0
buffer 9.00 98.59+0.67 86.75+2.45 67.93+0.96 57.67+0.72
10 .00 0 0 97.01+2.67 97.87+0.92
11.00 0 0 0 0
12.00 0 0 0 0
13.00 0 0 0 0
14.00 0 0 0 0
15.00 59.80+0.44 21.98+0.67 0 0
16.00 85.86+0.24 66.68+0.21 22.09+0.67 0
17.00 99.01+0.05 65.67+0.98 65.89+0.56
18.00 99.87+0.23

*All values are expressed as Mean + SD, n=3
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Fig.5: Cumulative % drug release profiles of miglitol pulsicapsules CMC5, CDC6, CMC7, and CDCS8.

Stability studies:

The optimized formulation CDC8 was
subjected to accelerated stability studies at
25+2° C/60+5% RH, 40+2° C/741+5% RH for 6
months and monitored the appearance, drug
content and in-vitro drug release profile. The
stored formulation tested after 3 months and 6

months for appearance, drug content and in-vi-
tro profile. There were no note-worthy chang-
es in appearance. Based on the statistical data
analysis the t-test value was found to be -2.49
which indicate there was no significant chang-
es in drug content and in-vitro profile up to six
months. The results were given in the Table 10
and Fig.6

Table 10: Stability studies data for optimized formulation CDC8 before and after storage

Test Initial Storage conditions
25+2°C/60%£5% RH 40+2°C/74+5%RH
3 months 6 months 3 months 6 months
Description Complies |Complies Complies Complies Complies
Drug content|99.98+0.2 |100.03+0.3 99.42+4 .13 99.28+2.25 99.11+£1.23
(%)

All values were expressed as meanzs.d., n=6.
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Fig.6: Comparative dissolution profiles of opti-
mized formulationCDC8 before

And after storage at 25+2°C/60+5%
40+2°C/74+5%RH

RH,

Conclusion:

From the present studies it can
be concluded that the prepared Miglitol pul-
sicapsules has displayed promising in vitro
characteristics. This will provide an ideal dos-
age regimen to reduce the dose frequency and
drug toxicity with more patient compliance. The
CDCS8 (optimized formulation) has the good re-
lease profile up to 18 h with predetermined lag
time of 6 h. Thus, the Optimized formulation can
be considered as one of the promising prepara-
tions to control the postprandial glucose level in
type-ll diabetes.
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Abstract

The aim of this study was to design Ri-
tonavir loaded controlled-release matrix tablet
(CRMT) for the treatment against Human im-
munodeficiency virus, with an emphasis on the
drug’s pharmacokinetic and physicochemical
characteristics for enhanced therapeutic effica-
cy and decreased gastrointestinal side effects.
The tablet was prepared by using rate-con-
trolling polymers like Hydroxy-propyl methyl
cellulose (HPMC) K4M and xanthan gum by di-
rect compression method. Formulation batches
F1-F9 were developed, optimized using 32 full
factorial design and evaluated for pre and post
compressional studies. Drug-excipients studies
were performed by IR spectra and DSC ther-
mogram. All batches of powder blends were
evaluated for particle size, angle of repose, bulk
density, tapped density, % Compressibility index
and Hausner'’s ratio. The prepared tablets were
characterized for Weight variation, Hardness,
Thickness, Friability, % Drug content, % Swell-
ing index and In-vitro cumulative drug release
study up to12h. Analysis of variance was used
to handle acquired data for statistical analysis.
In conclusion, maximum drug release 96.29%
and swelling index 81.29+0.09%, was observed
in F9, after 12 h of studies and found stable un-
der short term stability study as per ICH guide-
line. The article developed a potential scope in
reducing the dose-dependent gastrointestinal
toxicity of ritonavir with fewer side effect and a
hope in future.

Keywords: Ritonavir, Matrix tablet, Hy-
droxy-propyl methyl cellulose, Controlled re-
lease tablet, Human immunodeficiency virus
protease

Introduction

Tablet is the preferred way to provide
medications orally, which have advantages
including precise dosing, ease of use, patient
compliance, cost effective, and extended shelf
life (1). Present work aimed development of
controlled release tablet to reduce dose-depen-
dent adverse effects and optimize therapeutic
benefits. In comparison to traditional delivery
systems, matrix-controlled release has shown
benefits include longer drug half-lives and en-
hanced effectiveness, lower toxicity, and better
patient comfort. Drug release from a porous
monolithic matrix involves the simultaneous
penetration of surrounding liquid, dissolution of
drug and leaching out of the drug through tortu-
ous interstitial channels and pores (2). Ritona-
vir, is a Protease inhibitor, inhibits cytochrome
P450-3A4 and used to treat HIV/AIDS was
selected as suitable candidate for the present
work due to suitable biological half- life of ~3-5
h. Literature revealed that the high inter-individ-
ual variability in pharmacokinetics was reported
with greater than six-fold variability in through
concentrations among patients given 600 mg
ritonavir every 12 h (3). An approach of devel-
oping CRMT of ritonavir to reduce its daily dose
frequency and gastrointestinal side effects in
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higher dose. For this 300 mg tablet was aimed
to develop by direct compression method. The
release rate of drug was controlled by using
optimized concentration of natural polymers
HPMC K4M and xanthan gum by diffusion or
dissolution method. Hydrophilic polymer matrix
system is widely used for designing oral con-
trolled release delivery systems for long dura-
tion towards site of action, because of their flex-
ibility to provide a desirable drug release profile,
cost effectiveness, and a broad regulatory ac-
ceptance (4,5).

Materials and Methods

Ritonavir was received as a gift sample
from Cipla Pt. Ltd. Goa. Xanthan gum, Avicel
PH 101, Talc, Magnesium stearate, HPMC K4M
were obtained as gift samples by blue cross lab-
oratory, Nashik. The analytical grade chemicals
and all other reagents used for the assessment
were provided by Research-Lab Fine Chem
Mumbai. Freshly prepared distilled water is
used throughout the work.

Preformulation study
Physical characteristics

The drug ritonavir was studied visually
for organoleptic characteristics such as colour,
Odor and appearance. Melting point of drug was
determined by glass capillary method whose
one end was sealed and kept in melting point
apparatus.

Determination of solubility

Accurately weight 5 mg ritonavir was
added to 10 ml of different solvents like Distilled
water, Methanol, Ethanol, Dimethyl formamide,
Di methyl-sulfoxide, Phosphate buffer (PB) (pH
6.8, 7.4 and 7.8) solution in the 10 ml volumetric
flask and kept aside for 24 h. After 24 h solu-
tions were diluted suitably and filtered through
Whatman filter paper. The drug content was
analysed by UV spectrophotometric method in
triplicate using equation as follows-

Solubility (mg/ml) = Initial - Final concentration
of drug

Loss on drying (LOD)

Weighed1gm of the drug in weighing bottle and
kept in the hot air oven at 105° C for 2 h and
after allowed it to cool. Weighed the contents
and the bottle and %LOD was calculated (n=3)
as follows-

Initial weight— final weight

% LOD = X 100

Initial weight

Identification of drug

The drug was identified by IR spectra
and Differential scanning calorimetry (DSC)
methods. Potassium bromide pellet technique
was used in the Shimadzu instrument at fre-
quency range of 500-4000 cm™ with scanning
speed of 4.0 cm-1 and the graph was record-
ed. For DSC (STAR*SW 12.10 instrument), a
weighted sample was placed in a crucible and
thermogram was recorded at scanning rate of
10°C per min and at 40-150°C.

Quantitative estimation of drug

The UV was used for estimation of the
drug by UV-2400 PC series, Shimadzu, Japan,
in the present study. The drug concentration
was estimated (n=3), in the range 10-50ug/ml in
PB pH 7.4 and ethanol mixture (10:1) [PBE mix-
ture]. All aliquots were scanned from 200-400
nm to obtain the value of maximum wavelength
and calibration curve was prepared (6).

Drug—excipients compatibility study

Physical mixture of drug and polymers
(HPMC K4M and Xanthan gum) was prepared
by kneading method in 1:1 molar ratio. All sam-
ple was stored and analysed by FTIR and DSC
method.

Formulation and development of CRMT

Optimization of polymer concentration by 32
full factorial Design

For the present work 32 full factorial
design selected over 2 factors were evaluated
at three possible level (-1, 0, 1) using release
retardant polymers HPMC K4M (X)) in concen-
tration 20, 30, 40 mg and Xanthan gum (X,) in
concentration 30, 40, 50 mg as independent
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variable, in 9 batches and % Swelling index (Y)
was studied for each as dependant variable up
to 12 h (7).

Precompression studies

All batches of polymer were mixed with
another excipient to develop CR matrix powder
blend and analyzed for different parameters.

Mean pParticle size determination

Mean vesicle size of prepared formula-
tions F1-F9 was observed by a calibrated elec-
tron optical microscope Olympus, India (8). Di-
lute suspension of all formulation was prepared
separately and one drop from each sample was
spread on slide; a cover slip was placed over it
and observed. The arithmetic mean was deter-
mined by following equations. Where, n is the
total number of particles counted and d is pro-
jected diameter.

Arithmetic mean = Ynd/ Yn
Bulk and Tapped density

All formulation F1-F9 was evaluated for
Bulk density by placing the powder blend in a
measuring cylinder of bulk density apparatus
and Tapped density was calculated by three
tap method and calculated by using the formula
(n=3) and reported.

Bulk density =(Total weight of powder/granules)
(total volume of powder/granules)

Tapped density = (Total weight of powder/granules)
(Tapped volume of powder/granules)

Compressibility index (Cl) and Hausner’s ra-
tio

Cl was determined by placing the
powder formulation F1-F9 each in a measuring
cylinder and the volume (VO) was noted before
tapping. After compression again volume (V)
was noticed and calculated by follows below
equations. Hausner'’s is the ratio of tapped den-
sity to bulk density.

Cl = (1-V)
VO

=(Tapped density)
(Bulk density)

X100

Hausner’s ratio

Angle of repose (6)

Powder of each formulation F1-F9 was
placed in the funnel separately and allowed to
flow freely. With the help of vernier callipers the
height and radius of the heap were measured
and noted in triplicate reading and calculated by
formula as follows-

tan 6 = h /r, Where h = height of heap, r = radius of heap
Method of preparation of CRMT

All the ingredients of F1-F9were
weighed accurately and passed through sieve
no. 120 and blended thoroughly to obtain uni-
form mixing and tablets were prepared by direct
compression method (9). The machine was ad-
justed to produce an approximate weight of 300
mg tablet and stored for further study in Table 1.

Evaluation of prepared CRMT
weight variation

Twenty tablets were taken from each
formulation and weighed individually. Average
weight was calculated as per I.P. (n=3).

Thickness test

Prepared tablets were evaluated for
their thickness using a Bernier calliper in milli-
metre. Average of three readings were taken
and the results were tabulated (n = 3).

Hardness test

All formulations CR tablets were eval-
uated for their hardness using Pfizer hardness
tester as per I.P. Average of three reading were
taken and tabulated (n = 3).

Friability test

Twenty tablets of each batch were
weighed initially (W1) and put it into friability test
apparatus by keeping rotation speed of 25 rpm
for 4 minutes. Then weighed again after 4 min-
utes (W2) and % friability has been calculated in
triplicate as follows (10)-

% friability =(W1-W2)X 100
W1
Drug content
From each formulation three random-
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ly selected tablets were weighed accurately
and powdered equivalent to 10 mg of drug.
Dissolved by shaking and diluted suitably using
PBE mixture into 10 ml volumetric flask. Then,
filtered and analysed by UV method against
PBE as blank. Averages of triplicate readings
were taken and calculated (11).
Percentage swelling index

Three tablets from each formulation
were weighed individually (W1) and immersed
in a Petri dish containing PB pH 7.4 for pre-
determined times (15min, 30min,1h, 2h, up to
12h). After immersion tablets were wiped off the
excess surface water and weighed after hydra-
tion (W2). The % swelling index was calculated
in triplicate (12).
% Swelling Index = (W2-W1)

W2

In-vitro % cumulative drug release study

X100

The drug release profile was studied
for each formulation using USP dissolution test-
ing apparatus Il using a paddle at 50 rpm with
900 ml PB pH 7.4 at 37+0.5°C. Aliquots of 10
ml were withdrawn at 15 min, 30 min, 1h, 2h,
up to 12h respectively and the same volume
was replaced with PB pH 7.4. The drug content
was analysed by spectrophotometrically. The %
cumulative drug release was calculated using
calibration curve at 239nm (n=3). The data were
studies for different kinetic models (13, 14, 15).

Physical stability study

A protocol of stability study was carried
out on optimized formulation for short term sta-
bility study conditions at refrigeration tempera-
ture (4+2)°C, room temperature (25+2)°C and
40°C, 75% RH as per ICH guidelines for a peri-
od of 3 months. After every month time interval
physical appearance and residual drug content
was determined and reported in triplicate (16).

Results and Discussion

Preformulation studies showed that ri-
tonavir is the off whitish amorphous, odourless,
bitter metallic taste powder and has average
melting point of 127°C. The drug is found sol-

uble in ethanol, Dimethyl formamide, Di meth-
yl-sulfoxide, insoluble in distilled water and
sparingly soluble in buffer solutions. The ob-
served % Loss on drying for drug was 0.02 %
w/w within the I.P. limit. Drug showed maximum
absorbance at 239nm in PBE mixture in con-
centration range of 10-50ug/ml, r2 =0.9998 and
Slope y = 0.0162x, that followed Beer-Lambert’s
law shown in Figure 1.

Calibration curve of ritonavirin pH 7.4
0.9
0.8

0.7

Absorbance

0.6 y =0.0162x

2 _
05 R?=0.9998
04
03

0 10 20 30 40 50
60

Figure 1: Calibration curve of Ritonavir

Identification and drug—excipients com-
patibility study (1:1Molar) was carried out by IR
and DSC methods. As a result, drug was found
no significant interactions with natural polymers
used under study. The IR study showed ab-
sorption frequencies (cm™) of common peaks
includes; N-H stretching of amines at 3357.3,
O-H stretching of aliphatic primary amines at
3330.91, C-H stretching of alkene (3098.88),
C-H stretching of alkane (2964.47), C=0 stretch-
ing of unsaturated ester (1714.67), C=C stretch-
ing of conjugated alkane (1620), N-O stretching
of nitro compound (1523.57), C-O stretching
of alkyl aryl ester (1235.59), C=C bending of
alkene (703.20) (17). The DSC thermogram of
drug and its physical mixture with selected poly-
mers exhibited little or no change in enthalpy
value and found compatible with excipients. For
preparing powder blends of selected polymers
optimization of different concentration was done
by 32 full factorial design in nine batches and
% swelling index were calculated and reported
(n=3) as shown in Table 1.
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Table 1: Optimization by 32 full factorial design

Batch HPMC K4 M (X1) Xanthan Gum (X2) % SV\(lemIIG::gilgge)zx ¥)
1 20 (-1) 30 (-1) 48.31+0.37
2 20 (-1) 40 (0) 56.82+0.91
3 20 (-1) 50 (1) 71.54+0.10
4 30 (0) 30 (-1) 51.74+0.22
5 30 (0) 40 (0) 63.28+0.54
6 30 (0) 50 (1) 77.65+0.77
7 40 (1) 30 (-1) 54.36+0.36
8 40 (1) 40 (0) 68.34+0.06
9 40 (1) 50 (1) 81.29+0.09
All 9 batches were evaluated and as @, 152 ~2.03 x,x 10 + 1.83x.2 + 3.45 x 102

result second order polynomial equation was
derived from equation y = b +b, +x,+b,x,+b x>
+b,x,? +b, x,x?>, where y is the response (%
Swelling index at 2 h). The average results of
changing one variable at a time from its low to
high value showed by main effect (x,, x,) and
interaction (x,x,) showed the response chang-
es with combined effect of variables. The coef-
ficients corresponding to linear effects (b,, b,),
interaction (b,) and quadrate effect (b,, b,) were
determined from the results of the study. The

x,2—1. 67xx]x102 wherevaluesofb b, b,

b b, and b, were 0.05214, -0.00065, -0. 00429
0. 00176 O 00951and -0.01287 respectively.
Before compression powder bed of all formu-
lations were studied for various rheological
characteristics like Particle size, bulk density,
tapped density, compressibility index, Haus-
ner’s ratio and angle of repose shown in Table
2. The results of the studies indicated that the
powder bed is easily compressible, and hence
can be compressed into a compact mass of tab-

fitted equation for response was: Y = [6.1-5.98 let.
Table 2: Pre-compressional studies
Formulation | Mean Particle | Angle of Bulk density | Tapped den- | Compressibility | Hausner’s
code size (um, repose(B) (gm/cm3) sity (gm/cm,® | index (%) ratio
MeanSD) (Meanz SD) | (Meant SD) | Meant SD) | (Meanz SD) (Meanz SD)
F1 98.3+0.12 24.23+0.61 0.31+0.27 0.46+0.42 15.62+0.50 1.20+0.04
F2 102.1+0.36 31.52+0.32 | 0.38+0.04 0.42+0.65 15.90+0.42 1.35+0.46
F3 108.2+0.53 27.17+0.27 | 0.34+0.90 0.44+0.12 18.62+0.97 1.71£0.95
F4 96.4+0.31 28.76+0.38 | 0.37+0.12 0.43+0.08 13.83+0.32 1.15+0.74
F5 106.7+0.22 27.72+0.97 | 0.34+0.95 0.49+0.32 15.48+0.70 1.2610.61
F6 104.8+0.13 28.56+0.41 0.40+0.71 0.47+0.09 13.79+0.93 1.3910.81
F7 94.5+0.64 28.39+0.93 | 0.39+0.73 0.46+0.18 14.65+0.58 1.20+0.08
F8 103.9+0.54 27.41+0.96 | 0.35%0.15 0.41+0.34 19.45+0.22 1.2310.41
F9 97.6+0.09 28.57+0.88 | 0.37+0.43 0.44+0.94 15.12+0.73 1.14+0.46

Evaluated powder blend of each
formulation were directly compressed on 10

station rotary pilot press punching machine to
obtained maintenance dose of 300mg as per
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the composition shown in Table 3. The formu-
lated CRMT F1-F9 were evaluated for different
parameters. The observed values for weight
variation (297+0.29 to 303+0.52 mg), Thick-
ness (4.27+0.92 to 4.39+0.55mm), hardness
(3.6410.18 to 4.69+0.23 kg/cm?), % Friability
(0.27+0.68 to 0.35+0.46), and % Drug content
(85.42+0.81 to 95.18+0.52) was found. The
% swelling index is the water uptake nature of

Table 3: Composition of formulation

the polymer properties that affect the onset of
swelling. Study was carried out for all formula-
tions F1-F9 tablet for a period for 12 h. It was
observed that swelling has been increases with
increase in amount of HPMC K4M and xanthan
gum. Maximum swelling was attained at 12 h.
The following order of swelling was ascertained
F9 >F6 >F3 >F8 >F5 >F2 >F7 >F4 >F1 resulted
in Table 4.

Ingredients (mg) F1 F2 F3 F4 F5 F6 F7 F8 F9
Ritonavir 100 100 100 100 100 100 100 100 100
HPMC K4M 20 20 20 30 30 30 40 40 40
Xanthan Gum 30 40 50 30 40 50 30 40 50
Avicel PH 101 144 131 124 137 124 114 124 114 104
Magnesium stearate 3 3 3 3 3 3 3 3 3
Talc 3 3 3 3 3 3 3 3 3
Total 300 300 300 300 300 300 300 300 300
Table 4: Evaluation of prepared Tablets
Thickness Friabilit : . % Swellin
il i N A el e B
code (Meant SD) SD) - (Meanz SD) | (Meant SD) -
F1 4.42+0.55 4.32+0.23 | 0.32+0.12 302+0.62 | 89.29+0.47 | 48.31+0.37
F2 4.6910.23 4.284+0.76 | 0.29+0.52 298+0.14 | 93.61+0.56 | 56.82+0.91
F3 4.79+0.09 4.36+0.14 | 0.35+0.46 | 302+0.55 | 88.52+0.19 | 71.54+0.10
F4 3.94+0.43 4.39+£0.55 | 0.31+0.38 | 302+0.67 | 90.06+0.36 | 51.74+0.22
F5 4.10+£0.92 4.27+0.92 | 0.29+0.47 | 297+0.29 | 91.65+0.72 | 63.28+0.54
F6 3.78+0.87 4.36+0.09 | 0.28+0.11 298+0.81 87.22+0.41 | 77.65+0.77
F7 4.384+0.45 4.33£0.18 | 0.31£0.09 | 298+0.49 | 92.191+0.93 | 54.36+0.36
F8 4.41+0.29 4.294£0.79 | 0.29+0.17 | 303+0.52 | 85.42+0.81 | 68.34+0.06
F9 3.64+0.18 4.31+0.98 | 0.27+0.68 | 301+0.78 | 95.18+0.52 | 81.29+0.09

In vitro % cumulative drug release was
studied in F1-F9 using USP dissolution appara-
tus Il (using paddle) under suitable maintained
conditions for a period of 12 h. Content of drug
was analysed at 239nm by UV method. The ob-
tained data were computed graphically (Graph
A). The different kinetic models were studied
and observed that data were fitted to linearity

in zero order (r? = 2 0.995), first order (r? = 2
0.867) and Higuchi model (r? = = 0.674) showed
in graph B, C and D. Graph E represents Korse-
meyer’s Peppas released curves (r? = =2 0.90)
for all formulations and n value was found to be
= 0.5 which indicate that indicates anomalous
or non-fickian diffusion shown in Figure 2. The
drug release occurs probably by diffusion, ero-
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sion and dissolution methods through polymers.
On the basis of all studied evaluation parame-
ters F9 was selected as optimized formulation
due to maximum drug release in controlled

manner up to 12h, high swelling index. Stability 3.
study was carried out on chosen formulation F9.

It was observed that no interaction and physical
change reported and no significant decrease in
residual drug content for a period of 3 months
under short term stability study shown in Figure
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Figure 2: In Vitro % cumulative drug release (A) and Kinetic studies of cumulative drug release (B,

C, D, E) from F1-F9
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Effect of storage on % residual drug content on CRMT after 3
months

93.3
95.2
95.1

95
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54.8
94.7

% Residual drug content

Number of days
N(442)0C B(25:2)oC W (37£2)oC

Figure 3: Effect of storage on residual drug
content on CRMT after 3 months (Meant SD)

Conclusion

In conclusion, CRMT of ritonavir was success-
fully developed to release drug for prolonged
duration. The release of 15-20% of drug within
first hour could help in the maintaining of mini-
mum effective concentration quickly and avoid
the use of loading dose in the formulation.
Hence, the developed CRMT of ritonavir can be
potentially useful in clinical treatment of HIV.
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Abstract

Acetylcholinesterase (AChE) inhibition
is a well-accepted therapeutic strategy for Alz-
heimer’s disease and many categories of de-
mentia. Medicinal plants are promising sources
of useful AChE inhibitors and have been used to
treat Alzheimer’s disease by people around the
world. This investigation was carried out to as-
sess the AChE inhibitory activities of the crude
organic extracts of nine Sri Lankan medicinal
plants. Air dried, powdered samples of different
plant parts were sequentially extracted with 3
organic solvents to yield a total extract of the
individual plant part. These extracts were tested
for AChE inhibitory activity using Ellman’s assay
in 96-well microplates. Galantamine (IC,; 1.57
1+0.01 pg/ml) was used as the standard acetyl-
cholinesterase inhibitor and all the tests were
done in triplicates. Potent AChE inhibitory activ-
ities were shown by the leaf extracts of Wrightia
antidysenterica and Flueggea leucopyrus with
IC,, values of 64+0.5 pug/ml and 107+0.1 pg/ml,
respectively. Furthermore, Zingiber cylindricum
rhizome extract and Areca concinna seed ex-
tract also exhibited considerable AChE inhibi-
tory activities with I1C,; values of 189+1.4 pg/ml
and 217+1.2 pg/ml, respectively. Hence, it can
be concluded that W. antidysenterica and F. leu-
copyrus possess potent anti-cholinesterase ac-
tivity and can be used to isolate drug leads with
anti-acetylcholinesterase activity.

Keywords: Acetylcholinesterase; Wrightia an-
tidysenterica; Flueggea leucopyrus; Ellman’s
assay

Introduction

Alzheimer’'s disease is the most
prevailing neurodegenerative disease and
is becoming one of the major human mental
health concerns today. Neuronal death
and great synaptic loss in the brain regions
accountable for cognitive functions, especially
the hippocampus, the entorhinal cortex,
cerebral cortex and the ventral striatum are
the main characteristics of Alzheimer’s disease
(1). Previous research works have revealed
that the malfunction of the cholinergic system
can cause memory deficiency (2). Brains of
the affected patients with Alzheimer’s disease
had shown deterioration of acetyl-cholinergic
neurons. Enzyme acetylcholinesterase (AChE)
cause activities of cholinergic neurons to be
lessened in cerebral cortex and modification of
acetylcholinesterase activity in the parietal and
frontal cortex has a relationship with dementia
(3). Pharmacological treatment for this disease
has not yet at a satisfactory level for controlling
neurodegeneration or any other alternative.

Medicinal plants have been used to
treat neurodegenerative diseases including
Alzheimer's disease and memory related
disorders for many years in different parts of
the world (4). Converse to synthetic drugs, it
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is reported that drugs of plant origin are not
coupled with many side effects and have a vast
therapeutic potential to cure various diseases
(5). Several scientific investigations have re-
vealed the importance of medicinal plants in
the enhancement of nervous system function
(6). Therefore, numerous compounds having
potential anticholinesterase activity have been
isolated from plant families such as Arecaceae,
Apocynaceae, Zingiberaceae and Lycopodiace-
ae(6,7).

Huperzine A, a natural compound
isolated from the medicinal plant Huperzia
serrata, is a selective inhibitor of AChE.
Subsequently, Huperzine A was subjected
to extensive studies as a lead compound
for the expansion of novel effective anti-
acetylcholinesterase  medications for the
treatment of Alzheimer’s disease comparative
to those approved synthetic drugs by the
Food and Drug Association in USA, such as
galanthamine, rivastigmine and donepezil (7).

In Sri Lanka traditional physicians
prepare various medications utilizing endemic
and native medicinal plants to treat several
neurological diseases (8,9). However, only a
few research studies had been carried out in
Sri Lanka on identification of potential drugs
for Alzheimer’'s disease and no reported
compounds have been isolated as potential drug
leads for Alzheimer’s disease from plants in Sri
Lanka (10,11). In the current study, Sri Lankan
medicinal plants from seven different families,
Balsaminaceae, Arecaceae, Apocynaceae,
Zingiberaceae, Dilleniaceae, Phyllanthaceae,
and Rubiaceae were investigated for their AChE
inhibitory activity.

Materials and Methods
Sample collection

Fresh plant parts of Wrightia
antidysenterica, Impatiens repens, Zingiber
cylindricum, Dillenia retusa, Curcuma albiflora,
Phoenix pusilla, Areca concinna, Flueggea
leucopyrus and Knoxia zeylanica (leaves, stem

bark, roots and fruit) were collected from different
locations of Sri Lanka. All the plants were
authenticated by the Bandaranaike Memorial
Research Institute Herbarium, Nawinna, Sri
Lanka. The collected plant samples were
washed under running tap water, chopped and
air dried in shade for about 72 hours and then
ground into fine powders using a grinder. These
powders were stored in sealed bottles at 4 °C
until used.

Preparation of plant extracts

All the solvents used for extraction
purposes were analytical grade solvents (Sigma
Aldrich, Germany). Powdered plant parts were
extracted first with 250 ml of methanol and
the extraction was repeated with the same
volume of methanol. These extracts were
filtered with Whatman No1 filter paper. Then the
residual powder was extracted using 250 ml of
Methanol:CH,CI, 1:1 mixture and the extraction
was repeated with 250 ml of the same. Next,
the residual powder was extracted twice with
250 ml of dichloromethane. Finally, the filtrates
were combined to obtain the total extract
of each plant part. The organic solvent was
evaporated to dryness under reduced pressure
at room temperature using a rotary evaporator
(BUCHI-R-200). The obtained crude extracts
were further dried using N, gas. All the samples
were stored in sealed bottles at 4 °C until further
use.

Determining percentage yield

The masses of the powdered plant
specimen and the resulting dry crude extract
were used to calculate the percentage yield,
using the following equation (12),

Percentage Yield(%)= W, -W,x100
W

0
Where W, is the mass of the dry plant
extract and the glass bottle, W, is the mass of
the glass bottle and W/ is the mass of the dried
powder of the plant specimen.
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Reagents for ellman’s assay

5,5"-Dithio-bis(2-nitrobenzoic acid)
(DTNB), acetylthiocholine iodide (ATCI),
acetylcholinesterase type VI-S, Galantamine
were purchased from Sigma-Aldrich,
Germany. All the solvents and reagents used
were analytical grade. For the screening of
acetylcholinesterase inhibitory activity of plant
parts, plant extracts were dissolved in methanol,
to be used in modified Ellman’s assay (13, 14).

Ellman’s assay

Acetylcholinesterase was dissolved in
0.1 M phosphate buffer (pH 8.0) to prepare an
18 U/mL stock solution and it was stored at 4
°C. The stock acetylcholinesterase was diluted
to 0.3 U/mL before use. Acetylthiocholine iodide
of 6.2 mM and 5,5-dithio-bis(2-nitrobenzoic
acid) (DTNB) of 7.6 mM solutions were
prepared. Freshly prepared reagents were used
for each acetylcholinesterase inhibition assay.
Ellman’s assay was adjusted to final volume
of 240 pl in 96 well microplates. 0.3 U/mL
acetylcholinesterase (50 pl) (0.015 AChE Units),
0.1 M pH 8.0 potassium phosphate buffer (125
pl), 7.6 mM DTNB (25 pl) and crude extract/
sample dissolved in methanol (10 pl) were
used in the modified Ellman reaction mixture.
Reaction mixture was incubated for 30 min at
30 °C, and the enzymatic reaction was initiated
by adding 30 pl of 6.2 mM acetylthiocholine
iodide (ATCI). Absorbance was measured
at 412 nm in every 11 seconds for a duration
of 220 seconds (SPECTROstar Nano Plate
Reader). Enzyme inhibition was calculated as a
percentage compared to an assay with 10 pl of
methanol instead of the sample extract (SB). All
the experiments were done in triplicate. pH 8.0
potassium phosphate buffer was used as the
blank instead of acetylcholinesterase enzyme.
Galantamine was used as the positive control.

Percentage AChE inhibition was calculated by
using equation -1 (13, 14),

Percentage AChE inhibition = [(SB - S) / SB] x
100 ---------- 1

SB = variation in the absorption of the blank
sample (0 s — 220 s)

S =variation in the absorption of the test sample
extract (0 s — 220 s)

Statistical analysis

Data were analyzed using GraphPad
Prism 9 software. All the assays were carried out
in triplicates. Values were expressed as means
t+ standard deviations. IC,; (Concentration
providing 50% inhibition) values were estimated
from the plot of AChE inhibition percentage
against extract concentration.

Results and Discussion

It is well-documented that the
deterioration in mental and cognitive functions
associated with Alzheimer’s disease is due
to the depletion of cortical acetyl-cholinergic
neurotransmission. Acetylcholinesterase
inhibitory compounds inhibit or stop AChE
enzymes from cleaving acetylcholine.

Therefore, AChE inhibitors can suppress
the degradation of acetylcholine and improve
concentrations of acetylcholine, which leads to
improved communication between nerve cells.
Consequently, this stabilises or reduces the
symptoms of Alzheimer’s disease (15). AChE
inhibitor drugs, including physostigmine and
donepezil show some increase in the cognitive
functions of Alzheimer’s patients. However, due
to the less selectivity of acetylcholinesterase
inhibitory drugs in the market, patients
experience numerous side effects (16,17). Of
the 18 plant extracts investigated the highest
percentage yield (16.07 %) was obtained for
the organic extract of fruit of D. retusa and the
lowest percentage yield (5.91 %) was given
by W. antidysenterica bark extract (Table 1).
These changes in the percentage yield can be
due to the differences in chemical composition,
the solubility of the solvent, and the bioactive
compound density.
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Table 1. Percentage yields of plant extracts
. . Percentage
Plant species Family Plant part Sample Code Yield (wiw %)
l. repens Balsaminaceae Whole plant IR-P 9.44
P, pusilla Arecaceae Leaves PZ-L 10.31
-pu Bark PZ-B 7.21
Leaves WA-L 11.45
W. antidysenterica Apocynaceae Bark WA-B 5.91
Seeds WA-S 9.39
L o Leaves ZC-L 6.15
Z. cylindricum Zingiberaceae Rhizome ZCR 745
. . Rhizome CA-R 8.99
C. albifora Zingiberaceae Leaves CAL 836
A. concinna Arecaceae Seeds AC-S 14.22
Leaves DR-L 11.28
D. retusa Dilleniaceae Bark DR-B 8.33
Fruit DR-F 16.07
Leaves FL-L 11.38
F. leucopyrus Phyllanthaceae Bark FL.B 6.94
K zevianica Rubiaceae Roots and stem KZ-RS 7.52
- 26 Leaves KZ-L 11.23

The standard AChE inhibitor Galantamine displayed notable activity even at 1 ug/ml concentration
(41.1% £0.1 pg/mL). IC,; value of Galantamine was 1.57 +0.01 pg/mL and achieved maximum
68% AChE inhibition at 8 ug/ml concentration (Table 2).

Table 2. AChE inhibition of Galantamine

Ga'a“t‘::l'l‘)i“e (bg/ AChE inhibition (%) Galantamine IC,, (pg/ml)
0.1 8.0:0.0
0.2 13.040.2
0.4 22.3%0.3
1 411201 157 +0.01
2 54.1%0.2
4 600.0
8 68.0+0.1

Data are given as the mean of at least three independent experiments + S.D.

The analyzed 8 plant extracts displayed
considerable anti-AChE activity and achieved
50% AChE inhibition before reaching the
highest concentration (400 pg/ml) used in
the study (Table 3). Only W. antidysenterica
(Leaf), D. retusa (Fruit and leaf), A. concinna

(Seeds) and F. leucopyrus (Leaf) extracts were
active at 40 pg/ml concentration. The highest
percentage inhibition was achieved by the W.
antidysenterica with a value of 85+£0.6% at 400
pMg/mL concentration. Phoenix pusilla and D.
retusa bark extracts did not show any inhibition
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of AChE enzyme even at 400 ug/mL. Crude
organic extracts obtained from barks of the
tested plants did not show 50% inhibition. In the
Zingiberaceae family, both Z. cylindricum and
C. albiflora showed moderate activity toward
AChE (below 25%) at 80 ug/ml concentration.
However, both rhizome samples of Z. cylindricum
and C. albiflora achieved 50% AChE inhibition

below 250 ug/ml concentration. Out of these two
plants in the Zingiberaceae family, C. albiflora
rhizome was more active having an IC,, value
of 189+1.4 ug/ml. Phoenix pusilla plant parts did
not show any AChE inhibition even at 200 ug/
ml. However, P. pusilla leaves extract showed
low inhibition of the AChE enzyme (7.7+1.6%.)
at 400 pg/ml.

Table 3. Anti-acetylcholinesterase activities of crude extracts

AChE inhibition (%)
. . Sample
Plant species Family Plant part
Code 40 80 200 (pg/
100 (pg/ml 400 (pg/mli
(ugimi) | (ugimi) | 00 WOMmI (ngim)
I. repens Balsaminaceae | Whole plant| IR-P - - - 8.4+0.1 15.1+0.2
Leaves PZ-L - - - - 7.71.6
P. pusilla Arecaceae
Bark PZ-B - - - - -
Leaves WA-L | 32.6+0.5 | 58+1.1 72+0.6 81+0.9 85+0.6
. w. . Apocynaceae Bark WA-B - - - 13+1.9 27.26+0.7
antidysenterica
Seeds WA-S - 8.9+0.1 18+0.1 31+0.1 5040.0
Leaves ZC-L - - - - 5.7+0.6
Z. cylindricum | Zingiberaceae
Rhizome ZC-R - 18.7£0.6 | 24.3+0.3 42.7+1.2 57.6+0.4
Rhizome CA-R - 24.3+0.6 | 30.410.6 49.1+0.2 62.3+0.2
C. albifora Zingiberaceae
Leaves CA-L - - - 9.3+0.6 15.3+0.1
A. concinna Arecaceae Seeds AC-S 10+0.1 23.3+1.1 | 33.040.1 46.1+0.1 58.1+0.2
Leaves DR-L | 12.3+0.1 | 18.0¢0.0 | 22.24+0.2 38.9+0.1 51.0+0.1
D. retusa Bark DR-B - - - - -
Dilleniaceae Fruit DR-F 3.2+0.3 | 16.0+1.0 | 21.7+0.6 36.3+0.3 52.1+0.1
Leaves FL-L 22.2+0.3 | 46.4+0.1 | 54.7+0.3 60.2+0.2 69.5+0.1
F. leucopyrus
Phyllanthaceae Bark FL-B - 3.7+0.6 9.0+0.0 | 10.0£0.1
Roots and
stem KZ-RS - - - - 6.320.6
K. zeylanica
Rubiaceae | -eaves | K&l : 10.5:0.5 | 16.6:05 | 32.7+1.5 | 33.0:0.0

* Galantamine was used as positive control (IC., 1.57 £0.01 pg/mL). Data are given as the mean of

at least three independent experiments + S.D.

It is notable that Ileaf extracts of W.
antidysenterica and F. leucopyrus showed
potent acetylcholinesterase inhibitory activity
at lower concentrations. These two extracts
showed AChE inhibition even at 20 pg/ml
concentration with a percentage inhibition value

of 4+0.0% and 13+0.0%, respectively (Figure
1). Both achieved over 50% AChE inhibition
when the concentrations were increased to 100
pg/ml. At this concentration, W. antidysenterica
displayed potent inhibition with a percentage
inhibition value of 72+0.6%.
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Further purification of W. antidysenterica and extracts of plant parts, the highest AChE
F. leucopyrus organic plant extracts would be inhibitory activity with an IC_ value of 64 +0.5
useful in isolating compounds with higher AChE  pg/mL was reported from the leaf extract of W.
inhibitory activities due to their potent activities  antidysenterica (Table 4).

at low concentrations. From the tested organic

Table 4. The IC,, value of percentage AChE inhibition of plant extracts

. . Sample IC. [/ (ng/
Plant species Family Plant part code 5|9n|)
. . Leaves WA-L 64+0.5
W. antidysenterica Apocynaceae Seeds WASS 400+0 2
Z. cylindricum Family Zingiberaceae Rhizome ZC-R 249+1.3
C. albiflora Zingiberaceae Rhizome CA-R 189+1.4
A. concinna Arecaceae Seeds AC-S 217+1.2
o Leaves DR-L 373%0.6
D. retusa Dilleniaceae Frut DR.F 35051 1
F. leucopyrus Phyllanthaceae Leaves FL-L 107+0.1

Data are given as the mean of at least three independent experiments £ S.D.
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Furthermore, leaf extract of Flueggea
leucopyrus showed good AChE inhibitory
activity with an IC_, value of 107 +0. pg/mL.
Curcuma albifora rhizome extract and Areca
concinna seed extract exhibited AChE inhibiting
activities with IC, values of 189+1.4 ug/mL and
217+1.2 pg/mL, respectively. The results of
this study suggest that these Sri Lankan plants
may have potential as therapeutic agents for
the treatment of Alzheimer’s disease. The next
step will be to isolate the active drug leads of
the crude organic extracts. Subsequently, IC_,
values can then be compared with known
AChE inhibitors. This can lead to an evaluation
of whether these medicinal plants could be a
novel source of potential drugs for Alzheimer’s
disease.

Conclusion

Of the nine plants investigated W.
antidysenterica, Z. cylindricum, D. retusa, C.
albiflora, A. concinna and F. leucopyrus showed
promising anti-cholinesterase activity and
achieved 50% AChE inhibition at 400 pg/ml. The
crude extract of W. antidysenterica leaf exhibited
the most potent AChE inhibition activity with an
IC,, value of 64 +0.5 ug/ml. Leaf extracts of F.
leucopyrus and W. antidysenterica exhibited
more than 20% AChE inhibition even at 40 pg/
ml concentration. Thus, this initial screening
provides valuable information for further studies
to isolate anti-cholinesterase active compounds
from Sri Lankan medicinal plants.
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Abstract

A shortage of phosphorus (P), a nec-
essary mineral ingredient for agriculture, may
result in lower grain quality, productivity, and
growth in cereal crops. Much of the phospho-
rus that is sprayed in agricultural contexts is
immobilized in the soil, which limits the amount
of phosphorus that is available to plants. This
study focused on investigating the microbial
communities in the rhizosphere of cauliflower
crops from Kanpur, Unnao, and Lucknow dis-
tricts in India, known for their fertile soils and
favorable agricultural conditions. Soil samples
were collected and screened for phosphate-sol-
ubilizing bacteria (PSB) and nitrogen-fixing bac-
teria. PSB was isolated using Pikovskaya’s agar
medium, and nitrogen-fixing bacteria were iden-
tified through nitrogen-free media supplement-
ed with a bromothymol blue indicator. Morpho-
logical, biochemical, and molecular techniques
were employed for characterization. The isolat-
ed strains were then tested for their impact on
cauliflower growth and yield parameters under
controlled conditions. Results showed signif-
icant enhancements in plant growth and yield
parameters, suggesting potential applications in
agricultural practices.

Keywords: Agricultural, Cauliflower Growth,
Nitrogen-Fixing Bacteria, Phosphate-Solubiliz-
ing Bacteria, Rhizosphere.

Introduction

Phosphorus is not only a vital nutrient
for plant growth and metabolism but also a lim-
ited natural resource, presenting a challenge to
the sustainable development of the global econ-
omy. The readily accessible amount of phospho-
rus is insufficient to meet the growth demands
of plants, particularly in the soils of subtropical
forests, where severe phosphorus deficiency
significantly hampers plant development and
productivity (1,2). The phosphorus fertilizer re-
covery rate in soil is relatively low, ranging from
15 to 20%, with the rest becoming fixed in the
soil. Globally, around 52.4 billion tons of phos-
phorus fertilizer are used annually to maintain
soil fertility. Therefore, improving crops’ capaci-
ty to efficiently absorb and utilize phosphorus is
crucial from ecological and economic perspec-
tives alike (3,4).

Recent studies have demonstrated that
“phosphate-solubilizing bacteria” (PSB) play a
beneficial role in enhancing plant growth. These
microorganisms solubilize insoluble phosphate
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in the soil, which is essential for plant develop-
ment, in addition to fixing nitrogen and releasing
auxins. Research indicates that incorporating
PSB into seeds or soil can enhance the solubili-
zation of fixed soil phosphorus or applied phos-
phates, thereby promoting plant growth. For
example, Hansen et al. demonstrated that inoc-
ulating Bacillus simplex significantly improved
winter wheat plants, leading to increased phos-
phorus concentrations in root biomass and el-
evated levels of magnesium, manganese, and
sulfur in shoot biomass (5,6). The efficiency of
phosphorus-solubilizing microorganisms in soil
may be affected by native microorganisms and
soil conditions, which might make it difficult for
them to establish sustained colonization. On
the other hand, endophytes are essential to the
plant’s micro-ecosystem. They support overall
plant development, improve plant tolerance to
stresses, pests, and diseases, and aid in the
fixation of nitrogen (7,8). Cauliflower (Brassica
oleracea var. botrytis) is a prominent crop spe-
cies in southern India, cultivated extensively
for its economic importance. Despite its impor-
tance, the productivity of fir forests has declined
in recent years due to intensive management
practices and shorter rotation periods (9,10).
Additionally, the soil in southern regions, char-
acterized by high iron and aluminum content
along with strong leaching, leads to phospho-
rus fixation and inactivation. This results in very
low phosphorus utilization rates in the soil. This
severely limits the sustainable development
of Brassica oleracea var. plantations. Figure 1
shows the selection process of PSB and their
growth-promoting mechanisms in potted Bras-
sica oleracea var. plants. The figure highlights
the steps involved in isolating and identifying ef-
fective PSB strains that enhance plant growth.
It also details the various mechanisms through
which these bacteria promote growth, such as
nutrient solubilization and hormone production.
Additionally, the figure demonstrates the signif-
icant impact of PSB application in wheat fields,
showcasing improved growth and yield. This vi-
sual representation emphasizes the potential of
PSB as a sustainable agricultural practice.

Field Experiment
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Figure 1: Detailed Selection and Impact Analy-
sis of Phosphate-Solubilizing Bacteria (PSB) on
Brassica oleracea var. and Wheat Cultivation.

Therefore, investigating the impact of
PSB on the growth of Brassica oleracea var. is
crucial for potential applications of PSB in for-
estry. Bioinoculant of rhizobia can effectively
improve agricultural yield and productivity which
indicates that Rhizobium is an effective Plant
growth promoting microbe (11,12). In this study,
PSB was isolated and screened from the stems,
roots, as well as leaves of “Brassica oleracea
var’. The focus of the investigation was on traits
that promote development, including sidero-
phore generation, “indole-3-acetic acid” (IAA)
synthesis, nitrogenase activity, and “1-Amino-
cyclopropane 1-Carboxylate” (ACC) deaminase
activity (13,14). The study investigated the ef-
fects of PSB inoculation on plant growth, nitro-
gen absorption, and soil enzyme activity using
“Brassica oleracea var.” as a model. These re-
sults are essential for producing useful under-
standings for creating and using PSB as biolog-
ical fertilizer in forest applications.

Phosphorus is vital for plant growth, but
its limited availability in soils poses a significant
challenge for agriculture. Sustainable solutions,
such as the use of phosphate-solubilizing bac-
teria (PSB), have shown promise in enhancing
phosphorus availability. Research has demon-
strated that various strains of PSB can signifi-
cantly improve plant growth, soil health, and nu-
trient uptake. These beneficial microorganisms
increase the bioavailability of phosphorus, pro-
mote root and shoot development, and reduce
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the need for chemical fertilizers, thereby sup-
porting sustainable agricultural practices and
improving crop yields.

Z. Igbal et al. (15) explored the phosphorus (P)
is necessary for agriculture, its fixation in soils
restricts plant accessibility, which affects grain
output and growth. To increase P availability, this
research looks at sustainable methods that use
phosphate-solubilizing bacteria. Bacillus sub-
tilis ZE15, Bacillus megaterium ZE32, Bacillus
megaterium ZR3, and Bacillus sp. ZR19 were
the four bacterial strains tested in Pikovskaya’s
broth, both with and without insoluble phospho-
rus (P). While organic acids were generated by
all cultures, strain ZE15 showed the greatest
capacity to solubilize phosphorus, reaching up
to 130.00 pyg mL-1. According to these results,
Bacillus species may improve the solubiliza-
tion or mineralization of the rhizosphere, which
would increase phosphorus intake and facilitate
future agricultural uses.

Z. Wang et al. (16) experimented to im-
prove plant development and solubilizing phos-
phorus (P), PSB also helps to mitigate the neg-
ative effects of excessive agricultural fertilizers
on soil health. This study identified Pseudomo-
nas moraviensis, Bacillus safensis, as well as
Falsibacillus pallidus as three effective PSB that
can produce “indole-3-acetic acid” (IAA) and
solubilize phosphate in sandy fluvo-aquic soils.
Furthermore, the labile phosphorus percentage
in the soil was dramatically enhanced by PSB
by 122.05% (P<0.05), whereas the stable phos-
phorus fraction was significantly decreased by
46.80% (P<0.05). Moreover, PSB increased soll
microorganism biomass and activity, indicat-
ing their potential to aid in the development of
sustainable agriculture. These results highlight
PSB as long-term sustainable resources that
may improve soil health and agricultural output.

J. Chen et al. (17)7 endophytic phos-
phate solubilizing bacteria were screened out
from Chinese fir, and were characterized for
plant growth-promoting traits. Based on mor-
phological and 16S rRNA sequence analysis,

the endophytes were distributed into 5 genera
of which belong to Pseudomonas, Burkholde-
ria, Paraburkholderia, Novosphingobium, and
Ochrobactrum. HRP2, SSP2 and JRP22 were
selected based on their plant growth-promoting
traits for evaluation of Chinese fir growth en-
hancement. The growth parameters of Chinese
fir seedlings after inoculation were significantly
greater than those of the uninoculated control
group. The results showed that PSBs HRP2,
SSP2 and JRP22 increased plant height (up to
1.26 times analyzed the Chinese fir trees that
were used to extract PSB, which were then
tested for their capacity to stimulate plant de-
velopment. In comparison to controls, three
strains (SSP2, HRP2, and JRP22) considerably
improved Chinese fir seedling growth charac-
teristics including biomass, plant height, and
stem diameter. Indicators of soil fertility, such
as total nitrogen, potassium, phosphorus, and
accessible nutrients, were also enhanced by
these PSBs. According to the research, PSBs
are useful biological agents for sustainable
agroforestry that improve agricultural yields and
environmental health without using chemical
fertilizers as much.

S. Batool and A. Igbal (18) discussed
the PSB were isolated from rhizospheres of
different plants to improve the nutrition and
development of Triticum aestivum. Ten PSB
strains were chosen from a group of thirty iso-
lates based on their strong “phosphate solubi-
lization” and PGP. Under ideal circumstances,
these strains showed efficient phosphate sol-
ubilization and generated useful substances
like hydrogen cyanide, ammonia, siderophores,
and indole acetic acid. PSB injection dramati-
cally increased root/shoot development (10%
to 90%) and seed germination (50% to 80%) in
laboratory testing. Improved seed germination
(40%—80%) as well as increases in shoot length
(5% to 34.8%) and seed weight (5% to 96%)
were seen in field testing. According to the re-
search, these PSB strains have promise as bio
fertilizers that might eventually replace chemi-
cal fertilizers in sustainable Triticum aestivum L.
production.
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A. Nosheen et al. (19) investigated the
use of biofertilizers on the Thori cultivar of Ka-
sumbha has a positive impact, enhancing the
quality of feedstock for biodiesel production.
Biofertilizers improve soil fertility and nutrient
availability, leading to healthier plant growth
and higher yields. This, in turn, results in bet-
ter-quality seeds with higher oil content, mak-
ing them more suitable for efficient biodiesel
production. The number of plant leaves, leaf
area, and number of seeds per capitulum were
all greatly enhanced by the administration of
biofertilizer both alone and in conjunction with
chemical fertilizer. Agronomic traits like plant
height, branch number, and capitulum count
were notably improved with biofertilizer alone
compared to control. Seed yield and oil con-
tent, including beneficial seed phenolics, were
enhanced by biofertilizer and chemical fertilizer
treatments. Biofertilizer treatment alone yielded
the highest biodiesel production, with optimal
oleic acid content, while maintaining lower acid
values and free fatty acids. This study supports
biofertilizers as effective alternatives to chemi-
cal fertilizers, promoting sustainable and envi-
ronmentally friendly agricultural practices.

S. B. Sharma et al. (20)in both organic
and inorganic forms, its availability is restrict-
ed as it occurs mostly in insoluble forms. The
P content in average soil is about 0.05 % (w/w
developed that Phosphorus (P) is vital for plant
growth but often limited in availability due to
soil fixation and insolubility. Chemical P fertil-
izers are energy-intensive and environmentally
harmful, prompting interest in phosphate-solu-
bilizing microorganisms (PSM) as eco-friendly
alternatives. PSM, including bacteria and fun-
gi, enhances P availability through biological
processes. However, their performance in field
conditions varies, necessitating improvements
like genetic modifications or co-inoculation tech-
niques. This review discusses PSM diversity,
solubilization mechanisms, phosphatase roles,
influencing factors, and future applications for
sustainable agriculture.

N. Kishore et al. (21)phosphorus (P
discussed the essential elements required for
plant growth include phosphorus (P), nitrogen
(N), and potassium (K). Phosphorus is the most
limiting nutrient after nitrogen. Even though
there are several forms of P in soil, it is seldom
available in a form that plants can use, which
often calls for the use of expensive or harmful
chemical fertilizers. When used in the rhizo-
sphere, “phosphate solubilizing microorgan-
isms” (PSMs) provide a sustainable substitute
by increasing P availability in a variety of ways.
Certain PSMs also function as biocontrol agents
and PGPR, enhancing soil health and shielding
plants from diseases. Thanks to technological
developments, PSMs may be altered to improve
their advantageous characteristics. Nonethe-
less, there are still problems and knowledge
gaps, which are examined in this thorough anal-
ysis of PSMs.

Prior studies and findings show that
phosphate-solubilizing bacteria (PSB) offer a
sustainable and effective solution to the chal-
lenge of phosphorus availability in agriculture.
By enhancing phosphorus solubilization, pro-
moting plant growth, and improving soil health,
PSB reduce reliance on chemical fertilizers
and contribute to more environmentally friend-
ly farming practices. Continued research and
application of PSB can play a crucial role in
achieving higher agricultural productivity and
sustainability.

Material And Methods
Research design

Soil samples were carefully collect-
ed from the rhizosphere regions of cauliflower
crops grown in the districts of Kanpur, Unnao,
and Lucknow, India. These regions are re-
nowned for their fertile lands and conducive ag-
ricultural conditions, making them prime areas
for cauliflower production in the country. The fa-
vorable climatic conditions and nutrient-rich soil
composition in these districts greatly enhance
the robust growth and high yield of cauliflower
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crops. The study aimed to comprehensively
investigate the microbial populations in the rhi-
zosphere of cauliflower crops by systematical-
ly collecting soil samples from these specific
regions. By focusing on Kanpur, Unnao, and
Lucknow, the study aimed to leverage the ag-
ricultural potential of these areas to explore the
diversity and functionality of phosphate-solubi-
lizing or nitrogen-fixing bacteria in cauliflower
rhizospheres.

Sample

Using a nitrogen-free medium en-
hanced with a bromothymol blue indicator, soil
samples taken from the cauliflower rhizosphere
were examined for the presence of nitrogen-fix-
ing bacteria. Nitrogen-fixing bacteria possess
the enzymatic machinery to convert atmospher-
ic nitrogen into ammonia, thereby contributing
to soil fertility and plant nutrition. Colonies ex-
hibiting a characteristic blue color change in
the medium, indicative of nitrogen fixation ac-
tivity, were selected for further identification and
characterization. Identification methods similar
to those described for PSB were employed for
the nitrogen-fixing microbes isolated from the
soil samples. Morphological, biochemical, and
molecular techniques were utilized to charac-
terize and classify the nitrogen-fixing bacterial
strains at the genus and species levels. These
methods yielded valuable insights into the tax-
onomic diversity and functional potential of the
nitrogen-fixing microbial community associated
with the cauliflower rhizosphere.

The isolation of PSB began with the
serial dilution technique, a standard method for
isolating microorganisms from environmental
samples. One gram of soil from the cauliflower
rhizosphere was weighed and suspended in 9
milliliters of sterile saline solution (0.85% NaCl)
for thorough homogenization. Serial dilutions of
the soil suspension were prepared, ranging from
undiluted (10-") to 10, with each step involving
the transfer of an aliquot into a new saline solu-
tion volume. This process reduced microbial
population density, enhancing the isolation of

individual bacterial colonies. On Pikovskaya’s
agar medium, which is specific for PSB and
uses “tricalcium phosphate” (TCP) as the phos-
phorus source, aliquots from these dilutions
were spread out. The plates were incubated at
28°C for five to seven days to allow bacterial
colonies to proliferate. Following incubation, the
plates were inspected for morphologically dis-
tinct colonies exhibiting clear zones indicative of
phosphate solubilization. These colonies were
selected for further purification and characteri-
zation by subculturing onto fresh Pikovskaya’s
agar plates to ensure purity. This process of
successive subculturing eliminated potential
contaminants, resulting in pure cultures suitable
for subsequent analyses and characterization.

Data collection

A soil auger, a specialized tool designed
for efficient soil sampling, was employed to col-
lect representative soil samples from the des-
ignated cauliflower rhizosphere regions. Sam-
pling was conducted at a depth ranging from
0 to 20 centimeters beneath the soil surface,
ensuring the inclusion of the rhizosphere zone
where the majority of plant-microbe interactions
occur. Careful attention was paid to avoid con-
tamination and to maintain the integrity of the
collected samples. For each experimental tech-
nique, three runs were conducted to guarantee
the accuracy and consistency of the findings. To
demonstrate the diversity within the dataset, the
study’s results were presented as mean values
+ standard deviation. Statistical analyses were
conducted using dedicated software packages
like SPSS or R, following standard methodolo-
gies. Graphical representations, elucidating the
trends and patterns observed in the data, were
meticulously prepared using software tools like
Graph Pad Prism or Microsoft Excel, facilitating
a clear and concise presentation of the findings.
An organized description of the steps required
in isolating, characterizing, and characterizing
PSB, particularly for cauliflower development is
shown in Table 1, along with numerical results.
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Table 1: Quantitative Analysis of Isolation, Identification, and Characterization Processes of PSB for

Enhancing Cauliflower Growth.

S.No. Step Numeric Value

1. Soil Sample Collection 20 soil samples collected

2. Sampling Depth 0-20 cm depth

3. Preparation of Soil Suspension 1 gram of soil sample suspended in 9 ml of saline solution

4. Serial Dilution Dilutions prepared from 10" to 10°°

5. Spread Plating Aliquots plated onto Pikovskaya’s agar medium

6. Incubation Period 5-7 days at 28°C

7. Colony Selection Morphologically distinct colonies with clear zones selected

8. Purification of Selected Colonies Subcultured onto fresh Pikovskaya'’s agar plates

9. Morphological Characterization Colony morphology observed

10. Gram Staining Gram staining performed for classification

11. Biochemical Tests Catalase, oxidase, and sugar fermentation tests conducted

12. Molecular Identification 16S rRNA gene sequencing performed for precise identifi-

cation
13. Phosphate Solubilization Efficiency NBRIP broth method used
Assessment

14. Organic Acid Production High-performance liquid chromatography (HPLC) or colori-
metric assays performed

14. Plant Growth-Promoting Substanc- Indole acetic acid” (IAA) and siderophore production as-

es” Assessment sessed

Data analysis

Pure cultures of the isolated PSB un-
derwent a thorough morphological examina-
tion to identify key characteristics indicative of
bacterial taxonomy and classification. Colony
morphology, including features such as size,
shape, color, elevation, and texture, was care-
fully observed and documented. Additionally,
cellular morphology, including cell shape, ar-
rangement, and motility, was assessed through
microscopic examination of bacterial smears
prepared from pure cultures. Gram staining, a
crucial differential staining technique, was used
to classify bacterial isolates as either Gram-pos-
itive or Gram-negative based on the makeup of
their cell walls. Subsequently, comprehensive
biochemical tests were carried out to enhance
the biochemical characteristics of the separat-
ed PSB strains. A variety of metabolic activities
and enzymatic reactions characteristic of bac-

terial physiology were covered in these experi-
ments. In particular, the enzyme catalase, which
catalyzes the breakdown of hydrogen peroxide
into oxygen along with water, was found using
the catalase test. The oxidase test was used to
measure cytochrome ¢ oxidase activity, which
helped distinguish various bacterial species
according to their capacity for respiration. To
evaluate the bacterial isolates’ capacity to me-
tabolize different sugars as carbon sources and
get insight into their metabolic flexibility and
substrate usage patterns, experiments on sugar
fermentation were also conducted.

In parallel with morphological and bio-
chemical characterization, molecular identifi-
cation techniques were employed to achieve
a comprehensive and precise taxonomic clas-
sification of the isolated PSB strains. Table 2,
shows the biochemical and microbial activity in
soil samples from varied locations and depths
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across Kanpur, Unnao, and Lucknow. The high-
ly conserved 16S ribosomal RNA (rRNA) gene,
a ubiquitous molecular marker prevalent across
bacterial taxa, was targeted for amplification and
sequencing. The “Polymerase Chain Reaction”
(PCR) was used to amplify the 16S rRNA gene
with universal primers, followed by sequencing
of the resulting DNA fragments. Phylogenetic
analysis followed by comparison of these se-
quences with reference databases enabled pre-
cise taxonomic identification and classification
of the isolated PSB strains at both the genus
and species levels (22). In addition to offering
a reliable method of species identification, this
molecular technique also gave insightful infor-
mation on the genetic diversity and evolutionary
relationships within the isolated bacterial com-
munity. The National Botanical Research Insti-
tute’s Phosphate (NBRIP) broth technique was
one of the standard tests used to quantitatively
evaluate the isolated PSB strains’ phosphate
solubilization efficiency. This study assessed

PSB’s capacity to solubilize phosphate in its
insoluble forms, including tricalcium phosphate
(TCP). Under ideal circumstances, the PSB
isolates were inoculated into NBRIP broth that
had been supplemented with insoluble phos-
phate sources. Using established techniques,
the broth’s soluble phosphate content and pH
variations were recorded regularly throughout
the incubation period. The degree of phosphate
solubilization shown by every strain was mea-
sured by measuring the gradual rise in soluble
phosphate concentration and the corresponding
decrease in pH. The comparison between the
control group and the plants infected with PSB
Isolates 1, 2, and 3 is shown in Table 3, which
also includes the shoot length (cm), root length
(cm), fresh weight (g), as well as dry weight (g).
In comparison to the control group, Table 4 dis-
plays the quantity of curds, curd weight (g), and
curd diameter (cm) of cauliflower plants infected
with PSB Isolates 1, 2, and 3.

Table 2: Biochemical and Microbial Activity of Soil Samples from Different Locations and Depths in

Kanpur, Unnao, and Lucknow.

Sample | Location |S o i || Nitrogenase | ACC Deami- | IAA Produc- | Siderophore | PSB Iso-
ID Depth | Activity nase Activity | tion Production lation
(cm) (CFU/qg)
1 Kanpur 0-20 3.5U/mg 1.2 U/mg 15 pg/mL + 1.5x108
2 Unnao 0-20 3.7 U/mg 1.1 U/mg 13 pg/mL ++ 1.7x108
3 Lucknow | 0-20 3.2 U/mg 1.3 U/mg 14 pg/mL + 1.6x108
CFU/g: “Colony-Forming Units” per gram of soil.
e U/mg: Enzyme activity units per milligram of protein.
e +: Presence of activity.
e ++: Higher presence of activity.
Table 3: Growth Parameters of Plants Inoculated with PSB Isolates and Control.
Growth Parameter PSB Isolate 1 PSB Isolate 2 PSB Isolate 3 Control
Shoot Length (cm) 30.2 31.5 29.8 25.4
Root Length (cm) 15.1 15.8 14.9 12.3
Fresh Weight (g) 350 360 340 280
Dry Weight (g) 50 52 48 40
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Table 4: Yield Parameters of Cauliflower Plants Inoculated with Phosphate-Solubilizing Bacteria

(PSB) Isolates and Control

Yield Parameter PSB Isolate 1 PSB Isolate 2 | PSB Isolate 3 | Control
Number of Cards 12 13 1" 8

Curd Weight (g) 600 620 590 500
Curd Diameter (cm) 20 21 19 16

Result and Discussion

Selected strains of Phosphate-Solu-
bilizing Bacteria (PSB) and nitrogen-fixing mi-
crobes, either isolated individually or in com-
bination, underwent comprehensive growth
assays to assess their synergistic impacts on
cauliflower growth and vyield. Surface-sterilized
cauliflower seeds were inoculated with these
selected bacterial strains to establish microbi-
al associations prior to planting. Sterilized soil,
mimicking natural rhizosphere conditions, was
filled in pots, and the inoculated seeds were
sown under controlled environmental condi-
tions.

Growth parameter measurements

Plant growth parameters, such as
fresh weight, shoot length, root length, and dry
weight, were carefully measured at designated
intervals throughout the growth period. Addi-
tionally, yield parameters such as the number
of curds, curd weight, and curd diameter were
recorded at harvest to assess the impact of mi-
crobial inoculation on cauliflower productivity.
To clarify any noteworthy variations between
treatment groups and to speculate about pos-
sible synergistic effects of PSB as well as ni-
trogen-fixing microorganisms on cauliflower
growth and yield, statistical studies were car-
ried out. Figure 2 illustrates the impact of var-
ious PSB isolates on plant development met-
rics, including shoot length, root length, fresh
weight, and dry weight. The most significant
improvement in plant development is shown
in PSB Isolate 2, which reached the maximum
shoot length of 31.5 cm, root length of 15.8 cm,
fresh weight of 360 grams, and dry weight of 52
grams. With shoot lengths of 30.2 cm or 29.8

cm, root lengths of 15.1 cm as well as 14.9 cm,
fresh weights of 350 grams and 340 grams, as
well as dry weights of 50 grams and 48 grams,
respectively, PSB Isolates 1 and 3 also exhibit
notable advantages over the control group. The
control group, on the other hand, had the lowest
values for all parameters shoot length of 25.4
cm, fresh weight of 280 grams, root length of
12.3 cm, and dry weight of 40 grams because
they did not get PSB therapy. This information
demonstrates how well PSB isolates work to en-
courage plant development, with PSB Isolate 2
being especially helpful.

Plant Growth Parameters
1400
1200
1000
800

600
400
200

0

Shoot Length (cm) Root Length (cm) Fresh Weight (g)  Dry Weight (g)

——PSB Isolate 1 ——PSB Isolate 2

Figure 2: The Graph Shows the Plant Growth
Parameter.

PSB Isolate 3 Control

To establish a baseline for compari-
son, control pots devoid of bacterial inoculation
were meticulously maintained under identical
environmental conditions throughout the exper-
iment. These control pots were used as refer-
ence points to evaluate the effects of microbial
inoculation on cauliflower growth and yield pa-
rameters. By eliminating the confounding influ-
ence of microbial treatments, the control group
facilitated the accurate evaluation of the specif-
ic effects attributable to the introduced bacterial
strains.
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Evaluation of yield parameters

At harvest, yield parameters crucial for
assessing cauliflower productivity were system-
atically recorded. These parameters included
the number of curds, curd weight, and curd di-
ameter, which collectively reflect the quality and
quantity of cauliflower produced. The harvest
data offered valuable insights into the efficacy
of microbial inoculation in enhancing cauliflow-
er yield and marketable quality compared to the
control group. Figure 3 compares the growth
metrics of cauliflower treated with different
phosphate-solubilizing bacteria (PSB) isolates
against a control group. The metrics assessed
include the number of curds, curd weight, and
curd diameter. PSB Isolate 1 resulted in 12
curds with an average weight of 600 grams and
a diameter of 20 cm. PSB Isolate 2 showed the
best performance, producing 13 curds with an
average weight of 620 grams and a diameter
of 21 cm. PSB Isolate 3 resulted in 11 curds,
each averaging 590 grams and 19 cm in diame-
ter. In contrast, the control group, which did not
receive PSB treatment, had the lowest values,
with only 8 curds averaging 500 grams in weight
and 16 cm in diameter. These results indicate
that PSB isolates significantly enhance cau-
liflower growth, evidenced by increased curd
number, weight, and diameter compared to the
control.

PO— ]
600 050

12 13 11 8

PSB Isolate 1 PSB Isolate 2 PSB Isolate 3 Control
- —Number of Curds

— —Curd Weight (g) Curd Diam eter (cm)

Figure 3: The graph shows the Yield Parame-
ters.

To identify meaningful distinctions be-
tween the treatment groups and the control, rig-

orous statistical analyses were conducted using
established methods such as “Analysis of Vari-
ance” (ANOVA), followed by post hoc tests like
Tukey’s “honestly significant difference” (HSD)
test. These analytical approaches allowed for
a comprehensive assessment of treatment ef-
fects on diverse growth and yield parameters,
ensuring robust interpretation of the results
with a high level of confidence. Statistical sig-
nificance was defined at p < 0.05 to uphold the
reliability and validity of the findings.

Conclusion

This research showed that phos-
phate-solubilizing or nitrogen-fixing bacteria
were present and active in the rhizosphere of
cauliflower crops grown in the districts of Kan-
pur, Unnao, and Lucknow. The isolated bacte-
rial strains exhibited promising effects on cau-
liflower growth and yield, underscoring their
potential as biofertilizers in sustainable agricul-
ture. Further research could explore optimizing
bacterial inoculants for broader agricultural ap-
plications, enhancing crop productivity and soil
health management strategies. These findings
highlight the promise of PSB as sustainable al-
ternatives to chemical fertilizers, offering poten-
tial benefits for agricultural practices aiming at
improved crop productivity and soil health. Fu-
ture research directions could explore optimiz-
ing PSB inoculation strategies and their broader
applications across different agricultural con-
texts.
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Abstract

Enzymes are the name for the biocata-
lysts that are created by living cells. These are
intricate protein molecules that start chemical
reactions essential to life. They are colloidal,
thermolabile, and have a particular action. L-as-
paraginase (also called L-asparagine amido
hydrolase, E.C.3.5.1.1) is an extracellular en-
zyme that has attracted a lot of attention since
it is used as an anticancer drug. To assess the
growth capacity of the selected fungus Aspergil-
lus quadrilineatus, a preliminary experiment was
carried out using vegetable peels and agricul-
tural waste as substrate. The by-products that
were utilized included wheat bran, cornmeal,
gram flour, wheat flour, rice flour, rice husk, and
peels from green peas, onions, carrots, and pa-
payas. On the other hand, papaya peel medium
worked well as a source of media for improving
growth in Aspergillus species. This work focus-
es on the purification, mass-scale production,
screening, and characterization of the Fusarium
proliferative-derived L-asparaginase enzyme.
The crude enzyme was removed, followed by
precipitation with ammonium sulphate, filtration
over a Sephadex column, and ion exchange
chromatography to further purify the L-Aspara-
ginase. The reaction of the enzyme to different
temperatures, pH values, substrate concentra-
tions, and incubation times was evaluated in
order to define it. Because it can catalyze the
conversion of l-asparagine to l-aspartic acid and

ammonia, l-asparaginase is one such crucial
enzyme that has found commercial usage in the
food and pharmaceutical industries. Although
l-asparaginase may be produced by a variety
of bacterial and fungal sources, researchers are
particularly interested in how these organisms
might generate the enzyme commercially utiliz-
ing less expensive substrates.

Keywords: Fungi, Vegetables, L-asparaginase,
Aspergillus quadrilineatus, papaya peels.

Introduction

India, a global leader in agriculture with
the greatest irrigated crop area, is a resource
hub for producing agricultural wastes; according
to reports, the country produces 1500 lakh tons
of agricultural trash annually (1) (shakambari
et al.,2017). These agricultural wastes typically
consist of bagasse, straw, fruit and vegetable
peels, husks, and other agricultural materials
produced during processing that have been
shown to be used in the creation of numerous
value-added goods. By using fermentation tech-
nology to transform these nutrient-rich byprod-
ucts into valuable bioproducts, the method can
reduce environmental pollution risks while simul-
taneously minimizing production costs(2) (Pal-
lem et al., 2018). A portion of the organic wastes
have been utilized to make garbage enzyme,
which is used to treat household, municipal, and
industrial wastes as well as create antibacterial
agents. Various wastes, including those from
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the sugar industry, municipal solid wastes, and
even agricultural wastes, have been employed
as an alternate substrate to increase the syn-
thesis of several of these crucial enzymes. L-as-
paraginase is one such significant enzyme that
is used in the food and pharmaceutical indus-
tries due to its ability to catalyze the conversion
of L-asparagine to L-aspartic acid and ammo-
nia. For their growth, acute lymphoblastic leu-
kemia (ALL) and tumor-suspected cells depend
on the circulating asparagine that is produced
by normal cells. Asparagine is a non-essential
amino acid. The leukemic cells are deprived
of circulating asparagine, which results in cell
death, due to asparaginase’s catalysis of the
conversion of L-asparagine to aspartic acid and
ammonia. According to Hosamani and Kaliwal
et al., (2011)(3), L-aspartate functions as a pre-
cursor molecule for ornithine in the urea cycle
and creates oxaloacetate in the transamination
reaction in the gluconeogenic pathway, which
leads to the synthesis of glucose in humans.
L-asparaginase activity was originally reported
by Lang in 1904 (4); and Clementi in 1922 (6).
Kidd reported in 1953(7) that guinea pig serum
may produce transplanted lymphomas in vivo in
mouse and rat cells. This was eventually linked
to the serum’s L-asparaginase activity (Dolowy
et al., 1966)(8). However, it was challenging to
produce and purify this enzyme on a large scale
from guinea pigs for therapeutic use, which
prompted researchers to look for other sources
with comparable anti-leukemic properties. Mi-
croorganisms, animals, and plants all naturally
contain asparaginase. In order to address these
financial concerns, we must discover a different
source for microbe cultivation. The solution to
replace synthetic culture medium is to use mas-
sive amounts of agricultural waste products for
the cultivation of microorganisms, especially
fungus. In order to maximize enzyme produc-
tion during submerged fermentation, the current
work was designed to use vegetable peels and
agricultural waste products such as wheat bran,
rice husk, corn flour, gram flour, rice flour, onion
peels, garlic peels, carrot peels, papaya peels,
green pea peels, and corn peels as substrate.

For this investigation, papaya peels with the
highest level of enzyme activity were selected.
There are several reports on Aspergillus quadri-
lineatus producing L-asparaginase, but there
are none on the full purification and charac-
terisation of the free and immobilized enzyme.
Thus, we report on the purification of fermen-
tation conditions for Aspergillus quadrilineatus
L-asparaginase synthesis in this study.

Materials and Methods

Screening of different basal media for L-as-
paraginase production

Twelve numbers of basal media (Wheat
bran, Corn flour, Gram flour, Wheat flour, Rice
flour, Rice Husk, Corn peels, Onion peels, Car-
rot peels, Papaya peels and Green peas peels,
garlic peels) were used for present study. All the
vegetable peels were collected, air dried and
then oven dried at 50°C for 48 hours. For study-
ing the effect of L-asparagine, 250 ml of each
basal medium were prepared. The organism
Aspergillus quadrilineatus was inoculated by
punching out 0.6 mm of the agar-plate culture
and transferred broth medium. Cultures were
incubated at 30°C, for 6 days of incubation pe-
riod. The culture filtrate produced in each treat-
ment was tested for L-asparaginase enzyme
production.

Estimation method

The ammonia measurement procedure
was carried out by conducting an enzyme as-
say using Nesslerization method as described
by Imada(8). To make the enzyme test mixture,
0.5ml of 0.04M L-asparagine was mixed with
0.5ml of Tris HCI buffer (pH 8.6). Then 0.5ml of
enzyme and 0.5ml of distilled water were add-
ed. Subsequently, the combination was subject-
ed to incubation for 30 minutes at a temperature
of 37°C degrees Celsius. Following the incuba-
tion period, the reaction was halted by introduc-
ing 0.5ml of 30% TCA. To estimate the enzyme
activity, 7ml of distilled water was combined with
0.5ml of enzyme mixture followed by the addi-
tion of 1ml of Nesseler’'s Reagent. Next, the op-
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tical density was measured at a wavelength of
480nm using a spectrophotometer to estimate
the enzyme activity. The quantity of ammonia
emitted by the test sample was evaluated by
comparing it to the reference graph. The mea-
surement of the enzymatic activity of L-aspara-
ginase was conducted using International Units
(IU). An International Unit (IU) of L-asparagi-
nase activity is the amount of enzyme required
to produce one micromole of ammonia per mil-
liliter per minute at a temperature of 37°C and
a pH of 8.6.

Purification studies
Mass production, extraction and purification

The organism was introduced into the
selected broth media using carrot peels and
kept in a stationary environment at a tempera-
ture of 30°C for 6 days. The samples were col-
lected following the appropriate incubation pe-
riod. The samples then subjected to treatment
with a 0.05 M Tris-HCL buffer ata pH of 8.5. The
sample was centrifuged at a speed of 600 rpm
for 20 minutes at a temperature of 4°C which led
to the formation of a liquid. The statement de-
scribed above was considered to be the basic
composition of the enzyme. The enzyme activity
and protein content were quantified and thereaf-
ter, the sample underwent the initial purification
phase using ammonium sulfate precipitation.

Ammonium sulphate precipitation

The initial solution underwent precipita-
tion by adding finely powdered ammonium sul-
fate until it reached a saturation level of 80%.
The temperature was kept constant at 4°C. The
material underwent centrifugation at a speed of
6000 rpm for 10 minutes, continuing overnight.
Afterward, the pellet that was retrieved was dis-
solved in a Tris-HCI buffer solution with a pH
of 8.5, which had a concentration of 0.05 M
(Suchita et al.,2010) (9).

Sephadex G-100 gel filtration

The samples that underwent precipita-
tion with ammonium sulfate were assessed for

their enzymatic activity and protein concentra-
tion. Afterward, they were subjected to gel fil-
tration using Sephadex G-100 (Patro and Gup-
ta,2012) (10).

Gel-column preparation and sample applica-
tion

A glass tubing chromatography col-
umn measuring 60 cm in height and 2.2 cm in
diameter was utilized. The eluent was 0.05 M
Tris-HCL buffer with a pH of 8.5. To inhibit the
formation of bubbles within the gel bed. Then
the eluent was transferred from securely sealed
brown bottles into containers containing the
same temperature. The gel slurry was prepared
by dissolving 5 grams of Sephadex in 200 ml of
0.05 M Tris-HCL buffer and allowing it to swell
at room temperature for twenty-four hours. The
column was secured and closed using Sepha-
dex. Ammonium sulphate was used to precipi-
tate the samples which were then continuously
poured onto the column. The resulting fractions
were collected in containers with a volume of
5ml. A random assortment of the gathered frac-
tions underwent protein and enzyme activity
analysis, and the fractions demonstrating ex-
ceptional enzyme activity were combined.

lon exchange chromatography

The column was constructed by dissolv-
ing the necessary quantity of DEAE-cellulose
in Tris-HCI buffer overnight. After the packag-
ing procedure, the column was rinsed with 5M
KCI to produce the desired weak ion exchange
material. This was followed by rinsing with 5M
NaOH to remove ionic charges from the ion ex-
changer. Afterward, the material was washed
with distilled water and a 0.05 M Tris-HCI buffer
solution at a pH of 8.5. Following the utilization
of Sephadex for fractionating the peak fractions,
they were next transferred to the ion exchange
column where 5 ml of the fractions were gath-
ered. After assessing the protein and enzyme
activity of the samples and the fractions com-
prising the most active enzymes were consoli-
dated and stored in a deep freezer.
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Enzyme characterization based on partial
purification

Substrate Specificity

The assay mixture was enriched with
several substrates, such as L-arginine, L-phe-
nylalanine, L-histidine, L-glutamine, and L-as-
partic acid, to evaluate the enzyme’s inclination
towards a range of substrates. The substrates
were present at a concentration of 0.04M, with
L-asparagine serving as a control.

PH optima

The pH of the Tris-HCI buffer in the re-
action mixture was methodically varied between
3 and 10 to identify the most favorable pH for
enzyme activity. The enzymatic activity was
measured at different pH values.

Temperature tolerance

The enzyme was maintained at tem-
peratures ranging from 30 to 50°Cbefore its ad-
dition to the reaction mixer for the assay.

Incubation period

The enzyme was incubated at varying
temperatures of 30, 37, and 50°Cbefore its ad-
dition to the reaction mixer for the assay.

Results and Discussion
Screening of substrates

The selection of a suitable substrate
for submerged state fermentation is an import-
ant factor because it determines the production
cost of the entire process. In this work, carrot
peels have been selected for the production of
asparaginase based on its nutritional composi-
tion, cost and availability. The results in (Table 1
and Fig.1) demonstrate that the highest level of
L-asparaginase synthesis was observed i.e.3.0
IU/ml when carrot peels was used as the sub-
strate followed by other substrates used as basal
media. However, Varalakshmi and Raju,(2013)
(11) reported that maximum L-asparaginase
activity was achieved in a medium containing

Bajra seed flour as the substrate whereas corn
cob showed the lowest activity from Aspergillus
terrus. whereas Abha Mishra et al., (2006) (12)
reported production of L-asparaginase from As-
pergillus Niger using agricultural substrates like
bran of Cajanus Cajan, Phaseolus mungo and
Glycine max.

Table 1. Screening of different substrates for
L-asparaginase production by Aspergillus

quadrilineatus
Samples Enzyme activity (U ml™ ")
Carrot peels 0.25+0.008
Papaya peels 2.99+0.011
Green pea peels 0.21+0.017
Corn peels 0.07+0.00
Onion peels 0.095+0.006
Garlic peels 0.11+0.00
Rice Husk 0.08+0.00
Rice flour 0.035+0.007
Gram flour 0.055+0.003
Corn flour 0.06+0.00
Wheat flour 0.022+0.003
Wheat bran No Growth

L] IS i o S ——

Fig-1: Screening of different substrates for L-as-
paraginase production by Aspergillus quadrilin-
eatus

Purification studies

The enzyme L-asparaginase was
purified from the culture filtrate of Aspergil-
lus quadrilineatus using ammonium sulphate
precipitation, ion exchange chromatography
followed by gel filtration. The purification pro-
cedure summarized in (Table-2). The first step

Screening and purification of I-asparaginase production by Aspergillus quadrilineatus using agro
wastes and vegetable peels
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of purification by ammonium sulphate precipi-
tation achieved 0.99fold purification with 106%
enzyme recovery. The second purification step
was performed by gel filtration using Sephadex
G-100 column. This step showed 1.04-fold in-
crease in enzyme activity with 126.66% enzyme
recovery. The final step of purification was done
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by ion exchange chromatography using DEAE
cellulose The fractions showing L-asparaginase
activity in this step were collected and pooled.
The final step of purification resulted in 1.05-
fold increase in enzyme activity with yield of

136.60% enzyme recovery.

Table 2. Purification profile of L-asparaginase from Asperqgillus quadrilineatus.

Collected | Total Total Specific | purifica- | Yield
Steps vol- activity pro- activity | tion fold (%)
ume(ml) (V) tein(mg) | (IU/mg)
culture filtrate 3200 300 125 24 0 100
Ammonium sulfate precipitation 150 320 134 2.38 0.99 106.66
Gel filtration 120 380 151 2.51 1.04 126.66
lon exchange chromatography 100 410 162 2.53 1.05 136.60

L-asparaginase from various vegeta-
ble peels and agro waste substrates have been
purified and characterized and reported earlier.
Similar findings were made by Aparna & Raju
(2015) (13), who discovered that the ratios of
these substrates showed a synergistic rela-
tionship and that corn ear and cauliflower stem
greatly enhanced l-asparaginase synthesis by
A. terreus MTCC 1782. According to Dias et al.,
(2015) (14), A. niger LBAO2 produced a max-
imum L-asparaginase production of 89.22U/g
when aternary mixture containing equalamounts
of soybean meal, cottonseed meal, and wheat
bran was used. After 96 hours of fermentation,
yields increased by 13.53, 13.53, and 71.5-fold,
respectively, in comparison to the individual
feedstocks. Furthermore, employing Passion
fruit peel flour as a substrate, A. niger LBA02
l-asparaginase activity reached 2380.11U/gds
(de Cunha et al., 2018) (15). Maximum I-as-
paraginase yield for A. niger was supported us-
ing the bran of Glycine max (39.9+3.92U/gds),
Phaseolus mungo (30.7+3.69U/gds) and Caja-
nus cajan (26.14+3.67U/gds) (Mishra, 2006)
(16). L-asparaginase production by Pseudomo-
nas plecoglossicida RS1 was increased twofold
by onion peel extract and garlic peel extract
supplemented with (0.3% w/w) L-asparag-
ine. Several studies examined the asparagine
content of wastes used as substrates. Further,

pomegranate peel powder contains asparate in
a ratio of 0.3g/100g (Rowayshed et al., 2013)
(17).

BoRoRow oG

Enzyme activity (IU/ml)

=

Fractions

Fig-2: purification of L-asparaginase from the
Asperqgillus quadrilineatus gel filtration column
chromatography (Sephadex G-100) of the frac-
tions collected from ammonium sulphate precip-
itation fractions.
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Fig-3: Purification of L-asparaginase from As-
pergillus quadrilineatus ion exchange column
chromatography fractions.
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Characterization of partially purified enzyme

Another crucial element that needs to
be adjusted and regulated is temperature. It is
unclear how temperature affects the synthesis
of enzymes (Chaloupka, 1985) (18). The cur-
rent investigation examined the impact of in-
cubation temperature on A. terreus’s ability to
produce L-asparaginase. As a result, the syn-
thesis of L-asparaginase was shown to be high-
est at 37°C (4.11 IU/ml) and minimal at 50°C
(1.60 IU/ml). According to Sarqius et al., (2004)
(19), 30°C is ideal for submerged fermentation
employing A. tamarii and A. terreus to produce
L-asparaginase. According to Manna et al.
(1995) (20), 37°C is the ideal temperature for
Pseudomonas stutzeri to be at its most active.
For the synthesis of L-asparaginase to be suc-
cessful, the substrate’s initial pH level is crucial.
According to earlier research (Sivaramakrish-
nan et al., 2006) (21), pH plays a significant role
in controlling development, metabolism, and
the synthesis of enzymes. Since each creature
has a unique pH optimal range, any changes to
these ranges may cause an organism’s enzyme
function to decline (Adinarayana and Ellaiah,
2002) (22). The current investigation found that
this fungus produced the most enzyme at pH 8
(4.28 1U/ml), and that pH values over 10 caused
the fungus to produce less L-asparaginase. At
pH 10, the least amount of enzyme was pro-
duced (0.43IU/ml). Similar findings indicating
that pH 7.0 is ideal for L-asparaginase synthe-
sis during submerged fermentation have been
reported by De Angeli et al., (1970) (23). Koshy
et al., (1997) (24) discovered that Streptomyces
plicatus produces the most L-asparaginase at
a pH of 8.0. The analysis of substrate speci-
ficity demonstrated that the enzyme acts as a
catalyst, particularly using L-asparagine as its
substrate. When enzyme production was exam-
ined under various reaction times, a significant
amount of variance was seen, with the highest
output being detected at 10 minutes.

Table 3. Effect of pH, Temperature, and sub-
strate on partially purified L-asparaginase.

Parameters Enzyme activity (U
Temperature Effect ml ')
30 3.57
37 4.11
50 1.6
Incubation Peri-
od Effect
10 min 4.22
20 min 3.85
30 min 3.02
40 min 2.2
Effect of PH
3 3.09
4 3.11
5 3.25
6 3.69
7 3.75
8 4.28
9 1.2
10 0.43
Effect of Substrate Specificity
L-arginine 2.52
L-phenylalanine 2.24
L-Histidine 2.06
L-Glutamine 2.33
L-aspartic 3.10
L-asparagine 4.54

Conclusion

The observations obtained in this study
found that Fusarium proliferative has the ca-
pability to produce substantial amount of L-as-
paraginase enzyme. For the submerged state
fermentation process, carrot peel is found to be
the best substrate and it clearly enhances the

Screening and purification of I-asparaginase production by Aspergillus quadrilineatus using agro
wastes and vegetable peels
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practicality of this work by the way of econom-
ically feasible for the large-scale production of
L-asparaginase. The L-Asparaginase was fur-
ther purified using gel filiration chromatography
with a Sephadex G-100 column. The final over-
all yield recovery was 121.21%, and the purifica-
tion resulted in a fold increase of 0.95. Research
on the physical factors affecting the effective-
ness of pure L-Asparaginase has shown that it
remains functional throughout a wide pH range
of 8 and at a temperature of 37°C. The enzyme
demonstrates a high level of selectivity towards
its natural substrate, L-asparagine and demon-
strates a high level of stability at a pH of 8.
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Abstract

Contamination in parenterals affects
products’ critical quality attributes and patient
safety. lapses are frequently noticed, leading to
product recalls. The most recent Annex-1 guid-
ance expects manufacturers of parenteral prod-
ucts to evolve with a holistic contamination con-
trol strategy covering unit operations, processes
and activities. The operation segments in cGMP
environment are described wholly under 6M’s
(Men, material, machines, Methods/processes,
Mother nature/environment and Measurement/
controls) and their respective subfunctions. We
discussed the role of critical controls to validate
the process The need for automated equipment
compliant with GAMP 5, the focus areas requir-
ing technological advancement using artificial
intelligence (Al) are discussed. Novel automa-
tion controls that can be installed in existing
manufacturing units and the corresponding out-
come for an improved CCS is summarized.

Keywords: Contamination Control Strategy,
GAMP 5, ICH, GMP, Aseptic Process Simula-
tion, Automation

Introduction

The most recently released Annex-1
draft guidance on the manufacture of sterile
products (1) discussed the need for develop-
ment of a comprehensive CCS. It emphasized
the need for a top-down approach to understand

the critical control points (CCPs) that affect
product quality. The knowledge of process an-
alytical technologies (PAT) (7) coupled with the
principles of ICH Q10 (2) helps us to lay down
the necessary controls. Regardless of the de-
gree of controls laid down, we carry a residual
risk. Among the various risk assessment tech-
niques (2), the Hazard Analysis Critical Control
Point (HACCP) is versatile and ideally summa-
rizes the CCPs. In order to prepare a holistic
contamination control strategy (CCS) document
and apply the principles of HACCP in its entirety,
we opted for the 6M approach (3-5). We graded
the overall compliance requirements under the
6M tree. Based on the data of lapses reported
for one or more of the CCS elements in vari-
ous regulatory notices and/or warning letters,
we summarized the vulnerable areas where
redundancy of controls is required. Corrective
and preventive actions (CAPAs) for lapses are
usually tedious; however, modern automation
tools can aid to effectively map the vulnerable
areas on a real time basis and further correlate
the root cause with existing data libraries thus
helping to evolve with a more robust CAPA.
Very often, product quality risk is eliminated by
reducing manual intervention and improved au-
tomation. GAMP5 guidelines are designed to
ensure that automated systems comply with the
cGMP standards. (6). The advantages of auto-
mation and Al for achieving an improved CCS
is presented.
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6m classification & identification of CCPS in
an aseptic environment

The 6M Technique aids in identifying
process inefficiencies and helps to drive con-
tinuous improvement in the manufacturing en-
vironment (5-7). The scope of 6M for general
aseptic operations is indicated in figure 1. CCPs
for general aseptic operation are discussed. In
instances demanding distinct attention to test-
ing and controls, such as large-volume paren-
teral (LVPs) and powder injectables, we have
dedicated sections within this review to address
these specific areas.

Facility
Clean room controls

All intersection points through which
materials, men and waste move are areas of
concern. The guidance on the facility require-
ments for aseptic operations is widely avail-
able (8, 9). Facilities are qualified before their
intended use. Equipment qualifications, simula-
tion studies and validations are often conducted
to identify the CCPs. Notably, the design must
ensure the absence of uncleanable recesses
(10, 11). Process areas are designed such that
sink or drain provisions are absent in the Grade
A/B areas. All other drains are microbially moni-
tored for flora. Modern building designs ensured
dedicated corridors for waste movement and
separate passages for RM / FG movements to
prevent contamination. A positive pressure vari-
ance with the surrounding is a vital CCP. Hence,
a pressure differential of no less than 15 pas-
cals between two distinct classified zones (reg-
ulation mandates NLT 12 pascals) and a pres-
sure differential of at least 6 pascals (regulation
mandates NLT 4 pascals) between two rooms
with identical classification (regulation man-
dates NLT 4 pascals) is routinely upheld. Cal-
ibrated magnehelic gauges capable of record-
ing and generating alarms are often placed to
enhance monitoring capabilities. All the Clean-
rooms are qualified and classified based on ap-
plications. Grade A (Filling area, sterile laundry
receipt, LAFs area, Mobile LAFs, sampling area
for pre-sterilized components), Grade B (filtra-

tion area, Receipt area for filtered liquid, blend-
ing area of sterile APIs, receipt area of filtered
liquid, blending area for sterile APIs, peripher-
al area of filling), Grade C (laundry washing,
Compounding area, equipment washing area,
secondary change rooms, unloading pre-steril-
ized components, handling pre-sterilized com-
ponents) and Grade D (Primary change room,
equipment washing area, vial washing area,
plug washing area) areas are equipped with
terminal HEPA (H14) (12-21). CNC areas (Vial
inspection, Packaging and labelling, RM stores,
Microbiology waste disposal area, Quality unit,
Finished Goods store) are equipped with 5u
filtered air. Lux level in the vial inspection area
is a CCP and shall range from 2000 — 3750 lux
depending on operation.

Men
Training, gowning qualification, health & hy-
giene

Human activity in the cleanrooms is
the primary reason for particulate and micro-
bial contamination (24). CCPs such as routine
self-inspection, materials for apparels, gar-
ment sterilization, maintenance and the overall
gowning processes are critical. Standards for
cleanroom garments are described (22) and
their quality can be assessed using various pro-
cedures (23). The Helmke Drum test (28) that
verifies the particle shedding, especially when
a garment is washed multiple times, is critical.
The number of wash cycles for garments is
hence validated. Sterilized garments shall have
a definite validity period and the sterility assur-
ance level shall be NLT 10 after sterilization

Gowning qualification tests the opera-
tor’s proficiency to don and doff the garments
correctly and conduct EM in Grade B areas.
Re-qualification criteria, other than during an-
nual frequency, is also required. No specified
swab sampling locations were described in lit-
erature (1); hence, companies develop a risk-
based approach to identify the locations for
sampling (25).

Contamination control strategies in aseptic operations
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Figure 1: CCPs in an aseptic environment based on 6M classification.

Personnel suffering from communica- prohibited (26). The health of the operators is
ble diseases such as tuberculosis, influenza, monitored. Companies implemented thermal
etc., including bruises and skin infections such  screening methods during the COVID-19 pan-
as psoriasis and contact dermatitis, shall be  demic. Any undue absenteeism during the pan-
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demic mandated the management to re-confirm
that the personnel attended to the company in a
clean environment.

Machinery (equipment, utilities & tools)

Control on the usage and maintenance
of process equipment, utilities and spares is ut-
most critical as they are located in the Grade
A area. A line clearance procedure enlisting the
various CCPs is undertaken before the start
of the activity. The handling of machinery, util-
ities and tools is video recorded for traceability
during the operation.

Process equipment & utilities

Automation reduced human interven-
tion and improved data integrity. All qualified
process equipment is enabled with the highest
degree of automation to prevent contamina-
tion (13, 28-30). Machinery equipped with data
loggers and PLCs that are capable of real time
recording and generating alarms, shall comply
with 21 CFR Part 11 and GAMP5 recommenda-
tions (27). Filter membranes shall comply with
ISO 16610-21 (31). Qualified utilities mostly
undergo contact with the product solutions and
hence filtered through 0.2u porosity filters. A list
of CCPs for various critical utilities is enlisted
(see table-1). Purified water forms the input ma-
terial for WFI generation and its quality is mon-
itored continuously. The most recent water pu-
rification systems employed the use of variable
frequency drive to meet flow velocity require-
ments (NLT 1.3 mt/sec). The most recent equip-
ment are designed to give SMS alerts to the
personnel concerned when the operating limits
are deviated. Also, hooter alarms are equipped
to alert the engineering personnel if there is a
deviation in the set point conditions.

Tools & spares management

All tools introduced into core areas are
sterilized and remain within, prohibiting their
exit to maintain sterility. If a sterile equipment or
tool accidentally drops to the floor, refrain from
retrieving and using it. Instead, ensure that the

room is equipped with extra sterile supplies.
Additionally, all gloves and tools are designated
for single use and subsequently discarded, up-
holding stringent cleanliness standards within
the environment. Glove ports are sterilized and
employed for contamination-free operations.
Latex gloves, pre-sterilized through Ethylene
oxide or Gamma sterilization, are tested for ste-
rility in batches, ensuring their suitability for use.
These gloves are also powder-free to prevent
particulate contamination. Silicone tubes, inte-
gral for transferring gases and liquids, undergo
autoclave sterilization and testing for leachates,
compliant with USP <1663 & 1664> (32).

Materials and Methods
Receipt of raw materials (RM)

RMs shall be received from approved
vendors only. Pre-shipment samples for sterile
APIs, rubber stoppers and other gamma-steril-
ized materials, including sterile personnel pro-
tective equipment (PPEs), are received and
tested for sterility. Upon confirmation of the ste-
rility, the order quantity is requested for release
from the supplier’s site, and after receipt, it is
verified against an inward checklist. Thermo-
sensitive materials shall be adequately packed
along with a temperature datalogger, and upon
receipt, shall be stored in designated storage
conditions.

Sampling & dispensing

Non-sterile APIs are subjected to 100%
sampling while the excipients are sampled
based on (Square root of N + 1) (9). For bulk
receipts, AQL sampling methods can be fol-
lowed (33). Sampling for sterile APIs shall not
be done, and results of the pre-shipment sam-
ple are taken as final for approving the lot. For
buffers, anti-oxidants and preservatives that are
intended as powders for reconstitution separate
procedural controls are required (see discus-
sion under CCPs for Powder injectables). Sam-
pling shall be done only after satisfactory visu-
al inspection using dedicated and compatible
tools. Clean and unclean equipment hold-time
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studies shall also apply to the sampling tools.
Reverse LAF systems complying with ISO 5 or
Grade A/B requirements are used for dispens-
ing. Line clearance is verified before carrying
out the activity.

Controls for In-process materials

In-process materials shall only be pre-
pared in the Grade B area until complete man-
ufacturing. Hold time studies for solutions are
done to study the effect of any unforeseen in-
terventions during the process. The quality pa-
rameters at the end of the hold time shall be
comparable with that of the finished product.

Storage & despatch of finished goods

Finished Goods (FGs) shall be stored
in controlled environmental conditions with ade-
quate protection from heat and light. The quan-
tity reconciliation must be readily available, and
despatch procedures shall follow the first-expi-
ry-first-out methodology. Retention samples of
each of the batches shall be stored at desig-
nated locations with physical lock and key to
enable the investigation of complaints/queries
that may arise after despatch. The retention pe-
riod for finished goods batch samples is 1 year
more than the designated shelf life. For RMs,
the designated shelf life is up to 6 months from
the date of receipt. The storage and despatch of
intact sealed containers contribute very little to
the overall contamination control strategy.

Methods (Processes & simulations)

Process qualification & routine unit opera-
tions

The process qualification shall involve
the identification of CPPs with a challenge to
consistently achieving the CQAs throughout
the product life cycle. Ideally, procedural con-
trols are established. The CCPs in the process
are identified and documented. For filter mem-
branes, the compatibility, integrity, adsorbent
properties and filtration time often limit the batch
size for viscous solutions. The overall process
flow is described in figure 2.

Aseptic process simulation (APS)

Unlike in terminal sterilization, where
parametric release of materials is permitted (47,
48)], the products manufactured by aseptic fill-
ing are exposed to a high degree of risk. Media
fill studies (APS) are applicable for aseptically
filled products only. Media fill studies are pro-
cesses by which the product is not manufac-
tured, but instead, media is prepared and filled
into containers as though the product is made.
The process undergoes all the steps that are
there for a given product. All the unit operations
involved in manufacturing the product must be
carried out as part of media fill studies. These
must be conducted under stress conditions to
ensure the product can withstand any inadver-
tent contamination. The entire activity has to
be carried out as though it is a routine process
and not staged to have additional precautions
than customarily practised. This may give a
false negative result. Guidance on the number
of containers to be taken for the media fill study
was provided by the Parenteral Drug Associa-
tion (34). The industry does not allow any fail-
ures in the APS. Any failure calls for thorough
investigation and identification of the organism,
at least to its genus level, its source and remedi-
ation to prevent recurrence. Three consecutive
APS runs are usually done for the initial simu-
lation. Based on the production load, the quality
team can decide the number of runs for periodic
confirmation.

Media fill studies are performed under
various circumstances, including facility qual-
ification, significant changes to the water sys-
tem, facility, or air handling unit (AHU), the in-
troduction of a new product, batch failures, or
when environmental counts exceed alert limits.
These studies are routinely conducted every six
months to ensure aseptic processing integrity.
In cases where the same product is filled in dif-
ferent volumes or weights, bracketing can be
applied to streamline testing. Additionally, simu-
lations are conducted for different dosage forms
to validate sterility assurance across various
manufacturing conditions.
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Filling of containers

The volume of product to be filled need
not be the volume that is filled in a container.
The reason is that, during incubation, the vials
are kept so that the entire product contact sur-
face area is covered, including the closure if ap-
plicable. (Up-right, Inverted, horizontal positions
during the incubation period).

To simulate dry powder (lyophilized),
sterile mannitol is filled into containers and ster-
ile media is subsequently added and sealed as
a part of unit operation. The mannitol dissolves
immediately and does not alter the characteris-
tics of the media.

For aqueous gels, the media is added into the
gel without the active ingredient and the preser-
vatives and filled.

Table -1: Controls for various utilities in parenterals, compendial requirements and best practices

in the industry

CCPs for various utilities

Compliance

Routine Practice

Conductivity < 1.1 ys/cm at
20°C of condensate
Temperature, Pressure:
Correlates with dry saturat-
ed steam
Non-condensable gases <
40ml/kg

Moisture < 5%

Superheat < 50°C at atmo-
spheric pressure

Bacterial Endotoxins <0.25
EU/mI of condensate

require-
ments
Com- Oil content < 0.5 mg/m? ISO 8573 For the service lines, a filter integrity
pressed Air | Dew point -40°F test is done once every six months
NVP matter < 90000 for (£ one month) during non-production
0.5y and = 1000 for 5.0 days.
Bio load = Nil The service line filter is replaced
Max discharge air pressure once in 2 years (£ one month)
< 7 kg/cm?
Nitrogen Purity > 99.5% ISO 8573 Purity > 99.999%
Oxygen < 0.5ppm Oxygen < 2 ppm
CO/CO, < 1ppm CO/CO, < 1ppm
Water < 3ppm Total Impurities < 4 ppm
Oil content < 0.5 mg/m3 Water < 3ppm
Dew point -40°F The nitrogen line is built with a
NVP matter < 90000 for hydrophobic service line filter of
0.5p and = 1000 for 5.0 p 0.2u porosity that is replaced once
Bio load = Nil every 2 years. Filter integrity tests
in service lines are also done once
every 6 months.
Pure pH = 5.0 to 7.0 of conden- pH = 5.0 to 7.0 of condensate
Steam sate Conductivity < 1.1 ps/cm at 20°C of

condensate

Temperature, Pressure: Correlates
with dry saturated steam.
Non-condensable gases < 4.0%
Moisture < 5%

Superheat < 25°C at atmospheric
pressure

Bacterial Endotoxins <0.25 EU/mI of
condensate

Other practices

Controlling the % of make-up water <
15% to maintain steam quality.
Pipeline velocity below 25 m/sec that
allows effective removal of entrained
moisture using steam traps

Use of strainers to protect control
valves and steam traps.

Steam condensate should meet the
current monograph of WFI.
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Water TOC (ppb) Pharm. Eur, | Reverse osmosis and ozonization
Purification | NMT 500 USP coupled with Ultrafiltration are cur-
System rently being used.
Conductivity (uS/cm) @ JP
20°C  NMT 1.0
Nitrates (ppm)
should be absent
Heavy Metals (ppm)
should be absent
Aerobic Bacteria (cfu/ml)
<100 / ml
Pathogens: absent per ml
WEFI Same as Purified water Pharm. Eur, | Reverse osmosis, ozonization,
additionally, USP. JP ultrafiltration, and electrodeionization
) ’ (EDI) are currently used. Multi-col-
Endotoxins (IU/ml) umn distillation
<0.25 EU/ ml
Grade D
Mon-sterilized Vials / Ampoules are GRADE C AREA
SR - Grade D
Preparation of —1 Unwrappingof the
JL bulksolutions || ——— | sterilized vials & plugs
e Ex DPB
Sequential washing with PW, s
air, PW, air, WFl and air | Cleaning of
= J L = Machine Parts
\/ ( Filtration of bulk
solutions
Grade D
Pre-heating ['T ) MNozzles, pipes, filter assemblys are
Fystam Fllr;li prva— autoclaved and transferred from
Grade B vis 0.22 / 0451 | oPe Grade D to ﬁndeBu_sin_aumnhihe
i LAF, They are used within the
isfervie | o \ienV ﬁ validity period
" - Fillilng area
GRADE
-..mm!uu * P T— * Finishad Fmductmml
& Sterility level of 10%or
GRADE B AREA .

TUNNEL SYSTEM "‘
‘ 4= PERSONNEL ENTRY |

It must be noted that the filling and sealing are carried out in Grade A areas but under differnt AHU

Figure-2: Processes in the aseptic area
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Figure legend: the red background indicates
zones of high risk. DPB — dynamic pass boxes
are routinely equipped with 0.22 y filters (H14
grade)

Media qualification

Soybean casein digest broth is the me-
dium of choice for this activity. The media is
qualified to ensure that the media can identify
any single cell in the entire operation. The or-
ganisms used are prescribed in USP The lots
used for media preparation shall be pre-quali-
fied. The number of environmental isolates to
be used may be more than one. All these or-
ganisms should have shown copious growth on
incubation prior to the commencement of the
study.

Cleaning, sanitization & disinfection

The primary methods for cleaning in-
dustrial equipment involve Clean-In-Place (CIP)
and Steam-In-Place (SIP), which utilize chemi-
cal or heat treatments. Before this, it is essential
to attempt the removal of process residues and
particles using high-pressure water cleaning
or steam. Alkali-based disinfectants and deter-
gents are commonly employed in CIP systems,
with sodium hydroxide being one of the most
widely used options. It is crucial to validate the
cleaning process for equipment to ensure its ef-
fectiveness.

Regular hand sanitization with an effec-
tive hand sanitizer is necessary for personnel
engaged in Grade A/B areas. In Europe, estab-
lished standards (EN 149913 and EN 150025A)
describe the validation approach for hand sani-
tizers [35-38].

CIP & SIP

CIP and SIP are automated processes
utilizing water, chemicals, and heat to sanitize
equipment effectively. One CIP cycle will usually
take between 60 and 90 minutes and generally
operate at 100°C. SIP enhances the sterilization
achieved through the CIP process by employ-

ing steam at temperatures ranging from 120°C
to 135°C for 30 minutes. An important factor
affecting the SIP is the quality of steam (See
table-1).

Factors that influence the CIP & SIP
are the operating temperature and pressure,
the concentration of the chemical, the heating
duration, and the viscous nature of the material
to be cleaned. Several chemicals used in the
CIP process have been found incompatible with
elastomeric seals. In most CIP and SIP applica-
tions, VMQ silicones and hydrogenated acrylo-
nitrile butadiene rubber (HNBR) are unsuitable
due to their limited compatibility. Fluoroelasto-
mer (FKM) materials also exhibit weaknesses
when exposed to alkaline and acidic substanc-
es. Ethylene propylene diene monomer (EPDM)
is generally suitable for sealing aseptic technol-
ogy but falls short when confronted with more
rigorous CIP procedures. In contrast, Perfluo-
roelastomer is resistant to chemical media and
high temperatures, making it the universally
preferred material for CIP and SIP processes.

Hold time studies for equipment and mate-
rials

According to the WHO Technical Re-
port Series No. 992, 2015, Annex 4, hold-time
studies determine the permissible duration for
holding materials at various production stages
to ensure product quality remains within accept-
able limits. The study design must accurately
represent the holding times at each stage, as
they directly impact the final product’s overall
quality, making hold time a critical control point
(CCP) in the industry. Various routine and un-
foreseen interventions can extend hold times,
including filter assembly blockages, volume or
fill weight corrections, crew changes during shift
transitions, intermittent sampling, component
adjustments, operational delays, periodic re-
plenishment of materials, sensor replacements,
conveyor or guide rail modifications, spillage,
container replacements, temporary increases
in personnel, and simulations of failures such
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as UPS or AHU malfunctions. Additionally, ex-
ceeding the allowed frequency for opening
entry doors in Grade B areas and non-robotic
human movement for short durations can also
influence hold time. These events are com-
monly simulated during process validation to
assess their impact on production and ensure
compliance with quality standards. During the
interventions, batch production time can be ex-
tended to a few hours, during which bio-load
can increase. Hence, material hold-time studies
are done during process validation.

The clean equipment hold time involves
verification of microbial load on the contact sur-
faces, while the unclean equipment holds time
verifies both chemical and microbial load. Swab
samples are collected from designated loca-
tions, and the residue per unit area is calculat-
ed. The unclean equipment hold time is of piv-
otal importance. Formulation residues left over
on the surface of the equipment can undergo
degradation due to one or more factors, such as
temperature, humidity, oxidation, or hydrolysis.
It is important to note that, during the selection
of a cleaning aid, operators rely on the solubility
of the active ingredient. In principle, no data is
available on the solubility of impurities or deg-
radation products likely to be formed during ex-
posure. Hence, deviating from the established
unclean hold time can cause the carryover of
the chemical residues into subsequent batches.
A checkpoint here is to verify the TOC of the
swab sample and ensure that it is comparable
to WFI limits. On several occasions, the regula-
tory agency requested that unknown peaks due
to extended hold time be identified. Analysts re-
lied on advanced HPLC-based techniques for
identifying and quantifying such impurities or
referred to the stability-indicating methods to
see if such peaks occurred during product de-
velopment or due to the stress conditions during
product storage (40,41).

Cleaning validation

An efficient cleaning procedure allows

the contaminants to be effectively removed be-
low acceptable levels. Residue levels not ex-
ceeding 10 ppm are considered reasonable,
and a safety factor of 0.001 is recommended
in the current PDA guidelines; however, the
industry follows the least of the two (42, 43).,
In routine practice, detergents are prohibited
as their composition and surface compatibility
is unknown. A suitable sodium lauryl sulphate
(SLS) concentration either alone or in combina-
tion with suitable ICH class 3 solvents (44) with
a fixed number of rinse cycles shall be done
with final WFI recirculation at 80°C. The resi-
due of SLS can be quantified. The TOC of the
final rinse samples should not exceed 500 ppb.
The residual carryover can be more prominent
with sterile powders, wherein insoluble residues
may stick to the inner surfaces of long pipes
and bends. Solubility information is paramount
in such cases.

Measurement (routine controls and monitor-
ing)
Sterility assurance

Sterility assurance is the degree of
certainty that a given product or unit, which is
claimed to be sterile, indeed meets the criteria
of sterility. The test is destructive, and several
controls over practices, utilities and the envi-
ronment. Besides controls over the elements
described in the 6M environment, additional as-
pects such as reducing or eliminating the num-
ber of interventions, implementing a closed,
restricted access barrier system (RABS), and
adequate process simulations that include pre-
ventive testing and periodic vendor qualifica-
tions contribute to sterility assurance.

Environmental monitoring (EM)

The readiness of the environment shall
include compliance verification over Viable and
non-viable particulate matter (14, 15). The air
quality correlates with the product quality. Peri-
odic performance verification for air quality are
given in Table 2.
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Table -2: Performance verification tests for
AHU/HVAC

Utili-
ties

Performance verification tests and
Frequency

AHU / Airflow velocity, volume and Air
HVAC changes test
Filter integrity test
Differential pressure test (Real Time
basis)
Airflow pattern test
Airborne non-viable count (Particle
count)
Particle Recovery test
Temperature control and humidity
test
Airborne viable count (Microbial qual-
ity of air)

Environmental flora

Why should these isolates be includ-
ed in GPTs? The rationale is that if organisms
are indeed present in the product, the utilized
media should be able to detect their presence.
Environmental isolates may be sporadic or
predominant and vary with seasons. The pre-
dominant isolates must be identified up to the
species level by available software — VITEK 2.
These organisms need to be maintained as a
part of the library with its details of morphology
and photographs. Once the organisms are iden-
tified, it has to be ascertained that the media
used — Reasoner’s 2A (R2A) agar (if the isolate
is waterborne), Soyabean casein digest agar (if
it is from environment or people), and Fluid thio-
glycolate (if water, environment and people) will
be able to identify its presence. So, these or-
ganisms form a part of Growth promotion tests
(GPTs). GPT should encompass one organism
from each family in the isolates.

Non-viable particulate count

In a study conducted by the NIH (45),
the Continuous monitoring of non-viable air-
borne particles shows a correlation with airborne
colonies and serves as an acceptable proxy for
the daily evaluation of cleanroom performance.

However, the USP still mandates using agar
contact plates for particle counting in ISO 7 ar-
eas. Continuous monitoring of the non-viable
particles can help monitor the trend, and such
equipment will work as an early warning sys-
tem. Specific CCPs for Powder injectables

Apart from the active pharmaceutical
ingredient, the powder injectables have buf-
fers, antioxidants and preservatives. In order to
test the microbial load, the inhibition properties
of buffers, anti-oxidants and preservatives are
neutralized such that the microbial recovery is
maximum (46). Powder injectables are either
blended and filled or filled as such. The vials are
sterilized in a tunnel system validated for non-vi-
able particulates (NVP) and BET, ensuring con-
tamination is avoided. The entire quantity of the
API or the excipients are consumed in once in-
stance and left overs are discarded.

Routine quality control testing of the
finished product involves reconstitution of the
contents using filtered WFI under LAF. The vials
are inspected to ensure that particles of definite
micron sizes are within limits. The particulate
matter shall comply with the limits prescribed
under USP <788>. The powder injectable prod-
uct process is simulated by filling pre-sterilized
mannitol powder. As powder injectables are
generally moisture sensitive, the temperature
in the classified area is maintained below 20°C
and RH below 35 %. Controlling moisture is es-
sential for controlling microbial burden.

Specific CCPs for large-volume parenteral

Any volume of more than 100 ml is
known as LVP and are terminally sterilized. As
the product does not have preservatives, the
bio-burden has to be least. Polypropylene (PP)
granules made under ISO 8 conditions are used
for LVPs and glass is prohibited.

Gamma sterilized granules are blown
into heating and blowing with filtered and quali-
fied compressed air. Other required parts of the
bottle are also made of PP and are pre-steril-
ized. The solutions are prepared under ISO 7

Contamination control strategies in aseptic operations



Current Trends in Biotechnology and Pharmacy

2340

Vol. 19(2) 2330-2347, April 2025, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2025.2.20

tions, personnel control, contamination preven-
tion, and overall compliance with quality stan-
dards.

Achieving enhanced efficiency through au-
tomation

Automation and robotics, combined
with single-use systems, are transforming
aseptic processing by streamlining operations,
minimizing human intervention, and reducing
the risk of contamination or errors. Advances in
analytical testing, such as rapid sterility testing
can yield results in under seven days, a signif-
icant improvement over the traditional 14-day
incubation period required by compendial ste-
rility standards. However, regulatory guidelines
for viable particulate monitoring are based on
CFUs, which do not easily correlate with results
from fluorescent particle counting. Manufactur-
ers need to validate new methods against ex-
isting standards to prove their equivalence or
superiority.

Rapid microbial methods, using biofluo-
rescent particle counters instead of settle plates,
offer real-time microbial data during aseptic pro-
cessing, enabling immediate responses to EM
failures and reducing the risk of batch losses.
Further innovations in EM systems now allow
for real-time differentiation between viable and
non-viable particles, capturing viable particles

on a growth medium as they are detected. This
advancement shortens the timeframe for identi-
fying EM excursions, crucial for preventing de-
lays and shortages in parenteral supplies.

Automation and robotics are also rev-
olutionizing visual inspection in drug manufac-
turing. Automated visual inspection (AVIl) com-
bined with Al for image analysis [66] enhances
defect and particle detection, reduces false
reject rates, and improves process efficiency.
The use of standardized, ready-to-use compo-
nents, such as pre-sterilized vial nests, has also
streamlined production by eliminating steps like
vial washing and sterilization, reducing glass
vial damage, and enabling more efficient filling
processes.

Despite these advancements, robot-
ics still face challenges, particularly in handling
unexpected events. Future innovations may in-
volve integrating vision systems and Al to en-
able robots to respond to unplanned interven-
tions, further reducing human involvement and
enhancing operational flexibility. To fully lever-
age these technologies, manufacturers must
adopt flexible implementation strategies that
maximize the benefits of automation and robot-
ics. Some automation tools that can enhance
cleanroom performance metrics are listed in ta-
ble-3.

Table 3: Some automation controls that need to be implemented in the Grade A/ B areas

Automation control

Intended purpose

Expected improvement in CCS

Implementation of dif-
ferential pyro-electric In-
frared sensor [51] and a
camera at entry points of
Grade A/B Area

To capture real-time data
about the number of opera-
tors inside the critical area
(Grade A/B).

This process can limit the number of operators
inside the Grade A/B area and thus help reduce
contamination.

Linking this device with the interlocking doors can
provide restricted access into the Grade A/B areas.

Implementing  wearable
Performance metrics
monitoring devices [52,
53]

To monitor the working per-
sonnel’s real-time health
status, stress levels, fit-
ness, etc.

Failure to meet the fithess and hygiene norms will
prevent operators from entering the sterile envi-
ronment.

Implementation of Re-
al-time attention monitor-
ing and behaviour recog-
nition systems [54, 55]

To enable monitoring and
recording of behaviour in
the clean rooms.

Any deviation in the operator’s behaviour can alert
the quality personnel immediately. Improving the
awareness of the pupil working in the Grade A ar-
eas can be easy with the help of recorded videos.
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Implementation of screen-
ers to verify the training
[56]

Only qualified and trained
operators are allowed in-
side the cleanroom

While this is already in place, monitoring the re-
al-time readiness of the personnel and enabling
access to qualified personnel has to be implement-
ed.

Installation of capacitance
proximity sensors for the
detection of waste [57]

To detect and remove any
leftover material in the
dispensing, labelling and
packaging areas

In the dispensing area, it provides electronic evi-
dence of thorough line clearance. Currently, this is
done manually.

Implementing this system in the labelling and
packaging areas will prevent mix-ups and misla-
belling of products.

Quick response coding
systems on the labels [58]

To verify the accuracy of
labelled contents

This practice is already being followed in India by
manufacturers of APIs. Implementation by formu-
lation manufacturers is pending.

Real-time  Temperature
data logging and trans-
mission system [59]

To ensure that the goods
are transferred to the des-
tination under controlled

conditions.

This will support generating data for transportation
validation and provide trend data on logistics and
supply chain control.

Ai for an efficient CCS

Al tools can extract the key drivers that
facilitate the identification of CCPs and work as
enablers for knowledge management (50). De-
veloping process performance dashboards that
act as enablers for statistical decision making is
possible. Ideally Al can enhance the throughput
during real time monitoring and predictive ana-
lytics, automated surface decontamination, de-
fect detection during packaging, process optimi-
zation, automated EM, training simulation and
smart CAPA implementation. This is a hercule-
an task. By integrating the real-time and histori-
cal data points and personnel behaviour trends,
the next challenge is to build a robust CCS
strategy. A straightforward framework involves
mapping all vulnerable unit operations, areas,
and controls that could lead to non-compliance
while providing real-time trend data for monitor-
ing. Establishing performance metrics for each
operator in core areas is required. Performance
metrics coupled with analysing historical events
aids in identifying root causes and assessing the
effectiveness of corrective and preventive ac-
tions (CAPAs). Integrating data sets to compare
actual practices with established procedures
through real-time audio and video monitoring
enhances oversight. Operators’ movements and
health status within Grade A/B facilities can be

monitored using thermographic cameras, while
infrared or optical sensing devices help regulate
the number of personnel in critical areas. Envi-
ronmental monitoring (EM) locations should be
strategically determined based on room design,
personnel movement, and airflow direction. Ad-
ditionally, continuous improvements in isolator
and equipment design can further enhance
compliance and operational efficiency.

Al-powered algorithms must be de-
signed to gather data within the 6M framework
of the manufacturing processes and integrate
data from disparate sources and formats, in-
cluding sensor data, laboratory results, hypoth-
esis testing and historical records. Al algorithms
can then be used to build predictive manufac-
turing process models. As optimization pro-
gresses, Al algorithms learn from past iterations
and refine their strategies to converge on opti-
mal solutions more efficiently. Once optimized
process parameters are identified, Al systems
can continuously monitor manufacturing oper-
ations in real time to ensure that the process
remains within specified limits. Sensor data and
feedback from monitoring systems are fed back
into the Al algorithms, allowing them to adjust
to maintain optimal conditions and respond to
changes or disturbances in the process en-
vironment. These algorithms use techniques
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such as gradient descent, genetic algorithms,
or reinforcement learning to search for the best
set of parameters within the vast space of pos-
sible combinations. By leveraging Al-powered
optimization algorithms, pharmaceutical com-
panies can significantly improve manufacturing
efficiency, leading to higher productivity, lower
production costs, and better-quality products.

Future scope

The recent advancements in automa-
tion that reduced the process and product risks
are discussed. Applications of novel automa-
tion devices for trending the behaviour, real
time health and fatigue status of personnel in
the core areas are presented. The role of Al
in process optimization, continuous process im-
provement and implementing an effective CCS
to minimize the risk of rework and/or recall is
discussed.

A granular understanding of each of the
processes is a pre-requisite for Al to percolate.
Integration of the existing data libraries and re-
finement of the critical data is quite challeng-
ing. Yet, with technological upgrades, it must
be possible to compound products without in-
terventions in much smaller cleanrooms where
the risk of contamination is considerably lower.
Automation should be coupled with artificial in-
telligence (Al) to recognize and decontaminate
vulnerable equipment surfaces. Such systems
may take the support of real-time monitoring de-
vices. Also, fully automated gloveless isolators
can mitigate the risk of contamination.

Technological advancement aimed at
reducing manual intervention, building accurate
and rapid analytical methods, automatic alert
systems, faster or automated screening of de-
fects in primary packaging materials, filter mem-
branes etc is due.

Current rapid test methods such as
VITEK-2 systems are helpful in EM (61-65).
This process is only indicative but needs to be
more conclusive. Rapid detection and instant
characterization of infected surfaces, such as

finger dab tests, can be developed, but environ-
mental flora challenges persist. The flora, along
with mutant variants, may keep changing with
seasons. Hence, detection is only probabilistic
and not confirmed because data on such mu-
tant strains may need to be updated. If the data-
base is updated, the performance qualification
needs to be redone. Such challenges prevail
even with the support of Al.

Conclusion

A novel method of identifying the CCPs
using the 6M framework is presented. Quality
lapses in the CCPs leading to product recalls
and/or warning letters are presented. Novel and
emerging automation devices that find applica-
tions in reducing process / product risk are pre-
sented. Key areas where the support of Al and
automation needs technological advancement
are discussed. A guidance for integrating Al with
existing processes is presented. This can very
much help industry for building a robust CCS
compliant with regulatory requirements.
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Abstract

The study focused on doping of
hydroxyapatite (HAp) with Alpinia galanga (L.)
Willd. rhizome extract (Agr) to impart antioxidant
and antimicrobial features to HAp by a green
approach. The HAp was synthesized by sol-
gel method using ortho-phosphoric acid and
calcium nitrate tetrahydrate as precursors. The
HAp was doped with Agr by the wet-precipitation
method. The X-ray diffraction (XRD) showed
that HAp and HAp-Agr biocomposite were
crystalline. The FTIR study validated the
successful impartation of Agr into HAp by
confirming the presence of functional groups
as alcoholic, phosphate, and carbonate groups
in HAp-Agr biocomposite. The field emission
scanning electron microscope analysis showed
that HAp and HAp-Agr biocomposite were
irregular and agglomerated. Moreover, energy
dispersive X-ray (EDX) analysis showed the
entrapment of phytomolecules of Agr into HAp-
Agr biocomposite. The Zeta potential analysis
revealed that HAp and HAp-Agr biocomposite
were stable with -24.6 and -10.7 mV,
respectively. The hydrodynamic size distribution
of HAp and HAp-Agr biocomposite were 191.5
and 280.7 d. nm, respectively. The HAp-Agr
biocomposite exhibited potential antioxidant
activity, and its IC,, value (concentration
required to scavenge 50% of free radicals)
was 133.92 + 4.08 and 141.24 + 6.79 pg/mL

in DPPH and ABTS assays, respectively. The
HAp-Agr biocomposite exhibited a broad range
of antibacterial activity against Gram-ve and
Gram+ve bacteria by broth-dilution technique.
This work highlighted that the as-synthesized
HAp-Agr biocomposite had notable antioxidant
and antibacterial characteristics and highly apt
for biomedical application.

Keywords: Hydroxyapatite, Alpinia galanga
(L.) Willd., antioxidant, antibacterial.

Introduction

The swift advancement of modern
nanotechnology is broad and utilized in
scientific fields, encompassing medical, health,
environment, nanoelectronics, national security,
etc. Nanotechnology enables the formulation
and use of biological, physical, and chemical
properties at the molecular or atomic level,
particularly within nanoscale dimensions.
The rapid progression of nanotechnology in
medicine utilizes nanomaterials to monitor,
treat, manage, diagnose, and prevent cellular
damage induced by infections. Nanomedicine
encompasses several biomedical applications,
such as dental implants, wound healing, drug
delivery, tissue engineering, and medical
equipment. The principal aim of nanomedicine
is to deliver therapy to the human body at atomic
and molecular scales while safeguarding the
integrity of healthy cells and tissues (1, 2, 3).
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The chemical formula for hydroxyapatite
(HAp) is Ca, (PO,),(OH),, presenting a calcium-
to-phosphorus ratio of 1.67. HAp features a
hexagonal crystalline structure. The purest form
of the powder is white; nevertheless, naturally
occurring varieties exhibit brown, yellow, or green
types. Nano-hydroxyapatite is the most stable
calcium phosphate compound across diverse
temperatures, pH levels, and fluid compositions.
HAp exhibits biocompatibility, osteoconductivity,
bioactivity, non-toxicity, and a non-inflammatory
nature. HAp is predominantly utilized in bone
and dental enamel applications. HAp can be
produced using various techniques, including
dry, wet, high-temperature, combination, and
biogenic synthesis. These synthesis methods
may employ either chemical or naturally
occurring precursors. HAp is synthesized from
chemical compounds or derived from natural
sources, such as animals, marine organisms,
shells, plants, and algae. Synthesized HAp
using chemical techniques exhibited a
substantial surface area, increased porosity,
and reduced crystallinity. Surface modification of
HAp enhances its characteristics and optimizes
its applications. Chemically produced HAp
exhibits limited stability and durability, hence
constraining its use in the biomedical field.
The constraints of synthetically generated HAp
prompted the utilization of natural precursors
and biopolymers for its manufacture. HAp
elicits no adverse reactions in humans, as itis a
naturally occurring compound in the body. HAp
has several applications, including bone tissue
engineering, antimicrobial uses, anticancer
therapies, dental implants, bioimaging, and
water purification. In bone tissue engineering,
HAp is utilized to synthesize new bone tissue
and repair bone. The use of HAp in cancer
treatment can eradicate neoplastic cells. The
doped HAp compositions showed enhanced
efficacy in eliminating cancer cells. The
production of HAp from chemical or natural
sources, including mammalian bones, shells,
minerals, and metal ion-doped variants (such
as iron, zinc, copper, silver, gold, cerium, and
magnesium), demonstrates an inhibitory effect
against bacteria (4, 5).

The HAp in dental enamel serves
to prevent and reverse cavities, diminish
sensitivity, whiten teeth, and ensure non-toxicity
and biocompatibility. In several sectors, HAp is
extensively utilized in cosmetic applications to
enhance skin firmness. It is now used as a hair
care product to improve strength and nourish
the hair. HAp is used in sunscreen to mitigate
UV damage and photoaging. Consequently,
HAp is seen as a safer and environmentally
beneficial option. Biosynthesized HAp is a potent
component with many uses and significant
advantages in skeletal, hair, cosmetic, dental,
water treatment, and pharmaceutical delivery
contexts (6).

Recently, significant attention has been
focused on doping HAp with plant extracts.
Plants are rich in bioactive substances such
as polyphenols, flavonoids, terpenoids,
and alkaloids. These substances could
exhibit properties such as antibacterial, anti-
inflammatory, antioxidant, and potentially
osteogenic effects (7, 8). The composite formed
by incorporating plant bioactive chemicals into
HA may exhibit properties such as antibacterial
effects, anti-inflammatory responses, and the
promotion of osteoblastogenesis (9, 10).

The present study is focused on the
preparation of a composite of HAp with A.
galanga (L.) Willd. rhizome extract and examine
their antioxidant and antibacterial properties.
The Zingiberaceae family, encompasses A.
galanga (L.) Willd., also commonly known as
galangal or greater galangal, is classified as
a perennial plant. This spice is prominently
utilized in Indonesian and other Southeast
Asian cuisines. This plant is highly significant
and is widely employed in traditional medicine
in several countries, especially within India’s
Ayurvedic medicinal system. In Asia, these
rhizomes have historically been employed as
spices and flavoring agents because of their
strong, fragrant fragrances and piquant flavor.
A renowned traditional Chinese medication,
they have been widely utilized to address
gastrointestinal ailments such as indigestion,

Hydroxyapatite doped with Alpinia galanga (L.) Willd. rhizome extract exhibits potential antioxidant
and antibacterial features
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gastro-cold vomiting, and abdominal pain. A.
galanga (L.) Willd. rhizome extract rich with
pharmacologically active compounds like
B-turmerone, a-turmerone, and cymene (11).

In this study, HAp was prepared by
sol-gel method and followed by incorporated
with A. galanga (L.) Willd. rhizome extract
by wet-precipitation method. The HAp and
HAp-A. galanga (L.) Willd. rhizome extract
(HAp-Agr) biocomposite was characterized by
nanotechnology approaches. Following, the
antioxidant and antibacterial potential of the
HAp-Agr biocomposite was demonstrated.

Materials and Methods
Chemicals and reagents

Muller-Hinton agar (MHA), tetracycline,
DPPH, ethanol, ABTS, ortho-phosphoric acid
(O-PA), ammonia, potassium persulfate, Muller-
Hinton broth (MHB), ascorbic acid, methanol,
tryptic soy broth, saline, nutrient broth, sodium
hydroxide, and calcium nitrate tetrahydrate
(CNT) were received from HiMedia, Mumbai,
India. The other chemicals and reagents in the
study were analytical grade and obtained from
Merck, Bengaluru, India. The plasticware was
obtained from Tarsons Products, Kolkata, India.

Collection and preparation of plant extract

The fresh rhizomes of A. galanga
(L.) Willd. were collected from the agriculture
market in Coimbatore, India. The rhizomes
of A. galanga (L.) Willd. were dried for three
weeks at room temperature under dark. The
dried rhizomes of A. galanga (L.) Willd. were
ground into powder using the blender. Fifty
grams of fine powder were immersed in 250 mL
of hydroethanolic at ambient temperature and
agitated in a shaker for three days, adopting
the cold maceration technique (12). Following
this, the hydroethanolic solution was filtered
through the Whatman no. 1 filter paper, and the
filter was collected. Then, the obtained filtrate
was lyophilized at -39°C and concentrated the
filtrate. The collected A. galanga (L.) Willd.
rhizome extract (Agr) was stored at 4°C for

further analysis.
Synthesis of HAp and HAp-Agr biocomposite

The HAp was prepared using the sol-
gel technique (10). The precursor compounds
for calcium and phosphate are calcium nitrate
tetrahydrate and  orthophosphoric  acid,
respectively. Double distilled water was utilised
to make 1 M calcium nitrate tetrahydrate and
0.6 M orthophosphoric acid, each agitated
separately for 30 minutes. The orthophosphoric
acid solution was added dropwise to the
calcium nitrate tetrahydrate solution. The
precipitated solution was agitated vigorously for
one hour following its introduction. A pH of 10
was maintained, and the solution was kept for
24 hours aging. The precipitate was dried below
200°C in the oven for 6 hours. The obtained
product was subjected to furnace treatment for
3 hours at temperatures varying from 300°C to
900°C.

The hydroxyapatite and rhizomes of
A. galanga (L.) Willd. rhizome extract (HAp-
Agr) biocomposite was prepared by the wet-
precipitation process (10). In the first step, the
equal ratio of HAp and Agr was stirred overnight
at 80 rpm in 50 mL of ethanol solution, which
confirms an equal mixing of the materials. After
that, the precipitated solution was obtained and
dried for 24 hours at 35°C in an oven. Finally,
the dried sample was ground into a fine powder
and sieved.

Characterization of HAp and HAp-Agr
biocomposite

To comprehend the crystallinity and
phase analysis of the prepared materials,
electron-based X-ray diffractometry (XRD) was
typically employed. The prepared materials
(HAp and HAp-Agr biocomposite) were
scanned in the 2theta ranges from 10° to 80°
using steps of 0.06° and 10 s of counting time
utilizing the diffractometry analysis. The data
were then recorded using a Bruker Eco D8 XRD
diffractometer (Berlin, Germany) that used Cu-
Ka radiation and operated at 40 kV and 25 mA.
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The peak locations and intensities are compared
with the support of JCPDS (09-432) reference
patterns to figure out particle crystallinity (9, 10).

Fourier transform infrared (FTIR)
spectroscopy (Shimadzu, Tokyo, Japan) was
used to identify the capping and reducing agents
as well as the available functional groups in the
produced HAp, Agr, and HAp-Agr biocomposite.
To acquire the spectrum spanning the 400—-4000
cm™ wavelength range, the prepared samples
were compressed for two minutes onto a 2-mm
disk after being mixed 1:100 with potassium
bromide (9, 10).

A field emission scanning electron
microscopy (FESEM) with the model name of
FElI Quanta 250 FEG-SEM (Thermo Fisher
Scientific, USA) was used to investigate the
particles’ (HAp and HAp-Agr biocomposite)
morphological shape and size with the maximum
accelerating and operating voltage of 30 kV. The
samples were coated with gold sputter coating
before image capture. The samples’ chemical
composition was also recorded in energy
dispersive X-rays (EDX) analysis combined with
the same microscopy (9, 10).

Similar surface electric charges cause
electrostatic repulsion, which makes the
dispersion more stable, where the particles
are less prone to agglomerate. A measurement
of the electric charge at the particle’s surface,
called zeta potential, is frequently used to
evaluate its stability. To determine the average
zeta potentials, the prepared samples (HAp and
HAp-Agr biocomposite) were dispersed and
taken to the Zetasizer with a 60-second analysis
period. Further, the samples’ hydrodynamic
diameter range and polydispersity index (Pdl)
were measured using dynamic light scattering
(DLS) at 25°C with a scattering angle of 90°
(Malvern Instruments Ltd, Malvern, United
Kingdom) (9, 10).

Antioxidantactivity of HAp-Agr biocomposite
DPPH assay

As-synthesized HAp-Agr biocomposite

was collected at different concentrations (up to
300 pg/mL), and the volume was standardised
to 100 pL using methanol. Approximately 3
mL of a 0.1 mM methanolic solution of DPPH
was introduced to the aliquots of HAp-Agr
biocomposite and thoroughly vortexed. Ascorbic
acid was utilized as the standard. A negative
control was established by incorporating 100 pL
of methanol into 1 mL of a 0.1 mM methanolic
DPPH solution. The tubes were let to remain in
the dark for 15 minutes at ambient temperature.
The sample’s absorbance was measured at 517
nm relative to the blank. The radical scavenging
activity of the samples was quantified as IC,,
representing the concentration necessary to
block 50% of DPPH free radicals concentration
(Gunti (13).

ABTS assay

The overall antioxidant activity of the
HAp-Agr biocomposite was assessed using the
ABTS radical cation decolorisation test. ABTS™
was generated by incubating a 7 mM aqueous
solution of ABTS with 2.4 mM potassium
persulfate in the dark for 12 to 16 hours at
ambient temperature. Before the experiment,
this solution was diluted in ethanol (about 1:89,
v/v) and equilibrated at 30°C, resulting in an
absorbance of 0.700 + 0.02 at 734 nm. Following
the addition of 1 mL of diluted ABTS™ solution to
100 pL of different concentrations of HAp-Agr
biocomposite (up to 300 pg/mL). Following,
test samples were thoroughly vortexed and
incubated in darkness for 30 minutes at room
temperature. The standard was ascorbic acid.
The absorbance was recorded against the
blank at 734 nm (14).

Antibacterial
biocomposite
Minimum inhibitory concentration (MIC)

activity of HAp-Agr

The antibacterial activity of HAp-Agr
biocomposite was tested against Gram-ve
bacteria (Pseudomonas aeruginosa — MTCC
741, Escherichia coli — MTCC 1302, and
Salmonella typhimurium — MTCC 1254) and
Gram+ve bacteria (Staphylococcus aureus —
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MTCC 740, Streptococcus pyogenes — MTCC
0442, and Bacillus subtilis — MTCC 1133). To
determine the antibacterial effectiveness of
HAp-Agr biocomposite, the standard broth
dilution method (CLSI M07-A8) was utilized, and
it supports the assessment of the visible growth
of microbes in the broth (15). Briefly, after the
various pure Gram-positive and Gram-negative
bacterial cultures had grown overnight distinctly
in nutrient broth. The growth density was
adjusted to the 1x10® CFU/mL concentration
using the 0.5 McFarland standard.

First, the microplate wells were filled
with 100 pyL of Muller Hinton broth (MHB),
and then the same volume with different
concentrations of HAp-Agr biocomposite (up to
600 pg/mL) was added. Negative control wells
without HAp-Agr biocomposite. The positive
control is tetracycline. Next, all the wells aside
from the negative control well were filled with
distinctly 5 pL of bacterial cultures. At OD,,
the initial and final spectrum values were
obtained before and after incubation (24 hrs).
The Synergy H1 plate reader (BioTek, USA)
was used to record bacterial growth. The MIC
value was predicted by the lowest concentration
of HAp-Agr biocomposite, at which no bacterial
growth was noticeably present (16).

Minimum bactericidal concentration (MBC)

The Muller Hinton agar (MHA) plates
were utilized to assess the MBC of HAp-Agr
biocomposite. About 50 pL aliquots were
collected from the MIC value (no evident
bacterial growth) wells and placed on MH
agar plates. They were then incubated for 24
hours at 37°C. Based on visual inspection, the
MBC endpoint was identified by the HAp-Agr
biocomposite concentration that minimized or
killed the bacterial population at = 99.9%. The
pre- and post-incubated MHA plates were used
to make this observation on the presence or
absence of bacteria (17).

Statistical analysis

Three separate runs of the experiment

were conducted for antioxidant and antibacterial
studies, and the mean + standard deviation was
used to represent the results. One-way ANOVA
was used to process the data, and p < 0.05 was
considered significant.

Results and Discussion

Synthesis and characterization of HAp and
HAp-Agr biocomposite

The sol-gel method was used in this
study to successfully synthesize HAp using CNT
and PA as precursors. After thoroughly washing
the synthesized HAp with distilled water to
remove NH, and NO,, it was successfully
calcined at 900°C. Following this, HAp was
doped with Agr using the wet-precipitation
method. The resulting combination was dried at
35°C and used for characterization.

XRD analysis

Powder X-ray diffraction (XRD) is a
reliable method for determining the compounds’
natural phase. With the support of XRD
analysis, the sol-gel synthesized HAp and
precipitated HAp-Agr biocomposite intense
diffractogram patterns as a function of 26 value
are shown in Figure 1. Also, Table 1 presents
the respected hkl plane numbers of HAp and
HAp-Agr biocomposite.

The HAp patterns are initially
characterized by distinct and emphasized
peaks. The acquired diffracted reflection planes
are subjected to HAp, and their hexagonal
structure both were proved following the
International Centre for Diffraction Data (ICDD)
card number [09-0432]. HAp displays a narrow,
high, or intense peak, indicating a high degree
of crystallinity, and it was found in the distinctive
peak at 2theta of 31.28 °C. The study by Niziotek
et al. likewise showed a similar pattern of results
(18).

In HAp-Agr biocomposite, the recorded
characteristic peaks were narrow and intense,
andthey were recognized to have a similar 2theta
range to HAp. Additionally, there were no extra
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peaks, and the results from both samples (HAp
and HAp-Agr biocomposite) showed that only the
crystalline phase was present. However, there
was a slight shifting in the diffraction patterns
with reduced intensity (low crystalline); it might
be due to the phytometabolites’ occupation
within the HAp pattern, which does not affect its
stability (9). Similarly, the green biosynthesized
hydroxyapatite-silver nanocomposite mediated
by aqueous Indian curry leaf (Murraya koengii)

extract was characterized by Bee et al. (19).
They observed the changes in the slight
degree of silver substitution in the apatite
lattice during the bio-reduction process that
lowers the crystallinity of HAp. Additionally, they
showed that the destabilization of HAp was
unaffected by the absence of any new peak
calcium phosphate phase in the XRD pattern of
nanocomposite samples produced by the curry
leaf-mediated bio-reduction method.
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Figure 1: XRD pattern of (a) HAp and (b) HAp-Agr biocomposite.

Table 1: X-ray diffractometric 2theta angle
with hkl plane numbers for HAp and HAp-Agr
biocomposite.

hnklljﬂsgf 2theta angle
HAp HAp-Agr biocomposite
101 16.72 16.76
200 21.84 2158
201 25.33 25 56
002 25.97 26.38
102 28.37 26.68
210 28.92 29 35
211 31.28 30.8
112 32.12 32.26
202 34.09 34.17
222 46.47 46.47
402 52.57 52.81
420 59.11 59.32

FTIR analysis

The characteristic group of frequencies
found in a sample provides insight into the nature
and purity of the substance. FTIR analysis is an
effective and ideal analytical technique used to
determine the functional groups and chemical
structures of inorganic and organic phases.

According to Figure 2a, the distinctive
peaks of HAp are responsible for all of the
peaks observed in the FTIR spectra. The peaks
are indicative of the symmetric stretching of the
O-H group in HAp and can be caused by the
presence of absorbed moisture. They appear
in the wavenumbers 3438.56, 2922.85 cm™,
and 2084.71 cm™. The symmetric stretch
1643.59 cm™ may result from carbon dioxide
absorption from the atmosphere. Furthermore,
PO, groups were detected in the synthetic HAp
at the distinctive peak 1038.05 cm™ (stretching
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of P—O bond), which is very much alike to those
seen in naturally occurring hydroxyapatite. The
O-P-O group’s asymmetric bending modes
were shown by the absorption spectral band
in the 584.89 cm™" wavenumber. The majority
of the PO,*" group was located in the 400-600
cm™ range of overlapping spectral bands. Thus,
it was verified that the manufactured material is
HAp based on this functional group observation;
additionally, it was remarkably comparable to
the results of the previously published studies
(20, 21).

The active functional groups from a
Zingiberaceae family of A. galanga (L.) Willd.
Rhizome extract's (Agr) phytometabolites
were determined using FTIR spectroscopy and
are displayed in Figure 2b. The characteristic
stretching spectrum length beyond 3000 cm™
is responsible for free hydroxyl groups, which
are characteristics of phenolic compounds. The
sharp asymmetric absorption band at 2979.07
cm™ indicates the presence of triterpenoids and
saponin compounds with C—H stretching of the
aliphatic functional group. While the spectral
peak at 2895.32 cm™' showed asymmetric and
symmetric stretches of alkenes. The vibrational
C=N stretching was found in the 2590.63
cm™ spectral length of the nitrile group of
compounds. Absorption at 2333.81 and 1674.99
cm™ represents the vibrational stretching of the
C=C group in the aromatic compounds, and at
1404.60 cm™ shows the vibrational bending
S=0 (sulphate ester) group. The carbonyl group
of compounds was found to form a C-O bond at
a wavenumber of 1134.22 cm™. The fingerprint
regions of 939.60 cm™ (O-H), 808 cm™ (=CH),
and overlapping peaks (579.09 and 503.31
cm™') of the C=C group of compounds were
identified as carboxylic, aromatic, and alkynes,
respectively. The ether functional group was
visible in the strong absorption bending spectra
at 1036.91 cm™. It was significantly supported
by comparing the active functional groups of
Agr using the study results of Imchen et al. and
Ahmad et al. (22, 23).

In the case of HAp-Agr biocomposite

(Fig. 2c), the stretching and bending modes of
absorption peaks were identified at 3718.46,
3426.75, 2970.04, 2692.41, 2347.53, 1696.08,
1520.90, 1030.56, and 646.57 cm™. Also, the IR
spectra were obtained using the combined group
of HAp and Agr compounds with decreased
intensity. Additionally, a shift in the HAp-Agr
biocomposite absorption peaks was found,
which may be the result of a structural change
brought by the functional groups of Agr’s active
secondary metabolite on the HAp surface. The
Agr may also serve as a reducing, stabilizing,
and capping agent during the formation of HAp-
Agr biocomposite. These encouraging results
made it abundantly evident that HAp and Agr
had a positive interaction during the composite
synthesis process. The findings were highly
comparable to those of the Wei et al. study (24).
Another work by Das and colleagues reported
that, in comparison to synthetic HAp alone, the
IR spectrum of simple green synthesized HAp
nanoparticles showed altered absorption peaks,
indicating a significant interaction between HAp
and polydomaine (20).

Figure 2: FTIR spectra of (a) HAp, (b), Agr, and
(c) HAp-Agr biocomposite.

FESEM analysis

The HAp and HAp-Agr biocomposite
morphological shapes are shown in Figure
3. The majority of the HAp particles exhibited
irregular faceted shapes with joined boundaries
of one crystal to another crystal, according to
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the results. The distribution and shape of HAp
particles in the composite were made with
Agr through the action of adsorption. Still, this
covering (adsorption) property of Agr did not
affect the morphologies of the HAp particles.
Rather, the HAp-Agr biocomposite exhibited
an agglomerated cluster-like morphological
structure, indicating that only the particles’
aggregation and distribution into the HAp are
altered.

In addition to morphological
observation, Image J software was used to
analyze the homogeneity and uniformity of
particle dispersion in the studied samples.
By counting several approximation particles
(50-70), the average size distribution of the
manufactured materials was determined to be
227.21 nm (HAp) and 397.99 nm (HAp-Agr
biocomposite), respectively, as shown by the
histogram (Fig. 4). Because of the particles’
propensity to aggregate, the average size of
HAp-Agr biocomposite is larger than that of HAp.
A similar finding was made by Namasivayam
et al., which shows that the average size of
free hydroxyapatite nanoparticles is less than
that of the triphala-loaded hydroxyapatite
nanocomposite, and they postulated that this
could be because of the appearance of floccular
aggregated particles (25).
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Figure 4: SEM size distribution of (a) HAp and
(b) HAp-Agr biocomposite.

EDX analysis

The atomic weightand chemical makeup
of virgin HAp, Agr, and HAp-Agr biocomposite
were ascertained via energy-dispersive
spectrum analyses (Fig. 5 and Table 2). The
primary presence of calcium, phosphorous,
and oxygen in HAp is shown in Figure 5a. The
EDX spectral graph of Agr showed with carbon
and oxygen peaks are depicted in Figure
5b. Moreover, the available concentration of
carbon in the HAp-Agr biocomposite, together
with calcium, phosphorous, and oxygen, was
seen in Figure 5c. Thus, as can be seen from
the graph, the blended phytomolecules of Agr
have been encapsulated with HAp. As a result,
FESEM and EDS spectra suggest that HAp and
Agr are co-deposited in HAp-Agr biocomposite.
According to a study by Vinayagam et al. the
HAp formation was shown in the EDX results,
where the peaks for calcium, phosphorous, and
oxygen were visible. The elemental composition
also showed the presence of carbon, which is
likely due to the phytochemicals used in the
synthesis of Muntingia calabura-hydroxyapatite

nanoparticles (26).

a)...

Figure 5: EDX spectra of (a) HAp, (b) Agr, and
(c) HAp-Agr biocomposite.

Table 2: Chemical composition of HAp, Agr, and
HAp-Agr biocomposite by EXD analysis

Elements HAp-Agr
HAp Agr biocomposite

Ca (%) 38.01 | — 11.91

P (%) 13.16 | — 10.57

O (%) 47.62 | 27.14 | 35.02

C (%) — 70.95 | 40.57

Total (%) | 98.79 | 98.09 | 98.07
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Zeta potential can indicate the potential
physical stability of the materials prepared
under different conditions. The HAp and HAp-
Agr biocomposite surface charge and stability
features were investigated by measuring their
zeta potential values, which are shown in Figure
6. The zeta potential values for HAp and HAp-
Agr biocomposite were found to be -24.6 and
-10.7 mV, respectively. This value serves as a
crucial parameter in assessing the dispersion
status and surface charge of the particles
because the particles have their electrostatic
repulsion, which denotes they are sufficiently
strong to maintain their stability. Comparing a
coherent result with the Zeta potential of the
produced amorphous calcium phosphate family
using Aloe vera extract, the measurement was
—-28.7 mV, which is like our study findings (27).
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Figure 6: Zeta potential of (a) HAp and (b) HAp-
Agr biocomposite.

DLS analysis

The DLS method was used to investigate
the particle size distribution of HAp and HAp-
Agr biocomposite. The hydrodynamic mean
size of HAp and HAp-Agr biocomposite was
found to be 191.5 and 280.7 d. nm, respectively
(Fig. 7), and this is related to the findings of
the FESEM study. Since PDI values below 0.5
are suggestive of monodispersity particles, the
polydispersity index (PDI) values of 0.186 (HAp)
and 0.719 (HAp-Agr biocomposite) indicated
the material’s polydisperse nature (28). The
supporting study by Abdelmigid and colleagues
found that HAp nanoparticles made from Punica
granatum L. peel, along with the coffee ground
extract, had a higher zeta potential negativity of
-9.37 mV and -16.9 mV, and the smallest size
with 229.6 nm and 167.5 nm, respectively (29).

As a result, the produced materials (HAp and
HAp-Agr biocomposite) might offer a superior
solution in orthopedics. Even Sathiyavimal
et al. recently stated that HAp’s clinical
trial has validated its potential for use as a
coating material over orthopedic implants, and
research is currently concentrating on HAp in
the development of composites for increased
strength and efficiency (30).
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Figure 7: DLS spectra of (a) HAp and (b) HAp-
Agr biocomposite

Antioxidantactivity of HAp-agr biocomposite

For biomedical applications, improved
HAp’s capacity to fend off oxidative stress is
essential. Osteointegration can be enhanced,
and inflammation can be avoided by lowering
ROS at the implant-tissue interface. Despite
being biocompatible, hydroxyapatite has little
intrinsic antioxidant capacity. According to the
findings, doping HAp with elements like as
cobalt, selenium, silver, zinc, copper, and plant
extracts can help overcome these drawbacks
by boosting antioxidant activity, enhancing
biocompatibility, and possibly supporting
medicinal uses (9, 10, 31).

In our study, as-synthesized HAp was
doped with A. galanga (L.) Willd. rhizome extract
by wet-precipitation method and prepared HAp-
Agr biocomposite. The antioxidant activity of
as-synthesized HAp-Agr biocomposite was
assessed by DPPH and ABTS assays. The HAp-
Agr biocomposite showed dose-dependent free
radical scavenging potential in both DPPH and
ABTS free radical scavenging assays (Fig. 8).
The IC,, value of The HAp-Agr biocomposite
was determined as 133.92 + 4.08 and 141.24
*+ 6.79 pg/mL in DPPH and ABTS free radical
scavenging assays, respectively.
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Figure 8: Dose-dependent antioxidant potential
of HAp-Agr biocomposite by DPPH and ABTS
assay. HAp-Agr biocomposite’s dose-dependent
antioxidant capability using the DPPH and ABTS
assays. Three separate runs of the experiment
were conducted, and the mean * standard
deviation was used to represent the results.
One-way ANOVA was used to process the
data, and p < 0.05 was considered significant.
The specific study (DPPH or ABTS free radical
assay) uses different alphabetical letters to
indicate the statistical significance between
the various test concentrations of the HAp-Agr
biocomposite by Tukey’s test.

The HAp doped with metals such as
cobalt, copper, zinc, and selenium, as well as
plant extracts, introduces redox-active sites that
can scavenge free radicals and reduce oxidative
stress. This process improves electron transport
to counteract free radicals and shield cells from
harm caused by ROS (32). The performance
of implants and tissue regeneration may be
improved by combining the antioxidant HAp
with other bioactive substances, such as growth
factors. Thus, doping of HAp with plant extracts
is quite useful as an oxidative stress reliever in
the biomedical field (9, 10, 31).

Antimicrobial
biocomposite

activity of  HAp-Agr

Pure HAp has no antimicrobial activity,
which is problematic for implants because
bacterial infections (such as biofilm formation)
can cause implants to fail. The antimicrobial
effectiveness of HAp can be increased by
doping it with metal ions and plant extracts (33).

However, from the standpoint of biocompatibility,
doping HAp with metals is not ideal because it
has drawbacks and causes organ toxic effects.
Doping HAp with plant extracts, which frequently
include natural antimicrobial components, is
therefore very ideal and is a recent method
to improve its antimicrobial activities while
preserving biocompatibility (9, 10).

In our study, as-synthesized HAp-
Agr biocomposite through a green chemistry
approach has shown potential antimicrobial
activity against bacterial pathogens by micro-
well dilution technique (Table 3). HAp-Agr
biocomposite showed potential antibacterial
activity on Gram-ve and Gram+ve bacteria.
However, HAp-Agr displayed potentially more
significant antimicrobial activity on Gram-ve
related to Gram+ve bacteria. Because of their
distinct cell wall structure, HAp-Agr biocomposite
demonstrated greater antimicrobial action
against Gram-negative bacteria. Gram-negative
bacteria are particularly vulnerable to damage
from HAp-Agr biocomposite because of their
thin peptidoglycan layer and lipopolysaccharide
outer membrane. The superior antibacterial
activity of HAp-Agr biocomposite was observed
against Gram-ve bacteria Pseudomonas
aeruginosa — MTCC 741 with MIC and MBC
values of 340.68 + 12.06 and 428.94 + 10.71 g/
mL, respectively. The lower antibacterial activity
of HAp-Agr biocomposite was observed against
Gram+ve bacteria Bacillus subtilis — MTCC
1133 with MIC and MBC values of 496.27 +
18.57 and 620.55 + 17.24 pg/mL, respectively.

Table 3: The antibacterial potential of HAp-Agr
biocomposite by broth-dilution technique.

Bacteria MIC (ug/ | MBC (ng/
mL) mL)

Gram-negative

bacteria

Pseudomonas | 340.68 * | 428.94 +

aeruginosa - | 12.06 10.71

MTCC 741

Escherichia coli — | 372.22 + | 434.09 +

MTCC 1302 11.84 14.33

Salmonella]| 38181 <+ | 468.26 +

typhimurium - | 12.02 18.07

MTCC 1254
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Gram-positive

bacteria

Staphylococcus | 470.66 + | 568.89 +
aureus—-MTCC 740 | 13.68 21.41
Streptococcus | 483.23 | 610.35 +
pyogenes — MTCC | 14.71 18.90

0442

Bacillus subtilis — | 496.27 + | 620.55 +
MTCC 1133 18.57 17.24

According to the researchers, bioactive
substances such as polyphenols, flavonoids,
and terpenoids found in plant extracts have
antimicrobial  qualities  through  rupturing
bacterial cell membranes, preventing enzyme
activity, or obstructing bacterial DNA replication
(34, 35, 36). As a result, adding plant extracts
to HAp may provide antimicrobial properties.
Additionally, doping HAp with plant extracts
provides a sustainable and environmentally
acceptable substitute for metal doping (9, 10).
According to our research, HAp-Agr produced
using a green chemistry method is appropriate
for orthodontic applications where bacterial
infections may cause issues.

Conclusion

The HAp was successfully prepared
using the sol-gel approach. The phytomolecules
of Agr were imparted into the HAp by wet-
precipitation method and fruitfully synthesized
HAp-Agr biocomposite. The nanotechnological
analysis showed that the as-synthesized HAp-
Agr biocomposite was stable, had nano size,
crystalline nature, had an irregular shape, and
was agglomerated. As-synthesized HAp-Agr
biocomposite exhibited potential antioxidant
activity under in-vitro. Moreover, HAp-Agr
biocomposite exhibited a broad range of
antibacterial activity against Gram-ve and
Gram+ve bacteria. Thus, the study concluded
that antioxidant and antibacterial properties
were successfully imparted into the HAp from
Agr. As-synthesized HAp-Agr biocomposite
could be highly applicable as an antioxidant and
antimicrobial agent in the orthopaedic field.
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Abstract

Globally, antimicrobial resistance is a
huge healthcare concern and is projected to
cause 10 million deaths worldwide by 2050 if
the current trend of irrational utilization of antibi-
otics continues. The search for new antimicrobi-
als continues to be a pressing need in human-
ity’s battle against bacterial infections. Several
in vitro studies have yielded positive results on
homoeopathic nosodes and other homoeopath-
ic remedies. However, none of the in vitro or in
vivo studies has been conducted on S. pneu-
moniae nosode. To test this paradigm, we as-
sessed the in vitro effects of homoeopathic S.
pneumoniae nosode on an S. pneumoniae cul-
ture. S. pneumoniae ATCC49619 was obtained
from the National Health Laboratory Service,
University of KwaZulu-Natal. The homeopathic
remedies tested were S. pneumoniae nosode
6CH, 9CH, 30CH, and 200CH. Antimicrobial
susceptibility testing was performed using disc
diffusion and minimum inhibitory concentration
(MIC). The positive control used was ceftriax-
one, and the negative control was 20%ethanol.
No significant inhibitory effect of any of the test-
ed homoeopathic remedies, S. pneumoniae no-
sode 6CH, 9CH, 30CH, and 200CH including
20%ethanol on S. pneumoniae could be found.

S. pneumoniae demonstrated susceptibility to
ceftriaxone. The MIC of ceftriaxone was 2ug/
ml. In conclusion, the study revealed that the
tested nosode, S. pneumoniae nosode 6CH,
9CH, 30CH, and 200CH exhibited no antibac-
terial potential against S. pneumoniae. These
findings are in concordance with the hypothe-
sis that homoeopathic remedies are based on
host effects: such as activation of the immune
system, rather than direct impact on pathogens.

Keywords: Antimicrobial resistance, Strepto-
coccus pneumoniae, Homoeopathic nosodes,
in vitro Microbiology test

Introduction

Antimicrobial resistance (AMR) is an
escalating global challenge, resulting in limit-
ed treatment options, and remains a significant
concern in healthcare(1, 2). According to the
World Health Organization (WHO), 10 million
people including 4.1 million people in Africa,
are expected to die from AMR organisms by
2050. Bacteria can develop resistance to anti-
biotics through mutation or acquisition of resis-
tant genes from other bacteria(3, 4). One of the
causes of antibacterial resistance is the misuse
of antibiotics in agriculture, animal populations,
and human medicine, which creates selection
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pressure that enables the development of resis-
tant bacterial strains (5, 6).

The situation is aggravated by the
increased incidence of infections with multi-
drug-resistant bacterial strains, underscoring
the need for new treatment options that can
eliminate pathogens and prevent drug resis-
tance. Consequently, alternative approaches,
such as homoeopathy should be considered (7,
8).

Homoeopathy is an alternative medic-
inal therapeutic approach based on the Law
of Similars. Despite being around for over 200
years, remains one of the most controversial
traditional medicine treatments due to a lack of
in vitro and in vivo studies(9, 10). Homoeopathic
medications are prepared from biological mate-
rials, such as live and inactivated organisms, or
diseased materials. Nosodes are homoeopath-
ic remedies prepared from inactivated microor-
ganisms such as bacteria, disease products (
fluids or tissue), or viruses(11). Using the min-
imum inhibitory concentration method, C. albi-
cans K. pneumoniae, E. coli and Salmonella
typhi polyvalent nosodes exhibited antibacterial
effects not only against their respective micro-
organism but also against other selected organ-
isms (12).

The lack of data and the limited in vitro
studies conducted on nosodes revealed a gap
that needs to be addressed in the homoeopathy
field. Generally, it is accepted that homoeopath-
ic medication works in vivo by stimulating the
immune system, thereby enhancing its effec-
tiveness. The study aims to assess the effect
of isopathic nosode (S.pneumoniae) on the S.
pneumoniae strain, which has become a seri-
ous health problem.

Materials and Methods
Research design

This panel observational study was

conducted at the National Health Laboratory
Service, Department of Medical Microbiolo-
gy, Inkosi Albert Luthuli Hospital for 2 weeks
in June 2024. Ethical clearance was obtained
from the Institutional Research Ethics Commit-
tee (IREC). Streptococcus pneumoniae ATCC
49619 was utilized.

Preparation of the homoeopathic nosode

For the in vitro testing, a homoeopath-
ic nosode was utilized in low potencies (6CH
and 9CH), medium (30CH), and high potencies
(200CH). S. pneumoniae nosode 6CH (20%
ethanol) was purchased from Comed Health
in Pretoria (Waltloo), South Africa. The no-
sode was prepared according to the German
Homoeopathic Pharmacopoeia method 44(13,
14). The S. pneumoniae nosode 6CH was di-
luted and agitated in 20% ethanol to potencies
9CH,30CH, and 200CH(14)

Potencies were stored at the Depart-
ment of Homoeopathy Laboratory, Durban Uni-
versity of Technology (DUT) at temperatures
between 4C and 6C, ensuring they did not
freeze. The bio-safety measures were followed
during the preparation process. The transfer of
1 drop of the previous potency for preparation of
subsequent potency was conducted in the con-
trolled, aseptic environment (in a laminar airflow
with a bunsen burner)). S.pneumoniae nosode
6CH, 9CH, 30CH, and 200CH were evaluated
for antimicrobial efficacy on S.pneumoniae (15).

Preparation of the discs

Filter paper (Whatman® no. 4 ) was
used to prepare discs approximately 5 mm in
diameter. These discs were placed in an alumi-
num foil and autoclaved at 15Ibs for 15 minutes
to ensure sterilization. Using sterile forceps,
the discs were placed in sterile Petri dishes,
and each disc was impregnated with an appro-
priate test substance (S.pneumoniae nosodes
and 20% ethanol) using a double-impregnation
technique. The first impregnation stage con-

In Vitro effects of homoeopathic Streptococcus pneumoniae nosode on a
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sisted of 20 microlitres of the appropriate sub-
stance, the second consisted of 10 microlitres.
Between each impregnation stage, the discs
were dried at 37°C with the lids of each petri
dish closed(16) .

Disc diffusion assay

The disc diffusion method for antimi-
crobial susceptibility testing was conducted ac-
cording to the standard method by Bauer(17) to
evaluate the potential presence of antibacterial
activities of Streptococcus pneumoniae nosode.
A 0.5 McFarland standard Streptococcus pneu-
moniae ATCC49619, was used to lawn Mueller
Hinton agar supplemented with 5% sheep blood
plates. The discs that had been impregnated
with tested substances were applied on the
center of the Mueller Hinton Agar surface. Each
test plate comprised one disc. The tests were
done in triplicate to ensure reliability and valid-
ity. The medicated disc included S. pneumoni-
ae nosode 6CH, S. pneumoniae nosode 9CH,
S. pneumoniae nosode 30CH, S. pneumoniae
nosode 200CH, and 20% ethanol, and ceftriax-
one 30ug. The positive control was Ceftriaxone
30ug discs obtained from JVL Lab Engineering
and General Supplies Close Corporation, South
Africa. The negative control was 20% ethanol
obtained from Shalom laboratory suppliers, in
South Africa.

The plates were then incubated at 37°C
for 18-48 hours in an inverted position. The
plates were observed at 18, 24, and 48 hours
of incubation for zone inhibition(18-20). Zone
diameters (mm) were determined after 18, 24,
and 48 hours of incubation at 35°C and mea-
sured the point at which the total growth inhibi-
tion zone was noted. The assay was performed
twice to ensure reliability. Ceftriaxone zone di-
ameter was interpreted using Clinical Labora-
tory Standard Institute (CLSI) guidelines(21),
where a zone diameter of = 24mm is considered
sensitive, while the absence of a zone indicated
as (-) is considered resistant(21).

Minimum Inhibitory Concentration Determi-
nation

The minimum inhibitory concentra-
tion was determined by Epsilometer (E-test)
method as per the manufacturer’s instructions
(Biomeriuex, South Africa). Twenty-four-hour
S. pneumoniae colonies were suspended in a
sterile 0.9% saline solution and adjusted to the
McFarland turbidity standard of 0.5. After inoc-
ulating the agar plates with the standard inocu-
lum, ceftriaxone E-test scripts were placed on
the plates. The plates were incubated at 37°C in
a dark incubator for 18-24 hours.

Results and Discussion

The results obtained from this research
are presented in figures and tables below. Fig-
ures 1 and 2 show the antibacterial assay of S.
pneumoniae nosode and controls by the Kirby
Bauer method in S. pneumoniae for both dry
and wet medicated discs. The MIC is shown in
Figure 3.

The MIC assay results of ceftriaxone
for antibacterial activity against S. pneumoni-
ae was 2ug/ml. Antimicrobial susceptibility test
showed that S. pneumoniae was resistant to S.
pneumoniae nosode 6CH, S. pneumoniae no-
sode 9CH, S. pneumoniae nosode 30CH, S.
pneumoniae nosode 200CH and 20% ethanol
as there was an absence of zone of inhibition.

None of the tested substances, S.
pneumoniae nosode 6CH, 9CH, 30CH, 200CH,
and 20% ethanol demonstrated any zones of
inhibition at 18, 24, and 48 hours of incubation.
The positive control, ceftriaxone 30ug inhibited
the growth of S. pneumoniae.
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Time

18 hours 24 hours 48 hours

Tested substances

S. pneumoniae
nosode 6CH
Dry disc

S. pneumoniae nosode 9CH

Dry disc

S. pneumoniae nosode
30CH
Dry disc

S. pneumoniae nosode
200CH
Dry disc

20% Ethanol
Dry disc

Ceftriaxone 30ug

Figure 1. Antibacterial assay of S. pneumoniae nosode and controls by Kirby Bauer method in S. pneu-
moniae (dry medicated discs)
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Time

Tested substances
18 hours 24 hours 48 hours

S.pneumoniae nosode
6CH
Wet disc

S.pneumoniae nosode
9CH
Wet disc

S.pneumoniae nosode
30CH
Wet disc

S.pneumoniae nosode
200CH
Wet disc

20% Ethanol
Wet disc

Figure 2: Antibacterial assay of S.pneumoniae nosode and controls using the Kirby Bauer method
in S.pneumoniae (wet medicated discs)

Zulu et al



Current Trends in Biotechnology and Pharmacy

2367

Vol. 19(2) 2362-2371, April 2025, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2025.2.22

Table 1: Antimicrobial susceptibility of S.pneumoniae.

Tested Substances Concentration

Time Zones Diameter
(hours) (mm)

S. pneumoniae nosode 6CH

18 -
24 -
48

S. pneumoniae nosode 9CH

18 -
24 -
48 -

S. pneumoniae nosode 30CH

18 -
24 -
48 -

S. pneumoniae nosode 200CH

18 -
24 -
48 -

Ethanol 20%

18 -
24 -
48 -

Ceftriaxone 30ug

18 20
24 20
48 24

The absence of zone diameter is interpreted as (-) and the presence of zone diameter is interpreted

in (mm)

Table 1 shows the zone diameter mea-
sured from the S.pneumoniae nosode and con-
trols after 18, 24, and 48 hours of incubation.
The zone of diameter for ceftriaxone was in-
terpreted using CLSI guidelines, where a zone
diameter of = 24mm is considered sensitive,
while the absence of a zone indicated as (-) is
considered resistant. Antimicrobial susceptibili-
ty test showed that S.pneumoniae was sensi-
tive to ceftriaxone 30ug, with a zone diameter
of 24mm which is within the expected zone
diameter. S.pneumoniae nosode 6CH, 9CH,
30CH, and 200CH could not inhibit the growth
of S.pneumoniae and this is shown by the ab-
sence of a zone of inhibition after incubation.

Figure 3: MIC for ceftriaxone using E-test
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Discussion

The investigation into the direct microbi-
cidal effects of potentized remedies, especially
nosodes, in vitro, is relatively limited compared
to the extensive homoeopathic clinical trials in
medical research.

We were not able to demonstrate any
significant effect of homoeopathic drugs in high
potencies on S.pneumoniae growth in vitro. The
hypothesis that S.pneumoniae nosode 6CH,
9CH, 30CH, and 200CH have an in vitro effi-
cacy against S.pneumoniae bacteria was there-
fore rejected.

Only a few previous studies evaluated
the in vitro effects of homoeopathic drugs on
bacteria; the majority of these studies detected
significant inhibition of bacterial growth. Passeti
(22) examined the effects of Belladona (12CH
and 30CH) and S. pyogenes (12CH and 30CH)
on S. pyogenes strains. The results showed
that both remedies inhibited bacterial growth in
vitro. Additionally, the authors found that treat-
ing MRSA cultures with Belladonna or MRSA
nosode (6CH and 30CH) reduced bacterial
growth in vitro, decreased enzymatic activity,
and increased bacterial susceptibility to antibi-
otic treatment(22).

The absence of a positive anti-microbial
response against S.pneumoniae contradicts the
findings of the study by Simi and Bencitha re-
garding the effectiveness of nosodes on micro-
organisms. Their study results showed that Py-
togrnium 200CH, 1M, and Anthracinum 200CH
have a significant antimicrobial effect against
methicillin-resistant ~ Staphylococcus aureus
(MRSA)(23).

In contrast, the lack of growth inhibition
in S.pneumoniae nosode 6CH, 9CH, 30CH, and
200CH on S.pneumoniae is consistent with the
findings of Pareek and Jadhav(24). The study
assessed whether Sulphur, Senega, Lobelia in-
flata, and Klebsiella pneumoniae nosode(6CH,
12CH, 30CH, 200CH, and 1M) possess anti-
microbial effects against Klebsiella pneumoni-
ae. According to the results, it was concluded

Sulphur, Senega, and Lobelia inflata showed an
inhibitory effect. However, no statistically signif-
icant results were demonstrated by Klebsiella
pneumoniae nosode (24).

The study aimed to evaluate the effi-
cacy of Apis mellifica, Graphites, Arsenicum
album, and Pulsatilla against different diseases
at the potencies of 30C and 200C. The tested
homoeopathic remedies did not exhibit antimi-
crobial effects against Staphylococcus spp us-
ing the agar well diffusion method(10).

A study by Bruna(25) on the verifica-
tion of antimicrobial activity of S. sclerotiorum
nosode and sulphur on the mycelial growth of
S. sclerotiorum indicated that neither S. sclero-
tiorum nosode nor sulphur reduced the growth
of S. sclerotiorum.

An in vitro study analyzing the micro-sclera and
mycelial growth of the fungi showed that the
M.phaseolina nosode did not reduce the mi-
cro-sclerotia and mycelial growth(26).

Additionally, an in vitro study examined
the antimicrobial activity of Streptococcinum no-
sode 6CH, 30CH, 200CH, 0/6, 0/30 and 0/60
LM potencies. It was found that Streptococci-
num nosode in infinitesimal dilutions does not
exhibit antimicrobial activity in either the broth
dilution method or the disc diffusion method,
however, it does exhibit promicrobial activity in
both methods (27).

According to the study findings, the
negative control ethanol 20% did not display
an antibacterial effect against S. pneumoniae.
Sauerbrei(28) indicate that the effective bacte-
ricidal concentrations of ethanol ranged from
60% to 85%, with required exposure times be-
tween <0.5 and =5 min. Ethanol concentrations
of 30%—50% have significantly lower bactericid-
al activity, and the exposure times tested (5-30
min) are partly insufficient for a significant bac-
tericidal effect(28, 29). Therefore, 20% ethanol
is considered too low to produce a significant
antibacterial effect. Centers for Disease Control
and Prevention (CDC) recommends ethanol
concentrations of 60% and 90% for disinfec-
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tion(30).

A study on the efficacy of calendula offi-
cinalis tincture 60% (v/v) against Pseudomonas
aeruginosa found no significant difference be-
tween the activity of calendula officinalis tincture
60% (v/v) ethanol and 60% ethanol on in vitro
Pseudomonas aeruginosa. With mean activ-
ities of 6.88 and 6.69mm, respectively. Based
on these results, it can be concluded that the
antibacterial properties of Calendula officinalis
tincture 60% (v/v) ethanol are attributed to the
60% ethanol present in the tincture.

Conclusion

Nosodes face criticism and controversy
as there is a lack of scientific evidence support-
ing their efficacy. In the present study, no signifi-
cantinhibitory effect of the diluted homoeopathic
nosode samples was found against Streptococ-
cus pneumoniae ATCC49619 Hence, the find-
ing of the current study could not draw any
supportive evidence for the in vitro antibacterial
potential of the homoeopathic nosode sample.
The outcomes also portray the need for further
thorough in vitro investigation of homoeopathic
nosodes in different diluted forms or conduct-
ing several in vivo trials in model organisms to
claim the potential effectiveness of homoeo-
pathic remedies as a suitable therapeutic agent
against pathogens.
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Abstract

Chitin deacetylation yields chitosan, a
biopolymer gathered from different natural or-
igins like animals and marine organisms. Chi-
tosan quality is influenced by factors such as
molecular weight, crystallinity, and degree of
deacetylation, as well as purity parameters like
ash content, protein content, and color. These
inherent characteristics lead to biocompatibility,
bio-adhesiveness, solubility, and its polycation-
ic nature, making it suitable for a wide range
of physical or chemical modifications. Despite
its advantages, chitosan faces challenges
such as seasonal and geographical availabili-
ty, time-consuming extraction processes, and
variability in quality due to different extraction
methods. Technological advancements, such as
genetic modification, hold promise for improv-
ing chitosan yield and expanding its applica-
tions. This review delves into the structure and
properties of chitosan, exploring its extraction
methods and emphasizing its diverse applica-
tions, including wound dressings, drug deliv-
ery systems, antimicrobial agents, wastewater
treatment, and beyond. Finally, the discussion
concludes with key challenges and future per-
spectives for chitosan research.

Keywords: Chitosan, Biological Properties, Ap-
plications.

Introduction

Chitosan is a biopolymer recovered
from the exoskeletons of arthropods, cell walls
of fungi, and other sources where chitin is abun-
dantly present. It acts as a basis for many bi-
ological and industrial applications due to its
unique characteristics, such as non-toxicity, an-
tioxidative nature, biocompatibility, biodegrad-
ability, and renewability (1). Chitin, the precur-
sor to chitosan, is the second most abundant
biopolymer after cellulose, highlighting its wide
occurrence in nature and potential use in vari-
ous fields (2).

Chitosan which is a polysaccharide de-
rived through deacetylation of chitin has various
uses across several industries (3). Because of
its non-toxicity, antioxidative nature, biocom-
patibility, biodegradability, and renewability (4),
this substance finds use in several domains, in-
cluding wound treatment (5), food science (6),
agriculture (7), cosmetics (8), biotechnology
(9), chelating agent (10), pharmaceutical and
biomaterial purposes (11).

Chemical and biological methods can
be used to extract chitosan from exoskeleton
(12). Crabs (13), shrimp (14), desert locusts,
honey bees (15, 16), beetles (17), crayfish, cor-
als (18), fungi (19), and cockroaches (20, 21)
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could be exploited for the commercial produc-
tion of chitosan. The importance of chitosan and
its derivatives spans a broad spectrum, from
environmental sustainability to potential health
benefits, making a chitosan review not just rele-
vant but essential for understanding its multifac-
eted role (22).

This review aims to provide a com-
prehensive overview of chitosan’s chemical
structure, sources, and benefits, focusing on
its biodegradability, biocompatibility, and envi-
ronmental impact. By understanding the biode-
gradability, biocompatibility, and environmental
impact of chitosan, alongside its industrial and
biomedical applications, readers will gain com-
prehensive insights into why natural chitosan’s
and chitosan products are increasingly becom-
ing a focus of scientific and commercial interest.

Historical background

The discovery and development of chi-
tosan can be traced back over two centuries,
marked by significant milestones that have
shaped its current applications. The journey be-
gan in 1799 when Hatchett used mineral acids
to decalcify shells of crabs, crayfish, lobsters,
and prawns, observing the formation of a soft,
plastic material. This laid the groundwork for fu-
ture research into chitin and subsequently chi-
tosan (23).

Early discoveries and nomenclature

The early discoveries of chitosan date
back to 1799 when Hatchett first observed the
formation of a unique material through the de-
calcification of crab shells using mineral acids.
This discovery laid the foundation for further re-
search into chitin and chitosan. In 1811, Bracon-
not identified chitin in fungi and coined the term
“chitin.” Later, in 1823, Odier isolated a hornlike
material from cockchafer elytra treated with
potassium hydroxide, further solidifying the un-
derstanding of chitin’s structure and properties
(23). In 1859-1894, Rouget manipulated chitin
through chemical and temperature treatments
to become soluble, leading to the naming of

“chitosan” by Hoppe-Seyler (24).

Developmental phases of chitin and chi-
tosan

The evolution of chitin into chitosan en-
compasses five distinct phases, each contribut-
ing uniquely to its understanding and utility:

1799-1894: Discovery phase initiated
by Hatchett and expanded by subsequent re-
searchers (25).

1894-1930: A period of confusion and
controversy, where the properties and struc-
ture of chitin were debated (25).

1930-1950: Exploration phase, where
the potential applications of chitin and chitosan
began to be realized (25).

1950-1970: Doubt phase, character-
ized by skepticism over the practical uses of
chitosan (25).

Post-1970: Application phase, seeing
a surge in commercial and biomedical uses of
chitosan (25).

Advancements and Modern Applications

Chitosan’s journey from a curious deriv-
ative to a widely used biopolymer is marked by
significant research milestones:

1950s: The structure of chitosan was
further understood through x-ray analysis (24).

1960s: Studies revealed chitosan’s po-
tential as a hemostatic agent due to its ability to
bind with red blood cells (26).

Recent decades: Chitosan has been
popularized as a dietary supplement in Japan
and Europe, and its production involves a series
of chemical reactions starting from chitin, high-
lighting its versatility and the expanding scope
of its applications (26).

This historical perspective not only
highlights the scientific milestones that have
defined the development of chitosan but also
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underscores its evolving role across various
sectors, driven by its unique properties and po-
tential for innovation.

Major sources, chemical structure, and

properties

Chitosan, a biopolymer derived from
chitin, is primarily recovered from the exoskel-
etons of arthropods such as crabs and shrimp,
as well as from fungal cell walls. Recent stud-
ies have highlighted its abundance in marine
sources, with an estimated global production
of chitin exceeding 10" tons annually (22). Chi-
tosan consists of copolymers of D-glucosamine
and N-acetyl-D-glucosamine linked by B-(1-4)
glycosidic bonds (27) (Figure 1). Its structure
resembles cellulose, but the key distinction is
the amino group at the C-2 position, giving chi-
tosan a positive ionic charge (2). This positive
charge enables chitosan to bind with negatively
charged molecules, which is crucial for many of
its applications (2).

OH O=<‘
NH, HO H
HO o}
0 o) o 0
HO H,
H H

Figure 1. Structure of chitosan.

Key structural characteristics and modifica-
tions

Solubility and molecular weight

Chitosan’s solubility is highly depen-
dent on its degree of deacetylation (DD) and
molecular weight (MW). Studies have shown
that chitosan with a DD greater than 50% is
soluble in acidic solutions (pH<6.5), while low-
er DD values result in reduced solubility (27).
Additionally, chitosan oligomers with lower MW
exhibit enhanced solubility across a broader pH
range, making them suitable for various bio-
medical applications (28).

Degree of deacetylation (DD)

The DD significantly influences phys-
icochemical properties of chitosan such as
solubility and charge density. The degree of
acetylation affects not only the solubility but also
the biodegradability and biocompatibility of chi-
tosan, making it suitable for various biomedical
applications (2). Several techniques have been
developed to measure the amount of DD found
in insect chitosan and chitin. Infrared spectros-
copy, UV spectroscopy, near-infrared spec-
troscopy, potentiometric titration, and magnetic
resonance are a few of the analytical methods
used to determine DD (29). Among them, the
FT-IR, the conductometric, the acid-base, and
the potentiometric titration methods are useful
for completely soluble compounds.

Viscosity

Viscosity is a key factor in discovering
the industrial usability of chitosan, with its de-
pendency on the degree of deacetylation and
the molecular weight of the compound. Viscosi-
ty increases with higher deacetylation levels and
lower molecular weights. Additionally, it can vary
based on the particle size and storage duration
of chitosan (30). Temperature and concentration
factors can affect the viscosity of chitosan solu-
tions. The viscosity increases with decreasing
temperature and increasing chitosan content.
Due to depolymerization, the chitosan viscos-
ity decreases with increasing demineralization
time. The intrinsic viscosity of chitosan can be
affected by physical factors (ultrasonic, milling,
autoclaving, heating) and chemical (ozone) pro-
cesses. Chitosan concentrated solutions with
various levels of deacetylation differ in their vis-
cosity and flow characteristics (31).

Crystallinity

One of the most important physical
properties that determine the functionality of
chitosan is its crystallinity. In the solid state, chi-
tosan molecules often self-assemble into high-
ly ordered crystallites within large amorphous
domains. There are two primary crystal poly-
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morphs of chitosan (32). The most prevalent
polymorph is the hydrated “tendon chitosan”
form, while the anhydrous crystal form is known
as the “tempered polymorph”. Both polymorphs
consist of two antiparallel chitosan molecules in
a double helix shape held together by hydrogen
bonds to form the crystal cell. The inclusion of
water molecules between these crystal cells
stabilizes the structure via multiple hydrogen
bonds, leading to distinctions between the poly-
morphs (33). X-ray diffraction (XRD) is used to
measure the crystallinity of chitosan, which de-
tects and analyzes the pattern created by X-ray
diffraction through a dense atomic lattice in a
crystal. One useful technique for visually verify-
ing the shape and physical condition of the chi-
tin surface is scanning electron microscopy. The
surface shape of chitosan varies depending on
the source species (20). Commercial chitosan
not exhibited an apparent microfibrillar structure
and has spherical in shape as indicated by the
scanning electron micrograph (Figure 2).

10 um EHT =20.00 kV
WD = 55mm

Signal A = SE1
Photo No. = 5072

Date :1 Jul 2022
Time :13:45:33

Figure 2. Scanning electron micrograph of com-
mercial chitosan (20).

Chemical modifications

Chitosan, a versatile biopolymer, un-
dergoes various chemical modifications to en-
hance its solubility, functionality, and application
potential. These modifications include acylation,
alkylation, carboxylation, and quaternization,
each introducing specific functional groups that
improve chitosan’s water solubility and biolog-

ical compatibility (28). For instance, acylation
and carboxylation significantly enhance chi-
tosan’s solubility in water (34), while alkylation
introduces properties beneficial for medical ap-
plications such as coagulation and antibacteri-
al effects. Furthermore, quaternary ammonium
chitosan exhibits superior antibacterial, biocom-
patibility, and biodegradability characteristics
(35).

Unique properties and environmental bene-
fits
Non-toxic nature

Chitosan is inherently non-toxic, mak-
ing it safe for a wide range of applications, from
pharmaceuticals to food packaging (2).

Biodegradability

As a biodegradable material, chitosan
breaks down into natural substances, reducing
environmental pollution and supporting sustain-
able material cycles (2).

Adsorption capabilities

Its excellent adsorption properties en-
able the removal of contaminants like heavy
metals and dyes from wastewater, contributing
to cleaner and safer water sources (2).

Chitosan’s role extends beyond bio-
compatibility to its significant environmental
impact. Chitosan is the second most abundant
biopolymer after cellulose. This abundance en-
sures a sustainable supply of raw materials for
producing chitosan, which is crucial for its wide-
spread application in environmentally sensitive
areas (22). The biopolymer’s ability to degrade
naturally complements its applications in re-
ducing pollution, particularly in agricultural and
food industries where its use can lead to less
reliance on synthetic materials (22).

Major sources

Among the various sources available
for chitosan production (Figure 3), shrimp is
one of the most promising and much discussed,
and many other species, such as beetles and
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insects, have also been used (36). Insects have
emerged as a viable alternative supply of chi-
tosan; nevertheless, this development has only
occurred in recent times, and studies have only
been conducted on a laboratory scale. Mollusks
provide an additional source of chitosan. The
use of species such as Sepia kobiensis, Sepia
spp, Loligo lessoniana, and Loligo formosa-
na has been seen in this regard. Compared to
crustaceans, fungi are a source of chitosan and
chitin that is not seasonal and not influenced by
geographical factors. Chitin extraction from this
source requires less use of chemicals, as there
is usually no need for mineral removal and dis-
coloration. In fungal chitin and chitosan, there
are generally no heavy metal contaminants or
allergenic proteins that can be found in marine
sources (37).

also been explored to achieve higher purity
and controlled DD values (19). Factors such as
temperature, alkali concentration, and reaction
duration play significant roles in influencing the
molecular weight and degree of deacetylation,
thereby affecting the yield and purity of chitosan.
The source of chitin, whether from animals, ma-
rine crustaceans or fungal biomass, along with
the extraction method, impacts the final yield
and quality of chitosan. Notably, solid-state fer-
mentation of fungal biomass has been shown to
produce higher yields of chitosan compared to
submerged fermentation (2). Chemical and bi-
ological methods used to extract chitosan from
exoskeleton of different sources are illustrated
in Figure 3.

Cockroaches

Squid Shrimp

Chitosan
sources

Mollusca Fungi

Crab

Beetle

Figure 3. The most important sources of chi-
tosan.

Industrial extraction and yield factors

The extraction of chitosan from chitin in-
volves a deacetylation process using strong al-
kalis such as sodium hydroxide (NaOH), which
is a critical step in determining the quality and
yield of chitosan (2) (Figure 4). For instance,
a study by Pacheco et al., demonstrated that
treating chitin with 40% NaOH at 90°C for 4
hours resulted in chitosan with a DD of 85%
(12). Alternative methods, such as enzymatic
deacetylation using chitin deacetylase, have

Raw
Materials
Biological Chemical
method l method

‘ ‘Wash, dry and powder

'

Deproteinization ‘ NaOH %3

!

Chitin deacetylase Deacetylation | NaOH, Ethanol

Crude protease

;

Figure 4. Scheme for the steps of chitosan
preparation from raw materials (2) (Modified).

Applications of chitosan
Application in environmental fields

Chitosan’s role in environmental man-
agement is particularly significant in water pu-
rification and waste treatment processes. It is
employed in the development of water filtration
membranes, where its ability to remove metal
ions and heavy metals from industrial effluents is
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highly valued (38). Additionally, chitosan-based
nanocomposites are increasingly favored for
their efficacy in eliminating hazardous contam-
inants like dyes and other pollutants during the
water purification process (38). These capabili-
ties not only enhance water quality but also sup-
port sustainable industrial practices.

Water and wastewater treatment

Chitosan’s excellent adsorption capa-
bilities allow it to remove harmful contaminants
such as heavy metals, dyes, and pharmaceuti-
cals from water, making it an invaluable compo-
nent in water purification systems (39).

Biodegradable packaging

Chitosan-based films offer a sustain-
able alternative to conventional plastic pack-
aging. These films degrade more rapidly in soil
environments compared to commercial starch-
based films, thereby reducing environmental
pollution and aiding in waste management (40).

Greenhouse gas absorption

Chitosan contributes to sustainable
development by absorbing greenhouse gases.
This capability, coupled with its potential to ad-
sorb heavy ions and organic matter, positions
chitosan as a beneficial material in efforts to
combat environmental pollution and climate
change (41).

Application in biomedical fields

Chitosan’s utility in the biomedical field
is vast and varied, driven by its unique proper-
ties that include biodegradability, biocompati-
bility, and antimicrobial activity. Its applications
span across drug delivery, tissue engineering,
wound healing, and more, making it a critical
material in modern medicine (39, 42).

Drug delivery and tissue engineering

Chitosan is extensively used in drug de-
livery systems due to its ability to protect drug
molecules from the acidic environment of the
stomach, facilitating targeted drug release. This

property is crucial for administering medications
for gastrointestinal, neurological, and chronic
systemic diseases. Chitosan-based materials
are also used in developing scaffolds for tissue
engineering, mimicking the natural extracellular
matrix which supports the growth and regenera-
tion of tissues (42).

The development of chitosan-based
materials continues to push the boundaries
in drug delivery and material science. Chi-
tosan-coated nanoparticles, for example, are
utilized as efficient bio-imaging agents and in
delivering anti-tumor agents like Paclitaxel,
demonstrating the polymer’s versatility and effi-
cacy in medical applications (1). Additionally, the
design of chitosan-based biomimetic materials,
which mimic natural structures like lotus flowers
and honeycomb, highlights the innovative ap-
proaches in enhancing material properties for
specific applications (43). These advancements
underscore chitosan’s role in driving technolog-
ical and medical innovations, further solidifying
its importance in scientific research and industry
applications.

Wound healing

In the realm of wound care, chitosan’s
hemostatic and antibacterial properties expe-
dite the healing process, making it an invaluable
component in wound dressings and antimicrobi-
al coatings. The biopolymer is also employed in
dental and orthopedic implants due to its ability
to promote bone regeneration and reduce infec-
tion rates (38, 44). Chitosan’s ability to acceler-
ate wound healing has made it a subject of sig-
nificant research. This wound-healing property
stems from chitosan-based materials’ capacity
to: mobilize polymorphonuclear cells and fibro-
blasts, cause cytokines, facilitate migration of
giant cells, and stimulate the formation of type
IV collagen. Additionally, chitosan’s susceptibil-
ity to degradation by enzymes like lysozyme in
the body results in chito-oligomers, which stim-
ulate macrophages and further accelerate col-
lagen deposition, ultimately speeding up wound
healing (45). Commercially accessible wound
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dressings utilizing chitosan come in various
forms, including non-wovens, hydrogels, films,
and sponges (28, 46).

Biosensors and regenerative medicine

The development of chitosan-based
biosensors illustrates the biopolymer’s adapt-
ability and effectiveness in medical diagnos-
tics. These biosensors detect a wide array of
substances, including glucose and cholesterol,
essential for managing conditions like diabetes
and cardiovascular diseases. Additionally, in re-
generative medicine, chitosan is used to create
innovative solutions such as bioimaging agents
and cell encapsulation materials, which are fun-
damental in advanced therapeutic and diagnos-
tic procedures (44).

Antimicrobial activity

Chitosan and its derivatives exhibit anti-
bacterial activity against a wide range of micro-
organisms, such as bacteria, filamentous fungi,
and yeast (47). The precise mechanism behind
this antibacterial activity remains unclear. How-
ever, one offered mechanism suggests that chi-
tosan disrupts cellular permeability, leading to
leakage of intracellular components due to its
interaction with the anionic components of the
cell membrane, ultimately causing cell death.
Another proposed mechanism involves chitosan
penetrating the cell membrane and binding to
DNA. This binding restrains DNA replication,
ultimately leading to cell death (48). Several
factors influence the antibacterial action of chi-
tosan, including the degree of deacetylation,
origin and level of polymerization, polymer vis-
cosity, and particularly pH (49).

Chitosan has been suggested to op-
erate on Gram-negative bacteria through two
distinct mechanisms: chelation with divalent
cations under acidic pH, diminishing membrane
stability and nutrient uptake, and electrostat-
ic interactions with lipopolysaccharides on the
outer membrane, permitting chitosan to pass
through the inner membrane and induce cell
leakage (20, 50, 51). In contrast, the surface

of Gram-positive bacteria is made up of pepti-
doglycans and teichoic acid, necessary for the
function of various membrane-bound enzymes,
ultimately leading to cell death (47, 52). The
mechanism of chitosan’s antifungal effect is
similar to its antibacterial action and seems to
be effective against fungi rich in polyunsaturat-
ed fatty acids (53).

Antioxidant activity

Chitosan and its derivatives exhibit po-
tent antioxidant effects. They can reduce lipid
oxidation by scavenging free radicals, due to
their ability to bind metals. The antioxidant prop-
erties of chitosan and chitin are influenced by
factors such as molecular weight, viscosity, and
degree of deacetylation (DD). This free radical
scavenging ability makes chitosan a potential
therapeutic agent for oxidative stress and cer-
tain diseases (54).

Chitosan in nanomedicine

Chitosan nanoparticles hold significant
promise in medical research as targeted deliv-
ery vehicles for drugs, adjuvants, and vaccines.
They are particularly attractive as oral drug
carriers for proteins because they can prevent
enzymatic degradation in the gastrointestinal
tract and facilitate muco-adhesion to the intes-
tinal mucus layer (9, 55). This review highlights
several applications of chitosan nanoparticles,
including ocular-targeted drug delivery, delivery
across the blood-brain barrier, targeted delivery
of bioimaging markers, and vaccination by oral
and intranasal application (56). Notably, a sig-
nificant amount of research has been focused
on chitosan nanoparticles in cancer medicine.
These nanoparticles can encapsulate chemo-
therapeutic drugs, thereby reducing side effects,
and can also increase the oral bioavailability of
anti-cancer drugs (57).

Industrial and commercial applications

Chitosan’s broad utility across various
industries is underscored by its diverse appli-
cations ranging from agriculture to pharmaceu-
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ticals and environmental sustainability. Its role
in enhancing agricultural practices is particular-
ly noteworthy, where it is used in the pre- and
post-harvest treatments such as coating seeds,
fruits, and vegetables to preserve them and im-
prove their resistance to diseases and pests.
Additionally, chitosan-based coatings are in-
strumental in the slow and sustained release of
encapsulated agrochemicals, optimizing their
effectiveness and reducing environmental im-
pact (39).

Chitosan contributes significantly to the
agriculture and food sectors. It is used in creat-
ing biopolymeric films for food packaging, which
are favored for their biodegradability and the
reduction of pollution in comparison to conven-
tional materials (26, 58). Additionally, chitosan’s
properties as a natural biocide make it effective

as a preservative, enhancing the shelf life and
safety of food products. In agriculture, chitosan
is applied for its ability to enhance plant growth
and yield, making it a valuable component in
sustainable farming practices (26).

In the pharmaceutical sector, chitosan
contributes significantly to the production of
various forms such as tablets and capsules. Its
unique properties also make it a preferred ma-
terial for drug delivery systems, enhancing the
efficacy of pharmaceutical products by protect-
ing active ingredients and controlling their re-
lease within the body. Moreover, chitosan’s bio-
compatibility and non-toxic nature have paved
its way into the food industry, where it is utilized
as a food additive, preservative, and packaging
material, contributing to food safety and longev-

ity (1).

The table below summarizes the key applications of chitosan across different industries:

Industry

Applications of Chitosan

Agriculture

Seed coating, plant growth regulation, controlled release fertilizers

Pharmaceuticals

Production of tablets and capsules, drug delivery systems

Food

Additives, preservatives, packaging materials

Cosmetics

Skincare and haircare products

Textile and Paper

Sizing, finishing, wastewater treatment

Energy

Dye-sensitized solar cells, wastewater treatment

These applications not only highlight chitosan’s
versatility but also its contribution to sustainable
practices across various sectors (1, 27). The
most significant properties and recent applica-
tions of chitosan are highlighted in Figure 5.

<" Drug Delivery & Tissue Engineering
* Gene & Vaccine Delivery

+ Wound H

* Biosensors & Regenerative Medicine
* Nanomedicine

* Water and Wastewater Treatment
+ Agriculture & Food

¢ Cosmetics

Figure 5. Unique Activities, Properties and Dif-
ferent applications of chitosan.

Recent advances in chitosan research

Technological enhancements and gene
modification

Recent developments in chitosan re-
search have focused on leveraging gene mod-
ification techniques to enhance the yield and
functional properties of chitosan. This approach
has opened new avenues for increasing the
efficiency of chitosan production, which is cru-
cial for its application across various industries.
Technological advancements in genetic engi-
neering provide a pathway to optimize the struc-
tural attributes of chitosan, thereby enhancing
its solubility, biocompatibility, and overall effec-
tiveness in industrial applications (2).
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Breakthroughs in therapeutic applications
and drug delivery

The potential of chitosan in therapeutic
applications continues to grow with recent stud-
ies highlighting its efficacy in drug delivery sys-
tems. Research has shown that chitosan and
its derivatives can be engineered to improve
their therapeutic effects, offering targeted and
controlled drug release mechanisms. These
advancements are particularly significant in the
development of non-invasive delivery systems
for biologically active molecules, which can dra-
matically improve patient compliance and treat-
ment outcomes (59).

Sustainable production and future direc-
tions

Combining traditional, biological, and
alternative methods has proven to be the most
effective strategy for the sustainable production
of chitosan. This approach not only ensures high
yields but also maintains the quality of chitosan,
which is crucial for its application in various en-
vironmental and biomedical fields. The ongoing
research and increasing number of publications
related to chitosan highlight its growing impor-
tance and continuous development in sustain-
able practices (41).

Challenges and limitations

Chitosan, despite its widespread appli-
cations and benefits, faces several challenges
and limitations that can impede its utility across
various fields. These challenges stem primarily
from its production process, physical and chem-
ical properties, and the variability in its biologi-
cal performance.

Production and standardization issues

Source and cost limitations: The primary raw
materials for chitosan production are seasonal
and localized, which can lead to supply incon-
sistencies and high production costs (60).

Extraction challenges: The extraction of chi-
tosan is not only time-consuming but also cost-

ly, involving the use of harsh chemicals that can
impact the environment (2).

Quality variability: Due to differences in the
source and extraction methods, the quality of
chitosan can vary significantly, which affects its
reliability in various applications (60).

Lack of standardization: There is a notable
lack of standardization in the production and
quality control of chitosan, making it difficult to
ensure consistent performance across different
batches and products (60).

Physical and chemical property variability

Solubility Issues: Chitosan’s solubility is high-
ly pH-dependent and it shows poor solubility in
neutral and basic media, limiting its use in vari-
ous applications (27).

Property Variations: The physical and chem-
ical properties of chitosan, such as molecular
weight and degree of deacetylation, can vary
greatly. These variations can significantly im-
pact its performance, further complicating the
standardization of chitosan products (61).

Biological performance and safety concerns

Mechanisms of action: There is a limited un-
derstanding of the mechanisms by which chi-
tosan interacts with cells and tissues, which can
hinder its application in biomedicine and other
fields (61).

Immunogenicity and toxicity: Although chi-
tosan is generally considered safe, there are
concerns regarding its potential immunogenic-
ity and toxicity in some applications, which ne-
cessitate further studies to clarify these aspects
(61).

Disputed biological properties: Some of the
claimed biological properties of chitosan, such
as its antimicrobial and biodegradability char-
acteristics, are disputed, indicating a need for
more comprehensive research to validate these
properties (22).

These challenges underscore the ne-
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cessity for ongoing research and technological
improvements to enhance the yield, standard-
ization, and application of chitosan, ensuring its
sustainable and effective use in the future (2).
This comprehensive analysis not only highlights
the innovative uses of chitosan in emerging
fields but also sets the stage for addressing the
key challenges that lie ahead in fully realizing
the potential of chitosan in both environmental
and biomedical sectors.

Conclusion and future perspectives

Having traversed the expansive land-
scape of chitosan from its historical roots to its
modern applications, one can appreciate the
significant strides made in understanding and
utilizing this versatile biopolymer. Its unique
chemical structure facilitates a myriad of ap-
plications across various fields, especially in
biomedical and environmental sectors, under-
scoring its potential to address contemporary
challenges in sustainability and healthcare. The
exploration of chitosan’s properties, modifica-
tions, and the breadth of its applications rein-
forces its status as a material of crucial interest,
poised for further innovation and wider adoption
in the pursuit of a greener and more sustainable
future.

Yet, as we delve into the future pros-
pects of chitosan, it's evident that overcoming
existing challenges related to production, stan-
dardization, and biological performance is par-
amount to unlocking its full potential. The call
for further research and technological advance-
ments is clear, aimed at enhancing chitosan’s
yield, functionality, and application efficiency. In
drawing together the threads of chitosan’s story,
from historical curiosity to a beacon of biopoly-
mer innovation, we are reminded of the contin-
ual need for inquiry, adaptation, and application
of science for the betterment of society and the
environment.
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