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Design of “Turn-Off » Fluorescent Nanoprobe
for Highly Sensitive Detection of Uric Acid using

Green Synthesized Nitrogen-Doped Graphene
Quantum Dots
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Abstract

Green synthesized graphene quantum dots (GQD) have been doped with nitrogen in an attempt to boost their opti-
cal characteristics and application sectors. In the present investigation, the blue luminescent nitrogen-doped GQDs
(N-GQDs) were synthesized by single-step hydrothermal synthesis using tamarind shell powder as a precursor. The
.Cologyon!m: particle size and zeta potential of N-GQDs were found to be 11.40 nm and be -35.53 mV, respectively. A quantum yield

: as high as 23.78 % was accomplished at an excitation wavelength of 330 nm at neutral pH. It gets quenched sensitively
wrk extract'ﬁ[ in the existence of uric acid (UA) combining static quenching, electron transfer, and an inner filter effect mechanism. A
Med. 20“; linear range was obtained for UA from 10 uM to 100 pM, witha li_mit of detection (LOD) of 401.72 + 0.04 pM. Addition-
ally, the N-GQDs were selective toward UA in presence of metal ions and biomolecules that indicated its impending use
to monitor UA in clinical samples. In conclusion, this work demonstrates that the N-GQDs as a sensing probe for UA
recognition with notable advantages including socioeconomic, simple, and less time-consuming methods as compared
to other methods. In the future, it can be potentially explored as a biosensor for UA detection in clinical samples.
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. tabolites in blood or other biological samples. Therefore,
L. IntrOduCtlon a rapid, responsive, precise, and gcheap method of assess-
Principally, UA (2,6,8-trihydr0xypurine) is the pri- ment must be developed to track such metabolites in body
mary product of purine synthesis.' As per literature, in the fluids including serum and urine.’
general population, UA is referred to between 0.13 mM to Literature survey reported that electrochemical
046 mM and 2.49 mM to 4.46 mM in serum and urine, sensing,” a colorimetric method? a chromatograph-
tespectively.? As we know, the abnormal levels of such me- ic method,? etc. are currently engaged detection tech-
tbolites in body fluids can cause several diseases.” Plenti- niques for UA in different body fluid samples. Howeven
ful literature revealed that the increased UA levels in body some in-conveniences such as complicated synthesis or
amples are indicative of hypertension, gout, cardiovas- challenging extraction, advanced equipment, expensive
allar disease, kidney disease, high cholesterol, and many and tedious limiting their practical uses, are present in
more.# In comparison, low concentrations of UA are also these approaches.5 There are no exceptions for benefit
1% tonnected with multiple sclerosis and oxidative stress.>® of fluorescence. It is highly sensitive, and it shows a fast
In diagnosis and healthcare, it is crucial to quantify me- reaction, and operative simplicity in contrast to the oth-
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Chitosan mediated layer-by-layer assembly based graphene oxide decorated ===

surface plasmon resonance biosensor for highly sensitive detection of

p-amyloid

Sopan Nangare, Pravin Patil

Department of Pharmaceutical Chemistry, H. R. Patel Institute of Pharmaceutical Education and Research, Shirpur—425405, Dist: Dhule, MS, India

ARTICLEINRFO ABSTRACT

Keywords: Alzheimer's disease (AD), and its consequent effect primarily clinical dementia, Parkinson’s disease dementia,
Alzhelmer's disease etc. currently bring potentiai avenues for diagnosis centered on identification of beta-amyioid;_4z (AP1—2)-
Beta-amyloid Unfortunately, techniques engaged in AD core biomarker (Ap;_i2) detection are majorly suffering from poor
Shutoemy sensitivity and selectivity. Thus, we fabricated graphene oxide (GO) surface decorated chitosan (CS) mediated
mm! X S layer-by-layer (LbL) assembly based surface plasmon resonance (SPR) biosensor for highly sensitive and selective
Graphene oxide, silver nanoparticles recognition of Ay _sz. Briefly, silver nanoparticles (AghPs) and GO synthesis were achieved through a greener

approach. LbL assembily was designed using CS and polystyrene suiphonate (¥S5) on surface of AgNFs (AgN¥s-
CS-PSS-CS) and then antibodies of Ap (anti-AB) were fixed on LbL assembly (AgNPs-CS-PSS-CS@anti-Af). Herein,
amine functionality of CS offers a plethora of sites for anti-AB antibody immobilization that gives specific di-
rection, high selectivity, and an adequate amount of antibody immobilization. For fabrication, synthesized GO
was immobilized on an amine-modified gold-coated sensor chip via carbodiimide chemistry followed by AgNPs-
CS-PSS-CS@anti-Aff immobilization on an activated GO surface. Imimitabie features of LbL assembly showed
improved selectivity towards Ap peptide whereas utilization of affinity biotransducer with a combination of
plasmonic and non-plasmonic nanomaterial improved sensitivity and selectivity. Consequently. linearity range
and limit of detection (LOD) of AP; 42 antigens were found to be 2 fg/mL to 400 ng/mL and 1.21 fg/mL,
respectively. Moreover, analysis of Afly_4 in AD-induced rats confirmed the real-time-applicability of the
designed SPK biosensor. Hence, GO surface decorated AgNFs-C5-PS5-CS@anti-Af mediated SPR biosensor would
provide a novel approach for exceptionally sensitive and selective A} detection.

1. Introduction initial history of the patient have been preferred to diagnose AD [5.6].

Such methods are suffering from plenteous demerits including less

Alzheimer's disease {AD] i a PIOBIESsiVE, ali(l ITTEVEL S tAE TIEUIOdE- detection acCuracy, exenely EXpensive, LIne-Consunung, Sic. More

generative disease | | . Subsequently, continuous progress in AD results
in clinical dementia [2]. Importantly, AD is defined biologically hy the
presence of p -amyloid (Ap) plaques and tau-containing neurofibrillary
tangles in the brain [ 2], It causes amnestic cognitive impairment in the
prototypical form and non-amnestic cognitive impairment in the less
common variants [2.4]. Literature divulged that AD is perhaps the
ieading prevaient form of dementia among individuais over the age of
65. It affects approximately 5 million individuals in the United States
(US): As the population ages, the number of AD casesin the (IS icex

pected to climb to 16 million by 2050 [5]. Conventional diagnostic
methods including imaging, laboratory analysis, examination, and

* Corresponding author.
E-mail address: repatilpravin@vahoo.co.in (P. Patil).
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over, there is no promising treatment existed for the management of AD
whereas symntomatic treatment can endow with a short period of relief.
As a result, there is necessary to establish a newish solution to diagnose
AD and clinical dementia at an early stage, which can contribute to the
improvement of individual life 6,7].

Merely on AD phenotype, it is complicated to determine the funda-
mentai disease process concerned in AD. Herein, assorted biomarkers
might be of considerable assistance in expediting the early recognition
of AD [8]. As per Literature biomarkers are quantitative signals that are
expressed within a certain stage of the ailment. It renders them essential
for both diagnosis and tracking therapy response [7]. In the case of AD,
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ABSTRACT

Lactoferrin estimation is increasingly acquiring prominence as a novel biomarker for the diagnosis of periodontal
disease. To date, diverse lactoferrin detection methods which include electrochemical, surface-enhanced Raman
scattering, colorimetric, and others have been extensively portrayed. Unfortunately, these systems have signif-
icant shortcomings including low sensitivity, selectivity, highcost.mﬂ:mmandtime-consundngtcchxﬁque,and
50 forih. Recently, the Suoiescence-based method shows remarkable unigueness that oveicomes the demieiits of
traditionally reported techniques. Therefore, graphene quantum dots (GQDs) and manganese dioxide nanosheets
(MnO.-NS) based simplistic, highly sensitive, and selective fluorescent turn ‘Off-On’ mediated GQDs@MnO-NS
nanoprobe was designed. Herein, MnO,-NS addition demonstrated the quenching of GQDs containing fluores-
cemﬁum@mﬁhudfem(ﬁﬁ)mdmngmmbmvemcqmmdmnsmhmﬁm
addition desuioyed the MiuCy-N0 and fuciescence emission of GQDs ieappeaied which may be because of redox
reaction between lactoferrin and prepared MnO»-NS. Herein, nanoprobe offers a wide concentration range and
low limit of detection of S to 1600 ng/mL and 1.69 ng/mlL, respectively. As fabricated GQDs@MnO;-NS
nanoprobe sensor demonstrated high selectivity, good stability, and reproducibility towards lactoferrin that

assuring applicability of biosensor. Tﬁerefme,ﬂzeGQm@MnOz-NSmmuprcbewﬂlaﬁerasmphsucmmth

alleguais -bc.lﬁcuvuy to achieve mgmy Lcsyuumvc andl selective deiection of lactofermin.

1. Introduction

Periodontal disease is common in many countries [1], and is

frequently produced by microbial infection. It stimulates the adherence

of connective tissue and the prevention of bone surrounding the teeth at
the onset of illness [ 7]. Despite this, its following inflammatory
response adds to the loss of periodontal tissues in a patient. As a result, it
is a prolonged inflammatory illness in people that camses not only
regional mouth diseases but also systemic organ abpormalities [3].
Importantly, periodontal disease if remain untreated, the illness pro-
gresses o praduat bDoue danage, tesuliiug in 0ol woveweul aud
eventual tooth loss. As per literature, periodontal disease affects more
than half of the grownmp people in the Tnited States with aronnd 10%
suffering from serious disease those results in earlier tooth loss [4]. To
prevent additional severances of periodontal disease, it is critical to

* Corresponding author.

in (P. Patil).

accurately diagnose it. In this regard, biomarker detection is essential in
the prediction of heaith difficuities, and scientists are presentiy inves-
tigating novel biomarkers for sickness diagnosis. In latest days, advances

im tha orinman ~fF disanacinsg sesl ae wenll ae nasiadantal llanes haos
1o TaC SCICOCT O GIGZLOSing Crtu a5 WCw 4S5 POrCGCNInL 1unTSs aave

evolved into ways for measuring periodontal threats employing quan-
tifiable evidence kind of as biomarkers [ ].

Lactoferrin (family: transferrin) is an iron-binding glycoprotein
found in secondary neutrophil granulocytes [5]. As per literature, it
demonstrates responsiveness to acute inflammation [3]. In addition,
lactoferrin is observed in tears and saliva | ©|. Lactoferrin estimation has
teceived a ol of aileniion dwing the last iwo decades as a new
biomarker [7] for the diagnosis of periodontal disease. Furthermore, it
may be recommended for the diagnosic of varions inflammatory ill-
nesses []. Several identification studies have proposed various ap-
proaches for lactoferrin detection. Mainly, single radial

Received 15 May 2022; Received in revised form 4 July 2022; Accepted 4 July 2022
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Biofabricated functionalized graphene quantum dots (fGQDs):
unraveling its fluorescence sensing mechanism of human
telomerase reverse transcriptase (hTERT) antigen and in vitro
bioimaging application
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Abstract
Lung cancer (LC) is a deadly malignancy that is posing a serious threat to human health. Therefore,
early detection of LC biomarkers is the key to reducing LC-related fatalities. Herein, we present the
first fluorescent-based selective detection of LC biomarker human telomerase reverse transcriptase
(hTERT) using polyethyleneimine (PEI) functionalized graphene quantum dots (fGQDs). One-pot
in situ synthesis of amine-functionalized GQDs was accomplished by hydrothermal carbonization
of biowaste-derived cellulose and PEI Synthesized fGQDs were characterized by various analytical
techniques. Synthesized fGQDs not only exhibited enhanced fluorescence life-time but also
excellent stability in the different solvents compared to bare GQDs. The surface activation of
hTERT-Ab by carbodiimide chemistry (EDC-NHS) resulted in stacking interactions with fGQDs,
involving adsorption-desorption as well as competitive mechanisms. The higher inherent affinity

of hTERT-Ag (hTERT antigen) for hTERT-Ab (hTERT antibody) resulted in complex formation
and recovery of fGQD fluorescence. As a result, this fluorescence sensing demonstrated a greater
linear detection range (0.01 ng ml™'~100 pg ml™") as well as a notable low detection limit

(36.3 pg ml~!). Furthermore, the fabricated immunosensor (Ab@fGQDs) has excellent stability
and performarnce in real samples, with an average recovery of 97.32%. The results of cytotoxicity
and cellular bioimaging study in A549 cells show that fGQDs can be used for additional

nanotherapeutics and biological applications.

1. Introduction

Among all cancer-related deaths worldwide, lung
cancer (LC) isaccounted for the highest mortality rate
on a global scale [1]. The global pattern of LC incid-
ence and mortality rates is changing every day, with
experts predicting that the general population will be
at a higher risk of developing LC [2]. According to
recent reports, LC is the most commonly diagnosed
cancer (11.4%) and has the highest death rate (18%)
of all cancers [3]. The literature revealed that a vari-
ety of LC biomarkers have been studied independ-
ently viz. cancer antigen 125 (CA125) [4], cytoker-
atin fragment (CYFRA21-1) [5], neuron-speet

© 2022 P Publishing [td

enolase (NSE) [6, 7], melanoma-associated antigens
(MAGE A2, MAGE A11) [8], carcinoembryonic anti-
gen (CEA) [9], heterogeneous nuclear ribonucleo-
protein (hnRNP A2-B1) [10] and fibrin degrad-
ation product (D-dimers) [11], including human
telomerase reverse transcriptase (hTERT) [12-14].
The hTERT is a ribonucleoprotein polymerase
(RNP), which adds the TTAGGG repeating units to
the telomere by which it performs its characteristic
functions [15]. Telomerase is mostly found in fetal tis-
sues, mature germ cells, and tumor cells about 70%—
90%. Telomerase expression is critical for cellular
immortalization and cellular senescence. The ectopic
expression of hTERT plays an important role in the
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Design of zero-dimensional graphene quantum dots based nanostructures &&=

for the detection of organophosphorus pesticides in food and water:

A review

Mahendra R. Mahajan, Pravin O. Patil
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ARTICLE INFO ABSTRACT

Keywords: From its inception, traditional analytical approaches have been the primary strategies for sensing organophos-

Organophosphorus pesticides
Graphene quantum dots
Fluorescent sensor

phorus pesticides (OPPs). Unfortunately, traditionally reported methods are suffering from plentiful limitations
that include their cost factor, poor responsiveness, low specificity, tedious, etc. Recently, graphene quantum dots
(GOQDs) have been widely applied to researchers’ recognition of OPPs sensing in water and food samples, due to
their outstanding and versatile attributes. Moreover, the combination of other nanomaterials like inorganic and
organic materials, along with surface tuning of GQDs such as doping and functionalization, shows the potential
to boost the performance of the sensing system. Despite this indubitable development, there is no detailed report
on the design of zero-dimensional GQD-based nanostructures for the detection of OPPs in food and water.
Therefore, we have addressed the GQDs-centered nanostructures for the recognition of OPPs in water and food.
Importantly, it covers the consumption of OPPs and their impact on human health, while the synthesis and
properties of nanosized GQDs have been reviewed. Besides, GQDs based on fluorescent, electrochemical, and
colorimetric nanoprobe for monitoring OPPs have been illustrated. Moreover, sensing mechanisms, anti-
interference potential, current challenges, and future research have been described. Fascinatingly, modifica-
tion of GQDs enabled sensors exhibits supreme responsiveness and specificity for recognition of OPPs in provided
samples. Accordingly, existing architectured GQDs mediated nanoprobes furnish the lower detection limit for
OPPs up to a picogram. In near future, the nano-design of GQD-centered sensors will open up a new door for
sensing OPPs in real-time samples.

Electrochemical sensor
Colorimetric sensor

1. Introduction combinations. Moreover, most extensively OPFs used in agriculture are

malathion, parathion, methyl parathion, azamethiphos azinphos-

Pesticides are increasingly being utilized in crop management and
pest control in advanced agricultural practices. Surprisingly, the world
food demand rises, leading to increased pesticide utilization [1 |. Pesti-
cides have been categorized into rodenticides, insecticides, fungicides,
and herbicides [2]. As well, pesticides such as organochlorines, organ-
ophosphorus, carbamates, pyrethrin, and pyrethroids are often chemi-
cally categorized [3]. Among reported pesticides, organophosphorus
pesticides (OPPs) are most widely employed in agriculture due to the
relatively long half-life, low persistence, cheaper price, high insecticidal
efficacy, and high effectiveness [4,5]. Principally, OPPs are phosphoric
acid ester, thiol, or amides derivatives with a diverse range of carbon,
oxygen, sulfur, and nitrogen bonded compositions [6]. There are hun-
dreds of OPPs in use due to the enormous number of chemical

* Corresponding author.
E-mail address: rxpatilpravin@yahoo.co.in (P.O. Patil).
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methyl, chlorpyrifos, diazinon, dichlorvos, disulfoton, fenitrothion,
fonofos, phosmet, tetrachlorvinphos, terbufos, etc [7]. Owning to lethal
effect on the target pests and easy accessibility, OPPs are extensively
utilized over the globe [8]. Likewise, organochlorine pesticides such as
dichlorodiphenyltrichloroethane (DDT), aldrin, and dieidrin have been
phased out due to lack of effectiveness and environmental persistence.
OPPs are usually soluble in water and rapidly degrade via hydrolysis
once introduced into the air, sunlight, and soil [9]. Moreover, the
extensive use and non-persistent nature of OPPs remain for a lenger
period in the environment. It leads to environmental contamination and
has gradually evolved into the food supply chain via water, air, and soil
[10]. Surprisingly, OPPs residues accumulate in the body even at very
low concentrations, triggering serious health issues [11].

Received 13 June 2022; Received in revised form 6 August 2022; Accepted 13 August 2022
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Fabrication of poly (aspartic) acid functionalized graphene quantum dots e
based FRET sensor for selective and sensitive detection of

MAGE-A11 antigen
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ARTICLEINFO ABSTRACT

Keywords:
Graphene quantum dots
Poly (aspartic) acid functionalization

In the present work, we investigated a label-free fluorescence resonance energy transfer (FRET) based poly
(aspartic) acid (PAsP) functionalized graphene quantum dot (PAsP-GQDs) immunosensor for the selective and
sensitive sensing of MAGE-Al1 antigen.

MAGE-Al1 . 2 o s A 5

e & ety Sl Synthesis of GQDs was act:_ompl:shed with hydrothermal carbomzat:ox:x of Onion hu]% FONI—GQDS]. Synthm‘zed
Turn “on-off-on” sensing PAsP-GQDs were characterized for fluorescence performance, functional compaesitions and morphological
Bioimaging analysis. To form a typical FRET system, functionalized GQDs conjugated with anti-MAGE-A11 (antibody) using

EDC/NHS chemistry served as an energy donor, while graphene nanosheets served as energy acceptors
{quenchers). The fabricated PASP-GQDs@M—A11—-Ab immunocsensor demonstrated high selectivity to MAGE-
Al1l with a broader detection range about of 0.05 ng mL™! — 5 yg mL™! (R® = 0.9906) and a detection limit
of about of 5.6 pg mL™?, with a rapid response time of 12 min. The performance of the developed immunosensor
was established using real sample analysis, which showed an average recovery of 96.8 % with % RSD 0.71
indicating the high precision and reproducibility of the method. Furthermore, to implicate the post-
functionalization modifications, cellular bicimaging potential and cytotoxicity studies were conducted as a
comparative assessment. The present immunosensing strategies can be utilized as an analytical tool for detecting
MAGE-A11 in various cancers.

1. Introduction:

The global cancer risk is growing steadily, with a high fatality rate
per year. The most recent epidemiological survey statistics raised con-
cerns about the possibility of imposing cancer cases [1]. Among the
various types of cancer, lung cancer (LC) is the most frequently diag-
nosed cancer worldwide next to breast cancer [2]. With precise early
detection testing, the stages of LC can be identified. In that, identifica-
tion of different turnor markers could be the key finding to arrest at the
proper stage with desirable treatment. Different types of tumor marker
(protein) were identified as an indication of the LC such as carcinoem-
bryonic antigen (CEA), cancer antigen-125, pro-gastrin-releasing pep-
tide (proGRP), cytokeratin fragment (CYFRA 21-1), Melanoma-
associated antigen family proteins (MAGE's) and neuron-specific
enolase (NSE) etc. [3,4]. Amongst these, MAGEs are often observed in
the fetal keratinocytes, placenta, and male germ cells as well as different
human malignancies. Melanoma-associated antigen-A11 (MAGE-A11) is
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an X-linked gene that is expressed at a lower rate specifically in the
placenta, testis, endometrium and ovary of humans [5]. The MAGEs
family protein plays a vital role in physiology as well as pathology of
germ cell development embryogenesis, neurogenetic, cell cyele pro-
gression, apoptosis, etc. MAGE-A11 antigen expression is also found at
differential levels in lung cancer, breast cancer and prostate cancer [6].
Surprisingly, it was found at higher levels in adenocarcinoma than in
squamous cell carcinoma of lungs. Hence, MAGE family antigens are
considered ideal target markers for immunotherapy as well as early
diagnosis and management [7.8].

Accordingly, the use of different methods such as Southern blotting
with reproductive tract fluid (RTF), polymerase chain reaction-based
(PCR) based methods, high-resolution telomere length analysis
(STELA), DNA-Microarrays, enzyme-linked immunosorbent assay
(ELISA), etc. being investigated as supportive methods [9]. Though the
systematic estimation methodology of MAGEs is limited, there is
growing interest in researchers for the assessment of their interactions
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ARTICLEINFO ABSTRACT

Keywords: Low methoxy pectin (LM pectin) suffers from burst release owing to its high swellability and solubility in water.
Low methoxy pectin Consequently, in ways to design an ideal drug delivery system, these obstacles must be surmounted. Therefore,
Necm/gimi,_ the work aimed to design dual crosslinked LM pectin -neem gum (NG) mediated interpenetrating polymer
m&;nng PRt Bt O network (IPN) floating mucoadhesive microbeads for lansoprazole (LNZ) gastro-retentive delivery. In short, LNZ-
Floating profile loaded floating microbeads were achieved by using the jonic gelation method wherein zine acetate was preferred
Miicoadhesion as a crosslinking agent. The optimization of IPN microbeads was performed employing a 3*factorial design

wherein concentration of pectin and NG was considered as independent factors whereas dependant factors are
entrapment efficiency and drug release. Importantly, carboxylic functionality of low methoxy (LM) pectin and
hydroxylic functionality NG cross-linked with Zn™? forms a 3D network. Diffractogram and thermogram revealed
that conversion of drug from crystalline to amorphous form because of entrapment of drug within polymeric
network. Anticipated floating microbeads showed that polymer concentration had considerable effect on drug
encapsulation efficiency and drug release. Briefly, optimizing floating microbeads (Batch B:5) showed maximum
drug entrapment (87.47 %) with a delayed drug release (69.20 %, at 8 h) due to formation of strong IPN.
Moreover, it showed good mucoadhesive aptitude with goat stomach mucosa because of entanglement between
gum and mucus layer. In addition, use of calcium silicate assists to modulate floating profile of IPN microbeads.
Therefore, designing dual crosslinked zinc-pectinate-NG mediated IPN floating mucoadhesive microbeads will
offer a new substitute for floating delivery.

1. Introduction drug biocavailability and drug targeting [2]. These devices release the

medicine gradually at a predetermined and controlled rate without

Gastro-retentive drug delivery system (GRDDS) one of the oral drug
delivery systems gained popularity due to various qualities, such as
decreased therapy costs, easy administration, self-medication, greater
patient compliance, and acceptability [1]. It is an approach that over-
comes the problems in drug absorption due to the short residence time in
the stomach faced by conventional drug delivery. It can markedly
extend the residence time of drugs in the stomach, increasing bioavail-
ability and decreasing drug waste. Therefore, it is possible to achieve
site-specific drug delivery specifically to the stomach and upper small
intestine [2.3]. Floating drug delivery is one of the major approaches of
GRDDS to achieving prolonged gastric retention to attain appropriate
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influencing the gastric emptying rate [4,5]. At the moment, dual-
functioning systems that combine floating and mucoadhesive pro-
cesses are getting a lot of interest since they can greatly boost the per-
formance of traditional GRDDS [6,7]. Additionally, the multiple-unit
GRDDS demonstrates its advantage over the single-unit forms by
ensuring uniform dispersion across the gastrointestinal tract [5].
Nowadays, Recent trends incline toward the use of natural products
derived from plant materials [9.10] to minimize and restrict the use of
synthetic additives because the former is biodegradable, found in
abundance in nature, non-toxic, and provides ease in working and at low
cost [11,12]. In the current scenario, due to their outstanding
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Introduction

ABSTRACT

Solubility is one of the major concerns in various drug formulations. Since the
majority of new drug molecules belong to the BCS Il (Biopharmaceutical
Classification of Drug) they often lead to poor bioavailability and ultimately affect
the drug's effectiveness. The majority of new drug molecules are insoluble and
hence poorly bicavailable. Because of these limitations, the proportion of newly
discovered drugs reaching the market is decreasing. Nano-suspension emerges as
one of the novel solutions for these problems. As it helps in delivering poorly water-
soluble drugs, due to their all-around features and unique advantages. The
distinctive features of nanosuspensions allow them to be used in a variety of dosage
forms, including mucoadhesive hydrogels, nanogels, etc. The present review article
provides information regarding the introduction to nanosuspensions, the
advantages, and disadvantages of nanosuspensions, different methods of their
preparations, and numerous practical applications in drug delivery.

Keywords
Nanosupension, Dissolution, Surfactant, Solubility, Bioavailability.

solubility. Except; as the diffusion distance on the drug
nanoparticle surface decreases, the concentration
gradient increases (Mii & Peters, 1998). The stability of

Nanosuspension is a biphasic dispersion of superficially
stabilized micron-sized drug particles. Therapeutic
nanosuspensions seem to be very tiny solid particles of a
drug suspended in an aqueous carrier for administration
via oral, local, parenteral, or pulmonary routes.
Dispersed particles in nanosuspensions are in the size
range of 200 to 600 nm (Eller et al., n.d.). The drug
maintains the ideal ecrystalline state with smaller
particles in nanosuspension technology, enhancing the
rate of dissolving and penetration and improving
bioavailability. Higher solubility and micronized particle
penetration (particle size <10 pm) is associated with
increased surface area and thus dissolution rate. Nano-
sized particles can increase the dissolution rate and

nanosuspeneion is affected by the size of the particles
produced by the various manufacturing processes.
Crystal development and consequent fine particle
production are caused by Ostwald ripening. The
difference in dissolution rate between fine and coarse
particles is due to the availability of surface area.
Molecules diffuse from a zone of greater concentration to
a region of lower drug concentration.As a result, a
supersaturated solution forms surrounding the large
particles, causing the medication to crystallize and huge
particles to proliferate. Sedimentation, high-pressure
homogenization, emulsification, and milling processes
can all be wused to make nanosuspensions.
Nanosuspensions can be made in one of two ways.

6169




Applied Nanoscience
https://doi.org/10.1007/513204-022-02713-1

ORIGINAL ARTICLE

Fabrication of polyaspartic acid surface-modified highly fluorescent
carbon quantum dot nanoprobe for sensing of reduced glutathione
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Abstract

The goal of this study was to create a polyaspartic acid (PAA) surface-modified blue luminescent carbon quantum ot
(CDs)-based biosensor (PAA-CDs) that could detect calcium (11) ions and glutathione (GSH) with excellent sensitiv i
selectivity. Herein, the hydrothermal approach was adopted to produce blue luminescent CDs trom mint plant stath~ .
improve surface irregularities, quantum confinement effects, and to impart recognition sites for the analyte sensing. the €.
were surface-functionalized with PAA. Spectroscopic techniques like UV, FT-IR. XPS. and other techniques were nsed 1o
sanction the synthesis and surface functionalization of PAA-CDs. The probe PAA-CDs was utilized for the detection of (o
(IT) ions via a quenching process (turn-off) and subsequently, restoration in fluorescence intensity (turn-on) was accomplished
by incorporation of GSH, forming a novel probe for sensing of biothiol, For a linearity range of 045 gM concentraton
of Ca (II), the LOD was obtained as 25 nM in phosphate-buffered saline solutions (PBS, pH 7.4). Similarly. for a hnearin
range of 040 uM concentration of GSH, LOD was obtained as 64 nM. The surface-modified PAA-CDs exhibited stronger
affinity towards Ca (II) ions via the FRET mechanism, which formed the Ca (I)@PAA-CDs complex that was unable to
emit photons when excited. Thereafter, thiol (-SH) group of GSH offered selective attraction with Ca (11} ions among the
various biomolecules; this caused the breaking of Ca (II) from Ca(Il)@PAA-CDs complex. So, the detachment of Ca (1)
from the complex re-established the fluorescence intensity of PAA-CDs in linear fashion. In addition, the cytotoxicity study
of the PAA-CDs revealed their biocompatible nature, and the methodology was eftectively practical to estimate the GSI
concentration in human serum samples.

Keywords Carbon quantum dots - Polyaspartic acid - Functionalized carbon quantum dots - Calcium (11 ions sensiny
Glutathione sensing - Fluorescent probe

Introduction

The reduced glutathione (GSH), homocysteine (Hcys), and
cysteine (Cys) are major biothiols playing noteworthy func-
tions in the conservation of pathological and physiological
processes (Ballatori et al. 2009). The distinguished biothiol,
GSH, is an important biological stuff that could be moni-
tored to diagnose a number of diseases (Staal and Ela 1992).
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The GSH is a putative antioxidant that pertorm- o
variety of important biological tasks such as maimniam
ing biological redox status. modulating cell growth,
gene regulation, decontamination. and metabolic acin
ity (Yoo et al. 2019). GSH is reportedly found in normal
cells (1-10 mM) and plasma (1-6 pM) (Khan and Pl
2020). Abnormal levels of GSH are linked to numerous
diseases and disorders. According to the study. increas
ing GSH levels boosted antioxidant levels and oxidative
stress resistance in cancer cells (Lucero and Chan 2021,
Reduced GSH levels, on the other hand, indicate the loss
of immune system functions as well as the possibility
of an aging problem. Similarly. its shortage may lead 1o
enhanced levels of oxidative stress. causing cancer (Bao
tino et al, 2021),
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ARTICLEINFO ABSTRACT

Keywards: Evaluating para-aminohippuric acid (PAH) is emerging as a promising biomarker for the diagnostics of renal
Bovine mﬂlb“m ; disease and other kidney-related illnesses. The present study aims to develop novel bovine serum albumin-
l;amn;:ip}::; acid derived polv-i-glitamic acid (PI.GA} funetionalized gmphene quantum dots (PILGA-FGQNS) embedded in THO-
m qm;mdms 66-NH, metal-organic frameworks (PLGA-fGQDs@UiO-66-NH, MOFs) for monitoring of PAH. Initially, GQDs

were achieved from bovine serum albumin (green precursor) via the single-step hydrothermal method. Here,
functionalization with PLGA offers a tremendous increment in optical properties of GQDs. Then, highty lumi-
nescent UiO-66-NH, MOFs were achieved using zirconium tetrachloride (ZiCly) and 2-Aminoterephthalic acid
(2-ATA) ac n meafal ion sonrea and arganie linker. Here, sirface modification of GONe with PIGA offered high
quantum yield (QY), and responsiveness. Also, luminous UiO-66-NH; MOFs afford a wide surface area for
decorating of PLGA-fGQDs. The addition of gallium ions (Ga®*) into the probe solution resulted in flucrescence
quenching (Tumn-Off) whereas the incorporation of PAH resulted in fluorescence recovery (Tumn-On). It is
because of interaction with carboxylic functionality of PAH to Ga®* followed by Ga-PAH complex formation.
Herein, the wide concentration range and lowest limit of detection (LOD) were found to be 10 ng/mL to 900 ng/
mL and 15.88 ng/mL, respectively. The specificity and real-time analysis in artificial urine validated the real-
time adoption of a sensor for PAH detection. As well, it demonstrated good intraday/interday precision, sta-
bility analysis, and repeatability. In near future, the bundled illuminating PLGA-fGQDs@UiO-66-NH, MOFs
nanoprobe will be an attractive preference for tracking PAH in clinical specimens.

1. Introduction

Reual diseases bave already bDeeu cousidered a wajor public eatii
concern around the globe. In this shade, the scientific community
constantly committed to the advancement of screening methods [1]. Tn
this ray, para-amino hippuric acid (PAH, 4-amino denvanve of hippuric
acid) is utilized in the assessment of renal plasma flow (RPF) as a
diagnostic agent [2]. Hence, PAH is a valuable agent for accurately
measuring effective renal plasma flow (ERPF) in clinical and laboratory
research to evaluate renal functioning [, ]. Basically, PAH is an amide
derivative of glycine and para-aminobenzoic acid. It doesn’t naturally

* Cormresponding author.
E-mail address: r:patilpravin@yahoo.co.in (P. Patil).
! These authors contributed equally as first authors.

occur in humans. As a result, it must be injected via intravenous (IV)
prior to diagnosis. As an outcome, at low plasma concentrations (1 mg to

2 g/ 100 wi), ile kidueys can reinove 50 % of aminohippuraie frou
the renal circulating blood in a single circulation. As a function, PAH can

he evplaited to examine renal function ac an essential indicator [5]. The
renal extraction ratio of PAH in a normal individual is between 0.92 and
1.65 mL/min/kg |©]. Traditionally acknowledged indications of renal
dysfunction encompass high uric acid levels and an imbalance in PAH
levels [ 7 1. In this regard, numerous analytical techniques, such as HPLC
with UV detection [¢], colorimetric detection [£], tandem mass spec-
trometry |9, and electrochemical detection [10], have been proposed
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Pharmacy, Kolhapur-416013, | i significantly compromised due to low aqueous solubility, and thus, poor absorption and low

Mabharashtra, India. bioavailability become apparent. To surpass this limitation, the present work aims to develop
Tel: +91 231 2637286, amino acid salt-based curcumin@lysine acetate co-amorphous system for improved solubility and
Fax: +91 231 2638833. dissolution. Initially, screening of curcumin-amino acid mixtures was performed for saturation
E-mail: nrjadhavl8@ solubility assessment. Considering the outcome, lysine acetate was formulated to generate a
rediffmail.com co-amorphous mixture (COAM) by liquid-assisted grinding and evaluated for saturation solubility

and different spectroscopical characterizations. Curcumin-lysine acetate COAM tablet formulation
was developed by direct compression method and evaluated for appearance, thickness, hardiiess,
weight variation, friability, drug content, disintegration, and in vitro dissolution studies. Further,
curcumin-lysine acetate COAM and tablet formulation were screened for the accelerated stability
study. Resultantly, curcumin-lysine acetate binary mixture demonstrated the highest saturation
solubility among screened curcumin-amino acid binary mixtures that might be ascribed to the
hydrotropic properties of lysine acetate. Moreover, 476-fold solubility enhancement in water
was observed by curcumin-lysine acetate COAM. Later, the amorphization of the curcumin-
lysine acetate COAM was confirmed using Fourier-transform infrared spectroscopy, differential
scanning calorimetry, and powder X-ray diffraction. COAM tablet formulation showed optimum
evaluation characteristics with improved drug dissolution. Therefore, the amino acid salt-based
co-amorphous system can be used for solubility and dissolution improvement of curcumin and
other multivalued phytoceutical,
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Graphical Abstract INTRODUCTION

Development of lysine acetate-based curcumin co-amorphous o-amorphism has been widely attempted for improving
system using liquid-assisted grinding for improved solubility the physicochemical and technological properties
and dissolution. of actives.™ The co-amorphous mixture (COAM)
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ARTICLEINFO ABSTRACT

Keywords: Microwave-assisted grafting of polyacrylamide on sesbania gum (PAAM-g-SG) was implemented employing a 32
Sﬂbama.gum full factorial experimental design and was hydrolyzed using sodium hydroxide (NaOH) to form H-PAAM-g-SG.
Acrylamide grafting Further, the diclofenac sodium-loaded novel pH-sensitive interpenetrating polymeric network (IPN) microbeads
Interpenetrating polymer network

were designed using an optimized H-PAAM-g-SG and sodium alginate (SA). Different spectroscopic analysis
including FTIR spectroscopy, 'H NMR spectroscapy, elemental analysis, thermal analysis, efc. was performed to
conﬂrm the synthesis of PAAM-g-SG and diclofenac-loaded pH-sensitive IPN H-PAAM-g-SG-5A microbeads. Here,
€a'? ions combine with two strands of SA and form a round-shape structure that encloses uncross-linked H-
PAAM-g-SG polymer and diclofenac sodium. As well, glutaraldehyde (GL) addition improved the mechanical
strength due to acetal structure between hydroxyl of H-PAAM-g-SG and aldehyde of GL. The drug entrapment
was confirmed proportional relationship to the Ca*? jons concentration whereas an increase in GL concentration
resulted in a reduced drug entrapment. The pH pulsatile study assured the reversible swelling-shrinkage behavior
of IPN microbeads due to the carboxyl group of PAAM-g-SG. The drug release from H-PAAM-g-SG-SA microbeads
(batch: S9) was found to be 84.21 % (12h) which was non-significant (p > 0.05; f2 = 79 ~ 90) over marketed
formulation (83.31 %). Moreover, it follows the Korsmeyer Peppas (R? = 0.996) as the best-fit release kinetic
model. The pH-sensitive release of diclofenac sodium from [PN H-PAAM-g-SG-SA microbeads was assured based
on in vivo anti-inflammatory activity {p < 0.05). Therefore, developed novel pH-sensitive IPN microbeads based
on H-PAAM-g-SG are a promising polymeric carrier substitute for delivery of drugs actuated by a pH stimulus.

pH-sensitive microbeads, diclofenac sodium

1. Introduction development of advanced pharmaceutical dosage forms [3.4] such as

hydrogels, beads, etc. It ensured that limited consideration was given to

Sesbania gum is a natural polysaccharide obtained from the annual
legume seeds (biological source: Sesbania grandifiora; family: Legumi-
nosae). Importantly, it contains a synthetic framework similar to guar
guni. The constituent of $G is « (1-6) glycosidic bond to galactose as well
as [ (1-4) glycosidic bond to mannose. Hence, it is composed of mannose
and galactose with a proportion of 2:1. In pharmaceutical dosage form,
it has been reported as a thickening agent, floating agent, cosmetics, etc.
[1,2]. Literature reported that SG can be a suitable alternative for the

the utilization of SG as a potential replacement for excipients in phar-
maceutical applications. Regardless of these benefits, there are issues
with natural polysaccharides like uncontrolled hydration, lower shelf
life, pH-dependent solubility, change in viscosity during storage, and
terrific swellability. For the development of pharmaceutical dosage,
there is a design to overcome the demerits of natural polysaccharides
[5]. A wide variety of chemically modified/grafted polysaccharides has
become an essential element in various biomedical applications [5].
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Abstract Recently gelatin nanoparticles (G-NPs) have
been gaining substantial consideration because they offer
excellent properties like low cost, biocompatibility, and
biodegradability. One of the protein materials that can be
utilized to make nanoparticles is gelatin. The emphasis is
constructed on the datum that gelatin is non-toxic, easy to
crosslink, and chemically changeable, and hence consumes
a gigantic potential for colloidal drug delivery system
synthesis. The surface of G-NPs can be easily cat-ionized
with a variety of amine derivatives to provide targeted and
sustained drug delivery. Curcumin-loaded gelatin G-NPs
were manufactured using a two-step desolvation
progression in this study. A glutaraldehyde cross-linker
was also employed to provide G-NP with good stability.
Inclusive, the ordinary size of the curcumin-loaded gelatin
(CGNPs) was 112 nm, with a zeta potential of +31.80 mV.
An In-vifro dissolution study confirmed 88 % of the drug
was released from the CGNP within 24 h. In comparison,
drug release showed a lower release rate, at about 66 %
after 24 h. In the present work, we fabricated a
curcumin-loaded gelatin nanoparticle to improve the
solubility and thereby enhance the stability of a
formulation, which will further encourage the progress of
curcumin based on nanoformulation. Curcumin-loaded

gelatin nanoparticles have a higher stability in biological
fluids than colloidal carriers, allowing for the desired
delimited and unrelenting release of encapsulated drug
molecules. In all, the fabricated curcumin-loaded gelatin
nanoparticle proved to be a sustained-release drug delivery
system.

Keywords Gelatin Nanoparticle, Gelatin, Curcumin-
loaded Gelatin Nanoparticles, Glutaraldehyde,
Anti-Cancer, Desolvation Method

1. Background

Because of their excellent biocompatibility and
biodegradability, gelatin nanoparticles (G-NPs) have been
widely used as drug and gene carriers for diseased tissues
such as HIV infection [1], tuberculosis, and cancer [2].
Coating with gelatin, for example, reduces cytotoxicity
while also allowing G-NPs to traverse the blood-brain
barrier, allowing them to better target brain problems [3].
Recently, nanoparticles (NPs) have provided enormous
nefits in terms of improving drug delivery systems by
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Quercetin can help with a variety of health problems. Most methods for measuring quercetin in
biologicai fiuids are characterized by iow sensitivity and selectivity. The empioyment of
metal-organic framewarks in sensor applications with carbon-based materials ushers in a new era. In
this study, blue fluorescent graphene guantem dote (GQDs) embedded in a UiO-66-NH,
metal-organic framework-based nanoprobe (GQDs@UiO-66-NH,) were constructed for quercetin
sensing. Initially, maize husk was used to produce blue fluorescent GQDs. whereas zirconium
tetrachloride and 2-aminoterephthalic acid were used to synthesize extremely luminous UiO-66-NH,.
The addition of quercetin to GQDs@UiO-66-NH, leads to fluorescence dampening due to the
adsorption potentiai of UiO-66-NH,. The compiexation of zirconium ions with the 3-OH and 4-C=0
functionalitics of quercetin resulted in fluorescence quenching. The sensor has a linear concentration
range and lmit of detection for quercetin of 50500 and 2 82 no/ml,
usefulness for quercetin detection was then validated by a selectivity investigation in the presence of
interfering chemicals. Furthermore, the percentage relative standard deviations were 4.20% and
2.90%. respectively. indicating great stability and repeatability. Fluorescence “Turn-On-Off"
nanoprobes provide a simple, quick. sensitive. and selective method for monitoring quercetin.

ragpectively, The nanoprobe’s

o= S

Keywords: quercetin. graphene quantum dots (GQDs): fluorescence; nanoprobe; metal-organic

~ T e e s T s - s e
LEMCWOIK, R us (U =00 INE1s, SCusiivily

= 21l 2 R | Ao i Dot o) alaoaris pysuegd peiaar
yali Patil , Kalyani Chaudhari , Zamii Khan , Ashwini Patil”, Pravin Patil
C H. R. Patel Institute of Pharmacentical Education and Research, Shirpur, India

SNano JLiomed £ng

zasnl

Quercetin is the most important flavonoid in fruits

and vegetables [1]. It does not produce in human
bodies [2]. Quercetin is widely reported for
antioxidant, antiviral, immunomodulation,

antitumor [3], and anti-inflammatory [4] applications.
The literature claimed that 945 mg/m?® is the safe dose
for guercetin, A produce

high doge of guercetin can

ditferent several health 1ssues including hypertension,
a decline in potassium levels in serum, and
emesis [2]. Therefore, accurate measurement of the
concentration of quercetin is essential in the
biomedical field [3]. Moreover, to measure the
bioavaiiabiiity of quercetin, it is essentiai for
pharmacological response [1]. In general, analysis of
quercetin with a simplistic, speedy, highly selective,

and sensitive method ic a prime necegsity [4],

L = 1150
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ARTICLEINFO ABSTRACT

Keywords: The antibacterial activity against Staphylococcus aureus (S. aureus) in diabetic foot wound treatment is an
Chitosan appealing area for budding researchers. In this case, drug-loaded chitosan (GS)/polyvinyl alcchal (PVA)/gra-
Polyvinyl “i"’h“l phene oxide (GO)-based compasites can be used as an excellent option for antibacterial activity in diabetic foot
sﬁﬁ::ﬂ:nde wound treatment. Therefore, the present study aims to design a pirfenidone-loaded CS/PVA/GO nanoconposite

(PFD-CS/PVA/GO) based scaffold via solvent casting method for improved antibacterial activity. In brief, CS
with PVA forms the polyelectrolyte complex due to hydrogen bonding between amine functionality {CS) and a
hydroxyl group (PVA). The GO nanocsheet addition into CS/PVA resulted in covalent bonding between the amine
functionality (CS) and the carboxylic functionality (GO} whereas PFD was fixed in CS/PVA/GO via 1-x stacking.
In this study, optimized PFD-CS/PVA/GO (6% w/w) scaffold percent entrapment efficiency, tensile strength,
moisture content, % drug release, % swelling degree, % elongation at break, and water retention capacity were
found to be 77.60%, 70.35 g/cm’, 16.39%, 50.60% (7 days), 236%, 45%, and 543.47%, respectively. Release
kinetics assured that the Higuchi matrix was the best-fit model (R? = 0.99). Interestingly, the GO avoids burst
drug release at the beginning followed by extending the release whereas CS into PFD-CS/PVA/GO provides a
good adhesive ability. Finally, antibacterial activity against S. aureus of PFD-CS/PVA/GO (6% w/w) shows a high
(12.06 mm) zone of inhibition over a separate companent of the scaffold. Concisely, optimized PFD-CS/PVA/GO
(6% w/w) scaffolds provide improved antibacterial potential owing to their combined benefits of CS, and GO. In
the future, anticipated PFD-GS/PVA/GO scaffolds will open a new door for antibacterial potential in diabetic foot
wound healing.

Antibacterial activity

1. Introduction

Diabetes mellitus (DM) is a critical condition in the healthcare sector.
Epidemiological studies indicate approximately 285 million cases of DM
in 2010 whereas it would be more than 360 million cases of DM in 2030.
As per the literature, DM patients are susceptible to several problems
wherein diabetes chronic foot wounds are one of them [1]. Unfortu-
nately, diabetes chronic foot wounds take longer to heal because of
disruptions in the process of collagen synthesis [2]. In addition, diabetic
food infection is associated with poly-microbial infections. In that,

Staphylococcus aureus (S. aureus) is the most common pathogen. Pres-
ently, with the continuous preferences for antibiotics, there are chances
of antimicrobial resistance for this pathogen [3]. To treat this critical
healing condition of patients, several types of advanced approaches
have been revealed. Current treatment approaches incorporating active
for particular tasks, such as nanoparticles, nanogels, beads, biofilms,
bandages, nanofibrous membranes, and so on, are unable to provide the
necessary effects [2]. In addition, available therapies including tissue
transplants, bioengineered skin, growth factors, hyperbaric oxygen
treatment, and negative pressure wound therapy have shown healing
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Prevalence, distribution, treatment, and
modern methods for in vitro diagnosis
of Alzheimer’s disease in India:
Challenges and future prospective
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Institute of Pharmaceutical health issue wherein over 4 million Indian peoples have been affected. For the past two decades, the
Education and Research, prevalence of Alzheimer’s disease (AD) is growing rapidly in India that may due to the significant lack of
Dhule - 425 405, Maharashtra,| health-care services and poor knowledge of AD and another form of dementia. Therefore, this in turn to
India. develop ultramodern techniques for the efficient detection of AD biomarkers that helps to the prognosis

E-mail: rxpatilpravin@yahoo. | and diagnosis of AD. Recently, significant progress has been observed in the area of AD that includes
£oun prognosis, and diagnosis of AD. This review article discussed different risk factors associated with AD,
data on the dissemination of AD in India according to different virtues and socio-economnic categories.
The different standard diagnostic techniques commonly used for the identification of AD biomarkers are
mentioned. This review also focuses on the new techniques established by Indian researchers such as
surface plasmon resonance centered biosensors, and fluorescence-based probes that offer the enormous
potential of highly sensitive and selective detection AD biomarkers. In conclusion, the present review
article is providing a short overview of AD prevalence and AD-centered research in India.
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surface plasmon resonance biosensor
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HIGHLIGHTS

o The fist-time layer-by-layer (LbL)
approach was preferred for selective and
sensitive recognition of Tau-441 antigen.

e Antibody immobilization on paly{allyl-
amine) coated gold nanoparticles
(AuNPs) LbL assembly gives affinity
Dbiotransducer.

» Graphene oxide (GO) layered surface
plasmon  resonance (SPR)  hinsensor
provides detection limit up to femto-
gram level.

o Spiked sample and preclinical studies
assured the feasibility of GO@LbL-Au
NP Anti-Taws SPR hiogencor for Tan-
441 sensing.

« Report on label-free, highly sensitive,
and selective detection of Tau-441
using GO@LbL-AuNPs-Anti-Tau SPR

hincanenr,
Siogencor.
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GRAPHICAL ABSTRACT

ABSTRACT

The determination of clinically significant amounts of tau protein in bodily fluids is a major problem in Alz-
heimer's disease (AD) diagnosis. As a result, the present work aims to develop a simple, label-free, fast, highly
sensitive, and selective 2D carbon hackhone emphene oxide (G0) patterned surface plasmon resonance (SPR)
mediated affinity biosensor for Tau-441 monitoring. Initially, non-plasmonic nanosized GO was made using a
modified Hummers' method, whereas green synthesized gold nanoparticles (AuNPs) were subjected to a layer-
by-layer (LbL) design employing anionic and cationic polyelectrolytes. Several spectroscopical evaluations
were carried out to ensure the synthesis of GO, AuNPs, and Lbl assembly. Following that, the Anti-Tau rabbit
antihady was ilized on the designed LbL assembly using carhodiimide chemistry, and various studies such

as sensitivity, selectivity, stability, repeatability, spiked sample analysis, etc., were conducted using the con-
structed affinity GO@LbL-AuNPs-Anti-Tau SPR biosensor. As an output, it shows a broad concentration range
and a very low detection limit of 150 ng/mL to 5 fg/mL and 13.25 fg/mL, respectively. The remarkable sensi-
tivity of this SPR biosensor represents the merits of a combination of plasmonic AuNPs and a non-plasmonic GO.

* Corresponding author. Department of Pharmaceutical Chemistry, H. R. Patel Institute of Pharmaceutical Education and Research. Shirpur, 425405, Dhule. MS,

India.
E-mail address: rrpatilpravin@n

loi.org/10.101¢

Received 15 May 2023; Accepted 2 June 2023

Available online 3 June 2023

0003-2670/© 2023 Elsevier B.V. All rights reserved.

ahoo.coan (P Patil).

Ve



President :
Shri Amrishbhai R. Patel
M.L.A.

Principal :
Dr. S. B. Bari
M.Pharm. Ph.D., D.L.LM.F.J.C.

H. R. Patel Institute of Pharmaceutical Education and Research, Shirpur

Research Publications 2021-22

Sr. Title of the Publication Author/s Name of the Journal
1 | Purification and modification of neem gum | MG Kalaskar, Future Journal of
for enhancement of its suspending RE Mutha, AU | Pharmaceutical Sciences
property Tatiya, SD
Firke, SJ
Surana, KA
Dhoka, K Heda
2 | Electrostatic deposition assisted PK Deshmukh,
preparation, characterization and RE Mutha, SJ Drug Development and
evaluation of chrysin liposomes for breast | Surana Industrial Pharmacy
cancer treatment
3 | Cissus quadrangularis L: A comprehensive | PS Bafna, PH ]
W : : ournal of
multidisciplinary review Patil, SK Maru, Ethnopharmacology
RE Mutha
4 | Surface architectured metal organic SN Nangare,
frameworks-based biosensor for PM Sangale,
ultrasensitive detection of uric acid: AG Patil, SHS
Recent advancement and future Boddu, PK
perspectives Deshmukh, NR
;Ziii?ggi’aﬁl, Microchemical Journal
A Pandey, S
Mutalik, JK
Patel, AM Patil,
SB Bari, PO
Patil
5 | Emerging Approaches to Overcome M Shaikh, Y
Acquired Drug ResistanceObstacles to Shinde, R
Osimertinib in Non-Small-Cell Lung Pawara, M Journal of Medicinal
Cancer Noolvi, S Chemistry
Surana, [
Ahmad, H Patel
6 | Fabrication of polyethyleneimine surface- | ZG Khan, PO | Journal of Materials
functionalized fluorescent carbon dots and | Patil, Science: Materials in

its applications towards highly sensitive
and selective detection of glutathione in

aqueous medium and in vitro cell imaging
of Hela cells

Electronics

Y H. R. Patel Institute of Pharmaceutical Educatio
NBA accredited B. Pharm Programme

‘Serving Nation's Health’
Karwand Naka, Shirpur - 425405, Dist : Dhule (MS).

© (02563) 257599, 9423918023, 9850223277.

@ http://lwww.hrpatelpharmacy.co.in @ principal@hrpatelpharmacy.co.in, registrar@hrpatelpharmacy.co.in



President :

Shri Amrishbhai R. Patel

M.L.A.

Principal :
Dr. S. B. Bari

M.Pharm. Ph.D., D.LM.F.J.C.

7 | Green synthesis of Fe-doped Ag-loaded SN Nangare, S
reduced graphene oxide ternary Landge, AG Advances in Natural
nanocomposite for efficient photocatalytic | Patil, RS Tade, | Sciences: Nanoscience
degradation of toxic dyes PK Deshmukh, | and Nanotechnology
PO Patil
8 | Crystallinity modulated silk fibroin S Dugam, S
electrospun nanofibers based floating Nangare, A :
scaffold as a candidate for controlled Gore, S Internatlgnal Joumal g
P : .. | Polymeric Materials and
release of felodipine Wairkar, P Patil, Poleiicric Bivma i al
L Choudary, N y
Jadhav
9 | Structural design of nanosize-metal- SB Bari SN Journal of Nanostructures
organic framework-based sensors for Nangare, SR in Chemistry
ultrasensitive detection of Patil, AG Patil,
organophosphorus pesticides in food and | ZG Khan, PK
water samples: Current challenges and Deshmukh, RS
future prospects Tade, MR
Mahajan
10 | Design and Synthesis of Poly-L-Lysine- ZG Khan, PO | Materials Chemistry and
Functionalized Graphene Quantum Dots Patil Physics
Sensor for Specific Detection of Cysteine
and Homocysteine
11 | Graphene quantum dots (GQDs) RS Tade, MP Journal of Drug Targeting
nanoarchitectonics for theranostic More, SN
application in lung cancer Nangare, PO
Patil
12 | Synthesis, molecular modeling study of the | I Ahmad, SR Journal of Molecular
methaqualone analogues as anti- Akand, M Structure
convulsant agent with improved cognition | Shaikh, R
activity and minimized neurotoxicity Pawara, SN
Manjula, HM
Patel
13 | Development and Evaluation of T Power, A Acta Chimica Slovenica
Lyophilized Methotrexate Nanosuspension | Hajare, R Jarag,
using Quality by Design Approach S Nangare
14 | Fabrication of Poly-I-lysine-Functionalized | RS Tade, PO ACS Biomaterials
Graphene Quantum Dots for the Label- Patil Science and Engineering
Free Fluorescent-Based Detection of
Carcinoembryonic Antigen
15 | Comparative Phytochemical Investigation | RN Chaudhari, | Journal of the Maharaja
Antioxidant and Antimicrobial Activity of | AK Jain, VK Sayajirao University of
Leaves, Bark and Stem Extract of Chatap B oda
Muntingia calabura
16 | Pharmacognostic Studies on Anisomeles

NBA accredited B. Pharm Programme\,
‘Serving Nation's Health’ X

Karwand Naka, Shirpur - 425405, Dist : Dhule (MS). ==
© (02563) 257599, ® 9423918023, 9850223277.

@ http://www.hrpatelpharmacy.co.in @& principal@hrpatelpharmacy.co.in, registrar@hrpatelpharmacy.co.in

" Education & Research
Shirpur Dist.Dhule(M.S) 425 405



President :
Shri Amrishbhai R. Patel

M.L.A.
Principal :
Dr. S. B. Bari
M.Pharm. Ph.D., D.L.LM.F.J.C.
Heyneana Benth. (Labiatae) Tiwari, DM Sayajirao University of
Kokate, YV Baroda
Ushir
17 | A 3 factorial design approach for NR Shirsath, D | Indian Journal of
formulation and optimization of azilsartan | Marathe, P Pharmaceutical Education
medoxomil nanosuspension for solubility | Jaiswal, LR and Research
enhancement Zawar
18 | An insight into prodrug strategy for the NV Bhilare, VS | Medicinal Chemistry
treatment of Alzheimer’s disease Marulkar, D Research
Kumar, VK
Chatap, KS
Patil, PJ Shirote
19 | Nanostructured metal-organic frameworks | SN Nangare, Journal of Nanostructure
based luminescent sensor for chemical AG Patil, SM in Chemistry
-| sensing: Current Challenges and future Chandankar, PO
prospects Patil
20 | Formulation of silk fibroin-based single J Indian Journal of
polymeric floating microspheres for Pantwalawalkar, | Pharmaceutical Education
sustained release of lafutidine S Nangare and Research
21 | Neuroprotective properties of medicinal A Mhaiskar, V| Journal of the Maharaja
plants: a comprehensive review Bagul, S Patil Sayajirao University of
Baroda
22 | Surface nanoarchitectured metal-organic ZG Khan, MR | Journal of Nanostructure
frameworks-based sensor for reduced Patil, SN in Chemistry
glutathione sensing: A review Nangare, AG
Patil, S HS
Boddu, RS
Tade, PO Patil
23 | Formulation, optimization, and in vitro D Ghadge, S Journal of Drug Delivery
evaluation of anastrozole-loaded Nangare, N Science and Technology
nanostructured lipid carrier for improved | Jadhav
anticancer activity

PR AL,
H.R Patel Institute of Pharmaceutical

Education & Research
Shirpur Dist.Dhule(M.S) 425 405

Y H. R. Patel Institute of Pharmaceutical Education and Research Uil
NBA accredited B. Pharm Programme
‘Serving Nation's Health’
Karwand Naka, Shirpur - 425405, Dist : Dhule (MS).
© (02563) 257599, ®9423918023, 9850223277.
@ http://www.hrpatelpharmacy.co.in @ principal@hrpatelpharmacy.co.in, registrar@hrpatelpharmacy.co.in



Tt ]

unctionalized fluorescent carbon dots and its
pplications towards highly sensitive and selective
detection of glutathione in aqueous medium

{ and in vitro cell imaging of HeLa cells
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ABSTRACT

The present study aimed to synthesize polyethyleneimine (PEI) surface-func-
tionalized fluorescent carbon dots (CDs)-based biosensor (GP-PEI-CDs) for

‘highly sensitive and selective detection of glutathione (GSH). In brief, green pea

(GP) shells were utilized for green synthesis of blue luminescent GP-CDs
through hydrothermal method. The obtained GP-CDs were surface functional-
ized with PEI to improve surface defects and quantum confinement effects. The
surface functionalization of GP-PEI-CDs was confirmed by different spectro-
scopic techniques, including FTIR, XPS, etc. Switch “on” of GP-PEI-CDs was
quenched by Cu(Il) ions (turn “off"), and the limit of detection (LOD) of Cu(II)
was found to be 23 nM along with a linearity range as 0 pM to 50 uM. Then,
turn “On” process enabled the restoration in fluorescence of surface-function-
alized GP-PEI-CDs when different concentrations of GSH in phosphate buffer
saline (PBS, pH 7.4) was added. This could be due to split up of Cu(Il) from
Cu(ID@GP-PEI-CDs complex by presenting selective affinity with thiol (-SH)
group of GSH among the various biomolecules. The LOD of GSH was found to
be 38 nM and linearity in the range of 0 to 25 uM. The cytotoxicity study con-
firmed the biocompatibility of surface-functionalized GP-PEI-CDs. Furthermore,
a confocal analysis indicated exceptional penetrations of GP-PEI-CDs into the
cell cytoplasm and nucleus, demonstrating the created probe’s suitability for
GSH sensing at the cellular level. The method was successfully applied to
determine GSH in in human serum sample.
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Abstract
The green synthesis of iron Nanoparticles (FeNPs) doped and silver nanoparticles (AgNPs)
loaded reduced graphene oxijde (rGO) (Fc-Ag@rGO) nanocomposite and jts applications in
methylene blye (MB), malachite green (MG), rhodamine B (RB) degradation were reported.
Initially, AgNPs loaded GO (Ag@rG0O) nanocomposites were synthesised simultaneously by an
ecological method using Tamarindys indica shell extract 45 a green reducing agent. Then, the

synthesis of Fe-Ag@rGo nanocomposite, Finally, the dye degradation potential of the
photocatalyst wag found to be 97.20%, 98.43%, and 97.33%, for MB, MG, RB, respectively.
Herein, the improved photocatalytic performance of the Fe-Ag@rGO wags found due to the larger
surface area, porous nature, high electron mobility, and Synergistic effect of the Fe-Ag@rGo
nanocomposite, Additionally, the effective interfacia] hylbridisation of ‘Ag’, and doping of ‘Fe’
on the rGO sheet extended the duration of the photogenerated electron (") hole pairs that can
also be contributing to dye degradation, Conclusively, the present eXperiment provides the new
Fe-Ag@rGo nanocomposite to the dye degradation, whjch could be improved environmenta]
remediation,

1. Introduction
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Jabstract
Wpanophosphorus pesticide (OPP) is regarded as an important food-chain and environmental contaminant that causes pri-- ~——=
.y acute toxicity and numerous severe health issues. Therefore, the minute concentration of OPP present in food materials
d environments needs to be identified before it causes any brutal harm to lives. Despite the plenty of merits of qualitative
nd quantitative sensing methods, the lower sensitivity, poor selectivity, detection speed, etc. towards the interest OPP are
* Bmajor drawbacks. Nanoparticles have attracted a lot of attention because of their unique and intriguing features, which have
& variety of applications including sensor development as compared to their bulk counterparts. Recently, the structural design
‘B f nanosize-metal-organic framework (MOF) is gaining huge consideration from researchers for sensing applications owing
~ Botheir versatile and tunable properties. Additionally, MOF-based sensors offer the rapid, simplistic, selective, and sensitive
fensing of interest analyte. The present review provides brief information about OPPs and their toxicities. The emerging
Brends of structural design of nanosize-MOF including their properties have been summarized. Finally, nanosize-MOF-based
Buorescent sensors, electrochemical sensors, and colorimetric sensors have been discussed with central focus on sensitivity
fend selectivity to OPPs. Due to the higher surface area, rich topology, ease of structural tunability and functionalization,
unable pore size, plenty of binding sites, good adsorption potential, excellent charge conductivity, and chemical stability,
{ec., MOF based sensors are endowed with the ability of OPPs detection upto aM. Hence, MOF as nanoporous sensors can
fbe preferred as an excellent alternative for highly sensitive and selective recognition of OPPs in food and water samples.
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and synthesis of poly-L-lysine-functionalized graphene quantum
s sensor for specific detection of cysteine and homocysteine

t mrmmacmﬂcal Chemistry, H. R. Patel Institute of Pharmaceutical Education and Research Shirpur, Dist. Dhule, Maharashtra, 425 405, India

16 LIGHTS GRAPHICAL ABSTRACT

material (pistachio shells) used
gyuthesis of graphene quantum dots
D). .

ol poly-i-lysine (PLL) surface func-
iized GQDs (PLL-GQDs) based
gt was developed.
% fabricated probe  (PLL-GQDs)
dited low cytotoxicity and excellent
wompatibility.

v probe demonstrated highly sensi-
2 and selective detection of cysteine
m) and homocysteine (hcys) in real

CLEINFO ABSTRACT

In this paper, a novel poly-1-lysine (PLL) surface functionalized graphene quantum dots (GQDs) based sensor was
surface functionalized graphene developed for detection of cysteine (cys) and homo cysteine (heys). A fluorescent probe (PLL-GQDs) was then
; fabricated by surface functionalizing GQDs with PLL, a biodegradable polycationic electrolyte to improve the
i e quatii At sensitivity and selectivity towards cys and hcys. The detection was based on the specific binding of cys and hcys
e 2nd homocysteine to PLL at the PLL-GQDs surfaces, which enabled dynamic quenching via electrostatic and hydrophobic in-
i teractions. This fluorescent probe provided good linearity for the tested biothiols, ranging from O to 150 nM for
cys, from 0 to 100 nM for hcys, with limit of detections (LODs) of 2.38 and 1.94 nM, respectively in BPS (pH 7.4).
Interestingly, fabricated probe was also able to display a significant selectivity towards cys and hcys against
known interfering molecules. The cytotoxicity study confirmed the biocompatibility of PLL-GQDs, enabling its
future scope for cell adhesion and other biomedical applications. Besides, confocal study revealed the excellent
penetrations of PLL-GQDs into cell cytoplasm and nucleus that validate the practical -application of developed
probe to detect cys and hcys at cellular level. The method was successfully applied for detection of cys and hcys
in human serum sample. We expect the design concept presented here would be broadly used for selective and
sensitive estimation of cys and hcys.
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Graphene quantum dots (GQDs) nanoarchitectonics for theranostic application in

lung cancer
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ABSTRACT

Lung cancer (LC) is heading up as a substantial cause of mortality worldwide. Despite enormous progress
in cancer management, LC remains a crucial problem for oncologists due to the lack of carly diagnosis
and precise treatiment. In this context, numerous early diagnosis and treatment approaches for LC at the
cellular level have been developed using advanced nanomaterials in the last decades. Amongst this, gra-
phene quantum dots (GQDs) as a novel fluorescent material overwhelmed the horizons ol materials sci-
ence and biomedical fields due to their multifunctional attributes, Considering the complex nature of LC,
emerging diagnostic and therapeutic (Theranostics) strategies using GQOUs proved to be an effective way
for the current practice in LC. In this line, we have abridged various approaches used in the LC theranos-

ARTICLE HISTORY
Received 1 June 2021
Revised 14 September 2021
Accepted 24 September 2021

KEYWORDS
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therapy; drug delivery

tics using GODs and its surface-engineered motif. The admirable photophysical attributes of GQDs realised
in photolytic therapy (PLT), hyperthermia therapy (HTT), .and drug delivery have been discussed.
Furthermore, we have engrossed the impasse and its effects on the use of GQDs in cancer treatments
from cellular level (in vivo-in vitro) to clinical. Inclusively, this review will be an embodiment for the scien-
tific fraternity to design and magnify their view for the theranostic application of GQDs in LC treatment.

Introduction

Global cancer risk is elevaling gradually and resulls in a greater
mortality rate per year. As per the fresh report of GLOBOCAN
2020, about 19.3 million cases and nearly 10.0 million deaths by
cancer were recorded in 2020. Epidemiologists suggested that
there would be probable 284 million new cases ol cancer o
hefall nearly in 2040, Amongst all cancers, lung cancer (LC) has
positioned on second diagnostic occurrence followed by breast
cancer (11.7%) and crossed about 11.4% mortality rate, led by 1.8
million deaths (18%) in 2018 [1]. Besides, LC mortality is probable
to reach 2.45 million globally by 2030. Principally, LC is a complex
form of (adenocarcinoma) which increasing worldwide as an
utmost cause of mortality. Generally, adenocarcinoma is known as
the cancer of glandular mucus-producing cells (especially lungs).
As per literature, LC is classified into four types: invasive adenocar-
cinoma (IA), adenocarcinoma in-situ (AlS), and minimally invasive
adenocarcinoma (MIA) and other variants (e.g. lipidic) (Figure
1(A}). Besides this, the World Health Organisation (WHO) gives a
sub-classification of lung adenocarcinomas as per their cellular ori-
gin. It includes acinar cells, papillary cells, bronchoalveolar, and
mucus-secreting [2]. Literature survey advocated that there is a
scarcity in our current knowledge of cancer statistics due to
changing epidemiological trends of LC amongst developing coun-
tries [3]. In this context, it is observed that there is a vital role of
the Human Development Index (HD1 in cancer mortality and mor-
bidity in several countries. Both developed and developing coun-
tries experiencing an evident rise in the augmented effects of
cancer risk lactors. Moreover, there is an alarming rise in LC inci-
dents in non-smokers as well. Notably, some major risk factors

associated with the LC are smoking, exposure to second-hand
smoke, previous radiation therapy, exposure to radon gas, expos-
ure to asbestos and other carcinogens, and hereditary history of
LC. Besides, the world is evidenced by the residual burden of dif-
ferent respiratory infections associated with LC. For example,
Coronavirus discase 2019 (COVID-19), its emergence in 2020, and
recurrence in 2021 have been overwhelmed the global healthcare
systems. AL this juncture, COVID-19 is becoming a major risk factor
for LC patient's treatment, However, an extensive survey regarding
the precise impact of COVID-19 associated with a patient suffering
from LC is not available to date [4,5].

Current diagnostics and management strategies for LC

Despite the significant development in cancer therapeutics, sev-
eral risk factors escalating in front of the developed and develop-
ing nations. Recenlly, Sung el al. reviewed the global cancer
prevalence, which suggested the frequent diagnostic appearance
as well as morbidity of LC up to 2020 which raised significantly
after 2018 (Figure 1(B)) [1,6].

The traditional methods including X-ray, magnetic resonance
imaging (MRI), Computed tomography (CT), or positron-electron
microscopy (PET) scanning are commonly used for the diagnosis
of cancer. Primary screening of LC by traditional methods s
dependent on the severity and phases of LC. Unfortunately, the
lack of site-specific localisation or inability 1o detect micrometer-
sized tumours becomes inconclusive in the early detection of LC.
Apart from this, sputum cytology, biopsy, and bronchoscopy

methods  are commonly used for the diagnosis of LC
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Green synthesis of fluorescent graphene quantum dots and its application in
selective curcumin detection
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ARTICLE IRFO ABSTRACT

Keywords: Herein, we present a facile low—cost and eco-friendly approach for conversion of bamboo timber waste (Bf)

Bamboo timber waste derived cellulose nanocrystals (Bf.-CNCs) into strong blue luminescent graphene quantum dots (BE-GQDs) by

Cellulose nanocrystals hydrothermal route. The various properties of synthesized BE.GQDs wese investigated using different spectro-

:“‘P“”’""’”‘"““m' E scopic tachniques. The probable mechanism of BEGODs formation from BECNCs and the effect of pH, particle

Ciitcunin i o size on the fluorescent properties of BEGQDs also executed. Furthenmore, Bf-GQDs were used for the detection of
curcumin in an aqueous environment which is the major prerequisite of the present study. The Bf-GQDs showed
remarkable photoluminescence (PL) quenching Kinetics toward the curcumin (LOD 30,0 nM L™") assessed by
Stern-Volmer plot. The practicability of the method assessed using ginger rhizome juice, while the selectivity of
the Bf-GQDs evaluated against different metal jons and different bicchemicals. The proposed method will support
to establish the strategies for the detection of biochemicals from the aqueous system.

1. Introduction obtaining GQDs or graphitic materials one can use waste biomass for

Graphene based malerials, especially graphene quantum dots
(GQDs) accolades by researchers amongst the different nanomaterials
due to its exceptional properties. Since a scalable GQDs production
method still stands as a serious obstacle due to its broad application in
numerous areas. For example, bottom-up synthesis from graphene and
its native precursors demands costly and potentially hazardous chem-
icals. Moreover, these methods are tedious and required multiple steps
to the obtained purified final product (GQDs), which ultimately results
in low production yield. Several endeavors have been made worldwide
for the conversion of natural waste precursors (NPs) such as weathered
leaves [1], coffee grounds [2], etc. Into graphene-like materials and
GODs [3]. It was observed that GQDs from aforementioned precursors
has the greatest biocompatibility and stability as compared to the GQDs
from pristine graphene as they obtained from a series of hazardons
chemical treatmment. Moreover, these biomass-derived GQDs are supe-
rior to semiconductor quantum dots in terms of solubility, aqueous
stability, chemical modification, and high resistance to photo bleaching
[4). These ideal properties have now been subjugated for nnmerous
applications such as fluorescent probes for solar cells [5], biochemical
sensing (6] or detection [7,3], bicimaging (5], etc. Apart from the use of
available biomaterials such as citric acid [10], sucrose [11], for

gaining one or more active materials of interest. For instance, corn agro
waste can be converted into cellulosic derivatives [1 2], wood waste into
quality graphene {13]. The research fraternity well realized that to
achieve the ‘sustainable green synthesis goals' it is necessary to look
after the abundant waste biomass to be utilized for the synthesis of
graphene-like materials [2,14,15]. It is well known that cellulose-based
biomass hitting the top list as abundant waste at agricultural as well as
domestic levels. Cellulose-based polymers had been utilized for the
fabrication of numerous materials like nanocomposites in many
hiomedical and pharmaceutical applications, etc. {16]. A huge amount
of bamboo timber waste produces at the various sawmills which farther
expelled as waste or used as domestic fuel. Bamboo fibers mostly used as
a natural composite reinforcing material because of its high
strength-to-weight ratio and high hydrophilicity. Cellulose is the major
component of the bamboo fibers which plays a crucial role as reinforcing
materials in composites while hemicelluloses after the efficient con-
version accomplish biofuels and multifunctional by-products. In addi-
tion to this hemicellulose on hydrolytic undergoes cleavage of glycosidic
bonds betwesn two anhydrous glucose which is the most significant rout
of cellulose degradation [17]. Inspired by these facts, we choose the
bamboo tinsber waste for the GQDs synthesis. The stepwise processing of
bamboo timber waste yields us cellulose nanocrystals as well as GQDs
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Abstract

Eco-friendly synthesis of nanoparticles is an upcoming discipline of nanoscience. Green synthesis of
Ag NPs has gained immense importance and much awareness in developed nations. Fascinatingly,
such an environmental friendly synthesis of Ag NPs gives a green chemistry-based non-toxic and
economical route to nanotechnology. This review article gives insight into the bioinspired synthesis
of Ag NPs and mechanisms involved in the synthesis of Ag NPs. In this review, we have summarized
the scientific reports in the eco-friendly synthesis arena of Ag NPs and their applications in the
biomedical ficld. Especially, we have focused on plant materials, fungi, algae, and bacterial potential
towards the eco-friendly synthesis of Ag NPs. For future perception, there is a need for in silico and in
vitro, in vivo research to authenticate the outcomes.

Keywords: Silver nanoparticles, Green synthesis, Plant c:gmct, Em—{qcﬁﬁg Nanotechnology
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Abstract

Amongst assorted regio-selective and targeted oral drug delivery strategies accepted for the
gastro-retentive drog delivery system (GRDDS), the floating drug delivery system (FDDS)
holds a major share as clinically accepted formulations. The major objective of the present
invcstigation was to cxplorc the silk industry wastc protein, silk fibroin (SF) as a possible
electrospun nanocarrier for the FDDS. In a nutshell, electrospinning (ES) is one of the flexible
and astonishing strategies for the fabrication of porous electrospun nanofibers (NFs), which
offers the potential to amend the floating profile, dissolution rate, solubility, and release patterns
ol the drag, etc us per compendial requirements. T.ooking al the prospects of floating SF-NFs
preparation, we have isolated and lyophilized the SF from industrial waste cocoons and
prepared drug-loaded SF single polymer nanofibers (SPN). Lafutidine (LF) being a good
candidate for GRDDS selected as a model dmg, which is an excellent proton pump inhibitor,
mainly used in the treatment of gasiric ulcers. Finally, the obtained LF loaded SF-NFs
(LF-SF-NFs) were successfully anatyzed for physicochemical characteristics, porosity, swelling
index, antioxidant activity, mucoadhesion strength, floating propertics, cnzymatic degradation,
and accelerated stability study, etc. Further, these LF-SF-NFs were evaluated for percent drug
content, weight variation. in-vitro dissolution in 0.1 N hydrochloric acid (HCI, pH:1.2) and
fasted state simulated gastric fiuid (FSSGF), and accelerated stability study. It has shown
significant floating time >18 h, about 99% % 0.58% floating buoyancy with sustained release up
to 24 h. LF-SF-NFs showed good compatibility, entrapment efficiency, antioxidant activity,
mucoadhesion strength, enzymatic degradation, and long term stability. Soon, the essential
floating and drug release profiles can claim single polymer (SF) based electrospun protein NFs
as a possible novel oral nanocarrier for FDDS.

Keywords: processing industrial waste cocoons, silk fibroin, electrospun nanofibers, lafutidine,
floating drug delivery system
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ABSTRACT: Breast cancer (BC) is increasing as a significant
cause of mortality among women. In this context, early diagnasis
and treatment strategies for BC are being developed by researchers
at the cellular level using advanced nanomaterials However,
immaculate etiquette is the prerequisite for their implementation in
clinical practice. Considering the stolid nature of cancer, combining
diagnosis and therapy (theranostics) using graphene quantum dots
(GQDs) is a prime focus and challenge for researchers In a
autshell, GQDs is a new shining star among varions fluorescent
materials, which has acclaimed fame in a short duration in materials
science and the biomedical field as well. From this perspective, we
review various strategies in BC treatment using GQDs alone or in
combination. In addition, the photophysical properties of GQDs
explored in photothermal therapy, hyperthermia therapy, and photodynamic therapy are also discussed. Moreover, we also focus on
the strategic use of GQDs both as drug carriers and as combinatorial-guided drug delivery motifs. This Review provides an update
for the scientific community to plan and expand advanced theranostic horizons in BC using GQDs.

KEYWORDS: breast cancer, triple-negative breast cancer, graphene quantum dots, theranostics, photodynamic/photothermal therapy,
drug delivery :

22 Article Recommendations

1. INTRODUCTION

Cancer is now the second leading cause of death worldwide,
with its horrific existence commonly a manner of mortality.' In

diagnosed with cancer are improving owing to prognosis
quality treatment and survivorship care.”
1.1. Breast Cancer. Every year, breast cancer (BC) affects

Sec hitps:/pubs.acs.org/sharingguidelines for options on how to

Downloaded via AUCKLAND UNIV OF TE

2018, it was estimated that 9.6 million deaths (i.e, 1 in every 6
deaths) were due to cancer. According to the World Health
Organization (WHO), ronghly 70% of deaths from cancer
occur in low- to middle-income countries (LMICs). Research
experts are worried that by the year 2030, 16—18 million
additional cases of cancer will be added every year, and 60% of
these will be in developing countries. WHO has claimed that
by 2030, merely 12 countyies are likely to reach a one-third
drop in premature cancer mortality. ** In order to reach
sustainable development goals, there is a need for greater
investment in the treatment of cancer and other non-
communicable diseases.' The growing cancer burden globally
exerts huge physical, emotional, as well as financial tensions on
individuals, families, and consequently the overall health
systems. Health organizations in LMICs are least equipped
to handle this burden, and for that reason many cancer patients
worldwide cannot receive diagnosis and treatment in a timely
manner. While the overall cost of cancer treatment in 2010 was
estimated at 1J5$1.16 trillion, only 1 out of every 5 LMICs has
the necessary data to drive cancer treatment and mitigation
policy.” Reports suggest that abont 30—50% of all cancer cases
are predictable, that can be addressed by a cost-effective long-
term strategy.” In many countries, the survival rates of patients

© XXXX American Chemical Sodety

% ACS Publications

2.1 million women, and it is recognized as the most prevalent
cancer in women. About 627 000 women died of BC in 2018,
which accounts for 15% of all the cancer-associated deaths in
women.” Usnally, BC is categorized on the basis of its ability to
spread, such as in situ ductal carcinoma (DCIS). DCIS starts in
a milk duct and has no further growth into the rest of the
breast tissne. Invasive or inflltrating types of BC can spread in
the surrounding breast tissue. Invasive BC is comprised of two
forms: invasive ductal carcinoma (IDC) and invasive lobular
carcinoma (ILC). IDC accounts for 70—80% of all BCs.®
Different forms of BC and global statistics on BC in women are
depicted in Figure 1. Invasive BCs have distinct features, which
affect their treatment and outlooks. Though invasive BCs are
more serious than other types of BC, their occurrence is less
common. Invasive BCs are farther comprised of inflammatory
breast cancer {(IBC) and triple-negative breast cancer (TNBC).
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Affinity-Based Nanoarchitectured Biotransducer for Sensitivity
Enhancement of Surface Plasmon Resonance Sensors for In Vitro
Diagnosis: A Review
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ABSTRACT: Despite the indisputable benefits and advancement of G
science, technology, and civilization, early diagnosis of healthcare is still a 1)
challenging field for the scientific fraternity. The detection of biomarkers is

a crucial attribute of prognosis and diagnosis of disease. Out of numerous | i4%
techniques, surface plasmon resonance (SPR) bestows countless benefits,
including in situ, label-free, and real-time assessment, etc., which authorizes
the analysis of molecular binding occurrences between biotransducers and
biomarkers. In addition, SPR with low-molecular-weight biomarkers lacks
selectivity and sensitivity, which ultimately affects binding Kinetics. This, in 14" [ZR@®| ——
tum, leads to the remarkable development and implementation of 'i""(%
numerous selectivity and sensitivity enhancement methods. Among the et b b
various noticeable strategies, because of selectivity and sensitivity e
enrichment substrate for SPR biosensors, affinity-based nancarchitectured
biotransducers stand out as being the best substitute. The present review elaborates significant advances made in the research based
on affinity biotransducers for in vifro diagnosis using SPR biosensors for biomarker sensing Moreover, most recent trends and
challenges in designing and application of nanoarchitectured affinity biotransducer-based SPR biosensors for detecting low-
concentration biomarkers have been reviewed comprehensively. This present review may assist the scientific fratemity in designing
an ultramodern novel SPR approach based on affinity biotransducers, along with improved selectivity and sensitivity of SPR
biosensors for in vitro and real-time diagnostic applications.

KEYWORDS: Affinity biotransducer, surface plasman sensor, in vitro diagnosis, antibody, aptamer, nanoparticles
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1. INTRODUCTION ing process, the cost of analysis, need of expert and trained staff
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In addition to the indisputable benefits of research, industry,
and technology, unfortunately, some impetuous shifts in the
natural world have started to endanger the lives of peoples and
other entities directly.’ In the last couple of decades, a key
feature to achieving rapid diagnosis of much pathology is the
insistence for early, economical, and reliable analytical
instruments for in vitro diagnosis.’ Initially, the scientific
fraternity has fixed the general criterion for in vitro diagnostic
devices, which includes the utilization condition and risk
factors of the device/machine. In addition, the device should
be profident to provide relevant information for carefol
diagnosis of particolar health fssues. Furthermore, the result of
analytical techniques or devices should notably affect the
public or individual negatively or positively.’ The literature
survey revealed that the emerging in vitro diagnostic devices
are offering rapid screening and early detection ability, precise
information, and real-time monitoring of several diseases and
disorders.” Unfortunately, official analytical strategies (com-
monly employed for diagnostic applications) are plagued by
numerous drawbacks, viz, selectivity, sensitivity, time-consum-

for its laborious process, and having limited availability as a
point of health care system, etc Moreover, the luminous
technological expansion within assorted sectors and fields (viz,
nanotechnology, biotechnology, and electronics) necessitates
impetnous, user-friendly, sensitive tools, which leads to a
tremendous expansion of analytical methods in the last
decades® More precisely, the biosensor is an advanced
analytical tool in which a biotransducer (example: antibodies,
aptamers, tissues, DNA, enzymes, etc.) is united through a
physicochemical transducer (viz, optical, magnetic, electro-
chemical, piezoelectric).' The interaction between the
interest/target biomarker (or analyte) and the specific
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Abstrack: Black phosphorus is one of the emerging members of two-dimensional (2D) materials
which has recently entered the hiomedical field. Its anisotropic properties and infrared bandgap
have enabled researchers to discover its applicability in several fields including optoelectronics,
3D printing, bioimaging, and others. Characterization techniques such as Raman spectroscopy
have revealed the structural information of Black phosphorus (BP) along with its fundamental
properties, such as the behavior of its photons and electrons. The present review provides an
overview of synthetic approaches and properties of BP, in addition to a detailed discussion about
various types of surface modifications available for overcoming the stability-related drawbacks and
for imparting targeting ability to synthesized nanoplatforms. The review further gives an overview of
multiple characterization techniques such as spectroscopic, thermal, optical, and electron microscopic
techniques for providing an insight into its fundamental properties. These characterization techniques
are not only important for the analysis of the synthesized BP but also play a vital role in assessing
the doping as well as the structural integrity of BP-based nanocomposites. The potentiai role of BP
and BP-based nanocomposites for biomedical applications specifically, in the fields of drug delivery,
3D printing, and wound dressing, have been discussed in detail to provide an insight into the
multifunctional role of BP-based nanoplatforms for the management of various diseases, including
cancer therapy. The review further sheds light on the role of BP-based 2D platforms such as BP
nanosheets along with BP-based 0D platforms—i.e., BP quantum dots in the field of therapy and
bicimaging of cancer using techniques such as photoacoustic imaging and fluorescence imaging.
Although the review inculcates the multimodal therapeutic as well as imaging role of BF, there is still
research going on in this field which will help in the development of BP-based theranostic platforms
not only for cancer therapy, but various other diseases.

Keywords: bioimaging; wound healing; 3D printing; surface modification; characterization

1. Introduction

The discovery of Black Phosphorus (BF) dates back to a hundred years ago. It all
began with Bridgman [1], who brought about the conversion of white phosphorus to black
phosphorus under a high temperature and pressure. Later, Hultgren et al. [2] demonstrated
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{carbon dots: A novel trend in
Jpharmaceutical applications

carbon dots : une nouvelle tendance dans les applications pharmaceutiques
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HIGHLIGHTS

b Presents basic concepts, advantages, synthesis approach of CDs.
 Numerous CDs based pharmaceutical applications of were reviewed.
 (Ds were used in gene therapy and nanomedicine.

* (Ds were used in bioimaging and biosensing.

KEYWORDS
Carbon dots;
Pharmaceutical
applications;
Bioimaging;

Sustained drug
delivery;

Targeted drug
delivery
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Summary Carbon quantum dots (CQDs, C-dots, or CDs), are generally small carbon nanopar-
ticles having a size less than 10nm. Carbon dots (CDs) were accidentally discovered during the
purification of single-walled carbon nanotubes through preparative electrophoresis in 2004. Car-
bon is an organic material having poor water solubility that emits less fluorescence. However,
CDs have good aqueous solubility and excellent fluorescent property, hence more attention has
been given to the synthesis of CDs and their applications in chemistry and allied sciences. CDs
being easily accessible for in-house synthesis, simpler fabrication as per compendial require-
ments are wisely accepted. In addition, since CDs are biocompatible, of low toxicity, and of
biodegradable nature, they appear as a promising tool for the health care sector. Furthermore,
owing to their capabilities of expressing significant interaction with biological materials, and
their excellent photoluminescence (PL), CDs have been emerging as novel pioneered nanoparti-
cles useful for pharmaceutical and theranostic applications. Also, CDs are more eco-friendly in
synthesis and therefore can be favorably consumed as alternatives in the further development

Email address: nrjadhavi8@rediffmail.com (N. Jadhav).
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Nanoarchitectured Bioconjugates and Bioreceptors Mediated Surface Plasmon
Resonance Biosensor for In Vitro Diagnosis of Alzheimer’s Disease:
Development and Future Prospects

Sopan Nangare and Pravin Patil
Department of Pharmaceutical Chemistry, H. R. Patel Institute of Pharmaceutical Education and Research, Shirpur, India

ABSTRACT KEYWORDS
Alzheimer's disease (AD) is an obvious neurological disorder characterized by progressive brain cell Alzheimer's disease; surface
death that resulted in memory loss, cognitive dediine, and finally dementia. Besides, AD is also affected plasmon resonance;
by a multifunctional pathway, which leads to alteration in the biomolecular level as AD steps forward. s
Notwithstanding numerous diagriosis techniques, the conventionally engaged technology permits the ' ageone
mmmmmmmmmmmkmmmmm
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for in vitro diagnosis of AD. Fascinatingly, this review inculcates the information of assorted important

AD biomarkers viz. beta-amyloid (Af), Tau proteln, apolipoprotein (apoEd), 17-f-hydroxysteroid
me{w&mm,mammmsm%ﬁgmmm
mmmmdmmmmsmwmmd

researchers for AD biomarker detection and contributed to the development of simplistic, rapid, and
Mmmmmm,mmmmmmeawyﬁd
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revolutionary benefits in terms of selectivity and sensitivity for in vito diagnosis of AD biomarkers.
m&mmmammdmammmmmmdmm
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HIGHLIGHTS

» AD recent updates and its biomarkers reviewed.

» There is no leading technology to rapidly sense and monitor AD.

» Bioconjugates as potential biosensing elements.

« Conjugation methods to link bioreceptors to nanomaterials have been highlighted.
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in vitro diagnosis of AD biomarkers. . T e 3 5 : N :
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Abstract
Cellulose-based magnetic nanocomposites (Cf-MNCs) have been introduced using a modified
one-pot fn situ co~-precipitation method using iron salts with various concentrations in the alkali
solution. Fabricated nanocomposites investigated for structural and functional properties with
different spectroscopic characterization techniques prior to use in dye degradation study. The
scanning electron microscopy revealed the morphological structure of the synthesized nanofibers
and nanocomposites. The elemental analysis and vibrating sample magnetometry emphasized the
presence of Fe elements attributed to the iron salts. The HRTEM analysis showed a destructed
cellulose fiber network indicating its arrangement into nanocomposites. Moreover, the crystal
properties of the CEMNCs were accomplished using x-ray powder diffraction (79.3%
crystallinity). The Fourier transform infrared analysis and differential scanning calorimetry gives
the idea about the structural and functional changes in the cellulose fibers loaded with iron oxide
nanoparticles. The functional adsorption properties of the prepared nanocomposites have been
evaluated using methylene blue and Alizarin red S carcinogenic dyes. The dye adsorption of the
fabricated Cf~-MNCs nanocomposites was found to be 93%. We affirmed that this novel
eco-friendly degradable polymer-based nanocomposite has great potential in the field of catalyst
fabrication for the degradation of organic pollutants in wastewater.

1. Introduction

In recent years, nanocellulose has exploited for abundant applications in materials chemistry,
nano-biomedicine, drug delivery, and green composite materials. Cellulose-based nanocomposites (CbNCs)
combine the distinct features of cellulose with specific nanomaterials incorporated in it with high specific
surface area and add-on characteristics. Commonly, cellulose nanofibers (CNFs) and cellulose nanocrystals
(CNC) have been used for the fabrication of CbNCs [1]. Nanocellulose can be obtained from native fibers by
acid hydrolysis, high pressure homogenization (HPH) or different methods [2, 3]. Amongst all methods,
acid hydrolysis resnlts in highly crystalline and rigid nanofibers, ranging in size from 100 nm to 1 pm than
that of the HPH route. Recently; the use of cellulose-based magnetic nanacomposites (C-MNCs), acclaimed
fame in a short duration of time in the catalytic and different allied applications. The length-to-diameter
(L/d) is a major factor that controls the mechanical properties of nanocomposites and determines the
percolation threshold value called ‘geometrical aspect ratio’, which further benefits the reinforcing effect [4].
As mentioned carlier, the Jarge surface area, high porosity and biodegradability allowed investigators too
many customary modifications in their structures can be availed using cellulose nanofibers (CNF). The use
of iron oxide nanopartides (IONPs) was realized for magnetodielectric properties and ease of separation [5].
To develop the ideal CEMNCs, the IONPs should be well dispersed in the fibrils either as an over-attached
form or in the lomen. The dispersion of IONPs in the cellulose matrix can be monitored by setting the
process parameters, like temperature, pH, solvent properties and other process attributes. The Cf-MNCs can
be prepared by in situ as well as ex-situ methods such as microwave reflux, co-precipitation, hydrothermal
treatment, etc. These reinforced Cf-MNCs can be explored for in vivo MRI as superparamagnetic or negative
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Abstract

The worldwide frontiers of research have experienced a flood of developments in advanced
nanomaterials. Among these, graphene, a member of the carbon family, has now replaced many
traditional materials and broadened the horizons of material chemistry, analytical chemistry,
pharmaceutics, and other multidisciplinary fields. Owing to the exceptional properties of
graphene, it has been widely utilized in varions nanocomposites as a reinforcing material and for
biosensing components. The present review serves as a familiarization for budding researchers in
the materials science and analytical ficlds, where the use of graphene in biosensing-related
applications had long been foreseen. Furthermore, we also offer a brief review of graphene’s
tunable properties for biosensing. This article describes the actual mechanisms of interfaces that
interact with graphene, such as immunogenic agents, bacteria, and other biomolecules. We also
discuss the application of graphene-based materials to the biosensing of a range of analytes, and
the challenges and future perspectives of graphene. Thus, this review gives a detailed insight into
biosensing with graphene, graphene’s fundamental properties, and application perspectives.

1. Introduction

Over the last couple of decades, graphene-based materials (GBMs) have gained tremendous research interest
owing to their excellent physicochemical properties [1]. Interestingly, graphene exists in many forms, and
can be customized in numerous ways as per the application requirements [2]. Common to all graphene
forms, the lattice-configured nanostructure of graphene, ie. graphene oxide (GO) has been thoroughly
investigated for several biomedical and pharmaceutical applications [3], possibly due to its very tunable
properties. Becanse of this, it offers several benefits for the fabrication of biosensing elements or parts thereof
[4]. The fascinating characteristics of graphene or GO including a large specific area, abundant surface
functional groups viz. carboxyl, epoxy, etc, offer a choice of materials for the immobilization of various
important biomolecules (e.g. enzymes). Morcover, the high chemical stability and remarkable optical
properties of GO are suitable for electrochemical (ECL) biosensing [5]. Moreover, its electrical properties,
high conductivity, and superb electron mobility help in the fabrication of thin films and plasmonic
biosensors for the detection of various biomalecules. From 2010 onwards, several research groups have been
engaged in the design, fabrication, and analysis of various types of biosensors based on graphene platforms
for heavy metal detection [6, 7], ferric ion detection, DNA detection [8], antibody detection [9, 10] as well as
many biological metabolite detections [11], etc.

Graphene has an eectrical conductivity of the order of 1000 mho m™! and thermal conductivities of
between 1500 and 2500 W m ™~ KL It is the strongest material ever tested, with a tensile strength of around
130 GPa [12, 13]. Graphene exhibits a broad ECL window of approximately 2.5 V in a 0.1 mol 17! when
tested in phosphate-buffered saline. It offers a low charge-transfer resistance of aronnd 6.5 M2 cm?. These
properties prove that graphene is an ideal material for use in multifunctional fast sensors.

Since graphene was discovered, it has started to emerge and be developed in many scientific studies.
Despite these advances, the fundamental science behind graphene is, unfortunately, not completely
explained. More work is needed on this problem in areas such as graphene surface absorption mechanisms,

biomolecnlar orientations, and the way in which these intmcﬁ%g;;phenc’s transport properties, etc
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Pharmaceutical applications of citric acid

Sopan Nangare', Yogini Vispute?, Rahul Tade', Shailesh Dugam® and Pravin Patil""

Tbstract

Background: Citric acid (CA) is a universal plant and animal-metabolism intermediate. It is a commodity chemical
processed and widely used around the world as an excellent pharmaceutical excipient. Notably, CA is offering
assorted significant properties viz. bicdegradability, biocompatibility, hydrophilicity, safety, etc. Therefcre, CA is
broadly employed in many sectors including foodstuffs, beverages, pharmaceuticals, nutraceuticals, and cosmetics
as a flavoring agent, sequestering agent, buffering agent, etc. From the beginning, CA is a regular ingredient for
cosmetic pH-adjustment and as a metallic ion chelator in antioxidant systems. In addition, it is used to improve the
taste of pharmaceuticals such as syrups, solutions, elixirs, etc. Furthermore, free CA s also employed as an acdidulant

in mild astringent preparations.

and biomedical applications.

Main text: In essence, it is estimated that the functionality present in CA provides excellent assets in
pharmaceutical applications such as cross-linking, release-modifying capacity, interaction with molecules, capping
and coating agent, branched polymer nanoconjugates, gas generating agent, etc. Mainly, the center of attention of
the review is to deliver an impression of the CA-based pharmaceutical applications.

Conclusion: in conclusion, CA is reconnoitered for multiple novels pharmaceutical and biomedical/applications
including as a green crosslinker, release modifier, monomer/branched polymet, capping and coating agent, novel
disintegrant, absorption enhancer, etc. In the future, CA can be utilized as an excellent substitute for pharmaceutical

Keywords: Citric acid, Pharmaceutical applications, green crosslinkers, Fluorescent materials, Absorption enhancer

A

Background

Citric acid (CA, 2-hydroxy2, 3-propanetricarboxylic acid,
tricarboxylic acid) is the largest arganic acid contained
in the tonnage. Generally, it is a universal plant-and
animal-metabolism intermediate. CA is a commeodity
chemical processed and widely used around the world
for plentiful pharmaceutical applications (Fig. 1) [1]. To
begin with 1784, Carl Scheele (a Swedish chemist) iso-
lated the CA (Molecular Weight: 210.14 Da) from the
lemon juice. Whereas in1893, at the first time Wehmer
demonstrated the culture medium includes sugars and
inorganic salts, Penicillium glaucum (Citromyces) accu-
mulating CA. Amusingly, CA was first commercially
manufactured in England from the imported Italian
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lemons. In 1917, Currie discovered that some of the As-
pergillus niger strain generated CA into adequate nutri-
ent mediums that contain high levels of sugar plus
mineral salts and along with that preliminary medium
pH (2.5-3.5). Despite these notable findings, lemon juice
was still a commercial source for the manufacturing of
CA until 1919. This provided the foundation for indus-
trial CA production with Aspergillus niger [2]. As per lit-
erature, CA has been unrevealed by Krebs in the late
1930s as a key ingredient in the metabolism of all aerobe
species [3, 4]. The developmental stages of the discovery
and manufacture of CA from 1784 to 2020 [4] are repre-
sented in Fig. 2.

From its inception, plenty of literature reported that
CA is a major component in the processing of several
products, mainly as an acidulant in the food, chemical,
and pharmaceutical industries. Natural resources, such
as fruit sugar, become more and more essential for CA

© The Authorls). 2021 Open Access This artide is licensed under 3 Creative Commans Attribution 40 Intemational License,
distribution and reproduction in any medium or format, as long a5 you give
2pptopriate credit to the original author(s) and the source, provide 3 nk to the Creative Commons ficence, and indicate if

changes were made. The imoges or other third party material in this articdle are induded in the entide’s Creative Commons
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ficence and your intended use is not penmimad by statutory regulation or exceeds the permitted use, you will need 1o obtain
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Abstract

Surface grafting of nanocarriers could modulate their properties and characteristics. As carbon nanotubes
synthesis is a very tricky process and requires high-end methods, hence the present investigation was aimed
to develop an eco-friendly method for synthesis carbon nanotubes (CNTs) and subsequent surface grafting
for cnhanced drug delivery application. The present study claborates two-step chemical modifications;
wherein the first step is catalytic cleavage of natural precursor in the presence of ferrocene and the second
step involve chemical grafting of Acyclovir (ACV) as a model drug to understand the drug release behaviour.
The catalytic cleavage of sugarcane cubes (natural precursor) was carried out in a closed copper tube, which
prevents uxidation and results in ¢ conversion of tubular nanostruciures to amorphous carbon. The covalent
attachment of ACV on purified CNTs (fCNTs) was done using carbodiimide chemistry. The preliminary
Uv-Vis absurbance spectra defined al 260 nm was arised due Lo n-n* slacking of aromalic C-C bonds. The
Fourier Transforms Infrared Spectroscopy (FTIR) indicates the hydroxyl stretch at 3300 cm-1 while amide
1 bond formation was observed at 1672 cm. The XRD spectra confirmed successful synthesis of CNTs. The
calculated average crystallite size (Scherer equation) of synthesized CNTs was found to be 42.84 and 44.45
nm; it was alse in accordance with the morphological observation as confirmed simultaneously using SEM
analysis. The covalently attached ACV was released up to 80% during 8h of in vitro drug release study. The
surface grafting potential of CN'Ts was found to be promising compared to other nanomaterials.

Keywords: Acyclovir; Amorphous Carbon; Carbodiimide Chemistry; Natural Precursor; Purification.

How to cite this article
Narkhede R., More M., Patil S, Patil P, Patil A, Deshmukh P Eco-friendly synthesis of surface grafted Carbon nanotubes from
sugarcane cubes for the development of prolonged release drug defivery platform. Int. |. Nano Dimens., 2021; 12(3): 211-221.

INTRODUCTION nanctubes (CNTs) were reported in 1991[1].

Even though the investigation on allotropic Numerous classical approaches for the synthesis
forms of carbon was begun before 1990, but the of CNTs are reported by academic researchers
mast intuitive form of carbon allotrope i.e. carbon and industry experts for their promising

* Corresponding Author Email: pkdesh@rediffmail.com physicochemical properties. In case of CNTs, the
‘This work is licensed under the Creative Commons Aitribution 4.0 International License,
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Abstract

The present work aims to synthesize nitrogen-doped reduced graphene oxide-titanium dioxide
nanocomposite (N-rGO@TiO,) using a simple, eco-friendly method and its applications in
spectroscopic detection of heavy metal jons such as lead (Pb™), mercury (Hg™"), and chromium-VI
[Cr(V1)] in potable water. Initially, TiO, nanoparticles loaded N doped rGO shects were fabricated
by an ecological method using Gossypiuwm hirsutum (cotton) seeds extract as a green reducing agent.
Then, the N-rGO@TiO, nanocomposites were subjected for characterizations such as spectroscopic
techniques, particle size analysis, zeta potential analysis, and spectroscopic sensing. Notably, the
results of this study confirmed that N-rGO@Ti0, exhibited countless stupendous features in terms
of sensing of an analyte. Briefly, the UV-visible spectroscopy and Fourier transform infrared (FTIR)
spectroscopy confirmmed the successful synthesis of N-rGO@TiO,. The SEM images showed the
wrinkled. folded, and cross-linked network structures that confirmed the surface modification and
nitrogen doping in the rGO sheet and synthesis of N-tGO@TIO,. The EDAX study confirmed the
elemental composition of the N-rGO@TiO, nanocomposite. Finally, due to the larger surface area,
porous nature, high electron mobility, etc. the N4GO@TiO, probe provides the lower detection Emit
for Pb™, Hg™ and Cr (V1) as Jow a5 50 oM, 15 pM, and 25 oM, respectively. Concisely, our study
affirms the admirable sensitivity of N-rGO@TiO, nanocomposite to the Pb™, Hg** and Cr (VD) in
potable water can provide better environmental remediation.

Keywords: Graphene oxide, N-rGO@TiO,, Nanocomposite, Cotton-seed, Heavy metals,
Biodegradable, Sensing

Introduction because of its astonishing properties and potential to
revolutionize the scientific sector [3-5]. Graphene can

Over the past two decades, graphene-based  be used to fabricate several dimension materials such
materials are gaining tremendous attention from a  as 1D nanostructure [6], 2D layer stacked films [7], 3D
scientific fraternity in various fields [1-3]. It may  graphene hydrogel [7-9], and aerogel [10-13], etc. Out
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Black Phosphorus Nanostructure Based Highly Sensitive and Selective Surface
Plasmon Resonance Sensor for Biological and Chemical Sensing: A Review

Sopan Nangare and Pravin Patil
Department of Pharmaceutical Chemistry, H. R Patel Institute of Pharmaceutical Education and Research, Shirpur, Maharashtra, India

ABSTRACT KEYWORDS
Surface plasmon resonance (SPR) is an attention-grabbing sensor type, which offers the sensitive and ~ Black phosphorus;
selective detection of biomolecules and environmentally toxic substances. Notably, the SPR sensor  biosensing; in-vitro
gives excellent rewards including real-time, in-situ, and label-free measuring capability as compared diahg"“”"" ““"ﬁ"rg
to existing sensing technologies. As a result, these noteworthy merits of the SPR sensor make it "Eﬁ"{‘:ﬁ";}:@“
straightforward to investigate the molecular events and chemical/gas molecule interaction. e

Unfortunately, there are different binding events including smaller molecular mass substances, which

cannot be detected at the SPR sensor. Accordingly, this downside of the SPR sensor eventually led

to the design and implementation of new approaches for sensitivity and selectivity improvement for

sensing applications in different fields. Recently, the black phosphorus (BP) derived 2 D nahomaterial

is stand out as a distinctive nanostructure in comparison to recently reported other 2D nanomateri-

als. Substantial and functional characteristics of BP induding simplicity of operation, optical proper-

ties, high carrier mebility, stronger immobilization of receptors and biomolecules, electronic bridging

playing important role in the highly selective and sensitive assessment of analyte. The designed BP

nanostructures are mostly serving to accelerate the plasmon material signals followed by improved
molecular sensing that may due to 40-times faster-sensing responses of BP nanostructure than

reported 2D nanomaterials. Therefore, the present review artide sheds light on the latest significant

advances in biological and toxic gas detection through 2D BP nanostructures based SPR sensors. In

the future, this review will fadilitate detailed insights into the development of BP-based groundbreak-

ing frameworks for highly sensitive and selective recognition of biomolecules and environmen-

tal pollutants.

e Bioreceptors

Gas \ = Black Phosphorus
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unctionalized fluorescent carbon dots and its
pplications towards highly sensitive and selective
detection of glutathione in aqueous medium

{ and in vitro cell imaging of HeLa cells

Zémir G. Khan' and Pravin O. Patil"* @
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Maharashtra 425 405, India

ABSTRACT

The present study aimed to synthesize polyethyleneimine (PEI) surface-func-
tionalized fluorescent carbon dots (CDs)-based biosensor (GP-PEI-CDs) for

‘highly sensitive and selective detection of glutathione (GSH). In brief, green pea

(GP) shells were utilized for green synthesis of blue luminescent GP-CDs
through hydrothermal method. The obtained GP-CDs were surface functional-
ized with PEI to improve surface defects and quantum confinement effects. The
surface functionalization of GP-PEI-CDs was confirmed by different spectro-
scopic techniques, including FTIR, XPS, etc. Switch “on” of GP-PEI-CDs was
quenched by Cu(Il) ions (turn “off"), and the limit of detection (LOD) of Cu(II)
was found to be 23 nM along with a linearity range as 0 pM to 50 uM. Then,
turn “On” process enabled the restoration in fluorescence of surface-function-
alized GP-PEI-CDs when different concentrations of GSH in phosphate buffer
saline (PBS, pH 7.4) was added. This could be due to split up of Cu(Il) from
Cu(ID@GP-PEI-CDs complex by presenting selective affinity with thiol (-SH)
group of GSH among the various biomolecules. The LOD of GSH was found to
be 38 nM and linearity in the range of 0 to 25 uM. The cytotoxicity study con-
firmed the biocompatibility of surface-functionalized GP-PEI-CDs. Furthermore,
a confocal analysis indicated exceptional penetrations of GP-PEI-CDs into the
cell cytoplasm and nucleus, demonstrating the created probe’s suitability for
GSH sensing at the cellular level. The method was successfully applied to
determine GSH in in human serum sample.
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Abstract
The green synthesis of iron Nanoparticles (FeNPs) doped and silver nanoparticles (AgNPs)
loaded reduced graphene oxijde (rGO) (Fc-Ag@rGO) nanocomposite and jts applications in
methylene blye (MB), malachite green (MG), rhodamine B (RB) degradation were reported.
Initially, AgNPs loaded GO (Ag@rG0O) nanocomposites were synthesised simultaneously by an
ecological method using Tamarindys indica shell extract 45 a green reducing agent. Then, the

synthesis of Fe-Ag@rGo nanocomposite, Finally, the dye degradation potential of the
photocatalyst wag found to be 97.20%, 98.43%, and 97.33%, for MB, MG, RB, respectively.
Herein, the improved photocatalytic performance of the Fe-Ag@rGO wags found due to the larger
surface area, porous nature, high electron mobility, and Synergistic effect of the Fe-Ag@rGo
nanocomposite, Additionally, the effective interfacia] hylbridisation of ‘Ag’, and doping of ‘Fe’
on the rGO sheet extended the duration of the photogenerated electron (") hole pairs that can
also be contributing to dye degradation, Conclusively, the present eXperiment provides the new
Fe-Ag@rGo nanocomposite to the dye degradation, whjch could be improved environmenta]
remediation,
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Jabstract
Wpanophosphorus pesticide (OPP) is regarded as an important food-chain and environmental contaminant that causes pri-- ~——=
.y acute toxicity and numerous severe health issues. Therefore, the minute concentration of OPP present in food materials
d environments needs to be identified before it causes any brutal harm to lives. Despite the plenty of merits of qualitative
nd quantitative sensing methods, the lower sensitivity, poor selectivity, detection speed, etc. towards the interest OPP are
* Bmajor drawbacks. Nanoparticles have attracted a lot of attention because of their unique and intriguing features, which have
& variety of applications including sensor development as compared to their bulk counterparts. Recently, the structural design
‘B f nanosize-metal-organic framework (MOF) is gaining huge consideration from researchers for sensing applications owing
~ Botheir versatile and tunable properties. Additionally, MOF-based sensors offer the rapid, simplistic, selective, and sensitive
fensing of interest analyte. The present review provides brief information about OPPs and their toxicities. The emerging
Brends of structural design of nanosize-MOF including their properties have been summarized. Finally, nanosize-MOF-based
Buorescent sensors, electrochemical sensors, and colorimetric sensors have been discussed with central focus on sensitivity
fend selectivity to OPPs. Due to the higher surface area, rich topology, ease of structural tunability and functionalization,
unable pore size, plenty of binding sites, good adsorption potential, excellent charge conductivity, and chemical stability,
{ec., MOF based sensors are endowed with the ability of OPPs detection upto aM. Hence, MOF as nanoporous sensors can
fbe preferred as an excellent alternative for highly sensitive and selective recognition of OPPs in food and water samples.
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and synthesis of poly-L-lysine-functionalized graphene quantum
s sensor for specific detection of cysteine and homocysteine

t mrmmacmﬂcal Chemistry, H. R. Patel Institute of Pharmaceutical Education and Research Shirpur, Dist. Dhule, Maharashtra, 425 405, India

16 LIGHTS GRAPHICAL ABSTRACT

material (pistachio shells) used
gyuthesis of graphene quantum dots
D). .

ol poly-i-lysine (PLL) surface func-
iized GQDs (PLL-GQDs) based
gt was developed.
% fabricated probe  (PLL-GQDs)
dited low cytotoxicity and excellent
wompatibility.

v probe demonstrated highly sensi-
2 and selective detection of cysteine
m) and homocysteine (hcys) in real

CLEINFO ABSTRACT

In this paper, a novel poly-1-lysine (PLL) surface functionalized graphene quantum dots (GQDs) based sensor was
surface functionalized graphene developed for detection of cysteine (cys) and homo cysteine (heys). A fluorescent probe (PLL-GQDs) was then
; fabricated by surface functionalizing GQDs with PLL, a biodegradable polycationic electrolyte to improve the
i e quatii At sensitivity and selectivity towards cys and hcys. The detection was based on the specific binding of cys and hcys
e 2nd homocysteine to PLL at the PLL-GQDs surfaces, which enabled dynamic quenching via electrostatic and hydrophobic in-
i teractions. This fluorescent probe provided good linearity for the tested biothiols, ranging from O to 150 nM for
cys, from 0 to 100 nM for hcys, with limit of detections (LODs) of 2.38 and 1.94 nM, respectively in BPS (pH 7.4).
Interestingly, fabricated probe was also able to display a significant selectivity towards cys and hcys against
known interfering molecules. The cytotoxicity study confirmed the biocompatibility of PLL-GQDs, enabling its
future scope for cell adhesion and other biomedical applications. Besides, confocal study revealed the excellent
penetrations of PLL-GQDs into cell cytoplasm and nucleus that validate the practical -application of developed
probe to detect cys and hcys at cellular level. The method was successfully applied for detection of cys and hcys
in human serum sample. We expect the design concept presented here would be broadly used for selective and
sensitive estimation of cys and hcys.
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Graphene quantum dots (GQDs) nanoarchitectonics for theranostic application in

lung cancer
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ABSTRACT

Lung cancer (LC) is heading up as a substantial cause of mortality worldwide. Despite enormous progress
in cancer management, LC remains a crucial problem for oncologists due to the lack of carly diagnosis
and precise treatiment. In this context, numerous early diagnosis and treatment approaches for LC at the
cellular level have been developed using advanced nanomaterials in the last decades. Amongst this, gra-
phene quantum dots (GQDs) as a novel fluorescent material overwhelmed the horizons ol materials sci-
ence and biomedical fields due to their multifunctional attributes, Considering the complex nature of LC,
emerging diagnostic and therapeutic (Theranostics) strategies using GQOUs proved to be an effective way
for the current practice in LC. In this line, we have abridged various approaches used in the LC theranos-
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tics using GODs and its surface-engineered motif. The admirable photophysical attributes of GQDs realised
in photolytic therapy (PLT), hyperthermia therapy (HTT), .and drug delivery have been discussed.
Furthermore, we have engrossed the impasse and its effects on the use of GQDs in cancer treatments
from cellular level (in vivo-in vitro) to clinical. Inclusively, this review will be an embodiment for the scien-
tific fraternity to design and magnify their view for the theranostic application of GQDs in LC treatment.

Introduction

Global cancer risk is elevaling gradually and resulls in a greater
mortality rate per year. As per the fresh report of GLOBOCAN
2020, about 19.3 million cases and nearly 10.0 million deaths by
cancer were recorded in 2020. Epidemiologists suggested that
there would be probable 284 million new cases ol cancer o
hefall nearly in 2040, Amongst all cancers, lung cancer (LC) has
positioned on second diagnostic occurrence followed by breast
cancer (11.7%) and crossed about 11.4% mortality rate, led by 1.8
million deaths (18%) in 2018 [1]. Besides, LC mortality is probable
to reach 2.45 million globally by 2030. Principally, LC is a complex
form of (adenocarcinoma) which increasing worldwide as an
utmost cause of mortality. Generally, adenocarcinoma is known as
the cancer of glandular mucus-producing cells (especially lungs).
As per literature, LC is classified into four types: invasive adenocar-
cinoma (IA), adenocarcinoma in-situ (AlS), and minimally invasive
adenocarcinoma (MIA) and other variants (e.g. lipidic) (Figure
1(A}). Besides this, the World Health Organisation (WHO) gives a
sub-classification of lung adenocarcinomas as per their cellular ori-
gin. It includes acinar cells, papillary cells, bronchoalveolar, and
mucus-secreting [2]. Literature survey advocated that there is a
scarcity in our current knowledge of cancer statistics due to
changing epidemiological trends of LC amongst developing coun-
tries [3]. In this context, it is observed that there is a vital role of
the Human Development Index (HD1 in cancer mortality and mor-
bidity in several countries. Both developed and developing coun-
tries experiencing an evident rise in the augmented effects of
cancer risk lactors. Moreover, there is an alarming rise in LC inci-
dents in non-smokers as well. Notably, some major risk factors

associated with the LC are smoking, exposure to second-hand
smoke, previous radiation therapy, exposure to radon gas, expos-
ure to asbestos and other carcinogens, and hereditary history of
LC. Besides, the world is evidenced by the residual burden of dif-
ferent respiratory infections associated with LC. For example,
Coronavirus discase 2019 (COVID-19), its emergence in 2020, and
recurrence in 2021 have been overwhelmed the global healthcare
systems. AL this juncture, COVID-19 is becoming a major risk factor
for LC patient's treatment, However, an extensive survey regarding
the precise impact of COVID-19 associated with a patient suffering
from LC is not available to date [4,5].

Current diagnostics and management strategies for LC

Despite the significant development in cancer therapeutics, sev-
eral risk factors escalating in front of the developed and develop-
ing nations. Recenlly, Sung el al. reviewed the global cancer
prevalence, which suggested the frequent diagnostic appearance
as well as morbidity of LC up to 2020 which raised significantly
after 2018 (Figure 1(B)) [1,6].

The traditional methods including X-ray, magnetic resonance
imaging (MRI), Computed tomography (CT), or positron-electron
microscopy (PET) scanning are commonly used for the diagnosis
of cancer. Primary screening of LC by traditional methods s
dependent on the severity and phases of LC. Unfortunately, the
lack of site-specific localisation or inability 1o detect micrometer-
sized tumours becomes inconclusive in the early detection of LC.
Apart from this, sputum cytology, biopsy, and bronchoscopy

methods  are commonly used for the diagnosis of LC
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Green synthesis of fluorescent graphene quantum dots and its application in
selective curcumin detection

Rahul S. Tade, Pravin O. Patil

H. R Patel institute of Pharmaceutical Education and Rescarch, Shirpur, 425405, Mahareshera, India

ARTICLE IRFO ABSTRACT

Keywords: Herein, we present a facile low—cost and eco-friendly approach for conversion of bamboo timber waste (Bf)

Bamboo timber waste derived cellulose nanocrystals (Bf.-CNCs) into strong blue luminescent graphene quantum dots (BE-GQDs) by

Cellulose nanocrystals hydrothermal route. The various properties of synthesized BE.GQDs wese investigated using different spectro-

:“‘P“”’""’”‘"““m' E scopic tachniques. The probable mechanism of BEGODs formation from BECNCs and the effect of pH, particle

Ciitcunin i o size on the fluorescent properties of BEGQDs also executed. Furthenmore, Bf-GQDs were used for the detection of
curcumin in an aqueous environment which is the major prerequisite of the present study. The Bf-GQDs showed
remarkable photoluminescence (PL) quenching Kinetics toward the curcumin (LOD 30,0 nM L™") assessed by
Stern-Volmer plot. The practicability of the method assessed using ginger rhizome juice, while the selectivity of
the Bf-GQDs evaluated against different metal jons and different bicchemicals. The proposed method will support
to establish the strategies for the detection of biochemicals from the aqueous system.

1. Introduction obtaining GQDs or graphitic materials one can use waste biomass for

Graphene based malerials, especially graphene quantum dots
(GQDs) accolades by researchers amongst the different nanomaterials
due to its exceptional properties. Since a scalable GQDs production
method still stands as a serious obstacle due to its broad application in
numerous areas. For example, bottom-up synthesis from graphene and
its native precursors demands costly and potentially hazardous chem-
icals. Moreover, these methods are tedious and required multiple steps
to the obtained purified final product (GQDs), which ultimately results
in low production yield. Several endeavors have been made worldwide
for the conversion of natural waste precursors (NPs) such as weathered
leaves [1], coffee grounds [2], etc. Into graphene-like materials and
GODs [3]. It was observed that GQDs from aforementioned precursors
has the greatest biocompatibility and stability as compared to the GQDs
from pristine graphene as they obtained from a series of hazardons
chemical treatmment. Moreover, these biomass-derived GQDs are supe-
rior to semiconductor quantum dots in terms of solubility, aqueous
stability, chemical modification, and high resistance to photo bleaching
[4). These ideal properties have now been subjugated for nnmerous
applications such as fluorescent probes for solar cells [5], biochemical
sensing (6] or detection [7,3], bicimaging (5], etc. Apart from the use of
available biomaterials such as citric acid [10], sucrose [11], for

gaining one or more active materials of interest. For instance, corn agro
waste can be converted into cellulosic derivatives [1 2], wood waste into
quality graphene {13]. The research fraternity well realized that to
achieve the ‘sustainable green synthesis goals' it is necessary to look
after the abundant waste biomass to be utilized for the synthesis of
graphene-like materials [2,14,15]. It is well known that cellulose-based
biomass hitting the top list as abundant waste at agricultural as well as
domestic levels. Cellulose-based polymers had been utilized for the
fabrication of numerous materials like nanocomposites in many
hiomedical and pharmaceutical applications, etc. {16]. A huge amount
of bamboo timber waste produces at the various sawmills which farther
expelled as waste or used as domestic fuel. Bamboo fibers mostly used as
a natural composite reinforcing material because of its high
strength-to-weight ratio and high hydrophilicity. Cellulose is the major
component of the bamboo fibers which plays a crucial role as reinforcing
materials in composites while hemicelluloses after the efficient con-
version accomplish biofuels and multifunctional by-products. In addi-
tion to this hemicellulose on hydrolytic undergoes cleavage of glycosidic
bonds betwesn two anhydrous glucose which is the most significant rout
of cellulose degradation [17]. Inspired by these facts, we choose the
bamboo tinsber waste for the GQDs synthesis. The stepwise processing of
bamboo timber waste yields us cellulose nanocrystals as well as GQDs
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B-mail address: repatilpravin@vahoo.co.in (P.O. Patil)

https://doi.arg/10.1016/5.cap.2020.08.006

Received 6 June 2020; Received in revised form 5 August 2020; Accepted 11 August 2020

Available online 36 August 2020

1567-1739/% 2020 Kotean Physical Society. Published by Elsevier B.Y. All rights reserved.

s

PRINCIPALN

H.R Patel Institute of Pharma i
titut ce

: Education & Researcﬁtm'

i Shirpur Dist.Dhule(M.S) 425 405



it

Nano Biomed. Eng., 2020,Vol. 12, ss.4 281

Qs - Nawo Biowed Lng

2020, 12(4): 281-296. doi: 10.5101/nbe.v12i4.p281-296.

Review

Green Synthesis of Silver Nan0part|cles An Eco-
Friendly Approach

Sopan Namdev Nangare, Pravin Onkar Patil

Depariment of Pharmaceutical Chemistry, H. R. Patel Institute of Pharmaccutical Education and Research, Shirpur-425405, (MS)
India.

Corresponding author. E-mail: rxpatilpravin@yahoo.co.in
Received: Apr. |, 2020, Accepted: jul. 21, 2020, Published: Oct 19,2020

Citation: Sopan Namdev Nangare, Pravin Onkar Patil.Green Synthesis of Silver Nanoparticles: An Eco-Friendly Approach. Nano Biomed. Eng., 2020,
12(4):281-296,
DO 10.5101/mbe.v12i4.p281-296.

Sopan Namdev Nangare is currently a senior research fellow (Indian Council of Medical
Research) at HRPIPER, Shirpur. He has completed his M. Pharm from Bharati Vidyapeeth
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Abstract

Eco-friendly synthesis of nanoparticles is an upcoming discipline of nanoscience. Green synthesis of
Ag NPs has gained immense importance and much awareness in developed nations. Fascinatingly,
such an environmental friendly synthesis of Ag NPs gives a green chemistry-based non-toxic and
economical route to nanotechnology. This review article gives insight into the bioinspired synthesis
of Ag NPs and mechanisms involved in the synthesis of Ag NPs. In this review, we have summarized
the scientific reports in the eco-friendly synthesis arena of Ag NPs and their applications in the
biomedical ficld. Especially, we have focused on plant materials, fungi, algae, and bacterial potential
towards the eco-friendly synthesis of Ag NPs. For future perception, there is a need for in silico and in
vitro, in vivo research to authenticate the outcomes.

Keywords: Silver nanoparticles, Green synthesis, Plant c:gmct, Em—{qcﬁﬁg Nanotechnology
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Abstract

Amongst assorted regio-selective and targeted oral drug delivery strategies accepted for the
gastro-retentive drog delivery system (GRDDS), the floating drug delivery system (FDDS)
holds a major share as clinically accepted formulations. The major objective of the present
invcstigation was to cxplorc the silk industry wastc protein, silk fibroin (SF) as a possible
electrospun nanocarrier for the FDDS. In a nutshell, electrospinning (ES) is one of the flexible
and astonishing strategies for the fabrication of porous electrospun nanofibers (NFs), which
offers the potential to amend the floating profile, dissolution rate, solubility, and release patterns
ol the drag, etc us per compendial requirements. T.ooking al the prospects of floating SF-NFs
preparation, we have isolated and lyophilized the SF from industrial waste cocoons and
prepared drug-loaded SF single polymer nanofibers (SPN). Lafutidine (LF) being a good
candidate for GRDDS selected as a model dmg, which is an excellent proton pump inhibitor,
mainly used in the treatment of gasiric ulcers. Finally, the obtained LF loaded SF-NFs
(LF-SF-NFs) were successfully anatyzed for physicochemical characteristics, porosity, swelling
index, antioxidant activity, mucoadhesion strength, floating propertics, cnzymatic degradation,
and accelerated stability study, etc. Further, these LF-SF-NFs were evaluated for percent drug
content, weight variation. in-vitro dissolution in 0.1 N hydrochloric acid (HCI, pH:1.2) and
fasted state simulated gastric fiuid (FSSGF), and accelerated stability study. It has shown
significant floating time >18 h, about 99% % 0.58% floating buoyancy with sustained release up
to 24 h. LF-SF-NFs showed good compatibility, entrapment efficiency, antioxidant activity,
mucoadhesion strength, enzymatic degradation, and long term stability. Soon, the essential
floating and drug release profiles can claim single polymer (SF) based electrospun protein NFs
as a possible novel oral nanocarrier for FDDS.

Keywords: processing industrial waste cocoons, silk fibroin, electrospun nanofibers, lafutidine,
floating drug delivery system
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ABSTRACT: Breast cancer (BC) is increasing as a significant
cause of mortality among women. In this context, early diagnasis
and treatment strategies for BC are being developed by researchers
at the cellular level using advanced nanomaterials However,
immaculate etiquette is the prerequisite for their implementation in
clinical practice. Considering the stolid nature of cancer, combining
diagnosis and therapy (theranostics) using graphene quantum dots
(GQDs) is a prime focus and challenge for researchers In a
autshell, GQDs is a new shining star among varions fluorescent
materials, which has acclaimed fame in a short duration in materials
science and the biomedical field as well. From this perspective, we
review various strategies in BC treatment using GQDs alone or in
combination. In addition, the photophysical properties of GQDs
explored in photothermal therapy, hyperthermia therapy, and photodynamic therapy are also discussed. Moreover, we also focus on
the strategic use of GQDs both as drug carriers and as combinatorial-guided drug delivery motifs. This Review provides an update
for the scientific community to plan and expand advanced theranostic horizons in BC using GQDs.

KEYWORDS: breast cancer, triple-negative breast cancer, graphene quantum dots, theranostics, photodynamic/photothermal therapy,
drug delivery :

22 Article Recommendations

1. INTRODUCTION

Cancer is now the second leading cause of death worldwide,
with its horrific existence commonly a manner of mortality.' In

diagnosed with cancer are improving owing to prognosis
quality treatment and survivorship care.”
1.1. Breast Cancer. Every year, breast cancer (BC) affects

Sec hitps:/pubs.acs.org/sharingguidelines for options on how to

Downloaded via AUCKLAND UNIV OF TE

2018, it was estimated that 9.6 million deaths (i.e, 1 in every 6
deaths) were due to cancer. According to the World Health
Organization (WHO), ronghly 70% of deaths from cancer
occur in low- to middle-income countries (LMICs). Research
experts are worried that by the year 2030, 16—18 million
additional cases of cancer will be added every year, and 60% of
these will be in developing countries. WHO has claimed that
by 2030, merely 12 countyies are likely to reach a one-third
drop in premature cancer mortality. ** In order to reach
sustainable development goals, there is a need for greater
investment in the treatment of cancer and other non-
communicable diseases.' The growing cancer burden globally
exerts huge physical, emotional, as well as financial tensions on
individuals, families, and consequently the overall health
systems. Health organizations in LMICs are least equipped
to handle this burden, and for that reason many cancer patients
worldwide cannot receive diagnosis and treatment in a timely
manner. While the overall cost of cancer treatment in 2010 was
estimated at 1J5$1.16 trillion, only 1 out of every 5 LMICs has
the necessary data to drive cancer treatment and mitigation
policy.” Reports suggest that abont 30—50% of all cancer cases
are predictable, that can be addressed by a cost-effective long-
term strategy.” In many countries, the survival rates of patients

© XXXX American Chemical Sodety

% ACS Publications

2.1 million women, and it is recognized as the most prevalent
cancer in women. About 627 000 women died of BC in 2018,
which accounts for 15% of all the cancer-associated deaths in
women.” Usnally, BC is categorized on the basis of its ability to
spread, such as in situ ductal carcinoma (DCIS). DCIS starts in
a milk duct and has no further growth into the rest of the
breast tissne. Invasive or inflltrating types of BC can spread in
the surrounding breast tissue. Invasive BC is comprised of two
forms: invasive ductal carcinoma (IDC) and invasive lobular
carcinoma (ILC). IDC accounts for 70—80% of all BCs.®
Different forms of BC and global statistics on BC in women are
depicted in Figure 1. Invasive BCs have distinct features, which
affect their treatment and outlooks. Though invasive BCs are
more serious than other types of BC, their occurrence is less
common. Invasive BCs are farther comprised of inflammatory
breast cancer {(IBC) and triple-negative breast cancer (TNBC).
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Affinity-Based Nanoarchitectured Biotransducer for Sensitivity
Enhancement of Surface Plasmon Resonance Sensors for In Vitro
Diagnosis: A Review
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ABSTRACT: Despite the indisputable benefits and advancement of G
science, technology, and civilization, early diagnosis of healthcare is still a 1)
challenging field for the scientific fraternity. The detection of biomarkers is

a crucial attribute of prognosis and diagnosis of disease. Out of numerous | i4%
techniques, surface plasmon resonance (SPR) bestows countless benefits,
including in situ, label-free, and real-time assessment, etc., which authorizes
the analysis of molecular binding occurrences between biotransducers and
biomarkers. In addition, SPR with low-molecular-weight biomarkers lacks
selectivity and sensitivity, which ultimately affects binding Kinetics. This, in 14" [ZR@®| ——
tum, leads to the remarkable development and implementation of 'i""(%
numerous selectivity and sensitivity enhancement methods. Among the et b b
various noticeable strategies, because of selectivity and sensitivity e
enrichment substrate for SPR biosensors, affinity-based nancarchitectured
biotransducers stand out as being the best substitute. The present review elaborates significant advances made in the research based
on affinity biotransducers for in vifro diagnosis using SPR biosensors for biomarker sensing Moreover, most recent trends and
challenges in designing and application of nanoarchitectured affinity biotransducer-based SPR biosensors for detecting low-
concentration biomarkers have been reviewed comprehensively. This present review may assist the scientific fratemity in designing
an ultramodern novel SPR approach based on affinity biotransducers, along with improved selectivity and sensitivity of SPR
biosensors for in vitro and real-time diagnostic applications.

KEYWORDS: Affinity biotransducer, surface plasman sensor, in vitro diagnosis, antibody, aptamer, nanoparticles
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1. INTRODUCTION ing process, the cost of analysis, need of expert and trained staff
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In addition to the indisputable benefits of research, industry,
and technology, unfortunately, some impetuous shifts in the
natural world have started to endanger the lives of peoples and
other entities directly.’ In the last couple of decades, a key
feature to achieving rapid diagnosis of much pathology is the
insistence for early, economical, and reliable analytical
instruments for in vitro diagnosis.’ Initially, the scientific
fraternity has fixed the general criterion for in vitro diagnostic
devices, which includes the utilization condition and risk
factors of the device/machine. In addition, the device should
be profident to provide relevant information for carefol
diagnosis of particolar health fssues. Furthermore, the result of
analytical techniques or devices should notably affect the
public or individual negatively or positively.’ The literature
survey revealed that the emerging in vitro diagnostic devices
are offering rapid screening and early detection ability, precise
information, and real-time monitoring of several diseases and
disorders.” Unfortunately, official analytical strategies (com-
monly employed for diagnostic applications) are plagued by
numerous drawbacks, viz, selectivity, sensitivity, time-consum-

for its laborious process, and having limited availability as a
point of health care system, etc Moreover, the luminous
technological expansion within assorted sectors and fields (viz,
nanotechnology, biotechnology, and electronics) necessitates
impetnous, user-friendly, sensitive tools, which leads to a
tremendous expansion of analytical methods in the last
decades® More precisely, the biosensor is an advanced
analytical tool in which a biotransducer (example: antibodies,
aptamers, tissues, DNA, enzymes, etc.) is united through a
physicochemical transducer (viz, optical, magnetic, electro-
chemical, piezoelectric).' The interaction between the
interest/target biomarker (or analyte) and the specific
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Abstrack: Black phosphorus is one of the emerging members of two-dimensional (2D) materials
which has recently entered the hiomedical field. Its anisotropic properties and infrared bandgap
have enabled researchers to discover its applicability in several fields including optoelectronics,
3D printing, bioimaging, and others. Characterization techniques such as Raman spectroscopy
have revealed the structural information of Black phosphorus (BP) along with its fundamental
properties, such as the behavior of its photons and electrons. The present review provides an
overview of synthetic approaches and properties of BP, in addition to a detailed discussion about
various types of surface modifications available for overcoming the stability-related drawbacks and
for imparting targeting ability to synthesized nanoplatforms. The review further gives an overview of
multiple characterization techniques such as spectroscopic, thermal, optical, and electron microscopic
techniques for providing an insight into its fundamental properties. These characterization techniques
are not only important for the analysis of the synthesized BP but also play a vital role in assessing
the doping as well as the structural integrity of BP-based nanocomposites. The potentiai role of BP
and BP-based nanocomposites for biomedical applications specifically, in the fields of drug delivery,
3D printing, and wound dressing, have been discussed in detail to provide an insight into the
multifunctional role of BP-based nanoplatforms for the management of various diseases, including
cancer therapy. The review further sheds light on the role of BP-based 2D platforms such as BP
nanosheets along with BP-based 0D platforms—i.e., BP quantum dots in the field of therapy and
bicimaging of cancer using techniques such as photoacoustic imaging and fluorescence imaging.
Although the review inculcates the multimodal therapeutic as well as imaging role of BF, there is still
research going on in this field which will help in the development of BP-based theranostic platforms
not only for cancer therapy, but various other diseases.

Keywords: bioimaging; wound healing; 3D printing; surface modification; characterization

1. Introduction

The discovery of Black Phosphorus (BF) dates back to a hundred years ago. It all
began with Bridgman [1], who brought about the conversion of white phosphorus to black
phosphorus under a high temperature and pressure. Later, Hultgren et al. [2] demonstrated
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{carbon dots: A novel trend in
Jpharmaceutical applications

carbon dots : une nouvelle tendance dans les applications pharmaceutiques

S. Dugam?, S. Nangare?®, P. Patil®, N. Jadhav®*

a Department of Pharmaceutics, Bharati-Vidyapeeth College of Pharmacy, 416013 Kolhapur,

Maharashtra state, India ;
b Department of Pharmaceutical Chemistry, H. R. Patel Institute of Pharmaceutical Education
and Research, 425405 Shirpur, Maharashtra state, India

Received 15 May 2020; accepted 17 December 2020
Available online 28 December 2020

HIGHLIGHTS

b Presents basic concepts, advantages, synthesis approach of CDs.
 Numerous CDs based pharmaceutical applications of were reviewed.
 (Ds were used in gene therapy and nanomedicine.

* (Ds were used in bioimaging and biosensing.

KEYWORDS
Carbon dots;
Pharmaceutical
applications;
Bioimaging;

Sustained drug
delivery;

Targeted drug
delivery

Corresponding author.

Summary Carbon quantum dots (CQDs, C-dots, or CDs), are generally small carbon nanopar-
ticles having a size less than 10nm. Carbon dots (CDs) were accidentally discovered during the
purification of single-walled carbon nanotubes through preparative electrophoresis in 2004. Car-
bon is an organic material having poor water solubility that emits less fluorescence. However,
CDs have good aqueous solubility and excellent fluorescent property, hence more attention has
been given to the synthesis of CDs and their applications in chemistry and allied sciences. CDs
being easily accessible for in-house synthesis, simpler fabrication as per compendial require-
ments are wisely accepted. In addition, since CDs are biocompatible, of low toxicity, and of
biodegradable nature, they appear as a promising tool for the health care sector. Furthermore,
owing to their capabilities of expressing significant interaction with biological materials, and
their excellent photoluminescence (PL), CDs have been emerging as novel pioneered nanoparti-
cles useful for pharmaceutical and theranostic applications. Also, CDs are more eco-friendly in
synthesis and therefore can be favorably consumed as alternatives in the further development

Email address: nrjadhavi8@rediffmail.com (N. Jadhav).
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Nanoarchitectured Bioconjugates and Bioreceptors Mediated Surface Plasmon
Resonance Biosensor for In Vitro Diagnosis of Alzheimer’s Disease:
Development and Future Prospects

Sopan Nangare and Pravin Patil
Department of Pharmaceutical Chemistry, H. R. Patel Institute of Pharmaceutical Education and Research, Shirpur, India

ABSTRACT KEYWORDS
Alzheimer's disease (AD) is an obvious neurological disorder characterized by progressive brain cell Alzheimer's disease; surface
death that resulted in memory loss, cognitive dediine, and finally dementia. Besides, AD is also affected plasmon resonance;
by a multifunctional pathway, which leads to alteration in the biomolecular level as AD steps forward. s
Notwithstanding numerous diagriosis techniques, the conventionally engaged technology permits the ' ageone
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for in vitro diagnosis of AD. Fascinatingly, this review inculcates the information of assorted important

AD biomarkers viz. beta-amyloid (Af), Tau proteln, apolipoprotein (apoEd), 17-f-hydroxysteroid
me{w&mm,mammmsm%ﬁgmmm
mmmmdmmmmsmwmmd

researchers for AD biomarker detection and contributed to the development of simplistic, rapid, and
Mmmmmm,mmmmmmeawyﬁd
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revolutionary benefits in terms of selectivity and sensitivity for in vito diagnosis of AD biomarkers.
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HIGHLIGHTS

» AD recent updates and its biomarkers reviewed.

» There is no leading technology to rapidly sense and monitor AD.

» Bioconjugates as potential biosensing elements.

« Conjugation methods to link bioreceptors to nanomaterials have been highlighted.
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in vitro diagnosis of AD biomarkers. . T e 3 5 : N :
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Abstract
Cellulose-based magnetic nanocomposites (Cf-MNCs) have been introduced using a modified
one-pot fn situ co~-precipitation method using iron salts with various concentrations in the alkali
solution. Fabricated nanocomposites investigated for structural and functional properties with
different spectroscopic characterization techniques prior to use in dye degradation study. The
scanning electron microscopy revealed the morphological structure of the synthesized nanofibers
and nanocomposites. The elemental analysis and vibrating sample magnetometry emphasized the
presence of Fe elements attributed to the iron salts. The HRTEM analysis showed a destructed
cellulose fiber network indicating its arrangement into nanocomposites. Moreover, the crystal
properties of the CEMNCs were accomplished using x-ray powder diffraction (79.3%
crystallinity). The Fourier transform infrared analysis and differential scanning calorimetry gives
the idea about the structural and functional changes in the cellulose fibers loaded with iron oxide
nanoparticles. The functional adsorption properties of the prepared nanocomposites have been
evaluated using methylene blue and Alizarin red S carcinogenic dyes. The dye adsorption of the
fabricated Cf~-MNCs nanocomposites was found to be 93%. We affirmed that this novel
eco-friendly degradable polymer-based nanocomposite has great potential in the field of catalyst
fabrication for the degradation of organic pollutants in wastewater.

1. Introduction

In recent years, nanocellulose has exploited for abundant applications in materials chemistry,
nano-biomedicine, drug delivery, and green composite materials. Cellulose-based nanocomposites (CbNCs)
combine the distinct features of cellulose with specific nanomaterials incorporated in it with high specific
surface area and add-on characteristics. Commonly, cellulose nanofibers (CNFs) and cellulose nanocrystals
(CNC) have been used for the fabrication of CbNCs [1]. Nanocellulose can be obtained from native fibers by
acid hydrolysis, high pressure homogenization (HPH) or different methods [2, 3]. Amongst all methods,
acid hydrolysis resnlts in highly crystalline and rigid nanofibers, ranging in size from 100 nm to 1 pm than
that of the HPH route. Recently; the use of cellulose-based magnetic nanacomposites (C-MNCs), acclaimed
fame in a short duration of time in the catalytic and different allied applications. The length-to-diameter
(L/d) is a major factor that controls the mechanical properties of nanocomposites and determines the
percolation threshold value called ‘geometrical aspect ratio’, which further benefits the reinforcing effect [4].
As mentioned carlier, the Jarge surface area, high porosity and biodegradability allowed investigators too
many customary modifications in their structures can be availed using cellulose nanofibers (CNF). The use
of iron oxide nanopartides (IONPs) was realized for magnetodielectric properties and ease of separation [5].
To develop the ideal CEMNCs, the IONPs should be well dispersed in the fibrils either as an over-attached
form or in the lomen. The dispersion of IONPs in the cellulose matrix can be monitored by setting the
process parameters, like temperature, pH, solvent properties and other process attributes. The Cf-MNCs can
be prepared by in situ as well as ex-situ methods such as microwave reflux, co-precipitation, hydrothermal
treatment, etc. These reinforced Cf-MNCs can be explored for in vivo MRI as superparamagnetic or negative
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Abstract

The worldwide frontiers of research have experienced a flood of developments in advanced
nanomaterials. Among these, graphene, a member of the carbon family, has now replaced many
traditional materials and broadened the horizons of material chemistry, analytical chemistry,
pharmaceutics, and other multidisciplinary fields. Owing to the exceptional properties of
graphene, it has been widely utilized in varions nanocomposites as a reinforcing material and for
biosensing components. The present review serves as a familiarization for budding researchers in
the materials science and analytical ficlds, where the use of graphene in biosensing-related
applications had long been foreseen. Furthermore, we also offer a brief review of graphene’s
tunable properties for biosensing. This article describes the actual mechanisms of interfaces that
interact with graphene, such as immunogenic agents, bacteria, and other biomolecules. We also
discuss the application of graphene-based materials to the biosensing of a range of analytes, and
the challenges and future perspectives of graphene. Thus, this review gives a detailed insight into
biosensing with graphene, graphene’s fundamental properties, and application perspectives.

1. Introduction

Over the last couple of decades, graphene-based materials (GBMs) have gained tremendous research interest
owing to their excellent physicochemical properties [1]. Interestingly, graphene exists in many forms, and
can be customized in numerous ways as per the application requirements [2]. Common to all graphene
forms, the lattice-configured nanostructure of graphene, ie. graphene oxide (GO) has been thoroughly
investigated for several biomedical and pharmaceutical applications [3], possibly due to its very tunable
properties. Becanse of this, it offers several benefits for the fabrication of biosensing elements or parts thereof
[4]. The fascinating characteristics of graphene or GO including a large specific area, abundant surface
functional groups viz. carboxyl, epoxy, etc, offer a choice of materials for the immobilization of various
important biomolecules (e.g. enzymes). Morcover, the high chemical stability and remarkable optical
properties of GO are suitable for electrochemical (ECL) biosensing [5]. Moreover, its electrical properties,
high conductivity, and superb electron mobility help in the fabrication of thin films and plasmonic
biosensors for the detection of various biomalecules. From 2010 onwards, several research groups have been
engaged in the design, fabrication, and analysis of various types of biosensors based on graphene platforms
for heavy metal detection [6, 7], ferric ion detection, DNA detection [8], antibody detection [9, 10] as well as
many biological metabolite detections [11], etc.

Graphene has an eectrical conductivity of the order of 1000 mho m™! and thermal conductivities of
between 1500 and 2500 W m ™~ KL It is the strongest material ever tested, with a tensile strength of around
130 GPa [12, 13]. Graphene exhibits a broad ECL window of approximately 2.5 V in a 0.1 mol 17! when
tested in phosphate-buffered saline. It offers a low charge-transfer resistance of aronnd 6.5 M2 cm?. These
properties prove that graphene is an ideal material for use in multifunctional fast sensors.

Since graphene was discovered, it has started to emerge and be developed in many scientific studies.
Despite these advances, the fundamental science behind graphene is, unfortunately, not completely
explained. More work is needed on this problem in areas such as graphene surface absorption mechanisms,

biomolecnlar orientations, and the way in which these intmcﬁ%g;;phenc’s transport properties, etc
al Ed,

i'%@(/
PRINCIPAL~

H.R Patel Institute of Pharmaceutica!
Education & Research
g Shirpur Dist.Daule(M . S) 425 ann

a‘&%

"J
Y3505



Nangare et al. Future Journal of Pharmaceutical Sciences
ht‘m_sﬂldoi.otgl‘m,l 186/543094-021-00203-9

(2021) 7:54 Future Journal of

Pharmaceutical Sciences

REVIEW o ' : Open Access
®

o

Pharmaceutical applications of citric acid

Sopan Nangare', Yogini Vispute?, Rahul Tade', Shailesh Dugam® and Pravin Patil""

Tbstract

Background: Citric acid (CA) is a universal plant and animal-metabolism intermediate. It is a commodity chemical
processed and widely used around the world as an excellent pharmaceutical excipient. Notably, CA is offering
assorted significant properties viz. bicdegradability, biocompatibility, hydrophilicity, safety, etc. Therefcre, CA is
broadly employed in many sectors including foodstuffs, beverages, pharmaceuticals, nutraceuticals, and cosmetics
as a flavoring agent, sequestering agent, buffering agent, etc. From the beginning, CA is a regular ingredient for
cosmetic pH-adjustment and as a metallic ion chelator in antioxidant systems. In addition, it is used to improve the
taste of pharmaceuticals such as syrups, solutions, elixirs, etc. Furthermore, free CA s also employed as an acdidulant

in mild astringent preparations.

and biomedical applications.

Main text: In essence, it is estimated that the functionality present in CA provides excellent assets in
pharmaceutical applications such as cross-linking, release-modifying capacity, interaction with molecules, capping
and coating agent, branched polymer nanoconjugates, gas generating agent, etc. Mainly, the center of attention of
the review is to deliver an impression of the CA-based pharmaceutical applications.

Conclusion: in conclusion, CA is reconnoitered for multiple novels pharmaceutical and biomedical/applications
including as a green crosslinker, release modifier, monomer/branched polymet, capping and coating agent, novel
disintegrant, absorption enhancer, etc. In the future, CA can be utilized as an excellent substitute for pharmaceutical

Keywords: Citric acid, Pharmaceutical applications, green crosslinkers, Fluorescent materials, Absorption enhancer

A

Background

Citric acid (CA, 2-hydroxy2, 3-propanetricarboxylic acid,
tricarboxylic acid) is the largest arganic acid contained
in the tonnage. Generally, it is a universal plant-and
animal-metabolism intermediate. CA is a commeodity
chemical processed and widely used around the world
for plentiful pharmaceutical applications (Fig. 1) [1]. To
begin with 1784, Carl Scheele (a Swedish chemist) iso-
lated the CA (Molecular Weight: 210.14 Da) from the
lemon juice. Whereas in1893, at the first time Wehmer
demonstrated the culture medium includes sugars and
inorganic salts, Penicillium glaucum (Citromyces) accu-
mulating CA. Amusingly, CA was first commercially
manufactured in England from the imported Italian
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lemons. In 1917, Currie discovered that some of the As-
pergillus niger strain generated CA into adequate nutri-
ent mediums that contain high levels of sugar plus
mineral salts and along with that preliminary medium
pH (2.5-3.5). Despite these notable findings, lemon juice
was still a commercial source for the manufacturing of
CA until 1919. This provided the foundation for indus-
trial CA production with Aspergillus niger [2]. As per lit-
erature, CA has been unrevealed by Krebs in the late
1930s as a key ingredient in the metabolism of all aerobe
species [3, 4]. The developmental stages of the discovery
and manufacture of CA from 1784 to 2020 [4] are repre-
sented in Fig. 2.

From its inception, plenty of literature reported that
CA is a major component in the processing of several
products, mainly as an acidulant in the food, chemical,
and pharmaceutical industries. Natural resources, such
as fruit sugar, become more and more essential for CA

© The Authorls). 2021 Open Access This artide is licensed under 3 Creative Commans Attribution 40 Intemational License,
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Abstract

Surface grafting of nanocarriers could modulate their properties and characteristics. As carbon nanotubes
synthesis is a very tricky process and requires high-end methods, hence the present investigation was aimed
to develop an eco-friendly method for synthesis carbon nanotubes (CNTs) and subsequent surface grafting
for cnhanced drug delivery application. The present study claborates two-step chemical modifications;
wherein the first step is catalytic cleavage of natural precursor in the presence of ferrocene and the second
step involve chemical grafting of Acyclovir (ACV) as a model drug to understand the drug release behaviour.
The catalytic cleavage of sugarcane cubes (natural precursor) was carried out in a closed copper tube, which
prevents uxidation and results in ¢ conversion of tubular nanostruciures to amorphous carbon. The covalent
attachment of ACV on purified CNTs (fCNTs) was done using carbodiimide chemistry. The preliminary
Uv-Vis absurbance spectra defined al 260 nm was arised due Lo n-n* slacking of aromalic C-C bonds. The
Fourier Transforms Infrared Spectroscopy (FTIR) indicates the hydroxyl stretch at 3300 cm-1 while amide
1 bond formation was observed at 1672 cm. The XRD spectra confirmed successful synthesis of CNTs. The
calculated average crystallite size (Scherer equation) of synthesized CNTs was found to be 42.84 and 44.45
nm; it was alse in accordance with the morphological observation as confirmed simultaneously using SEM
analysis. The covalently attached ACV was released up to 80% during 8h of in vitro drug release study. The
surface grafting potential of CN'Ts was found to be promising compared to other nanomaterials.

Keywords: Acyclovir; Amorphous Carbon; Carbodiimide Chemistry; Natural Precursor; Purification.

How to cite this article
Narkhede R., More M., Patil S, Patil P, Patil A, Deshmukh P Eco-friendly synthesis of surface grafted Carbon nanotubes from
sugarcane cubes for the development of prolonged release drug defivery platform. Int. |. Nano Dimens., 2021; 12(3): 211-221.

INTRODUCTION nanctubes (CNTs) were reported in 1991[1].

Even though the investigation on allotropic Numerous classical approaches for the synthesis
forms of carbon was begun before 1990, but the of CNTs are reported by academic researchers
mast intuitive form of carbon allotrope i.e. carbon and industry experts for their promising

* Corresponding Author Email: pkdesh@rediffmail.com physicochemical properties. In case of CNTs, the
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Abstract

The present work aims to synthesize nitrogen-doped reduced graphene oxide-titanium dioxide
nanocomposite (N-rGO@TiO,) using a simple, eco-friendly method and its applications in
spectroscopic detection of heavy metal jons such as lead (Pb™), mercury (Hg™"), and chromium-VI
[Cr(V1)] in potable water. Initially, TiO, nanoparticles loaded N doped rGO shects were fabricated
by an ecological method using Gossypiuwm hirsutum (cotton) seeds extract as a green reducing agent.
Then, the N-rGO@TiO, nanocomposites were subjected for characterizations such as spectroscopic
techniques, particle size analysis, zeta potential analysis, and spectroscopic sensing. Notably, the
results of this study confirmed that N-rGO@Ti0, exhibited countless stupendous features in terms
of sensing of an analyte. Briefly, the UV-visible spectroscopy and Fourier transform infrared (FTIR)
spectroscopy confirmmed the successful synthesis of N-rGO@TiO,. The SEM images showed the
wrinkled. folded, and cross-linked network structures that confirmed the surface modification and
nitrogen doping in the rGO sheet and synthesis of N-tGO@TIO,. The EDAX study confirmed the
elemental composition of the N-rGO@TiO, nanocomposite. Finally, due to the larger surface area,
porous nature, high electron mobility, etc. the N4GO@TiO, probe provides the lower detection Emit
for Pb™, Hg™ and Cr (V1) as Jow a5 50 oM, 15 pM, and 25 oM, respectively. Concisely, our study
affirms the admirable sensitivity of N-rGO@TiO, nanocomposite to the Pb™, Hg** and Cr (VD) in
potable water can provide better environmental remediation.

Keywords: Graphene oxide, N-rGO@TiO,, Nanocomposite, Cotton-seed, Heavy metals,
Biodegradable, Sensing

Introduction because of its astonishing properties and potential to
revolutionize the scientific sector [3-5]. Graphene can

Over the past two decades, graphene-based  be used to fabricate several dimension materials such
materials are gaining tremendous attention from a  as 1D nanostructure [6], 2D layer stacked films [7], 3D
scientific fraternity in various fields [1-3]. It may  graphene hydrogel [7-9], and aerogel [10-13], etc. Out

22
& IPAL~
H.R Patel Institute of Pharmaceutical

Education & Research
Shirpur Dist.Dhule(M.S) 425 405




CRITICAL REVIEWS IN ANALYTICAL CHEMISTRY : e Taylor & Francis
bttps://doi.ong/10.1080/10408347.2021.192766 Taylor xFrandis Group

i Check for updates |

Black Phosphorus Nanostructure Based Highly Sensitive and Selective Surface
Plasmon Resonance Sensor for Biological and Chemical Sensing: A Review

Sopan Nangare and Pravin Patil
Department of Pharmaceutical Chemistry, H. R Patel Institute of Pharmaceutical Education and Research, Shirpur, Maharashtra, India

ABSTRACT KEYWORDS
Surface plasmon resonance (SPR) is an attention-grabbing sensor type, which offers the sensitive and ~ Black phosphorus;
selective detection of biomolecules and environmentally toxic substances. Notably, the SPR sensor  biosensing; in-vitro
gives excellent rewards including real-time, in-situ, and label-free measuring capability as compared diahg"“”"" ““"ﬁ"rg
to existing sensing technologies. As a result, these noteworthy merits of the SPR sensor make it "Eﬁ"{‘:ﬁ";}:@“
straightforward to investigate the molecular events and chemical/gas molecule interaction. e

Unfortunately, there are different binding events including smaller molecular mass substances, which

cannot be detected at the SPR sensor. Accordingly, this downside of the SPR sensor eventually led

to the design and implementation of new approaches for sensitivity and selectivity improvement for

sensing applications in different fields. Recently, the black phosphorus (BP) derived 2 D nahomaterial

is stand out as a distinctive nanostructure in comparison to recently reported other 2D nanomateri-

als. Substantial and functional characteristics of BP induding simplicity of operation, optical proper-

ties, high carrier mebility, stronger immobilization of receptors and biomolecules, electronic bridging

playing important role in the highly selective and sensitive assessment of analyte. The designed BP

nanostructures are mostly serving to accelerate the plasmon material signals followed by improved
molecular sensing that may due to 40-times faster-sensing responses of BP nanostructure than

reported 2D nanomaterials. Therefore, the present review artide sheds light on the latest significant

advances in biological and toxic gas detection through 2D BP nanostructures based SPR sensors. In

the future, this review will fadilitate detailed insights into the development of BP-based groundbreak-

ing frameworks for highly sensitive and selective recognition of biomolecules and environmen-

tal pollutants.
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DEVELOPMENT AND CHARACTERIZATION OF SUBLINGUAL FILM CONTAINING

ROPINIROLE HYDROCHLORIDE
P. B. Patil*, D. A. Patil*, L. R. Zawar®, B. Patil> and G. B. Patil

(Received 18 July 2018) (Accepted 01 July 2019)

( ST
ABSTRACT

In the present work films of ropinirole hydrochioride were prepared by using polymers such as hydroxy -
propyl methyl cellulose (HPMC E-15) and polyethylene glycol (PEG-400) as plasticizers, by a solvent
casting method, for treatment of Parkinson's disease. HPMC E-15 was used as film forming agent in the
range of concentration 50 mg— 600 mg and PEG-400 was used as plasticizerin the range of concentration
0.3-1.0 mL for solvent casting method. The optimized concentration of film forming agent was 400 mg
and plasticizer concentration was 0.7mL. By using optimized concentration, Ropinirole Hydrochloride
mouth dissolving films (MDFs) were prepared by additionof other excipients. The formulated MDFs were
evaluated for different physical characteristics like uniformity of weight, thickness, folding endurance,
drug content uniformity, percentage elongation, and tensile strength, disintegration, in vitro drug release
studies and provided agreeable results. The FTIR and DSC studies confirmed that no physicochemical
interaction in between drug and excipients accured, Mouth dissolving film of Ropinirole Hydrochlaride
containing HPMC E-15 as polymer showed 97.66 % drug release at 30 min. Mouth dissolving films of
ropinirole hydrochloride containing HPMC E-15 showed better tensile strength (70.56 + 0.9 g/mm2),
percentage elongation (33.33 + 2.88 %), folding endurance (168« 2.081 numbers of folds), in vitro

disintegration time (35x 3.511 sec.) and thickness (0.4%= 0.17 mm).

J

Keywords: Ropinirole hydrochloride, Parkinson's
disease, solvent casting method, tensile strength, mouth
dissolving film

INTRODUCTION

Since time immemorial, oral drug administration is
one of the most suitable and commonily accepted routes
of delivery for most therapeutic agents. Conventionally,
oral formulations refer to tablets, capsules and liquid
preparations which are taken orally, swallowed andtransit
through the gastrointestinal tract (GIT) for post buccal
absorption. For the last few years, investigators have
been developing intraoral drug delivery systems (IODS)
that can produce desirable drug exposure for optimum
therapeutic effect. The intraoral formulations include
fast dissolving dosage forms (tablets, films, wafers),
sublingual tablets, buccal/ gingival patches, microparticles,
Periodontal fibres, solutions and sprays, chewing gums,
dry powders, topical gels, topical pastes, bioadhesive
tablets, topical cintments, local injections, dissolvable
lozenge etc and more’.

New developments of orally fast dissolving dosage
form such as the fast dissolving tablet or fast dissolving
films have advantages of ease of dosing and convenience
of dosing in the absence of any fluid and water. Most of
the existing fast-dissolving drug delivery systemsareinthe
form of tablets and designed to dissolve or disintegrate in
to the mouth within a few seconds or minutes, without any
need to swallow or chew. The films overcome the risk of
choking and the development ofa fastdissolving film also
brings an opportunity for a line extension into the market
place; an extensive range of drugs (e.g., neuraleptics,
cardiovascular drugs, antiasthmatic, analgesics,
antihistamines, and drugs for erectile dysfunction have
been developed)?.

Recently, mouth dissolving film (MDF) is one of the
most extensively used marketable product because
of its quick onset of action, fast dissolution, and fast
disintegration in a few seconds’. Therefore Mouth
dissolving film is also widely used as local anesthetics for
toothaches, headache, body pain, migraine, hypertension,
oral ulcers, cold sores and treatment of psychological
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ABSTRACT

Present investigation reports a straight forward method for synthesis of graphene oxide (GO) followed
by fabrication of graphene oxide microsphere (GMS) using water in oil (w/o) emulsification technique.
For colon specific drug delivery, enteric coating is desirable, which was done using Eudragit 5100 and
characterized by Fourier transform Infrared Spectroscopy (FTIR). The surface morphology of fabricated
microsphere was confirmed using scanning electron micrascopy (SEM). Drug loaded microspheres
demonstrated a high payload capacity for model drug tramadol hydrochloride (TmH). The compara-
tive In-vitro drug release showed around 72.37% release from uncoated microspheres, whereas
eudragit coated microspheres retarded the drug release upto 10 h.
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1. Introduction

An inflammatory Bowel disease (IBD) intensifies in many
traumatic conditions such as ulcerative colitis, Crohn’s
disease, amebiosis, colonic cancer, etc. Specifically, IBD is
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most common functional disorder in colon region.!"! Due
to many transportation barriers such as acid reach envir-
onment in stomach, differential pH condition and larger
micro flora in small intestine, therapeutic agent is unable
to reach at the colon site.'”! It seems to be very difficult for
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SYNTHESIS AND CHARACTERIZATION OF THIOLATED GUM KONDAGOGU

AND EVALUATION AS MUCOADHESIVE POLYMER
Patil Ashwin A.*, Patil Ketan B.? and Zawar Laxmikant R.>
(Received 19 December 2018) (Accepted 07 September 2019)

& 2
ABSTRACT
Present work focused on thiolation for enhancing the mucoadhesive potential of Gum kondagogu {GK).
Thiolation of GK was done by esterification process with 80 % thioglycolic acid in presence of 7N HCI.
Thiolated Gum kondagogu (ThioGK) was determined to possess 1.59 +0.04 mmol of thiol groups/g of the
polymer by Ellman’s method. ThioGK was characterized by FTIR, NMR, DSC, XRD, and FE-SEM. The
tablets were prepared by direct compression using 75 mg of ThioGK and GK. Tablets containing ThioGK
(F1) and GK (F2) were subjected to evaluation of weight variation, hardness and friability and show
enhanced disintegration time, swelling behavior, drug release ‘and mucoadhesion. /n vitro drug release
of batch F1 exhibits complete release of drug in 24 hr with zero order release kinetics. Comparative
mucoadhesive strength was studied using chicken ileum by texture analyzer and revealed higher
mucoadhesion of tablet containing ThicGK. From the above study, ThioGK was suitability exploited as

mucoadhesive sustained release matrix tablet.
N

=)

Keywords: Thiolated gum kondagogu, Mucoadhesive
study, Diclofenac sodium, Ellman’s method.

INTRODUCTION

Tree gums are natural polymers and are, in recent
times receiving consideration as biopolymers since they
are non-toxic, inexpensive, simply obtainable, readily
improved, environmentally friendly and biocompatible!'.
in the food and pharmaceutical industry, these natural
polymers have anumber of applications2. Gum kondagogu
(GK) is an important forest produce of Andhra Pradesh,
India, whichis collected by tribals by tapping from the tree
of Cochlospermum gossypiumDC (Family: Bixaceae). GK
is belonging to substituted rhamnogalacturonans class,
whichis an anionic polysaccharide. Itincludes rhamnose,
galacturonic acid, glucuronic acid, B-d-galactopyranose,
a-d-glucose, B-d-glucose, galactose, arabinose, mannose
and fructose with sugar linkage of (1 —2) B-d-Galp, (1-6)
p-d-Galp, (1—4) p-d-Glcp, 4-O-Me-u-d-Glc p, (1-2)a-l-
Rhad. It absorbs a large quantity of water by developing
thixotropic gels and in the course of previous studies,
for it has been discovered as sustained release matrix
tablets*, as emulsifying agents, as a completely green
synthesis of noble metal nanoparticles®, for the green
synthesis of silver nanoparticles with antibacterial
application’, for the mucoadhesive microcapsule

preparation in combination with sodium alginate®,
Modification of release behavior of gum kondagogu has
been executed by carboxylation on gum kondagogu
polymeric backbone®. GK has been used with other
polymers in combination, such as gum olibanum and guar
gum as a mucoadhesive polymer since it alone cannot
promise residence of a drug delivery system (DDs) at the
desired site™. Till date, several drug delivery systems have
been designed using mucoadhesive polymers.

Theadhesive property of these natural polymersis the
cause of their capability to form noncovalent bonds such
as van der Waal's interaction, hydrogen bond and ionic
interaction. But, because of such weak interaction, DDs
cannot remain at a target site for an extensive period of
time*''. This demands the exploration of novel
mucoadhesive polymers. Thiolated polymers have
been show to form a class of novel mucoadhesive
polymers. Various natural polymers suchas karaya gum2,
chitosan'™, pectin'®, xyloglucan's, tamarind seed
polysaccharide', hyaluronic acid” and xanthan gum®
have been improved by thiol immobilization on polymer
to increase their mucoadhesive properties.

In the current study, the chemical modification of
gum kondagogu has been canied out by thiolation. The
characterization of thiolated gum kondagogu was carried
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Fabrication of efavirenz loaded nano-formulation using quality by design
(QbD) based approach: Exploring characterizations and in vivo safety
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ARTICLE INFO ABSTRACT

Keywords: Quality by design (QbD) approach was practically applied in fabrication of nanostructured lipid carrier (NLC)
Efavirenz encapsulating efavirenz (EF) to ensure the quality in product. Initially, risk factors were categorized based on
Nanostructured lipid carrier risk priority number (RPN) using risk identification and assessment taols. A central compasite rotatable design
Q}"’m}f by_‘!e‘“.p‘ (CCRD) was employed to assess the influence of critical process parameter (CPP) (pressure of high pressure
,?:::Zﬂablhw homogenizer) and critical material attributes (CMAs) (combination of solid lipid and oil; combination of sta-

bilizers) on responses such as particle size, dispersity and entrapment efficiency. ANOVA was applied to evaluate
the data for confirmation of statistical significance (p < 0.05). The optimum formulation was decided by setting
criteria of responses to achieve desired quality product. This formulation was subsequently lyophilized to
evaluate solid state characterization. TEM shows spherical particle shape of NLC. The transformation in amor-
phous state of NLC from crystalline EF was observed by DSC and PXRD. Lack of molecular interactions and
intermolecular hydrogen bonding with lipidic atmosphere revealed by FTIR and "HNMR respectively. In vitro
drug release 91.21% was obtained at the end of 24 h with Higuchi-matrix mechanism. In vivo pharmacokinetic
studies improved relative bioavailability 2.95 fold with lower liver toxicity of EF encapsulated in NLC. In
conclusion, QbD based approach clearly proved its usefulness to build quality in product resulting high drug
encapsulated potential nanocarrier to enhance bioavailability and confirms safety of EF-NLC with promising

acceptable criteria.

1. Introduction

Efavirenz (EF) is a leading drug molecule in the regimen of highly
active antiretroviral therapy (HAART) for the treatment of human im-
munodeficiency virus (HIV). Orally active EF was official by FDA in
1998, belongs to the class of non-nucleoside reverse transcriptase in-
hibitors (NNRTIs) mostly prescribed to treat HIV-1 infection {1,2].
However, its pharmacokinetic is unpredictable when taken orally. This
could be due to poor aqueous solubility, low gastro-intestinal (Gi) ab-
sorption and rapid first-pass metabolism disappointing in vivo phar-
macokinetic results [3]. Moreover, it is highly lipophilic (Log P = 5.4,
intrinsic water solubility = 3-9 pg/mL) drug and categorized in bio-
pharmaceutical classification system (BCS) class I (ie. poor solubility
and high permeability) results in low oral bioavailability of 40-45%
[4,5]. The development of hepatotoxicity due to prolong administration
is another increasingly important issue limiting the clinical applications
[6-8].

Therefore, there is necessitate to develop a strategy which

* Corresponding author.

modulates to improve solubility and bioavailability issues of EF. The
few works on such issues have been reported. For example, EF loaded
nanoemulsion improved bioavailability with dosage adjustable for-
mulation for HIV therapy [9]. Nanosuspension containing EF prepared
and characterized B-cyclodextrin (3-CD) based polymeric nanosuspen-
sion (PNS) to enhancé aqueots solubility and dissolution rate as cori-
pared to pure drug [10,11]. The optimized Eudragit E100-Efavirenz
loaded polymeric nanoparticles developed to increase in dissolution,
drug distribution, and bioavailability, which ultimately implies better
control over the therapeutic dosing; and physicochemical evaluation
confirmed the formulation stability of nanoparticles [12,13].

SLNs prepared for lymph targeting delivery system to understand
chylomicron blocking mechanism approach [14], and NLCs engineered
for brain targeted delivery through intranasal route [4]. However, no
reports have been addressed on issues of hepatotoxicity which develops
on prolong oral administration of EF. Therefore, our prime objective
was to develop the EF loaded NLCs to augment biopharmaceutical
properties.
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ARTIECELE INFO ABSTRACT
Article history: With recent progress in inorganic material based nanoplatforms for cancer therapy and imaging, multiple
Received 20 October 2019 e 2 ;

nano vehides have been developed and evaluated. These recent advancements in material science led to
the development of metal organic frameworks (MOFs) and nano MOFs (nMOFs) as the potential and ver-
satile delivery platforms for cancer theranostic. With a vast amount of ongoing research on MOFs, various
surface architectured MOFs for with variable properties have been developed and tested. The concept of
subcellular targeted therapy of cancer has also been employed using MOFs which demonstrated signifi«
cantly enhanced anticancer therapy. These MOFs have been developed in a way to provide them stimuli-
responsive drug release property which can be utilized for externally guided therapy of cancer. Apart
from celtular and subcellular targeted platforms and stimuli-responsive platforms, MOFs have also been
explored in the field of bicimaging and biosensing. Multiple types of biosensing platforms based on MOFs
and nMOFs have been proposed for biosensing of biomolecules related to cancer for sensing and early
detection. The bicimaging probes based on MOFs have been employed for multiple diagnostic platforms.
The review gives the recent updates for the abovementioned topics along with the toxicity aspects of
MOFs for human use. The review overall-gives a detailed overview of research done to date in the feld
of MOFs bascd nanoplatforms for cancer theranostics.

Accepted 19 January 2020

© 2020 Elsevier B.V. All rights reserved.
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Abstract

The development of immaculate etiquette for the green and rapid synthesis of Ag NPs with a natural
reducing agent is the spearhead of the expanding field of nanotechnology. Different scientific fraterni-
ty with novel natural reducing agents has been contributing numerous strategies daily. Though there is
a submerging of many natural reducing agents, still there are plenty of natural precursors remained to
be explored. In this research. we fruitfully attempted the synthesis of silver nanoparticles using agro-
food industrial waste Tamarindus indica shell-husk extract (TSE) as a natural reducing agent. The
prepared silver nanoparticles and their stability in different pH were investigated using ultraviolet-
visible spectroscopic analysis. Morphological characters were examined using scanning electron mi-
croscope (SEM) and transmission clectron microscopy. (TEM) analysis. The structural and clemental
compositions were depicted by Fourier-transform infrared spectroscopy (FTIR) and energy-dispersive
X-ray (EDX) analysis, respectively. Morcover, we emphasized on the molecular mechanism invalving
in the TSE mediated synthesis of Ag NPs. The inherent antimicrobial activity was investigated using
agar plate method against both gram-positive and gram-negative species with gentamycin as a control
standard for comparison.

Keywords: Green synthesis of Ag NPs; Tamarinds shell-husk extract; Effect of pH; One-
pot synthesis; Antimicrobial activity

Introduction

In the recent era, nanobiotechnology has benediction
the advantages of the synthesis of nanostructures
using living organisms such as plant and microbes.
Plant-mediated synthesis of nanoparticles could

.be advantageous over additional environmentally
benevolent biological processes as it eliminates the
process involving toxic chemicals and reactants,
Biosynthetic processes for nanoparticles would

be more expedient if nanoparticles are produced
extracellularly using plants or their extracts and in a
controlled manner according to their size, dispersity,
and shape [1]. Plant-mediated bioclogical synthesis
of nanoparticles is gaining significance due to its
ease and eco-friendliness. Biosynthetic processes
would be more useful if the silver nanoparticles (Ag
NPs) were produced using plants or their extracts in
a controlled approach according to their dispersity,
shape, and size [2]. Although it is a well-known fact

http://Awww.nanobe.org
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Development of amine-functionalized superparamagnetic iron oxide
nanoparticles anchored graphene nanosheets as a possible
theranostic agent in cancer metastasis

Mahesh P, More'? - Prashant K. Deshmukh'®
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Abstract .

The major objective of the present investigation was to assess the targeting potential of a designed system for breast cancer at
metastatic phases with imaging ability. In a nutshell, we have developed surface-engineered graphene oxide (GO) nanosheets by
covalent linking with amine-functionalized iron oxide nanoparticles (IONPs) (GOIOIs). Gefitinib (Gf) was selected as a model
drug and entrapped in between exfoliated GO sheets (GOIGF) via m-7t* stacking before functionalization with TONPs.
Preliminary characterization of GO, IONPs, GOIOI, and GOIGF was performed using UV-visible and Fourier transform infrared
spectroscopy. Scanning and transmission electron microscopy studies confirmed successful surface engineering of GO with
IONPs. The in vitro drug release study demonstrated sustained release of Gf. The magnetic behavior of IONPs and GOIOI
demonstrated a sigmoidal-shaped hysteresis loop with superparamagnetic properties. The in vitro cell cytotoxicity assay was
carried out on MDA-MB-231 breast cancer adenocarcinoma cell lines. The cell cytotoxicity assay showed 61.18% inhibition of
cell growth with 30 ppm concentration containing 64% of the drug, whereas 100% of the pure drug revealed only 56% of
inhibition. In the near future, GOIOI could be tailored further for theranostic research, especially for metastatic cancers.

Keywords Carbodiimide chemistry - Gefitinib - 7-7* stacking - MDA-MB-231 breast cancer adenocarcinoma cell lines -
Magnetic graphene - Drug delivery

Introduction Chemotherapy [2], gene therapy [3], radiotherapy [4], sur-

gery [5], photodynamic [6], photothermal therapy [7], hyper-

Cancer is the most devastating disease in human; one out of  thermia [8], or a combination thereof have been used for the

six deaths is because of cancer, and the estimated death count
may increase up to 13.1 million by 2030. It is the major cause
of morbidity and mortality at present. In females, breast cancer
is the leading site of cancer followed by cancer of the cervix
and uteri [1].

Electronic supplementary material The online version of this article
(https:/doi.org/10.1007/513346-020-00729-0) contains supplementary
material, which is available to authorized users.
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treatment of cancer. Unfortunately, no effective therapy could
successfully eradicate cancer to date. Theranostic
nanomedicine is the latest approach under investigation,
which could systemically provide simultaneous diagnosis
and treatment at a specific site of infection. This could avoid
interaction with normal cells, and only cancer tumor cells get
destroyed using suitable carrier molecules [9]. The survival
rate in cancer patients was dismal from 5 to 15% from devel-
oping to developed countries, respectively. Mutation of cancer
cell specifically in the epidermal growth factor can be charac-
terized to identify 50% of adenocarcinomas [10].

With the emergence of 2D materials, graphene has gained
attention for its use in various biomedical applications includ-
ing cancer. Graphene is an allotrope of carbon in the form of a
single layer of atoms in a two-dimensional hexagonal lattice in
which one atom forms each vertex [11, 12]. There are numer-
ous methods available for the synthesis of graphene oxide
(GO), an oxidized counterpart of graphene such as mechanical
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Robust Analytical Methaod for Iron Estimation by
Experimental Design Approach

Mahendra Ramdas Mahajan, Dipak Dhanraj Patil*
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ABSTRACT

Aim: To perform Iron estimation by UV-Visible spectroscopy using an Experimental design
approach. Objectives: The robust analytical method was developed for the estimation
of iron {lll} using 1, 10-phenanthroline reagent, Methods: The analytical method is an
exploration of the chemical reaction of iron with 1, 10- phenanthroline reagent to form
a colored complex which was measured in the UV-Visible region at 509 nm. To monitor
the effect of diverse factors like the concentration of reagent (A}, volume of reagent
(B), pH (C) and time (D) on the formation of iron 1, 10 - phenanthroline complex the
full factorial design (twao-level) was used. From the Pareto chart, Normal plot and half
normal plot, it was studied that a combination of all factors was initiate to be significant.
Then significant variables are optimized by response surface methodology {RSM) via
Box-Behnken design. The evaluation of design was performed to study the effect on the
selected response by quadratic effects and main interaction effects. The contour plot and
surface plot used for the determined response of the selected factors for their optimum
value, Results: The prime reaction state, Beer's law were obeyed in 2.0-10.0 ug/ml
concentration range with a correlation coefficient of 0.998. Conclusion: The method was
successfully ‘applied for the estimation of iron in iron sucrose injection. The optimized
method was used for the quantitative analysis of iron sucrose injection.

Key words: Iron sucrose, 1, 10- Pheanthroline, Full factorial design, Box-Behnken design.

INTRODUCTION

Iron is necessary for oxidative metabolism, determining situations at which to apply

wournd healing, reproduction, cellular growth,
execution of several metabolic processes.'
Iron is employed in the production of
oxygen-carrying  hemoglobin, myoglobin
and proteins which arc required for the
basic metabolic process in the cell.? Iron
deficiency anemia are the most frequent
forms of nutritional deficiency generally,
anemia is distinct as decrease of hemoglobin
value? It possesses severe health complica-
tions as it causes general weakness, laziness,
ticedness, sub-optimal work performance
and in certain circumstances psychological
obstruction, reduced aptitude and atypical
immune response. Optimization states to

improving the routine of a method, a practice,

or produce to get the highest output from
it. The term optimization has been generally
used in analytical chemistry as a means of

456

a process that creates the best probable
response.”

The experimental design is a statistical tech-
nique utilized for planning, analyzing and
statistical-data obtained from primary inves-
tigational trials. The experimental design
gives exhaustive information from the low-
est numeral of trials. Identihcation of inter-
acting variables characterized the eftfecr of
critical factors, evaluation of the effect of
preparation and system factors on critical
quality attributes.®

The conventional optimization approach,
varying onc varable/factor ar a umc
(OVAT, also called OFAT).” One facror at
a time (OFAT) daes not include interactive
outcomes between the variables deliberate
as a consequence. QOFAT does not include

the comprehensive effects of a factor on
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Abstract

Graphene guantum dots (GQDs), impressive materials with enormous future potential, are reviewed from
their inception, including different precursors. Considering the increasing burden of industrial and
ecological bio-waste, there is an urgency to develop techniques which will convert biowaste into active
moieties of interest. Amongst the varions materials explored, we selectively highlight the use of potential
carbon containing bioprecursors (e.g. plant-based, amino acids, carbohydrates), and industrial waste and its
conversion into GQDs with negligible use of chemicals. This review focuses on the effects of different
processing parameters that affect the properties of GQDs, including the surface functionalization,
paradigmatic characterization, toxicity and biocompatibility issues of bioprecursor derived GQDs. This
review also examines current challenges and the ongoing exploration of potential bioprecursors for
ecofriendly GQD synthesis for future applications. This review sheds further light on the electronic and
optical properties of GQDs along with the effeas of doping on the same. This review may aid in future
design approaches and applications of GQDs in the biomedical and materials design fields.

Keywords: bioprecursor, quenching, GQDs, graphene, functionalization of GQDs, hetero-atom doping,
fluorescent material

(Some figures may appear in colour only in the online journal)

1. Introduction one of the most celebrated and fascinating *wonder mater-
ials’ and is investigated by many branches of science, The
‘With recent advancements in materials sciences and advanced graphene family includes graphene, graphene oxide (GO),
materials, research on the cost of the effective synthesis reduced graphene oxide (rGO) and graphene quantum dots
of matcrials has gained a lol of allention. Graphene i (GQDs). Graphene-based nanomaterials generally exist as
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Central composite design-based optimization of lopinavir vitamin E-TPGS
micelle: In vitro characterization and in vivo pharmacokinetic study

Hitendra Shaligram Mahajan®, Payal Hasmukhlal PatilP+
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ARTICLE INFO

ABSTRACT

Keywords:

Lopinavir

Vitamin E-TPGS
Bioavailability enhancement
Central composite design

This study was aimed at formulating Lopinavir loaded Vitamin E-TPGS micelles to enhance its oral bioavail-
ability. Lopinavir is.an HIV-1 protease inhibitor with low aqueous solubility leading to poor oral bicavailability
and thus frequent dosing. Drug loaded micelles were fabricated using thin film hydration technique and opti-
mized by two-factor five-level central composite design. For this purpose independent variables selected were
TPGS to drug ratio and rotational speed of rotary evaporator, whereas dependent variables chosen were particle
size and % entrapment efficiency. The effect of an independent variable on the dependent variable was studied
by generating a quadratic polynomial model. Results of in vitro characterization showed that prepared lopinavir
micelles exhibited particle size 91.71 nm, polydispersity index 0.129, zeta potential —24.8 mV, entrapment
efficiency 99.36 = 1.06% and drug loading 20.83 * 1.23%. Results of DSC and P-XRD evaluation revealed that
drugs were successfully encapsulated inside the Vitamin E-TPGS micelles. In vitro release studies displayed
enhancement in drug dissolution as a result of its loading into micelles. TEM images showed that micelles were
spherical. On oral administration of lopinavir micelles; the relative bicavailability was boosted by 3.17 folds
compared to lopinavir suspensions. Thus, we can conclude that TPGS based micelles possess the prodigious

potential to overcome the challenges of current HAART therapy.

1. Introduction

Based on statistics given by the Joint United Nations Programme on
HIV and AIDS of the year 2018, nearly 3.79 crores individuals globally
are surviving with HIV/AIDS. Out of these 18 lakhs were children of
less than 15 years of age. With a rate of 5000 new infections per day
about 17 lakhs people universally newly developed HIV infection [1].
Human immunodeficiency virus also abbreviated and commonly
known as HIV is a lentivirus. It causes HIV infection which ultimately
causes AIDS (Acquired Immunodeficiency Syndrome). AIDS is a con-
dition where the human immune system progressively fails allowing
life-threatening opportunistic infections and cancers to conquer the
body. It is estimated that normal lifetime post-HIV infection is 9-11
years, based on the HIV subtype [2]. Therefore, an HIV patient needs
constant antiretroviral therapy throughout life. This regimen of anti-
HIV medication is commonly known as HAART (Highly Active Anti-
Retroviral Therapy), which includes a combination of three or more
different antiretroviral drugs. Although a complete cure for HIV does
not exist, this treatment slows the progression of the virus in the body

by reducing the viral titer in body fluids [3]. Thereby conserving the
immune system strength and averting opportunistic infections that may
cause death [4].

Lopinavir (LPV) is chemically designated as (28)-N-[(18,38,45)-1-
benzyl-4-([(2,6-dimethy} phenoxy)acetylJamino)-3-hydroxy-5phe-
nylpentyl]-3-methyl-2-(2-oxotetrahydropyrimidinl  (2H)-yl) butana-
mide. It is an integral part of the HAART program. But LPV suffers a
major drawback Le., poor bioavailability due to its poor water solubility
and cytochrome P450 as well as P-glycoprotein efflux mediated hepatic
first-pass metabolism [5].Thus it is used in combination with ritonavir
with the trade names Kaletra® and Aluvia®. Therefore there is a need to
develop antiretroviral drug formulation with enhanced bioavailability
to improve HAART therapy. Lopinavir and ritonavir both are anti-
retroviral drugs that are used in combination. Ritonavir is just used as a
booster dose for other protease inhibitors and does not have significant
antiretroviral activity against HIV and hence it is not prescribed for
treatment now a day. It just helps to enhance the bioavailability of
Lopinavir. Since after loading into nanocarrier bioavailability of Lopi-
navir will get enhanced significantly therefore there is no need to use

* Corresponding author at: Department of Pharmaceutics and Pharmaceutical Technology, R. C. Patel Institute of Pharmaceutical Education and Research, Near

Karwand Naka, Shirpur, Dhule, Maharashtra, India.
E-mail address: pharmapayal@gmail.com (P.H. Patil),
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ARTICLE INFO ABSTRACT

Keywonds: Fluorescent carbon-based nanomaterials such as carbon dots (CDs) and graphene quantum dots (GQDs) owing to
Graphene quantum dots their high aqueous solubility, stable photoluminescence and good biocompatibility are showing greater interest
Carbon dots in sensing of biothiols. Biothiols mainlty glutathione (GSH), cysteine (Cys), homocysteine (Heys), considered to
SEIROE, be an important tool in the clinical diagnosis of many disorders and diseases. Therefore, the development of new
St probes has fascinated considerable atention since they are simple, seasitive, rapid and cost effective. Although
g::m?ﬂﬂm conventional sensars have been designed and widely applied in bicthiols determination, but unfortunately they

present many limitations and challenges. In this review, we provide a focused outlinc on the most recent de-
velopments concerning fluorescent based CDs and GQDs nanosensor for detection of biothicls. The most im-
partant reaction mechanisms and strategies for detection of biothiols were outlined and compared in terms of
their sensitivity and selectivity against different biothiol species and other interfering substances viz. metal jons,
amino acids, etc. Future research and challenges in designing of fucctionalized €Ds and GODs are discussed and

elucidated.

1. Introduction

Nanomaterials are the candidates responsible for making break-
throughs in nanotechnology. Over the last two decades, a variety of
nanomaterials have been found and evolved as, CDs and GQDs.
Quantum effects provide unique features to these nanomaterials when
the size of 3 material reduces to the nanometer range, which failed to
predict at macroscopic or microscopic level. As a result, these nano-
materials enhanced the capabilities of researcher to focus on sensing of
a variety of materials which could not have been possible with other
conventional materials {1]. Nanoparticles are always atributed with
the novel praperties irrespective of origin [2]. Evolution of the unique
physical, chemical and electronic properties at the nanoscale forms the
essence of the various applications of nanotechnology [3].

The interplay between the nanomaterials and biofogical systems for
human health concern is of special significance, especially for the CDs
and GQDs which have diverse imaging and sensing applications.
Biomedical research has become extremely important from past two
decades due to human health concern. Biosensing includes qualitative/
quantitative recognition of a specific type of analytes by characterizing
spectroscopic, electrochemical and photoluminescence behavior of the
systems. Most prominently, various biomolecules viz. proteins, nucleic
acids, enzymes and chemical analytes e.g., organic metals, inorganic

* Correspending author.
E-mail address: rxpatilpravin@yahoo.co.in (P.O, Patil).

hitps://doi.org/10.1016/].microc.2020.1 05011

metals and sugars that help in monitoring the biochemical processes
can be detected.

1. Fluocrescent nanomaterials

Fluorescent nanomaterials viz. CDs, metallic nanoclusters, silicen,
metallic nanocomposites, and GQDs immensely revolutionized the field
of biosensing and bicimaging {4], however promising CDs {5] and
GQDs [6] are attracting increasing attention owing to their high aqu-
eous solubility, low cytotoxicity, stable photoluminescence and better
biocompatibility.

1.2. Graphene quantum dots (GQDs)

In recent years, GQDs have gained considerable interest in biosen-
sing and cell imaging applications with other potential applications in
diverse areas of the medical and pharmaceutical field [7] owing to their
distinctive and remarkable quantum confined electronic state and un-
ique edge structure effect, physicochemical properties [8], fascinating
optical properties, high photostability, non-toxicity, biocompatibility
and panometer lateral size [9]. GQDs exhibit excellent photo-
luminescence properties that can be influenced by structural defect and
surface functionality such as heteroatom doping [10].

Received 20 Pebyuary 2020; Received in revised form 7 May 2020; Accepted 7 May 2020
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Abstract: Aims and Background: The objective of the, §ﬁad was to improve the bioavailability of
poorly soluble repaglinide (RPG) by preparing nanosuspernision with poloxamer 188 using high pressure
homogenization (HPH). The recent patents on nanocrystals (US20150337006A1) facilitated selection of
drug and polymer. s T W

Methods: Suspensions containing dissimilar‘m d particles were prepared by ultrasonication and HPH.
The prepared aqueous suspensions were Iyophilized and then characterized. Further, the dried agueous

suspensions were evaluated for drug content, solubility, ir vitro dissolution, oral ljiéa;_\}a'iig{&;ﬁw study »
and stability study. PR % 3
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Results: RPG nanoparticles size; polydispersity index (PDI) and zeta poténtial were found to be 280.8 +
15 om, 0.279 + 0.04 and - 25,81 +1.6mV, respectively. DSC and XRD'results showed that RPG parti-
i DRt - les i aqueous suspensions:were present in a crystalline state; however,:RRG nanoparticles exhibited
\ decreased laitice cn"étgy’!ine ba smaller particle size. Nanaparﬁclgsj.p;i;pared by HPH exhibited signifi-

g.

V

% cant improvementsin solubility and dissolution rate. Oral bioavailability was found to be enhanced by
O 1.93 fold in comparison with that of plain RPG. The nanosuspéiision was found to be stable when stored
5 at 5°C + 37 ; "
= Conclusion: The'outcomes of the study revealed ﬁgmﬁcmt enhancement in dissolution rate and oral
o bioayailability of RPG due to size reduction to nano range by HPH.
:E Keywords: Repaglinide, ného‘sgsﬁ%nsion, high pressure homogeniza on, solubility enhancement, dissolution rate enhance-
J ment, oral bicavailabili ﬂh@gcément. '
e [ INTRODUC%‘I,_O and Eecondary failure of the existing antidiabetic compounds
NG e, | 3 i " "% [4]. The blood glucose lowering mechanism by RPG in-
5 & B:oavadaflzzwhg anld xsie.cgimg:urat;gov?m? thf" ‘h?g‘.“’-_;,;- volves binding to a receptor site different from that of sul-
= i succetsﬁ%; L%ﬁpour; 50 Ea 2 f’ : 15?0 uponbls %l;ﬁ,mgs i fonylurea and stimulating the release of insulin. Poorsolubil-
s . Vo o pamacdlonical aion RASRIGING. - o Cut o n ot and varable Bivavaslah iy GEREG fa
3 muclgatigngb 3 puion °.f the drug i sysm‘ﬁ,%‘%‘%".“ {1 a constraint for good therapeutic prospective [2]. High inter-
/gu?: £ g?tg;t;gpsmhge gr O:*?fem§£§-a§ﬁ"g;%i“g‘5‘?dln the dividual inconsistency in plasma concentrations in clinical
S %ﬁeﬂt;:e%sx d: ;.f - l:r ;;2 a? tod %ﬁﬁm Ao ?ngim trials has been shown by RPG [5-7]. Dissolution rate and
A v o e b g s RPne po¢_>rly e bioavailability enhancement of RPG is thus, a valued tactic
b} drugs. Absorption of poorly water solubledrugs in the gastro foc iitipicoving iis tharabebns cios
intestinal fluids is governed by the dissolution rate of such FROVIE e s
3 drugs. Improvement in the solubility and dissolution rate of Dunng last 2 decades, a novel tool for_decreasing r:irug
s poorly soluble drugs thus improves the oral bioavailability. particle size has been established. Pure solid dﬁ?d particles
. inide (RPG) i aGeis S s with a mean particle size below 1 pm are ca as drug
. Regaghmde ( : ) is a meglmmde derivative aimed at nanocrystals. Nanosuspensions are the liquid dispersions of
} managing type 2 diabetes mellitus [2’. 3], RPG was devel- the drug nanocrystals stabilized with surfactants or polym-
¢ mch ) ik i ";i‘"ng ! ‘hsiﬂ;e ﬁ;’gﬂ eric stabilizers [8]. Enhanced bioavailability is attained by
F S00T 23 Wypoglycemm, cardiov, 9 » nanosuspensions by improving the saturation solubility and
- - g
dissolution rate of poorly soluble drugs [9]. Drug nanosus-
1 *Address correspondence to this author at the Department of Pharmaceutics, pensions can be prepared by top down process, bottom up
. H R Patel hs!(ﬁxg 402‘- Wﬁ] mg&-;%n; Research, Karwand  process and the combination of these two processes.
X Naka, Shirpor 5, India; Tel: 91 > Amongst these technologies top down process involving
> Eomml: shiwetzavuc @emeii sotn HPH is commonly used because of the lack of organic sol-
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ABSTRACY

Current study was aimed to validate traditional claim of Tamra bhasme (T8} as an antinflam
anti-inflammatory activity of
characterised by some traditional and modern parameters including scanming clectron micro
analysis {EDAX)

matory agent by investigating the preclinical

scopy (SEM), energy dispersive x-ray

Subsequently, its anti-inflammatory activity was evaluated in

complete Freund's adjuvant {CFA) model. The % inhibition of paw oedema and granuloma
tissue, blood and tissue related pharmacological evaluati
of anti-inflammatory activity. The SEM, EDAX and XRD con

ons were performed for assessment
firmed presence of nanoparticulate

AETI
Rec
Acgeplt

T8 nitially, TE was
KEYWQORDS

Tamra bhasma; anti
inflammatory activity:
physicochemical
characterization; Ayurvedic
Bhosmas: preclinical activily

and X-ray diffraction (XRD).
carrageenan, cotton pellet and

copper as its sulfide or oxide form in bhasma. The changes produced by carragecnan and CFA

in animals were reversed significantly in

introduction

The growing recognition of Ayurveda worldwide in
attention of budding
as well as patients from modern medicine

recent years has drawn the
researchers
1o alternative therapies. Blusmas (incinerated ash) are
unique metal/mineral/herbal based ayurvedic medi-
cines that have been used to treat numerous chronic
ailments since ancient times without any toxicity.
Adopting unique set of procedures namely Shodhan
(purification)s removal of toxicity and Maran (in¢in-
eration); produces ash [ 1] which is a key to satety and
maximum therapeutic effect of biasnuas. Although
bhasmas have been used in clinical practice since
ancient times, their use is limited in the present era
because of safety concerns [2]. In this regard, several
recent studies proved they are nontoxic upto certain
doses [3,1]. Furthermore, preclinically bhasmas pos-
sess haematinic [5], antidiabetic [6], anticataleptic,
antianxicty, antidepressant 7] activities.

Tamra bhasma (TB) is an ash of metallic copper.
According to the ancient literature, TB is used to cure
Pandu (anaemia), Udara (ascites), Svasa (asthma),
Amlapitta (hyperacidity), liver disorders, old-age dis-
orders, leucoderma, arthritis [8), Sotha (inflamma
tion) and Sula (pain) [9]. Several biological studies
also reported that it have antihyperlipidemic [10].
free radical-scavenging [11] and hepatoprotective
activity [12]. ;

To date, only two bhasmas, namely Muktashoukti
[13] and Raupya [14] reported to possess anti-

CONTACT Piyush S. Bafna € plyushialna2dssediffmail cam
Rescarch, Karwand Naka, Shitpur, Dist-Dhule 425405, Maharashira, tadia
.~ J018 Informa UK Limited, 1fathng a5 Taylor & Francs Group

T8 treated animals throughout the study. The results
suggest that 78 has 2 potential anti-inflammatory activity.

inflammatory activity. Copper is well known for its
property stated in many boaoks
to ancient cultures of India, LFgypl and

anti-inflammatory
belongs
China [13]. Several published reports suupested that

copper has auli inllammatory properties (151 T and
copper complexes of non-steroidal anti-inflammatory
drugs (NSAIDs) preclinically exhibit enhanced anti-
inflammatory activity and improve gastric protection
[18,19]. As available literature supports anti-inflam
matory claim of copper, ils biological evaluation
he current study focused
I'B 1o check s

needs to be performed.
on pharmacological evaluation of
anti-inflammatory activity.

Materials and methods /
Drugs and chemicals

TB was procurced from Baidvanath,
CEA and  A-Carrageenan  were purchased from
Sigma Aldrich. Rat TNEF-a and IL-1p ELISA kils
were procured from Krishgen Biosystems, Mumbai,
India. All the other chemicals utilized in the study
were of analytical grade.

Nagpur, Indi

Preparation, doese, 4 of T8

The study doses of T8 were caleulated from its speciiied
clinical dose (60- 120 mg/day) as per Paget and Barnes,
1964 [20]. The therapeutic equivalent dose (TED) for
animal is 5.5 mg/kg. Other study doses were 2.25(TED/

e
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Controlled synthesis of blue luminescent graphene quantum dots from r.y
carbonized citric acid: Assessment of methodology, stability, and Bt
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HIGHLIGHTS

® Carbonized Citric acid forms self assembly structure at controfled condition.

* Graphene Quantum dots (GQDs) demanstrated efficient and stable fluorescence.
© GQDs bas high lominescence at variable pH and Temperature.

® Reproducible fluorescence for prolonged period of time at ambient temperature.

ARTICLE INFO ABSTRACT

Keywords: The present mvestigation deals with a comparative assessment of various techniques for the synthesis of blue
Graphene quantum dots luminescence Graphene Quantum Dots (GQDs) using various equipments like fumace, domestic microwave
Scicntific eicrovmer synthesiser and scientific microwave synthesiser using citric acid as a precursor. A bottom-up method was
Dlue huminescence adapted to develop photojuminescent (PL) GQUs and assessed for Juminescence intensity of GQUs at different
Auuenns Syathegis environmental conditions. The methodology requires very less concentration of NaOH to disperse GQDs. The
present approach is advantageous over other conventional organic solvent mediated synthesis, as it requires Jess
time, easy to reproduce and disperse in water, furthermore it produces stable fluorescence for a longer period of
time at amblent tempersture conditions. The synthesized GQDs are primarily characterized by UV for detection
of the fluorescence intensity and simultanecusly UltravioleVisible (UV-Vis) spectroscopy and Fourier
Transform [nfra Red (FTIR) Spectroscopy to assess the up conversion from the precursor molecule. Apart from
these techniques, Particle Size and Zeta Potential, Scanning Electron Microscopy (SEM), Elemental Analysis
(EDX), Raman Spectroscopy and Fluorescence spectrophotometry were used to characterise synthesized GQDs.
1. Introduction The demand of nanomaterials has increased in recent years, due to

From last few decades when the nanotechnology starts exploring at
the edge; becoming a new area that represents small sized materials,
structures, devices, and systems. Nanometer scale size ranging between
1 and 100 nm is considered the most promising application in nano-
medicine and other technical approaches [1]. Novel technical aspects
can be possible with help of Nanomaterials to produce an efficient
system with wide range of applications such as drug delivery systems;
performance based medical devices, diagnostic materials, ete. [2,3].

* Corresponding author.
. E-mail address: pkdesh@rediffmail.com (PX Deshmukh).

https://doi.org/10.1016/j.matchemphys.2018.08.046

going to increase day by day with varying its phases or in different
types of areas such as catalysis, biomedical, drug delivery and many
more areas are still exploiting. Few of these materials includes the
carbon-based luminescent nanomaterials (CLNMs), carbon quantum
dots (CQDs) [4], nanodiamonds [S], Carbon nanotubes (CNTs) frag-
ment and surface fumctionalized CNTs [6,7], Graphene guantum dots
{GQDs) to name a few, are exploring more due to low toxicity, high
luminescence, robust material, chemically inertness and ease for

Received 8 September 2017; Received in revised form 28 May 2018; Accepted 19 August 2018
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Fabrication and In-vitro Drug Release
Characteristics of Magnetic
Nanonanocellulose Fiber composites
for efficient delivery of Nystatin
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Abstract

In the present study, one pot fabrication process was used for the synthesis of magnetic nanocellulose fiber composite
(MCFNCs), wherein In-sifu co-precipitation methodology contains reaction of iron with ammonia in controfled temperature
environment and cellulose fibers acts as a capping and stabilizing agent. The crosslinked cellulose fibers helps to dissociate
Fe ions and avoid aggregation during the nucleation stages. The Nystatin (Nyst) was used as a model drug for studying the
release characteristics of MCFNCs. The preliminary confirmation was done by comparing the FTIR specira of synthesized
MCFNCs with its precursor. The fabricated MCFNCs was characterized by X-ray Diffraction, Vibrating Sample
Magnetometry, Particle Size, etc. The surface morphology and intemal structure were identified by Scamming and
Transmission Electron Microscopic observation of respective samples. It shows porous aggregated structure of synthesized
nanocellulose, BET surface area and BJH pore size was determined simultaneously and found to be 13.42 m%g and 104.48 A
respectively. Due to the porous nature of nanocellulose fiber, it has high loading capacity i.e. around 17.8% amongst porous
material category. In-vitro drug release characteristics of Nyst loaded MCFNCs compared fo pure drug showed sustained
deliver for up to 8h time period The Antifungal activity was evaluated on Candida Albicans and showed prominent
inhibitory activity. The biocompatible nature of synthesized nanocomposites obtained from the natural nanocellulose fiber
has a huge prospective in magnetically guided drug delivery in various parasitic diseases and have a potential of biomedical
applications.

Keywords: Nanocellulose Nanofiber, Nanocomposites, Antifimgal Activity, Controlled Release, Drug Delivery System

: composites find more promising application as antifungal
L Introduction and antimicrobial activity when studied in combination with

Nanocellulose based fibers containing lron oxide Silver manoparticles [3, 4], agents for a hyperthermia based
composites have gained significant interest in recent years KNG of parasites [S], drug delivery [6], vectors for

due to interim potential pharmaceutical and bio-medical
applications by virtue of their biocompatibility and
biodegradability [1, 2]. Nanocellulose based magnetic

magnetically-assisted active targeting in diseases such as
cancer [7, 8], etc. The impressive characteristics of
nanocellulose fibers have increased its relevance in different
fields due to high specific surface areas and aspect ratio
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Development of graphene-drug nanoparticle based supramolecular self
assembled pH sensitive hydrogel as potential carrier for targeting MDR
tuberculosis
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ABSTRACT ARTICLE HISTORY

The Mycobacterium tuberculosis (MTB) resides in mononuclear phagocytes (macrophages) hence Received 2 August 2018

selective targeting at the molecular level using Graphene Oxide (GO} Air Dried Hydrogel (ADH) is ~ Accepted 3 December 2018

investigated in present investigation. The GO has capability to form supramolecular seff assembly, . oone

due to 1 - # stacking and hydrogen bonding interactions between surface groups of GO and  Tybereulosis; macrophages;

oppositely charged drug molecule in presence of water. The hydrogel was fabricated using GOand  sypramolecular hydrogel;
Para-aminosalicylic acid (PAS) in solution phase. The fabricated hydrogel was lyophilized to obtain antitubercular activity; para

air dried hydrogel (ADH). The ADH showed potent antimicrobial activity and in-vitro cytotoxicity  amino salicylic acid;

against 5. Aureus and E. Coli, and MCF —7 cells respectively. The Alamar blue assay demonstrated the Cytotaxicity

invasive characteristics of ADH in MTB (H37Rv). From the results obtained so far we lead to conclude

that ADH is more invasive compared to the equivalent amount of pure PAS.

introduction forming aerobic bacterium [7]. In 1993, World
Tuberculosis (TB) is contributing major cause of Health Organization (WHO) declared that TB is

Faith healtt i ; a global threat for health community [8].
w: am?ni gstigiorbal of tpl::PpIﬂ::to;nin:yttnﬁuil; ‘Super Carbon’ denotes the potential applications
about 30% of the global population are affected with o_f Graphene, It 1s aue-aro thick: hoasyenob lat
TB. The world wide di burden comprises maj tice structure, two-dimensional (2D) sheet of car-
£ morbidi d R J bon atoms and is considered as the potential
e s o .mnnahty s sentedso TRk revolutionary material with electronic potential of
S Chrmmwus [3], airborne [4], proto- zero band gap semimetal [9]. Graphene Oxide

i[5 iritory bactecial infecs i

zpcfug ;‘; i of::a ped,ry bl | ﬂm::c:fn' ;Iz (GO), also known as graphitic acid, was discovered
2 Lo long time back [10]. The GO has large number of
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Eco-Friendly In Situ Fabrication of Reduced Graphene Oxide Gold

Nanocomposites for Catalysis and Dye Degradation’
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Abstract—The invention represents a development of robust eco-friendly method use for water waste man-
agement and polluted water. The inadvertent role of peanut peels extract helps to simultaneously convert and
form reduced graphene oxide gold nanocomposite (rGO@AuNCs) in single step. Fabricated nanocomposite
was evaluated for its catalylic performance using reduction of 4-nitrophenol to 4-aminophenol as well as
elimination of methylene blue (MB) and malachite green (MG) dyes from water. Graphene oxide {GO) and
rGO@AuUNCs, were synthesized using simplified approaches and preliminary characterization was done
using UV—Vis spectrophotometer and Fourier transform infrared spectroscopy. Least concentration of
rGO@AuNCs is required to eliminate MB and MG around 77 and 93%, respectively. Furthermore, surface
morphology and elemental analysis of rGO@AuNCs confirm successful fabrication methods as well as X-ray
diffraction pattern confirms the crystalline behavior of nanocomposite. The study illustrates an environment-
friendly and cost effective in situ fabrication rGO@AuNCs from industrial agro waste for an environmental
remediation.

Keywords: graphene oxide, industrial-agro waste, methylene blue, malachite green, 4-nitrophenal, environ-

mental remediation
DOL: 10.1134/5003602441813023X

INTRODUCTION

Single-laycr of graphenc oxide (GO) is usually pro-
duced by the chemical oxidation of graphite, which is
a harsh chemical reaction in presence of H,80, and
KMnO,. Exfoliated graphite forms a stable dispersion
in water and different organic solvents such asethanol,
dimethyl sulifoxide, etc. [1]. A synthesized material at
nanoscale shows enormous structural and functional
properties. These advancements in nanotechnology
deals with the exploration and exploitation of nano-
materials with their synthesis, characterization, evalu-
ation, etc. [2]. Conventional compositec materials
unable to show such efficient properties thought the
nanocomposite owing to their unique desirability and
surface, structural properties shows significant prog-
ress in 21st century. The significant aspect for explor-
ing the research of the graphene-based nano compos-
ites is the yearning to combine the promising proper-
ties of graphene with other fundamental
nanomaterials [3]. Applications and recent needs of
energy and environmental remediation approaches as
well as to check the possibilities attension has been

! The article is published in the original.

made towards fabrication of graphene based nano-
composites [4].

Metal nanoparticles—graphene nanohybrid sys-
tems become highly important in catalysis and dye
removal because of their large surface area, high elec-
tronic transport capacity and extraordinary chemical
stability [5]. The interest in the use of graphene-based
materials in the field of catalysis is due to the activity
and stability of graphene-based catalysts through tai-
loring its structures/morphologies, catalytic perfor-
mance, and design for synthesis, catalytic mechanisms
[6]. Textile industries are using dyes in larger amount
and their wastage is also been increasing, synthetic
dyes are less costly but produces toxicity to aquatic
animals and humans. The rate of degradation of dyes
is much slower due to complex chemical structure and
difficult in decomposition. Several methods have been
reported previously for the treatment of dye bearing
effluents, but they are generally inefficient for the
complete removal of dyes. Adsorption and remeval of
dyes using metal nanoparticles—graphene nanohybrid
is the method of choice for the treatment of waste
water [7].

Peanut (Arachis hypogaea) is an important food
crop grown in over 100 countries with a total produc-
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ABSTRACT ARTICLE HISTORY

The present investigation emphasizes on synthesis and characterization of thiol functionalized Received 28 Naovember 2018
reduced graphene oxide (TrGO) as a novel platform for loading of anticancer drug methotrexate  Accepted 14 March 2019
{TrGO-MTX], through amide bonding. Thiolation of graphene oxide (GO} was achieved by transes-

terification process. The introduction of sulfur containing chemical groups and the partial reduc-  KEYWORDS

tion of GO to TrGO were proven by analytical techniques. Thiol content was found to be 698mM 0 m'mﬂ"e

by Ellman's method in a quantitative manner. Furthermore, antineoplastic action of TIGO-MTX % ihecion: mucociliary
against human glioblastoma astrocytom U-373 MG cell line was studied, wherein TIGO-MTX dem  (earance; thiolation
onstrated significant inhibition rate as compared with pure MTX.

GRAPHICAL ABSTRACT
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ARTICLE INFO ABSTRACT
Keywords: Surface plasmon resonance (SPR) offers exceptional advantages such as label-free, in-sitt and real-time mea-
Surfaozplmw surement ability that facilitates the study of molecular or chemical binding events. Besides, SPR lacks in the
detection of various binding events, particularly involving low molecular weight molecules. This drawback
fﬂﬂmmﬁbﬂm ultimately resulted in the development of several sensitivity enhancement methodelogies and their application
:ﬁ‘:’wd’m in the various area. Among graphene materiaks, graphene-based nanocomposites stands out owing ta its sig-
Na g nificant propertties such as strong adsorption of molecules, signal amplification by optical, high carrier mobility,
electronic bridging, ease of fabrication and therefore, have established as an important sensitivity enbancement
substrate for SPR. Also, graphene-based nanocomposites could amplify the signal generated by plasmon material
and increase the sensitivity of molecular detection up to femio to atto molar level. This review focuses on the
current important developments made in the potential research avenue of SPR and fiber optics based SPR for
chemical and biological sensing. Latest trends and challenges in engineering and applications of graphene-based
nanocomposites enhanced sensors for detecting minute and low concentration biclogical and chemical analytes
are reviewed comprehensively. This review may aid in futuristic designing approaches and application of gra-
pheneous sensor platforms for sensitive plasmonic nano-sensors.
1. Introduction electrochemical and other methods (Merwe, 2001). The SFR phenom-

enon occurs in between the metal surface of sensorgram with specific
molecule recognition element and a medium either vacuum/air or li-
quid. Whenever there is recognition of the particular molecule specific

From its inception, surface plasmon resonance (SPR) technique
plays a prevailing role in the field of optical sensors. The SPR has

evolved from a moderately impenetrable physical phenomenon to an
optical too} that is widely used in chemical and biological investigations
(Slavik et al., 1999; Yamamoto, 2008; Zeng &t al., 2014) to study the
binding events between two molecules of interest. Since its first inter-
vention in 1990 by a Biacore group (GE Healthcare), the technology has
established exponential growth in the last years, which is evident from
the increase in the nramber of publications as well as the naumber of the
methodology developed, till 2019, total of 24,148 papers are published
as per PubMed search database (Fig. 1).

SPR technigue is advantageous in terms of an in-sity label-free
methodwitheconomical and ease of fabrications as compared with the

Oarmpoodmg author.
E-mail address: rxpatlpravin@yahoo.co.in (P.O. Pail).
1 These authors contributed equally as first authors.

hrps://dol.org/10.1016/].bios. 2019.111324

to the site/scaffold/receptor of this element, it results in the change of
the surface of the metal, causing an angle shift as shown in Fig. 2(i).The
shift resulted due to the changes in the refractive index (RI) at the
surface of the metal. A usual SPR sensor either works in the angular
interrogation mode or the wavelength interrogation mode. At the re-
sonance wavelength or angle, the dispersion relation of the incident
light matches with that of the surface plasmon, at which the reflectance
shows a dip as seen in Fig. 2 (ii). The reflectance dip is attributed to the
transfer of energy possessed by the photons incident to the surface
plasmon and is more sensitive to the changes in the dielectric medium
adjacent to the sensor surface (Ekgasit et al., 2004; Vasi¢ et al, 2013).

Reveived & March 2019; Received in revised form 1 May 2019; Accepted 12 May 2019
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