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Abstract

Compared to conventional drug delivery systems (DDS), which show side effects due to uncontrollable properties of drug
release, and nonspecific bio-distribution, smart DDS provide a regulated release for prolonged time and improve therapeutic
efficacy. On the other hand, tissue engineering (TE) uses a combination of cells and ideal physicochemical and biochemical
properties to renew different types of biological tissues. Both cases require an excellent polymer excipient to achieve
controlled release of therapeutic agents to provide the correct matrix for cell proliferation. Besides the choice of polymer, the
correct polymer excipient design should also be considered which demands the need for nanotechnology. Nanofibers
fabricated from natural polymers are versatile due to their properties favorable for usage as scaffolds for TE, gene and drug
delivery. Gelatin has been thoroughly looked into for biomedical applications because of its inherent biocompatibility,
biodegradability and non-toxicity. In this review, we have focused on the potential of gelatin biopolymer-based nanofiber

matrix in the application of DDS and TE.
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1. Introduction

Drug Delivery Systems (DDS) are used to regulate and target
the release of therapeutic compounds while reducing side
effects. DDS enhance therapeutic efficacy by enhancing their
absorption, distribution, metabolism, and excretion (ADME)
profiles.lt Conventional DDS are formulated for short periods,
need repeated administration and display adverse effects due
to disorderly release, nonspecific bio-distribution and rapid
drug absorption.[*? During uncontrolled drug administration,
the drug release could reach extreme toxic levels leading to
overdose, or insufficient amounts of drug uptake.l! As
biomedical nanotechnology has evolved over the past few
decades, conventional DDS have advanced into smart or novel
DDS with stimuli-responsive properties.! These are designed
to provide controlled drug release for prolonged times and
improve therapeutic efficacy, which is achieved by selectively
and specifically binding to the disease target.! Two types of
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stimuli-responsive DDS: (i) self-regulated and closed-loop
mechanisms which identify modulations in temperature,
concentration or pH, that instigate or adjust the rate of release
of the substance (ii) systems that regulate drug release as a
result of external stimuli like light, magnetic or electric fields
which provide sustained drug release when triggered
externally.*®  Tissue  Engineering (TE) involves
transplantation of cells, development of bioartificial tissues
and promotion of endogenous regeneration.[® TE applications
include tissue adhesives, scaffolds, sutures for tissue
regeneration, and non-permanent tissue barriers. Porous
scaffold biomaterials combine with body cells, behave as
regeneration templates for damaged tissues, and direct the
development of newer tissues.”l Bone, skin, skeletal muscle,
neural tissues, cartilage, tendon, vascular tissues and ligament
are scaffolds used in tissue repair. [

Polymers help provide modulated release of therapeutic
agents in sustained doses for prolonged times, repeated dosage,
and adjustable hydrophilic and hydrophobic release of drugs.[!
Due to the numerous advantages of natural polymers used in
the fields of DDS and TE, there is a vast amount of ongoing
research which is being reported regularly.'®] The drug
carriers used in polymeric DDS can be hydrogels, nanofibers,
microspheres, nanoparticles, liposomes, phytosomes,
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pharmacosomes, niosomes, transfersomes, ethosomes, and
proniosomes.! Nanofibers display ideal properties such as
structural similarity to Extracellular Matrix (ECM),*? porosity,
adequate cell adhesion, mechanical and physical properties,
high efficiency of encapsulation, and high drug loading
capacity. They are, therefore, used in drug delivery,
regeneration of tissues and dressing of wounds.[*® Their small
diameter resembles the ECM fiber size scale that allows them
to be utilized as biomimetic scaffolds, high surface area to
volume ratios and rates of protein adsorption are ideal for drug
loading and cell attachment.[*2 Their cost-effectiveness and
easy preparatory methods make them suitable for drug
delivery usage.'¥ Stimuli-responsive or smart polymers
display controlled and regulated release and can react and
respond to environmental changes like light, pH, electric and
magnetic fields, or temperature which categorizes them as
intelligent.[

Polymeric nanofibers show distinctive mechanical
properties like tensile strength, modulus, and shear modulus,
which increase as fiber diameter decreases and are utilized to
regulate cells' behavior and give strength to withstand cell
cytoskeleton forces.** The composition of the fiber, alignment,
degradation, diameter of the fiber, and mechanical properties
can be adjusted for the required application. Polymeric
nanofibers can be fabricated by employing techniques like
phase separation, self-assembly, and the most frequently used
method in DDS, electrospinning.'®! To initiate the regulated
and sustained release of drugs, feedback and activation factors
of electrospun nanofibers are required and these nanofibers
which undergo chemical and physical changes present in
feedback regulated or activation modulated systems are called
smart electrospun nanofibers. These smart Nanofibers can also
act as scaffolds for the regeneration of tissues, just like those
Nanofibers that are unresponsive to external stimuli because
of their good mechanical properties and biomimicry.["!

This review will discuss the use of natural polymers,
preparation and fabrication of stimuli-responsive polymeric
nanofibers using the most common technique of
Electrospinning and its various parameters, centering the
focus on the versatile Natural Polymer, Gelatin, its nanofiber
fabrication and usage in the field of Drug Delivery and Tissue
Engineering. A few broad applications of gelatin nanofibers
are illustrated in Fig. 1. This study will summarise the various
applications of gelatin nanofiber in DDS and TE when
combined with crosslinking agents such as genipin,
glutaraldehyde, oxidized compounds of phenol, natural
polymers like dextran and alginate and synthetic polymers like
PCL and PLGA.¥

2. Natural Polymers used in Drug Delivery and Tissue
Engineering

Natural polymers are used as encapsulation vehicles for
bioactive molecules and drug delivery.l'? They possess
inherent advantages such as good biocompatibility, regulated
enzyme degradation, particular interactions between
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biomolecules, and effortless modification which increases
their usefulness in drug delivery.*¥ Natural polymers like
gelatin, collagen, hyaluronic acid, polysaccharides, chitosan,
polyglycolic acid, dextrin, polylactic acid, and arginine have
been utilized for polymeric DDS.? For example, gelatin’s
hydrophilic nature enables the penetration of body fluids into
the particles and improves the bioactive molecule release
mediated by diffusion.’! The applications of a few natural
polymers used to fabricate nanofibers used in drug delivery
and TE are mentioned in Fig 2.
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Fig. 1 Gelatin Nanofibers in Drug Delivery and Tissue
Engineering.

Nanofibers electrospun from biocompatible and
biodegradable natural polymers are used in drug delivery and
coating of medical implants since they are easy to manipulate,
for obtaining a systematic release of drugs over a set time and
specific release rate.['822231 These nanofibers have increased
surface area, versatility and flexible porosity and are used as
scaffolds for TE, gene and drug delivery, artificial organs,
biosensors, dressing of wounds, enzyme stabilization, and
dental applications.['824]

3. Methods of Gelatin Nanofiber Preparation

Polymeric nanofibers can be prepared by techniques as
mentioned below and the most frequently used method in DDS,
electrospinning will be discussed in the coming section.[6.2]
3.1. Electrospinning

3.2. Phase Separation

3.3. Self-Assembly

3.4. Bubble Spinning

3.4.1. Blown Bubble Spinning

3.4.2. Bubble Electrospinning

3.5 Centrifugal Spinning

3.6 Freeze Drying

3.1 Electrospinning

The process of electrospinning involves producing the
polymer filaments with the help of a polymer melt jet or
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electrically charged solution.?®! The early electrospinning
apparatus contained two electrodes, one pipette that held the
solution of polymer, and a DC voltage supply in the kV range.
The large voltage made the polymer fall from the tip of the
pipette made into fibers.?1 The electrically charged jet was the
reason behind the fibers bending such that the diameter
reduced when the polymer fiber looped. When the charges
present in the fluid attain a critical amount, this jet of fluid
erupts from the droplet at the needle tip forming a Taylor cone.
The resulting product on the target surface was accumulated
as a web of fibers.[?2?1 There are two common types of setups

for electrospinning— vertical and horizontal as displayed in Fig.

3. The current laboratory setup consists of a syringe pump, a
targeted collector, and a spinneret connected to an increased
voltage (5 to 80 kV) DC power supply. A polymer melt or
solution is filled into the syringe and it is extruded from the tip
of the needle at a constant rate by a syringe pump.%31 Coaxial
electrospinning is an alternate method to prepare polymer
nanofibers loaded with drugs for sustained drug release from
two polymers, and consists of a coaxial capillary jet which
results in a polymer core and the shell of the second polymer
as displayed in Fig. 4.F23% Another variation of the regular
electrospinning apparatus is the multi-needle electrospinning
shown in Fig. 4, which consists of multiple needles arranged
in a specific manner to increase the number of Taylor cones
arising during the electrospinning process. An increased
number of jets are formed and the nanofiber yield is
enhanced.®¥ Various parameters exist that impact the
framework and nature of the electrospun fibers obtained as the
result.?’% The parameters of the electrospinning process
influence the morphologies and arrangements, which are
discussed in Table 1.

Gelatin N
~ Anticancer drugs delivery S ik
~ Matrix for implants, stabilizer o‘l"“

in vaccines against diseases
~ Hemostats and sealants in DDS

Albumin
~ Maintains osmotic pressure for
proper distribution of body fluids
~ Accumulates within tumor
environment for targeted drug
delivery

Hyaluronic Acid
~ Injection to Knee for tissue repair
~Targeted drug delivery of
anticancer drugs
~ Drug delivery to lung and nose,
prolongs retention time of the drug

The bloom value of gelatin or gel strength is a stiffness and
strength measure of gelatin, which shows the average
molecular weight of its constituents. It is generally between 30
and 300 bloom, where less than 150 is considered a low bloom,
150220 a medium bloom, and 220-300 a high bloom. The
higher the bloom value of gelatin, the higher is its strength.
Different boom values of gelatin are applied, based on the
required product type and function.* In experiments
conducted by E. Niehues and M. G. N. Quadri, the effect of
Bloom index, concentration, viscosity, and electrical
conductivity of various Gelatin solutions on the electrospun
fibers formed were evaluated. They produced electrospun
membranes at different concentrations for three Bloom values
- 90, 250, and 280). Considering the fact that viscosity is the
most crucial property for successful electrospinning, they
observed that as the Bloom index of gelatin was lower, the
solution must be more concentrated to attain the suitable
viscosity. They also demonstrated that the fibrous membranes
that were electrospun from bloom number 90 displayed
different mechanical behavior than the 250 and 280 ones. This
suggested that low Bloom gelatin produces brittle fibrous
membranes, and high Bloom gelatin produces fibrous
membranes that have plastic behavior. Their analysis of the
fibrous membrane thicknesses suggested that a more stable
Taylor cone is formed above a certain level of viscosity, which
promotes better fiber orientation towards the collector.>46]
The molecular weight of gelatin ranges from 15 to 400 kDa,
depending on the manufacturing conditions and process used.
The molecular weight distribution and source of gelatin play a
significant role in determining its properties, including
interfacial properties and film-forming abilities."4!

Collagen
~ Collagen shields in ophthalmology
~ Injectables for local tumor
treatment
~ Sponges carrying antibiotics and
mini pellets loaded with drugs

Chitosan

~ Gastrointestinal and pulmonary
disease treatment

~ Treatment of breast cancer by
oral administration

Dextran

~ Treatment of iron deficiency
intramuscularly

~ Effectively transports rubone into
liver cells

~ Inhibits proliferation of liver
cancer cells

Fig. 2 Drug Delivery & Tissue Engineering applications of few natural polymers used in nanofiber fabrication and their route of

administration into the human body.
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Fig. 3 Schematic diagram of electrospinning setup (a) Vertical Apparatus (b) Horizontal Apparatus and Electrospinning Parameters.

Table 1. Parameter effects on fiber morphology.

Surface Tension

Polymer
Solubility
Solution Viscosity
Parameters
[26.,36-39] Volatility
(Evaporation) of
Solution
Solution
Conductivity
Ambient Humidity
Parameters
[28,36,40-42] Type of
atmosphere
Voltage
Feed rate
Process Parameters tSOIUt'Ont
[28,29,35,36,43] emperature
Effect of
collector

Diameter of the
pipette needle

Distance
between tip and
collector

A decrease in Surface tension causes droplets to flatten on the surface resulting in beaded fibers.

A big difference between solvent and solubility parameters of polymers leads to bead-on-string
morphology.

When the solution viscosity is considerably low, electrospraying might occur and particles of the
polymer developed in the place of fibers.

When the solvent’s evaporation rate is low, fibers may not form and the polymer solution is
deposited on the ground target in the form of a thin film.

Increased charges favor the formation of finer fibers due to an increase in the jet path and deposition
area.

Increased humidity gives rise to pore formation on the fiber surface.

A highly electronegative gas environment reduces surface charge loss and enhances the nanofiber
quality.

With higher voltage, more charges will make the electrospinning jet move faster, and more solution
volume will fall from the needle tip resulting in a smaller and unstable Taylor Cone.

A higher feed rate leads to larger bead size or fiber diameter, as a larger solution volume is observed
from the needle tip.

The high temperature allows Coulombic forces to exert an increased stretching force on the solution
which results in smaller and more uniform fiber diameter.

A collector of non-conducting material causes charges on the jet to rapidly accumulate on the
collector which results in a lesser number of fibers that are deposited.

Reduction in the needle’s internal diameter decreases the resultant electrospun fiber diameter.

A minimal distance leads to excess solvent causing fibers to combine where they meet to form
junctions that result in interconnected fiber mesh.
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4. Drug release mechanism from gelatin nanofibers
Gelatin-based matrices are developed in varied shapes and are
grouped into different delivery systems such as nano-carriers
for the purpose of drug delivery. The drugs can be adsorbed
onto the surface of these nano-carriers or distributed in a
uniform manner within them. A few of these carriers can be
designed such that both hydrophilic and hydrophobic drugs
are fit within their structure. This indicates versatility in the
formation of many structures with varied chemical and
physical properties, which is the primary reason behind
gelatin-based DDS being adapted as a controlled release
matrix.*1 There are three mechanisms through which these
drugs/ agents can be released from a delivery system: diffusion,
degradation, and swelling of the gelatin matrix. The release
mechanisms can be physical or chemical, and generally
involve diffusion, in which the movement of drug molecules
occurs through a semi-permeable barrier from a high
concentration to a low concentration area. It can take place
through pores in the matrix of the polymer; by passing through
the interstitial space between chains of polymers; or by
following degradation of the carrier matrix. This movement of
the drug molecules or other active agents is primarily
dependent on the solvent-polymer interactions, polymer
network properties, and differs in magnitude based on the
phase: it is the fastest in gases, slower in liquids, and slowest
in solids.[*447

5. Applications of crosslinked gelatin nanofibers in TE and
DDS

Gelatin is a macromolecule soluble in water, which is procured
by restricted hydrolysis of collagen in animal bones, tendons,
and skins and dissolution in acidic or alkaline mediums and
heated conditions.®! Different animal by-products are used as
raw materials for the production of gelatin such as porcine

Inner Fluid

L1

Outer Fluid =—»

AY08-S
adey[oA ysiy

(pig-based) and bovine (cow-based). Some were extracted
from poultry,®)! fish® and amphibians.PY Gelatin can be
found in the connective tissue, intestines of the animal, bones,
and the skin through a partial hydrolysis process that produces
gelatin biopolymer of high molecular weight. There also exists
“veggie gelatin” which serves as an alternative to the animal-
based one. This can be extracted from modified corn starch,
carrageenan, agar, xanthan gum, celluloid, and pectin.>

One crucial feature of gelatin’s solubility in water is its
thermo-responsive property, which undergoes a reversible
transition between sol and gel when cooled to its respective
critical solution temperature.** Gelatin solution is found to
solidify at temperatures below 25 °C, because of triple helix
and rigid 3-D structure formation. At temperatures above 30°C
this structure changes to a gel liquid in the form of a flexible
coil.B4 Gelatin supplies a biologically functioning 3D micro
environment for regulation of cell growth, differentiation,
viability and it is widely used as scaffolds for TE,[%
regenerative medicine, and transporters for regulated drug
delivery.’® It can form complexes with numerous drugs and
has been widely researched for applications of regulated
release.’”l Parameters like isoelectric point and crosslinking
density, have been adapted to optimize degradation of gelatin
and kinetics of drug delivery.® The mechanical and thermal
durability of gelatin and its potential for hydration under
physiological conditions can be improved by crosslinking. !
The gelatin carrier’s crosslinking density can be changed by
increasing its concentration or increasing the crosslinking
reaction period. Consequently, the release period can be
modified.® An advantage of gelatin nanofibers for their
utilization in gene transfer is its reduced cytotoxicity and its
easy and reproducible production, which would help to
upscale in the future.[®
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Fig. 4 (a) Multi needle Electrospinning Setup (b) Coaxial Jet Electrospinning Setup.
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Ghorani et al. conducted experiments to discover the
favourable conditions for gelatin nanofiber sheet production,
where 25% w/v polymer concentration in acetic acid, to 3:1
v/v water concentration, 25 kV voltage, and flow rate of 0.5
ml/h, and 150 mm distance between the tip and collector.[5!
Bead formation in gelatin nanofibers is useful as a drug
reservoir for therapeutic medical applications as compared to
smooth nanofibers, beaded nanofibers prolonged the release
of the active compound.[®? Aprotic dipolar neutrally charged
solvents are used to fabricate scaffolds of gelatin nanofibers
and are used for prolonged delivery of protein reagents, which
find use in repairing, regrowing, or replacing diseased or
damaged organs, cells or tissues.®® Further discussion will be
focus on some of the widespread applications of Gelatin
nanofibers in drug delivery and TE found in literature, and the
approaches taken for their advancements in these fields.

Vast research has gone into production of gelatin
nanofibers using a variety of solvents including ethylene
glycol, dimethyl sulfoxide,®™ hyaluronic acid,® 2.2 2-
trifluorothanol (TFE),®® acetic acid,®%! formic acid.l®!
Fibrous gelatin structures are soluble in water and have
deficient mechanical properties which restrict their utilization
in aqueous mediums.’1  Gelatin therefore undergoes
crosslinking with different agents like genipin,l’?,
glutaraldehyde,l" oxidized products of sucrose,[’? dextran [7374

and terephthalaldehyde.[™ A lot of these crosslinking agents
are expensive and toxic. The sources, toxicity and applications
of'a few gelatin crosslinkers are discussed in Table 2. Recently,
many efforts are going into discovering natural crosslinkers
for enhancing the properties of gelatin nanofibers.l’®! Elham
Tavassoli-Kafrani et al. investigated the ability of oxidized
compounds of phenol like ferulic, tannic,[’”7® caffeic and
gallic acidsl™® to crosslink gelatin. Their experiments showed
that tannic acid displayed the highest crosslinking potential
towards gelatin (13.3 vs 3.45, 4.65, and 7.44% for ferulic,
gallic, and caffeic respectively) because of its antimicrobial
and antioxidant properties. The crosslinking enhanced the
electrical conductivity of the gelatin solution, and reduced the
viscosity and surface tension. Thus, it was concluded that this
cross-linked gelatin nanofiber might be ideal for various usage
in TE and Drug delivery.l’

5.1 Drug Delivery Applications

Similarly, Laha et al. crosslinked gelatin nanofibers by
exposure to saturated glutaraldehyde (25% v/v) vapor for six
minutes, which was found to regulate early degradation with
the fibre morphology kept unchanged. This crosslinking
enhanced resistivity to water and the membrane's thermal
stability. The resulting electrospun gelatin nanofibers were
then demonstrated as a vehicle for piperine, a hydrophobic

Table 2. Sources, Toxicity and Applications of a few Gelatin Crosslinkers.

Crosslinking Agents Source/origin

Genipin %9 Geniposide - present in Gardenia

jasminoides fruit

Low acute toxicity

Toxicity Application

Natural cross-linker for proteins, collagen, gelatin,
and chitosan cross-linking; Natural dye; Treatment for
cholestasis and hepatitis in Chinese medicine.

Glutaraldehydel10°! Oxidation of Cyclopentene Toxic, strong  Sterilant to disinfect and clean heat-sensitive medical,
irritant surgical, and dental equipment; Cross-linking and
tanning agent.
Ferulic acid[0%.102] Commelinid plants (rice, wheat, oats); Low toxicity Wound healing, skin care formulations.

food plants (pineapple,
spinach, and beetroot)

bananas,

Tannic acid[%3] Extracted from plant parts; twigs of

Chestnut and Oak trees

Acute toxicity

Ointments and suppositories; flavoring agent.

Caffeic acid!104 Hydroxylation of coumaroyl ester of Non-toxic, but Used in supplements for boosting exercise-related
quinic acid large doses might fatigue, athletic performance, weight loss, cancer,
be harmful HIV/AIDS.
Terephthalaldehyde[*%  Hydrolysis ~ of  terephthaldehyde Non-toxic Intermediate for the preparation of dyes and
tetraacetate; hydrolysis of a,a,a',0'- fluorescent whitening agents.
tetrabromo-p-xylene
Dextran[16] Condensation of glucose Non-toxic Medication used in managing and treating
hemorrhage,  radiological  imaging, surgical
procedures.
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model drug.l*#1 Bigi et al. attempted to obtain electrospun
nanofibers of gelatin crosslinked with genipin, a low toxicity
agent and were able to preserve original nanofiber
morphologies after water exposure. Their results showed that
these cross-linked nanofibers were free of defects, preserved
the original morphology after exposure to water, and the cross-
linked mats demonstrated regulatable mechanical
properties.l’ Su et al. conducted an experiment where genipin
vapor acted as a crosslinking agent to improve mechanical
characteristics of electrospun nanofibers of gelatin at room
temperature for 0, 6, 12, 24, 48 and 72 hours. A model drug,
Bovine Serum Albumin (BSA) was integrated in the
nanofibers. The resulting crosslinked nanofiber compounds
show high potential to act as a drug delivery vehicle.2

Poly(d,l-lactide-co-glycolide) (PLGA) was loaded with
Fenbufen (FBF) and Gelatin/PLGA nanofiber scaffolds and
were fabricated by electrospinning by Meng et al. FBF’s
release rate improved and gelatin/PLGA scaffold’s
hydrophilicity was boosted due to gelatin. FBF’s release rate
of aligned nanofiber scaffolds decreased, compared to the
scaffold which was oriented randomly.®® Hu ef al. used
emulsion electrospinning to load 5-fluorouracil and Cefradine,
which are hydrophilic and hydrophobic drugs respectively into
PLGA nanofiber mats, into which gelatin was added to
enhance surface properties like proliferation and adhesion of
the cell. They experimented on cell cytotoxicity and this
proved that the gelatin fibers fabricated by emulsion
electrospinning had lower toxicity and promoted attachment
of fibroblast cells.®

This study conducted by Laha ef al. aimed at developing
gelatin - nanofiber-based drug delivery carriers, by
electrospinning, to attain sustainable and controlled
hydrophobic drug (piperine) release for a sustained time
period. The mesh of gelatin nanofiber loaded with the drug
was sandwiched with another matrix of gelatin nanofiber with
sequential crosslinking,®! without the drug operating as a
diffusion barrier, and a combination of both. The drug release
profiles obtained from their study demonstrated that the
sequential crosslinking of piperine loaded gelatin nanofiber
displayed that with both enhanced support of the diffusional
barrier and sequential crosslinking, a zero-order regulated
drug release up to 48 hours might be obtained with an ability
to change the loading of the drug according to the therapeutic
requirements. Besides the mesh was further investigated for
chemical and thermal stability, water resistivity.®] The
objective of a study by Rezaeinia et al. was to prepare a
sandwich system based on gelatin and Balangu seed gum
electrospun mats and to collate the ability for prolonged
release of menthol. The release rate in human simulated saliva
displayed that the designed sandwich structure extended
menthol’s burst release from electrospun gelatin mat structure
because of its property to dissolve quickly.®! Laha et al.
fabricated gelatin nanofibers by electrospinning to utilize for
the prolonged release of Amphotericin B (AmB) in the form
of tablets for oral administration. The prolonged and

© Engineered Science Publisher LLC 2021

controlled release is due to three characteristics, the drug
molecule’s amphiphilic nature, consistent cross-linking of
AmB with the gelatin nanofibers, and the compacted fibers
present in the tablet.[®6:87]

Prolonged and controlled release of the drug was obtained
from the coating of nanofibers of gelatin-ciprofloxacin (Gel-
Cip) along with initial, fast release of drug of 20-22% during
12 hours. After this, there was a slow-release stage that could
constructively restrain the infection. The addition of 2 to 4
weight percentage of ciprofloxacin into gelatin nanofibers
coating improved the resistance to corrosion and antibacterial
performance of the alloy of Mg-Ca which was not coated,
without showing any constraining effect on the
cytocompatibility property. This coat stipulated good
antibacterial performance against E. coli and S. aureus.[
Zandi et al. studied the dual delivery release of therapeutics,
where the core-shell fibers were prepared by coaxial
electrospinning of solutions of gelatin and gelatin/PVA
(sheath). The three-stage release kinetics from the core-sheath
fibers reported enhanced swelling behavior and mechanical
properties. The gelatin sheath consisted of phenytoin sodium
which functioned as an obstruction against the burst release
from the core and improved the physico- mechanical
properties of the core-sheath fibers.®

5.2 Tissue Engineering Applications

Another such study was carried out by Mehrasa et al., which
involved comparing the nanofiber mean diameters, which
were fabricated using electrospinning, and contact angle
measurements of the PLGA/gelatin/10 wt% MSNPs scaffolds,
pure PLGA scaffolds, and the PLGA/10 wt% MSNPs. Besides
the improved hydrophilicity of scaffolds integrated with
gelatin and MSNPs, the embedment of scaffolds with MSNPs
showed improved tensile mechanical properties. These

aligned forms of the PLGA/MSNPs and
PLGA/gelatin/MSNPs nanocomposites also displayed a
higher satisfactory hydrophilicity, degradation, and

morphology, concerning the applications of nerve TE such as
nerve regeneration, which is explained by the enhanced cell
proliferation, attachment, and long cellular processes. [
Poly(e-caprolactone) (PCL) is a synthetic polymer used in
wound healing applications but in comparison with natural
polymers such as Gelatin, properties like proliferation
responses, cell adhesion, and biodegradability to PCL are
restricted. Therefore, Gelatin which consists of specific
molecular components which exist in the ECM assists
adhesion and proliferation of the cell is often combined with
PCL to enhance the physical and mechanical properties and
finds its usage in TE. Chong et al. studied the Tegaderm-
nanofiber (TG-NF) feasibility as an efficient TE scaffold for
the healing of wounds. The fibroblasts were placed on either
side of a scaffold of PCL/gelatin nanofiber and the porosity
was found to be around 60 to 70%. These nanofibers indicated
that the gelatin constituent of the copolymer was dissolved
during the culture of the cell and made more space for cell
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migration. Gelatin’s improved deformation and elongation
properties facilitated easier space opening for cell penetration
to a deeper level in the scaffold.®*®d Boccaccini et al
produced antibacterial mats of PCL-gelatin electrospun
nanofiber consisting of clove essential oil (CLV) with the help
of a non-toxic solvent, glacial acetic acid (GAA). Their results
demonstrated that PCL-gelatin nanofiber mats loaded with
CLV had no cytotoxic reactions on cells of normal human
dermal fibroblast viability.®®] Preeth et al. synthesized a
derivative of zinc(Il) quercetin complex,
Zn(quercetin)(phenanthroline) (Zn+Q(PHt)) and when
incorporating it into PCL/gelatin nanofibers, their results
proved that the (PCL/gelatin/Zn+Q(PHt)) was biocompatible
in-ovo. This acts as a pharmacological medium for treating
bone defects and promoting bone regeneration.!

Gelatin nanofiber was integrated with alginate hydrogel
which formed nanofiber reinforced hydrogel by Tonsomboon
and Oyen in 2013. Before crosslinking, gelatin nanofibers
fabricated by electrospinning enhanced the hydrogels tensile
elastic modulus from 78 + 19 kPa to 450 + 100 kPa. Tougher
hydrogels consisting of a tensile modulus of elasticity of 820
+ 210 kPa were attained by the gelatin nanofiber crosslinking
with carbodiimide hydrochloride in ethanol before the process
of infiltration. This complex showed great potential to
function as a scaffold for corneal TE because of its strong
mechanical properties and transparent nature®°" Elamparithi
et al. electrospun gelatin nanofiber matrices and resulting
scaffolds displayed modulus 19.6 + 3.6 kPa, average porosity
of 49.9 £+ 5.6%, and fiber diameter 200 to 600 nm which
resembled myocardium tissues in humans. Their experiments
demonstrated that gelatin nanofibers' mechanical and
biophysical characteristics were appropriate for engineered
cardiac constructs (ECC) in vitro, for inspecting cardiac
functions in drug testing and replacement of tissues.!

6. Future Prospects

This review discusses the development of nanofiber
technology, emphasizing its synthesis from gelatin and its
notable applications. A few review papers exist on gelatin
nanofiber-based drug delivery and tissue engineering, but this
paper serves as the latest guide for general readers and budding
researchers who aim to start research in these fields. With
further advancement and maturity in nanofiber technology, the
usage of gelatin nanofibers will increase and realize their
potential in the biomedical industry due to their distinctive
properties discussed in this review. It is apparent from the
discussion and facts stated in this review that impressive
breakthroughs have been attained pertaining to the use of
gelatin nanofibers in the fields of DDS and TE. In the future,
gelatin nanofiber-based scaffolds can act as powerful tools in
biomedicine, being capable of enhancing therapeutic efficacy
and facilitating controlled drug release. These gelatin
nanofibers could play an important role in personalized
medicine. The discovery of new methods of production of
these nanofibers is critical to improving nanofiber structure
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and properties. Therefore, the future direction of research and
development of gelatin nanofibers should be to overcome the
limitations of the existing methods of synthesis and enhance
their usage in novel applications in various other biomedical
fields.

7. Conclusion

Gelatin possesses unique properties like environment-friendly
nature, safety, and non-toxicity that make it appropriate for
applications like TE and DDS. These fields have advanced
exceptionally over the past decade, offering prospects for
regeneration of almost every tissue and organ of the human
body, and enhanced therapeutic efficacy of drugs. Gelatin can
produce poly-ion complexes with charged therapeutic
constituents like proteins, nucleotides, polysaccharides, and
growth factors, making it suitable as a delivery medium for
various biomolecules. The electrospinning technique is widely
studied and used as it can be carried out easily and fabrication
of Gelatin nanofibers using this method is highly efficient.
These nanofibers are ideal for usage in medical applications
due to their bead formation that leads to prolonged drug
release. Due to the reduced mechanical strength of gelatin,
these nanofibers are often combined with other polymers to
form co-polymers and polymeric nanofibers for various
biomedical applications. Crosslinked gelatin nanofibers
displayed additional benefits like the better potential for
hydration of gelatin and its enhanced mechanical and thermal
durability. In conclusion, it is irrefutable that the usage of
gelatin will escalate in the coming years due to its distinctive
properties.

Acknowledgments

The authors are thankful to Manipal Institute of Technology
and Manipal Academy of Higher Education, for providing
them with the resources and assistance to help develop their
research interests.

Conflict of interest
There are no conflicts to declare.

Supporting information
Not applicable.

References

[1] N.Y. Abu-Thabit, A. S. H. Makhlouf, Historical development
of drug delivery systems: From conventional macroscale to
controlled, targeted, and responsive nanoscale systems, 2018, 1,
3-41, https://doi.org/10.1016/B978-0-08-101997-9.00001-1.

[2] S. Kunnath, J. Id, M. Sabitha, S. C. Nair, Adv. Pharm. Bull.,
2020, 10, 1-12.

[3]D. Liu, F. Yang, F. Xiong, N. Gu, Theranostics, 2016, 6, 1306-
1323.

[4] A. C. Lorenzo, A. Concheiro, ChemComm, 2014, 50, 7743-
7765.

[5] N. H. Kamsani, M. S. Haris, M. Pandey, M. Taher, K. Rullah,

© Engineered Science Publisher LLC 2021



Enaineered Science

Review article

Arab. J. Chem., 2021, 14, 103199.

[6] M. E. Furth, A. Atala, Principles of Tissue Engineering
(Fourth Edition), 2014, 83-123, https://doi.org/10.1016/B978-0-
12-398358-9.00006-9.

[7]F. J. O’Brien, Mater. Today, 2011, 14, 88-95.

[8] T. Biswal, Mater: Today: Proc., 2021, 41, 397-402.

[9] W. B. Liechty, D. R. Kryscio, B. V. Slaughter, N. A. Peppas,
Annu. Rev. Chem. Biomo.l Eng., 2010, 1, 149—-173.

[10] X. Tong, W. Pan, T. Su, M Zhang, W. Dong, X. Qi, React.
Funct. Polym., 2020, 148, 104501.

[11] M. Gomes, H. Azevedo, P. Malafaya, S. Silva, J. Oliveira, G.
Silva, R. Sousa, J. Mano, R. Reis, Tissue Engineering, 2008, 145-
192, https://doi.org/10.1016/B978-0-12-370869-4.00006-9.

[12] S. A. Sell, P. S. Wolfe, K. Garg, J. M. McCool, I. A.
Rodriguez, G. L. Bowlin, Polymers, 2010, 2, 522-553.

[13] E. Biazar, Polym. Adv. Technol., 2016, 27, 1404—1412.

[14] C. Pathak, F. U. Vaidya, S. M. Pandey, Applications of
Targeted Nano Drugs and Delivery Systems, 2019, 35-67,
https://doi.org/10.1016/b978-0-12-814029-1.00003-x.

[15] S. Sankaran, K. Deshmukh, B. M. Ahamed, K. S. K. Pasha,
In: Lecture Notes in Bioengineering, 2019, 375-409,
https://doi.org/10.1007/978-3-030-04741-2_12.

[16] R. L. Dahlin, F. K. Kasper, A. G. Mikos, Tissue Eng. Part B:
Rev., 2011, 17, 349-364.

[17] L. Weng, J. Xie, Curr. Pharm. Des., 2015, 21, 1944-1959.
[18] M. Zahmatkeshan, M. Adel, S. Bahrami, F. Esmaeili, S. M.
Rezayat, Y. Saeedi, B. Mehravi, S. B. Jameie, K. Ashtari,
Handbook of Nanofibers, 2018, 1-47,
https://doi.org/10.1007/978-3-319-42789-8 29-2.

[19] C. C. Kandar, M. S. Hasnain, A. K. Nayak, Advances and
Challenges in Pharmaceutical Technology, 2021, 1-44, doi:
10.1016/b978-0-12-820043-8.00012-8.

[20]1J. Sougata, G. Arijit, S. Kalyan, B. Sanat, J. PharmaSciTech.,
2011, 1, 16-27.

[21] S. Young, M. Wong, Y. Tabata, A. G. Mikos, J. Control.
Release, 2005, 109, 256-274.

[22] B. Ghafoor, A. Aleem, N. M. Ali, M. Mir, J. Drug. Deliv. Sci.
Technol., 2018, 48, 82-87.

[23] P. R. Kumar, N. Khan, S. Vivekanandhan, N. Satyanarayana,
A. K. Mohanty, M. Misra, J. Nanosci. Nanotechnol., 2012,12, 1-
25.

[24] G. C. Patel, B. K. Yadav, Organic Materials as Smart
Nanocarriers for Drug Delivery, 2018, 147-175, doi:
10.1016/B978-0-12-813663-8.00004-X.

[25] R. Vasita, D. S. Katti, Int. J. Nanomedicine., 2006, 1, 15-30.
[26] R. Amna, K. Ali, M. I. Malik, S. I. Shamsah, J. New Mater.
Electrochem. Syst., 2020, 23, 151-163.

[27] N. Bhardwaj, S. C. Kundu, Biotechnol. Adv., 2010, 28, 325—
347.

[28] S. Ramakrishna, An Introduction to Electrospinning and
Nanofibers, 2005, 396, https://doi.org/10.1142/5894.

[29] H. M. Ibrahim, A. Klingner, Polym. Test., 2020, 90, 106647,
[30] D. Bjorge, N. Daels, S. de Vrieze, P. Dejans, T. V. Camp, W.
Audenaert, J. Hogie, P. Westbroek, K. Clerck, V. H. Stijn,
Desalination, 2009, 249, 942-948.

© Engineered Science Publisher LLC 2021

[31] W. R. Gareth, B. T. R. Abraham, C. J. Luo, Electrospinning
Fundamentals, In Nanofibres in Drug Delivery, UCL Press, 2018,
24-59, https://doi.org/10.2307/j.ctv550dd1.6.

[32] Z. Sun, E. Zussman, A. L. Yarin, J. H. Wendorff, A. Greiner,
Adv. Mater., 2003, 15, 1929-1932.

[33] N. Bhardwaj, S. C. Kundu, Biotechnol. Adv., 2010, 28, 325—
347.

[34] J. He, Y. Zhou, Electrospinning: Nanofabrication and
Applications, 2019, 201-218, doi: 10.1016/B978-0-323-51270-
1.00006-6.

[35] V. Pillay, C. Dott, Y. E. Choonara, C. Tyagi, L. Tomar, Kumar
P, L. C. du Toit, V. M. K. Ndesendo, J. Nanomater., 2013, 2013,
789289.

[36] A. Haider, S. Haider, 1. K. Kang, Arab. J. Chem., 2018, 11,
1165-1188.

[37] L. J. Botero, A. M. Lainez, J. M. Lagaron, Mater. Today
Commun., 2018, 1, 1-9.

[38] W. Zuo, M. Zhu, W. Yang, H. Yu, Y. Chen, Y. Zhang, Polym.
Eng. Sci., 2005, 45, 704-709.

[39] C. Henriques, R. Vidinha, D. Botequim, J. P. Borges, J. A. M.
C. Silva, J. Nanosci. Nanotechnol., 2009, 9, 3535-3545.

[40] J. Pelipenko, J. Kristl, B. Jankovi¢, S. Baumgartner, P.
Kocbek, Int. J. Pharm., 2013, 456, 125—134.

[41] S. Huan, G. Liu, G. Han, W. Cheng, Z. Fu, Q. Wu, Q. Wang,
Materials, 2015, 8, 2718-2734.

[42] S. M. S. Shahabadi, A. Kheradmand, V. Montazeri, H. Ziaee,
Polym. Sci. Ser. 4, 2015, 57, 155-167.

[43] C. J. Angammana, S. H. Jayaram, Part. Sci. Technol., 2016,
34, 72-82.

[44] Z. A. N. Hanani, Gelatin, Encyclopedia of Food and Health,
2016, 191-195, https://doi.org/10.1016/B978-0-12-384947-
2.00347-0.

[45] E. Niehues, M. G. N. Quadri, Braz. J. Chem. Eng., 2017, 34,
253-261.

[46] A. P. Kempka, S. SMAGU de, U. A. A. de Souza, R. C.
Prestes, D. Ogliari, Braz. J. Chem. Eng., 2014, 31, 95-108.

[47] G. Thakur, D. Rouseau, R. Rafanan, Gelatin: Production,
Applications and  Health  Implications, 2013, 49-70,
https://www.researchgate.net/publication/234075577 _Gelatin-
based matrices for drug delivery applications.

[48] G. M. C. Guillen, B. Gimenez, M. E. Lopez-Caballero, M. P.
Montero, Food Hydrocoll., 2011, 25, 1813—-1827.

[49] A. K. Chakka, A. Muhammed, P. Z. Sakhare, N. Bhaskar,
Waste and Biomass Valorization, 2016, 8, 2583-2593.

[50]1 L. C.Lv, Q. Y. Huang, W. Ding, X. H. Xiao, H. Y. Zhang, L.
X. Xiong, J. Funct. Foods, 2019, 63, 103581.

[51] S. Karnjanapratum, S. Sinthusamran, T. Sae-leaw, S.
Benjakul, H Kishimura, Food Biophys., 2017, 12, 289-298.
[52]J. Alipal, N. A. S. Mohd Pu’ad, T. C. Lee, N. H. M. Nayan,
N. Sahari, H. Basri, et al. Mater. Today: Proc.,2019, 42,240-250.
[53] M. C. Echave, R. Herndez-Moya, L. Iturriaga, J. L. Pedraz,
R. Lakshminarayanan, A. Dolatshahi-Pirouz, N. Taebnia, G.
Orive, Expert. Opin. Biol. Ther., 2019, 19, 773-779.

[54] C. Joly-Duhamel, D. Hellio, M. Djabourov, Langmuir, 2002,
18, 7208-7217.

Eng. Sci., 2021, 16, 71-81 | 79


https://doi.org/10.1016/B978-0-12-813663-8.00004-X
https://doi.org/10.1016/B978-0-12-813663-8.00004-X
https://doi.org/10.1142/5894

Review article

Enaineered Science

[55] A. A. Aldana, G. A. Abraham, Int. J. Pharm., 2017, 523,
441-453.

[56] S. Afewerki, A. Sheikhi, S. Kannan, S. Ahadian, A.
Khadembhosseini, Bioeng. Transl. Med., 2019, 4, 96—-115.

[571 Y. Z. Zhang, J. Venugopal, Z. M. Huang, C. T. Lim, S.
Ramakrishna, Polymer, 2006, 47,2911-2917.

[58] C. E. Campiglio, N. C. Negrini, S. Far, L. Draghi, Materials
(Basel), 2019, 12, 2476.

[59] M. Nagura, H. Yokota, M. Ikeura, Y. Gotoh, Y. Ohkoshi,
Polym. J.,2002, 34, 761-766.

[60] Z. X. Meng, X. X. Xu, W. Zheng, H. M. Zhou, L. Li, Y. F.
Zheng, X. Lou, Colloids Surf. B, 2011, 84, 97-102.

[61] B. Ghorani, B. Emadzadeh, H. Rezaeinia, S. J. Russell, Food
Hydrocolloid., 2020, 104, 105740.

[62] S. Somvipart, S. Kanokpanont, R. Rangkupan, J.
Ratanavaraporn, S. Damrongsakkul, Int. J. Biol. Macromol.,
2013, 55, 76-84, Int. J. Biol. Macromol., 2013, 55, 76-84.

[63] H. Aoki, H. Miyoshi, Y. Yamagata, Polym. J., 2015, 47,267—
2717.

[64] N. Choktaweesap, K. Arayanarakul, D. Aht-Ong, C.
Meechaisue, P. Supaphol, Polymer, 2007, 39, 622-631.

[65]17J. Li, A. He, J. Zheng, C. C. Han, Biomacromolecules, 2006,
7, 2243-2247.

[66] Z. M. Huang, Y. Z. Zhang, S. Ramakrishna, C. T. Lim,
Polymer, 2004, 45, 5361-5368.

[67] S.Y. Gu, Z. M. Wang, J. Ren, C. Y. Zhang, Mater. Sci. Eng.
C, 2009, 29, 1822-1828.

[68] N. Okutan, P. Terzi, F. Altay, Food Hydrocoll., 2014, 39, 19—
26.

[69] D. Yang, Y. Li, J. Nie, Carbohydr. Polym., 2007, 69, 538—
543.

[70] S. Panzavolta, M. Gioffr¢, M. L. Focarete, C. Gualandi, L.
Foroni, A. Bigi, Acta Biomater., 2011, 7, 1702—1709.

[71] J. Ratanavaraporn, R. Rangkupan, H. Jeeratawatchai, S.
Kanokpanont, S. Damrongsakkul, Int. J. Biol. Macromol., 2010,
47, 431-438.

[72] K. Jalaja, N. R. James, Int. J. Biol. Macromol. 2015, 73, 270—
278.

[73] K. Jalaja, P. R. A. Kumar, T. Dey, S. C. Kundu, N. R. James,
Carbohydr. Polym., 2014, 114, 467-475.

[74] S. Huang, G. Huang, Future Med. Chem., 2019, 11, 1659—
1667.

[75] J. Biscarat, B. Galea, J. Sanchez, C. Pochat-Bohatier, /nt. J.
Biol. Macromol., 2015, 74, 5-11.

[76] E. Tavassoli-Kafrani, S. A. H. Goli, M. Fathi, International
Journal of Biological Macromolecules, 2017, 103, 1062—1068.
[77TN. Cao, Y. Fu, J. He, Food Hydrocoll., 2007, 21, 575-584.
[78] C. Pefa, K. de la Caba, A. Eceiza, R. Ruseckaite, I.
Mondragon, Bioresour. Technol., 2010, 101, 6836—6842.

[79] A. Laha, S. Yadav, S. Majumdar, C. S. Sharma, Biochem.
Eng. J., 2016, 105, 481-488.

[80] A. Laha, C. S. Sharma, S. Majumdar, MaterialsToday:
Proceedings, 2016, 3, 3484-3491.

[81] A. Laha, C. S. Sharma, S. Majumdar, Mater. Sci. Eng. C,
2017, 76, 782-786.

[82]1Y. Su, X. Mo, J. Control. Release, 2011, 152, €230-232.
[83]J. Hu, J. Wei, W. Liu, Y. Chen, J. Biomater. Sci. Polym. Ed.,

80 | Eng. Sci., 2021, 16, 71-81

2013, 24, 972-985.

[84] A. Laha, C. S. Sharma, S. Majumdar, In: Materials Today:
Proceedings, Elsevier Ltd, 2016, 3484-3491.

[85] H. Rezaeinia, B. Ghorani, B. Emadzadeh, M. Mohebbi,
Mater. Sci. Eng. C, 2020, 115, 111115.

[86] A. Laha, M. K. Gaydhane, C. S. Sharma, S. Majumdar,
Nano-Struct. Nano-Objects, 2019, 19, 100367.

[87] M. Gaydhane, P. Choubey, C. S. Sharma, S. Majumdar,
Mater. Today Commun., 2020, 24, 100953.

[88] H. R. Bakhsheshi-Rad, Z. Hadisi, E. Hamzah, A. F. Ismail,
M. Aziz, M. Kashefian, Mater. Lett., 2017, 207, 179—-182.

[89] N. Zandi, R. Lotfi, E. Tamjid, M. A. Shokrgozar, A. Simchi,
Mater. Sci. Eng. C, 2020, 108, 110432.

[90] M. Mehrasa, M. A. Asadollahi, K. Ghaedi, H. Salehi, A.
Arpanaei, Int. J. Biol. Macromol., 2015, 79, 687-695.

[91] Y. Zhang, H. Ouyang, T. L. Chwee, S. Ramakrishna, Z. M.
Huang, J. Biomed. Mater. Res. Part B, 2005, 72, 156—-165.

[92] E.J. Chong, T. T. Phan, J. J. Lim, Y. Z. Zhang, B. H. Bay, S.
Ramakrishna, C. T. Lim, Acta Biomater., 2007, 3, 321-330.

[93] 1. Unalan, S. J. Endlein, B. Slavik, A. Buettner, W. H.
Goldmann, R. Detsch, Pharmaceutics, 2019, 11, 570.

[94] D. Raj Preeth, S. Saravanan, M. Shairam, N. Selvakumar, I.
Selestin Raja, A. Dhanasekaran, S. Vimalraj, S. Rajalakshmi, Eur:
J. Pharm. Sci., 2021, 160, 105768.

[95] K. Tonsomboon, M. L. Oyen, J. Mech. Behav. Biomed.
Mater., 2013, 21, 185-194.

[96] K. Tonsomboon, D. G. T. Strange, M. L. Oyen, Proceedings
of the Annual International Conference of the IEEE Engineering
in Medicine and Biology Society, EMBS, 2013, 6671-6674.

[97]1 M. Enamul Hoque, T. Nuge, T. Kim Yeow, N. Nordin, J. Appl.
Mech. Eng., 2013, 2, 1000e122.

[98] A. Elamparithi, A. M. Punnoose, S. F. D. Paul, S. Kuruvilla,
Int. J. Polym. Mater. Poly. Biomater., 2017, 66, 20-27.
[99]1J.S.Yoo0,Y.J.Kim, S. H. Kim, S. H. Choi, Korean J. Thorac.
Cardiovasc. Surg., 2011, 44, 197.

[100] Glutaral, Meyler s Side Effects of Drugs, 2016, 559-561.
[101] V. P. Biotechnol. Rep., 2014, 4, 86-93.

[102] K. Zdunska, A. Dana, A. Kolodziejczak, H. Rotsztejn, Skin
Pharmacol. Physiol., 2018, 31, 332-336.

[103] H. Robles, Encyclopedia of Toxicology (Third Edition),
2014, 474-475, doi: 10.1016/B978-0-12-386454-3.00542-X.
[104] K. M. M. Espindola, R. G. Ferreira, L. E. M. Narvaez, A.
C. R. Silva Rosario, A. H. M. da Silva, A. G. B. Silva, A. P. O.
Vieira and M. C. Monteiro, Front. Oncol., 2019, 9, 541, doi:
10.3389/FONC.2019.00541.

[105] J. Biscarat, B. Galea, J. Sanchez, C. Pochat-Bohatier, /nt. J.
Biol. Macromol., 2015, 74, 5-11.

[106] J. N. BeMiller, Dextran, Encyclopedia of Food Sciences
and Nutrition, 2003, 1772—-1773, doi: 10.1016/B0-12-227055-
X/00330-8.

Publisher’s Note: Engineered Science Publisher remains
neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

© Engineered Science Publisher LLC 2021


https://doi.org/10.1016/j.nanoso.2019.100367
https://doi.org/10.4172/2168-9873.1000e122
https://doi.org/10.1016/B978-0-12-386454-3.00542-X
https://doi.org/10.3389/FONC.2019.00541
https://doi.org/10.3389/FONC.2019.00541
https://doi.org/10.1016/B0-12-227055-X/00330-8
https://doi.org/10.1016/B0-12-227055-X/00330-8

Enaineered Science

Review article

Author Information

g Ms. Ashni Arun is a final year student at

. Manipal Institute of Technology pursuing
# her  undergraduate  in  Chemical
" Engineering. Her research interests
include Drug Delivery and
Nanotechnology under her academic
advisor, Dr. Anindita Laha. She hopes to
commue research in these fields for her graduate studies. She
is also passionate about music and loves to sing.

Ms. Pratyusha Malrautu is a final year
Chemical Engineering student pursuing her
interests in the field of biomedicine under
the guidance of Dr. Anindita Laha. She will
be obtaining her Bachelor'’s degree in 2022
from Manipal Institute of Technology, and
hopes to pursue her interest in Chemical and
Biological Engineering in the future. Her current research
interests are Nanomedicine and the usage of various cutting-
edge tools and technologies in Chemical Engineering.

Dr. Anindita Laha, Assistant Professor in
the Department of Chemical Engineering,
MIT, Manipal has a broad expertise in the
deigning of polymeric drug carrier for
various kinds of drugs. She had worked
with different nature of drugs like
hydrophobic, hydrophilic and amphiphilic
kind and designed the drug carrier based
on the desired release profiles during her Ph.D at IIT-
Hyderabad. She worked extensively on thin films, hydrogels
and nanofiber based polymeric drug carrier. Her research
with various herbal drugs and allopathic drug drawn many
attention in-terms of publications, conferences and news
report. Her research interests are nanofiber based smart drug
carrier fabrication, biomaterials and nanotechnology.

Professor Seeram Ramakrishna, FREng,

Everest Chair is the leading researcher of
Engineering and Technology at the
National University of Singapore as well
as in Asia. He is regarded as the guru of
electrospinning and nanofibers. His
Google Scholar shows 2,000 articles with
130,000 citations, 164 H-index, and 1086
i10-index. Clarivate Analytics recognized him among the Top
1% Highly Cited Researchers in the world in materials science
and cross-fields categories. Microsoft Academic ranked him

among the top 50 authors out of three million materials
researchers worldwide based on saliency, publications,

citations and h-index. Thomson Reuters identified him among
the World's Most Influential Scientific Minds. He is an elected

© Engineered Science Publisher LLC 2021

Fellow of UK Royal Academy of Engineering (FREng);
Singapore Academy of Engineering, Indian National Academy
of Engineering; and ASEAN Academy of Engineering &
Technology. He is also an elected Fellow of American
Association of the Advancement of Science (AAAS); ASM
International; American Society for Mechanical Engineers
(ASME); American Institute for Medical & Biological
Engineering (AIMBE), Institution of Mechanical Engineers,
IMechE and Institution of Materials, Minerals & Mining,
loM3, UK; ISTE, India; and International Union of
Biomaterials Science & Engineering (FBSE). He is senior
member of IEEE. He received PhD from the University of
Cambridge, UK; and the GMP training from Harvard
University, USA.

Eng. Sci., 2021, 16, 71-81 | 81



