B.PHARM-PROGRAMME VISION & MISSION
Vision
Striving to excel in pharmaceutical education, research & innovation to develop outstanding
professionals catering to the health care needs of the humankind.
Mission
The institute aims to develop employable students, researchers and entrepreneurs by
inculcating critical thinking, problem solving ability, ethical values and leadership skills.
Institute provides vibrant environment for continuous learning by strengthening industrial
collaboration for developing competent professionals.

B.PHARM-PROGRAMME EDUCATIONAL OBJECTIVES
PEO 1: To acquire effective knowledge of pharmaceutical sciences to be able to lead the
industry and health care sector
PEO 2: To attain practical training and technical expertise in pharmaceutical sciences
PEO 3: To inculcate professional and ethical standards with effective interpersonal
communication skills.
PEO 4: To develop interdisciplinary & holistic approach in Pharmaceuticals for societal
cause, problem solving and lifelong learning.
PEO 5: To adapt and implement best practices in the profession by enrichment of
knowledge and skills in research and critical thinking.

B.PHARM-PROGRAMME OUTCOMES
No.
PO1

PO2

PO3

Programme Outcomes
Pharmacy Knowledge: Possess knowledge and comprehension of the core and
basic knowledge associated with the profession of pharmacy, including biomedical
sciences; pharmaceutical sciences; behavioral, social, and administrative pharmacy
sciences; and manufacturing practices.
Planning Abilities: Demonstrate effective planning abilities including time
management, resource management, delegation skills and organizational skills.
Develop and implement plans and organize work to meet deadlines
Problem analysis: Utilize the principles of scientific enquiry, thinking
analytically, clearly and critically, while solving problems and making decisions
during daily practice. Find, analyze, evaluate and apply information systematically
and shall make defensible decisions.

PO4

PO5

PO6

PO7

PO8

PO9

PO10

PO11

PO12

PO13
PO14
PO15

Modern tool usage: Learn, select, and apply appropriate methods and procedures,
resources, and modern pharmacy-related computing tools with an understanding of
the limitations
Leadership skills: Understand and consider the human reaction to change,
motivation issues, leadership and team-building when planning changes required
for fulfillment of practice, professional and societal responsibilities. Assume
participatory roles as responsible citizens or leadership roles when appropriate to
facilitate improvement in health and well-being.
Professional Identity: Understand, analyze and communicate the value of their
professional roles in society (e.g. health care professionals, promoters of health,
educators, managers, employers, employees).
Pharmaceutical Ethics: Honor personal values and apply ethical principles in
professional and social contexts. Demonstrate behavior that recognizes cultural
and personal variability in values, communication and lifestyles. Use ethical
frameworks; apply ethical principles while making decisions and take
responsibility for the outcomes associated with the decisions.
Communication: Communicate effectively with the pharmacy community and
with society at large, such as, being able to comprehend and write effective
reports, make effective presentations and documentation, and give and receive
clear instructions
The Pharmacist and society: Apply reasoning informed by the contextual
knowledge to assess societal, health, safety and legal issues and the consequent
responsibilities relevant to the professional pharmacy practice
Environment and sustainability: Understand the impact of the professional
pharmacy solutions in societal and environmental contexts, and demonstrate the
knowledge of, and need for sustainable development.
Life-long learning: Recognize the need for, and have the preparation and ability
to engage in independent and life-long learning in the broadest context of
technological change. Self-assess and use feedback effectively from others to
identify learning needs and to satisfy these needs on an ongoing basis
Drugs and diseases: Understand different classes of drugs, their mechanism of
action, dynamics, kinetics, structure activity relationships, pathophysiology and
pharmacotherapeutics of various diseases.
Drug development: Ability to synthesize, develop and/or evaluate various
pharmaceuticals and their formulations and cosmeceuticals products
Analytical skills: Develop skills in qualitative and quantitative analysis of various
pharmaceuticals.
Training: Acquire technical knowledge and hands on training on equipments,
instruments and software used in the field of pharmaceutical sciences.

*- PO12-15 are program specific outcomes
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EDITORIAL MESSAGE
Coronavirus disease 2019 (COVID 19), caused by the SARS-CoV-2 virus has covered more than 200
countries across the world and has high transmission rate. Around 29 million people worldwide have
been infected with the virus since it first emerged in December 2019. The effects of coronavirus are
having a devastating impact on health services around the world. Beyond the immediate threat to life,
COVID-19 is also laying waste to the economy, specifically that of developing countries. The whole
world is fervently anticipating a safe and effective vaccine to curb the pandemic. However, a vaccine
is not likely to be accessible for public use at least till the next year. The World Health Organization
(WHO) is optimistic that this pandemic is not going to last for more than 2 years. How will this virus
evolve? We do not know.
As per WHO, there are currently over 169 COVID-19 vaccine candidates under development, with 26
of these in the human trial phase. WHO is working in collaboration with scientists, business, and
global health organizations through the ACT Accelerator to speed up the pandemic response. When a
safe and effective vaccine is found, WHO will facilitate the equitable access and distribution of these
vaccines to protect people across the affected countries.
Latest updates from Government of India states that more than 30 vaccine candidates have been
supported which are in different stages of development, 3 candidates are in advance stage of Phase I,
II, III trials and more than 4 are in advanced pre-clinical development stage. Bharat Biotech has
received approval from the Drugs Controller General of India to test the administration of its
experimental COVID-19 vaccine through skin, i.e., intradermal vaccine delivery. If it is proven to be
effective, this could help more people get the vaccination and could also reduce the vaccine cost as
this process will need lesser amount of vaccine.
To address this public health emergency, the researchers are working tirelessly for developing
facemask, in-vitro diagnostic kits, respirators, PPE kits, ventilators and other medical devices for use
during the COVID-19 outbreak.
It is always said that prevention is better than cure. This is really becoming more and more relevant in
this pandemic era of COVID 19. While the science gives us an advantage over every previous
pandemic in human history, the “medieval” methods of containment like quarantine where necessary,
social distancing, diffusion of urban populations wherever possible, avoidance of body contact
(hugging, kissing, holding hands), and government-enforced curtailing of social mobility are still
extremely important. These coping mechanisms cannot cure the disease, but they can slow its spread
and can save literally millions of lives.
Humans are extraordinarily resilient. We are all in this together and we must find ways to unite and
reconcile as well as demonstrate our compassion and cooperation if we want to make the best of life.
With this issue, we request all our readers to practice the four important preventive measures of
masking, physical distancing, hand hygiene and povidone iodine oral wash. Our best wishes to all the
COVID warriors until the vaccine is available in the market.

In this issue we have invited research articles and review articles from industrial experts as well as
postgraduate students spread across different facets of pharmaceutical field. We welcome
contributions from all fields of research pertaining to health science.
We hope the readers will share our zeal and excitement and join us in this adventure.
Wishing all of you healthy and peaceful hours!!
Editorial Team, NUJPS
editor.nujps@nirmauni.ac.in
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INVITED ARTICLE

CONDUCTING CLINICAL RESEARCH
DURING PANDEMIC ERA: PROBLEMS
AND PROSPECTS.
Bina Naik, Leena Patel*, Dhara Bhayani
CBCC Global Research, Ahmedabad, India
2nd Floor, Skoda House, Opp. L J Campus, S G Highway, Ahmedabad 382210, India
ABSTRACT
The COVID-19 pandemic has significantly affected ongoing clinical research, as conducting
clinical research is often seen as secondary to addressing the immediate health needs of
patients by healthcare providers. Pandemics create operational challenges and raise scientific
and ethical issues for clinical research activities. The benefit of clinical research in terms of
opportunities for patients suffering from various diseases, and ability to investigate new
therapies to address pandemics cannot be overlooked. This review summarizes the
challenges that arise during a pandemic while conducting clinical research along with
solutions for addressing these challenges.
Key Words: Clinical trial, clinical research, pandemic, COVID-19, CRO, sponsor
Introduction
The ongoing Covid-19 pandemic has rapidly affected 20.1 million people (as of 12th August,
2020) around the globe with around 7 lacs deaths.1 Each pandemic faced by the world till
date is different with regard to their transmission, affected population, mortality and
morbidity rates, epidemics, and available treatments.2 Clinical research is the greatest need in
response to these pandemics to find treatments, a way to prevent the disease, and to prevent a
3
pandemic from arising again. To conduct clinical research involving human subjects, there
are well-established scientific and ethical principles that must be followed to assure that the
*Corresponding author E-mail: leena.patel@cbcc.global

obtained results are scientifically sound
and reliable. For example, as per the
Declaration of Helsinki, the investigators
must obtain “freely given informed
consent” from research subjects, “the
health of patient will be first
consideration”, medical research “must
conform to generally accepted scientific
principles”, “be preceded by careful
assessment of the predictable risks and
burdens to the individuals and groups
involved” etc. However, pandemics create
different challenges and raise scientific and
ethical issues for conducting clinical
research activities.4,5 Hence, there is a need
to identify and understand these challenges
to accelerate the clinical research activities
and to strengthen research outcomes for
improvement of patient care in the midst
and after the pandemics. The present
review summarizes the challenges that
arise due to pandemic during conducting
clinical research, and discusses possible
strategies to overcome these challenges.
2.

Material and Methods

A search for research articles, review
articles, and text-books was conducted
using electronic databases “PubMed”,
“ScienceDirect” and “Google Scholar”
with combination of various keywords like
pandemic, COVID-19, clinical research,
challenges during clinical trial etc. The
most relevant articles were identified
manually and retrieved. Critical analysis of
the literature was carried out by all authors
and presented in the current form.

02

3.

Role of investigators, clinical
research organizations (CRO) and
sponsors during Pandemics

Due to the ongoing COVID 19 pandemic,
hospitals and health care centres have been
flooded with COVID-19 patients, which
has led to a major health risk for research
personnel and study participants,
especially who are immune-compromised.
The pandemic has also raised several
challenges in conducting clinical trials as
6
discussed below.
Should non-pandemic clinical trials be
continued or suspended/stopped during
pandemics?
Because of the associated health risk,
mandatory lock down in various regions,
and the need to maintain social distancing
as well as quarantine, one approach to
tackling clinical research in a pandemic
situation is to suspend or discontinue those
clinical trials that are non-essential or those
that do not provide immediate benefits to
enrolled patients. However, it is difficult to
identify which trials are essential as
associated long-term benefits and risks
must be considered, which cannot be
predicted before the trial is completed, and
data is analysed. Sustaining ongoing trials
have potential benefits to millions of
patients suffering from various chronic
diseases that will once again be important
once the pandemic ends. Moreover,
suspension of clinical trials for longer
duration raises questions related to data
integrity or may lead to trial failure.
Discontinuation of ongoing trials causes
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wastage of invested resources, time and
efforts of research personnel as well as
participants. It also raises ethical questions
for study participants, who have already
agreed for the potential risk in exchange of
societal benefits that will no longer be
meaningful as the study has been
discontinued.6,7
Suspension or discontinuation of clinical
trials related to various life threatening
diseases may have adverse impact on these
patients. For example, cancer patients who
miss a dose or two of an investigational
product, have increased risk of their
disease worsening and even death. The risk
from diseases that were most important
causes of morbidity and mortality in the
pre-pandemic era, will remain the same in
the post-pandemic era. Thus, suspension or
discontinuation of their clinical trials may
lead to “collateral damage” from
pandemics for individuals in future.
Therefore, instead of discontinuation of
trials, mass, efforts and resources should
be directed towards continuing clinical
trials using innovative and thoughtful
7
methods and proactive planning.
Which are the challenges faced by
investigators, CRO and sponsors during
pandemics?
During the ongoing COVID-19 pandemic,
the hurdles faced by CROs and sites are
due to several reasons, the most prominent
ones being- hospitals across the globe have
been transformed into COVID-19
facilities, prioritizing patient care and trials
NUJPS - 2020 | Vol. 7 | Issue 1

related to COVID-19, thus, leading to
reduced flow of study participant visits to
clinical trial sites. The pandemic prompted
complete and long-term lockdowns in
several countries including India limiting
movement of patients and clinical trial
supplies. Due to the lockdown, patients
could not visit the healthcare facilities for
non-COVID-19 consultations, which led to
minimal or no new enrolments, as well as
missed or delayed follow up visits by trial
participants. Patients are afraid to visit
clinical sites due to the fear of contracting
the disease as well. Plummeting movement
of drugs and essential supplies led to
missed or delayed doses leading to
protocol deviations, at places leading to
adverse effects on participant’s wellbeing.
The CROs had a tough time fulfilling their
obligations of trial oversight of ongoing
trials, which typically involves on-site
visits for source data review and
verification. During the long lockdowns,
scheduled monitoring visits were not
undertaken as planned and review of
critical aspects of trial activities such as
informed consent, eligibility criteria
verification, investigational product related
documents, and safety of participants were
significantly delayed. All these detours in
the course of a trial increase the burden on
CROs in terms of documentation of the
delays and deviations from the protocols,
and assessing their impact on the
participants and the trial at large.
Several trials which are being planned are
anticipating significant delay due to the
pandemic. Anticipated challenges leading
3

to delayed start-up of trial include delayed
availability of clinical trial sites,
interrupted
communications
and
coordination with ECs and regulatory
agencies, truncated pool of potential
patients for enrolments, challenges for
onsite monitoring, and study supply chain
disruptions.
The most critical part for many CROs is to
meet the requests for on time IP delivery to
the trial sites and to ensure that the
participants received their doses on time.
As can be understood, the temperature
sensitive shipments have suffered due to
the trans-state transport lock down which
in turn have resulted in delay in delivery of
the study medication. Such missed doses
have several consequences, the most
important being compromised safety of the
participant.
Most prominent global regulatory agencies
set up dynamic guidelines to address the
changing pace of the pandemic, with the
expectation that the sponsor, CROs and
investigators will align with the guidelines.
Though these guidelines brought in some
sense of legitimacy to the ground reality, it
increased stress on the stakeholders to keep
abreast with the regulatory expectations.
The long-term challenges faced by clinical
researchers include shifted focus of clinical
trials towards pandemic related clinical
research rather than other diseases. Change
in protocol and maintenance of data
integrity are also important considerations
during pandemics. Another challenge is to
be ready for future pandemic situations to
04

conduct clinical research within desired
time duration.
What are the best ways to address the
challenges?
Sponsors and CROs must communicate
proactively with site teams and extend all
possible support to avoid derailing of
ongoing trials. Clear communication and
proper precautions are necessary to assure
the safety of patients as well as staff
conducting clinical research.
It is
important to convey to the site staff that
sponsors and CROs are a pillar for their
support. Medical and paramedical
personnel should be motivated. Guidelines
regarding precautions to be taken during
encounters with patients should be
provided to the sites. As a goodwill gesture
safety kits, tools to document deviations
should also be provided. Support in terms
of home care professionals should be
offered to support sites, especially when
the sites are overwhelmed with pandemic
and need help in legwork.
Sponsors and CROs can create simple,
graphic patient training material, which
can help patients understand the
importance of the trial visits and
compliance to the study procedures. These
messages can be relayed by the site to
patients.
Sponsor can support the sites by providing
for transportation of patients from their
homes to sites or for site staff
(CRA/phlebotomist/pharmacist)
to
patients’ homes to address periodic study
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visits for study medication dispensation or
laboratory sample collection or for
collection of vital data that may be critical
for a particular trial.
Sponsors and CROs can take a staggered
approach, addressing the most pressing
needs in terms of data. Collection of data
needs thoughtful consideration during a
pandemic. The outcome should be ranked
as the priority, and primary outcome
should be ranked first in priority whereas
outcomes that are not pre-specified should
be eliminated temporarily.

Out of box solutions such as use of
artificial intelligence (AI) in clinical trials
8
can save the day (Figure 1). An AI based
solutions can help in multiple different
ways and several sponsors are adopting
9-11
virtual trials methodology.
However, use of AI, remote monitoring or
web-based solutions can highlight the
possibilities of break in data integrity.
Therefore, prior to implementation, it’s
important to implement certain checks on
the provisions of the consent provided by
the study participants.

Figure 1: Solutions for conducting clinical trials virtually

NUJPS - 2020 | Vol. 7 | Issue 1
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Pandemic causes uncertainty during
clinical research, therefore, revised
statistical methods should be developed to
present results, assure the data integrity
and to overcome uncertainty due to
pandemics. For example, the analysis
should stratify the data by method of data
collection. The focus of clinical trials
should be on clinical end-points than just
achieving targets. It is advisable to use
adaptive trial designs.

In order to fulfil monitoring obligations,
sponsors and CROs have relied heavily
upon central and remote monitoring during
the pandemic. With help of information
technology and various web-based tools,
many companies have successfully moved
on to remote monitoring approaches.

Various observations adopted in practice
by sites/CROs are mentioned below.

Institutional
Review
Boards
(IRBs)/Independent Ethics Committees
(IECs) should thoroughly review whether
the scientific and ethical conductance of
clinical research is as per regulatory
guideline or not. IRB/IEC should review
benefit to risk related to clinical trials
during pandemic, and should evaluate the
best way to preserve a participant’s safety,
welfare, and rights i.e. by continuing the
clinical trial as per protocol, by
discontinuing the use of IP, or by
suspending the participation in the trial.
The investigators/CRO sponsors should
consult and inform IRBs/IEC as early as
possible when urgent or emergent
deviations from protocols are required due
to pandemic situation. The changes in
protocol should be closely monitored by
IRB/IEC to assure participant safety, and
should ensure the changes would not raise
questions on the integrity of the data when
inspected. Necessary changes to minimize
or eliminate risk or to safeguard life and
wellbeing of participants may be
implemented without prior approval of
IRB/IEC, but, should be reported
afterwards.

In certain situations, some sponsors have
shipped study medication directly to the
participant’s home – the authors of this
article caution on this approach and if this
approach needs to be undertaken, several
checks and balances need to be in place
before deciding on this option.
Sponsors and CROs have come up with
out of box ideas to get on with business in
this time of pandemic.
Ethics
committee’s
meetings
are
increasingly being held electronically
using on line platforms to ensure timely
review of ongoing studies as well as new
studies. The process needed some finetuning at the end of the stakeholders,
which the sponsors and CROs are helping
with.
Site training has gone online as well, using
online platforms, and going by this
author’s experience, it has been very
successful.

06

4.

Institutional Review Boards
(IRBs)/Independent Ethics
Committees (IECs)
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5.

Regulatory guidance

Various regulatory agencies have rapidly
developed
guidelines
to
assist
investigators/CRO sponsors for conducting
clinical trials in pandemic situations. The
Food and Drug Administration (FDA) has
issued guidance on “Conduct of Clinical
Trials of Medical Products during COVID19 Public Health Emergency. Guidance for
Industry, Investigators, and Institutional
Review Boards” and “COVID-19:
Developing Drugs and Biological Products
for Treatment or Prevention. Guidance for
12,13
Industry”.
The European Medicines
Agency (EMA) has issued, “Guidance on
the management of clinical trials during
14
the covid-19 (coronavirus) pandemic”.
In India, Central Drugs Standard Control
Organisation (CDSCO) has issued notice,
“Conduct of clinical trial in present
situation due to outbreak of COVID-19” to
assist clinical trial sponsors, investigators,
and ethics committees in ensuring the
safety and well-being of trial participants
15
as well as trial data integrity. Indian
Council of Medical Research (ICMR) has
also developed guideline, “National
Guidelines for Ethics Committees
Reviewing Biomedical & Health Research
during COVID-19 Pandemic”, which
covers general ethical issues, review
procedures for both COVID-19 related and
non-COVID related research, informed
16
consent, and vulnerability.

precautions while maintaining good
clinical practice (GCP) guidelines and
minimizing risk to the trial integrity during
the COVID-19 pandemic. Also, all
guidelines suggest that investigators/
CROs/ sponsors/ IRB/ IEC should consider
establishing and implementing or revising
policy and procedures to safeguard and
minimize or eliminate risk to health and
wellbeing of study participants during
COVID-19. Depending upon the nature of
the changes described above, a protocol
amendment may be done as per applicable
regulatory guideline.
6.

Conclusion

During an unprecedented pandemic,
clinical research faces abundant challenges
to continue with ongoing projects as well
as to fast track COVID-19 related trials.
Addressing these challenges with
innovative solutions is essential. All
stakeholders of clinical trials need to align
themselves and address the situation with
proper safety pre-cautions, adaptive
policies and procedures, and using
technologies. This approach can help to
conduct clinical research without risk to
patient or data integrity. Adoption of
technology in clinical research has been a
welcoming practice during the pandemic
and is likely to continue beyond this
pandemic. Considering the success of
centralised and remote monitoring, this
may become standard practice.

Each guideline urges investigators/ CROs/
sponsors of clinical trial to assure the
safety of study participants using various
NUJPS - 2020 | Vol. 7 | Issue 1
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LIPID NANOPARTICULATE SYSTEM FOR
WOUND HEALING
Preksha Vinchhi, Mayur M. Patel*
Department of Pharmaceutics, Institute of Pharmacy, Nirma University,
SG Highway, Chharodi, Ahmedabad: 382481, Gujarat, India.

1.

Introduction

In recent years, the number of people getting affected by chronic diseases such as heart
disease or diabetes has increased alarmingly due to unhealthy eating habits and sedentary
lifestyle. Among various comorbidities associated with these chronic diseases, a major
complication includes delayed wound healing. Currently, with the increased rate of type II
diabetes, ageing population, obesity, burns, peripheral vascular disease, and metabolic
syndrome; chronic wounds have become a global medical concern. The incredibly complex
process of wound healing is dependent on numerous factors working together to restore the
normal skin function (1). Dependent on the mechanism involved in wound repair and the time
taken for wound healing, wounds can be classified as acute and chronic wounds. Acute
wounds heal within a short time interval with minimal or no scarring, while chronic wounds
heal at a very slow pace, often taking months to show progress. The chronic wounds are
heterogeneous in their etiology and presentation. Many a time the chronic wounds are
associated with biofilm formation, high protease activity, hypoxia or ischemia in the tissue,
and recurrent injury due to neuropathy. The chronic wounds in obese or diabetic patients
often occur as pressure ulcers, foot ulcers, or venous leg ulcers (2). The wound management is
a global aspect of medical care that creates an enormous monetary burden due to the rapid
increase in the number of wound patients with about 300 million chronic wound and 100
million traumatic wound patients worldwide. The occurrence of chronic wounds has also
increased due to the increase in the number of diabetic patients from 108 million in 1980 to
463 million in 2019. About 60% of non-traumatic amputations in United States are
performed on diabetic patients. Microvascular angiopathy and neuropathy are the common
complications associated with diabetes that contributes to 12-25% lifetime risk in the
* Corresponding author E-mail: drmayurmpatel@gmail.com

development of diabetic ulcers. The
diabetic foot ulcers specifically contribute
to 25-50% of total cost in the treatment of
diabetes. In the United States alone the
financial burden for wound management
accounts for over 25 billion dollars every
year. Furthermore, about 1,80,000 deaths
are caused due to burns each year, the
majority of which occur in low- and
middle-income countries of South-East
Asia and the African region (3).
Currently, an extensive choice of therapy is
available by both conventional and modern
approaches for wound treatment.
Conventional
therapy
involves
debridement and dressing change in proper
time intervals. Numerous varieties of
dressings are available for wound healing
which can be broadly classified into three
categories:
traditional
dressings,
biomaterial-based dressings and artificial
dressings. A gauze or bandage can be
considered as traditional dressing, the
allografts,
xenografts,
and
tissue
derivatives
are
biomaterial-based
dressings, and film, hydrogel, membrane,
scaffolds, spray, hydrocolloids, etc. are
artificial dressings. Several materials are of
natural sources such as cellulose, collagen,
fibrin, chitosan, gelatin, alginate,
hyaluronic acid, etc. and used in the
preparation of artificial dressings. Several
advanced therapeutic approaches include
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stem cells (mesenchymal stem cells and
endothelial progenitor), growth factor
therapy, tissue-engineered wound beds
(bilayered
skin
substitutes,
fibroblast/keratinocyte seeded scaffolds,
decellularized tissue scaffolds). Examples
of currently available wound healing
products in the market are mentioned in
table 1. Hyperbaric oxygen therapy,
negative pressure wound therapy,
hyperbaric
oxygen
therapy,
electrostimulation, ultrasound noncontact
wound healing device, and hydrotherapy
are some other type of advanced wound
care strategies (4). The characteristics of
ideal wound dressing and its clinical
significance to wound healing are
described in table 2(5).
Nanotechnology
has
significantly
contributed to this arena by promoting
tissue regeneration, controlling the
possible infections, preserving skin
aesthetics and functions, as well as
promoting wound closure. Amongst
various types of nanocarriers, lipid
nanoparticles are widely investigated by
researchers due to their known benefits for
topical drug delivery. This review
addresses the wound healing application of
lipid nanoparticulate system namely
nanoemulsion, liposomes, SLNs, and
NLCs.
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Table 1: Examples of currently available marketed wound healing products:
Type of product

Commercial name

Innovator

Hydrocolloids

Comfeel®

Coloplast

Aquacel®, duoderm®,
3M
Films

Foams

TM

Tegaderm

Convatec

TM -

hydrocolloid dressing

OPSITE FLEXIGRID, Cutifilm

Smith & Nephew

Bioclusive

Systagenix

Polyskin II, Blisterfilm

Covidien

Lyofoam® Max

Molynlycke

ALLEVYN

Smith & Nephew

TIELLE LIQUALOCK
Hydrogels

Alginates

Tissue-engineered
skin substitutes

3 M Science Applied to
Life TM

TM

3M-KCI

Regranex gel, Intrasite gel, Flexigel

Smith & Nephew

Purilon gel

Coloplast

Granugel

Convatec

Curasol

Healthpoint

Aquaflo

Covidien

KALTOSTAT®

Convatec

Algisite M

Smith & Nephew

Sorbsan

Mylan Bertek

Seasorb

Coloplast

Apligraf®, Dermagraft®

Organogenesis

Theraskin®

Misonix®

Integra Omnigraft
Alloderm
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TM

Integra Lifesciences
Biohorizons
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(5)

Table 2: Characteristics of ideal wound dressings :
Desirable characteristics

Clinical significance to wound healing

Provide/maintain a moist environment

Enhances epidermal migration, favors autolysis by
rehydration of desiccated tissues, prevents cell
death and desiccation, promotes connective tissue
synthesis and angiogenesis

Debridement (wound cleansing)

Supports the accumulation of the enzyme and
enhances leucocytes migration into the wound
bed. The necrotic tissue and foreign bodies extend
the inflammatory phase and also enhances the
bacterial

growth;

therefore,

debridement

is

essential
Gaseous exchange (air and water

The exudate management gets controlled by water

vapour)

vapour permeability, low tissue oxygen levels
stimulates

angiogenesis,

while

raised

tissue

oxygen stimulates fibroblasts and epithelialization
Absorption (Removal of excess exudate

The excess exudates in chronic wounds contain

and blood)

tissue

degrading

enzymes

that

block

cell

proliferation and decrease the growth factors. It
also breaks down the extracellular matrix (ECM)
material and macerates surrounding tissue.
Prevent infection

Infection extends the inflammatory phase, inhibits
epidermal migration, delays collagen synthesis,
encourages extra tissue damage and also give an
unpleasant odour

Low adherence (prevents additional

It might be difficult to detach adherent dressings

trauma)

and cause pain and additional tissue damage

Provide thermal insulation

Normal tissue temperature enhances blood flow
and epidermal migration
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2. Pathophysiology of wound healing:
Wounds are majorly classified as acute
wounds and chronic wounds. The wound
healing is facilitated in a timely manner by
the intact biochemical processes. However,
the process gets impaired owing to a
primary medical disorder such as poor
nutrition, diabetes, age, arterial or venous
insufficiency that leads to nonhealing/chronic wounds. When the wound
healing does not occur within 12 weeks
after the treatment, then they are usually
considered as chronic wounds. The normal
pathophysiology of wound healing
includes four main stages namely (a)
hemostasis, (b) inflammatory phase, (c)
proliferation, and (d) remodeling. After the
injury, immediately the hemostasis phase
gets activated due to the platelets and
tissue damage that release several
messenger molecules at the site of injury.
The clotting factors from the wounded skin
activates the extrinsic clotting cascade.
Thereafter, the thrombocytes adhere to the
surface of sub-endothelium that triggers
the cascade of intrinsic clotting factors.
The bleeding from the tissue damage site
stops due to vasoconstriction and thrombus
formation. The signaling molecules like
transforming growth factor-β (TGF-β),
Platelet-derived growth factor (PDGF),
and vascular endothelial growth factor
(VEGF) gets secreted during this early
phase (6).
The inflammatory phase begins with
vasodilation due to VEGF release, and
further results in an influx of various
growth factors, enzymes, leucocytes,
NUJPS - 2020 | Vol. 7 | Issue 1

nutrients and antibodies into the site of
injury. The release of cytokines and TGF-β
stimulates the infiltration of neutrophils
that aids early defense in contrast to
microbial invasion. In the inflamed tissue
high number of neutrophils remain up to
48 hours. The release of proteinases along
with neutrophils provides high phagocytic
activity and clears the wound bed from
pathogens and debris. The concentration of
macrophages reaches to the peak after 4872 hours post-injury. The release of TGF-β
and Epidermal growth factor (EGF)
initiates
angiogenesis,
regulates
inflammation process and granulation
tissue formation. Three days post-injury,
the lymphocytes in wound bed secrete
fibroblast growth factor and heparinbinding EGF. They have a key role in
ECM formation and collagen remodeling.
In non-healing wounds, generally, the
inflammatory phase prolongs due to
excessive leucocytes infiltration that leads
to an elevated concentration of cytokines,
proteases, and radicals (3).
The proliferation stage begins after 3-5
days post-injury with angiogenesis,
granulation tissue formation, deposition of
collagen and epithelialization. The
neovascularization is initiated in response
to hypoxia in the wound bed. During the
formation of granulation tissue, a dense
complex of leaky capillaries is developed
that results in increased volume of wound
fluids. During the inflammatory phase, the
neutrophils and macrophages release
numerous chemokines and cytokines that
attract
lymphocytes,
fibroblasts,
15

myofibroblasts, endothelial cells, and
keratinocytes
into
the
wound
microenvironment.
Migration
of
keratinocytes occurs from the wound edge
towards the wound bed which aids the
restoration of skins barrier function. The
fibroblasts secrete metalloproteases
(proteolytic enzymes) that digest plasma
fibronectin
and
secretes
cellular
fibronectin. The fibroblasts proliferation
leads to granulation tissue formation that
replaces the clot formed initially. Collagen
production reaches the maximum after five
days of injury that bridges the wound bed
edges. The myofibroblasts decrease the
volume of tissue needed for healing as well
as reduces the scar tissue formation. The
last phase of the wound healing is
remodeling which is also known as
maturation phase. It usually begins after 3
weeks of the initial wound injury and lasts
up to 2 years or beyond. Through this
phase the gelatinous and soft collagen
type-III that was produced during
proliferation phase gets substituted by a
properly structured collagen type-I. The
tissues
tensile
strength
upsurges
throughout this phase. It gradually
increases by up to 50% within 3 months
and extends to about 80% of the original
tissue after a lengthy period (7).
The complexity of the wound healing
process that includes numerous factors and
regulating molecules included in the
cascade of wound healing, as described
above makes it easier to anticipate that
even small aberrations could lead to failure
in wound healing. Numerous factors affect
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wound healing progression such as
hypoxia, nutrition, immunosuppression,
infection, age, chronic disease, and
genetics. The severity and extent of wound
infection also affect wound management.
Diabetes influences all the four phases of
the wound healing process. Long-term
hyperglycemia leads to elevation of
inflammatory phase. The peripheral
neuropathy that leads to lower sensitivity
in limbs prevents the detection of ulcers in
the early stages. The neuro-immune
interactions also get affected which
reduces the expression of substances
engaged in the inflammatory phase of
wound healing. In diabetic patients
angiogenesis also gets affected which leads
to reduced blood flow and delayed tissue
regeneration. The oxygen availability, ATP
generation and migration of fibroblasts and
keratinocytes to the wound decreases.
Thus, hyperbaric therapy improves wound
healing. In hyperglycemic conditions, the
increased activity of NADPH oxidases
causes increased reactive oxygen species
(ROS) production. An excess ROS
production leads to DNA damage, lipid
peroxidation,
protein
modification,
extracellular proteins degradation, and
alters the keratinocytes and fibroblasts
functioning. The tissue regeneration delays
due to cytokine level imbalance i.e.
shortage of anti-inflammatory cytokines
such as TGF-β and Interleukin (IL-10); and
excess of pro-inflammatory molecules
such as TNF-α, matrix metalloproteinase-9
(MMP-9), and IL-1β. Also, the generation
of advanced glycation end products
(AGEs) due to high glucose level leads to
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delayed wound healing. A compromised
immune system increases the chances of
infection and thereby hinders wound
recovery. Chronic wounds include diabetic
foot ulcers, pressure ulcers, venous ulcers,
and arterial ulcers. Burn injury caused by
chemicals, heat, electricity or radiation
often becomes chronic wounds. it leads to
major fluid loss, affects skin integrity and
becomes a gateway for bacterial infection
(8)
.
3. Nanotechnology-based wound healing
therapy:
Nanotechnology-based therapy has offered
an excellent prospect to target the plethora
of regulating molecules, cell-type
specificity, the complexity of the normal
wound
healing
process
and
pathophysiology of chronic wounds.
Numerous engineered nanotechnologies
have demonstrated unique multifunctional
properties that have addressed the key
problems associated with wound healing
mechanisms. Currently, there are two main
categories of nanomaterials that can be
employed for wound healing therapy, (a)
the nanomaterials that provide healing
effect owing to the nano-scaled materials
feature or, (b) nanomaterials used as a
cargo to deliver wound healing agents.
Generally, the main categories of
nanocarriers
include
polymeric
nanocarriers, carbon-based, metal and
metal oxide nanoparticles, and lipid-based
(9)
nanoparticles . Lipid nanoparticles have
gained
enormous
attention
from
researchers in the field of topical drug
delivery owing to their great functionalities
NUJPS - 2020 | Vol. 7 | Issue 1

such as proper adhesion to the skin and
film formation which provides skin
hydration effect and helps to maintain skin
integrity. For dermal, cosmetic and
pharmaceutical uses, lipid nanocarriers
seem to be very promising due to their ease
of
preparation,
biocompatibility,
biodegradability, and ability to provide
superior drug efficacy as compared to
unencapsulated drugs (10). They have been
extensively studied for delivering active
moieties, essential oils, growth factors,
endogenous molecules, antimicrobial
drugs, several herbal extracts, etc. for
accelerating wound healing. Generally,
lipid nanocarriers are loaded into some
dressings such as scaffolds, films, foam,
nanofibrous matrix, hydrogels etc.
Nanoemulsion, Liposomes, SLNs and
NLCs are the main categories of lipidbased nano-systems.
4.

Lipid Nanoparticulate Systems:

4.1. Nanoemulsion:
Nanoemulsion
is
lipid-based
thermodynamically
stable
system
composed of oil, water, surfactant, and
cosurfactant, having the droplet size in the
nanometer range. Over the other unstable
dispersions, nanoemulsion represents
numerous advantages owing to their nanosized droplets and thermodynamic
stability. Compared to conventional
emulsions, nanoemulsion is optically
transparent and due to their higher active
surface area, they interact in a higher
extent with the biological surfaces. This
confers high efficiency to deliver active
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pharmaceutical ingredients. However, as
lipid nanoemulsion comprises of liquid
lipids in the core they have limited stability
and very fast drug diffusion from the lipid
core. For better drug encapsulation in
lipid-based nanoemulsion and higher
stability, SLNs and NLCs were developed.
SLNs and NLCs have solid lipid in the
inner core which allows controlled release
of drugs as well as increases the long-term
stability of the system.
Several essential oils loaded nanoemulsion
have been fabricated and evaluated for
potential wound healing effects. Alam et
al. evaluated the wound healing potential
of nanoemulsion comprising clove oil. The
optimized nanoemulsion droplet size was
29.10 nm, which was further selected for
histopathological
examination
and
collagen determination in rats. As
compared to pure clove oil, the
nanoemulsion represented significant
healing effects in rats. The histopathology
results showed no inflammatory cells,
suggesting that the nanoemulsion was
nontoxic and safe (11). Chitosan-based
hydrogels comprising of inclusion
compound of thyme oil with cyclodextrin,
or thyme oil nanoemulsion, were prepared
and characterized by Moradi et al. Freezethaw cycling method was employed for the
preparation of hydrogels, as this physical
method could fabricate hydrogel without
using crosslinking agents. The results
revealed that higher cell viability was
achieved in hydrogels containing thyme
oil-nanoemulsion, as compared to
cyclodextrin inclusion thyme oil complex
18

(12)

containing hydrogels . In another study,
the effect of lavender essential oil and
licorice containing nanoemulsion was
evaluated on deep skin wound rat model.
Eighty-five rats were divided randomly
into five groups; (a) untreated as a negative
control, (b) treated with vehicle ointment,
(c) treated with licorice extract and
lavender essential oil in emulsion form and
nanoemulsion form, and (d) treated with
phenytoin 1% as the positive control.
Thereafter, on 2,7, and 14 days, oxidative
stress factors, expression of TGF-β, and
collagen type I and type III genes were
evaluated. The rats treated with
nanoemulsion demonstrated a more
significant reduction in wound area
compared to other groups. The results of
real-time
PCR
represented
that
nanoemulsion and phenytoin groups
increased the type I and type III collagen,
and TGF-β gene expression compared to
other groups. The lavender oil and licorice
extract containing nanoemulsion cream
demonstrated the granular tissue formation
and appearance of collagen at a faster rate
(13)
compared to other groups . Morsy et al.
developed and evaluated atorvastatinloaded nanoemulgel, atorvastatin gel, and
atorvastatin emulgel for wound healing.
The in vivo wound healing studies revealed
that the highest percentage of wound
contraction
was
represented
by
(14)
atorvastatin-loaded nanoemulgel
. A
novel
multifunctional
nanofibrous
gelatin/cellulose acetate/Zataria multiflora
nanoemulsion was formulated by Farahani
et al. Nanoemulsion of Zataria multiflora, a
natural antibacterial plant was loaded in
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the nanofibrous mat. Different weight
ratios of gelatin and cellulose acetate were
evaluated, in which its lower ratio loaded
with zataria multiflora nanoemulsion
showed proliferation of L929 fibroblast
cells significantly. Also, the rat model
experiments
represented
that
the
nanoemulsion incorporated nanofibrous
dressing depicted accelerated wound
healing process compared to other samples
(15)
.
4.2. Liposomes:
Liposomes are the first developed lipid
nanocarriers made up of natural or
synthetic phospholipids forming the outer
lipid bilayer and an aqueous core forming
the inner cavity. The structure of liposomes
allows encapsulation of hydrophobic drug
in the outer lipid bilayer and hydrophilic

drug in the inner aqueous cavity. After the
approval of first liposomal pharmaceutical
formulation (Doxil®) in 1995 for breast
cancer, ovarian cancer and Kaposi’s
sarcoma, till date, there is extensive
research and development in the
preparation of liposomes for various other
diseases. They offer several beneficial
properties such as they allow a sustained
release, enables the encapsulation of both
hydrophilic as well as hydrophobic drug,
and their structure mimics the skin’s
epidermis composition thus they provide
higher drug accumulation in the skin.
However, some of the limitations also
persist such as less encapsulation
efficiency, less stability, aggregation on
storage,
sedimentation,
etc.
The
formulation techniques of liposomes are
mentioned in figure 1.

Figure 1 The formulation techniques of liposomes
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In 1988, for the first time, Brown and
collaborators loaded EGF into liposomes
for accelerating tensile strength and
promoting wound healing activity.
Multilamellar lecithin liposomes were
fabricated encapsulating EGF, which was
then applied on rats inflicted with 5 cm
incisions. The liposomes provided a
prolonged EGF exposure which helped to
produce about 200% increase in wound
tensile strength, increased fibroblast
proliferation and collagen formation as
compared to EGF solution (16). In another
study, liposomes encapsulating EGF were
developed by a film formation method to
investigate the effect on second degree
burn wounds in rats. Second-degree
standard burn wounds induced rats were
applied 10 μg/ml EGF containing
liposomes, EGF solution, blank liposomes,
and silverdine® ointment daily. The
th
observations demonstrated that at the 14
day of therapy, the healing in EGF
containing liposomes was fastest. The
wound healing efficacy in terms of wound
contraction, collagen formation, fibroblast
proliferation and epithelial recovery was
highest in case of EGF containing
®
liposomes followed by silverdine
ointment and least in case of EGF solution
(17)
. Another group loaded EGF containing
liposomes into chitosan gel and evaluated
the effect on second-degree burn wound in
rats. Liposomes comprising of 10 μg/ml
EGF loaded in 2% chitosan gel, EGFloaded liposome formulations, and EGFchitosan gel was smeared on burn wounds
on rats and the biopsies were taken
rd
th
th
thereafter on 3 , 7 , and 14 day. The
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immunohistochemical
outcomes
demonstrated increased cell proliferation in
EGF liposomes containing chitosan gel
applied group. The epithelialization rate
was also observed to be highest in the
group applied with EGF liposome
comprising chitosan gel, as per the
histochemical results. This demonstrated
that in order to facilitate the liposomes
application, chitosan gel ensured a good
delivery option and also provided a good
moist healing environment (18). During
wound healing, excessive ECM deposition
often results in scar formation that causes
skin dysfunctions like hair loss. Basic
fibroblast growth factor (bFGF) is useful to
promote hair follicle neogenesis and
regulate ECM remodeling during wound
healing. However, in clinical practice, the
repairing quality of bFGF gets hindered
due to its inadequate stability in wound
fluids and less penetrability in the dense
scar formed on the wound. To overcome
the stability issue, Xu et al. developed
liposome with silk fibroin hydrogel and
also added a penetration enhancer
(laurocapam) to develop skin-permeable
liposomes. The liposomes encapsulation
efficiency for bFGF was nearly 90% and it
was not affected by laurocapam. The final
liposomal formulation represented zeta
potential of -2.31 mV and diameter of
103.3 nm. The stability and penetration
efficiency of bFGF significantly increased,
at the wound zone the hair regrew and the
morphology of hair follicle was improved.
The skin permeable bFGF encapsulated
liposomal formulation with silk fibroin
hydrogel core represented to be a potential
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option to improve wound healing and
promote hair follicle neogenesis by
inhibiting the scar formation (19). Xiang et
al. developed and characterized bFGF
encapsulated liposomes using a pH
gradient method to evaluate its wound
healing activities in rats. The bFGF
encapsulated liposomes demonstrated fast
collagen generation, high dermal cell
proliferation, and high TGF-β1 expression
(20)
. Lu et al. fabricated a dual deformable
liposomal ointment comprising of retinoic
acid deformable liposomes and EGF
cationic deformable liposomes for deep
partial-thickness
burns
treatment.
Deformable liposomes show more benefits
for topical application due to their high
flexibility. They are a new generation of
liposomes comprising of phospholipids
and an edge activator-like sodium
deoxycholate, sodium cholate, and tween80. The edge activator offers more
flexibility and enables the deformable
liposomes to move across the stratum
corneum and reach to the viable epidermis.
The retinoic acid deformable liposomes
and EGF cationic deformable liposomes
demonstrated higher skin permeability and
enhanced the drug accumulation by 2.9
and 18.8 folds, respectively. The
combination of two liposomes provided an
elevated effect and encouraged cell
migration and proliferation. Retinoic acid
up-regulated
the
Heparin-binding
epidermal growth factor (HB-EGF) and
Epidermal growth factor receptor (EGFR)
expression and enhanced the therapeutic
efficacy of EGF (21). A novel formulation
was developed by Choi et al., comprising
NUJPS - 2020 | Vol. 7 | Issue 1

of combinations of growth factors EGF,
PDGFA, and insulin-like growth factor-I
(IGF-I). The growth factors were
genetically modified by conjugating the Nterminal of the growth factors with lowmolecular-weight protamine (LMWP) to
form LMWP-EGF, LMWP-PDGF and,
LMWP-IGF-I. The LMWP fused growth
factors were further complexed with
hyaluronic acid, and after confirming the
synergistic effect of this combination they
were loaded into cationic elastic
liposomes. The LMWP-fused growth
factors loaded cationic liposomes
accelerated wound closure rate and
decreased the wound size by 65% and 58%
on comparison with blank cationic
liposomes and growth factors-hyaluronic
acid complex, respectively, in a diabetic
mouse model (22).
Several phytoconstituents have antibacterial, anti-inflammatory, antioxidant,
astringent
and
immunomodulatory
activities that promote the wound healing
process. Extensive research has been done
in the field of developing nanocarriers
loaded with phytoconstituents for
promoting the wound healing effect and
overcome the drawbacks associated with
its
physicochemical
properties,
permeability issues, and stability issues.
Ternullo et al. developed a liposome in the
hydrogel system for delivery of curcumin
intended to improve the chronic wound
therapy. Curcumin which is a poorly
soluble active constituent was incorporated
into deformable liposomes which were
further loaded into chitosan hydrogel for
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proper application on wound site. The
effect of liposomal charge on hydrogel
properties
was
determined
by
incorporating cationic, anionic and neutral
deformable liposomes in the chitosan
hydrogel. The hydrogel’s cohesiveness,
hardness, and adhesiveness were affected
by the surface charges of the liposomes.
The incorporation of cationic deformable
liposomes in hydrogel preserved the bioadhesiveness of the hydrogel to a greater
degree compared to anionic and neutral
deformable liposomes (23). Quercetin has a
significant wound healing effect due to its
antioxidant
and
anti-inflammatory
property. Jangde et al. developed quercetin
encapsulated liposomes by thin-film
hydration technique and optimized the
formulation by employing response surface
methodology. The influence of rotary
evaporators rotation speed and water baths
temperature were studied for preparation
of quercetin loaded liposomes. The
optimized formulation gave the best results
i.e. maximum entrapment efficiency
(86.5%) and smallest particle size (146.8)
at 75 rpm rotation speed and 46° C
temperature. The release profile showed a
prolonged release up to 75.09% release
during 24 h (24). Madecassoside is well
known for its cell growth-promoting and
wound and scar healing effect due to its
anti-oxidant,
germ-killing,
antiinflammatory, and antiulcer properties.
However, the large molecular weight and
highly
water-soluble
property
of
madecassoside make its permeation
through the skin layers very difficult. To
surmount this limitation, madecassoside
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liposomes were formulated by double
emulsion technique to increase the
permeability and wound healing efficiency.
Response surface methodology was
implemented to derive the optimum
preparation settings of madecassoside
liposomes. The skin permeation and
wound healing effect of madecassoside
liposomes were better than madecassoside
film dispersion liposomes. Also, the double
emulsion madecassoside liposomes were
highly stable with high encapsulation
efficiency and smaller particle size and
represented the superior performance of
burn wound healing effect. The results
concluded that the double emulsion
method was promising and applicable
liposomal preparation method for
enhancing the effect of madecassoside (25).
For improving the wound healing effect
and surface adhesiveness of madecassoside
liposomes, surface modification with poly
(ethylene glycol)-poly( -caprolactone)poly (ethylene glycol) (PEG-PCL-PEG,
PECE) a temperature-responsive and
biodegradable copolymer were done.
Normal liposomes are less viscous thus
they are not able to uphold adequate
adhesion on the wound surface. The
PECE-modified madecassoside liposomes
were able to maintain a hydrogel state up
till 43° C temperature which showed better
adhesion to the wound site. the modified
liposomes also represented superior wound
contraction
effects
compared
to
unmodified madecassoside liposomes on a
rat with second-degree burn (26). Another
research study was done to establish the
effect of farnesol encapsulated liposomes
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loaded hydroxypropyl methylcellulose
(HPMC) gel on third-degree burns induced
rat model. The formulation displayed good
collagen production and wound healing
efficacy in both in vitro and in vivo studies.
After treating the third-degree burns on a
rat model with 4 mM liposomes loaded
with farnesol and several ratios of 2%
HPMC for 7 and 14 days, the
histopathological studies were performed.
The histopathological results revealed that
after treating the third-degree burns on rats
with HPMC: farnesol gel with 1:2 and 2:1
ratio, great tissue regenerative effects were
observed compared to skin treated with
HPMC alone or commercial burn gel. The
findings were the same in the in vivo
quantitative studies such as wound healing
scoring, collagen-producing assay, and IL6 western blot results (27).
Lyophilized liposomal wafers, a novel
wound dressing, loaded with gatifloxacin
(a fourth-generation fluoroquinolone
antibiotic), was designed and evaluated for
enhancing wound healing potential. First
of all, liposomes were formulated loaded
with gatifloxacin, thereafter the liposomes
were transformed to gel by using chitosan
which was further lyophilized to generate
liposomal wafers. The liposomes were
formulated by changing the concentration
of cholesterol and lipid and the entrapment
efficiency, particle size, scanning electron
microscopy (SEM), and transmission
electron microscopy (TEM), in vitro
cumulative release was done for its
evaluation. The liposomal gel prepared
using chitosan was characterized for its
NUJPS - 2020 | Vol. 7 | Issue 1

clarity, texture, spreadability, viscosity, and
in vitro drug release. Thereafter, the final
lyophilized liposomal wafers were
evaluated by SEM, x-ray diffraction
spectroscopy (XRD), differential scanning
calorimetry (DSC), and drug release
studies. The lyophilized liposomal wafers
were beneficial as they gave controlled
drug release at the wound site because of
incorporating liposomes. A moist wound
bed was ascertained for faster healing due
to swelling of the wafers after absorbing
wound exudate. They exhibited good
swelling capacity, good strength, hardness
and improved adhesion. The wound
healing actions were confirmed by
histopathological
evaluation
after
conducting in vivo experiments in wistar
rats. The incorporation of gatifloxacin was
beneficial to combat wound infection
while the wafers provided better wound
healing action because of the sustained
release of the drug (28). Liposomes
encapsulated haemoglobin with high O2
affinity were tested in diabetic dB/dB mice
to evaluate its wound healing potential by
Fukui et al. Improved tissue perfusion due
to significant increase in surface blood
flow, suppression in inflammatory
cytokines, and accelerated skin wound
healing was observed. However, the study
concluded that still an optimal O2 affinity,
timing of administration and dose was
required to be assessed to determine the
optimal application of liposomes
encapsulated haemoglobin (29). Hurler et al.
developed mupirocin loaded liposomes and
further incorporated them in hydrogel for
the treatment of burns. The ability of the
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formulation to prevent biofilm formation,
its action on mature biofilms and the
wound healing potential was determined in
in vivo mice burn model. The formulation
exhibited antimicrobial action against
streptococcus aureus biofilms. The in vivo
studies results depicted that the drug
delivery system enhanced the wound
healing activity as the healing time was
shorter as compared to the marketed
product of mupirocin (30). Bacteriophage
therapy
to
combat
drug-resistant
microorganisms is a good option for
further improving wound healing.
However, low phage persistence in situ is
the major drawback of bacteriophage
therapy. Chhibber et al. developed
liposomes
entrapped
bacteriophage
cocktail and evaluated its potential to treat
a staphylococcus aureus produced diabetic
excision wound infection. MR-5 and MR10, two potential lytic bacteriophages were
characterized alone, in combination
(cocktail), or encapsulated in liposomes
were evaluated for their efficiency in
treating diabetic wound infection. The
stability studies (in vitro) and the phage
titer determination study (in vivo) results
revealed that the liposomes entrapped with
bacteriophage cocktail led to improved
persistence of bacteriophages at the site of
the wound. The liposomes entrapped
bacteriophages represented a 2-log
increase in bacteriophage titre at the
wound site as compared to free
bacteriophage cocktail. This led to an
increased rate of infection resolution and
enhanced the wound healing rate (31). Thapa
et al. developed collagen mimetic peptide
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(CMP) -tethered vancomycin liposomes
(CMP-vancomycin-liposomes) loaded in
fibrin/collagen copolymeric hydrogels (cogels) for treatment against methicillinresistant staphylococcus aureus (MSRA)
infections in wound infections. Compared
to vancomycin loaded co-gels or
vancomycin-liposomes loaded co-gels,
tethering CMP-vancomycin-liposomes to
co-gels represented the sustained release of
vancomycin and enhances in vitro
antibacterial activity in contradiction of
MSRA. The in vivo results represented that
CMP-vancomycin-liposomes retained antibacterial effect also after re-inoculating
with bacteria, while vancomycin
incorporated co-gels and vancomycinliposomes incorporated co-gels permitted
bacterial growth which represents their
limited efficacy (32). Novel unilamellar
polyhedral vesicles named santosomes,
composed of Santolina insularis essential
oil and hydrogenated phosphatidylcholine.
The essential oil improves the delivery of
drug-loaded by two mechanisms: bilayer
structure modification and enhances the
effect of potent penetration enhancers
(monoand
sesquiterpenes),
and
phospholipids. Phycocyanin a protein
found in cyanobacteria having antiinflammatory, antioxidant, and wound
healing activity was encapsulated into
santosomes by castangia et al. The
santosomes loaded with phycocyanin was
more effective compared to free protein to
promote internalization into endothelial
cells, protecting skin against free radicals,
avoiding
edema
formation,
and
contributing in the repair of injured skin.
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The results of in vivo studies performed on
mice demonstrated an evident amelioration
of skin lesion which confirmed the great
wound healing potential of phycocyanin
loaded santosomes (33).

higher drug loading capacity and greater
stability compared to SLNs. The Lipids
and surfactants widely used in the
preparation of SLNs and NLCs are
classified in figure 2.

4.3. Solid lipid nanoparticles (SLNs)
and Nanostructured lipid carriers:

For wound healing, both SLNs and NLCs
represent several advantages such as (a)
due to their occlusive nature and
adhesiveness, they increase the skin
hydration effect, (b) they allow controlled
release of an encapsulated moiety, (c) the
smaller size ensures closer contact with the
skin, (d) they enable topical delivery and
reduces the systemic exposure. The skin
hydration effect is due to two underlying
mechanisms suggested by Muller and coworkers: (a) occlusive film formation at
stratum corneum that prevents evaporation
of water, (b) reinforces the skin lipid
natural barrier as nanoparticles adhere to
the stratum corneum. From the topical
drug
delivery
perspective,
lipid
nanoparticles being aqueous dispersions
have low viscosity for application. Thus,
SLNs and NLCs are further incorporated
into some film, hydrogel, scaffold, cream,
ointment, etc. or viscosity enhancers are
added in the dispersion for making them
suitable for topical applicability (34). The
classification of methods used for the
preparation of SLNs and NLCs is
represented in figure 3.

In the beginning of 1990s, SLNs were
developed as an alternative to liposomes to
overcome several drawbacks of liposomes
such as stability issues, low encapsulation
efficiency, aggregation on storage,
uncontrolled release of drugs, etc. They are
a novel pharmaceutical drug delivery
system comprising of a solid lipid center
which is stabilized by surfactants. They
have demonstrated numerous benefits as
controlled drug delivery system such as (a)
they are biocompatible and biodegradable,
(b) they improve the drug targeting and
bioavailability, (c) suitable for lipophilic as
well as hydrophilic active compounds, (d)
due to their size and lipid solubility they
promote diffusion through biological
barriers, (e) easy scale-up, (f) production
process can be free from organic solvents
(10). On comparison with liposomes,
SLNs present higher flexibility to
modulate the drug release and provides
better protection to the encapsulated drug.
However, the changes in crystal lattice
during storage often leads to drug
expulsion from SLNs. To overcome this
drawback, lipid nanocarriers with
amorphous matrix were developed using
liquid lipids along with solid lipids which
were named as NLCs. The NLCs presents

NUJPS - 2020 | Vol. 7 | Issue 1

25

Figure 2: The Lipids and surfactants widely used in the preparation of SLNs and NLCs

Figure 3: The classification of methods used for the preparation of SLNs and NLCs
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Essential oils obtained from several plants
have significant antibacterial, antiinflammatory, and antioxidant properties
useful for the cure of nonhealing wounds.
Mentha pulegium essential oil (MPO),
having significant antibacterial and antioxidant
properties,
comprises
of
piperitone,
pulegone,
piperitenone,
menthone and isomenthone. However, due
to the volatile compounds present in
essential oils, their use has several
limitations like they are not stable and gets
easily destroyed by environmental
influences. Lipid nanoparticles are
reported to protect the essential oils against
environmental factors as well as enhance
their antimicrobial and wound healing
potential. Khezri et al. developed MPOloaded NLCs and evaluated its efficacy
against infected wounds. The effect of
MPO-NLCs on wound healing, tissue
bacterial count, wound contraction,
molecular and histological parameters was
assessed at 3, 7 and 14 days after wound
creation.
MPO-NLCs
topical
administration shortened the inflammatory
phase and enhanced the proliferative
phase. The IL-10, b-FGF, TGF-β
expression increased and NF-κB decreased
after treatment with MPO-NLCs compared
to the control group (35). In another study,
Carbone et al. developed NLCs for
combined delivery of Lavandula essential
oil and ferulic acid, whose potential wound
healing action has been reported in several
studies. The combined delivery promoted
cell migration and represented higher
effectiveness in comparison to free drug
solution or NLCs without Lavandula
NUJPS - 2020 | Vol. 7 | Issue 1

(36)

essential oil . Chamomile oil has a very
significant wound healing action, but its
easy degradation and poor tissue
permeability limit its topical application.
To ameliorate its wound healing potential,
it was encapsulated into SLNs by Gad et
al. SLNs were formulated by hot
homogenization
technique
using
chamomile oil and 20% w/w stearic acid.
The in-vivo studies were conducted on 40
rats divided into 5 groups (normal control,
wounded rats without treatment, treated
®
with blank SLNs, treated with Camisan
cream, and treated with chamomile SLNs.
The results demonstrated that chamomile
SLNs treated rats showed improved wound
contraction, collagen deposition, TGF-β1
and reduced IL-1β and MMP-9, as
(37)
compared to other treatment groups .
Peppermint essential oil loaded NLCs were
fabricated and evaluated for their
antibacterial activity and wound healing
action by Ghodrati et al. The in vitro study
on
Escherichia
coli,
Salmonella
typhimurium, Staphylococcus aureus,
Pseudomonas
aeruginosa,
Listeria
monocytogenes,
Bacillus
anthracis,
Staphylococcus
epidermidis,
and
Staphylococcus pneumonia species were
tested. The in vitro results revealed
significant antibacterial activity of
peppermint essential oil loaded NLCs. In
vivo analysis represented increased wound
contraction rate, collagen deposition rate
and re-epithelialization in peppermint
essential oil loaded NLCs group compared
(38)
to the control group . Another study was
done by khezri et al. to evaluate the topical
wound healing potential of rosemary
27

essential oil (REO) into NLCs. The in vitro
studies represented that REO-NLCs were
highly effective against Staphylococcus
epidermidis, Staphylococcus aureus,
Escherichia coli, listeria monocytogenes,
and pseudomonas aeruginosa. The in vivo
studies done on mouse induces with full
thickness wound on their back which was
then treated with REO-NLCs demonstrated
reduced bacterial colonization and wound
size and increased fibroblast infiltration,
vascularization, re-epithelialization, IL-3,
IL-10, Stromal cell-derived factor 1 alpha
(SDF-1α), VEGF levels (39).
Numerous natural compounds having antiinflammatory, antibacterial, and wound
healing effects have been reported to be
loaded in SLNs or NLCs. Zerumbone, a
lipophilic compound obtained from
Zingiber zerumbet was loaded into NLCs
by Albaayit et al. The study was done on
excisional wounds in rats, which were
treated with zerumbone-loaded NLCs
carrier gel (0.5 mg/ml) and silver
sulfadiazine 1% w/w (for comparison) for
15 days. Compared to silver sulfadiazine,
zerumbone-loaded NLCs carrier gel was
more effective for treating the wounds.
Increase in IL-10 and decrease in proinflammatory tissue necrosis factor-α, IL-6
concentrations, and cyclooxygenase-2
expression was observed after treatment
with zerumbone-loaded NLCs (40). Topical
application of opioids for pain reduction in
severe chronic wounds was evaluated by
Kuchler et al. Morphine-loaded SLNs were
developed and evaluated for improvement
of wound closure and pain reduction in
28

human-based 3D wound healing model.
The human full-thickness skin equivalents
were induced by CO2 laser irradiation. The
morphine loaded SLNs showed accelerated
wound closure, prolonged release of
morphine and enhanced keratinocyte
proliferation (41). A combination approach
of an antibiotic with natural wound healing
agent was studied by ghaffari et al. in
which they developed curcumin-ampicillin
SLNs which were further loaded into
ointments and gels. Both the gel and
ointment and gel represented significant
wound healing effect compared to control
(42)
groups or placebos . Tetrahydrocurcumin
(THC), also known as white curcumin, is a
stable colourless hydrogenated form of
curcumin
having
superior
antiinflammatory and anti-oxidant properties.
THC-SLNs were developed by microemulsification technique and further
incorporated into the hydrogel. The THCSLNs gel showed 17 times higher skin
permeation compared to free THC gel. The
formulation was non-irritating, showed
desired occlusivity and stability. The
pharmacodynamic evaluation done in
excision wound mice model depicted
enhanced anti-inflammatory effect by
THC-SLNs gel which were confirmed by
histopathological and biochemical studies
(43)
. In recent years, artificial scaffolds
performing as skin substitutes have been
fabricated for improving wound healing.
Collagen is an excellent biomaterial which
can be employed to fabricate scaffolds as it
has an abundant quantity of bodily
proteins, low immunogenicity and high
stability. Collagen is known to promote
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cell
adhesion,
migration
and
differentiation. Curcumin, when loaded as
such into collagen hydrogels, tends to form
large aggregates which clog the matrix
pores of the hydrogel. A strategy to load
curcumin-lipid nanoparticles into collagen
scaffolds
was
developed.
The
homogeneous distribution of curcuminlipid nanoparticles into the collagen
scaffolds was observed. 100% release from
lipid nanocarriers was obtained after 25
days when hydrogels were soaked into the
saline buffer (44). The effect of astragaloside
IV- loaded SLN enriched hydrogel on the
anti-scar formation and wound healing was
evaluated by Chen et al. The astragaloside
IV-loaded SLNs were prepared by solvent
evaporation method and characterized.
Furthermore, the optimized SLNs were
loaded into carbomer hydrogel to produce
astragaloside IV-SLNs enriched gel. The
astragaloside IV-SLNs enriched gel
enhanced the proliferation and migration
of keratinocytes and also increased the
uptake of the drug on fibroblasts in vitro
by caveolae endocytosis pathway. The in
vivo study represented that the wound
closure rate, angiogenesis and collagen
formation increased strengthening the
wound healing and inhibiting the scar
formation
after
treatment
with
(45)
astragaloside IV-SLNs enriched gel .
Melatonin, secreted by the pineal gland is a
well-recognized free radical scavenger,
anti-inflammatory agent, and stimulator of
antioxidant enzymes. Due to the
intracellular chelating activity, its potential
to fight against bacterial, viral and parasitic
NUJPS - 2020 | Vol. 7 | Issue 1

infections have been reported. It also
promotes cell migration and proliferation
during the wound healing process. Romic
et al. developed NLCs loaded chitosan
microspheres as an innovative dry powderbased wound dressing, in which melatonin
was added in both NLCs as well as
chitosan matrix. Hot homogenization
technique was employed to formulate
NLCs, while the microspheres were
prepared by spray-drying technique. The
dry powder system swelled after coming in
contact with simulated wound fluid and
turned into the hydrogel. The formulation
represented significant antimicrobial
activity against S. aureus MRSA strain and
staphylococcus aureus (46). Nucleic acid
delivery is an appealing approach for
regulating and controlling the production
of proteins during wound healing.
Downregulation of a protein named
fidgetin-like protein 2, improves the
wound healing process. The function of the
protein is to regulate microtubule assembly
which reduced the migration of cells.
siRNA knocks down this protein and
improved the rate of cell movement, which
in turn improves the wound healing.
However, siRNA as a therapeutic agent
needs an efficient carrier to reach the
intracellular site of action. It is unstable in
serum and also sensitive to nuclease
degradation. The high negative charge,
stiffness, and high molecular weight of
siRNA impede cellular internalization.
Tezgel et al. developed collagen scaffolds
loaded with either naked siRNA,
siRNA/NLCs complexes forming cationic
NLCs including either a DOTAP (1,229

dioleoyl-3-trimethylammonium-propan)
and DOPE (1,2-Dioleoyl-sn-glycero-3phosphoethanolamine) shell (cNLC) or
chitosan coating (CS-NLC). Collagen
scaffolds encumbered with cNLC
represented the most prolonged release of
siRNA and downregulation of ERK-1
protein in vitro (47). Nowadays, numerous
studies are done on the exogenous
application of growth factors such as EGF,
PDGF, FGF, or TGF for wound healing.
However, they are having very low
stability
which
necessitates
the
development of ideal nanocarriers that
helps to keep them stable and provide a
localized and sustained release. Gainza et
al. developed recombinant human
epidermal growth factor (rhEGF) loaded
lipid nanoparticles (SLNs and NLCs) and
evaluated the in vitro and in vivo
effectiveness for wound healing in healingimpaired db/db mice. The encapsulation
efficiency of rhEGF-NLCs was higher than
rhEGF-SLNs, and the gamma sterilization
method was found to be suitable for final
sterilization as there was no loss of activity
after sterilization. The proliferation assays
demonstrated that nanoformulations had
higher bioactivity than that of free rhEGF
(48)
. Another approach was also done by
gainza et al. where the lipid nanoparticles
encapsulating rhEGF were further loaded
into either semi-solid hydrogels or fibrinbased scaffolds (49).
5.

Future perspective:

The scientific community is focusing on
improving the current therapeutic
approaches by developing novel release
30

systems intended to allow a controlled
release, avoid recurrent dressing changes,
promote cell proliferation, provide ideal
wound healing conditions, etc. Lipid
nanoparticles are widely investigated due
to their non-toxic nature, high penetration
in the wound area, ability to provide a
controlled release, protect the drug from
enzymatic degradation, etc. Although
numerous studies are performed to develop
lipid nanocarriers based dressings for
wound healing which demonstrates
encouraging results, it is still necessary to
carry out in-depth studies for foreseeing
the consequences like their accumulation,
elimination and toxicology. A lot of
information supported by in vitro and in
vivo studies is available for use of
nanocarriers in wound healing, however, it
is still necessary for them to reach clinical
application and fulfil the task of improving
the life quality of chronic wound patients.
There is a great demand for advanced
animal models and designs of clinical trials
to provide strong evidence and help in
regulatory
approval
of
these
nanotechnology-based drug delivery
approaches. Due to the variable wound
causes and types and the complexity of the
wound healing process, the studies done on
patients by nano-systems are still very
limited. Establishment of a single therapy
for all the patients becomes difficult due to
the variability between patients and
comorbidities associated with the wound.
Thus, more efforts are required to make
these systems available for human use and
thereby overcome the current drawbacks
associated with chronic wound healing.

LIPID NANOPARTICULATE SYSTEM FOR WOUND HEALING

Acknowledgement
Ms. Preksha Vinchhi is grateful to Nirma
University for providing the Junior
Research Fellowship. The authors are
thankful to the Institute of Pharmacy,
Nirma University, Ahmedabad, Gujarat,
India for providing the necessary facilities
to generate the manuscript that is a part of
Doctor of Philosophy (Ph.D.) research
work of Ms. Preksha Vinchhi to be
submitted
to
Nirma
University,
Ahmedabad, India.

4.

Du J, Wong KKY. Nanomaterials for
Wound Healing: Scope and Advances.
In: Theranostic Bionanomaterials
[Internet]. Elsevier; 2019. p. 211–30.
Available from: https://linkinghub.
elsevier.com/retrieve/pii/B978012815
3413000092

5.

Boateng JS, Matthews KH, Stevens
HNE, Eccleston GM. Wound healing
dressings and drug delivery systems:
A review. Vol. 97, Journal of
Pharmaceutical Sciences. 2008. p.
2892–923.

6.

Rajendran NK, Kumar SSD, Houreld
NN, Abrahamse H. A review on
nanoparticle based treatment for
wound healing. J Drug Deliv Sci
Technol [Internet]. 2018;44:421–30.
Available
from:
https://doi.org/10.1016/j.jddst.2018.0
1.009

7.

Wang W, Lu KJ, Yu CH, Huang QL,
Du YZ. Nano-drug delivery systems
in wound treatment and skin
regeneration. J Nanobiotechnology
[Internet]. 2019;17(1):1–15. Available
from: https://doi.org/10.1186/s12951019-0514-y

8.

Garcia-Orue I, Pedraz JL, Hernandez
RM, Igartua M. Nanotechnologybased delivery systems to release
growth factors and other endogenous
molecules for chronic wound healing.
J Drug Deliv Sci Technol [Internet].
2017;42:2–17. Available from:
https://doi.org/10.1016/j.jddst.2017.0
3.002

Conflicts of Interest
The authors declare that they have no
conflict of interest.
References:
1.

2.

3.

Bernal-Chávez S, Nava-Arzaluz MG,
Quiroz-Segoviano RIY, GanemRondero A.
Nanocarrier-based
systems for wound healing. Drug Dev
Ind
Pharm
[Internet].
2019;45(9):1389–402.
Available
from:
https://doi.org/10.1080/
03639045.2019.1620270
Das S, Baker AB. Biomaterials and
nanotherapeutics for enhancing skin
wound healing. Front Bioeng
Biotechnol. 2016;4(OCT):1–20.
Ashtikar
M,
Wacker
MG.
Nanopharmaceuticals for wound
healing – Lost in translation? Adv
Drug
Deliv
Rev
[Internet].
2018;129:194–218. Available from:
https://doi.org/10.1016/j.addr.2018.03
.005

NUJPS - 2020 | Vol. 7 | Issue 1

31

9.

Hamdan S, Pastar I, Drakulich S,
Dikici E, Tomic-Canic M, Deo S, et
al.
Nanotechnology-Driven
Therapeutic Interventions in Wound
Healing: Potential Uses and
Applications. ACS Cent Sci.
2017;3(3):163–75.

10. Garcês A, Amaral MH, Sousa Lobo
JM, Silva AC. Formulations based on
solid lipid nanoparticles (SLN) and
nanostructured lipid carriers (NLC)
for cutaneous use: A review. Eur J
Pharm Sci. 2018;112:159–67.
11. Alam P, Ansari MJ, Anwer MK, Raish
M, Kamal YKT, Shakeel F. Wound
healing effects of nanoemulsion
containing clove essential oil. Artif
Cells, Nanomedicine, Biotechnol.
2017 Apr 3;45(3):591–7.
12. Moradi S, Barati A, Salehi E, Tonelli
AE, Hamedi H. Preparation and
characterization of chitosan based
hydrogels containing cyclodextrin
inclusion
compounds
or
nanoemulsions of thyme oil. Polym
Int. 2019 Nov 26;68(11):1891–902.
13. Kazemi M, Mohammadifar M,
Aghadavoud E, Vakili Z, Aarabi MH,
Talaei SA. Deep skin wound healing
potential of lavender essential oil and
licorice extract in a nanoemulsion
form: Biochemical, histopathological
and gene expression evidences. J
Tissue Viability. 2020 May;29
(2):116–24.

32

14. Morsy, Abdel-Latif, Nair, Venugopala,
Ahmed, Elsewedy, et al. Preparation
and Evaluation of AtorvastatinLoaded Nanoemulgel on WoundHealing Efficacy. Pharmaceutics.
2019 Nov 13;11(11):609.
15. Farahani
H,
Barati
A,
Arjomandzadegan M, Vatankhah E.
Nanofibrous cellulose acetate/gelatin
wound dressing endowed with
antibacterial and healing efficacy
using nanoemulsion of Zataria
multiflora. Int J Biol Macromol. 2020
Nov;162:762–73.
16. BROWN GL, CURTSINGER LJ,
WHITE M, MITCHELL RO,
PIETSCH J, NORDQUIST R, et al.
Acceleration of Tensile Strength of
Incisions Treated with EGF and TGFβ. Ann Surg. 1988 Dec;208
(6):788–94.
17. Alemdaroçlu C, Degim Z, Celebi N,
Şengezer M, Alömeroglu M, Nacar A.
Investigation of epidermal growth
factor
containing
liposome
formulation effects on burn wound
healing. J Biomed Mater Res - Part A.
2008;85(1):271–83.
18. Deçim Z, Çelebi N, Alemdaroçlu C,
Deveci M, Öztürk S, Özoçul C.
Evaluation of chitosan gel containing
liposome-loaded epidermal growth
factor on burn wound healing. Int
Wound J. 2011;8(4):343–54.
19. Xu HL, Chen PP, Wang LF, Tong MQ,
Ou Z hui, Zhao YZ, et al. Skin-

LIPID NANOPARTICULATE SYSTEM FOR WOUND HEALING

permeable
liposome
improved
stability and permeability of bFGF
against skin of mice with deep second
degree scald to promote hair follicle
neogenesis through inhibition of scar
formation. Colloids Surfaces B
Biointerfaces
[Internet].
2018;172:573–85. Available from:
https://doi.org/10.1016/j.colsurfb.201
8.09.006
20. Xiang Q, Xiao J, Zhang H, Zhang X,
Lu M, Zhang H, et al. Preparation and
characterisation
of
bFGFencapsulated
liposomes
and
evaluation
of
wound-healing
activities in the rat. Burns.
2011;37(5):886–95.
21. Lu KJ, Wang W, Xu XL, Jin FY, Qi J,
Wang XJ, et al. A dual deformable
liposomal ointment functionalized
with retinoic acid and epidermal
growth factor for enhanced burn
wound healing therapy. Biomater Sci.
2019;7(6):2372–82.

deformable liposomes-in-chitosanhydrogel as a novel wound dressing.
Pharmaceutics. 2020;12(1).
24. Jangde R, Singh D. Preparation and
optimization of quercetin-loaded
liposomes for wound healing, using
response surface methodology. Artif
Cells, Nanomedicine Biotechnol.
2016;44(2):635–41.
25. Li Z, Liu M, Wang H, Du S. Increased
cutaneous wound healing effect of
biodegradable liposomes containing
madecassoside:
Preparation
optimization, in vitro dermal
permeation,
and
in
vivo
bioevaluation. Int J Nanomedicine.
2016;11:2995–3007.
26. Liu M, Chen W, Zhang X, Su P, Yue
F, Zeng S, et al. Improved surface
adhesion and wound healing effect of
madecassoside liposomes modified
by temperature-responsive PEG-PCLPEG copolymers. Eur J Pharm Sci
[Internet].
2020;151:105373.
Available from: https://doi.org/
10.1016/j.ejps.2020.105373

22. Choi JU, Lee SW, Pangeni R, Byun Y,
Yoon IS, Park JW. Preparation and in
vivo evaluation of cationic elastic
liposomes comprising highly skinpermeable growth factors combined
with hyaluronic acid for enhanced
diabetic wound-healing therapy. Acta
Biomater [Internet]. 2017;57:197–
215. Available from: http://dx.doi.org
/10.1016/j.actbio.2017.04.034

27. Wu YC, Wu GX, Huang HH, Kuo
SM. Liposome-encapsulated farnesol
accelerated tissue repair in thirddegree burns on a rat model. Burns
[Internet].
2019;45(5):1139–51.
Available from: https://doi.org/10.
1016/j.burns.2019.01.010

23. Ternullo S, Werning LVS, Holsæter
AM, Škalko-Basnet N. Curcumin-in-

28. Avachat AM, Takudage PJ. Design
and characterization of multifaceted

NUJPS - 2020 | Vol. 7 | Issue 1

33

lyophilized liposomal wafers with
promising wound healing potential. J
Liposome
Res
[Internet].
2018;28(3):193–208. Available from:
http://dx.doi.org/10.1080/08982104.2
017.1335319

efficient carriers for the improvement
of phycocyanin reepithelising ability
in vitro and in vivo. Eur J Pharm
Biopharm [Internet]. 2016;103:149–
58. Available from: http://dx.doi.org/
10.1016/j.ejpb.2016.03.033

29. Fukui T, Kawaguchi AT, Takekoshi S,
Miyasaka M, Sumiyoshi H, Tanaka R.
Liposome-Encapsulated Hemoglobin
Accelerates Skin Wound Healing in
Diabetic dB/dB Mice. Artif Organs.
2017;41(4):319–26.

34. Desfrançois C, Auzély R, Texier I.
Lipid nanoparticles and their hydrogel
composites for drug delivery: A
review. Pharmaceuticals. 2018;11(4).

30. Hurler J, Sørensen KK, Fallarero A,
Vuorela P, Škalko-Basnet N.
Liposomes-in-hydrogel
delivery
system with mupirocin: In vitro
antibiofilm studies and in vivo
evaluation in mice burn model.
Biomed Res Int. 2013;2013.
31. Chhibber S, Kaur J, Kaur S.
Liposome
entrapment
of
bacteriophages improves wound
healing in a diabetic mouse MRSA
infection.
Front
Microbiol.
2018;9(MAR):1–12.
32. Thapa RK, Kiick KL, Sullivan MO.
Encapsulation of collagen mimetic
peptide-tethered
vancomycin
liposomes in collagen-based scaffolds
for infection control in wounds. Acta
Biomater [Internet]. 2020;103:115–
28. Available from: https://doi.org/
10.1016/j.actbio.2019.12.014
33. Castangia I, Manca ML, Caddeo C,
Bacchetta G, Pons R, Demurtas D, et
al. Santosomes as natural and
34

35. Khezri K, Farahpour MR, Mounesi
Rad S. Efficacy of Mentha pulegium
essential oil encapsulated into
nanostructured lipid carriers as an in
vitro antibacterial and infected wound
healing agent. Colloids Surfaces A
Physicochem Eng Asp [Internet].
2020;589(January):124414. Available
from:
https://doi.org/10.1016/j.
colsurfa.2020.124414
36. Carbone C, Caddeo C, Grimaudo MA,
Manno DE, Serra A, Musumeci T.
Ferulic acid-nlc with lavandula
essential oil: A possible strategy for
wound-healing?
Nanomaterials.
2020;10(5).
37. Gad HA, Abd El-Rahman FAA,
Hamdy GM. Chamomile oil loaded
solid lipid nanoparticles: A naturally
formulated remedy to enhance the
wound healing. J Drug Deliv Sci
Technol [Internet]. 2019;50(October
2018):329–38. Available from:
https://doi.org/10.1016/j.jddst.2019.0
1.008

LIPID NANOPARTICULATE SYSTEM FOR WOUND HEALING

38. Ghodrati M, Farahpour MR,
Hamishehkar H. Encapsulation of
Peppermint
essential
oil
in
nanostructured lipid carriers: In-vitro
antibacterial activity and accelerative
effect on infected wound healing.
Colloids Surfaces A Physicochem
Eng Asp [Internet]. 2019;564:161–9.
Available from: https://doi.org/10.
1016/j.colsurfa.2018.12.043
39. Khezri K, Farahpour MR, Mounesi
Rad S. Accelerated infected wound
healing by topical application of
encapsulated Rosemary essential oil
into nanostructured lipid carriers.
Artif Cells, Nanomedicine Biotechnol
[Internet].
2019;47(1):980–8.
Available from: https://doi.org/10.
1080/21691401.2019.1582539
40. Albaayit SFA, Rasedee A, Abdullah
N.
Zerumbone-Loaded
Nanostructured Lipid Carrier Gel
Facilitates Wound Healing in Rats.
Rev Bras Farmacogn. 2020;30(2):
272–8.
41. Küchler S, Wolf NB, Heilmann S,
Weindl G, Helfmann J, Yahya MM, et
al. 3D-Wound healing model:
Influence of morphine and solid lipid
nanoparticles.
J
Biotechnol.
2010;148(1):24–30.
42. Ghaffari S, Alihosseini F, Rezayat
Sorkhabadi SM, Bidgoli SA, Mousavi
SE,
Haghighat
S,
et
al.
Nanotechnology in wound healing;
Semisolid dosage forms containing
NUJPS - 2020 | Vol. 7 | Issue 1

curcumin-ampicillin solid lipid
nanoparticles, in-Vitro, Ex-Vivo and
in-Vivo characteristics. Adv Pharm
Bull. 2018;8(3):395–400.
43. Kakkar V, Kaur IP, Kaur AP, Saini K,
Singh KK. Topical delivery of
tetrahydrocurcumin
lipid
nanoparticles effectively inhibits skin
inflammation: in vitro and in vivo
study. Drug Dev Ind Pharm [Internet].
2018;44(10):1701–12.
Available
from:
http://dx.doi.org/10.1080/
03639045.2018.1492607
44. Laghezza Masci V, Taddei AR,
Courant T, Tezgel O, Navarro F,
Giorgi F, et al. Characterization of
Collagen/Lipid
Nanoparticle–
Curcumin Cryostructurates for
Wound
Healing
Applications.
Macromol Biosci. 2019;19(5):1–12.
45. Chen X, Peng LH, Shan YH, Li N,
Wei W, Yu L, et al. Astragaloside IVloaded
nanoparticle-enriched
hydrogel induces wound healing and
anti-scar activity through topical
delivery.
Int
J
Pharm.
2013;447(1–2):171–81.
46. Duvnjak Romić M, Špoljarić D,
Šegvić Klarić M, Cetina-Čižmek B,
Filipović-Grčić J, Hafner A.
Melatonin loaded lipid enriched
chitosan microspheres – Hybrid
dressing for moderate exuding
wounds. J Drug Deliv Sci Technol
[Internet]. 2019;52(April):431–9.
Available from: https://doi.org/10.
1016/j.jddst.2019.05.004
35

47. Tezgel Ö, DiStasio N, LaghezzaMasci V, Taddei AR, SzarpakJankowska A, Auzély-Velty R, et al.
Collagen scaffold-mediated delivery
of NLC/siRNA as wound healing
materials. J Drug Deliv Sci Technol
[Internet]. 2020;55:101421. Available
from: https://doi.org/10.1016/j.jddst.
2019.101421
48. Gainza G, Pastor M, Aguirre JJ,
Villullas S, Pedraz JL, Hernandez
RM, et al. A novel strategy for the
treatment of chronic wounds based on
the topical administration of rhEGFloaded lipid nanoparticles: In vitro
bioactivity and in vivo effectiveness
in healing-impaired db/db mice. J
Control
Release
[Internet].
2014;185(1):51–61. Available from:
http://dx.doi.org/10.1016/j.jconrel.201
4.04.032
49. Gainza G, Chu WS, Guy RH, Pedraz
JL, Hernandez RM, Delgado-Charro
B, et al. Development and in vitro
evaluation of lipid nanoparticle-based
dressings for topical treatment of
chronic wounds. Int J Pharm
[Internet]. 2015;490(1–2):404–11.
Available from: http://dx.doi.org/
10.1016/j.ijpharm.2015.05.075

ROS: Reactive oxygen species
IL: Interleukin
MMP-9: Matrix metalloproteinase-9
AGEs: Advanced glycation end products
EGF: Epidermal growth factor
ECM: Extracellular matrix
bFGF: Basic fibroblast growth factor
HB-EGF: Heparin-binding epidermal
growth factor
EGFR: Epidermal growth factor receptor
IGF-I: Insulin-like growth factor-I
PECE: poly (ethylene glycol)-poly( caprolactone)-poly (ethylene glycol)
HPMC: Hydroxypropyl methylcellulose
SEM: Scanning electron microscopy
TEM: Transmission electron microscopy
XRD: x-ray diffraction spectroscopy
DSC: Differential scanning calorimetry
CMP: Collagen mimetic peptide
MSRA: Methicillin-resistant
staphylococcus aureus
MPO: Mentha pulegium essential oil
REO: Rosemary essential oil
SDF-1α: Stromal cell-derived factor 1
alpha
THC: Tetrahydrocurcumin
cNLC: DOTAP (1,2-dioleoyl-3trimethylammonium-propan) and DOPE
(1,2-Dioleoyl-sn- glycero-3phosphoethanolamine) shell

List of abbreviation:
SLNs: Solid lipid nanoparticles
NLCs: Nanostructured lipid carriers

CS-NLC: Chitosan coating

TGF-β: Transforming growth factor-β

rhEGF: Recombinant human epidermal
growth factor

PDGF: Platelet-derived growth factor
VEGF: Vascular endothelial growth factor
36

LIPID NANOPARTICULATE SYSTEM FOR WOUND HEALING

Nirma Univ J Pharm Sci; 2020, 7(1) 37-48
© 2014, Nirma University, Ahmedabad, Gujarat, India
ISSN 2348 –4012

REVIEW ARTICLE

POTENTIAL IMPORTANCE OF JUGLANS
REGIA LINN: NUTRITIONAL PROFILE
AND HEALTH BENEFITS
1*

2

3

Dipal Gandhi , Helly Shah , Maitri Madia
1*
Department of Pharmacognosy, Institute of Pharmacy, Nirma University
2
Department of Pharmaceutical Analysis, Institute of Pharmacy, Nirma University
3
Institute of Pharmacy, Nirma University
ABSTRACT
Food containing good amount of nutritional value is the most important parameter for
maintaining human health and complete physical well-being. Number of plants are available
with good source of vitamins and minerals and having other nutritional composition. Juglans
regia Linn. (Family-Juglandaceae), commonly known as walnut has substantial benefits as
dietary supplement. It possesses remarkable edible and nutritive values, with ease of
processing and food manufacturing. It is widely spread and cultivated in various parts of
world because of its valuable kernels. Dietician and other health workers of developing
countries should give due attention in promoting the research work and projects for studying
the medicinal importance, processing of walnut fruit and shell, manufacturing, improvement
in nutritive values and potential health benefits of the walnut fruit to promote their utilization
as food in respective countries. Many researchers have proved the therapeutic potential of
the Juglans regia. It is one of the most important non-timber forest products. The nutritional
importance of walnut is related to its seed or kernel. The aim of the present review is to
provide the benefits of the walnut with respect to its nutritional profile and therapeutic as
well as pharmacological importance as an antioxidant, hypolipidemic, antidiabetic,
antimicrobial, antihypertensive and hepatoprotective activity.
Key Words: Juglans regia, walnut, nutritional profile, Juglone, antioxidant
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1. Introduction:
The discovery of plants having medicinal
effects has been discovered since decades.
They have been used in the traditional
systems of medicines since ancient times.
There are hundreds of chemical and
biochemical compounds in plants having
functions including defense against various
insects, diseases, etc. Number of
phytochemical have been discovered in
plants. However a single plant also
contains numerous phytochemicals which
makes the whole plant having one or the
other potential medicinal or nutritional
effects. Many pharmacologically active
substances have been discovered through
ethno-botanical studies. The nutritional
rich food is the most important parameter
for maintaining human health and
complete physical well-being. For
development and maximization of human
genetic potential, nutritional food is
necessary [1]. Malnutrition problem can be
solved by taking dietary food and
supplements for maintaining overall
human health and fitness. Expansion of
food production must be supported at both
national and household level with
increasing yields and household techniques
[2].
In modern years, plant-based materials,
and especially nuts, became short of
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interest. Walnut is widely used since
ancient times due to its nutritional values.
Its scientific or biological name is Juglan
regia Linn.
It belongs to family
Juglandaceae. Of the total walnut produced
in the world, about 90% is utilized in the
developing countries and about two-thirds
of plant produced are consumed as food. It
is grown in temperate region and
extensively used by Persia (now Iran) for
trading with other countries so known as
Persian nut [3]. When taken to Rome, it
was named Jovis Glans. Later it was
named in Latin as Juglans regia - meaning
the Royal nut. It is now grown in Central
Asia, the Himalayan chain, Kyrgyzstan,
and also cultivated in some parts of Europe
and USA. Some common names of walnut
are Mocker nut hickory, Jupiter’s nut,
kurup, ramakrot. Similarly walnut has
some Ayurvedic names like Akshoda,
Akshodaka, Akshota, Shailbhava, Pilu,
Vrantphala, etc. [4,5] Walnut is known by
different names throughout the world.
Akhrot in Hindi, Doon in Kashmiri,
Gardgani in Unani, Charmarghz (four
brains) in Afghanistan and Karyon by
Greek. There are 15 different varieties of
walnut. Some known ones are
English/Persian Walnut (Juglans regia),
Black Walnut (Juglans nigra) and White
Walnut/Butternut (Juglans cinera) [6,7]
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Figure: 1- Shell of Juglans regia Linn

Figure 2(a) - Walnut seed Kernel
2.

Phytochemical composition
of Walnut:

Walnut contains large amount of monounsaturated fatty acids. It is an ideal supply
of Omega-3 fatty acids and arachidonic
acid. It contains higher amount of omega-3
NUJPS - 2020 | Vol. 7 | Issue 1

Figure 2(b) - Ripe fruit of Juglans regia Linn
and omega-6 PUFA, considered as an
essential dietary fatty acids. It has been
proven through clinical studies that omega3 PUFA have a major protective role in
coronary heart disease [9]. The shape of
walnut is similar to human brain, so it is
used as brain nutrient. Walnut having many
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phytochemical constituents, some of them
have antioxidant activity examples such as
melatonin, ellagic acid, vitamin E,
carotenoids and polyphenols etc. having
capacity fitness outcomes towards: getting
old, cancers, inflammations and neurologic
ailments [1]. Walnut is rich in alphalinolenic acid. One ounce of walnut can
provide 2.5 grams of ALA. There are 3
types of omega-3 fatty acids: alphalinolenic acid (ALA), eicosapentaenoic
acid (EPA) and docosahexaenoic acid
(DHA), as shown in figure 3. EPA and
DHA are obtained from fishes like salmon,
trout and mackerel [2]. From
J.

mandshurica Maxim (green husk) around
27 naphthoquinones and their derivatives,
including 4 new naphthalenyl glucosides
and 23 other known compounds, have been
isolated [10]. Walnut husk contains two
hydrolysable tannins: Ellagic acid and
tannic acid. Tetralones is another type of
phytochemical group found to be present
in the plants belonging to the family
Juglandaceae. [11]. 3,4-dihydroxy-benzoic
acid and 2,3-dihydroxy-benzoic acid were
also isolated from the husk extract of J.
mandshurica Maxim. [12]. Other chemical
constituents and their structures are shown
in the figure 4.

Figure 3: Chemical structures of omega 3-fatty acids present in Walnut
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Figure 4 : Chemical structures of Phytoconstituents present in Walnut
2.1 Nutritional composition of Walnut
2.1.1 Source of Vitamins:
Walnut is an excellent source of
tocotrienols. It contains two forms of
tocotrienols: alpha and gamma. About 21
mg gamma tocotrienols is present in 100
gram of Walnut, and this quantity meets
140% of daily need. Vitamin E is a fatsoluble antioxidant, required to shield the
NUJPS - 2020 | Vol. 7 | Issue 1

mucus pores and skin cell membranes to
reduce the dangerous effects of unfastened
free-radicals and to hold its solidarity [13].
Walnut consists of critical nutrition
systems together with: Vit B2, nicotinic
acid, Vit B1, pantothenic acid, vitamin B6,
and folate/B9. It has a preventive role
against irritation, also reduces the risk of
high blood strain and prevents from mind
stroke, chest illnesses, cancer etc. [14]
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2.1.2 Source of proteins, fats and carbohydrates:
Walnut contains significant quantities of mono and poly-unsaturated fatty acids. Three-forth
portion of the energy in walnut is due to fat[4].The nutritional composition of walnut is
shown below in table 1. [15]

Table-1: Nutritional composition of Walnut.
Principle

Value per 100g

Vitamins (USDA)
Niacin

1.125 mg

Pantothenic acid

0.570 mg

Pyridoxine

0.537 mg

Riboflavin

0.150 mg

Thiamin

0.541 mg

Vitamin A

20 IU

Vitamin C

1.3 mg

Vitamin E-y

20.83 mg

Vitamin K

207 mcg

Folates

98 mcg

Minerals
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Potassium

441 mg

Phosphorous

346 mg

Magnesium

158 mg

Calcium

98 mg

Manganese

3.8 mg

Zinc

3.09 mg

Iron

2.9 mg

Sodium

2 mg

Copper

1.5 mg

Aluminum

0.58 mg
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Fatty Acids
Unsaturated fatty acids
Linoleic acid C18:2

57.10

Oleic acid C18:1

25.26

Total MUFA

22.37

Linelic acid C18:3

10.34

Total PUFA

4.29

Palmitoleic acid C16:1

0.77

Gadoleic acid C20:1

0.05

Saturated fatty acids

3.

PUFA/SFA

9.91

Total SFA

7.21

Palmitic acid C16:0

4.28

Stearic acid C18:0

1.85

Myristic acid C14:0

0.24

Arachidic acid C20:0

0.19

Medicinal importance of Juglans
regia Linn.

3.1 Ethnomedicinal uses:
It has been observed from some of the
articles that the plant can be used in many
different ways, either alone or in
combination with other medicinal plants,
or with olive oil or honey. [6]. In Iran, the
kernel of J. regia has been used for the
curing inflammatory bowel disease. In
Palestine, it is used for remedy of diabetes
and asthma and to deal with prostate and
vascular disturbance. [16]
NUJPS - 2020 | Vol. 7 | Issue 1

The plant is used as a topical remedy
for dermal infection and excessive
perspiration of the palms and feet. The
topical use of plant leaves cures dandruff
and scalp itching, superficial burns and
sunburn. It is used as emollient for pores
and skin disorders. It also has excessive
anti-atherogenic capacity and osteoblastic
activity that shows its potential use in
cardioprotection and bone loss. The
branches, barks and exocarp of the
immature fruit is used to treat gastric,
liver and lung cancer in China. In
northeastern Mexico, it is used a traditional
healer for protection against liver harm. [6]
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The bark is used as miswaks for enamel
cleansing. The bark paste is applied at
different places and beneficial in pores,
arthritis and skin diseases, toothache, and
hair boom in Nepal [17]. Seed coat is used
for healing wounds. Juglans regia shell is
used as Calabria folk remedy to heal
malaria in Italy [6].
3.2 Anti-oxidant potential:
The walnut contains antioxidant substances
having 15 instances extra results compared
to natural vitamin E. Anti-oxidants defend
the cells towards the deterioration resulting
from harmful substance called as freeradicals. [18] It has the property to reduce
oxidative stress due to lose radicals, LDL
cholesterol, and inflammations that harm
fitness [19].
3.3 Anti-microbial and anti-fungal
activity:
Juglone is used widely in pharmaceutical
for anti-microbial activity. Walnut leaf
extract along with its anti-oxidant property,
inhibits the growth of bacteria – Bacillus
cereus [20]. It is also useful against
bacteria that are the cause of human
gastrointestinal infections [21] .Walnut
husks inhibit the growth of various
pathogenic bacteria. [4]
3.4 Anti-diabetic activity:
Polyphenolic components such as
Tellimagradin II, Casuarictin and
Tellimagradin I present in walnut have
been shown to have a robust inhibitory
effect on distinct enzymes like glycosidase,
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maltase sucrose, glycosidase, and amylase.
Researchers additionally noticed that
walnut, due to its polyphenol content, has
triglyceride decreasing impact and
peroxide urine reducing effect in
genetically inherited Type II diabetes
mellitus. Significant inhibition was
observed in α-glucosidase effect in vitro
for both maltase and sucrase enzymes
using the plant extract and showed no
adjustments in the insulin and glut-4 gene
expression [22].
3.5 Anthelmintic activity:
The methanol, ethanol and benzene
extracts of stem bark of Juglans regia on
adult
Indian
earthworm,
Pheretimaposthuma shows full-size
anthelmintic effect corresponding to
popular drug Piperazine citrate. The
ethanolic, ethyl acetate and petroleum
ether extract of walnut hull have antifeedant effect on small vegetable moth and
army worms [17].
3.6 Anti-inflammatory activity:
Central and peripheral antinociceptive
effects has been observed using aqueous
and ethanolic extracts of Juglans regia. It
was again notified that this effect is due to
inhibition of cyclo-oxygenase enzyme and
through non-opioid receptors. These
extracts also showed activity against acute
and especially chronic inflammatory
condition. Various flavonoids like
quercetin, hesperidin and luteolin shows
antinociceptive and/or anti-inflammatory
activities. So, it can be concluded that
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water and ethanolic extract of Juglans
regia leaves show antinociceptive activity,
and suggest a promising anti-inflammatory
and analgesic agents against diseases
together with rheumatoid arthritis. [23]
3.7 Dermatological activity:
For treating pores and skin pigmentation,
the components like ellagic acid in plant
leaves extract of Juglans regia were found
to be powerful. The ethanolic extract of
walnut leaves have potential to become
new asset of pores and skin-whitening
marketers. [14]
3.8 Hepatoprotective activity:
The oral administration (200 g/kg) of
walnut containing polyphenols from the
kernel pellicle showed reducing effect in
glutamyl pyruvic transaminase (GOT) and
glutamyl oxaloacetic transaminase (GPT)
in carbon tetrachloride (CCl4) precipitated
harms to liver in mice model. Results
indicated that walnut polyphenols are
superior to Curcumin polyphenols which
are normally used as hepatoprotective.
Polyphenolic components, rugosin C,
tellimagrandins I and II and casuarictin
have been discovered as main components
with hepatoprotective activity against
oxidative damage. [24]
3.9 Hypo tri-glyceridemic activity:
Hypotriglyceridemic activity is observed
due to polyphenolic - rich extract through
enhancement of peroxisomal fatty acid βoxidation in the liver. [9]
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3.10 Effects of walnut leaf on
hypercholesterolemic rats:
One of the major risk factors for
cardiovascular
diseases
is
hypercholesterolemia. A research on
hypercholesterolemic rats was done. They
were given 1%, 2% and 5% of walnut leaf
powder in their diet daily and was carried
out till 40 days. Blood samples from eyes
were collected and various biochemical
parameters like triglycerides, LDL-C,
HDL-C, etc. were tested. The result
showed that the cholesterol and the
triglycerides level decreased while the
HDL-C level increased. The best results
were seen in the rats with 5% of powder in
the diet. Thus, it can be concluded that
walnut leaf can be used due to its antioxidant property in cardiovascular diseases
(CVD). [25]
3.11 Walnut as an Anti-cancer agent:
Juglone inhibits intestinal carcinogenesis
in rats and also acts as chemopreventive
agent in human intestinal neoplasia.
Juglone also has strong cytotoxic action in
vitro in human tumor mobile traces, which
includes HCT-15 (human colon carcinoma)
cells, HL-60R (doxorubicin-resistant
human leukemia) cells and (HL-60) human
leukemia cells. In a latest observation,
Juglone inhibited 180 SGC-7901 cell-line
isolated from metastasis of untreated
gastric adenocarcinoma and also the
apoptosis of sarcoma in vivo. [26]
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3.12 Effect of walnut on brain health:
English walnut (J. regia) is highly rich in
antioxidants. Consumption of walnut in
daily diet reduces the oxidative and
inflammatory load on the brain cells. This
leads to improvement in inter-neuronal
signaling, increase in neurogenesis, etc.
[19]
3.13 Uses of walnut in Cosmetics and
other beauty products:
Walnut oil is high in vitamins and proteins
and is beneficial for skin. They are rich in
omega-3, fiber and other vital minerals.
th
Since 17 century, walnut oil has been used
to treat wrinkles and helps the skin look
younger. The oil is a bit greasy but can be
applied on the skin. Walnut oil is used to
treat fungal infections by applying the oil
topically to the affected area. [27]. Walnut
shell powder is widely used as a scrubbing
agent in cosmetic industry [26].

health problems like cancer, diabetes,
cardiovascular disease, obesity, celiac
disease, various skin problems, etc. are
most prominent because of mal-nutrition
consumption and improper life style. This
review explores the benefits of Walnut
which can be used as a “Nutritional
medicine”. Walnut is an excellent source of
antioxidants such as phenolic acids which
can be characterized to be potential
supplement and can enhance the viability
of dietary and nutraceutical products along
with potential health benefits.
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ABSTRACT
A simple, sensitive, selective, economical and reproducible Simultaneous estimation method
by UV-Visible spectrophotometry method has been developed for the determination of
Aspirin (ASP) and 5-Fluorouracil (5-FU) in bulk form. The methods are based on
measurement of absorbance of ASP and 5-FU in 0.1N HCl at 234 nm and 266 nm
respectively. Beer’s law is obeyed over the linear range 12 – 32 µg/mL and 3.33 – 8.89
µg/mL for ASP and 5-FU respectively. The r2 was 0.9971 and 0.9944 for ASP at 234 nm and
266 nm respectively. While 0.9988 and 0.9975 was found for 5-FU at 266 nm and 234 nm.
Limits of Detection (LOD) were 0.16 µg/mL and 0.04 µg/mL for ASP and 5-FU respectively.
Limit of Quantification (LOQ) were 0.48 µg/mL for ASP and 0.13 µg/mL for 5-FU. The
method was validated in accordance with the current ICH guidelines. The precision results,
expressed by intra-day and inter-day for ASP and 5-FU at 234 nm and 266 nm were within
the limits (% RSD < 2 %). The accuracy was also satisfactory and % recovery was 98.00 –
102.38 % for ASP and 98.41 – 100.81 % for 5-FU. The assay of dosage form was 99.57 %
and 98.97 % for ASP and 5-FU respectively.
Keywords: UV-Visible spectrophotometry, Aspirin, 5-Fluorouracil, Simultaneous
Estimation, validation
*Corresponding author E-mail: mehulpatel.ph@charusat.ac.in

1.

Introduction

The use of tegafur in cancer treatment is
due to its lower toxicity than 5-FU [4].

Aspirin [2-(acetyloxy) benzoic acid] (Fig
1), acts as an inhibitor of cyclooxygenase
which results in the inhibition of the
biosynthesis of prostaglandins. It also
inhibits platelet aggregation and is used in
the prevention of arterial and venous
thrombosis [1]. 5-Fluorouracil (Fig 2) is a
pyrimidine analogue that irreversibly
inhibits thymidylate syntheses. Blocking
the synthesis of thymidylate which is
required for DNA synthesis. Intracellular
metabolites of 5-Fluorouracil exert
cytotoxic effects by either inhibiting
thymidylate synthesis or through
incorporation into RNA & DNA,
ultimately initiating apoptosis [2]. 5Fluorouracil has been widely used to treat
many
gastrointestinal
tract
adenocarcinomas. Tegafur [4-Fluoro-1-(2tetrahydrofuryl)-2,4(1H,3H)pyrimidinedione] is a prodrug of 5Fluorouracil (5-FU) and is converted into
5-FU by cytochrome P450 enzymes [3].

Various biochemicals, clinical and
epidemiological studies have shown that
aspirin (ASA) and other nonsteroidal antiinflammatory
drugs
(NSAIDs)
demonstrate antineoplastic properties,
particularly in the gastrointestinal tract,
inhibiting the proliferation of colorectal
cancer cells. The mechanism of activity
might be prostaglandin interceded through
restraint of the COX enzymatic
framework. This incorporates two isoproteins, COX-I and COX-II, working
together with the enactment of apoptosis,
actuation of resistant observation,
hindrance of expansion, and restraint of
cancer-causing agent initiation. 5Fluorouracil (5-FU) has demonstrated
activity against colorectal cancer, leading
to apoptosis of neoplastic cells, and ASA in
combination with 5-FU, in colorectal
cancer as evidenced by its effect on the
HT-29 cell line [5].

Fig 1: Aspirin [2-(acetyloxy) benzoic acid]

Fig 2: 5-Fluorouracil
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Pharmaceutical analytical procedures are
used for identification and quantitative
analysis of the active moiety in the sample
of drug substance or products. The
development of assay procedures for
multicomponent dosage forms poses
considerable challenge.
Literature review reveals that till date
individual methods for analysis of ASP[68]and 5-FU[9-11]were reported but not
analytical methods have been reported for
simultaneous estimation of ASP and 5-FU
from bulk form. Therefore, it was
endeavoured to develop accurate, precise
and sensitive UV-Visible spectroscopic
method for estimation of ASP and 5-FU
from their bulk form.If a sample contains
two absorbing drugs each of which absorbs
at the λmaxof the other, it may be possible to
determine both drugs by the technique of
simultaneous equations provided that
certain criteria apply.
2. Materials and Methods
2.1 Instrumentation
UV-Visible spectrophotometer with
model: UV-1800 equipped with UV probe
3.24 software; manufactured by Shimadzu
Inc, Japan and Analytical balance with
model ML204 which is manufactured by
METLER TOLEDO were used.
2.2 Apparatus
Volumetric flasks (10mL and 100mL);
pipettes (1mL and 10mL) and beakers
(100mL, 250mL and 500mL) of
borosilicate class A were used.
NUJPS - 2020 | Vol. 7 | Issue 1

2.3Methodology
2.3.1 Selection of solvent for ASP and 5FU
As per the solubility test, 0.1N HCl was
ideal solvent for spectrophotometric
analysis of aspirin and 5-FU. 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, 32 µg/mL
solutions of aspirin and 3.33, 3.89, 4.44,
5.00, 5.55, 6.11, 6.67, 7.22, 7.78, 8.33.
8.89 µg/mL solutions of 5-FU were
prepared in 0.1N HCl and spectrums were
recorded between 200-400 nm.
2.3.2 Preparation of standard stock
solution
2.3.2.1 ASP standard stock solution (100
µg/mL)
10 mg of aspirin standard was weighed and
transferred to 100mL volumetric flask. The
flask was shaken and volume was made up
to the mark with 0.1N HCl to give a
solution containing 100 µg/mL aspirin.
2.3.2.2 5-FU standard stock solution
(100 µg/mL)
10 mg of 5-FU was weighed and
transferred to 100 mL volumetric flask.
The flask was shaken and volume was
made up to the mark with 0.1N HCl to give
a solution containing 100 µg/ml 5-FU.
2.3.3 Selection of analytical wavelength
for aspirin and 5-FU
For aspirin 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, 32 µg/mL solutions were prepared
in diluents and spectrum were recorded
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between 200-400 nm. Similarly, 3.33, 3.89,
4.44, 5.00, 5.55, 6.11, 6.67, 7.22, 7.78,
8.33. 8.89 µg/mL solutions of 5-FU were
prepared in diluents and spectrum were
recorded between 200-400 nm. The
wavelength that at which maximum
absorbance was obtained was considered
as λmaxof the drug.
2.3.4 Establishment of calibration curve
A calibration curve was plotted over a
concentration range of 12-32 µg/mL for
aspirin and 3.33-8.89 µg/mL for 5-FU,
individually. Accurately measured working
stock solution of aspirin and 5-FU were
transferred to 10mL volumetric flasks and
diluted to the mark with 0.1N HCl.
Absorbance of each solution was measured
at selected wavelength 234 and 266nm.
Calibration curves were constructed for
aspirin and 5-FU by plotting absorbance
versus concentration and regression
coefficient was reported.
2.3.5 Preparation of test sample solution
For the estimation of drugs in the
developed formulations, 20 capsules
containing 180mg aspirin and 50 mg 5-FU
pellets were weighed and average weight
was calculated. The pallets were crushed
and powdered in glass mortar. For the
analysis of drugs, a standard addition
method was used. Drugs were diluted with
0.1N HCl and final concentration was
14µg/mL for ASP and 3.89 µg/mL for 5FU.

2.4 Simultaneous Equation Method
For estimation of aspirin and 5-FU using
spectrophotometry, simultaneous equation
methods were used. In this method two
wavelength are required. One wavelength
is selected at which aspirin shows
maximum absorbance, while second
wavelength is selected at which 5-FU
shows maximum absorbance. The
absorptivity of both the drugs determined,
at selected wavelengths, i.e. 234nm and
266nm.
From the above data of absorptivity, the
generated equations for both the drugs are
as under simultaneous equation
A1= ax1 cx + ay1 cy

(1)

A2= ax2 cx + ay2 cy

(2)

Where,
ax1 and ax2 are absorptivity of aspirin at
234 and 266 nm respectively
ay1 and ay2 are absorptivity of 5-FU at
234 and 266 nm respectively
A1 and A2 are absorbance of diluted test
sample at 234 and 266 nm respectively
Using cramer’s rule and matrices, the
equation (1) and (2) can be written as,
Cx = (A2 ay1- A1 ay2)/ (ax2 ay1- ax1 ay2)
Cy = (A1 ax2 – A2 ax1)/ (ax2 ay1- ax1
ay2)
By putting the values of absorptivity
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Where, 1) A1 and A2 are absorbance of
sample at 234nm and 266nm respectively
2) Cx is concentration of aspirin in µg/mL
3) Cy is concentration of 5-FU in µg/Ml
2.5 Optimized Spectrophotometric
Conditions
Solvent – 0.1N HCl
λmax= 234 nm for ASP and 266 nm for 5-FU
Scanning speed - Fast
2.6 Preparation of Solutions for
Method Validation
2.6.1 Linearity
Calibration curve for ASP and 5-FU:
Appropriate aliquots from ASP (1.2 – 3.2
mL) and 5-FU (0.33 – 0.88 mL) standard
stock solution were transferred to different
volumetric flasks of 10 mL capacity
separately. The volume was made up to the
mark with 0.1N HCl to obtain
concentration of 12-32µg/mL of ASP and
3.33-8.89 µg/mL of 5-FU. The solutions
were analysed at 234nm and 266nm and
calibration curve was constructed by
plotting average absorbance Vs. Conc. and
regression equation was computed. The
mean absorptivity values were also
calculated for ASP and 5-FU.
2.6.2 Precision
2.6.2.1 Intraday Precision
Lower, middle and higher concentrations
of calibration curve were selected for
NUJPS - 2020 | Vol. 7 | Issue 1

intraday precision for ASP and 5-FU.
Appropriate aliquots of ASP (1.4, 2.2 and
3.2 mL) and 5-FU (0.38, 0.61 and 0.88
mL) were transferred to different
volumetric flasks of 10 mL individually.
The volume was made up to the mark with
0.1N HCl to obtain concentration of 14, 22
and 32 µg/mL of ASP and 3.89, 6.11 and
8.89 µg/mL of 5-FU respectively. The
solutions were analysed at 234 nm and 266
nm for three times in a same day and
absorbances were recorded.
2.6.2.2 Interday Precision
Lower, middle and higher concentrations
of calibration curve were selected for inter
day precision for ASP and 5-FU.
Appropriate aliquots of ASP (1.4, 2.2 and
3.2 mL) and 5-FU (0.38, 0.61 and 0.88
mL) were transferred to different
volumetric flasks of 10 mL individually.
The volume was made up to the mark with
0.1N HCl to obtain concentration of 14, 22
and 32 µg/mL of ASP and 3.89, 6.11 and
8.89 µg/mL of 5-FU respectively. The
solutions were analysed at 234 nm and 266
nm for three times on three consecutive
day and absorbances were recorded.
2.6.3 Repeatability
Aliquots of 2.2 mL of ASP and 0.61 mL of
5-FU were pipette out and transferred to
volumetric flasks of 10 mL individually.
The volume was made up to the mark with
0.1N HCl to obtain concentration of 22
µg/mL of ASP and 6.11 µg/mL of 5-FU
respectively. Repeatability was established
by performing the experiment for six time
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consecutively
recorded.

and

absorbance

were

2.6.4 Accuracy
The validity and reliability of proposed
method was assessed by recovery study
using standard addition method. To check
the accuracy of proposed method recovery
study were carried out from pre analysed
samples at 3 different levels of standard
addition (80%, 100% and 120% of label
claim).
Solution A: tablet equivalent to 14 mg was
taken and dissolved in 10 mL of 0.1N HCl.
The solution was filtered through whatman
filter paper no. 41. The final solution
having concentration 14µg/mL of QTF
was analysed.
For 80% level of recovery, 1 mL of
standard solution having concentration of
11.2 µg/mL and 1 mL of solution A were
pipette in 10 mL volumetric flask. The
volume was made up to the mark with
methanol to obtain final concentration of
25.2 µg/mL.
For 100% level of recovery, 1 mL of
standard solution having concentration of
14 µg/mL and 1 mL of solution A were
pipette in 10 mL volumetric flask. The
volume was made up to the mark with
methanol to obtain final concentration of
28 µg/mL.
For 120% level of recovery, 1 mL of
standard solution having concentration of
16.8 µg/mL and 1 mL of solution A were
pipette in 10 mL volumetric flask. The
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volume was made up to the mark with
methanol to obtain final concentration of
30.8 µg/mL. Solutions were analysed for
three times and absorbances were
recorded.
2.6.5 Limit of Detection (LOD)
The detection limit of an individual
analytical procedure is the lowest amount
of analyte in a sample which can be
detected but not necessarily quantified as
an exact value. Calibration curve was
repeated six times and the standard
deviation of the intercepts and mean of
slopes were calculated. Then LOD was
measured by using mathematical
expression.
LOD= 3.3 σ/S
Where, σ = the standard deviation of the
response
S = the slope of the calibration curve
2.6.6 Limit of Quantification (LOQ)
The quantification limit of an analytical
procedure is the lowest amount of analyte
in a sample which can be quantitatively
determined with suitable precision and
accuracy. Calibration curve was repeated
six times and the standard deviations of the
intercepts and means of slopes were
calculated. Then LOD was measured by
using mathematical expression.
LOQ = 10 σ/S
Where, σ = the standard deviation of the
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response
S = the slope of the calibration curve
2.6.7 Robustness
The robustness of an analytical procedure
is a measurement of its capacity to remain
unaffected by small, but deliberate
variations in method parameters.
Robustness of the developed method was
tested by varying detection wavelength (±2
nm) of optimized conditions.
2.7 Assay of Developed Formulation
Containing ASP and 5-FU
A quantity of equivalent to 14 mg of was
taken and dissolved in 100 mL of 0.1N
HCl. The solution was filtered through

whatman filter paper no. 41. From this mL
was pipette out in 10 mL volumetric flask
and volume was made up to mark to obtain
14 µg/mL of ASP and 3.89 µg/mL of 5-FU.
The final solution having concentration 14
µg/mL of ASP and 3.89 µg/mL of 5-FU
was analysed.
3. Results and Discussions
3.1 Method Validation
Linearity
Linearity was found between 12 to 32
µg/mL for ASP as shown in fig 3 and 3.33
to 8.89 µg/mL 5-FU as mentioned in fig 4
respectively. Linear regression data for the
calibration curves (n=6) shows a good
linear relationship over the concentration
range of 12 to 32 µg/mL (Fig 5 and 6) and
3.33 to 8.89 µg/mL 5-FU (Fig 7 and 8)

Figure 3: Overlay spectra of ASP (12 to 32µg/mL) in 0.1N HCl at 234 nm

NUJPS - 2020 | Vol. 7 | Issue 1
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Figure 4: Overlay spectra of 5-FU (3.33 to 8.89µg/mL) in 0.1N HCl at 266 nm

Fig 5: Calibration curve
for ASP at 234nm
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Fig 6: Calibration curve for
ASP at 266nm
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Fig 7: Calibration curve for
5-FU at 266nm

Fig 8: Calibration curve for
5-FU at 234 nm

respectively.

Interday precision was performed and
%RSD values were well within the
acceptance criteria.

Precision

Repeatability

Intraday Precision

It was performed and %RSD values were
found to be less than 2%.

Intraday precision was performed and
%RSD values were within the acceptance
criteria.

Accuracy
Accuracy was performed and % Recovery
was found to be within 98-102% at all

Interday Precision

Table 1: Accuracy (% Recovery) data for ASP
Level of
recovery

80%

Sample Conc. Of
Conc.
Std
(µg/mL)
added
(µg/mL)
14
11.2

Total
Conc.
(µg/mL)

Abs

Amt
Recovered
(µg/mL)

%
Recovery

25.2

0.9755
0.9768
0.9758
1.1242
1.1225
1.1230
1.1837
1.1822
1.1829

24.89
24.93
24.91
28.68
28.65
28.66
30.20
30.17
30.19

98.76
98.93
98.85
102.46
102.32
102.36
98.05
97.95
98.02

100%

14

14

28

120%

14

16.8

30.8

NUJPS - 2020 | Vol. 7 | Issue 1

Mean
%
Recover
y ± SD
98.85 ±
0.0850

%RSD

102.38
±
0.0721

0.07

98.0067
±
0.0513

0.05

0.09
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Table 2: Accuracy (% Recovery) data for 5-FU
Level of
recovery

80%

100%

120%

Sample
Conc.
(µg/mL)

Conc. Of
Std added
(µg/mL)

(µg/mL)

3.89

3.11

7.00

3.89

3.89

Total
Conc.

3.89

Abs

7.78

4.67

8.56

Amt
Recovered

%
Recovery

Mean %
Recovery
± SD

%RSD

100.4667
± 0.2205

0.22

98.4167 ±
0.8558

0.87

100.8167
± 0.3062

0.30

(µg/mL)
0.4048

7.03

100.41

0.4055

7.05

100.71

0.4040

7.02

100.28

0.4320

7.73

99.36

0.4217

7.64

98.20

0.4210

7.60

97.69

0.4981

8.65

101.05

0.4979

8.64

100.93

0.4963

8.60

100.07

three levels. This indicates that the ASP
and 5-FU can be recovered successfully in
presence of excepients. (As shown in table
1 and 2)
LOD and LOQ
LOD and LOQ values were calculated
using the mathematical equation.

Robustness
Robustness of development method was
checked by varying the λmax. The results
show that % RSD values are less than 2%
at varied maxima indicating that developed
method is robust in terms of change in λmax
by ±2 nm.
Analysis of Developed Formulation

Table 3: Assay data for ASP and 5-FU
Drug

Label
Claim
(mg)

Sample
conc.
(µg/mL)

Abs at 234
nm

Abs at 266
nm

%Assay ±
SD

%RSD

ASP

180

14

0.5485

0.0356

0.62

0.5410

0.0349

99.57 ±
0.6217

0.5502

0.0361

0.0508

0.2175

1.62

0.0524

0.2151

98.97 ±
1.6028

0.0513

0.2193

5-FU

50

3.89

The developed methods were validated according to ICH guidelines and summary of
validation results mentioned in table 4.
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Table 4: Summary of Validation Parameters of UV-Visible Spectrophotometric Method
Parameters
λmax

ASP
234 nm

266 nm

12-32 µg/mL

Linearity
r2

5-FU
266 nm

234 nm

3.33-8.89 µg/mL

0.9971

0.9944

0.9988

0.9975

Y = 0.0397x0.0158

Y = 0.0029x0.0058

Y = 0.0579x0.0021

Y = 0.0134x0.0027

LOD (µg/mL)

0.16

-

0.04

-

LOQ (µg/mL)

0.48

-

0.13

-

0.59 - 0.82

1.38 - 1.79

0.21 – 1.54

1.82 – 2.12

0.97 – 1.36

1.49 – 1.85

0.59 – 1.16

0.89 – 1.65

0.13

1.00

0.37

1.10

Regression Equation

Intraday Precision
(%RSD) (n = 3)
Interday Precision
(%RSD) (n = 3)
Repeatability
(%RSD) (n = 6)
Accuracy(%Recovery)
(n=3)
% Assay

0.05 – 0.09

0.22 – 0.87

99.57

98.97

The results of assay were found to be
within of label claim for formulations
containing ASP and 5-FU as shown in
table 3
4. Discussion
The estimation of Aspirin and 5fluorouracil in dosage form was performed
using simple, accurate, precise and
sensitive UV-Visible spectrophotometric
method. In UV-Visible spectrophotometer,
quantification was done by absorbance.
The estimating wavelength at 234 nm and
266 nm for ASP and 5-FU respectively.
NUJPS - 2020 | Vol. 7 | Issue 1

The linear concentration range was found
to be 12 to 32 µg/mL for ASP and 3.33 to
8.89 µg/mL for 5-FU. The regression
equation was Y = 0.0397x- 0.0158 (r2 =
0.9971) and Y = 0.0029x- 0.0058 (r2 =
0.9944) for ASP at 234 nm and 266 nm
respectively. The regression equation was
Y = 0.0579x- 0.0021 (r2 = 0.9988) and Y =
0.0134x- 0.0027 (r2 = 0.9975) for 5-FU at
266 nm and 234 nm respectively. LOD was
found to be 0.16 µg/mL for ASP and 0.04
µg/mL for 5-FU. While LOQ was found to
be 0.48 µg/mL for ASP and 0.13 µg/mL for
5-FU. % Assay was found to be 99.57%
for ASP and 98.97% for 5-FU.
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5. Conclusion
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DOCKING STUDY OF MARKETED
ANTIMALARIALS ON PLASMODIUM
FALCIPARUM DIHYDROFOLATE
REDUCTASE (Pf DHFR)
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ABSTRACT
Malaria is one of the most pivotal parasitic diseases in humans and the malarial parasite
transmission in above 100 countries of a population of five million people. In this study, we
selected marketed antimalarial drugs hydroxychloroquine, artemisinin and primaquine and
performed docking study using Auto Dock on Plasmodium falciparum dihydrofolate
reductase (PfDHFR). Docking study suggested about the binding of the drugs at the active
site. Docking study also demonstrated about the potency of the drug and their binding
affinity with the target. Different binding modes of marketed drugs were observed with
different amino acid interactions with different features like hydrophobic, hydrogen bonding,
and van der Waals interactions. The least binding energy interaction structures were selected
to observe the dock pose of drugs at the active site of PfDHFR.
Keywords: Malaria; Antimalarial Drugs; Docking; Plasmodium falciparum dihydrofolate
reductase (PfDHFR)
INTRODUCTION
Malaria is a severe infectious disease caused by a genus protozoan plasmodium parasite.
Malaria is one of the most pivotal parasitic diseases in humans and the malarial parasite
transmission in above 100 countries of a population of five million people. Malaria is
primarily occur by genus Plasmodium protozoan parasites [1,2]. Most of the transmission
occurs by female anopheles mosquito. The other infecting species are a variety of hosts,
*Corresponding author E-mail: vivekvyas@nirmauni.ac.in

including reptiles, birds, rodents and
primates. Malaria is caused by different
Plasmodium species, including four wellknown Plasmodium species triggering
human malaria, namely P. falciparum, P.
vivax, P. ovale and P. malariae. The fifth
one is P. knowlesi has recently been
recorded to cause human infection in many
other Southeast Asian countries. P.
falciparum causes the most severe illnesses
and malaria deaths. Many antimalarial
drugs are available in the market for the
treatment of malaria and they act on
different stages of malaria life cycle [3].
Novel antimalarial targets are known and
they are well recognized for the
development of new targeted antimalarial
agents. In this study, we performed
docking study of well-known commonly
used
antimalarial
drugs
hydroxychloroquine, artemisinin and
primaquine on PfDHFR. Plasmodium
falciparum dihydrofolate reductase is a
recognized target for antimalarial dug
development [4]. DHFR catalysis involves
the conversion of 7,8 dihydrofolate to
5,6,7,8 tetra hydrofolate reductase a using
the NADPH as a co-enzyme. The pivotal
stage is the hydride molecule to substrate
and it will utilizing the reaction mechanism
with the specifying transition state. DHFR
utilizes dihydrofolate produced during
DNA synthesis pathway and recycles it
into tetrahydrofolate. There are several
biological pathways, which produces DHF
as a product, but one of the most important
is a thymidine synthase pathway. This
pathway requires oxidation of methylene
tetrahydrofolate into dihydrofolate and
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methylene tetrahydrofolate derives from
regular tetrahydrofolate. If the reaction
proceeded into infinity, it eventually
developed DHF and THF depletion that
blocked the DNA pathway by completely
inhibiting DNA synthesis through inducing
cell death. The active site is located
between DHFR’s two subdomains 1)
adenosine binding subdomain, which
contain three short sequence of amino
acids residues called loops (residue10-20)
and other subdomain are 2) FG loop
(residue 117-131) and GH loop (residue
146-148). GH loop of amino acids is
pivotal for stabilizing nicotinamide
structure ring and NADPH enzyme [5].
MATERIALS AND METHODS
In this study, we used Auto Dock 4.2.6.
Software
[6]
available
at
http://autodock.scripps.edu/ for docking
study.
Plasmodium
falciparum
dihydrofolate reductase (PDB ID: 3QGT)
[7]
was
download
from
https://www.rcsb.org/ as PDB file of
receptor and converted into .pdbqt file of
the receptor. Ligands (hydroxychloroquine,
artemisinin and primaquine) were selected
and prepared in same way as receptor
preparation and named as a ligand .pdbqt.
A grid box was chosen with the required
dimensions (center x = 23.088, y = 4.837,
and z = 12.307). Once this all the things
were done, a command prompt was opened
to give the commands. After running
docking study, the results were showed as
binding pose and the binding energies.
Finally, different binding interactions of
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the ligands and receptor were observed and
studied.
RESULTS AND DISCUSSION
Docking study was performed with known
marketed drugs hydroxychloroquine,
artemisinin and primaquine on PfDHFR in
order to understand the binding of these
well-known drugs on an antimalarial drugs
target. All these three drugs binds at the
active site of the receptor and showed very
good binding energy (kcal/mol). The
results of docking study are shown in
Table 1.
PfDHFR enzyme interacted with these
marketed drugs with different amino acids

at the binding site. These three compounds
were mainly interacted with H-bond
formation, they also formed pi-pi stacking
with the ring. Along with this some
lipophilic interactions were also observed
at alanine and valine residues. Binding free
energy analysis ensured that artemisinin
had better binding free energy than other
two drugs. The results indicated that
dihydrofolate reductase enzyme can be
inhibited by these potent antimalarial
drugs. Different binding pose of these
drugs were generated at the binding site of
PfDHFR, and the pose with the good
binding free energy value is given in the
Figure 1.

Table 1: Docking results with binding energy and amino acid residue

Sr.
No

Name of
antimalarial drug

Binding
Energy

Binding site amino
acid residue and water molecules

(Kcal/mol)
1

Hydroxychloroquine

-8.0

ALA9, VAL8, HOH677, HOH230

2

Artemisinin

-11.0

PHE34, TYR31

3

Primaquine

-7.9

GLU30,TYR31,PHE34, VAL8

Figure 1. Binding pose of (A) Hydroxychloroquine, (B) Artemisinin and (C) Primaquine
at the active site of plasmodium falciparum dihydrofolate reductase (PfDHFR).
NUJPS - 2020 | Vol. 7 | Issue 1
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CONCLUSIONS
In this study, we selected PfDHFR
antimalarial drug target and performed
docking study in order to study the binding
model of well-known antimalarial drugs on
the target using Auto Dock software. We
performed docking of old as well as new
drugs to study their binding with this
potential drug target of malaria. We
identified different binding modes of drugs
with different amino acid interactions with
different features like hydrophobic,
hydrogen bonding, and van der Waals
interactions and from that the least binding
energy interaction drug’s poses were
selected. This study helped us to
understand the binding mode of known
drugs using docking study.
Acknowledgements
We are grateful to the Institute of
Pharmacy, Nirma University, Ahmedabad
for providing necessary facility to
complete this work.
References
[1] H. Lamptey, M.F. Ofori, K.A. Kusi,
B. Adu, E. Owusu-Yeboa, E. KyeiBaafour, A.T. Arku, S. Bosomprah, M.
Alifrangis, I.A. Quakyi, The
prevalence
of
submicroscopic
Plasmodium falciparum gametocyte
carriage and multiplicity of infection
in children, pregnant women and
adults in a low malaria transmission
area in Southern Ghana 11 Medical
and Health Sciences 1108 Medical
Microbiology 1, Malar. J. 17 (2018)
1–12
66

[2] N.J. White, Determinants of relapse
periodicity in Plasmodium vivax
malaria, Malar. J. 10 (2011).
[3] S. Kumar, T.R. Bhardwaj, D.N.
Prasad, R.K. Singh, Drug targets for
resistant malaria: Historic to future
perspectives, Biomed. Pharmacother.
104 (2018) 8–27.
[4] S. Abbat, V. Jain, P. V. Bharatam,
Origins of the specificity of inhibitor
P218 toward wild-type and mutant
PfDHFR: A molecular dynamics
analysis, J. Biomol. Struct. Dyn. 33
(2015) 1913–1928.
[5] B. Tarnchompoo, P. Chitnumsub, A.
Jaruwat, P.J. Shaw, J. Vanichtanankul,
S. Poen, R. Rattanajak, C.
Wongsombat, A. Tonsomboon, S.
Decharuangsilp, T. Anukunwithaya,
U. Arwon, S. Kamchonwongpaisan, Y.
Yuthavong, Hybrid Inhibitors of
Malarial Dihydrofolate Reductase
with Dual Binding Modes That Can
Forestall Resistance, ACS Med.
Chem. Lett. 9 (2018) 1235–1240.
[6] AutoDock Vina - molecular docking
and virtual screening program.
http://vina.scripps.edu/manual.html#fe
atures (accessed July 27, 2020).
[7] Vanichtanankul J, Taweechai S,
Yuvaniyama
J,
Vilaivan
T,
Chitnumsub P, Kamchonwongpaisan
S, Yuthavong Y Trypanosomal
dihydrofolate reductase reveals
natural antifolate resistance ACS
Chem. Biol. 6 (2011) 905-911.

DOCKING STUDY OF MARKETED ANTIMALARIALS ON PLASMODIUM FALCIPARUM...

Nirma Univ J Pharm Sci; 2020, 7(1) 67-76
© 2014, Nirma University, Ahmedabad, Gujarat, India
ISSN 2348 –4012

REVIEW ARTICLE

NANOTECHNOLOGY IN BATTLE
AGAINST CORONAVIRUS:
AN OVERVIEW
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ABSTRACT:
The COVID-19 is an infectious disease and SARS-CoV-2 virus is the causative agent. The
nanoparticles rages from 0.2nm to the 1000nm. The particle having less than 200nm shows
greater effective application as drug delivery system. As the particle size decreases the
surface area will increase hence the nano size material/ drug and formulation has advantage
over the conventional dosage forms in the treatment of COVID-19. Along with this the nano
medicines easily cross the different cellular membranes, cross the epithelial wall, permeate
through the lung tissues and helps to target the lungs. The nanotechnology based diagnostic
kits and therapeutics might lead us to stop this COVID-19. The nanotechnology-based
formulation has ability to give promising vaccines because they are small in size and it will
be act against viruses. So in future the nanotechnology has important role in fight against of
COVID 19.
Keywords: COVID 19, nanoparticles, diagnosis, DNA based vaccine
1.

Introduction to COVID-19 Outbreak

The COVID-19 is an infectious disease, which occurred in late December 2019 and was first
reported in Wuhan, China. The SARS-CoV-2 virus were found to be as causative agent.
COVID-19 has already infected Millions of people throughout world [1]. Those infected
patients showed pneumonia like symptoms and it contains cough, fever and common cold.
Mainly the SARS-CoV-2 virus attack on the lower and upper respiratory tracts in patients
which are causing illnesses like common cold but it may become more serious, fatal forms
abnormal lung computed tomography (CT) images of patients while declared that it mainly
*Corresponding author E-mail: tejal.shah@nirmauni.ac.in

attacks respiratory system [2]. The
Polymerase chain reaction (PCR) analysis
is used as a diagnostic tool for study the
infected patients. The strange pathogen
was recognized using extremely useful
next generation sequencing as an RNA
virus On January 10, 2020 [3]. It was
found similar to the genome sequence of
severe
acute
respiratory-syndrome
coronavirus (SARS-CoV) and the Middle
East respiratory-syndrome coronavirus
(MERS-CoV). Compared to SARS-CoV
and MERS-CoV, SARS-CoV-2 virus is less
fatal but more transmissible. Based on
genomic sequence scientists have
developed PCR kits for diagnosis of
COVID-19.Various research is ongoing for
the development of therapeutics and
vaccine identification. Many antiviral, antimalarial drug candidates are been
undergoing
clinical
trials.
Hydroxychloroquine is efficiently being
used by physicians to treat the corona
patients. Recently, Remdesivir got
approval for time being as medication of
COVID-19 [4]. Many prototype of
vaccines are under evaluation in its
efficacy to treat the new disease with many
of them under investigation in phase I to
phase III of clinical trials. It has been
predicted that an effective vaccine will
take at least 12"18 months for coming to
market.
In twentieth century “nanotechnology” has
arisen as game changer in drug discovery
and their application due to its unique
properties and ability to address the
predicaments pertaining the current
COVID-19 crisis that needs novel
68

interventions to prevent, diagnose and treat
the disease [5].
The nanoparticles rages from 0.2nm to the
1000nm. The particle having less than
200nm shows greeter effective application
as drug delivery system. As the particle
size decrease the surface are will increase
hence the nano size material/ drug and
formulation were advantage over the
conventional dosage forms. Increasing the
surface area automatically enhances the
reactivity of drugs, for example
improvement of solubility and dissolution
rate of poorly soluble drugs. Along with
this the nano medicines easily cross the
different cellular membranes such as blood
brain barrier (BBB), cross the epithelial
wall, permeate through the corneal tissue
and helps to target the posterior segment
ophthalmic diseases [6]. Specifically the
nanoparticles
made
up
of
the
biodegradable
polymers
having
biocompatibility and there is no need to
removal of formulation after the drug
therapy [6].
Till date, there are seven coronaviruses
with ability to infect people, which four are
229E, NL63, OC43, and HKU1, it causes
mild symptoms, however remaining
coronaviruses may prove to be even
dangerous and fatal. The first viruses
among these was the SARS-CoV, which
was observed in 2002 and faded by 2004;
second is the MERS-CoV, prevalent in
camels; and the recent is SARS-CoV-2
also known as COVID-19 – reported for
the first time in China around late
December 2019 – which as per many
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scientists, has transformed itself in way
steering the world into fate of pandemic.
SARS-CoV-2 virions are spherical in shape
having a diameter of 125 nm, with an
outer coating of lipid envelope and the
interior with a positive-sense singlestranded RNA genomes [7]. There are 4
varied types of proteins on the structures
with the spike (S) protein playing a
magnanimous part in attaching the virus to
normal healthy cells and making a proper
path in assisting it to enter the cells. The
manifestations in form of symptoms of this
new virus resembles that of flu, and further
manifests itself first in the form of fever,
mostly followed by a dry cough and
fatigue. Lesser reported symptoms
accounting for only 5% of the cases
include a runny nose, sneezing, or sore [8].
It has also been observed that after
infection within a week or so, patients
suffered from breathlessness, with around
20% of the patients requiring critical
treatment in hospitals. Certain elderly
individuals, those with comorbidities and
chronic health conditions, in them the early
symptoms have been found to develop and
mature into pneumonia, resulting chest
tightness, chest pain, and difficulties in
breath. In some cases, it was observed in
certain individuals’ symptoms observed
were little to no, taking upto 14days, after
being first exposed to the virus. Such
patients were termed asymptomatic who
shed virus and infecting others.
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The rampant rise in the death tolls of
COVID-19 is proving a threat to global
health. Global efforts to curb the spread of
this deadly virus is being implemented
with researchers coming with novel
techniques to identify the virus in patients
as early as possible [9]. With more than 6
months passed there are still no established
antivirals for COVID-19, but medical
experts have been using numerous
combinations of pharmaceutical agents to
alleviate the symptoms. With situation
worsening each day nanomedicine can
prove to be critical factor in achieving
control over this rapidly spreading disease
[10]. At the preventive stage, there have
been speculations on use of nanotechenabled
versatile
and
effective
antimicrobial as well as antiviral
compounds, which can be a personal
protective means that can hinder and
contain the virus spread to healthy
individuals. Now, researchers have
developed several nanomaterial based
prototype vaccine candidates for COVID19 [11]. In diagnostics, nanotechnology
has been explored to develop sensors that
can act as quick response COVID-19 tests.
Also, nanomaterial based medicines have
been center of attention for many
researchers with many of them in clinical
trials [12], [13]. Table 1 summarized the
ongoing clinical trials of different
therapeutics against COVID 19 [14].
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Hydroxychloro
quine

Sildenafil

Sarilumab

Sargramostim

Efficacy and Safety of
Hydroxychloroquine for
Treatment of
Pneumonia Caused by
2019-nCoV ( HC-nCoV )

Treatment of COVID-19
Patients With Antiinterleukin Drugs
(COV-AID)

A Pilot Study of
Sildenafil in COVID-19

Evaluation of the
Efficacy and Safety of
Sarilumab in
Hospitalized Patients
With COVID-19

Sargramostim in
Patients With Acute
Hypoxic Respiratory
Failure Due to COVID19

NCT04261517

NCT04330638

NCT04304313

NCT04315298

NCT04326920

Tocilizumab

Anakinra,
Siltuximab,

Ganovo+ritona
vir+/Interferon
nebulization

Drug

NCT04291729

Study Title

Evaluation of Ganovo
（Danoprevir ）
Combined With
Ritonavir in the
Treatment of Novel
Coronavirus Infection

Clinical Trial
Number

Recruiting

Recruiting

Recruiting

Recruiting

Completed

Completed

Status

Phase 4

Phase 3

Phase 2

Phase 3

Phase 3

Phase 3

Phase 4

Phase

Randomized

Randomized

-

Randomized

Randomized

-

Allocation

March
24, 2020

March
18, 2020

Quadruple
(Participant,
Care
Provider,
Investigator,
Outcomes
Assessor)

None (Open
Label)

February
9, 2020

April
2020

February
6, 2020

February
17, 2020

Date

Start

None (Open
Label)

None (Open
Label)

None (Open
Label)

None (Open
Label)

Masking

December
31, 2020

April 1,
2021

March 1,
2020

December
2020

February
25, 2020

March 19,
2020

Estimated
Completi
on Date

Table 1 ongoing clinical trials of different therapeutics against COVID 19 as
of accessed on 16 Sep 2020 from ref. https://clinicaltrials.gov/ct2/home

Study of efficacy of
Sargramostim in COVID
19 and acute hypoxic
respiratory failure.

Study of efficacy of
sarilumab in COVID-19
patient (severe and
critical).

Study of efficacy and
safety of G1(Sildenafil) in
COVID-19 patients

Tocilizumab in COVID 19.

Study the safety and
efficacy of Anakinra,
Siltuximab,

Study the efficacy and
safety of
hydroxychloroquine in the
treatment of pneumonia
caused by the COVID 19.

Study of the efficacy and
safety of Ganovo
combined with ritonavir
for COVID-19.

Summery
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Tocilizumab

Fingolimod

Methylprednis
olone

BCG Vaccine

Sarilumab

A Study to Evaluate the
Safety and Efficacy of
Tocilizumab in Patients
With Severe COVID-19
Pneumonia

Fingolimod in COVID19

Efficacy of
Dexamethasone
Treatment for Patients
With ARDS Caused by
COVID-19

Efficacy and Safety of
Corticosteroids in
COVID-19

Reducing Health Care
Workers Absenteeism
in Covid-19 Pandemic
Through BCG Vaccine

Evaluation of the
Efficacy and Safety of
Sarilumab in
Hospitalized Patients
With COVID-19

NCT04331795

NCT04320615

NCT04280588

NCT04325061

NCT04273321

NCT04328441

NCT04315298

Dexamethasone

Tocilizumab

Tocilizumab to Prevent
Clinical
Decompensation in
Hospitalized, Noncritically Ill Patients
With COVID-19
Pneumonitis

Recruiting

Recruiting

Recruiting

Recruiting

Recruiting

Recruiting

Recruiting

Phase 3

Phase 2

Phase 3

Not
Applica
ble

Phase 4

Phase 2

Phase 3

Phase 2

Randomized

Randomized

Randomized

Randomized

NonRandomized

Randomized

NonRandomized

February
14, 2020

March
25, 2020

March
18, 2020

Quadruple
(Participant,
Care
Provider,
Investigator,
Outcomes
Assessor)
Quadruple
(Participant,
Care
Provider,
Investigator,
Outcomes
Assessor)

April 3,
2020

February
22, 2020

April 3,
2020

April
2020

None (Open
Label)

None (Open
Label)

None (Open
Label)

Double
(Participant,
Investigator)

None (Open
Label)

March 9,
2021

December
25, 2020

May 30,
2020

October 30,
2020

July 1,
2020

September
30, 2021

December
2020

To evaluate the clinical
efficacy of sarilumab in
COVID-19 patients.
(Critical and severe)

Bacillus Calmette-Guérin
Vaccination, a
Randomized Controlled
Trial.

To explore glucocorticoids
for COVID 19 tratment.

To study the efficacy of
dexamethasone in acute
respiratory distress
syndrome caused by
COVID-19.

To determine efficacy of
fingolimod against
COVID-19.

Study the
pharmacodynamics,
pharmacokinetics efficacy
and safety of tocilizumab
in COVID-19 pneumonia.

Study the tocilizumab
effect in decreasing signs,
symptoms, and laboratory
evidence of COVID-19
non-critical patients.

1

The nanotechnology
against COVID-19:

the

fight

The nanoparticles rages from 0.2nm to the
1000nm. The particle having less than
200nm shows greeter effective application
as drug delivery system. As the particle
size decrease the surface are will increase
hence the nano size material/ drug and
formulation were advantage over the
conventional dosage forms. Increasing the
surface area automatically enhances the
reactivity of drugs, for example
improvement of solubility and dissolution
rate of poorly soluble drugs. Along with
this the nano medicines easily cross the
different cellular membranes such as blood
brain barrier (BBB), cross the epithelial
wall, permeate through the corneal tissue
and helps to target the affected organ. [6].
It is mandatory to reform the research and
healthcare system if COVID-19 continues
for more than a year such that research
addresses the defaults in the healthcare
segment. [15].
Nanomaterials are well known for their
ability to be modified to target the disease.
Due to its interesting properties of small
size and large surface area it can act as
carrier for bioactives like antibodies, RNA,
etc. Recently Zhang et al entrapped the
mRNA that encoded for receptor binding
domain of SARS-COV-2 in lipid
nanoparticle [16]. Abduljuawad et al,
proposed through in-vitro studies how
nano-clays could act as high affinity
materials that can attract the COVID-19
virus to preferably attach to it than the
human hACE2 receptor. The S-spike of
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corona-virus interacts with nano-clays via
van-der Waals interaction [17]. Previously
PEGylated liposomal dexamethasone
formulation have been developed for
multiple myeloma and with its recent
demand to treat COVID-19, it is
speculated that the nanoparticle based
dexamethasone formulation shall have the
ability to be taken by macrophages thus
having better uptake and efficacy [18].
Apart from this recent formulation by Paul
et al, highlighted the use of lipid
nanoparticle to encapsulate self-amplifying
RNA vaccine that encoded for SARS-CoV2 spike protein. The nanoformulation had
high ability to produce specific IgG antibodies that could neutralize the virus[19].
DNA based vaccine are more stable as
compared to the mRNA based vaccine,
while the mRNA always be a no
integrating hence it will be without any
risk of mutagenesis. Additionally along
with the stability, half-life of mRNA can be
modified. Nanotechnology gives high
quality options for development of
vaccines
for
COVID-19.
The
nanotechnology includes liposomes,
niosomes, nanocomposites are generally
used for development of formulation
which carry the vaccines through the cell
membrane. The developed formulation will
be improve the translocation of the plasmid
DNA. The mRNA based vaccine are
generally solid lipid nanocarriers, but now
a day the development focusing on
multifunctional nanocarriers. [20].
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1.1 Rapid point-of-care diagnostics.
Both symptomatic patients having
symptoms ranging from, fever, cough, and
difficulties in breath or asymptomatic and
such stealth carriers pose a threat to
communal spread causing major concern
to curtail its spread. The vital aspects lies
in making available economic, rapid
diagnosis are offered to medical
professionals in critical conditions,
hospitals and private isolation centers. This
can prove to be a critical factor in saving
frontline workers, the patients as well as
spreading the virus to others [21].
1.2 Surveillance and monitoring
Diagnostics serve as major instruments
that can control the spread of infection as it
assists in mass surveillance. The rapid
diagnostic kit is a vital aid to public health
officials to check the spread of virus such
that proactive steps can be taken in those
areas. This can help predict escalation in
needs, and direct the logistics needed in
infected areas. A system is effective and
successful when there is transparency in
collaboration assisted with consistent
communication and work between
different government agencies, private and
public health departments, private sectors
and communities [22]. Mass testing is the
need of hour as pointed by the World
Health Organization and other agencies to
cease the spread of virus. Current
treatment strategies employed have ability
to hinder the multiplication of the viral
entity inside our body. Research on the
nanobiotherapeutics can help to know the
capability of SARS-CoV-2 in the way it
NUJPS - 2020 | Vol. 7 | Issue 1

infects the cells. Findings show that the
SARS-CoV-2 having size around 60140nm attaches to ACE-2[23–26].
1.3 Vaccine development
Vaccines prevent the patient from getting
serious infection by assisting and
improving the immunity in fighting virus.
A potential vaccine candidate being
identified is mRNA”lipid nanoparticle
vaccine developed basis of primitive
studies of COVID-19. In combating
COVID-19, innovations in R&D and their
tactful use can be most optimum approach.
Nanotechnology based tools can identify,
cure and avoid the disease spread. [27].
Opportunity still exits to develop the best
medical need that can prove as frontline
tools in fighting against this infectious
virus. [27,28].
2

Conclusion:

COVID 19 is deadly pandemic disease
spread very fast. It need to fast
development of vaccines, diagnostic and
treatment. However nanotechnology based
diagnostic kits and therapeutics may be
lead to stop this COVID 19. The
nanotechnology based formulation will
give promising vaccines because of they
are small in size and it will be act against
viruses. So in feature the nanotechnology
having important role in fight against of
COVID 19.
3
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