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INTRODUCTION

The Jordan Journal of Pharmaceutical Sciences (JJPS) is a peer-reviewed Journal, which publishes
original research work that contributes significantly to further the scientific knowledge in
pharmaceutical sciences' fields including pharmaceutical/medicinal chemistry, drug design and
microbiology, biotechnology and industrial pharmacy, instrumental analysis, phytochemistry,
biopharmaceutics and Pharmacokinetics, clinical pharmacy and pharmaceutical care,
pharmacogenomics, bioinformatics, and also JJPS is welcoming submissions in pharmaceutical
business domain such as pharmacoeconomics, pharmaceutical marketing, and management. Intellectual
property rights for pharmaceuticals, regulations and legislations are also interesting topics welcomed
from our colleagues in Schools of Law.

On a current topic in Pharmaceutical Sciences are also considered for publication by the Journal.
JJIPS is indexed in SCOPUS (Q3). It’s a journal that publishes 4 issues per year since 2021 in (March,
June, September, December). The Editorial Team wishes to thank all colleagues who have submitted
their work to JJPS). If you have any comments or constructive criticism, please do not hesitate to contact
us at jjps@ju.edu.jo. We hope that your comments will help us to constantly develop JJPS as it would
be appealing to all our readers.

Prof Ibrahim Alabbadi
Editor-in-Chief
School of Pharmacy- The University of Jordan
Amman 11942- Jordan
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Volume 17, 2024

Letter from the Editor-in-Chief

Typically, Food and Drug Administration (FDA) organizations or health authorities
in countries worldwide perform all necessary investigations before granting
approval for any medication or any type of food suitable for human consumption.
But what happens when these authorities do not exist? Can we expect peace in
2024? We all hope every human, irrespective of their geographical location, can
live in peace and enjoy good health, with all essential life necessities readily
available. The World Health Organization's recent definition of health refers to a
state of complete physical, social, and mental well-being, NOT ONLY the absence
of disease or infirmity. Health-Related Quality of Life is a fundamental right for any human living on
earth. But what if there is no food or medication, or if these essentials are even prohibited?

The Jordan Journal of Pharmaceutical Sciences (JJPS) team includes numerous scholar colleagues from
universities in Gaza which have been demolished. These colleagues may still be alive or sadly, they
may have already lost their lives. Numerous professors supported the JJPS by acting as peer reviewers
and submitting quality scientific articles under incredibly challenging circumstances. We tip our hats to
all of them and hope that God, with his immediate power, will grant life, peace, and security as Ramadan
commences in March.

The JJPS editorial board has already initiated the second phase of a three-year term, following renewal
approval from the Jordanian Ministry of Higher Education, which underscores our tremendous
teamwork and significant progress. The JIPS' scores in international scientific databases, such as
SCOPUS, continue to improve — our Q3 score is now close to Q2. Additionally, we've seen a continued
influx of submissions from increasingly diverse countries, including places in North Africa, Europe, the
USA, Canada, Australia, and Southeast Asia. We've also noticed a significant reduction in time from
submission through revision to the decision-making process, and with the rise in ambiguity due to Al
and ChatGPT programs, the need for similarity report checks has become essential.

Best regards

Prof Ibrahim Alabbadi
Editor-in-Chief
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Recent Advances in Development of Vesicular Carrier for Transdermal Drug
Delivery: A Review

Praveen Kumar Gaur!*, Sakshi Minochal, Rosaline Mishra!, Niharika Lal', Kanak Lata!

IMetro College of Health Sciences & Research, Plot no 41, Knowledge Park -111, Greater Noida, Uttar Pradesh, India.

ABSTRACT

Transdermal drug delivery has gained significant attention as a non-invasive and convenient method for
administering drugs. However, the stratum corneum, the outermost layer of the skin, poses a significant barrier to
drug permeation. To overcome this challenge, vesicular carriers have emerged as promising systems for enhancing
drug delivery through the skin. This review highlights recent advances in the development of vesicular carriers for
transdermal drug delivery. Liposomes, niosomes, transfersomes, ethosomes, and solid lipid nanoparticles are
among the commonly used vesicular carriers. These carriers offer advantages such as improved drug solubility,
prolonged drug release, and enhanced drug stability. Additionally, they can encapsulate a wide range of drugs,
including hydrophilic and lipophilic compounds. Various strategies have been employed to optimize vesicular
carriers for transdermal drug delivery. These include modifying the vesicle composition, size, and surface charge
to enhance skin penetration. The incorporation of penetration enhancers, such as surfactants, has also been
explored to improve drug permeation across the skin. Furthermore, advancements in nanotechnology have led to
the development of novel vesicular carriers, such as nanostructured lipid carriers and elastic liposomes. These
carriers offer improved drug loading capacity, sustained release profiles, and enhanced skin penetration. Moreover,
the use of vesicular carriers has shown promise in delivering a wide range of therapeutic agents, including small
molecules, peptides, proteins, and genetic material. The ability to encapsulate and deliver these diverse drug
entities opens new possibilities for transdermal drug delivery in various therapeutic areas.

Keywords: Transfersomes, liposomes, niosomes, ethosomes, ufasomes, sphingosomes and cubosomes,

transdermal drug delivery, vesicular formulation.

I. INTRODUCTION

From 2021 to 2030, the global transdermal drug delivery
systems market is expected to increase at a compound annual
growth rate (CAGR) of 4.9 percent, rising from $52,476.50
million in 2020 to $87,322.40 million in 2030®. Transdermal
drug delivery systems, which transport medications through
the skin for therapeutic purposes, serve as an alternative to
oral, intravascular, subcutaneous, and transmucosal routes.
Transdermal drug delivery systems provide a painless,

*Corresponding author: Praveen Kumar Gaur
gaurmpharm@gmail.com

Received: 23/6/2023  Accepted: 26/10/2023.
DOI: https://doi.org/10.35516/jjps.v17i1.1313

-1-

systematic form of medication delivery by applying the
medicine to healthy, unbroken skin -2,

The skin serves as a popular site for drug administration
for both local and systemic effects since it is the largest organ
of the body and provides a direct entrance for medication into
the systemic circulation. This bypasses all of the issues
associated with the oral and parenteral routes. However, due
to its nature as a barrier, the skin presents a significant
obstacle to drug penetration, reducing transdermal
bioavailability. Several approaches have been employed to
improve drug penetration through the skin, and ongoing
led the development

specifically vesicular carriers,

research  has to of

vehicles/carriers,

newer
lipid-

© 2024 DSR Publishers/The University of Jordan. All Rights Reserved.
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Recent Advances in Development

microemulsions, and other systems @,

Furthermore, the development of newer technologies
for delivering drug molecules along with safe penetration
enhancers and the utilization of vesicular carriers have
reignited interest in constructing transdermal drug delivery
systems for medications previously deemed unsuitable ©.

Drug delivery from vesicle carriers, such as liposomes
and niosomes, in transdermal formulations has been
studied for a variety of purposes. However, both are
inherently unstable, exhibit poor skin permeation, and
lower entrapment efficiency. In addition, they increase
Trans Epidermal Water Loss (TEWL), so they are mostly
used in topical delivery in limited amounts ®.

According to recent studies, traditional vehicles such
as suspensions and emulsions and traditional carriers such
as liposomes and niosomes, can cause potential damage to
the stratum corneum and reduce its thickness. They can
also lead to skin dryness, demonstrate low penetration
through the stratum corneum, and exhibit low entrapment
efficiency ®. However, some of these issues can be
overcome by designing a unique vehicle or vesicular
carrier.

The stratum corneum (SC), viable epidermis, dermis,
and the subcutaneous tissue constitute the four primary
layers of human skin. They are, on average, 0.5 mm thick
(varying from 0.05 mm to 2 mm). The SC is a thick (10-20
pum) hydrophobic surface layer that contains 10-15 layers of
interdigitated corneocytes that are regularly shed and
replaced. Extracellular lipid constitutes 10% of the dry
weight of this layer, while intracellular protein accounts for
the remaining 90% (mainly Kkeratin). As the cells
differentiate during their migration to the surface, the
phospholipid content decreases, and the sphingolipid
(glucosylceramide and ceramide) and cholesterol content
simultaneously increases. The SC is devoid of
phospholipids but is enriched with ceramides and neutral
lipids (cholesterol, fatty acids, cholesteryl esters). The skin's
barrier lipids are tightly regulated, and any damage to them
prompts active synthetic processes to replenish them “6),

Praveen Kumar Gaur et al.

The relative humidity of the surroundings significantly
impacts the skin's barrier function. When transitioning
from a humid to a dry environment, transepidermal water
loss can increase by 6-7 times. The reduction of lamellar
bodies in the outermost stratum granulosum, the
deposition of lamellar body contents at the stratum
granulosum-stratum corneum interface, and the decrease
in the amount of intercellular lamellae in the stratum
corneum all could affect the barrier function. Conversely,
transitioning from a wet environment to a dry one quickly
stimulates epidermal growth, and vice versa © 7.9,

The stratum corneum is a complex tissue due to the
presence of multiple self-regulating enzymatic systems. It
is metabolically active and undergoes dynamic structural
alterations. This tissue encompasses numerous defensive
(protective) functions, each with its structural and
metabolic  foundation. Newer metabolically-based
methods have shown promise in broadening the range of
drugs that can be delivered transdermally in hairless mouse
epidermis when used alone or in conjunction with
traditional methods. While these new approaches are
highly promising, they may raise concerns about the risks
associated with a significantly permeabilized stratum
corneum, should they prove equally effective in human
skin ©®),

Instruments like the Vapometer, which detects
transepidermal water loss, are utilized to determine the
permeability barrier function (TEWL). The accuracy of
TEWL measures has been verified both in vivo and ex-
vivo using human and rodent models ©19,

When salicylic acid (SA) penetration was evaluated in
barrier-perturbed skin compared to unmodified skin in the
same individual, the average increase was 2.2-fold in acetone-
treated skin, 46-fold in moderate dermatitis, and 146- and
157-fold in severe dermatitis and tape-stripped skin,
respectively. SA penetration was shown to be highly
correlated with TEWL measurements of barrier disruption @,

Hydration and chemical enhancers can also be used to
modify the stratum corneum, or it can be bypassed/
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eliminated via microneedles, ablation, and follicular
administration. Examples of electrically assisted
procedures include ultrasound, iontophoresis,
electroporation, magnetophoresis, and photomechanical
waves. The interaction of chemical enhancers, ultrasound,

iontophoresis, and electroporation is particularly
fascinating®V.
A novel high throughput (HTP) method for

formulation screening is proposed, which is at least 50-fold
more efficient in terms of skin utilization and up to 30-fold
more efficient in terms of hold-up times than current
methods (Franz diffusion cells). It is based on the
conductivity of the skin and the penetration of mannitol
into the skin. This strategy was used to conduct at least 100
tests in a single day ¢2,

This article provides a detailed account of various
vesicular carriers, their formulation characteristics, pros
and cons, along with a compilation of recent trends in
transdermal drug delivery technology with respect to
vesicular carriers.

1. VESICULAR CARRIERS

Mezei and Gulasekharam were the first to demonstrate
that liposomes could be useful for topical therapy in
1980(13). Vesicles are known as water-filled colloidal
particles. The walls of these capsules are made up of
bilayers of amphiphilic molecules. In the presence of
excess water, these amphiphilic compounds can form
either one (unilamellar vesicles) or multiple (multilamellar
vesicles) concentric bilayers 4, Hydrophilic drugs can be
enclosed in the internal aqueous compartment, whereas the
vesicle bilayer can bind amphiphilic, lipophilic, and
charged hydrophilic drugs through hydrophobic and/or
electrostatic interactions 9,

The vesicles

are predominantly composed of

phospholipids or non-ionic surfactants > 1), These two

types of vesicles are referred to as liposomes and
niosomes. The size, charge, thermodynamic phase,
lamellarity, and bilayer elasticity of vesicles are all
influenced by the composition of the vesicles. These
physicochemical properties significantly impact vesicle
behavior and, consequently, their effectiveness as a drug
delivery method. They can be classified into the following
roles:

1. Serve as drug carriers to transfer entrapped drug
molecules into or across the skin.

2. Act as penetration enhancers by allowing
individual lipid components to penetrate the
stratum corneum, leading to alterations in the
intercellular lipid lamellae within this skin layer.

3. Act as a depot for the sustained release of
dermally active compounds over time.

4. Provide a regulated transdermal delivery method
by acting as a rate-limiting membrane barrier for
modulating systemic absorption.

In vitro permeation studies have demonstrated that
liquid-state vesicles are more successful at increasing drug
transport than gel-state vesicles @7 18 19 20 n vivo
confirmation of these findings has been recently published
(21).

1. Conventional Liposomes: The first generation of
liposomes is termed conventional liposomes. They are a
type of vesicle composed of a lipid bilayer that surrounds
aqueous compartments and can be composed of cationic,
anionic, or neutral (phospholipid) lipids, as well as
cholesterol. Natural phospholipids or lipids, such as 1,2-
distearyl-sn-glycerin-3-phosphatidylcholine (DSPC),
sphingomyelin, lecithin, and monosialoganglioside, have
been used in traditional liposome formulations. They have
been widely used to transport hydrophilic and lipophilic
Compounds (22, 23, 24, 25, 26)_
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Table 1: Methods of separating carriers for transdermal drug delivery

S.No. Carriers Method Name Reference
1 Liposomes o Thin-film hydration process @n

» Reverse-phase evaporation process
e Solvent injection process
2 Transfersomes | e« Thin film hydration technique/rotary evaporation- @9
sonication method
¢ \ortexing-sonication method
o Modified handshaking process
e Suspension homogenization process
o Reverse-phase evaporation method
o High-pressure homogenization technique
3 Ethosomes e Cold method @9
¢ Hot method
o Mechanical dispersion method
4 Niosomes o Ether injection method (30)
e Sonication
o Multiple membrane extrusion method
o Reverse phase evaporation technique (REV)
e G.Trans membrane pH gradient (inside acidic) drug
uptake process
5 Ufasomes o Thin film hydration method @
¢ By addition of alcohol
o Autopoeticprocess
6 Sphingosomes | e Lipid flimformation (hand shaking method) @2
e Solvent spherule method
¢ Calcium induced fusion method
7 Cubosomes o Top-down approach @3)
o Bottom-up approach
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Table 2: Carriers composition

Carriers Class Example Use Reference
Phospholipids Soya phosphatidyl choline, egg Vesicles forming component | (6232425
phosphatidylcholine,
dipalmitoylphosphatidyl choline
Polyglycol Propylene glycol, Transcutol RTM Skin penetration enhancer
Liposomes Cholesterol Cholesterol Provides stability to the
vesicle membrane
Phospholipids Soya phosphatidyl choline, egg Vesicles forming component (34,35)
phosphatidylcholine,
Transfersomes dipalmitoylphosphatidyl choline
Surfactants Sodium cholate, Sodium Vesicles forming component
deoxycholate, Tween-80, Span-80,
Tween 20
Solvents Ethanol, methanol, isopropyl alcohol, | As Solvents
chloroform
Buffering Saline phosphate buffer (pH 6.4), As hydrating medium
agents phosphate buffer pH 7.4
Ethosomes Phospholipids Soya phosphatidyl choline, egg Vesicles forming component | (637,383,
phosphatidylcholine, 40,41)
dipalmitoylphosphatidyl choline
Polyglycol Propylene glycol, Transcutol RTM Skin penetration enhancer
Alcohol Ethanol, isopropyl alcohol Provides softness to the
vesicle membrane, as a
penetration enhancer
Cholesterol Cholesterol Provides stability to the
vesicle membrane
Dyes Rhodamine -123, Rhodamine red, For characterization study
Fluorescence isothiocyanate,
Vehicle Carbopol 934 As a gel provider
Niosomes Nonionic Alkyl glycerol, alkyl glycosides, Vesicles forming component | (42 43.44,45)
surfactants polysorbate 60,
Cholesterol Cholesterol Provides stability
Charge inducer | diacetyl phosphate (DCP) and Increases stability
phosphotidic  acid.
Hydrating phosphate buffer Buffering agent
medium
Ufasomes Fatty acids 10% oleic and linoliec acid Vesicle forming component (46,47, 48)
Solvents Chloroform, stream of nitrogen membrane permeability
Buffering agent | Tris-hydroxymethyl aminomethane Hydrating medium
buffer (pH 8-9)
Sphingosomes Sphingolipids Egg, brain, milk, soybean, plant yeast | Vesicle forming component (49,50)
Cholesterol Cholesterol membrane stability
Cubosomes Amphiphilic glyceryl monooleate Vesicle forming component (51,52, 53)
lipids
Stabilizers Poloxamer 407, polyethylene glycol Membrane stability

400
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Table 3: Advantages and disadvantages of liposomes®* 5

Advantages

Disadvantages

Liposomes have the ability to form complexes with both
negatively and positively charged substances.

The expense of production is high.

Liposomes provide some protection for DNA from
degradative processes.

Encapsulated drug/molecule leakage and fusion

Liposomes have the ability to carry huge amounts of DNA,
maybe as large as a chromosome.

Oftentimes, phospholipids are subjected to
oxidation and hydrolysis-like processes.

Liposomes have the ability to target specific cells or
regions.

Short half-life

Effects of improved pharmacokinetics

Low solubility

Increase in the drug's effectiveness and therapeutic index

Fewer stables

The key goals of a method for liposome
nanoformulation formation are the generation of
monodispersed particles with the desired degree of
lamellarity, efficient drug inclusion, and long-term
colloidal stability of products @3 27 5 The primary
processes involved in traditional liposome preparation
methods include:

1. Dissolution of lipids in an organic solvent;

2. Drying down the resultant lipid solution to

remove the organic solvent;

3. Hydrating the lipid with an aqueous media

(followed by agitation/stirring);
4. Downsizing (and/or changing the lamellarity);

5. Post-formation
sterilization)(®),

Mechanism of Action of Liposomes:

A liposome consists of a region of aqueous solution
inside a hydrophobic membrane. Hydrophobic chemicals
can easily dissolve into the lipid membranes. In this way,
liposomes can carry both hydrophilic and hydrophobic
molecules, although the extent of the location of the drug
will depend on its physicochemical characteristics and the
composition of the lipid. For the delivery of necessary drug
molecules to the site of action, the lipid bilayers can fuse
with other bilayers of the cell (cell membrane), which
would release the liposomal contents.

processing (purification,
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Adsorption
(Interaction of liposomes within cell membrane)

Endocytosis
(Cell surface membrane is engulfed and internalised into the liposomes)

l

Fusion
(Liposome lipid bilayers fuse with the lipoidal cell membrane, resulting in direct delivery of liposomal contents into
the cytoplasm.)

l

Lipid exchange
(Lipid transfer proteins in the cell, recognizes liposomes and cause lipid exchange)

For instance, cancer cells consume vast amounts of fats
to meet their rapid growth requirements, and they perceive
liposomes (laden with anti-cancer drugs) as a potential
source of nutrients. When targeted by liposomes, they are
absorbed. Once the anti-cancer medications are released
from the liposome into the tumor site, they destroy the
cancer cells 6759,

Transfersomes: Transfersomes are a specific type of

liposome composed of phosphatidylcholine and an edge
activator (e.g., sodium cholate, sodium deoxycholate, span
80, and Tween 80). They are soft, malleable vesicles
designed to deliver active substances more effectively 9.
The name is derived from the Latin word ‘transfere,’
meaning 'to carry across,' and the Greek word ‘soma,’
meaning 'body." The pros and cons of transfersomes are
outlined below (Table 4) (60.61.62,63),

Table 4: Advantages and disadvantages of transfersomes ¢4
Advantages
A constant infusion of a substance is delivered via transdermal
medication over a long period of time.
These systems allow for self-administration.

Disadvantages
Drugs having hydrophilic structures pass through the skin too
slowly to be of therapeutic value.
Because the patch size limits the amount that can be administered,
the drug molecule must be powerful.
High medication doses are not recommended.

They are appropriate for medications having a limited therapeutic
window.

Dosing frequency is reduced due to a longer duration of effect.
Bioavailability has improved.

Improved therapy and fewer side effects

Itis possible that skin irritation and hypersensitivity reactions will occur.
It is not possible to deliver drugs that require high blood levels.
Because to oxidative breakdown, it is chemically unstable.

2.1 Mechanism of penetration of transfersomes sealing lipids of the stratum corneum. Two mechanisms of
Transferosomes overcome the skin penetration action have been proposed.
difficulty Transferosomes overcome the skin penetration 1. Transferosomes act as drug vectors, remaining
difficulty by squeezing themselves along the intracellular intact after penetrating the skin.
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2. Transferosomes act as penetration enhancers,
disrupting the highly organized intercellular
lipids from the stratum corneum, thereby
facilitating drug molecule penetration into and
across the stratum corneum. (Patel R., Singh S.K.,
Singh. S, Sheth N.R., Gendle R. “Development
and Characterization of Curcumin Loaded

Praveen Kumar Gaur et al.

Transferosome for Transdermal Delivery”
Journal of Pharmaceutical Research and Science,
2009; 1(4): 71-80).
The formation of an "osmotic gradient" due to the
evaporation of water on the skin surface is the mechanism
for penetration 9,

The transepidermal hydration provides the driving force for the transport of the vesicles

These vesicles are elastic; they can squeeze through the pores in stratum corneum

Transfersome vesicle applied on an open biological surface, tends to penetrate its barrier

During penetration, reversible deformation of the bilayer occurs.

The transfersome vesicles usage in drug delivery consequently relies on the carrier’s ability to widen and overcome the
hydrophilic pores in the skin.

Intracellular drug transportation involves diffusion of vesicle lipid bilayer with the cell membrane (endocytosis)

3. Ethosomes: Ethosomes are soft, flexible lipid
vesicles primarily composed of phospholipids, a high
concentration of alcohol (20-45%), and water. Touitou and
her colleagues initially developed ethosomes in 1997 (66
67, Owing to their high deformability, these carriers
possess fascinating properties connected to their capacity
to fully permeate human skin. The physicochemical

properties of ethosomes allow these vesicular
phospholipids to function as the vesicle-forming
component of the ethosomal system. Phospholipids with
various chemical structures such as phosphatidyl choline
and phosphatidyl ethanolamine are utilized at
concentrations ranging from 0.5 to 10%.
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Table 5: Advantages and disadvantages of ethosomes

Advantages

Disadvantages

In its formulation, it uses non-toxic raw materials.

Poorly shelled ethosomes may clump together, resulting in
precipitation.

Large molecule delivery.

Excipients and enhancers in drug delivery systems cause
skin irritation or dermatitis.

drug delivery.

Drug permeability through the skin is improved for transdermal

The loss of product occurs when ethosomes are transferred
from the organic to the aqueous layer.

drug diffusion through deeper layers of skin.

Ethosomes have the highest transdermal flux, which improves

The drug's molecular size should be small enough to be
absorbed via the skin.

improve skin delivery.

Under both occlusive and non-occlusive situations, ethosomes

The practical yield is poor.

3.1 Mechanism of skin penetration

The main advantage of ethosomes over liposomes is
the increased permeation of the drug. The mechanism of
drug absorption from ethosomes is not fully understood,
but it likely occurs in two phases:

1. Ethanol Effect: Ethanol acts as a penetration enhancer
through the skin. The mechanism of its penetration-
enhancing effect is well established. Ethanol
penetrates into intercellular lipids, increases the

fluidity of cell membrane lipids, and decreases the
density of the lipid multilayer of the cell membrane.
2. Ethosome Effect: The increased cell membrane lipid
fluidity caused by the ethanol in ethosomes results in
increased skin permeability. As a result, the
ethosomes permeate very easily into the deep skin
layers, where they fuse with skin lipids and release the
drugs into the deeper layer of the skin.
The mechanism is illustrated below ©8 69

Ethanol (penetration enhancer) alters the architecture of lipids in the stratum corneum

Increases lipid fluidity while lowering the density of intercellular lipid domains

Disrupts the intercellular lipid lamella, allows them to create path to deeper skin layers

Boosts the mobility of polar lipid heads

Improves vesicle fluidity and flexibility

This makes it easier for vesicles to bridge the disrupted intercellular narrow channels

Ethosomes then permeate the altered stratum corneum barrier, allowing the medication to reach deeper layers of the skin.
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4. Niosomes: Niosomes are a unique drug delivery
technology that encapsulates drugs in a vesicle. The term
niosome derives from the formation of the vesicle, which
is composed of a bilayer of non-ionic surface-active
chemicals. Niosomes are small, microscopic particles.
Their size, on the nanometric scale, is misleading.
Although niosomes are physically similar to liposomes,
they have a few advantages. Recently, niosomes have been
demonstrated to improve transdermal drug delivery and
can also be employed in targeted drug delivery. Therefore,
further research into these structures could lead to new

Praveen Kumar Gaur et al.

drug delivery systems (79,

Niosomes are non-ionic surfactant-based vesicles
made by hydrating synthetic nonionic surfactants, which
can include cholesterol or other lipids. They are vesicular
systems, similar to liposomes, that can transport both
amphiphilic and lipophilic drugs. Since they are non-ionic,
niosomes are a promising delivery route for drugs. By
localizing the drug's effect to target cells, they are less
hazardous and enhance the therapeutic index. The pros and
cons of niosomes are outlined below V),

Table 6: Advantages and disadvantages of niosomes

Advantages

Disadvantages

They are both osmotically active and osmotically stable.

Instability of the physical body

They improve the entrapped drug's stability.

Aggregation

Drug penetration through the skin can be improved.

Fusion

The surfactants are non-immunogenic, biodegradable, and biocompatible.

Entrapped drug leakage

lowering the drug's clearance.

Improve the drug's therapeutic performance by shielding it from the
biological environment and limiting its effects to target cells, therefore

Encapsulated medicines are hydrolyzed,

reducing the shelf life of the dispersion®
8)

4.1 Mechanism of skin penetration

Several mechanisms have been proposed to explain the
ability of niosomes in transdermal and dermal drug
delivery:

i) Niosomes diffuse from the stratum corneum layer of
the skin as a whole. ii) New smaller vesicles are formed in
the skin (re-formation of niosome vesicles). iii) Niosomes
interact with the stratum corneum through aggregation,
fusion, and adhesion to the cell surface, which causes a
high thermodynamic activity gradient of the drug at the
vesicle-stratum corneum surface. This is the driving force
for the penetration of lipophilic drugs across the stratum
corneum. iv) Niosomes may modify the stratum corneum
structure, making the intercellular lipid barrier of the

-10 -

stratum corneum looser and more permeable. v) The non-
ionic surfactant itself, the composing ingredient of
niosome, acts as a permeation enhancer and might partially
contribute to the improvement of drug permeation from
niosomes ('),

The type of surfactant plays a significant role in
modifying permeation using niosome vehicles. Niosomes
fabricated from polyoxyethylene stearyl ether that exist in
the gel state did not enhance estradiol permeation, whereas
those prepared from polyoxyethylene lauryl ether and
polyoxyethylene oleyl ether, both existing as liquid
crystalline vesicles, significantly improved transport (3 74),
Several mechanisms have been proposed, including:
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Alteration of the barrier function of the stratum corneum

l

Reduction of transepidermal water loss

Increases stratum corneum hydration and loosens its closely-packed cellular structure

l

Adsorption and/or fusion of niosomes on the surface of the skin

Revealed by freeze fracture electron microscopy and small angle X-rayscattering

l

Leads to a high thermodynamic activity gradient of drug at the interface

l

Permeation of a drug

5. OTHER NOVEL VESICULAR CARRIERS

5.1 Ufasomes: Ufasomes form when an evaporated
film is physically agitated in the presence of a buffer
solution. They are vesicles made up of long-chain
unsaturated fatty acids. Colloidal suspensions of fatty
acids and their ionized forms are referred to as fatty acid
vesicles. It is an efficient way to deliver medications to an
infection site quickly, with reduced opioid toxicity and
side effects. Ufasome is a novel method to improve opioid
absorption through the skin. Unsaturated fatty acids like

-11 -

linoleic and oleic acids are used as natural permeation
enhancers in the production of ufasomes. Surfactants are
often used with fatty acids to improve skin flexibility and
medication transport across the skin membrane. Ufasomes
enhance drug retention qualities inside the cell membrane
of skin cells for an extended period. Ufasomes are soapy
suspensions of closed lipid bilayers primarily composed of
fatty acids G% 7). They typically maintain a narrow pH
range of 7 to 9.1 in nature.
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5.1.1 Mechanism of skin penetration®”. 7

Praveen Kumar Gaur et al.

Fatty acid vesicles lower the phase transition temperature of lipids in biological membranes

Bilayer membrane has a fusogenic tendency

The vesicle membrane combines with skin lipids, allowing the contents of the vesicle to be released

Fatty acid vesicles will serve as an effective carrier for increasing drug penetration into the stratum corneum

resulting in lower toxicity

5.2 Sphingosomes: Sphingosomes are concentric,
bilayered vesicles with an aqueous core surrounded by a
membranous lipid bilayer primarily made up of natural or
synthesized sphingolipids. Sphingosomes are composed of
sphingolipids and cholesterol, with an internal aqueous
environment that has a lower pH than the surrounding
environment (77 78 79 Sphingosomes are the key targeted
lipid vesicular drug delivery method. They are constructed
from a membranous lipid bilayer that surrounds an

aqueous area in which the drug can be contained.
Sphingosomes overcome the drawbacks of liposomes and
niosomes due to their great resistance to acid hydrolysis
and enhanced drug retention capabilities. Sphingosomes
can be administered into the body via several routes,
including parenteral, inhalation, oral, and transdermal.
Sphingolipids, which are predominantly composed of
amide and ester linkages, make up sphingosomes (2 80.81),

Table 7: Advantages and disadvantages of sphingosomes ©2

Advantages

Disadvantages

Provide tumor tissue with selective passive targeting. | Sphingolipids are more expensive.

Increase the therapeutic index and efficacy €%

Entrapment efficacy is low.

The encapsulated agent's toxicity is reduced.

Encapsulation improves stability.

5.2.1 Mechanism of skin penetration €%

There are various ways in which small unilamellar
sphingosomal vesicles (SUSVs) interact with cells. These
are as follows: stable adsorption, endocytosis, fusion, and
lipid transfer.

Stable adsorption: Stable adsorption represents the
association of intact vesicles with the cell surface. This

-12 -

process is mediated by non-specific electrostatic,
hydrophobic or other forces present at the vesicles or the
cell surface.

Endocytosis: Endocytosis is the uptake of intact
vesicles into endocytotic vesicles and presumably results
in their delivery to the lysosomal apparatus.

Fusion: Fusion is the simple merging of the vesicle's
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bilayer with the plasma membrane bilayer, with the release lipid molecules between vesicles and the cell surface
of vesicle content into the cytoplasmic space. without the cell association of aqueous vesicle content.
Lipid Transfer: This involves the transfer of individual

Stable adsorption
Adsorption of intact vesicles to the cell surface
(Non-specific electrostatic, hydrophobic, or other forces are involved in this process)

l

Endocytosis
Intact vesiclestaken up by endocytotic vesicles and sent to the lysosomal apparatus.

l

Fusion
Fusion of the bilayers of vesicles and plasma membranes

l

with components releasing vesicle content into the cytoplasmic space.

l

Lipid exchange
lipid molecules are transferred between vesicles and the cell surface without the need for aqueous vesicle content to be
associated with the cell.

5.3 Cubosomes: Cubosomes are unique, sub-micron, cubic phases is higher than that of cubosomal dispersions
nano-structured particles that represent a bicontinuous @), Cubosomes are typically created by dispersing bulk
cubic liquid crystalline phase ®3. Cubosomes are self- cubic phase with high energy, then stabilizing the colloidal
assembled liquid crystalline particles of certain surfactants phase with polymeric surfactants. Cubic phase liquid
with a specific water-microstructure ratio and a solid-like crystals can be used for the controlled release of selected
rheology ®). Cubosomes have the same microstructure as water-oil soluble compounds ©7: %), Cubosomes comprise
the parent cubic phase, but they possess a larger specific lipids, surfactants, and polymer molecules that have both
surface area and exhibit smaller viscosity dispersions than polar and non-polar components.

the bulk cubic phase ®* 8. 8)_ The viscosity of the bulk

-13-
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Table 8: Advantages and disadvantages of cubosomes (9

Advantages Disadvantages
Hydrophilic and hydrophobic drugs, as well as In preparation, there is a low drug loading
amphiphilic drugs can be encapsulated. efficiency and drug leakage.
Have sustained drug delivery capabilities Its stability acts as a deterrent, restricting their
application.
Have qualities of biocompatibility and Because of the high viscosity, large-scale
bioadhesivity production can be challenging.

Table 9: Recent studies (Last 10 years) done in carriers for transdermal drug delivery
Carriers Drug Key findings Indication Reference
Liposomes Econazole Releases the drug at local Anti-fungal (0)
sites of infection, may be
through the action of
lipase. Reduction of drug
dosage and skin irritation

Melanin Deliver increased amounts Hair growth ©1
of drugs to the site of
action.

Tetracaine Delivery of drugs into the Anaesthetic ©2)
deeper skin strata.

Tretinoin Enhancing skin Psoriasis ©3)

permeation in dermal
delivery using different
hydrophilic penetration
enhancers. Increased
cutaneous accumulation

Gentamycin Drug showed increased Pneumonia (94, 95, 96)
survival rate of animal
model and increased
therapeutic efficacy

Vincristine Enhanced vincristine cell Leukemia %)
uptake, penetration and
concentration in tissues
and organs and involved
in the mononuclear
phagocyte system

-14 -
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Carriers

Drug

Key findings

Indication

Reference

Daunorubicin + cytarabine

Increased efficiency and
target damaged cells,
improved liposome
pharmacokinetics,reduced
toxicity and enhancing
treatment efficacy

Acute myeloid
leukemia

(o7

Irinotecan + fluorouracil + foli
nic acid

Increased the
bioavailability. Maximum
plasma concentration
decreased, and half-life
increased.

Pancreatic
adenocarcinoma

(98)

Ascorbic acid (Vitamin C)

Liposomal encapsulation
technology. Therefore, it
delivers maximized
absorption via “Smart”
nano spheres. Higher
bioavailability and ability
to reach cells

Ischemia

(99)

Transfersom
es

Insulin

Increased in vitro skin
permeation

Hypoglycemia

(100)

Ketoconazole

Antibacterial action as
well as a high potential for
drug delivery

Antimicrobial

(101)

Raloxifene hydrochloride

Great potential for
transdermal delivery

Osteoporosis

(102, 103)

Sildenafil citrate

Reduced dosage
administration frequency
improves transdermal
permeability and
bioavailability.

Sexual function

(104)

Ovalbumin and saponin

Increased peptide
permeation into the skin

Anti-OVA
(Ovalbumin)
antibody titer in
serum

(105)

-15-
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Carriers Drug Key findings Indication Reference

Diclofenac sodium Improvement of both the NSAID (Non- (106)
efficacy and the safety of steroidal anti-
localized therapy inflammatory
combining the drugs)
performance of painless
liquid injection devices

Meloxicam Resulted in a high relieve pain, (107, 108)
entrapment efficiency. tenderness,
Transfersomes provide swelling, and
greater MX skin stiffness caused
permeation by osteoarthritis

Curcuma longa extract Better for improving skin Photoprotective (109)
properties. incorporated in
the creams could be highly
beneficial as enhanced
skin hydration and sebum
level

Itraconazole Optimized Anti-fungal (110)
nanotransfersomes with
lecithin: Span®60,
showed the best
aerosolization efficiency

Piroxicam Improved stability and NSAID (Non- @07
highest elasticity in its gel steroidal anti-
formulation inflammatory

drugs)
Ethosomes 5-aminolevulivic acid (ALA) | Delivery of ALA in the Anti- psoriasis (68, 111)

inflammatory skin.

Erythromycin Highly efficient in Antibacterial @n
eradicating S. aureus-
induced intradermal
infections

Minoxidil Enhance the penetration Hair growth 12)
and accumulation of promoter
minoxidil in the skin

-16 -
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Carriers

Drug

Key findings

Indication

Reference

Niosomes

Aceclofenac

Improves the penetration
and therapeutic efficacy of
the drug, acts as a
reservoir for a prolonged
period and serve as a
penetration enhancer.

Pain management

(113)

Ketoprofen

Prolonged drug release,
encapsulated in niosomes
containing Span 60 for
topical application, and
was released in a slow and
sustained manner.

Anti-
inflammatory

(114)

Simvastatin

Improved not only the
bioavailability of the drug
but also its
hypocholesterolemic
effect

Hypercholesterol
emia

(115)

Flurbiprofen

Afforded high drug
loading and skin
permeation

Ulcer treatment

(116)

Capsaicin

Better percutaneous
permeation. Diffused
faster from the
niosomalmatrix than from
the microemulsions

Pain relief

(117)

Salidroside

Enhanced permeation and
skin deposition. Good
biocompatibility with skin
tissue

Neuroprotective
activities

(118)

Baclofen

Improves the low skin
penetration and poor
bioavailability of
conventional topical
formulations

Muscle relaxant

(119)
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Carriers

Drug

Key findings

Indication

Reference

Ufasomes

Clotrimazole

The drug's sustained
release led to the
conclusion that it could be
useful in the treatment of
skin infections such as
candidiasis.

Anti-fungal

(120)

Minoxidil

The concentration of
minoxidil gel was ten
times higher than the
control, indicating that it is
effective in delivering
drugs to the skin and
follicles.

Vasodilator

(121)

Glucose amine sulphate

Can be used as an
alternative to topical anti-
osteoarthritis medication

Antiosteoarthritic

(122)

Cinnarizine

Penetrates deep nasal
mucosa layer and
cinnarizine loaded
ufasome vesicle is
possible for intranasal
delivery.

Nasal infection

(75)

Fluconazole

Penetrate stratum
corneum. Potential carrier
topical targeted delivery.

Anti-fungal

(123)

Sphingosome
)

Beclomethasone

Enhanced penetration of
drug

Skin / dermal
therapy

(124)

Sphingosomes™ Moist

Improve the low skin
penetration and poor
bioavailability of
formulations

Skin cleansing &
make-up removal
efficiency

(32, 125)

Sphingosine and sphinganine,
free sphingolipids of the
stratum corneum

Releases the drug at local
sites of infection,
reduction of drug dosage
and skin irritation

Anti-fungal

(126)

Idoxuridine

Drug entrapped inside
possess optimum corneal
and increase contact time

Herpatiticskeatiti
s

(127)
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Carriers

Drug

Key findings

Indication

Reference

Topotecan

Increases efficiency and
target damaged cells,
improves
pharmacokinetics,reduces
toxicity and enhances
treatment efficacy

Treatment of lung
cancer

(128)

Cubosomes

Capsaicin

Capsaicin was released
continuously, skin
retention was prolonged
with no irritation, and
capsaicin was stable under
intense light and high
temperatures.

Psoriasis

(129)

Silver sulfadiazine

When compared to
commercially available
products, this method
produces great healing
results with fewer adverse
effects.

Treatment of
infected burns.

(130)

Erythromycin

Effective at delivering
erythromycin to the skin
in a non-invasive and
long-lasting method

Treatment and
prevention of
several types of
acne

(131)

Cyclosporine A

Cubosomes showed low
ocular irritation, improved
ocular bioavailability and
increased precorneal
retention time of
cyclosporine A.

Immunosuppressi
ve agent

(132)

Dapsone

Cubosomes enhance
permeation of dapsone
across the epidermal
layers at the local site,
reducing systemic side
effects with higher
transdermal flux value
compared to marketed
formulation.

Antiinflammatory
agent

(133)
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Carriers

Drug

Key findings

Indication

Reference

Indomethacin

Prolong the anti-
inflammatory activity of
the loaded, depot effect on
the epidermis

Anti-
inflammatory

(86)

Flurbiprofen

Showed low ocular
irritation and improved
transcorneal permeation of
FB.

NSAID for
occular irritation

(134)

Metformin

The cubosomes
formulation significantly
lowered the concentration
at which viable cells were
destroyed compared to
metformin alone.

Anticancer

(135, 136)

Thymoquinone

A dose and time-
dependent increase in
apoptotic cells was
observed when treated
with thymoquinone-
cubosome formulation
against thymoquinone
alone.

Anticancer

(137)

Losartan-Amlodipine

Preparation,
Characterization and
Transdermal Permeation
of Losartan-Amlodipine
Molecular Sal

Hypertension

(138)

Zinc Oxide

Development and
Characterization of
Anticancer Model Drug
Conjugated to
Biosynthesized Zinc
Oxide Nanoparticles
Loaded into Different
Topical Skin Formulations

Anticancer

(139)
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111. Conclusion

In recent years, vesicular carriers have shown promise
as transdermal drug delivery platforms. Compared to
conventional transdermal drug delivery methods, these
carriers offer a number of advantages, including improved
skin permeability, enhanced drug stability, and targeted
drug administration. We have examined various vesicular
carriers designed for transdermal drug delivery, such as
liposomes, niosomes, ethosomes, and transfersomes. Each
type of carrier possesses unique advantages and qualities.
For instance, niosomes are less prone to degradation by
skin enzymes than liposomes, which are renowned for
their ability to encapsulate and deliver both hydrophilic
and hydrophobic drugs. Ethosomes and transfersomes
both incorporate permeation enhancers into their carrier
structure to increase skin penetration. Researchers
continue to innovate in the area of vesicular carriers for
transdermal drug delivery. One notable recent
advancement is the development of nanostructured lipid
carriers, which can transport larger drug molecules than
conventional vesicular carriers. NLCs are more optimal for
long-term storage due to their higher stability compared to
conventional vesicular carriers. While vesicular carriers
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ABSTRACT

During the COVID-19 pandemic, healthcare systems worldwide faced unprecedented challenges, with pharmacists
playing a crucial role on the frontlines. They encountered a surge in patient requests for drugs and non-drug items
related to the treatment and prevention of the disease. This cross-sectional survey aimed to assess changes in
demand for selected drugs and non-drug items from the perspective of pharmacists in Jordan in the period from
March to June 2021, and to explore the factors influencing this demand. An online questionnaire targeting
pharmacists working in community pharmacies was developed, validated, and disseminated using social media
(e.g., WhatsApp, Facebook, and Messenger). The study collected 390 responses from pharmacists working in
community pharmacies. The findings revealed significant increases in demand for prescription drugs such as
antibiotics (97.4%), antithrombotics (84.1%), and antivirals (66.2%), often without prescriptions. Non-prescription
items, specifically minerals and vitamins, were highly sought after (100%). Demand also rose for non-drug items
such as thermometers (89.0%), oximeters (85.1%) and oxygen concentrators (68.2%). Changes in drug
requirements were consistent across Jordan’s districts. However, an association was observed between the increase
in demand for antivirals and herbal supplements and chain pharmacies (p-value 0.037 and p-value <0.005,
respectively). In conclusion, COVID-19 led to a significant upsurge in the demand for pharmaceutical products
and devices, placing immense pressure on community pharmacies. The public's reaction to the pandemic, to
combat and manage the disease, was consistent across Jordan, regardless of social, financial, and spatial differences
among the population. The study highlights the importance of adequately preparing and educating pharmacists to
provide accurate information and counseling to patients in such circumstances. Therefore, health authorities must
ensure that pharmacists have access to the latest treatments and management protocols and provide clear guidance
on using home treatment devices to the public.

Keywords: Jordan, COVID-19, pharmacists, community pharmacy, drug demand, self-medication.

INTRODUCTION Disease-19 (COVID-19) pandemic since late 2019 (1).
Globally, healthcare systems have been confronted Many severe cases of COVID-19 require hospitalization,
with the unprecedented challenges of the Coronavirus admission to intensive care units, or may even result in

death (2). The pandemic has exerted enormous pressure on
healthcare  systems worldwide, necessitating the

*Corresponding author: Randa N. Haddadin
r_haddadin@ju.edu.jo recruitment of all available healthcare resources and

Received: 13/7/2023  Accepted: 12/11/2023. professionals to curb the spread of the virus. In response,
DOI: https://doi.org/10.35516/jjps.v17i1.1426 the World Health Organization (WHO) has issued
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guidelines for the general public on managing mild to
moderate cases of COVID-19 at home (3).

Throughout the pandemic, various reports have
recommended certain drugs for treating or alleviating
symptoms of COVID-19. Some of these treatments were
adopted by health authorities, but over time, a few drugs
were proven ineffective. Among the suggested drugs were
hydroxychloroquine, azithromycin, paracetamol,
nonsteroidal anti-inflammatory drugs, and vitamins and
minerals including vitamins C and D, and zinc (4-6).
Consequently, the lack of a definitive COVID-19
treatment, coupled with high death rates and claims of
identifying effective treatments and immune-boosting
supplements (7), have led people to seek different
preventive measures (4). Simultaneously, self-medication
has conspiculously increased during the pandemic in many
parts of the world, with Jordan being no exception (4-6).

Under these circumstances, pharmacists have found
themselves on the frontlines, dealing with a surge in
patients seeking drugs for the treatment of suspected
COVID-19 symptoms or for disease prevention (8). In
fact, international organizations such as the International
Pharmaceutical Federation (FIP) and the American
Pharmacist Association (APhA) have issued guidelines to
strengthen the roles of pharmacists as frontline healthcare
workers during the pandemic (9,10).

Given these circumstances, it is expected that
Jordanians, like people in many other countries, will also
turn to self-medication during the pandemic. In the
literature, several studies have reported self-medication by
Jordanians using different drug classes (11-13). However,
only a few studies have addressed the impact of COVID-
19 on the utilization of drugs and non-drug items among
Jordanians. One study investigated the prevalence and
predictors of self-medication for certain drug items, as
perceived by patients (14). Another study examined the
effect of COVID-19 on national antimicrobial
consumption, with data on antimicrobial drugs collected
from the Jordan Food and Drug Administration (15).
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However, it is important to note that no study has yet
examined the changes in the consumption and use of drugs
and non-drug items from the perspective of pharmacists.

Therefore, this study aims to evaluate the changes in
demand for selected drugs and non-drug items in Jordan
during the COVID-19 pandemic, based on the perspectives
of pharmacists. Additionally, the study seeks to determine
whether the demand for these drugs was based on medical
prescriptions or self-medication. Furthermore, the study
aims to investigate the factors affecting drug demand
during the pandemic. This information could help
decision-makers understand public behaviors during
pandemics and set up necessary measures and policies for
future preparedness for epidemics.

METHODS

Study design and instrument

This cross-sectional study was conducted from March
to June 2021 during the COVID-19 pandemic. The study
used a questionnaire, with pharmacists working in
community pharmacies in Jordan as the target audience.
The endpoint of this study was to assess whether there was
a change (increase or decrease) in the demand for selected
drugs and non-drug items during the COVID-19 pandemic
in Jordan based on the pharmacists’ perspectives. A
structured questionnaire was developed based on an
extensive review of published research in the same field
(5,6,14,16,17). The first page of the questionnaire
provided information about the nature and objectives of
the study, as well as the inclusion criteria for participation.
The inclusion criteria included: (a) working in a
community pharmacy during the COVID-19 pandemic,
and (b) providing consent to participate in the study. To
ensure participants fulfilled the inclusion criteria, two
questions were added at the beginning of the survey: ‘Have
you been working in a community pharmacy during the
COVID-19 pandemic?’ and ‘Do you agree to participate in
the study?’. Answering ‘No’ to any of these questions
prevented the participant from completing the survey. The
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questionnaire also included a statement assuring
participants of the confidentiality of their participation.
The questionnaire consisted of two main sections. The first
section collected demographic and general characteristics
of the pharmacists (Table 1), as well as information about
the community pharmacies, such as type of pharmacy and
geographical location.

The second section of the questionnaire assessed
changes in the demand for different drug categories and
non-drug items from the pharmacists’ perspectives. The
participants were asked to indicate whether they observed
a considerable increase, decrease, or no change in the
demand for selected drug categories, or non-drug items
(e.g., supplements, minerals, and devices, among others)
during the COVID-19 pandemic, from a list provided to
them (Tables 2 and 3). Regarding drug categories, the
participants were asked to specify which class/drug of
those categories had shown an increase in demand (Table
2). The questionnaire was designed in Arabic, the native
language of the country, and the medication classes were
written in both Arabic and English. The questionnaire
underwent a thorough review by an academician, a clinical
pharmacist, and a community pharmacist. For further
clarification and modification of the questionnaire, it was
pilot tested with 10 community pharmacists, who were
excluded from the statistical analysis.

The questionnaire link was disseminated through
various social media platforms for pharmacists, including
Facebook®, Facebook Messenger®, and WhatsApp®.
The snowball sampling technique was used to distribute
the Google form and enroll participants (18,19).
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Statistical analysis

A minimum sample size of 385 pharmacists was
estimated as appropriate, based on the study by Zucco et
al, 2018 (20). Statistical analysis was performed using
SPSS version 23 (SPSS Inc., Chicago, IL). Descriptive
statistics were used to summarize the demographic
characteristics of the participants.

The Chi-square test and Fisher’s exact test were
utilized to find associations between patterns of use for
different drug categories and categorical variables.
Hypothesis testing was two-sided, and a p-value of < 0.05
was considered significant.

Ethical consideration

The study protocol was approved by the Institutional
Review Board of the Deanship of Academic Research at
the University of Jordan (IRB No. 20/2021).

RESULTS

Demographic and General
Pharmacists

Three hundred and ninety pharmacists completed the
entire questionnaire. The majority of respondents were
female pharmacists (63.8%, n=249), and approximately
half of them had less than five years of experience (53.6%,
n=209). The mean age of respondents was 31.3 years
(SD=9.2). Three-quarters (74.4%, n=290) of the
pharmacies were independent, and the majority were
located in the central district of Jordan (81.8%, n=319).

The demographic characteristics of the participants and
the location of the pharmacies are summarized in Table 1.

Characteristics of
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Table 1 Characteristics of participants in the study (N=390)

Variable % (n)
Age [mean£SD] 31.3+9.2
Gender
Males 36.2 (141)
Females 63.8 (249)
Pharmacy type
Chain pharmacy 25.6 (100)
Independent pharmacy 74.4 (290)
Geographical location of community pharmacy
Central of Jordan 81.8 (319)
Amman, the capital city of Jordan 65.9 (357)
Madaba 2.6 (10)
Zarga 6.7 (26)
Balga 6.7 (26)
North of Jordan 15.1 (59)
South of Jordan 3.1(12)
Years of experience
<1 year 13.6 (53)
1-5 years 40.0 (156)
6-10 years 21.0 (82)
11-15 years 8.5 (33)
16-20 years 8.5 (33)
21-25 years 3.1(12)
>25 years 5.4 (21)

Patterns of drug demand

The perceived increase in the demand for different drug
classes is summarized in Table 2. Among the prescription
drugs, antibiotics reported the highest increase in demand
(97.4%, n=380), followed by antithrombotics (84.1%,
n=328).

The highest increase in demand for antibiotics (Table 2)
was seen for macrolides (95.1%, n=371), followed by
fluoroquinolones (37.2%, n=145). Among the antithrombotic
drugs, aspirin recorded the highest increase in demand
(79.7%, n=311), followed by enoxaparin (31.5%, n=123).

Favipiravir was the most demanded antiviral drug during
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the study period (58.7%, n=229).

Minerals and vitamins reported the highest increase in
demand among non-prescription drugs (100%, n=390),
followed by analgesics and antipyretics (96.9%, n=378),
common cold preparations (84.9%, n=331), and herbals and
supplements (80.5%, n=314) (Table 2). Both zinc and vitamin
C recorded the highest increase in drug demand (98.5%,
n=384 and 97.7%, n=381 respectively), followed by vitamin
D (88.7%, n=346). Among analgesics and antipyretics,
paracetamol (96.9%, n=374) recorded the highest increase in
demand. Further details are shown in Table 2.
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Table 2. The pattern of drug demand during COVID-19 in Jordan as perceived by pharmacists (N=390),
focusing on individual/classes of drugs or non-drug items that showed an increase in the demand

% (n)
Antibiotics
The demand did not change. 2.6 (10)
The demand increased significantly: 97.4 (380)
e Macrolides such as azithromycin 95.1 (371)
¢ Penicillins (amoxicillin, ampicillin, oxacillin, etc) 15.4 (60)
¢ Oral Cephalosporins (Cephalexin, cefaclor, cefixime, cefuroxime, etc..) | 7.2 (28)
o Parenteral cephalosporins, (cefotaxime, ceftriaxone, cefepime, etc) 7.4 (29)
o Fluoroquinolones (Ciprofloxacin, levofloxacin, moxifloxacin, etc) 37.2 (145)
¢ Doxycycline 3.1(12)
Antivirals
The demand did not change. 33.8 (132)
The demand increased significantly: 66.2 (258)
o Oseltamivir (trade name: Tamiflu) 6.7 (26)
e Favipiravir (Sancovir) 58.7 (229)
o Remdesivir (Veklury 9.2 (36)
Analgesics and antipyretics
The demand did not change. 3.1(12)
The demand increased significantly: 96.9 (378)
e Oral paracetamol 95.9 (374)
¢ Oral ibuprofen 18.5(72)
¢ Oral diclofenac (tablets/ sachets) 13.1 (51)
¢ IM diclofenac 7.7 (30)
¢ Oral naproxen 12.8 (50)
Antithrombotics
The demand did not change. 15.9 (62)
The demand increased significantly 84.1 (328)
e Aspirin 79.7 (311)
¢ Clopidogrel 7.7 (30)
e Warfarin 2.1(8)
e Heparin 6.7 (26)
e Enoxaparin 31.5(123)
e Others 7.2 (28)
Anxiolytics and sedatives
The demand did not change. 69.0 (269)
The demand increased significantly 31.0 (121)
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% (n)
Antidepressants
The demand did not change. 79.0 (308)
The demand increased significantly 21.0 (82)
Minerals and vitamins
The demand did not change. 0
The demand increased significantly 100 (390)
e Zinc 98.5 (384)
e Magnesium 14.9 (58)
e Vitamin C 97.7 (381)
¢ Vitamin D 88.7 (346)
e Vitamin B 16.2 (63)
e Vitamin E 5.6 (22)
o Multivitamins 43.8 (171)
e Iron salts 13.8 (54)
Herbals and supplements
The demand did not change. 19.5 (76)
The demand increased significantly 80.5 (314)
¢ Propolis 28.5 (111)
e Omega 3 fatty acids 51.8 (202)
e Immune boosting supplements 46.7 (182)
Cold and cough preparations
The demand did not change. 15.1 (59)
The demand increased significantly 84.9 (331)
Mucolytics and expectorants
The demand did not change. 21.8 (85)
The demand increased significantly 78.2 (305)
Antihistamines
The demand did not change. 33.6 (131)
The demand increased significantly 66.4 (259)
Patterns of non-drug items demand (85.1%, n=322), oxygen generators (68.2%, n=266),
Among the non-drug items demanded during the antiseptic lozenges (67.9%, n=265), and nebulizers
COVID-19 pandemic, thermometers reported the highest (67.4%, n=263) as shown in Table 3.

increase in demand (89%, n=347) followed by oximeters
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Table 3. The pattern of non-drug items demanded during COVID-19 in Jordan as perceived by pharmacists (N=390)

. The demand increased | The demand didn’t The demand
Non-drug items o decreased
significantly change -
significantly

- Antiseptics lozenges e.g 67.9 (265) 30.5 (119) 1.5 (6)
Strepsils®, Halls®, Ricola®
- Normal saline (IV 43.3 (169) 53.1 (207) 3.6 (14)
infusion)
- Oximeters 85.1 (332) 12.6 (49) 2.3(9)
- Thermometers 89.0 (347) 10.8 (42) 0.3 (1)
- Nasal solutions containing 64.4 (251) 34.1 (133) 1.5 (6)
normal saline or seawater
- Clove il 37.7 (147) 58.2 (227) 4.1 (16)
- Menthol rub 52.6 (205) 43.6 (170) 3.8 (15)
- Nebulizers of inhaled 67.4 (263) 31.8 (124) 0.8 (3)
drugs
- Oxygen 68.2 (266) 29.5 (115) 2.3(9)
Concentrators/generators

As demonstrated in Table 4, in more than 50% of the
interactions with customers, less than half of the

pharmacists indicated that their customers provided
prescriptions for prescribed drugs.

Table 4: providing a prescription for prescribed drugs

Provided . . . .
L. Provided Provided Provided prescription
Lo prescription in less . s .

Prescription Drug prescription in 25- prescription in 50- | in more than 75 % of

than 25% of

49% of encounters | 75% of encounters encounters

encounters
Antibiotics 38.1(138) 44.2 (160) 14.4 (52) 3.3(12)
Antivirals 32.8 (114) 34.8 (121) 17.5 (61) 14.9 (52)
Analgesics 72.4 (257) 20.3 (72) 6.2 (22) 1.1(4)
Antithrombotics 38.8 (137) 35.7 (126) 16.1 (57) 9.3 (33)
Anxiolytics or 34.4 (118) 24.2 (83) 20.7 (71) 20.7 (71)
antidepressants

Table 5 shows the association of drug demand with the
type of pharmacy (independent/chain) and the pharmacy's
location in terms of districts. A significant association was
seen between the increased demand for antivirals and
herbal supplements and chain pharmacies (p-value 0.037
and p-value <0.005, respectively). On the other hand, there

was no association between the demand for prescription or
non-prescription drugs and the pharmacy's location.
Additionally, no significant correlation was found between
gender, years of experience, or pharmacy location and
drug demand (p>0.05).
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Table 5. The pattern of drugs demanded during COVID-19 in Jordan as perceived by pharmacists (N=390)

Drug’s category Area categories and districts cross-tabulated with the drug demand patterns
Pharmacy type District location
Chain Independent Central South North
.
Prescription drugs Increased | 97 (97) 97.6 (283) 97.8 (312) 100 (12) 94.9 (56)
1. Antibiotics Unchanged 3(3) 2.4 (7) 2.2(7) 0 (0) 5.1(3)
P value 0.721° 0.4122
Increased 75 (75) 63.1 (183) 68 (217) 8 (66.7) 55.9 (33)
2 Antivirals Unchanged | 25 (25) 36.9 (107) 32 (102) 33.3(4) 44.1 (26)
P value 0.037° 0.2052
Increased 36 (36) 29.3 (85) 32.6 (104) 16.7 (2) 25.4 (15)
3. Anxiolytics and sedatives Unchanged | 64 (64) 70.7 (205) 67.4 (215) 83.3 (10) 74.6 (44)
P value 0.259° 0.3752
. Increased 24 (24) 20 (58) 20.1 (64) 16.7 (2) 27.1 (16)
4. Antid t
ntidepressants Unchanged | 76 (76) 80 (232) 79.9 (255) 833(10) | 72.9(43)
P value 0.477° 0.420?
Increased 88 (88) 82.8 (240) 83.7 (267) 83.3 (10) 86.4 (51)
5. Antithrombotic Unchanged 12 (12) 17.2 (50) 16.3 (52) 16.7 (2) 13.6 (8)
P value 0.267° 0.867°2
Nonprescription drugs Increased | 98 (98) 96.6 (280) 97.2 (310) 100 (12) 94.9 (56)
6. Analgesics and antipyretics Unchanged 2(2) 3.4 (10) 9 (2.8) 0 (0) 5.1 (3)
P value 0.7382 0.5972
Increased 93 (93) 76.2 (221) 80.9 (258) 83.3 (10) 78 (46)
7. Herbal supplements Unchanged 7(7) 23.8 (69) 19.1 (61) 16.7 (2) 22 (13)
P value <0.005 0.8822
Increased 90 (90) 83.1 (241) 84 (268) 100 (12) 86.4 (51)
8. Cold and cough preparations | Unchanged 10 (10) 16.9 (49) 16 (51) 0(0) 13.6 (8)
P value 0.107° 0.379°2
. Increased 79 (79) 77.9 (226) 77.1 (246) 91.7 (11) 81.4 (48)
. Mucol
9 Mucolytics and expectorants (=, "o ed | 21 (21) 22.1 (64) 22.9 (73) 8.3 (1) 1856 (11)
P value 0.889° 0.486
Increased 65 (65) 66.9 (194) 67.1 (214) 66.7 (8) 62.7 (37)
10. Antihistamines Unchanged 35 (35) 33.1 (96) 32.9 (105) 33.3(4) 37.3 (22)
P value 0.806° 0.772
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3 p values were calculated using Fisher's exact test, ® p values were calculated using Pearson Chi-square test
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DISCUSSION

In this study, we evaluated the impact of COVID-19 on
the changing demand for medications and non-drug items
among Jordanians from the perspectives of pharmacists.
During the study period (March to May 2021), Jordan
experienced a severe second wave of COVID-19, resulting
in the highest daily new cases and deaths since the onset
of the pandemic
(https://www.worldometers.info/coronavirus/country/jord
an/). Given these circumstances, a substantial increase in
demand for specific drugs was expected, which was indeed
evident in our study. All participants reported an increase
in the demand for minerals and vitamins compared to
previous years. This rise in demand can be attributed to
these supplements being included in Jordan's Ministry of
Health's treatment protocol for mild COVID-19 cases (21),
allowing self-medication without a prescription. This trend
was also noted in other countries such as Kuwait and
Nigeria (22,23). The increased demand for vitamins,
coupled with the rise in demand for herbal supplements,
reflects the public's concerns about enhancing their
immunity and protecting themselves from this viral
infection.

Nearly 97% of participants indicated a significant
in the demand for antibiotics, primarily
macrolides and fluoroquinolones. Azithromycin was one
of the drugs recommended for managing COVID-19
patients during a certain period of the pandemic (24).
Similarly, reports proposed the of
fluoroquinolones as adjunct treatment for COVID-19 (25).
This increased demand was likely fueled by information
circulating on social media regarding their use in COVID-
19 management (26). This demand was boosted by the fact
that antibiotics in Jordan can be procured from pharmacies
without a prescription (11). Moreover, around 82% of the
participants indicated that antibiotics were requested
without a prescription in more than 50% of interactions. In
Jordan, although regulations prohibit the dispensing of
antibiotics without a prescription, these regulations are not

increase

some use
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strictly enforced (11). This trend of self-medication with
antibiotics during COVID-19 was observed in other
countries as well (6,17,27,28).

A substantial rise in demand for analgesics and
antipyretics (96.9%) was reported, with paracetamol being
the most requested drug. This aligns with the common
symptom profile of COVID-19, which includes fever and
muscle aches. Paracetamol is recommended by the
Ministry of Health (21) and the CDC for treating these
symptoms as a home remedy for mild cases (29). It was
also the most consumed medication during COVID-19
lockdowns in Peru and Yemen (5,17).

Overall, there was a notable increase in demand for
drugs used to alleviate COVID-19 symptoms, such as
cough and cold preparations and mucolytics and
expectorants.

Additionally, a significant increase was observed in the
demand for antithrombotic drugs (mainly aspirin and
enoxaparin) and, to some extent, anxiolytics and sedatives.
It is apparent from Table 4 that the increase in demand for
these drugs was for self-medication since, in the majority
of encounters, less than 50% of customers provided
prescriptions for these drugs. The demand for
antithrombotic  drugs was likely due to the
thromboinflammatory syndrome associated with severe to
critical  COVID-19 illness (30), which prompted
recommendations for their use in specific cases (21).
Subsequently, aspirin, being a cheap and over-the-counter
drug, was the most demanded in this group. However, it is
worth mentioning that health authorities do not
recommend the use of these drugs for non-hospitalized
patients with COVID-19 to treat venous thromboembolism
or arterial thrombosis unless they were indicated for other
conditions (31).

Epidemics and pandemics are recognized to heighten
the prevalence of psychological disorders driven by stress,
anxiety, and fear (32). This concern prompted the WHO
and CDC to emphasize the importance of mental health
during the COVID-19 pandemic (33,34). In Jordan, these
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psychological effects were evident as approximately one-
third of our study participants reported an increased
demand for anxiolytics and antidepressants. Consistent
with our findings, a recent study among healthcare workers
in Jordan revealed that 40% of the participants had
suffered from severe depression (35). During the
pandemic, efforts have primarily focused on treating
affected individuals and containing the spread of the
disease, with less attention paid to the psychological
impact on the population. Based on our findings, it is
crucial for health authorities to prioritize mental health
during epidemics, providing guidance and support to help
individuals maintain their mental well-being.

We also noted a substantial increase in the demand for
non-drug items among  participants, including
thermometers, oximeters, and oxygen generators. The
shortage of medical oxygen has been a global issue during
the COVID-19 pandemic, with supply falling short of the
increased demand (36,37). This problem was particularly
acute in poorer countries already grappling with oxygen
supply shortages (36,37). It appears that Jordanians sought
to acquire oxygen concentrators/generators for home use,
contributing to the increased demand for these devices
during the study period. However, to prevent the misuse of
these concentrators or the unwarranted confidence that
they might provide, leading to a false sense of control over
a patient's condition at home, it is crucial to educate
pharmacists and raise public awareness about the correct
use and potential risks associated with these devices. Such
education is paramount to ensure that patients seek
medical attention when necessary.

We sought to investigate whether changes in drug
demand were associated with specific regions within
Jordan. The districts were categorized into three regions:
north, central, and south, and a statistical analysis was
performed among these regions (see Table 5). The central
region includes the capital city Amman, which has a higher
proportion of the population and wealthier individuals.
The results revealed no significant difference, indicating
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that changes in drug requirements were similar throughout
the country, regardless of social, financial, or spatial
differences.

Likewise, no significant difference in the change in
drug demand was found between chain and independent
pharmacies, with the exception of antiviral drugs and
herbal supplements. Nevertheless, although a statistical
difference was detected in the demand for these two items
between chain and independent pharmacies, the demand
for these items increased in both types of pharmacies.

CONCLUSION

The COVID-19 pandemic has led to significant
changes in the demand for pharmaceutical products,
including prescription and non-prescription drugs,
supplements, and non-drug items. The public's reaction to
the pandemic, in terms of securing medicines and
necessary devices to fight and manage the disease, was
consistent across different districts. This indicates that
social, financial, and spatial differences disappear when
lives are threatened by a pandemic. Consequently,
pharmacists face increasing pressure to dispense
prescription drugs without prescriptions, as well as other
supplements and devices. This highlights the importance
of preparedness and education for pharmacists to provide
correct information and advice to patients. Also, during
times of pandemics, health organizations should step up to
provide pharmacists with the latest treatments and
management protocols to ensure the delivery of accurate
information to this frontline health sector. Moreover,
health authorities should prioritize mental health during
epidemics and provide guidance through various media
channels to help individuals maintain their mental well-
being. Additionally, attention should be given to the use of
various devices for home treatment, with clear advice and
guidelines for the public to follow.

Limitations of the study

The questionnaire was distributed through various
social media platforms used by pharmacists, including
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Facebook, WhatsApp, and Messenger. This could
potentially introduce bias since only individuals with
internet access or those who are active on these platforms
would have the opportunity to participate in the study.
Moreover, most participants were young, female, and
working in pharmacies located in central Jordan, which
could affect the generalizability of the conclusions drawn
from the study. Finally, the study was based on the
perceptions of pharmacists, which could be subjective and
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ABSTRACT

This study aimed to evaluate the awareness and attitudes toward COVID-19 vaccination among the Jordanian
population. A cross-sectional survey was conducted using a validated questionnaire. The awareness and attitudes
toward the COVID-19 vaccine were assessed via five-item and seven-item scales, respectively. The survey results
were analyzed using SPSS with a chi-square test and multivariable logistic regression. A total of 407 participants
were enrolled, with the majority being female (74.9%), under 49 years old (73.2%), holding a bachelor's degree
(57.7%), and working in the private sector (46.2%). Results revealed a fairly high level of awareness about the
COVID-19 vaccine (51.4%), with no significant association between awareness and demographic characteristics.
While 51.4% of the participants perceived the importance of getting the vaccine, only 37.1% agreed that the newly
developed vaccine was safe, and 77.4% expressed a preference for natural immunity. The overall attitude towards
COVID-19 vaccination appears cautiously optimistic, with 60.2% of respondents scoring above Bloom's 60.0%
cutoff point, despite mixed opinions on vaccine safety and necessity. Moreover, attitudes towards the vaccine
showed a significant association with participants' age and occupation. Among the age group of 18-29 years old,
47.6% had a positive attitude towards the vaccine, compared to 33.3% in the 30-49 years old group, and 38.5% in
the >50 years old group. In terms of occupation, 30.7% in the public sector had a positive attitude, compared to
44.1% in the private sector and 48.5% among students. Given the mixed but cautiously optimistic attitudes towards
COVID-19 vaccination observed among the Jordanian population, this study underscores the critical importance
of targeted educational and communication strategies. Such initiatives should focus on enhancing the perception
of vaccine safety and efficacy to improve vaccination acceptance and uptake across different age and occupational
groups within Jordan.

Keywords: Awareness, attitude, COVID-19, vaccines.

INTRODUCTION achieving herd immunity to limit the spread of the severe
Vaccination is widely regarded as the most effective acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
intervention to end the pandemic, with an emphasis on [1]. However, achieving this goal depends on the
population's acceptance of and willingness to receive the

*Corresponding author: Hindya O. Al-Magableh vaccine. Vaccine hesitancy, defined as a delay in
hindya.magableh94@hotmail.com acceptance or refusal of vaccines despite their availability,
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influenced by factors such as confidence, complacency,
and convenience [2-3].

Coronavirus disease 2019 (COVID-19) is a respiratory
infection caused by SARS-CoV-2. Compared to other
coronaviruses, SARS-CoV-2 was found to be more
infectious, and rapidly spread across the world [4].
COVID-19 has caused millions of deaths worldwide. By
February 2023, there were 676,496,910 confirmed cases of
COVID-19 globally, with 6,773,736 fatalities,
overstretching healthcare systems and prompting a race to
develop effective vaccines against SARS-CoV-2 [5].

In response to this, scientists worldwide fast-tracked
the development of vaccines using various platforms. By
the end of 2020, several COVID-19 vaccines were
authorized for emergency use. More than 5.51 billion
individuals, or around 71.8% of the world's population,
had received a dose of the COVID-19 vaccine by October
2022, with a total of 12,850,970,971 doses administered.
According to the World Health Organization (WHO),
there were 1,746,997 confirmed cases of COVID-19 in
Jordan from January 2020 to November 2022, with 14,122
fatalities. Furthermore, a total of 10,057,975 vaccination
doses were administered in Jordan by August 2022 [6], [7].

Vaccines are a cost-effective option for controlling the
COVID-19 pandemic, albeit  problematic, as
morphological variations of SARS-CoV-2 could hinder
global efforts for immunization [8]. Vaccine acceptance
rates varied widely in a global survey, ranging from less
than 55% to more than 90% among participants from 19
nations, with an overall acceptance rate of 71.5%.
However, among young Jordanian adults, acceptance of
the COVID-19 vaccination was only partial [9].
Furthermore, Jordanians' compliance with  non-
pharmaceutical intervention (NPI) measures, such as
wearing face masks, practicing hand hygiene, and
maintaining social distancing, was found to be inadequate
[10-11]. Therefore, research on awareness and attitudes
towards the vaccine is critical to address and mitigate the
negative impact of further COVID-19 infections [12].
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Numerous studies have examined the factors that may
influence individuals' inclination toward vaccination.
There is evidence to suggest that some demographic
groups, such as younger individuals, those with lower
levels of education, individuals with less income, and
ethnic minority communities, exhibit lower rates of
vaccination [13]. Another study emphasized the
importance of investigating more effective strategies for
engaging young people in the process of making medical
decisions about their care [3].

RESEARCH OBJECTIVE

Most of the literature on COVID-19 vaccine acceptance
and hesitancy has focused on high-income countries, leaving
a relative scarcity of research from low- and middle-income
countries, including Jordan. Moreover, the rapidly evolving
nature of the COVID-19 pandemic and the continuous
development and approval of new vaccines necessitate
ongoing monitoring and research into public attitudes toward
these vaccines. The objective of this research was to assess
the awareness and attitudes toward the COVID-19 vaccine
and its associated factors in Jordan.

METHODOLOGY

Study Design and Participants

A cross-sectional survey was conducted on adults over
the age of 18 using a self-reported online survey. The
participants were invited to complete the survey by
accessing a link shared through Facebook groups,
Facebook Messenger, and WhatsApp over a period
spanning September 30, 2022, to December 30, 2022. A
study overview was included at the beginning of the
questionnaire.  Participants completed the survey
anonymously to mitigate bias and safeguard
confidentiality. They received detailed information on the
study's objectives, anticipated duration, and data collection
procedures. We determined the sample size considering a
significance level (alpha) of 0.05 and a desired statistical
power of 80% (1 - Beta). The critical value for a two-tailed
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test at the 5% significance level (alpha) was set at 1.96. A
total of 307 participants were needed to achieve the target
sample size.

Survey instrument

Instrument validity and reliability

The present study's questionnaire was adopted from [14].
The preliminary version of the questionnaire was initially
constructed in English and subsequently translated into
Arabic. A backward translation from Arabic to English was
performed to ensure that the translation maintained the same
meaning as the original English version. The instrument was
reviewed for content validity by five experts in the field of
psychology. Upon receiving their feedback, minor revisions
were made to enhance the clarity and precision of the
questionnaire items. These included rephrasing unclear or
ambiguous questions and making language and grammar
corrections. Subsequently, a pilot study with 30 participants
confirmed the clarity and feasibility of the instruments.
Internal consistency was evaluated using Cronbach's Alpha,
obtaining high-reliability coefficients of 90% for attitude and
88% for awareness.

The instrument was structured to align with Bloom's
Taxonomy categories for attitude and awareness, with
committee cutoff points set at 60.0% for both. The
assessment of awareness regarding the COVID-19 vaccine
was carried out based on the survey questionnaire modeled
after COVID-19 vaccines that had similar structures and
content [14].

The awareness questionnaire consisted of five items,
with respondents being asked to indicate "yes" or "no" in
response to each item. The items were as follows:

Q1: Do you know about the COVID-19 vaccine?
Q2: Does the COVID-19 vaccination show
effectiveness?

Q3: Does COVID-19 currently have a therapeutic
option?

Q4: Does COVID-19 currently have a vaccine?
Q5: What distinguishes the newly developed
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COVID-19 vaccine from other vaccines?

To assess the attitude level towards the COVID-19
vaccine, respondents were awarded one point for each
correct response. The responses were then grouped into two
categories: "agree" and "disagree"”. The survey questions
used to evaluate attitudes were:

Is the newly developed COVID-19 vaccine

considered to be safe?

Is the COVID-19 vaccine considered necessary?"

Do you plan to get the COVID-19 vaccine?

Is the COVID-19 vaccine the only treatment

available?

Should the COVID-19 vaccine be distributed

equitably?

Is getting the COVID-19 vaccine necessary?

Do you prefer natural immunity over the vaccine?
Data Analysis
The Statistical Package for Social Sciences (SPSS -
IBM, Chicago, IL, USA) was used to analyze the data.
Categorical variables were reported as frequency counts
and percentages. A chi-square test was utilized to explore
the association between participants’ socio-demographic
data and their COVID-19 vaccine awareness and attitudes.
Furthermore, any variable with a p-value less than 0.20 in
the chi-square test was nominated to enter into a
multivariable logistic regression model to control for
potential confounding. The adjusted odds ratio with
corresponding 95% CI was reported to measure the effect
size or strength of association. A p-value less than or equal
to 0.05 was considered statistically significant.

RESULTS

A total of 407 participants were enrolled in the survey.
The majority of the participants were female (305 or
74.9%), under 49 years old (298 or 73.2%), held a
bachelor's degree (235 or 57.7%), and were employed in
the private sector (188 or 46.2%). Please refer to Table 1
for more details.
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Table (1) participants’ socio-demographic characteristics

Variable Category Frequency | Percentage
Gender Male 102 25.1
Female 305 74.9
Age groups “18-29 years old” 145 35.6
“30-49 years old” 153 37.6
“>50 years old” 109 26.8
Education level | Diploma 58 14.3
Bachelor 235 57.7
Higher studies 114 28.0
Occupation Public sector 153 37.6
Private sector 188 46.2
Students 66 16.2

Awareness towards COVID-19 Vaccine:

The distribution of participants on each COVID-19
vaccination awareness item is summarized in Table 2.
Regarding the first question, almost all the respondents
had heard about the coronavirus vaccine, and more than
half, 229 (56.3%), reported that the coronavirus vaccine is
effective. A large percentage of the sample, 288 (70.8%),

correctly stated that there is currently no effective
treatment for coronavirus, and 256 (62.9%) identified that
the coronavirus vaccine is different from other vaccines.
Based on Bloom’s categorization, a total of 209 (51.4%)
demonstrated good awareness level towards COVID-19
vaccination.

Table (2) Awareness of COVID-19 Vaccine

Awareness of COVID-19 vaccination preferred answer No Yes

n(%o) n(%o)
1- Have you ever heard of the coronavirus vaccine? Yes 6(1.5) 401(98.5)
2- |s the coronavirus vaccine effective? Yes 178(43.7) | 229(56.3)
3- Is there an effective treatment for Coronavirus at the current time? No 288(70.8) | 119(29.2)
4-1s there an effective vaccine to prevent coronavirus? No 257(63.1) | 150(36.9)
5-1s the Coronavirus vaccine different from another vaccine Yes 151(37.1) | 256(62.9)

Awareness level based on Bloom’s cutoff point (60.0%) Poor 198 48.6%

Good 209 51.4%

Attitude towards COVID-19 Vaccine.
The results in Table 3 show that only 151 (37.1%) of
participants agreed that the newly discovered vaccine is
safe, and 207 (50.9%) of them acknowledged that the
COVID-19 vaccine is crucial. Moreover, three quarters of
them disagreed that the COVID-19 vaccine is the only
solution and agreed that it should be distributed fairly.
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Furthermore, the results demonstrated that only 209
(51.4%) of participants perceived that it is important to get
the vaccine, and nearly three quarters expressed concern
about the unforeseen effects of the vaccine and preferred
natural immunity. However, according to Bloom's cutoff
point, 162 (39.8%) had a positive attitude towards
COVID-19 vaccination.
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Table (3) Attitude towards COVID-19 Vaccine

Attitude towards COVID-19 vaccination Disagree Agree
1-1s the newly discovered vaccine safe? 256(62.9) | 151(37.1)
2-Is the COVID-19 vaccine essential for us? 200(49.1) | 207(50.9)
3-1s the vaccine the only solution for us? 310(76.2) | 97(23.8)
4- If the COVID-19 vaccine should have been distributed fairly! | 101(24.8) | 306(75.2)
5- Is important to get a vaccine? 198(48.6) | 209(51.4)
6- Worried about unforeseen impact? 105(25.8) | 302(74.2)
7- Preferred natural immunity rather than the vaccine? 92(22.6) | 315(77.4)

Attitude level based on bloom’s cutoff point (60.0%)3.93...150 245 60.2%

162 39.8%

As shown in Table 3, only 37.1% of participants agreed
that the newly discovered vaccine is safe, suggesting that a
majority (62.9%) may have concerns or doubts about the
vaccine's safety. Consequently, there is a need for targeted
public health messaging and further education to address
these concerns. Just over half (50.9%) of participants
considered the COVID-19 vaccine essential, indicating a
relatively even divide in opinions on the vaccine's
importance. The 49.1% who disagree present an opportunity
for further intervention and education. The consensus
among participants was more significant in response to the
claim that the vaccine is the only solution, with 76.2%
disagreeing. This suggests that most participants understand
the necessity of additional preventative measures, such as

wearing masks, maintaining social distance, and practicing
hand hygiene. When asked whether the COVID-19 vaccine
should be distributed fairly, the majority (75.2%) agreed,
indicating broad agreement on the importance of equitable
vaccine distribution. Opinions were almost evenly split in
terms of whether getting the vaccine is important or whether
natural immunity is preferred.

Results of the multiple logistic regression showed that
none of the sociodemographic variables were associated
with awareness. Regression analysis revealed that those
working in the private sector are 1.64 times more likely to
have a positive attitude toward the COVID-19 vaccine than
those working in the public sector (Table 4).

Table (4) Factors associated with participants’ attitude towards COVID-19 Vaccine

Variables Categories Attitude n(%b) X2 Binary logistic regression
Negative | Positive | p-value | Adjusted odds ratio (95%C.I) | p-value
Age groups 18-29 yearsold | 76(52.4) | 69(47.6) Ref
30-49 years old | 102(66.7) | 51(33.3) .041 0.699(0.40-1.22) .209
>50 years old 67(61.5) | 42(38.5) 0.872(0.48-1.57) 647
Occupation Public sector 106(69.3) | 47(30.7) Ref
Private sector | 105(55.9) | 83(44.1) .012 1.64(1.01-2.64) .044
Students 34(51.5) | 32(48.5) 1.70(0.82-3.52) .155
Gender Female 187(61.3) | 118(38.7) 427 NA
Male 58(56.9) | 44(43.1)
Education level | Diploma 38(65.5) | 20(34.5)
Bachelor 144(61.3) | 91(38.7) .376
Higher studies | 63(55.3) | 51(44.7)

=49 -
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DISCUSSION

The COVID-19 pandemic has emphasized the critical
role of vaccines in mitigating the spread of the virus,
leading to extensive research and approval of various
vaccines for global immunization efforts [15]. This study
primarily sought to assess the level of awareness and
attitudes toward the COVID-19 vaccine among the
Jordanian population. In multiple studies exploring public
comprehension and receptivity toward the COVID-19
vaccine, varied levels of understanding and sentiments
were observed. Our analysis revealed that 51.4% of
participants were adequately informed about the vaccine,
a finding that aligns with other studies indicating a
relatively good level of public awareness. Conversely, a
study from Malaysia found that 62% of its participants had
insufficient knowledge about the COVID-19 vaccine, even
though a promising 64.5% expressed willingness to
receive the vaccine, suggesting a positive disposition
despite potential misinformation [16]. In Ethiopia, only
40.8% of respondents demonstrated understanding of the
COVID-19 vaccines, highlighting a significant knowledge
gap and underscoring the need for prompt and effective
health education interventions [14]. A separate study
focused on Jordan reflected a high inclination toward
vaccination, with 72.3% of respondents eager to get
vaccinated, indicating a strong pro-vaccination sentiment
within the region [17]. Collectively, these findings
underscore the need for comprehensive awareness
campaigns and targeted educational efforts to reduce
information disparities and foster positive perceptions of
COVID-19 vaccination globally.

The COVID-19 vaccine is a key strategy to halt the
progression of the pandemic, and after rigorous clinical
evaluations, several of these vaccines have been
authorized in various countries [15]. In Jordan, a strong
vaccination campaign is underway, aiming to incorporate
the COVID-19 vaccine into the national immunization
program [11]. While Jordan has established immunization
initiatives, the novel nature of the COVID-19 vaccination
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campaign prompts questions about its public visibility,
interpretation, dissemination, and acceptance [18]. This
study sheds light on the current state of vaccine awareness
in Jordan and the associated challenges. These findings are
crucial in developing tailored awareness and health
education campaigns addressing the COVID-19
vaccinations [20].

Our analysis reveals a promising degree of vaccine
awareness among Jordanians, with 51.4% of participants
demonstrating cognizance—a figure in line with
observations from Malaysia [16]. Intriguingly, an
individual's educational background played a pivotal role
in shaping their awareness about the COVID-19 vaccine,
pinpointing the utility of customized educational
interventions. However, the diversity in respondent
demographics did not substantially influence awareness
levels, emphasizing the importance of holistic and
inclusive outreach programs [14].

While a praiseworthy 56.3% of participants
acknowledged the vaccine's efficacy, this draws parallel to
results from Saudi Arabia, emphasizing the incessant need
to enlighten both healthcare stakeholders and the broader
populace about the vaccine's potency against COVID-19
[20].

Exploring perceptions surrounding the vaccine, the
study identified a notable influence of age and professional
background on attitudes. Counterintuitively, a sizable
portion (39.8%) of younger respondents, aged 18 to 29,
exhibited a positive disposition towards the vaccine,
defying traditional assumptions [21]. Furthermore, an
impressive 51.4% of participants indicated their intent to
receive the vaccine. This finding contrasts with some
existing literature such as that by [22], suggesting
differential trust in various information sources about the
vaccine [23-24].

Breaking away from conventional trends, our study
found that older cohorts demonstrated a more positive
disposition towards the COVID-19 vaccine. This
underscores the need for awareness drives tailored
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specifically for younger demographics [25].

It is paramount to recognize that vaccine perceptions
are shaped by a mosaic of elements—including
socioeconomic status, cultural inclinations, healthcare
accessibility, and previous experiences with vaccinations.
Future research endeavors would benefit from a detailed
exploration of these determinants to fully understand
vaccine receptivity. Importantly, occupations outside the
healthcare sector emerged as significant influencers of
vaccination attitudes. Preliminary insights from our
research suggest a potential pro-vaccination bias among
frontline personnel and those in critical roles. This
indicates a need for a more in-depth examination of the
interplay between professional domains and vaccine
perspectives, especially beyond healthcare settings.

A marked dichotomy between vaccine awareness and
attitudes was unveiled in our findings, underscoring the
need for refined tactics to reconcile this difference. There
was a considerable inclination towards natural immunity
over vaccination, highlighting prevailing vaccine
apprehensions and indicating the urgency for tailored
public health strategies to recalibrate such perceptions.
Central to these efforts would be leveraging trusted and
credible information sources, emphasizing their crucial
role in bolstering public trust and conviction regarding
vaccinations [23-24].

When comparing our results with a study conducted in
Kuwait by Alibrahim and Awad [26-27], noticeable
discrepancies in public awareness concerning the COVID-
19 vaccine become apparent. In our analysis, only 37.1%
of respondents perceived the newly developed vaccine as
devoid of risks, suggesting considerable reservations
(62.9%) regarding its safety credentials. Conversely, the
Kuwaiti study posited that the main reasons for vaccine
reluctance revolved around anxieties linked to potential
adverse reactions, perceptions of rushed vaccine
development, and skepticism about its protective efficacy,
with a significant 57.2% of participants exhibiting a
general aversion to vaccines.
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Such observations underline the existence of
multifaceted reservations and doubts about COVID-19
vaccines across regions, underscoring the pressing need
for region-specific strategies to assuage individual
apprehensions and bolster collective confidence in the
vaccine's safety and effectiveness. Future research
exploring additional factors, such as cultural beliefs and
socioeconomic status, will contribute to the development
of more targeted interventions [28].

Limitations of the study

The cross-sectional design of this study precludes the
establishment of a cause-effect relationship. Additionally,
the imbalanced gender distribution might affect the
accuracy and generalizability of the study findings.

CONCLUSION

In the wake of the COVID-19 pandemic, this research
highlights the need to strengthen awareness and attitudes
concerning COVID-19 vaccines in order to improve health
outcomes. Comprehensive health education campaigns
that dispel misinformation, provide accurate information,
and emphasize the safety and effectiveness of COVID-19
vaccines are necessary. Tailored communication
strategies, accounting for differences in attitudes based on
age and occupation, are crucial in building confidence and
trust in vaccines. Furthermore, public health campaigns
should underline the significance and safety of COVID-19
vaccines to counter the preference for natural immunity.
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ABSTRACT

Excipients are used in drug delivery systems as a means of effectively delivering drugs to their target site. Multi-
criteria decision-making (MCDM) methods are tools for decision-making that consider multidimensional factors.
Such methods are a comparative technology used in medicine that combines individual criteria into the total
assessment of selected alternatives. This study aims to enhance the solubility and bioavailability of drugs through the
application of MCDM-based excipient selection. By incorporating the Preference Ranking Organization Method for
Enrichment Evaluations (PROMETHEE), various excipients can be evaluated and ranked based on their suitability
for specific applications, considering parameters related to drug solubility and bioavailability. The results highlight
the potential of cyclodextrins (net flow: 0.0023) and Eudragit polymers (net flow: 0.0016) as preferred options for
drug carriers, while Poloxamer 188 (P188) (net flow: -0.0030) is identified as the least preferred option. This study
demonstrates the effectiveness of the PROMETHEE method in improving the performance of poorly soluble and
bioavailable drugs, ultimately contributing to the development of new drug delivery systems. The findings have

significant implications for therapeutic outcomes in the treatment of diseases.
Keywords: Multi-criteria decision making (MCDM), Drug Carrier excipient, Solubility, Bioavailability.

1.0 INTRODUCTION

The selection of suitable drug carrier excipients in drug
delivery systems plays a crucial role in enhancing the solubility
and bioavailability of drugs (1). BCS (as seen in Fig 1) is a
scientific classification system used for grouping drug products
according to their water solution solubility and intestinal
permeability. Excipients play a significant role in improving the
solubility and permeability of desired drugs. Using several
enhancing techniques, drug carrier polymers such as Eudragit,
HPMC, Soluplus, HPC, PVP, and many others have proven to
improve the apparent solubility and bioavailability of class Il
and IV drug compounds. Multi-criteria Decision-Making
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(MCDM) methods provide a robust framework for decision-
making processes, considering multiple factors and criteria in
the evaluation of selected alternatives. Several authors, such as
Alaa Aziz and Fraj Abudayah, have explored the opportunity
of drug delivery for treating diseases (2). In the pharmaceutical
field, MCDM-based approaches have shown promise in
streamlining the excipient selection process, reducing
screening time, and optimizing drug delivery vehicles for
improved therapeutic outcomes. The motivation behind this
study is to leverage the potential advantages of MCDM in
pharmaceutics and drug delivery technologies. By employing
the Preference Ranking Organization Method for Enrichment
Evaluations (PROMETHEE), this research aims to identify and
rank various excipients based on their suitability for enhancing
drug solubility and bioavailability. The application of fuzzy
logic in PROMETHEE facilitates handling complex and
uncertain decision-making scenarios, making it well-suited for

© 2024 DSR Publishers/The University of Jordan. All Rights Reserved.
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pharmaceutical applications where several criteria need to be
considered (2). While excipient selection is a critical aspect of
drug development, limited research has focused on the potential
advantages of Multi-Criteria Decision-Making (MCDM)
methods in this domain. Traditional approaches to excipient
selection often involve time-consuming and resource-intensive
experimental screenings. This research novelly employs the
MCDM-based fuzzy Preference Ranking Organization
Method for Enrichment Evaluation (PROMETHEE) for
excipient selection, providing a systematic and efficient means
of identifying optimal drug carriers.

The proposed methodology integrates the fuzzy sets
approach, which allows the inclusion of expert knowledge
and linguistic variables in the decision-making process.
This enables a more realistic representation of human
judgment, making decision outcomes more relevant and
applicable to real-world scenarios. This study uniquely
combines the benefits of both MCDM and fuzzy sets to
optimize the selection of drug delivery vehicles using
fuzzy PROMETHEE.

The primary contribution of this study lies in
demonstrating  the  effectiveness of the fuzzy

Ibrahim Omoyayi et al.

PROMETHEE method for selecting drug carrier
excipients to enhance drug solubility and bioavailability.
This research provides a comprehensive evaluation of
various excipients based on multiple criteria. To the best
of our knowledge, this is the first study to innovatively use
the fuzzy PROMETHEE method to evaluate drug carrier
excipients. No other study in existing literature has
compared drug carrier excipients using this methodology.

This research offers pharmaceutical scientists and
decision-makers a valuable tool for informed decision-
making in drug delivery system design. The potential
advantages of MCDM-based excipient selection include
reduced screening time and efforts, cost-effectiveness, and
improved therapeutic outcomes. Additionally, the
application of fuzzy logic in PROMETHEE allows for
handling uncertainties and ambiguities often encountered
in pharmaceutical decision-making processes. The
findings of this study hold significant implications for drug
development and therapeutic advancements in the
treatment of diseases, including oncology and rare genetic
conditions.

Solubility
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only if weak acids, highly
soluble at pH 6.8, +Dissolution

Figure 1: BCS Classification of drug (Author, 2023)
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This current study focuses on frequently used drug
carrier excipients over the past 10 years. The selected
excipients have varied properties, disparate chemical
compositions, and diverse means of drug delivery.

1.1 Cyclodextrins

Cyclodextrins are ring-shaped oligosaccharides
naturally produced when bacteria act upon cellulose. They

by a-1,4 glycosidic bonds. While some types may possess
as many as 6 units of glucose, others bear 7 to 8§ units (B-,
and y- cyclodextrins, respectively) (Fig 2a). Cyclodextrins
can encapsulate drugs and release them at the site of
absorption (Fig 2b), thereby enhancing the solubility and
bioavailability of the drug. Their applications include the
crosslinking of water-soluble cyclodextrin with hyaluronic

are composed of larger glucose molecules joined together acid for targeted drug delivery for wound treatment (3).

Figure 2a: Chemical structure of alpha, beta, and gamma cyclodextrins (Nikitenko et all, 2013)

Release

Drug
Bioavailability

Solubility
Cyclodextrins

Figure 2b: Cyclodextrins as a drug carrier (Author, 2023)

1.2 Soluplus

The application of these polymers in enhancing
technologies such as amorphous solid dispersions aim to
maintain the supersaturation of the drug molecules by
forming micelles around the poorly soluble drugs thereby

inhibiting recrystallization of the drug. The stability of
enhanced drugs by amorphous solid dispersions by
micelles continues to be a concern as the micelle’s
formations do not stay around the drugs indefinitely.

NO,

Figure 3a: Chemical Structure of Soluplus (PCL-PVAc-PEG) (Alsheyyab et all, 2019)
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Poorly soluble drug
+

esdesese

Soluplus
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Amorphous solid dispersions

Figure 3b: Soluplus Polymeric Micells (Author, 2023)

1.3 Hydroxypropyl methylcellulose (HPMC)

HPMC, or Hydroxypropyl Methylcellulose, is a
hydrophilic polymer used in the production of orally based
drug delivery systems. It possesses significant properties
such as high swelling capability and delayed release

|
CH,CHCH,
OH

characteristics. Hydroxypropyl methylcellulose is a semi-
synthetic, inert, viscoelastic polymer. Several formulations
based on HPMC have been synthesized and evaluated for
use as gastro retentive drug delivery systems, including
tablets, capsules, pellets, and microparticles.

Figure 4: Chemical structure of Hydroxypropyl methylcellulose (Azad et all, 2019)

1.4 Poly (vinyl pyrrolidone) PVP

Polyvinylpyrrolidone (PVP), also known as Povidone,
is a water-soluble material obtained through the
polymerization of the monomer N-vinyl-pyrrolidone (Fig
5). PVP can encapsulate both hydrophilic and lipophilic

drugs. Its inert and non-toxic properties, temperature
resistance, and stability across various pH ranges
contribute to its selection as a choice ingredient in drug
delivery systems.

Figure 5: Chemical structure of Polyvinylpyrrolidone (Sigma Aldrich, 2023)
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1.5 Poloxamers

Poloxamers are used as carriers to improve the
solubilization and stability of compounds. They can form
micelles and act as nanocarriers of drugs to the site of

/{,(J
H

action. The surfactant property of poloxamer allows it to
be inserted into lipid monolayers, thereby promoting the
solubility and bioavailability of drugs.

Figure 6: Chemical structure of Poloxamer (Specialized RX, 2023)

1.6 Eudragit Polymers
Eudragit polymers offer a wide range of polymers with
enhancing characteristics to optimize the bioavailability,

EUDRAGIT E
CH, (l‘H} |
-—CH2—$ —CHyf T
(|‘=o ([‘=0
0 OR
CH,
£ e (‘HS n

R = CH,, C,H,

stability, and drug load of the final product. Eudragit is
prepared by the polymerization of acrylic and methacrylic
acids, or their esters, as seen in Figure 7.

EUDRAGIT RL/RS

CH, R,
-—CH:—(I? —CHf~C—
é:o é=o
(ll) (I) R,

+ ~
CHN-—N:('H"
| ~CHs In

CH,

Cr

R, = H, CH,
R, = CH,, C,H,

Figure 7: Chemical Structure of Eudragit (Nguyen et all, 2006)

2.0 Multi Criteria Decision Making (MCDM)

The diversity of Multi-Criteria Decision-Making
(MCDM) methods ensures that decision-makers have a
wide range of tools at their disposal to handle various
decision-making challenges effectively. In this study, the
fuzzy Preference Ranking Organization Method for
Enrichment Evaluations (PROMETHEE) method has been
deployed to evaluate the available alternatives based on
selected and weighted parameters. The use of MCDM has
gradually gained traction with agencies for healthcare

-59 -

technological advancement, and its incorporation is
progressively occurring across Europe. It's vital to
carefully select the MCDM method that aligns with the
complexity of the problem, data availability, and the level
of ambiguity present. It's important to note that no single
MCDM method is innately more valuable than the others,
as their significance depends on the specific problem
preferences and

context and the decision-maker's

priorities.
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2.1 Fuzzy PROMETHEE

The PROMETHEE method is one of the most recent
Multi-Criteria Decision Analysis (MCDA) methods. It
was developed by Brans (1982) and later expanded by
Vincke and Brans (1985). PROMETHEE is a tool used for
sorting a number of closely related alternatives from which
selections are ranked and chosen based on clearly stated
criteria. Fuzzy PROMETHEE is an extension of the
traditional PROMETHEE method that incorporates fuzzy
logic to handle uncertainties and linguistic variables. It
allows for more flexible and realistic decision-making,
making it suitable for situations with imprecise or
ambiguous data (4).

Several studies have utilized the fuzzy PROMETHEE
technique in the field of medicine. For example, a study by
Ozsahin (2022) (5) used the fuzzy PROMETHEE
technique for the selection of radiopharmaceutical tau PET
tracers to significantly improve the diagnosis and
treatment accuracy of neurodegenerative diseases for
targeted and personalized imaging based on precision.
Another study by Uzun (2023) (6) used fuzzy
PROMETHEE to evaluate machine learning models used
for the real-time detection of brain tumors, facilitating
early diagnosis and effective management of brain cancer.
Similarly, Onakpojeruo (2022) (7) compared the treatment
alternatives for spinal cord tumors using the same MCDM
technique, contributing to the existing body of knowledge
that prioritizes the treatment approaches for spinal cord
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tumors. These studies and many others demonstrate the
effectiveness of MCDM methods in decision-making,
particularly in the healthcare field.

3.0 METHODOLOGY

Before proceeding with the implementation of fuzzy
PROMETHEE, we simplified the process by assigning
relative weights to each of the criteria, as shown in Table
1. The weighted average scores of all the criteria used to
rank the various options are displayed in Table 2.
Additionally, we used the Yager index to remove any
ambiguity that may have resulted from the data used. The
Yager index is a promising candidate for defuzzification,
as it comprehensively covers all potential set points,
making it an ideal choice for this process. During the
analysis process, we utilized a Gaussian preference
function to make decisions regarding the PROMETHEE
strategy.

Putting a numerical value on each criterion is a
common approach to prioritize different criteria and draw
attention to their relative importance. When using the
fuzzy PROMETHEE method, the order in which various
options are ranked depends on distinct factors. These
factors include the criteria used, the considered
alternatives, the weights assigned to different criteria, and
the preset preferences. To correctly assign criteria, it is
necessary to conduct a thorough analysis of the relevant
literature and consult field experts.

Table 1. Linguistic variables and assigned fuzzy numbers with their corresponding priority weight.

Linguistic scale

Fuzzy Number/criteria weight

Rating of criteria

Very high (VH)

(0.75, 1.00, 1.00)

Solubility, Bioavailability

High (H)

(0.50, 0.75, 1.00)

side effect

Moderate (M)

(0.25, 0.50, 0.75)

Food effect, Stability of Drug Product, Drug Load, Dosage Form,

Manufacturing Cost.

Low (L)

(0, 0.25, 0.50)

Ease of Manufacturing, Formulation Technology Selection

Very low (VL)

(0,0, 0.25)

Sustained or Delayed Release Modification of Drug
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Table 2. Drug carrier parameters evaluated with visual PROMETHEE values

Soluplus Hydroxypropyl Poly (vinyl Eudragit
criteria/alternatives Aim Weight Cyclodextrins (PCL-PVAC- methylcellulose pyrrolidone) Poloxamer Polymers
PEG) (HPMC) (PVP)
Solubility Max VH H VH M H H VH
(0.92)
Bioavailability Max (3_’9'*2) M H M H H VH
Food effect Min M (0.50) L M L M M M
Stability of Drug Max | M (0.50) L L H M L M
Product
Sustained or Delayed Max VL H L VH L L VH
Release Modification (0.08)
of Drug
Drug Load Max M (0.50) H M M M M M
Dosage Form Max M (0.50) VH H L M L M
Side Effect Min H (0.75) L M M M M M
Manufacturing Cost Min M (0.50) L M H L M M
Ease of Max L (0.25) H VH H H L VH
Manufacturing
Formulation Max L (0.25) VH VH L H L H
Technology Selection
3. RESULT AND DISCUSSIONS Within this investigation's context, the NetFlow score
In this study, drug carrier excipients, including provides a quantitative indication of the overall ranking of

cyclodextrins, soluplus (PCL-PVAc-PEG), hydroxypropyl
methylcellulose (HPMC), poly(vinyl pyrrolidone) (PVP),
poloxamer, and Eudragit polymers, were evaluated using
a combination of fuzzy and PROMETHEE methods. The
evaluation utilized criteria such as enhancements in
solubility, bioavailability, the food effect, drug stability,
drug load, manufacturing cost, side effects, manufacturing
ease, ability to or delay drug release,
swallowability, and taste masking. Relative weights were
assigned to each criterion, and their weighted average
scores were used to rank the various options. The Yager
index was employed to clarify any potential confusion
caused by the data.

The drug carriers and their excipients were ranked
according to their net flow scores, which took into account
both the positive and negative flows between various
criteria. The PROMETHEE method used in the study
generates an important output known as the NetFlow
score. This score represents the difference between the
positive "outranking™ flow and the negative "outranking"
flow for each evaluated option—essentially, it measures
the degree to which an option outperforms the other
options.

sustain
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various drug carriers and excipients. Alternatives with
higher positive NetFlow scores are considered the best
choices as they exhibit a higher degree of preference
compared to other options within the set. Conversely,
options with negative NetFlow scores are viewed as less
desirable alternatives due to their ranking.
Therefore, NetFlow scores' significance lies in their ability
to establish a distinct ranking of drug carriers and
excipients, based on each option's overall preference
concerning the evaluation criteria.

The findings from the investigation, as shown in Table
3, indicate that cyclodextrins ranked first with a net flow
score of 0.0023, followed by Eudragit polymers with a net
flow score of 0.0016. Soluplus (PCL-PVAc-PEG) came in
third with a net flow score of 0.0011, and
Polyvinylpyrrolidone (PVP) was fourth with a net flow
score of 0.0005. The Hydroxypropyl Methylcellulose
(HPMC) drug carrier excipient ranked fifth, with a
negative net flow score of -0.0025, indicating it held a
lower rank than the other excipients used in drug carriers.
Poloxamer, with a net flow score of -0.0030, came in sixth
and was considered the least desirable drug carrier
excipient according to the criteria used in the analysis.

lower
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It's important to underscore the significance of a drug's
property in its carrier selection. We used the graphical
PROMETHEE rainbow to assess how well each potential
drug carrier aligned with the criteria, showcasing the
positive and negative attributes. Based on the considered
criteria and their respective weights, Figure 8 shows that
cyclodextrins are the most advantageous and preferred
drug carrier excipient, while poloxamer ranked last.

3.1. Further Discussions

This study used a unique methodology that integrated
fuzzy logic and the PROMETHEE method to evaluate and
rank drug carrier excipients based on their ability to
improve medication solubility and bioavailability. The
careful selection of suitable drug carriers is a crucial
component in the development of effective drug delivery
systems.  Various factors, including solubility,
bioavailability, food effect, medication stability, and
production cost, significantly impact drug carrier
effectiveness. However, offering a qualitative assessment
of the optimal excipient selection lacks methodological
rigor. The current study seeks to overcome this limitation
by providing a quantitative and systematic evaluation of
diverse drug delivery systems.

To ensure clarity, we assigned relative weights to each
criterion according to their respective importance. The
weights were derived using linguistic variables and fuzzy
numbers, which served as a medium to convert expert
opinions from qualitative to quantitative forms. The
selected criteria were pivotal in assessing the excipients.

Ibrahim Omoyayi et al.

The PROMETHEE approach was used for a thorough
evaluation of the drug carriers, in line with the determined
criteria. As explained earlier, the net flow scores acquired
from the PROMETHEE analysis represent the collective
preference of each drug carrier, considering both positive
and negative flows. Positive NetFlow scores indicate a
greater level of preference compared to other options
within the group, while negative NetFlow scores suggest
lesser desirability.

When examining the results, it was observed that
cyclodextrins demonstrated the most advantageous
characteristics, as evidenced by achieving the highest
NetFlow score (0.0023). In contrast, Poloxamer obtained
the lowest NetFlow score (-0.0030), indicating its status as
the least preferred excipient. The obtained results establish
a definitive hierarchy among the drug carriers, as
determined by their overall preference concerning the
defined parameters.

This research's novelty lies in its innovative application
of  Multi-Criteria  Decision  Making (MCDM)
methodologies, namely fuzzy logic and PROMETHEE,
within the field of medicine, specifically for excipient
selection. Traditional approaches often depend on
subjective assessments, lacking a rigorous scientific
foundation. Our approach addresses this constraint by
quantifying qualitative factors and providing a structured,
scientifically determined evaluation of drug -carriers,
utilizing a comprehensive set of criteria.

Table 3: PROMETHEE results for drug carriers excipients

. Outranking Phi+ Phi-
Rank Drug carriers
NetFlow NetFlow NetFlow

1 Cyclodextrins 0,0023 0,0035 0,0012
2 Eudragit Polymers 0,0016 0,0023 0,0007
3 Soluplus (PCL-PVAc-PEG) 0,0011 0,0021 0,0010
4 Poly(vinyl pyrrolidone) (PVP) 0,0005 0,0014 0,0010
5 Hydroxypropyl methylcellulose (HPMC) -0,0025 0,0014 0,0040
6 Poloxamer -0,0030 0,0004 0,0034
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Figure 8: PROMETHEE rainbow of positive and negative aspects of the drug carriers
NB: C1= Solubility, c2 = Bioavailability, c3 = Food effect, c4 = Stability of Drug Product, c5 = Sustained or Delayed Release Modification

of Drug, c6 = Drug Load, ¢7 = Dosage Form, c8 = Side Effect, c9
Technology Selection

4. CONCLUSION

Solubility and bioavailability continue to present major
challenges in drug delivery. To increase a drug's efficacy, a
drug carrier excipient is often used. However, the selection of
this carrier is based on a multitude of factors, which can make
choosing the optimal carrier quite difficult. In this study, we
evaluated the most frequently used excipients in the
pharmaceutical industry and ranked them in order according
to their PROMETHEE values. This straightforward yet
efficient technique allows for swift screening of suitable
excipients among a vast array of choices. This time-saving
method can also be extended to a more extensive selection of
excipients, yielding similar results.

While we acknowledge that every drug molecule is
unigue and may respond differently to drug carriers, the
MCDM tool serves as a robust guide in screening and
reducing the need for multiple experimental runs, thereby
saving time, money, and resources. The results from the
analysis show that cyclodextrins are the preferred drug

= Manufacturing Cost, 10 = Ease of Manufacturing, c11 = Formulation

carrier excipients, followed by Eudragit polymers and then
Soluplus, while Poloxamer is the least preferred alternative
based on the evaluation criteria.

Future research should focus on validating the results
through experimental trials, investigating how the chosen
excipients perform concerning actual drug delivery and
bioavailability enhancement. Additionally, integrating more
complex criteria and refining the linguistic variables could
further improve the accuracy and applicability of the method.

The findings of this study hold significant implications
for drug development and therapeutic advancements in
pharmaceutical research and development. Researchers,
pharmaceutical scientists, and decision-makers can
leverag these findings to make informed choices in drug
delivery system design, thus positively impacting the field.
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ABSTRACT

Juice derived from the "sweet orange™ cultivar is widely consumed and is considered one of the most popular
juices globally. It contains many bioactive compounds that can interact with pharmaceutical agents. This study
aimed to assess the impact of oral co-ingestion of orange juice (OJ) and Apixaban (AP) on the fundamental
pharmacokinetic characteristics of AP, Cmax, and AUCO-t. Two groups of Wistar rats were used in this study: one
was given the drug alone, and the other was given the drug with OJ. Each animal was given 10 ml of freshly
squeezed orange juice two hours before the administration of AP at a dose of 5 mg/kg and 10 ml concurrently with
it. The plasma samples were withdrawn up to 72 hours later and analyzed using the LC/MS technique, and
pharmacokinetic parameters were analyzed using Winnonlin version 8.3. The findings indicated a statistically
significant increase in Cmax of AP from 28.12+3.78 ng/mL to 56.97+9.8 ng/mL, as well as an increase in AUCO-
12 levels from 285.04+24.5 ng. hr/mL to 827.17+46.58 ng.hr/mL when ingested with OJ, without a significant
change in Tmax and half-life (t1/2). The results determined that consuming sweet OJ exhibits a noteworthy
interaction with orally administered AP.

Keywords: AP (AP); HPLC; method validation; orange juice (OJ); Citrus sinensis pharmacokinetic interactions.

INTRODUCTION

Over the last two decades, one of the most significant
challenges confronting pharmaceutical and clinical studies
has been food-drug interactions. This has become a matter
of concern for many researchers, especially when it relates
to life-saving or narrow therapeutic window medications
[1,2].
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Food-drug interactions can be defined as changes in the
pharmacokinetics and/or pharmacodynamics of a
medication or any dietary component, or they may
compromise nutritional status associated with, or as a
result of, combining food and medication [3,4,5]. Older
patients and those with chronic diseases are particularly at
risk as this population group consume more than one-third
of prescribed medications [6]. Consequently, failure to
identify drug-food interactions may lead to complex or
harmful consequences [7].

Therefore, food-drug interactions can lead to a

© 2024 DSR Publishers/The University of Jordan. All Rights Reserved.
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decrease in the absorption of some oral medications and
may result in a suboptimal concentration of the drug at the
site of action. Ultimately, it can lead to an unfortunate
failure of the patient's treatment process [8].

The inhibition or induction of chemical mediators,
specifically enzymes present in the gut through food
nutrients, can lead to significant changes in the
pharmacokinetics and bioavailability of many medications
[9]. The most common example is grapefruit juice, which
specifically inhibits CYP3A4 in the intestine. This can
result in an over fivefold increase in the total exposure to
some medications, such as talinolol, when taken with
grapefruit juice [10]. Consequently, there is an increased
risk of unwanted side effects. Certain medications can
impair gastrointestinal functionality and cause electrolyte
and fluid losses. To mitigate these unfavorable drug-
nutrient interactions, it is important to restrict the use of
prescribed medications to those strictly necessary and to
regularly reevaluate prescribed therapies [11].

Uncontrolled consumption of a large quantity of sweet
orange juice (OJ) may decrease the absorption of celiprolol
(Celicard), thereby reducing its effectiveness. To avoid
this interaction, a minimum of four hours should separate
the consumption of the medication and the juice [12].

Vanapalli et al. reported a reduction in the oral
bioavailability of ivermectin when consumed with orange
juice (OJ). In their study involving 16 healthy volunteers,
150pg/kg of ivermectin was administered with either water
or OJ (750 mL over 4 hours), followed by plasma analyses
up to 72 hours later. Their findings indicated a significant
reduction in both Cmax and AUC, with Tmax remaining
relatively consistent — suggesting a decrease in the extent
of drug absorption [13].

Another viewpoint concerns medications transported
via cellular pumps. OJ could alter the mechanism or
activity rate of these pumps, which in turn could change
the amount of medication absorbed by the body. This
could potentially make these drugs either less or more
active. Lilja et al. observed several interactions of this kind
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with anti-allergic and other medications such as
fexofenadine, levofloxacin, celiprolol, and atenolol [14].

Neuhoff et al. reported a significant 23% reduction in
ciprofloxacin's Cmax when given with OJ, with an even
steeper 41% reduction when consumed with calcium-
fortified OJ. The AUC of ciprofloxacin over 24 hours
diminished by 38% and 22% with each form of the OJ
respectively [15]. Kamath et al. further reported that sweet
orange might decrease the amount of fexofenadine
absorbed by the body [16].

Such research has numerous limitations due to factors
like the absence or deficiency of complete evidence or
information, inaccuracies in medical reports, significant
lack of clinical documentation, and awareness about the
effect food may have on drug pharmacodynamics or
pharmacokinetics.  Therefore, studying  food-drug
interactions from every perspective is crucial — even when
there are no reports on the topic, or concerns directly
linked to the medicine being studied — especially when
such a drug falls into the narrow therapeutic window or
critical medications, as previously mentioned [17].

MATERIAL AND METHODS

The following materials were used: Apixaban (with
99.7% purity, from Sigma), AP13C (kindly provided by
the Triumpharm Research Center of Clinical Studies,
Amman, Jordan), formic acid and acetonitrile (HPLC
grade, from Merck, Germany), and sweet oranges from
local farms.

2.1 Method Development

Apixaban (AP) in rat plasma was detected and
quantified using HPLC/MS. The optimal mobile phase for
AP separation was found to consist of acetonitrile,
deionized water, and formic acid in a 70:30:0.1 ratio (v/v).
An internal standard, AP 13C, was employed. The analysis
was conducted using a suite of Shimadzu instruments,
including an SCL-10A VP system controller, LC-10AT
VP pump, SIL-10AD VP auto-injector with a sample
cooler, DGU-14A VP degasser, and SPD-10A VP



Jordan Journal of Pharmaceutical Sciences, Volume 17, No. 1, 2024

ultraviolet detector (all supplied by Kyoto, Japan). Data
were collected and processed using Shimadzu VP software
(version 5.03). The analytical column was an ACE C18
column, measuring 4.6x100mm with a 5.0um particle size.

2.2 Extraction Method

Unknown samples and/or spiked plasma were thawed
at room temperature before pipetting and were mixed until
homogeneous. A total of 30 pL of the internal standard (0.5
g of AP 13C in D3/mL) and 600 pL of the precipitation
agent (methanol or MeOH) were added to the tube
containing 100 pL of the blank or spiked plasma. The
mixture was vortexed for 5 seconds, followed by an
additional minute of vortexing. After centrifuging for 7
minutes at 14,000 rpm, approximately 300 pL of each
sample was injected into a glass vial with a flat-bottom
insert.

2.3 Method Validation

Validation was conducted following the International
Council for Harmonisation (ICH) guidelines and
acceptance criteria. Aspects such as matrix effect,
recovery, linearity, precision, accuracy, and detection limit
were optimized in the method.

2.3.1 Matrix Effect

Matrix effects often occur due to alterations in the
ionization efficiency of target analytes, typically in the
presence of co-eluting substances within the same matrix
[18]. This can either increase or decrease the response due
to enhancement or suppression of the ionization state. For
this reason, the labeled internal standard (IS) was
employed in this method and calculated by

peak area in the presence of matrix

Equation 1: MF of the analyte =

peak area in the absence of matrix

Equation 2: IS — normalized Matrix effect (MF) =

MF of analyte
MF of internal standard

2.3.2 Precision, Accuracy, and LLOQ (lower limit
of quantification)
The method's accuracy was determined by comparing
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the actual quantities recovered from the control samples
with the expected values present in the samples
(theoretical values) [19]. As per the ICH guidelines, the
permissible relative standard deviation (RSD) limit should
be less than 15%. The QCiow (3 ng/mL), QCwmio: (24
ng/mL), QCwmip2 (80 ng/mL), and QChign (160 ng/mL)
samples were extracted.

2.3.3 Linearity and Calibration Curve

The Apixaban (AP) Calibration Curves and Linearity
Test Concentrations were set at 1, 5, 10, 20, 50, 100, and
200 ng/mL. The Lower Limit of Quantification (LLOQ)
was also calculated.

2.3.4 Recovery

Recovery is the percentage of the quantity of an analyte
existing in or added to the analytical component of the test
material that is extracted and prepared for measurement
(ICH guidelines), as illustrated in Equation 3.

Equation 3: Recovery % =

Area of extracted plasma sample

Area of blanks spiked with the analyte post extraction X 100%

2.3.5. Method Selectivity

The method's selectivity was assessed by evaluating
the blank sample (plasma) and the experiment's zero
samples (immediately prior to medication administration).

2.4 Pharmacokinetic Study

2.4.1.Animals and Dosing

The study protocol was approved by the ethics review
board. The research utilized Wistar rats weighing
approximately 200+15 g, all of which were male and 8
weeks old. The animals were prepared for the experiment
by fasting overnight (roughly 12 hours), with water access
only. All rats were identified by tail tags before being
divided into two groups, each containing six rats. Group 1
received an oral dose of AP (prepared in a distilled water
suspension) at 5 mg/kg, whereas Group 2 was given 10 mL
of orange juice (Citrus sinensis) both two hours prior to the
experiment and concurrently with an oral dose of AP
(prepared in a distilled water suspension) at 5 mg/kg.
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2.4.2 Preparation of Doses and Juice

AP doses were prepared by suspending 10 mg of AP in
10 mL of distilled water and stirring before administration.
The linear pharmacokinetics of AP was confirmed by Frost
et al. [20]. The analysis method was designed in a range of
1-200 ng/mL, which made detecting smaller
concentrations after administration and during elimination
challenging. Each animal received the designated dosage
by oral gavage. Freshly squeezed orange juice was made
using a press squeezer and measured with a volumetric
cylinder before being administered to the animal by oral
gavage. The fruits used were purchased from Al-Gour,
near the Jordan River, and were freshly picked in February
2021.

2.4.3 Samples of Plasma

Samples were collected from the rat tail. Before each
collection, the rat tail was warmed for half a minute using
a hot pad. A total of 250 puL was drawn at the following
time intervals: zero, 20, 40, 1.5, 3, 5, 8, 12, 24, 36, and 72
hours. Blood samples were drawn into heparinized tubes,

Loay Al- Abdallat et al.

centrifuged for 15 minutes at 3500 RPM to separate the
plasma, and then frozen at -25 °C for subsequent analysis.

2.4.4 Non-compartmental analysis (NCA) of plasma
Concentration-time Data

The basic bioavailability parameters used in this study
were the maximum drug concentration in plasma (Cmax),
observed time to reach maximal concentration (Tmax),
drug elimination rate constant derived from the slope of
the later points in the elimination phase (Kel), and AUCO-
t. These parameters were calculated using Winnonlin
software (version 8.3), and statistical comparisons were
performed using ANOVA with a 10% CIl as the
significance limit.

3. RESULTS

3.1 Method Development and Validation

AP was measured in rat plasma samples using the
described technique. A sample of AP chromatograms is
shown in Figure 1, with a retention time of 1.08 minutes
(A), and (B) represents the blank plasma.
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Figure 1: Chromatogram of AP (A blank plasma B AP showing retention time at 1.08 minutes)
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3.2 Method Validation

3.2.1 Matrix Effect: The matrix effect results for
Apixaban (AP) indicated that the calculated Relative
Standard Deviation (RSD) was less than 15%, adhering to
the limit set by the ICH guidelines.

3.2.2 Precision, Accuracy, and (lower limit of
guantification) LLOQ

An acceptable accuracy range of 85-115% was
achieved for all concentrations [21]. The "within-run™
accuracy results display that AP in plasma can be
quantified with sufficient accuracy and precision across
the entire concentration spectrum. As the results from the
LLOQ demonstrate, quantities larger than the LLOQ can
be precisely and accurately quantified using the AP

analytical method. The results are provided as
supplementary data.

3.2.3 Linearity and Calibration Curve

Using the mean of three linearity test runs, AP
concentrations ranging from 5.00 ng/mL to 200 ng/mL
yielded a linear regression with a correlation coefficient of
R = 0.9992, demonstrating the linearity of the
concentration used with the area under the curve (AUC)
measured for the drug and internal standard (IS). This is
depicted in Figure 2. The RSD of back calculation was as
follows: 12.64 (1 ng/mL), 1.41 (5 ng/mL), 5.25 (10
ng/mL), 7.84 (20 ng/mL), 2.27 (50 ng/mL), 6.98 (100
ng/mL), and 2.77 (200 ng/mL). The LLOQ was
determined to be 2 ng/mL.

AUC AP/AUC AP*
e o 9 LN
5 & ® B N »

o©
N

y=0.0053x+0.006
R2=0.9992

&

o

50 100
Conc. AP (ng/ml)

150 200 250

Figure 2: Calibration curve of AP

3.2.4 Recovery

As per the International Council for Harmonisation
(ICH) guidelines for measuring Apixaban (AP)
concentrations in rat plasma, the method was sufficiently
reliable for pharmacokinetic studies. The average recovery
was 85.13% with a relative standard deviation (RSD) of
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5.72%, satisfying the guideline criteria of 85-115%. These
results are presented in Table 1. The methodology's
selectivity was confirmed, as no AP peak was detected in
the blank plasma.
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Table 1: Results of the recovery test.

Loay Al- Abdallat et al.

) IS (Peak Area) in IS (Peak Area) in IS (Peak Area) in
IS (Peak Area) in QC
QCwmed1 (Peak QCwmed-2 (Peak QC High (Peak
. Low (Peak Area)
Replicate Area) Area) Area)
. Post Post Post
Extracted | Post Spiked | Extracted : Extracted . Extracted .
Spiked Spiked Spiked

1 65246 67151 64293 69782 | 62828 79096 | 60947 77844
2 61481 69647 59061 72886 | 64377 74397 | 63556 77851
3 60775 67771 59816 70956 | 59171 71847 | 61234 75292
Mean 62501 68190 61057 71208 | 62125 75113 | 61912 76996
Recovery % | 91.66 85.74 82.71 80.41
Mean 85.13
SD 4.870
RSD 5.72

3.3 Pharmacokinetic Study

3.3.1 Construction of Plasma Level Time Profiles
The Cmax and AUC were higher in group 2 than in

and 72 hours yielded no results as they fell below the
Lower Limit of Quantification (LLOQ). Therefore, the
results are presented up until the 12-hour mark.

group 1, as depicted in Figure 3. Plasma analysis at 24, 36,

Conc. AP (ng/mL)

80

N W b U O N
o O O O o o

=
o

o

6 8
Time (hours)

10 12

14

—@— AP alone —@—AP+0J

Figure 3: Plasma level-time profile of AP in rats’ plasma (G1"AP only" and G2 "AP with OJ").
increased significantly as well as AUCq.12, while
elimination rate constant (Kel) and half-life (t12) showed
non-significant difference in their values by ANOVA.

3.3.2 Calculation of Pharmacokinetic Parameters
Table 2 shows the pharmacokinetic parameters of AP
with and without OJ. Statistical analysis showed that Cpmax
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Table 2. AP basic pharmacokinetic characteristics in the examined groups

AUCo.12+SD Kel £SD Half-life
Group no. CmaxxSD (ng/mL) | Tmax (hr) (median
P (ng/mL) (hn) ( ' (ng. hrmL?) () Tuz (h)
G1, AP alone | 28.12+3.78 1.5 285.04 £ 24.5 0.0698 + 0.098 | 10.07+0.6
G2, AP+ 0J | 56.97 +9.8 * 1.5 827.17 + 46.58* | 0.0687 + 0.085 | 10.08+0.92

* significant (0.1 CI)

4. DISCUSSION

The Cmax of Apixaban (AP) alone was found to be
28.12+3.78 ng/mL and increased to 56.97+9.8 ng/mL when
consumed with orange juice (OJ). ANOVA results revealed
that the increase in Cmax with OJ was statistically
significant (CI = 0.1). Although Cmax is an extent and rate
parameter, without knowing Tmax and AUC, it's impossible
to determine whether the interaction is due to the quantity or
rate of drug absorption. The variance could have been
affected by a change in pace, magnitude, or both. The Tmax
(median) was 1.5 hours (90 min) for both groups, indicating
no difference between them. This suggests that the
absorption rate remained constant, with the same amount of
AP being absorbed no matter how it was taken. When
administered alone, AP has an AUCy. of 285.04+24.5
ng.hr/mL, which significantly increased to 827.17+46.58
ng.hr/mL when consumed with citrus sinensis OJ, as
depicted in Figure 3. This implies that more AP was
absorbed when taken with OJ, resulting in a larger Cmax.
The elimination rate constant (Kel) for AP was calculated
for both groups, and the results showed no significant
difference in Kel between the two groups. This indicates that
OJ did not affect the elimination pattern of AP.

Interactions between food, juices, and drugs at the site of
absorption frequently occur at three levels: the first and most
common being intestinal cytochrome P3A4, the second being
intestinal uptake of organic anion-transporting polypeptides
(OATPs), specifically OATP2B1, and thirdly, the efflux
transporter, P-glycoprotein (P-GP) [22]. This study revealed
that when orange juice (OJ) was co-administered with
Apixaban (AP), there were significant increases in the Cmax
and AUC of the drug. This could potentially be due to OJ

-74 -

inhibiting the P-GP efflux mechanism [23], leading to greater
drug absorption and thus a higher Cmax and AUC. The drug
absorption rate remained consistent between both groups,
indicating that the interaction primarily influenced the extent
of absorption, as manifested by the higher AUCO-t.

Breast cancer resistance protein (BCRP, gene ABCG2),
an efflux transporter present in numerous healthy tissues,
including the gastrointestinal tract, colon, liver, and kidneys,
can reduce systemic exposure to several drugs — including
AP — since BCRP acts as rate-limiting barrier to the
absorption of its substrates from the intestine and enhances
the excretion of its substrates into the bile and urine [24, 25].

This study lends further support to the growing evidence
that efflux contributes to AP's low oral bioavailability. Honda
et al. found in their research on Caco-cells that OJ inhibits
vinblastine transport from apical to basal membrane through
interaction with P-GP and multidrug resistance protein
(MRP2), both found in apical membranes [26]. As AP is
predominantly eliminated through bile excretion [27], the
unchanged elimination rate throughout the study (identical
Tmax in both groups) suggests that OJ primarily affected drug
absorption and had no impact on AP's elimination. Therefore,
when AP is co-administered with OJ as an oral anticoagulant,
clinical monitoring is necessary, chiefly for bleeding
symptoms such as hemorrhage and hematoma, in response to
the anticipated increase in systemic AP concentration. Thus,
concurrent administration of OJ from Citrus sinensis had a
significant impact, namely an increase, on the extent of AP
absorption.

CONCLUSION
A validated, rapid, and sensitive analytical method has
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been successfully developed for Apixaban (AP) in healthy
rat plasma, ideally suited for pharmacokinetic
applications. The results of this study demonstrate that
consumption of orange juice (Citrus sinensis) alongside
AP results in increased absorption and bioavailability of
AP, without any significant alteration in AP's elimination.
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ABSTRACT

The mosquito, a biological vector, is responsible for the transmission of serious and dreaded diseases worldwide.
These diseases, which are chiefly endemic to tropical countries, cause millions of deaths each year. The
significance of plant-based and environmentally friendly insecticides has increased in recent years. Due to their
easy biodegradability and target selectivity, they can be used safely in aquatic environments. Despite their
effectiveness in controlling target vector species, pesticide applications pose a threat as they can lead to increased
chemical insecticide resistance, causing a rebound in vectorial capacity. This review explores the efficacy of
phytochemicals in controlling mosquito populations. In mosquito control programs, phytochemicals play a
significant role. Plants serve as an immense repository for primary and secondary metabolites. Various types of
polar and nonpolar solvents can be used to extract the bioactive plant ingredient(s) from either the whole plant or
a specific part of it. This literature review defines natural products and provides an overview of the different types
of natural products that can be used to control mosquito larvae. Particularly, it examines the effectiveness of natural
products in vector control without causing resistance or harm to non-target organisms. The purpose of this paper
is to offer a comprehensive review of the use of natural products as mosquito larvicides and to underscore their
potential as an alternative to traditional chemical methods. Ultimately, it encourages further research into the

development and use of natural products for successful vector mosquito control.
Keywords: Vector Control, Traditional Method, Natural Products, Phytochemicals.

INTRODUCTION

The mosquito represents a severe threat to public
health, transmitting several dangerous diseases like
malaria, filaria, dengue, dengue fever, and Japanese
encephalitis, primarily in the tropics and subtropics
(WHO, 2012). A noticeable increase in these vectors'
insecticide resistance has evolved into a global problem.
To prevent the transmission of these deadly diseases,
mosquito population control is necessary. Chemical
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insecticides were favored a decade ago, but due to their
persistence in the environment and harm to non-target
organisms, these have shifted researchers' focus toward the
search for new, safer natural products [1]. Natural
products, such as plant-based insecticides, have potential
for use in mosquito control. These natural products,
deemed potential sources of mosquito larvicides due to
their low toxicity to non-target organisms and the
mosquito's declining resistance to synthetic insecticides,
have recently been reviewed [2]. Recent advances in this
field include using essential oils derived from plants such
as citronella, eucalyptus, and peppermint as larvicides.
These oils have demonstrated promising larvicidal activity
against different mosquito species. Chitosan, a

© 2024 DSR Publishers/The University of Jordan. All Rights Reserved.
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polysaccharide derived from crustacean shells, represents
another promising natural product; it has been found to
possess strong larvicidal activity against Aedes and
Anopheles mosquitoes. Several phytochemicals, such as
alkaloids, steroids, terpenoids, essential oils, and
phenolics, from various plant parts, have been reported to
exhibit insecticidal activities [3,4]. Overall, the use of
natural products as mosquito larvicides is a promising
approach that could provide an alternative to synthetic
insecticides. This review article places emphasis on
collating and updating the use of various phytochemicals
as mosquito larvicides.

Traditional methods of mosquito control:

Traditional methods of mosquito control have been
utilized for many years and involve various techniques to
reduce mosquito populations. Here are some examples of
traditional mosquito control methods:

¢ Source reduction:

This method removing or modifying
mosquito breeding sites, such as stagnant water, to prevent
the development of mosquito larvae. This can be achieved
using techniques such as filling in puddles, draining
standing water, and cleaning up trash or debris that can
collect water.
(https://www.cdc.gov/zika/vector/source-reduction.html).

e Larvicidal:

This method involves the use of insecticides to
eliminate mosquito larvae in breeding sites, such as
standing water. This can be achieved with a variety of
chemicals, including Bacillus thuringiensis israelensis
(Bti) and methoprene
(https://www.who.int/water_sanitation_health/resources/v
ector282t0301).

¢ Adulticiding:

This method involves the use of insecticides to kill
adult mosquitoes. This can be conducted by spraying
insecticides from the ground or the air, or by using fogging
or misting devices
(https://www.cdc.gov/zika/vector/mosquito-control.html).

involves
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¢ Biological control:

This method involves using natural predators or
pathogens to control mosquito populations. For example,
introducing fish that eat mosquito larvae into bodies of
can help reduce  mosquito  numbers
(https://lwww.who.int/neglected_diseases/vector_ecology/
vector-control/biological_control/en/).

e Personal protection:

This method involves using physical barriers or insect
repellents to prevent mosquito bites. This can include
wearing long sleeves and pants, using mosquito nets over
beds, and applying insect repellents containing DEET or
other chemicals (https://www.epa.gov/insect-repellents.).

Limitations of traditional methods:

Traditional methods of mosquito control, such as the use
of insecticides and mosquito nets, have some limitations that
can hinder their effectiveness reducing mosquito
populations.

Firstly, the repeated use of insecticides can lead to the
development of insecticide resistance in mosquitoes, making
them less susceptible to the effects of the insecticides [5]. This
can reduce the effectiveness of insecticides as a means of
controlling mosquito populations.

Secondly, mosquito nets may not be used consistently or
correctly, reducing their effectiveness in preventing mosquito
bites and the transmission of mosquito-borne diseases [6].

Thirdly, traditional mosquito control methods such as
source reduction, larviciding, and adulticiding can be
expensive, time-consuming, and require significant resources
(World Health Organization, 2019). This can limit their
implementation in resource-poor settings.

Finally, traditional mosquito control methods may have
unintended environmental

water

in

consequences, such as the
potential to harm non-target species or disrupt ecosystems [7].
Definition of natural products:
Natural products refer to chemical compounds
obtained from sources such as plants, microorganisms, and
animals, which demonstrate larvicidal activity against

mosquitoes. These compounds may act directly on
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mosquito larvae, disrupting their physiological processes,
or indirectly by interfering with the larvae's growth and
development.

One study by [8] defined natural products used as
mosquito larvicides as "chemical substances obtained
from natural sources that can kill or inhibit the growth and
development of mosquito larvae.” The authors emphasized
the potential of these natural products as a sustainable and
environmentally friendly approach to mosquito control.

Types of natural products used as mosquito
larvicides:

Several natural products have been examined and
employed as mosquito larvicides. We can categorize these
natural products based on their chemical structure and origin.

Plant-derived natural products: Several essential oils,
alkaloids, flavonoids, and other plant-derived compounds
have shown potential as mosquito larvicides. For example,
essential oils from plants such as Citronella, Eucalyptus,
and Lemongrass have demonstrated larvicidal activity
against mosquitoes [9].

Microbial metabolites: Bacteria and fungi produce a
variety of secondary metabolites that have demonstrated
larvicidal activity against mosquitoes. For instance, the
bacterial metabolite Spinosad has been used as a larvicide
in mosquito control programs [10].

Marine natural products: Compounds derived from
marine organisms such as algae, sponges, and corals have
also shown potential as mosquito larvicides. For example,
extracts from the marine sponge Acanthella cavernosa
have shown to have larvicidal activity against Aedes
aegypti [11].

Other natural products: In addition to those already
mentioned, other natural products such as neem oil,
chitinase, and certain plant extracts have demonstrated
larvicidal activity against mosquitoes [12].

Advantages of natural products as mosquito
larvicides:

Natural products have attracted substantial attention as
alternatives to chemical insecticides in mosquito control
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programs, due to their environmental friendliness, low
toxicity, and cost-effectiveness. Several studies have
highlighted the potential of natural products as mosquito
larvicides. The advantages include:

o Biodegradability: Unlike synthetic insecticides, which
can accumulate in soil and water bodies, leading to
pollution and environmental hazards, natural products
are biodegradable and do not persist in the
environment.

e Selectivity: Natural products are usually more
selective, targeting specific insect pests while
minimizing the impact on non-target organisms,
including humans and other beneficial insects.

® Resistance management: The incidence of resistance
development is lower for natural products, compared
to synthetic insecticides. Repeated use of synthetic
insecticides has led to a rise in resistance amongst
mosquitoes, making them less susceptible to chemical
control. Natural products, on the other hand, have
various modes of action.

e Sustainable: Natural products can be sustainably
produced and procured from renewable resources,
making them a viable option for long-term use in
mosquito control programs.

Some examples of natural products with mosquito
larvicidal activity include plant-derived compounds such
as alkaloids, flavonoids, and essential oils. Other sources
of natural larvicides encompass bacterial and fungal
metabolites, as well as extracts from marine organisms.

One study conducted by [13] evaluated the larvicidal
activity of essential oils from 20 plant species against
Aedes aegypti and found that most of the oils exhibited
significant larvicidal activity. Another study by [14]
demonstrated the larvicidal potential of a fungal
metabolite, cordycepin, against Aedes aegypti and Culex
quinquefasciatus.

Below are examples of secondary metabolites of plant
origin that have been reported to function as mosquito
larvicides.
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Alkaloids:

Alkaloids are a diverse group of naturally occurring
organic compounds distinguished by their basic (alkaline)
properties and nitrogen-containing heterocyclic structures.
They are typically derived from about 15% of plant
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species, though some alkaloids can also be found in fungi
and animals. Alkaloids exhibit a wide range of biological
activities and are often recognized for their
pharmacological effects [15].
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Figure 1: Structure of some alkaloids reported from the plant

Certain plant families among the angiosperms contain
a higher concentration of alkaloid-rich species compared
to others (Figure 1). Families such as Papaveraceae,
Berberidaceae, Fabaceae, Boraginaceae, Apocynaceae,
Asteraceae, Liliaceae, Gnetaceae,
Rubiaceae, Solanaceae, and Rutaceae are known to
include a significant number of taxa that produce alkaloids.
These alkaloid-rich plants have been recognized for their
potential properties, including their
effectiveness as mosquito larvicides (Table 1).

Mechanism of action of plant alkaloids:

Plant alkaloids specifically act on microtubule proteins
during the metaphase stage of the cell cycle, leading to

Ranunculaceae,

insecticidal
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mitotic arrest. Consequently, the affected cells become
incapable of dividing, ultimately leading to their demise.
These alkaloids primarily target the M phase of the cell
cycle (Figure 2). Their major toxic effects are observed in
the hematopoietic, neurologic,
reproductive systems.

Quinolizidine alkaloids, on the other hand, impact
insects by affecting the potassium channel and glutamate
receptor, effectively halting protein synthesis in these
organisms. Tetracyclic sparteine, which is derived from
Cytisus scoparius, has particularly proven to have
insecticidal action [15].

integumentary, and



Jordan Journal of Pharmaceutical Sciences, Volume 17, No. 1, 2024
Dlito(ig arrest

2 o=
— - gw

Mitotic death

D

Vincristine @Q

G,-phasec death

)

Microtubule
sensitivity
checkpoint

Figure 2: Mode of action of alkaloids [15]

Table 1: Some plant-based alkaloids with mosquito larvicidal properties, along with their respective plant name,
family, mosquito species targeted, plant part used, LC50 value, and references

S.N. Plant Name Family Mosquito Speciestargeted Pla:steZart LCs0 Value References
1 Zanthoxylum Rutaceae Culex pipiens and Aedes bark 0.006 and [16]
piperitum aegypti 0.009 mg/l
respectively
2 Mammea Calophyllaceae Aedes aegypti seeds 38.58 ppm [17]
americana
3 CaricaPapaya Caricaceae Aedes aegypti seeds At 10% [18]
concentraion
4 | Tinosporarumphii Menispermaceae | Aedes aegypti leaf 10 mg/ml [19]
5 Murraya Rutaceae Aedes aegypti root 1.75 pg/ml [20]
koenigii
6 Tridax procumbens | Asteraceae Aedes aegypti leaves 219 pg/ml [21]
7 Tagetesminuta Asteraceae Anopheles stephensi Aerialpart 2.5 mg/l [22]
8 Ruta graveolens Rutaceae Culiseta longiareolata leaves 43.24 ppm [23]
9 Lantanacamara Verbenaceae, Anopheles stephensi leaves 36.65 ppm [24]
10 | Solanum [25]
nigrum Solanaceae Cx. quinquefasciatus fruits 48.41pg/ml
Flavonoids: larvicides has also been explored.

Flavonoids are a class of plant compounds that are
widely distributed in nature and are known for their diverse
biological activities. These compounds have been
extensively studied for their antioxidant and anti-
inflammatory properties; their potential as mosquito
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One of the mechanisms by which flavonoids exhibit
larvicidal activity is through their interference with
mosquito larvae's growth and development. Flavonoids
can disrupt the molting process and inhibit chitin
synthesis—an essential component of the larval
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exoskeleton. This disruption hampers the normal
development of the larvae, leading to mortality [26].

The most popular solvents for extracting flavonoids

and natural deep eutectic solvents (NADES). These
solvents are chosen for their ability to solubilize
moderately polar flavonoids at a relatively low cost, and

include ethanol, combinations of water in various ratios,
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with minimal negative environmental impact.

Table 2: Some plant-based Flavonoids with mosquito larvicidal properties, along with their respective plant

name, family, mosquito species targeted, plant part used, LC50 value, and references.

S.N. Plant Name Family Mosquito Speciestargeted | Plant Partused | LC50 value | Reference
Vitex Lamiaceae An. Stephensi root 83.17ppm [27]
negundo

2 Poncirustrifoliata Rutaceae Aedes aegypti leaves 0.082mg/I [28]

3 Argemonemexicana Papaveraceae | Culex quinquefasciatus stem 10.61ppm [29]

4 Calotropis Apocynaceae | Ae. Aegypti flower 0.21pg/ml [30]
gigantea

5 Citrus grandis Rutaceae Ae. Aegypti fruit peel 236.70 [31]

pg/mL

6 Artemisia absinthium | Asteraceae Cs. Longiareolata leaves 97.74 ppm [32]

7 Cassia Occidentalis Fabaceae Anophelesstephensi leaves 64.76 [33]

8 Couroupitaguianensis | Lecythidaceae | A. aegypti leaf 44.55 ppm [34]

9 Tagetes patula Asteraceae Aedes aegypti flower 15.74 pg/ml [35]

10 | Anacardium Anacardiaceae | Ae. aegypti. stem 1200 mg/L [36]
occidentale
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Flavonoids are a group of phytochemicals commonly
found in plants. They are known for their diverse
biological activities and have been extensively studied for
their potential health benefits. While flavonoids have been
investigated for their insecticidal properties, their effects
on mosquitoes are shown in Table 2.

Flavonoids are a diverse group of compounds found in
various plant families, as depicted in Figure 3. Plant
families reported to contain flavonoids include Fabaceae,
Asteraceae, Rosaceae, Rutaceae, Solanaceae, among
others.

Steroids:

Steroid phytochemicals are naturally occurring
compounds found in plants and have been investigated for

their potential use as mosquito larvicides. Mosquito
larvicides are substances designed to control mosquito
populations by targeting larvae in their aquatic breeding
sites.

Primary plant steroids, known as phytosterols or plant
sterols, are depicted in Figure 4. Phytosterols are found in
various parts of plants, with the highest concentrations
typically found in seeds and fruits [37].

The extraction of phytosterols from plant parts
involves several steps, such as harvesting the plant
material, crushing or grinding it to increase the surface
area, followed by solvent extraction or other separation
techniques to isolate phytosterols [38, 39].

OH
HO Chiz

Corticosteronc

OS _CH,

Progesteronc

OH

testosterone

Figure 4: Basic structure of steroids.

o2
HO 3P~ CH,0H
o
Cortisol
o
o CH,OH
HO
o
Aldosterone
OH
HO
ﬁ-cstradiol
Several plant families, including Solanaceae,

Liliaceae, Fabaceae, Asperagaceae, Dioscoreaceae, and
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Poaceae, are known for producing steroids with mosquito
larvicidal activity, as shown in Table 3.



A Review on Recent Advances...

Table 3: Some plant-based Steroids with their respective plant name, family, mosquito species targeted, plant part

used, LCsy value, and references

Muktarul Rahaman et al.

. Mosquitospecies PlantPart
S.N. Plant Name Family LC50 Value References
targeted used
1 Jatropha curcas Euphorbiaceae | Aedes aegypti leaf 88 mg/mL [19]
2 C. papaya Caricaceae Cx. quinquefasciatus | seed 0.13pg/ml
3 M. paniculata Rutaceae Cx. quinquefasciatus | Leaf 0.08 pug/mi
4 C. collinus Phyllanthaceae | Cx. quinquefasciatus | leaf 0.09 pg/mi
[40]
5 Solanumvillosum Solanaceae Ae. aegypti berry 60 to 538 ppm [41]
6 Artemisia absinthium | Asteraceae Aedes aegypti flower 694.3 ppm [42]
7 Indigofera Fabaceae Culex mosquito. leaf 2752.6 ppm [42]
arrecta
8 Elytraria acaulis Acanthaceae Aedes aegypti leaf 124.25 mg/100ml | [43]
9 Dregea volubilis Apocynaceae Cx. quinquefasciatus | leaf 31.29 ppm [44]
10 | Bombax malabaricum | Bombacaceae Cx. quinquefasciatus | leaf 23.55 ppm
Tannins tannins as mosquito larvicides can vary based on several

Tannins are chemical compounds commonly found in
various plant species. They have been explored for their
potential as mosquito larvicides due to their insecticidal
properties. The typical structures of hydrolyzable and
condensed tannins are presented in Figure 5. Mosquito
larvicides are substances used to control mosquito larvae in
their aquatic breeding habitats, preventing them from
maturing into disease-spreading adults. The efficacy of
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factors, including the tannin concentration, mosquito
species, environmental conditions, and the presence of other
organic matter in the water. Potential modes of action
include disrupting the mosquito digestive system,
interfering with nutrient absorption, and affecting the
development of mosquito larvae [45]. Table 4 lists some
plant-based tannins, their respective plant names and
families, and their effectiveness as mosquito larvicides.
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Epicatechin-(4 =™ 8)-cpicatechin- (4 = 8)-catechin

Fig 5: Typical Structures of hydrolyzable and condensed tannins.

-86 -



A Review on Recent Advances...

Table 4: Some plant-based tannins along with their respective plant name, family, mosquitospecies targeted, plant

part used, LCs value, and references

Muktarul Rahaman et al.

SN Plant Name Family Mosquito speciestargeted Plant LCeo References
partused | value(mg/L)

1 | Rumex Polygonaceae | Aedes aegypti flower 19.99mg/I [46]
vesicarius

2 | Prunus Rosaceae Culex pipiens leaves 33.3mg/l [47]
domestic

3 | Rhamnus Rhamnaceae | Culex pipiens leaves 63.4 mg/l
cathartica

4 | Cassia Fabaceae Culex bark 50.27 [48]
fistula Quinquefasciatus mg/l

5 | Nicotiana Solanaceae Culex flower 17.77
tabacum quinquefasciatus mg/l

6 | Reichardiatingitana | Asteraceae Aedes aegypti flower 46.85 [46]

mg/l

7 | Argemone Papaveraceae | Culex flower 18.61ppm [47]
mexicana quinquefasciatus

8 | Saracaindica Fabaceae Cx. quinquefasciatus leaves 228.9ppm

9 | Clitoria Fabaceae An. stephensi leaves 65.2ppm
ternatea

10 | Clitoria Fabaceae Ae. aegypti roots 154.5ppm [48]
ternatea

Glycosides: a glycosidic bond. Plants produce glycosides for various

Glycosides are a diverse group of natural compounds
found in many plants. They are characterized by their
chemical structure, which consists of a sugar molecule

reasons,

(glycone) attached to a non-sugar molecule (aglycone) via

OH
HOX-O 0  OH
HO
OH

Fig 6: Structure of Glycosides
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including defense against herbivores and
pathogens. The ideal structure of glycosides is depicted in
Figure 6 below.
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Glycosides may exert neurotoxic effects on mosquito
larvae by impacting their nervous system, leading to
paralysis and death. Certain glycosides can disrupt cellular
processes and result in cell death in mosquito larvae [51].

Plant families known for the presence of glycosides
include Araceae, Asteraceae, Gramineae, and Fabaceae -
all of which have been reported for mosquitocidal
activities (Table 5).

Table 5: Some plant-based glycosides along with their respective plant name, family, mosquito species targeted,
plant part used, LC50 value, and references

SN Name Family Mosquito species Plant part LCso value References
targeted used (ppm)
1. | Typhonium Araceae Cx. quing uefasciatus leaf 19.87 ppm [52]
trilobatum

2. | Cassia mimosoides Fabaceae Anophelesgambiae leaf 0.28 mg/ml [51]

3. | Duranta erecta Verbenaceae | Anopheles leaf 10.037 ppm
gambiae

4. | Tridax procumbens | Asteraceae Anopheles leaf 213.410 ppm [53]
gambiae

5. | Tridax procumbens | Gramineae Anopheles leaf 214.417 ppm
gambiae

6. | Ageratumconyzoide | Asteraceae Anophelesgambiae leaf 423.520 ppm [54]

7. | Annona squamosa Annonaceae | An. subpictus bark 93.80 mg/I

8. | Chrysanthemum Asteraceae Cx. leaf 39.98 myg/I

indicum tritaeniorhynchus

9. | Tridax procumbens | Asteraceae Cx. leaf 51.57 mg/l [55]
tritaeniorhynchus

10 | Stemona curtisii Stemonaceae | Ae. aegypti aerial 358 mg/mL [56]

parts
Saponins: nature, saponins exhibit surfactant action, which may

Saponins are a class of naturally occurring compounds
found in various plants, including some medicinal herbs.
Known for their diverse biological activities, they have
been extensively studied for potential applications in
different fields, such as medicine and agriculture, due to
their insecticidal properties. Given their amphipathic
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allow them to interact with phospholipids and cholesterol
in cell membranes. This characteristic could potentially
inform the development of medications and cosmetics. As
a subclass of the larger terpenoid class of metabolites,
saponins hold a specific place in plant biochemistry.
Figure 7 depicts their basic structure.
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Fig 7: Basic structure of saponins

The larvicidal action of saponins involves disrupting
the cell membranes of mosquito larvae, leading to cell lysis
and ultimately causing their death [57]. Table 6 lists

Table 6: Some plant-based Saponins along with their respective plant name, family, mosquitospecies targeted, plant

part used, LCsy value, and references

Muktarul Rahaman et al.

_.OH

several plant-based saponins effective against different
vector mosquitoes.

Plantpart

S.N Plant Name Family Mosquito species targeted used LCs value(ppm) | References
1 | Sapindusmukorossi Sapindaceae Aedes aegypti fruits 10.05 ppm [58]
2 | Achyranthesaspera Amaranthaae Ae. aegypti leaf 18.20 ppm [59]
3 | Tagetes Asteraceae Anopheles flower 2.5 mg/l [60]
minuta stephensi

4 | Gymnema Apocynaceae Culex leaves 34.75 mg/ml [61]
sylvestre tritaeniorynchus

5 | Solanum lycocarpum | Solanaceae Culex quinquefasciatus fruit 75.13 mg/l [62]

6 | Rhizophora Rhizophoraceae | Anopheles leaves 225 ppm [63]
mangle gambiae

7 | Rhizophora Rhizophoraceae | Anopheles leaves 175 ppm
racemosa gambiae

8 | Schinopsisbrasiliensis | Anacardiaceae | Aedes aegypti stem 313 pg/ml [64]

9 | Annona Annonaceae Anopheles leaf 36.64 mg/ml [65]
muricata gambiae

10 | Lawsonia Lythraceae Anopheles leaves 69.40 ppm [66]
inermis stephensi
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Phenols:

Phenols are a class of organic compounds widely
distributed in the plant kingdom and known for their
diverse chemical structures, as shown in Figure 8. Many
phenolic compounds, identified in various plant species,
exhibit mosquito larvicidal properties. Mosquito larvicides
are substances capable of effectively killing mosquito
larvae, an essential approach to controlling mosquito

OH
Cl

Phenol

OH
i “CH,

(3-methylphenol) m-cresol

OH
Cl. i Cl

2,6-Dichlorophenol

OH
i .OH

= &

OH

CH,

OH

Cl

OH

NH,

2,4 Dichlorophenol

ava

(4-methylphenol) p-cresol

~-

4-chlorophcnol

ava

populations and reducing the spread of mosquito-borne
diseases. Phenols may interfere with the crucial enzymatic
processes within the mosquito larvae, disrupting their
metabolic pathways and leading to death [67]. Plant
families known for being rich sources of phenols include
Rosaceae, Lamiaceae, Asteraceae, Fabaceae, Rutaceae,
among others. Some of these, listed in Table 7, have
proven effective against immature stages of mosquitoes.

OH
i CH,

(2-methylphenol) o-cresol

OH
Cl Cl
Cl Cl
Cl

2,3,4,5,6-Pentachlorophenol

OH
H,5CO. i OCH,

2,6-dimethoxyphenol

OH
O,N” :

4-Nitrophenol (p-nitropenol)

Catechol(2-hydroxyphenol) 4-Aminophenol (p-aminophenol)

Figure 8: Structure of phenols
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Table 7: Some plant-based Phenols along with their respective plant name, family, mosquito species targeted, plant
part used, LC50 value, and references

. Mosquito species Plant part LCs value
S.N. Plant Name Family References
targeted used (ppm)
1. | Anacardium Anacardiaceae | Aedes aegypti and leaves 5.4— [68]
occidentale Culex 22.6 mg/L
quinquefasciatus
2. | Kotschya Fabaceae Anopheles gambiae leaves 77.35 [69]
thymodora pg/mL
3. | Salvia elegans Lamiaceae An. albopictus Aerial 46.4 ppm [70]
parts
4, | Salvia Lamiaceae Aedes albopictus Aerial 59.2 ppm
splendens parts
5. | Ricinus communis Euphorbiaceae | An. stephensi leaves 0.75+£0.01 [71]
ppm
6. | Callistemon Myrtaceae Cx. leaves 17.11 ppm [72]
rigidus quinquefasciatus
7. | Eclipta Asteraceae Cx. Leaves 27.49 mg/l [73]
prostrata quinquefasciatus
8. | Solanum Solanaceae Cx. Leaf 265.69 ppm [74]
trilobatum quinquefasciatus
9. | Syzygium Myrtaceae Ae. aegypti leaf 92.56 mg/l [75]
aromaticum
10. | Millingtonia Bignoniaceae | Anopheles leaves 123 ppm [76]
hortensis stephensi
Essential oils cells and tissues. Certain volatile compounds in essential

Essential oils have been studied for their potential use
as mosquito larvicides due to their natural properties and
the presence of certain phytochemicals. Phytochemicals
are compounds derived from plants that often exhibit
biological activity. Some essential oils have demonstrated
larvicidal properties, as detailed in Table 8.

Compounds found in essential oils may induce
oxidative stress within mosquito larvae, damaging their
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oils may affect the respiratory processes of mosquito
larvae, leading to suffocation and mortality [77].

Essential oils are prevalent in various plant families,
and different plants within each family may yield essential
oils with unique chemical compositions (Figure 9) and
properties. Some plant families, famous for their essential
oil production, include Apiaceae, Lauraceae, Pinaceae,
Lamiaceae, and Myrtaceae.
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Table 8: Some plant-based Essential oils along with their respective plant name, family, mosquito species targeted,
plant part used, LCs, value, and references

Plant Name ) Mosquito species Plant part LCso value
S.N. o Family References
(Scientific Name) targeted used (ng/mL)
1 | Tagetes patula Asteraceae Aedes aegypti flower 13.57 [78]
ppm
2 | Satureja Lamiaceae An. stephensi Leaves 24.27 [79]
bachtiarica ppm
3 | Satureja Lamiaceae Cx. leaves 44.96
bachtiarica quinquefasciatus ppm
4 | Zingiber collinsii Zingiberaceae | Ae. albopictus leaves 25.51 [80]
pg/mL
5 | Mentha spicata Lamiaceae Cx. leaf 62.62 [81]
quinquefasciatus ppm
6 | Ocimum americanum Lamiaceae A. aegypti Leaves 67 ppm [82]
7 | Ocimum gratissimum Lamiaceae A. aegypti Leaves 60 ppm
8 | Cinnamomum cassia Lauraceae A. aegypti Leaves 36 ppm [83]
9 Eucalyptus citriodora | Myrtaceae Aedes aegypti Leaves 104.4 [84]
ppm
10 Cymbopogon citratus | Poaceae Aedes aegypti leaves 120.6 ppm

Growth and reproduction inhibiting phytochemicals

Plant-based insecticides have the potential to
significantly reduce the spread of vector-borne diseases by
acting as repellents or insecticides. Plants primarily store
phytochemicals in the form of secondary metabolites,
facilitating the plant's defense mechanisms. Secondary
metabolites such as alkaloids, steroids, terpenoids, tannins,
and flavonoids, derived from various plants, have been
reported above for their insecticidal properties. These
phytochemicals are extracted from the entire body of small
herbs or different parts of larger trees, including the fruits,
leaves, stems, bark, and roots. In addition to serving as
larvicides, these plant-derived phytochemicals can also be
used as repellents, oviposition attractants, insect growth
hormone regulators, and deterrents. Many regions globally
have utilized plant products, either as extracts or whole
plants, to either kill or repel mosquitoes [85].

Certain  phytochemicals

have a broad toxicant
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(insecticide/larvicide) effect on both mosquito larvae and
adults.  Others, as growth inhibitors or
chemosterilants, work by interfering with growth and
development or reproduction, or they provide olfactory
sensations that either attract or repel insects [86,87].
Factors such as the plant species, their geographic
distribution, the extraction process, and the polarity of the
solvent used during extraction all influence the insecticidal
qualities of the phytochemicals. For mosquito control
programs, ingredient
responsible for their mosquitocidal effect are extracted and
utilized.

known

extracts containing the active

However, despite possessing favourable LC50 values,
the majority of phytochemicals are ineffective due to the
modest dose-response slope identified for most of them
over a 24-hour period. Therefore, a phytochemical's ability
to inhibit development may be crucial to the adoption of
the substance by mosquito control businesses. The
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judicious use of extraordinary phytochemicals could not

only result in novel strategies but also prevent the

emergence of insect resistance [88].

Scope for future research: isolation of toxic larvicidal
active ingredients

Multiple research studies have demonstrated the
effectiveness of plant extracts as a reservoir of bioactive
toxic compounds against mosquito larvae. However, few
have been extensively used in vector control regimens and
commercially produced. Factors such as poor
characterization and inefficiency in determining the
structural configuration of active toxic components
responsible for larvicidal action have contributed to the
unsuccessful transition of bioactive toxic phytochemical
discoveries from laboratory to practical applications. Any
research design involving phytochemicals could consider
the following stages for the manufacture of a green

biopesticide [89,90,91]:

o Perform screening of floral biodiversity for crude plant
extracts with potential to kill mosquito larvae;

e Prepare plant solvent extracts, starting with non-polar
compounds and progressing to polar chemicals to
identify the most effective solvent extract;

e Conduct a phytochemical analysis of the solid residue
and apply column chromatography and thin-layer
chromatography to purify and isolate the toxic
phytochemical with larvicidal potential;

e Determine the lethal concentration (LC50/LC100
values);

o Evaporate the liquid solvent to obtain solid residue;
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e Perform a phytochemical analysis of the solid residue;
and

e Identify the structure of the active principle using
infrared (IR) and nuclear magnetic resonance (NMR).

CONCLUSION

In conclusion, controlling mosquito populations is
crucial in preventing the spread of lethal diseases such as
malaria, dengue fever, and the Zika virus. Traditional
mosquito control methods come with several limitations,
including potential environmental impacts and the
development of insecticide resistance. The use of natural
products, such as mosquito larvicides, has gained attention
as an alternative approach to controlling mosquito
populations. Derived from plants, animals, and
microorganisms,  natural  products offer  several
advantages, including low toxicity, biodegradability, and a
reduced risk of resistance development. Therefore, the use
of natural products like mosquito larvicides could offer a
sustainable and effective solution to mosquito control.
Further research is needed to explore the potential of
natural products in mosquito control and identify new
natural products with mosquito larvicidal properties.
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Fig 10: Solanum nigrum (Alkaloids extracts from fruits) Fig 11: Tagetes patula (Flavonoids reported from the flowers)

Fig 12: Solanum villosum (Steroid reported from berry) Fig 13: Clitoria ternatea tannins reported from leaves and roots

-05-



Jordan Journal of Pharmaceutical Sciences, Volume 17, No. 1, 2024

Fig 16: Salvia elegans (Phenols from aerial parts) Fig 17: Ocimum americanum (essential oil reported from leaves)
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ABSTRACT

The study aimed to identify the most abundant compounds in raspberry leaf extract via HPLC analysis, conduct
theoretical and practical assessments of antioxidant and anti-inflammatory activities both in silico, in vitro, and in
vivo, and evaluate the correlation between antioxidant and anti-inflammatory activities. Polyphenols were
quantified using HPLC; molecular docking was carried out using AutoDockTools 1.5.6; antioxidant activity was
ascertained via the potentiometric method; and anti-inflammatory activity was examined based on the carrageenan
edema method. The extract was found to be rich in epicatechin (0.417%), (+)-catechin (0.501%), and ellagitannins
(0.401%). The free energy of (+)-catechin and epicatechin was -8.40 and -7.20 respectively for the active sites of
cyclooxygenase-2 (COX-2), and -6.60 and -7.11 for nicotinamide adenine dinucleotide phosphate oxidase
(NADPH oxidase). Notably, the antioxidant activity of the raspberry leaf extract was 1.43%, 1.04%, and 10.62%
higher than that of green tea leaf extract for doses of 4.00, 2.00, 0.20 mg/mL, respectively. Treatment with the
raspberry leaf extract at a dose of 13.0 mg/kg resulted in a significant decrease in edema after 1, 2, and 3 hours by
38.8%, 41.8%, and 48.8%, respectively, compared to the control group. The study demonstrated a correspondence
between experimental and theoretical results in evaluating antioxidant and anti-inflammatory activities.
Correlation analysis further substantiated that the anti-inflammatory action is dependent on antioxidant activity.

Keywords: Rubus idaeus L., Leaf, HPLC, Molecular docking, Antioxidant activity, Anti-inflammatory activity,

Correlation.

1. INTRODUCTION

In many chronic diseases such as diabetes mellitus,
hypertension, atherosclerosis, Alzheimer's disease, and
cancer [1], inflammation and oxidative stress invariably
play pivotal roles. During the inflammatory response,
neutrophils and macrophages generate substantial
quantities of free radicals to combat and eliminate foreign
invaders [2,3]. Furthermore, recent research has revealed
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that non-phagocytic cells, like interleukin-6 (IL-6), can
also produce free radicals by expressing NADPH oxidase
[4]. Importantly, oxidative stress does not only arise from
inflammation, but can also provoke it. Studies have shown
that hydrogen peroxide free
inflammation by activating transcriptional enzymes like
nuclear factor of kB (Nf-kB), p38 mitogen activated
protein kinase, and N-terminal c-Jun kinase [5, 6, 7]. These
findings the
inflammation and oxidative stress, as each of these
enzymes has the potential to trigger the other.
Consequently, it is crucial for new medications to possess
both antioxidant and anti-inflammatory properties.

radicals can initiate

underscore interconnected nature of
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The genus Rubus consists of around 700 species that
usually occur in the temperate climate [8]. Raspberries,
members of the rose family, are aggregate fruits
commonly grown and consumed throughout Asia,
Europe, and America. They are closely related to
blackberries and other brambles or caneberries. Although
many species and types of raspberries exist, red and black
berries are the most common [9]. Recent research
indicates that raspberry leaves and fruits are a rich source
of flavonoid derivatives, represented by quercetin
derivatives as well as phenolic acids, organic acids, and
vitamin C [10]. Durgo et al. [11] have declared that
ellagic acid is the main component among phenolic
compounds. It is represented in three different forms:
ellagitannins, where ellagic acid forms esters with a
sugar; free ellagic acid; and ellagic acid as glycosides.
Raspberry fruits, leaves, and blossoms have been used for
medicinal purposes. Raspberry leaves are typically
applied to treat gastrointestinal disorders, respiratory
issues, heart problems, the flu, fever, and diabetes. The
fruits have traditionally been used as cardioprotective,
antitumor, anti-inflammatory, and antipyretic agents [12,
13]. Raspberry blossoms were used to create eye
ointments or to treat stomach ailments [14].

Prominent scientific studies indexed in PubMed and
Scopus have unveiled the robust anti-inflammatory and
antioxidant effects of ellagic acid and epicatechin.
Mansury et al. [15] studied the anti-inflammatory and
antioxidant activity in a carrageenan-induced mouse paw
edema model. The study's findings revealed that ellagic
acid, administered systemically at doses ranging from 1
to 30 mg/kg, displayed a dose-dependent reduction in
edema in the inflamed paws of rats. Moreover, ellagic
acid treatment led to decreased serum levels of nitric
oxide (NO) and prostaglandin E2 (PGE2). Additionally,
the expression of endothelial NOS (eNOS) and
cyclooxygenase-2 (COX-2) enzymes were suppressed,
while the production of tumor necrosis factor-alpha
(TNF-a) and interleukin-1f (IL-1B) in the inflammatory
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paw tissue was attenuated.

In a recent in vitro study by Yang et al. [16], the
objective was to explore the impact of epicatechin on the
production of pro-inflammatory mediators in RAW264.7
cells induced by lipopolysaccharide. The results of the
analysis revealed that epicatechin effectively suppressed
the expression of eNOS and COX-2, along with reducing
the production of NO, PGE2, and pro-inflammatory
cytokines IL-6, IL-1B, and TNF-a in RAW264.7 cells.

In our recent studies, we found that Rubus idaeus
leaf extract has anti-inflammatory, antioxidant, and
antimicrobial effects [17]. Currently, limited data is
available concerning the correlation between
antioxidant and anti-inflammatory activities of Rubus
idaeus leaves. Taking into account the pharmacological
action of biologically active substances (BAS)
contained in red Rubus idaeus leaves, we hypothesized
a correlation between the anti-inflammatory and
antioxidant activities of the obtained Rubus idaeus leaf
extract. Therefore, the aim of this investigation was to
determine the main BAS using the HPLC method,
conduct theoretical and practical studies to ascertain the
antioxidant and anti-inflammatory activity in silico, in
vitro, and in vivo of Rubus idaeus leaf extract, and to
study the correlation of pharmacological actions.

2. MATERIALS AND METHODS
2.1 Plant material
The object of the study was the leaves of Rubus

idaeus, which were collected from places of its native
cultivation. The material was gathered in 2021, after the
fruiting period, in the vicinity of the village of Ternova,
Kharkiv region (50.193116162220264,
36.66935288403296). Green tea leaves from the Chun
Mee cultivar were collected in Anhui province, China,
during the months of March to May.
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2.2 Reagents
Methanol and trifluoroacetic acid were purchased
from Allchem. Sanguinin H-10 isomer 1, Lambertianin C,
Sanguinin H-6, (+)-catechin, (-)-epicatechin, ellagic acid,
cyanidin-3-O-glucoside, and quercetin-3-O-glucuronide
were procured from the Sigma-Aldrich Company.

2.3 Extraction procedure
An exact mass of 10.0g of Rubus idaeus leaves were

ground to a size of 1-2 mm. The extraction was carried out
in 60% ethanol, at a raw material to solvent ratio of 1/20
(m/v), on a water bath at 80°C with a reflux condenser for
one hour. This process was performed twice. After
cooling, the solutions were filtered and concentrated to a
final volume of 20 mL using a rotary evaporator at 40°C
under vacuum conditions.

The green tea extract was obtained by 60% ethanol
according to the procedure mentioned in our previous
research [18].

2.4 Experimental animals

The study involved 56 male rats of the outbred white
strain, weighing between 180 and 220 grams. These rats
were sourced from the vivarium of the National University
of Pharmacy (NUPh). Throughout the experiment, the rats
were housed in macrolon boxes, with five animals in each
box. Rats had unrestricted access to water and food, which
were provided on a daily basis. The bedding was replaced
on a three-day cycle. The rats were maintained under
specific conditions, including a temperature of 22+2°C,
relative humidity of 60+5%, and a daily light cycle
consisting of 12 hours of light and 12 hours of darkness.

All procedures carried out during the study adhered to
the guidelines set by the National Institute of Health for
the care and use of laboratory animals, as well as the
European Council Directive on 24 November 1986 for the
Care and Use of Laboratory Animals (86/609/EEC). The
study protocol was approved by the Local Ethics
Committee.

2.5 HPLC method of analysis

The chromatographic separation was carried out on an
Agilent Technology model 1100 chromatograph with a
150 mm x 2.1 mm ZORBAX-SB C-18 column with a
granularity at a pore size of 3.5 pm. The elution flow rate
was 0.25 mL/min. All determinations were undertaken at
45 °C. The mobile phase binary solvent system consisted
of solvent A (0.6% trifluoroacetic acid) and solvent B
(70% methanol) [19]. All solvents utilized in the
experiment underwent ultrasonic degassing and were
subjected to 0.22 pum pore size membrane filtering. The
sample injection volume was set at 2 pl, and detection
occurred at wavelengths of 254, 280, and 350 nm. The
mobile phase gradient used was linear and followed the
profile given in Table 1. The concentrations of phenolic
compounds in the extract were calculated from standard
curves using the standard of individual compounds.

Table 1. Linear mobile phase gradient

Time, 0.6% trifluoroacetic 70%
min acid methnol
0 92 8
8 62 38
24-29 0 100

Standard calibration

Stock solutions (2 mg/mL) for phenolic compounds
were prepared by accurately weighing 50 mg of each
substance into 25.0 mL of methanol. Dilution of the above
stock solutions yielded a set of standard solutions of 200,
100, 50, and 25 pg/mL for each individual compound,
respectively. Calibration curves were obtained for each
individual compound by plotting concentrations versus
peak areas. Regression equations were obtained from the
calibration curves for each individual phenolic compound.
Identification of the phenolic compounds was done by
comparing the retention time of the unknown compounds
with those of authentic phenolic compounds at three
wavelengths (254, 280, 350 nm). The identities were then
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confirmed by spiking the unknown samples with authentic
compounds.

2.7 Molecular docking

A molecular docking study was conducted using a tool
known as AutoDockTools 1.5.6 [20]. The preparation of
the protein involved an optimization process, which
included the removal of water and other atoms, followed
by the addition of a polar hydrogen group. Autogrid was
used to configure the grid coordinates (X, Y, and Z) on the
binding site. Genetic algorithm parameters were applied
for ligand interaction, with 10 runs of this criterion.

COX-2 (PDB ID: 1ddx) and NADPH oxidase (PDB
ID: 500X) structures were obtained from the PDB database
[21]. The resolution of 1ddx was 3.00 A, whereas 500X
was 2.20 A. For the docking experiment, protein structure
is selected if the resolution is above 2 A. So, these two
proteins can be used for the experiment. The ligand
structures of (+)-catechin (CID_9064), (-)-epicatechin
(CID_72276), and ellagic acid (CID_5281855) were
obtained from the PubChem database [22]. The active site
of the docking protein was identified utilizing the
Computed Atlas for Surface Topography of Proteins
(CASTDp) [23].

2.8 Antioxidant activity

The extract's antioxidant activity was assessed using
the potentiometric method [24]. Antioxidant activity was
calculated according to the following equation and
expressed as mmol-equiv./Mgry res.:

COX —ax Cred

AOA = x K, x10° LY

1+« m,

..Where, o = Cox/Cred X 10(AE - Eethanol)nF/ZSRT; Cox _
concentration of Ks[Fe(CN)g], mol/l; Crq — concentration
of K4[Fe(CN)g], mol/l; Eethanol — 0.0546-Cy — 0.0091; Cos
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— concentration of ethanol; AE — change of potential; F =
96485.33 C/mol — Faraday constant; n = 1 — number of
electrons in electrode reaction; R = 8.314 J/molK -
universal gas constant; T — 298 K; Kgi— coefficient of
dilution; m; — mass of dry residue; m, — mass of dry
residue in 1.0 ml of extract.

2.9 Anti-inflammatory activity

The extract's anti-exudative activity was investigated
using 56 male rats of the outbred white strain, weighing
between 180 and 220 grams. The anti-inflammatory
activity was carried out according to the carrageenan
edema method [25]. The activity of the extract and
reference drug were calculated using the following
formula:

(M, —M,)x100
I\/Ish_'\/lhc

where A represents the anti-exudative activity (%), Ms is
the volume of the swollen paw in the experiment, Mh is
the volume of a healthy paw in the experiment, Msc is the
volume of the swollen paw in the control, and Mhc is the
volume of a healthy paw in the control.

The animals in the study were divided into six groups
for experimental purposes. The first group served as the
control group, where the animals were subplantarly
administered a carrageenan solution and orally given 0.5
mL/kg of distilled water. The second, third, and fourth
groups received the carrageenan solution subplantarly,
along with intragastric administration of the studied
extract at doses of 0.65 mg/kg, 6.0 mg/kg, and 13.0 mg/kg,
respectively. Animals in the fifth group were given a
comparison drug, specifically indomethacin at a dose of 2
mg/kg, intragastrically in addition to the carrageenan
injection. The sixth group consisted of intact animals who
received a subplantar administration of 0.1 mL saline
solution.
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2.10 Statistical analysis

The measurements were made five times (replicates).
The results were expressed as mean values accompanied
by standard deviations, reflecting the level of certainty in
the measurements. Statistical analysis was performed
using MS Excel 7.0 and STATISTIKA 6.0 software,
enabling thorough data evaluation and interpretation.

3.RESULTS

3.1 HPLC analysis

The HPLC method was used to carry out a qualitative
and quantitative analysis of phenolic compounds in the
obtained extract of Rubus idaeus leaves. According to the
results of the study, 15 compounds were identified (Fig. 1,
2, 3, and 4). The sum of polyphenols in the obtained extract
was 1.680%, of which flavan-3-ols (catechins) accounted
for 0.918% (54.64% of the total polyphenols),
ellagitannins - 0.401% (23.87% of the total polyphenols),
flavonols — 0.245% (14.58% of the total polyphenols), and
ellagic acid derivatives - 0.113% (6.73% of the total
polyphenols) (Table 2).

Among the flavan-3-ols, epicatechin dominates —
0.417+0.004% (24.82% of the total polyphenols), and (+)-
catechin — 0.501+0.005% (29.82% of the total
polyphenols). Among ellagitannins, 6 compounds were

identified: Sanguiin H-10 isomer 1 - 0.026+0.001%
(1.55% of the total polyphenols), Lambertianin C without
ellagic acid fragment — 0.007+0.0001% (0.42% of the total
polyphenols), Sanguiin H-10 isomer 2 - 0.024+0.001%
(1.43% of the total polyphenols), Lambertianin C -
0.141+0.001% (8.39% of the total polyphenols), Sanguiin
H-6 - 0.192+0.002% (11.43% of the total polyphenals),
and Lambertianin C isomer — 0.011+0.001% (0.65% of the
total polyphenols) (Table 2).

As shown in Table 1, Sanguiin H-6 dominates among
all ellagitannins, Lambertianin C is in second place, and
Sanguiin H-10 isomer 1 is in third place. The compound
with the lowest content was Lambertianin C without the
ellagic acid fragment. The content of ellagic acid was
0.068+0.004% (4.50% of the total phenolic compounds).
As shown in the results, the content of ellagic acid and its
derivatives is 72% lower than that of ellagitannins (Table
2).

Only one flavonol — quercetin-3-O-glucuronide — was
identified in the Rubus idaeus leaves. The content of
quercetin-3-O-glucuronide was 0.245+0.002% (14.58% of
the total polyphenols). Moreover, one anthocyanin was
identified - cyanidin-3-O-glucoside (0.003+0.001%
(0.18% of the total polyphenols)), and its content is minor
compared with other compounds (Table 2).
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Figure 2. HPLC fingerprint (280 nm) of the Rubus idaeous leaves extract
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Figure 3. HPLC fingerprint (350 nm) of the Rubus idaeous leaves extract

Table 2. Qualitative composition and quantitative content of polyphenols in the extract of Rubus idaeous leaves

Compound Rt, min | Quantitative content, % | % out of sum polyphenols
1 | Sanguiin H-10 isomer 1 10.08 0.026+0.001 1.55
2 | Lambertianin C without ellagic fragment | 10.51 0.007+0.0001 0.42
3 | (+)-Catechin 11.89 0.501+0.005 29.82
4 | Sanguiin H-10 isomer 2 11.91 0.024+0.001 1.43
5 | Lambertianin C isomer 12.48 0.011+0.001 0.65
6 | Lambertianin C 12.91 0.141+0.001 8.39
7 | Sanguiin H-6 13.38 0.192+0.002 11.43
8 | (-)-Epicatechin 14.96 0.417+0.004 24.82
9 | Cyanidin-3-O-glucoside 18.43 0.003+0.001 0.18
10 | Ellagic acid derivatives 1 19.96 0.006+0.001 0.36
11 | Ellagic acid derivatives 2 20.26 0.016+0.001 0.95
12 | Quercetin-3-O-glucuronide 20.44 0.245+0.002 14.58
13 | Ellagic acid 21.20 0.068+0.001 4.05
14 | Ellagic acid derivatives 3 22.48 0.010+0.001 0.60
15 | Ellagic acid derivatives 4 22.75 0.013+0.001 0.77
Total content of identified compounds 1.680 100
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Figure 4. Structures of the identified phenolic compounds in the extract of Rubus idaeous leaves
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3.2 Molecular docking

For the molecular modeling of theoretical antioxidant
and anti-inflammatory activity, we selected (+)-catechin,
epicatechin, and ellagic acid. Epicatechin and (+)-catechin
were chosen because their content constituted 54.64% of
all phenolic compounds in the obtained extract.

All studied compounds demonstrated a high level of
affinity for the structure of the COX-2 enzyme. (+)-
Catechin had the highest free energy value (-8.40
kcal/mol), followed by epicatechin (-7.94 kcal/mol). When
comparing the results with the indometacin standard, the
affinity of (+)-catechin with the COX-2 active site was
16% lower, and in the case of epicatechin, it was 21%
lower than that of indometacin, respectively. Additionally,
the theoretical dose of studied compounds required for
50% inhibition of the enzyme was calculated per kg of rat
weight. Thus, the dose of (+)-catechin was 0.10 mg/kg,
and for epicatechin it was 0.55 mg/kg. The dose of (+)-
catechin was significantly higher than the dose of
indomethacin by 17 times, and in the case of epicatechin,
it was 92 times higher (Table 3).

The interaction of (+)-catechin with the active center
of COX-2 is represented by hydrogen bonds with Ala199,
Ala202, Thr206, and hydrophobic bonds with Tyr385,
Glu203, His 388, Leu 391, Leu390, Trp 387. The
interaction of epicatechin with the active center is
represented by hydrogen bonds with Ala202, Tyr348,

Thr206, Tyr385, Trp387, and by hydrophobic bonds with
Glu203, Ala199, Leu390 (Fig. 5).

All studied compounds exhibited a high affinity for the
active site of NADPH oxidase. Epicatechin (-7.11 kcal/mol)
had the highest level of free energy, and (+)-catechin (-6.60
kcal/mol) was in second place. When comparing the obtained
results with the epigallocatechin-3-O-gallate standard, the
affinity of (+)-catechin with the active site of NADPH oxidase
was 10.55% higher, and in the case of epicatechin, it was
19.00% higher than that of epigallocatechin-3-O-gallate,
respectively. Moreover, we calculated the theoretical dose per
kg of rat weight of the studied compounds necessary for 50%
inhibition of the enzyme. Thus, the dose of (+)-catechin was
1.40 mg/kg, and for epicatechin, it was 0.59 mg/kg. The dose
of epicatechin was significantly lower than that of
epigallocatechin-3-O-gallate, namely 11 times lower, and in the
case of (+)-catechin, it was 4.60 times less (Table 3).

The interaction of (+)-catechin with the active center of
NADPH oxidase is represented by hydrogen bonds with
Glu691, Serb522, Glud43, Thrd62, Cys668, Phe667, and
hydrophobic bonds with Pro521, Thr520, Tyr445, Pro542,
Asp444, Phe 693. Epicatechin interacts with the active center
of the enzyme through hydrogen bonds with Asn692, Thr462,
and hydrophobic bonds with Glu691, Trp695, Thr520, Cys668,
Tyrd45, Pro542, Phe693. Furthermore, all tested compounds
interact with flavin adenine dinucleotide (Fig. 6).

Table 3. Results of molecular docking of the compounds identified by the HPLC in the Rubus idaeous leaves
extract with the COX-2 and NADPH oxidase structures

COX-2 NADPH oxidase
Ligand AGbind? KiP K¢ Ligand AGbind? KiP K¢
(kcal/mol) (mmol) | (mg/kg) (kcal/mol) (mmol) | (mg/kg)
Epicatechin -7.20 0.00526 0.55 Epicatechin -7.11 0.00616 0.59
(+)-Catechin -8.40 0.00070 0.10 (+)-Catechin -6.60 0.00 1.41
Indomethacin -9.99 0.00005 | 0.006 | Epigallocatechin-3-O- -5.97 0.04237 6.42
gallate

Notes: a— free-binding energy; b — inhibition constant, IC50; ¢ — dose per kg rat weight, for 50% inhibition of the

enzyme structure
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Figure 5. 2D representation of the interactions of COX-2 residues with (+)-catechin (A), ellagic acid (B) and
epicatechin (C). Dashed lines—represent hydrogen bonds; red lines — hydrophobic bonds.
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3.3 Antioxidant activity

To compare the theoretical and practical results of the
study of the antioxidant activity of the obtained extract of
Rubus idaeus leaves, the antioxidant activity was studied
using the potentiometric method at three levels of
theoretical concentrations based on the amount of
catechins in the extract: 4.00 mg/mL (double the sum of
the theoretical dose of (+)-catechin and epicatechin), 2.00
mg/mL (the sum of the theoretical dose of (+)-catechin and
epicatechin), and 0.20 mg/mL (half the sum of the
theoretical dose of (+)-catechin and epicatechin). A 60%
green tea leaf extract was used as the reference standard,
as our study showed that epigallocatechin-3-O-gallate was

Olexand er Maslov et al.

the dominant compound. Green tea leaf extract was used
in three concentrations in terms of the amount of catechins:
4.00, 2.00, and 0.20 mg/mL.

As a result of the study, it was found that at a dose of
4.00 mg/mL, the antioxidant activity of the 60% Rubus
idaeus leaf extract was 1.43% higher, at a dose of 2.00
mg/mL it was higher by 1.04%, and at 0.20 mg/mL, it was
10.62% higher. According to the developed conditional
classification of antioxidant activity according to Maslov
[25], it was determined that the extracts at a dose of 4.00
mg/mL had an average level of antioxidant activity,
whereas at doses of 2.00 and 0.20 mg/mL, the antioxidant
activity level was below average (Table 4).

Table 4. Results of determination of antioxidant activity of the obtained Rubus idaeous leaves extracts

Sample Conce_ntration of AOA, mmol-equiv./Mary Conditional terms of

catechins, mg/mL res. AOA

60% raspberry 4.00 25.10+0.50 Middle
extract 2.00 12.50+0.25 Lower middle
0.20 1.60+0.03 Lower middle

60% green tea 4.00 24.74+0.50 Middle
leaves extract 2.00 12.37+0.25 Lower medium
0.20 1.43+£0.03 Lower medium

3.4 Anti-inflammatory activity

To compare the theoretical and practical results of the
study of the anti-inflammatory activity of the obtained
extract of Rubus idaeus leaves, the anti-inflammatory
activity was examined at three levels of theoretical
concentrations, in terms of the amount of catechins in the
extract: 13.0 mg/kg (twenty times the sum of the
theoretical dose of (+)-catechin and epicatechin), 6.5
mg/kg (ten times the theoretical dose of (+)-catechin and
epicatechin), and 0.65 mg/kg (the sum of the theoretical
dose of (+)-catechin and epicatechin).

Rubus idaeus leaf extract administered at a dose of 13.0
mg/kg in rats significantly reduced paw edema by 38.8%
compared to the saline group from the first hour of the test.
Thereafter, edema decreased by 41.8%, 48.8%, 20.2%, and
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17.8% at 2, 3, 8, and 24 hours respectively, compared with
saline. Treatment with Rubus idaeus leaf extract at a dose
of 6.5 mg/kg showed lower results compared to treatment
at a dose of 13.0 mg/kg; in the first hour, the paw edema
of mice decreased by 25.6%, and subsequently, it was
possible to reduce edema by 27.2%, 36.1%, 14.1%, and
5.1% after 2, 3, 8, and 24 hours respectively, compared
with saline. Treatment with Rubus idaeus leaf extract at a
dose of 13.0 mg/kg showed a significant reduction in
edema at 1, 2, and 3 hours post-induction compared with
indomethacin, but after 8 and 24 hours, it showed less
reduction in edema than indomethacin. Treatment with
Rubus idaeus leaves extract at doses of 6.5 and 0.65 mg/kg
was significantly less effective than treatment with
indomethacin (Table 5).
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Table 5. Results of determination of antioxidant activity of the obtained Rubus idaeous leaves extracts

% of edema inhibition compared to control during
Sample Dose
1hour | 2hours | 3hours | 8hours | 24 hours
60% raspberry extract | 13.0* | 38.842.6 | 41.8+7.2 | 48.8+4.4 | 20.2+3.8 | 17.847.2
6.5 | 25.6+6.1 | 27.2+4.1 | 36.1+2.8 | 14.1+6.1 | 5.1+1.1
0.65% | 12.6£1.5 | 25.2+1.3 | 21.1+1.5 | 10.6x1.4 0
Indomethacin 2mg | 39.1+4.1 | 42.844.4 | 53.145.2 | 30.3+7.1 | 21.8+2.4

Note: a — mg/kg.

3.5 Correlation analysis

To confirm the hypothesis about the dependence of
anti-inflammatory activity on antioxidant activity, a
correlation analysis was carried out. The Pearson
correlation coefficient (r) between antioxidant activity and
1, 2, 3, 8 and 24 h anti-inflammatory activity of the Rubus
idaeus leaves extract was 0.9981, 0.8918, 0.9995, 0.9777
and 0.9559 (Table 6).

From the results of this correlation analysis, it is
evident that there is a significant positive correlation in all
cases. Therefore, the hypothesis that anti-inflammatory
activity directly depends on antioxidant activity is hereby
confirmed.

Table 6. Pearson’s (r) correlation coefficient between
antioxidant and anti-inflammatory actions

1 hour | 2hour | 3hour | 8 hour | 24 hour
r | 0.9981 | 0.8918 | 0.9995 | 0.9777 | 0.9559

4. DISCUSSIONS

4.1 HPLC analysis

Ellagitannins and catechins are considered to be
involved in plant defense mechanisms against threats such
as insects, moths, viruses, bacteria, and herbivores. They
contribute to these mechanisms by making the plant tissues
unpalatable and non-nutritious, rendering them unsuitable
as food sources [27]. In a recent study by Kashchenko N.
et. al. [28], the aqueous extract of Rubus idaeus leaves
from Siberia (Republic of Buryatia) was examined. The
study found that the total polyphenols content equated to

2.60%, sanguiin H6 amounted to 0.20%, ellagic acid was
0.17%, epicatechin had a 0.05% presence, and both
gallocatechin  and  quercetin-3-O-glucuronide  each
contributed 0.03% to the Rubus idaeus leaves extract. In
comparison to these results, our research showed that the
sum of polyphenols was 35% higher, the content of
sanguiin H6 was 5% higher, and the presence of ellagic
acid was 60% higher. However, the content of epicatechin
was 7.4 times lower. In our extract, the content of catechin
derivatives was dominant, while in the comparison extract,
the content of ellagitannins and ellagic acid was found to
be higher. The difference in chemical composition may be
attributable to different cultivars and the vegetative phase
of the plant. The growing season plays a significant role in
the accumulation of bioactive substances. A study by
Salminen et al. [29] examined the seasonal variation of
ellagitannins and catechins in oak leaves from April to
October. The study showed that the accumulation of
ellagitannins exceeded that of catechins in young leaves,
whereas in mature leaves, catechin content dominated.
Therefore, it is possible the comparison extract was
prepared from Rubus idaeus leaves collected in April or
May, while our extract was prepared from Rubus idaeus
leaves collected in July.

4.2 Molecular docking

One of the main links in the development of
inflammation is COX-2. The primary role of COX-2 in the
inflammatory process is the conversion of arachidonic acid
into prostaglandins, prostocyclins, and thromboxane A2.
Thus, COX-2 is an important target for studying the anti-
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inflammatory activity of drugs [30].

Oxidative stress is a condition characterized by an
excessive presence of reactive oxygen species, such as
superoxide, hydroxyl radical, hypochlorite, and singlet
oxygen. These reactive oxygen species can lead to cellular
damage through oxidative stress [31]. Among the enzymes
responsible for generating reactive oxygen species is
NADPH oxidase, which stands out as the sole enzyme
devoted exclusively to this function [32]. NADPH oxidase
is composed of membrane proteins with six
transmembrane domains (TM) and a cytosolic C-terminal
dehydrogenase (DH) domain. The DH domain contains
binding sites for flavin adenine dinucleotide (FAD) and
NADPH, while the TM domains bind to two hemes. In the
process of generating superoxide and other reactive
oxygen molecules, the DH transfers electrons from
NADPH to oxygen molecules bound to the heme moieties
[33].

To obtain a theoretical dose of COX-2 and NADPH
oxidase inhibition, molecular docking of (z)-catechin and
epicatechin was performed at the active centers of the
above enzymes.

4.3 Antioxidant activity

To assess the antioxidant activity of the obtained
extracts, a potentiometric method was used. The resulting
green tea leaf extract was taken as a reference standard
since green tea leaves contain their gold standard -
epigallocatechin-3-gallate. This compound, according to
multiple studies, has a potent antioxidant effect [34].

When comparing the obtained theoretical and
experimental results of antioxidant activity, it was found
that in the study of antioxidant activity in silico, (+)-
catechin and epicatechin showed a better result than the
comparison  standard  epigallocatechin-3-O-gallate.
Further, in the case of determining the in vitro antioxidant
activity, Rubus idaeus leaves extract also had a superior
result than the reference standard green tea leaf extract.
These results indicate a correlation between experimental
and theoretical research outcomes.
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4.4 Anti-inflammatory activity

To examine anti-inflammatory activity, a carrageenan-
induced mouse paw edema model was utilized. This model
consists of two distinct stages: the initial stage, occurring
an hour after administration, involves edema formation
due to the release of vasoactive amines (histamine and
serotonin) and kinins. The subsequent stage, beginning
three hours after edema formation, is characterized by an
increase in COX-2 activity, leading to the production of a
significant number of prostaglandins and the release of NO
[29].

When comparing the theoretical and experimental
results of antioxidant activity, it was found that in the study
of antioxidant activity in silico, (+)-catechin and
epicatechin performed better than the reference standard
indomethacin. When determining the antioxidant activity
in vivo, Rubus idaeus leaves extract, at a dose of 13.0
mg/kg within the first two hours, exceeded the reference
standard diclofenac sodium. This observation indicates a
correlation between experimental and theoretical results.
In our study, the Rubus idaeus leaves extract, at a dose of
13.0 mg/kg, showed better results than at doses of 6.5 and
0.65 mg/kg, since at this dose, 100% of COX-2 activity is
inhibited, and at a dose of 6.5 mg/kg, only 50% is
inhibited.

4.5 Correlation analysis

Srivastova et al. [35] studied the correlation between the
antioxidant (ferric reducing antioxidant power assay) and
anti-inflammatory activities (percent inhibition of edema in a
model of ear thickness) of blackberry extracts. They reported
a high positive correlation, with a Pearson's coefficient of
0.8520. In recent research by Vinodhini V. et al. [36], they
investigated the phytoconstituents of Tragia Involucrata leaf
extracts and evaluated their correlation with anti-
inflammatory and antioxidant properties. The antioxidant
activity was examined using DPPH and H202 assays while
the anti-inflammatory analysis was carried out using a
membrane stabilization assay. A strong relationship was
observed between the antioxidant and anti-inflammatory
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activities (r = 0.971).

Compared to these studies, our research consistently
observed a very high positive correlation between antioxidant
and anti-inflammatory activities (r = 0.9981 for 1 hour, r =
0.9995 for 3 hours, r = 0.9777 for 8 hours, r = 0.9559 for 24
hours). The exception was the two-hour duration of anti-
inflammatory activity study where a high positive correlation
was still evident but somewhat lower (r = 0.8918).
Consequently, our findings affirm the hypothesis that anti-
inflammatory activity directly depends on antioxidant
activity.

5. CONCLUSION

The Rubus idaeus leaves extract was found to be
dominated by (+)-catechin and epicatechin. It was
established that (+)-catechin and epicatechin have a high
level of affinity for the active sites of COX-2 and NADPH
oxidase. In comparison with the antioxidant activity of
green tea leaf extracts, the obtained raspberry leaf extract
showed higher activity by 1.43% at a dose of 4.00 mg/mL,
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ABSTRACT

Food poisoning from histamine, a biogenic amine formed due to the decarboxylation of histidine by bacteria in fish
and fish products, has become a pivotal concern in food safety. This study measured the concentration of histamine
in various fish products available in the Jordanian market, but manufactured in multiple countries, utilizing an
Enzyme-Linked Immunosorbent Assay (ELISA). The ELISA kit and the protocol were provided by Veratox for
histamine. Approximately 93.69% of the samples tested positive for the presence of histamine, with levels ranging
between 0.317 and 230.41 mg/kg. Solely 0.9% of the samples exceeded the maximum permissible level established
by the European Union (EU) and only 4.5% of the fish samples were free of histamine. The Principal Component
Analysis (PCA) revealed that the type of fish was the most significant source of variability in histamine concentration,
explaining 31.2% of the variability. Conversely, the sample weight accounted for the least variability (only 20.2%),
implying that it has little or no effect on the concentration of histamine in the fish samples.

Keywords: ELISA, fish samples, food safety, histamine.

INTRODUCTION

Fish are a rich source of essential minerals and proteins,
which can meet human nutritional requirements, promoting
healthier living (1)(2). It is found that the protein in fish has
higher nutritional value than milk, meat, or eggs (3).
Additionally, fish provides a good source of omega-3,
calcium, phosphorus, iron, and trace minerals. However, the
inherent quality protein and polyunsaturated fatty acids in fish
make them highly perishable, leading to a reduced shelf life
(4). The presence of protein and free amino acids in fish may
further decrease freshness due to various enzymatic,
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biochemical, and microbial activities (5).

Biogenic amines such as  histamine, beta-
phenylethylamine, tyramine, tryptamine, putrescine,
cadaverine, spermine, and spermidine are commonly found in
foods and beverages (6). Histamine, in particular, is a
biogenic amine produced in fish as a result of the
decarboxylation of histidine amino acids by certain bacteria,
notably Morganella morganii  and  Photobacterium
phosphoreum (7)(8). This substance can also form through
the decarboxylation of amino acids or the amination and
transamination of aldehydes and ketones (9).

Exposing fish to elevated temperatures during harvesting
and transportation can promote the growth of histidine
decarboxylase-producing bacteria, consequently increasing
histamine concentration (10). The metabolic activities of

© 2024 DSR Publishers/The University of Jordan. All Rights Reserved.
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bacteria convert histidine to histamine in fish, which
accumulates in the fish flesh due to a lack of a homeostasis
system. To counter this problem, the fish should be iced
immediately after they are out of the water (11).

Histamine fish poisoning is often found in species like
mackerel, tuna, sardines, sockeye salmon, and amberjack
(12). However, the histamine content may change based
on factors such as feeding season, fish species, the stage of
maturity, and sex (13).

The food-borne chemical intoxication caused by
ingesting fish containing high histamine concentrations is
termed Histamine Food Poisoning (HFP). This condition
can lead to food intoxication and intolerance, and provoke
allergic reactions, such as headaches, nausea, acute
anaphylaxis, generalized erythema, dyspnea, vomiting,
and other discernible symptoms (11, 14, 15). Health effects
of histamine may further include mutagenic and
carcinogenic actions (16), and it has been observed that
normal metabolic activities do not detoxify histamine
intoxication (17). The European Commission Regulation
(EU) No 1019/2013 on histamine in fishery products (18)
stipulates specific criteria for histamine presence. It sets a
maximum level of 200 mg/kg and 400 mg/kg of histamine
respectively in fresh fish and fish products that have
undergone enzymatic maturation or been treated in brine
(5, 13). An accurate, fast, and reproducible analytical
method with high throughput is required to ascertain the
concentration level of histamine in fish and fish products
for regulatory compliance and quality control.

The primary analytical methods for determining
histamine in fish and fish products include enzyme-linked
immunosorbent assay (ELISA) (19), thin layer
chromatography  (TLC), high-performance liquid
chromatography (HPLC) (20), capillary electrophoresis
(CE) (4, 5, 21), and gas chromatography-tandem mass
spectrometry (GC/MS) (7). Among these, the ELISA
method is most commonly utilized for histamine detection
because chromatographic methods involve laborious and
time-consuming steps for sample pretreatment such as
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extraction and concentration, along with the necessity of
derivatization in gas chromatography (7, 22). This study
aims to determine histamine concentration levels in fish
samples using ELISA and provide knowledge about the
levels of histamine in marketed processed fish in Jordan.
This information will improve the understanding of
product safety among Jordanians and the health risks
associated with the consumption of canned fish.

MATERIALS AND METHODS

Sample Collection

A total of 16 different types of fish samples were
collected from 15 different countries, including Belgium,
China, Egypt, Indonesia, Italy, Jordan, Morocco, Norway,
the Philippines, Thailand, the United Arab Emirates
(UAE), and the United States of America (USA). These
consisted of nine salmon samples, eight sardines in hot oil
samples, seven sardines in hot oil samples, one sardine in
olive oil sample, one sardine in vegetable oil sample, one
tuna chunk sample, three tuna chunks in hot oil samples,
18 tuna chunks in oil, one tuna chunk in olive oil sample,
two tuna chunks in water samples, 16 tuna in hot oil
samples, three tuna in olive oil samples, 31 tuna in
vegetable oil samples, six tuna in water samples, three tuna
with spices samples, and one white tuna in vegetable oil
sample. This resulted in an aggregate of 111 samples. Prior
to analysis, these samples were stored at temperatures
between 11-18°C in a freezer.

Samples preparation and extraction

The sample preparation and extraction process
comprised several steps. Firstly, the entire contents of each
can, including meat and liquid, were transferred into a
blender and homogenized. The blended samples were then
stored at a temperature of 2-8°C. Roughly 10 grams of the
homogenized sample were weighed into a 125 mL
disposable extraction bottle, containing 90 mL of distilled
water. This bottle was capped tightly and vigorously
shaken for 20 seconds to resuspend the fish tissue
completely. It was shaken again for 20 seconds after a 5-
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minute interval, and the tissue was then left to settle at the
bottom of the bottle. The mixture was centrifuged, and the
supernatant was transferred into a clean test tube. Lastly,
about 100 pL of the supernatant, or extract, was pipetted
into a test tube containing 100 mL of diluent buffer, and
the mixture was gently swirled.

ELISA test

All reagents were allowed to reach a temperature range
of 18-30°C before use, and the ELISA test was conducted
per the manufacturer's instructions.

A red-marked mixing well was set aside for each
sample to be tested along with five red-marked wells for
controls, and these were placed in the well holder. An
equivalent number of antibody-coated wells were also
extracted. Unused antibody wells were returned to the foil
pack with the desiccant and resealed. All reagents were
mixed by swirling the respective bottles prior to use.

The conjugate (100uL) from the blue-labeled bottle
was added to each red-marked mixing well. A fresh pipette
tip was used to introduce 100uL of the controls and diluted
samples into the red-marked mixing wells. Utilizing a 12-
channel pipettor, the liquids were mixed in the wells by
pipetting up and down three times. 100uL was then
transferred to the antibody-coated wells.

The antibody-coated wells were incubated for 10
minutes at room temperature, 18-30°C (64-86°F). This was
followed by stirring for the initial 10-20 seconds by sliding
the microwell holder back and forth on a flat surface
without splashing. The red-marked mixing wells were then
discarded. The content of the antibody wells was poured
out, each well was filled with diluted wash buffer and
emptied three times. After turning the wells upside down,
any remaining liquid was blotted onto an absorbent towel.

The required volume of substrate was transferred from the
green-labeled bottle into the green-labeled reagent boat. A 12-
channel pipettor with new tips was used to pipette 100pL of
the substrate into the wells. These were incubated for 10
minutes at room temperature, 18-30°C (64-86°F), and stirred
for the first 10-20 seconds. Any remaining substrate was

discarded and the reagent boat was filled with water. The
same volume of the Red Stop solution from the red-labeled
bottle was added to the red-labeled reagent boat. Using the
same pipette tips as for substrate dispensation, 100uL of Red
Stop was introduced into each well and mixed.

After wiping the bottom of the microwells with a dry
cloth or towel, the microwells were read using a 650 nm
filter in a microwell reader. Data was analyzed using the
Neogen Veratox software, which compared the results to
the standard curve to calculate the final readings. It's
crucial to ensure no air bubbles form, as this might affect
the results. These results should be read within 20 minutes
of test completion. Finally, all used materials should be
safely disposed of.

Statistical analysis

The concentration of histamine in fish samples was
evaluated in triplicate and randomly analyzed. Principal
Component Analysis (PCA) was used to determine the
relationships (23) between the histamine concentration
levels in fish samples, their country of origin, trademark,
and sample weight.

Results and Discussion

The concentration of histamine in both imported and
locally canned and processed tuna fish products available
in Jordanian markets was successfully assessed. Histamine
was detected in approximately 93.69% of the samples,
ranging between 0.317 and 230.41 mg/kg. In contrast,
histamine was not detected in 6.31% (7 samples) of the
samples. The histamine-free fish samples primarily
originated from Thailand, consisting of five samples (two
Sardines in Oil, one Tuna Chunk, one Tuna Chunk in Qil,
and one Tuna Chunk in Hot Oil). The remaining two
histamine-free samples were Tuna Chunks in Oil from
Egypt and Tuna Chunks in Vegetable Oil from Oman. The
highest level of histamine, detected at a concentration of
230.41 mg/kg, and the lowest level, found at a
concentration of 0.32 mg/kg, were both in 'Tuna in
Vegetable Oil' samples from Thailand. Only one sample
(0.9%) out of the 111 surpassed the permissible histamine
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level of 100 mg/kg.
The highest average histamine concentration of 35.14
mg/kg was found in 'Sardines in Vegetable Oil' (refer to

Table 1), whereas the lowest average concentration of 0.72
mg/kg was detected in "Tuna Chunks in Olive Oil' samples.

Table 1: Average concentration of histamine in fish samples

Ala’ Sirhan et al.

. . Lowest level | Highest level

Fish Number of samples | Concentration (£SD mg/kg) (mg/kg (mg/ka)
Salmon 9 10.34+21.66 0.063 65.15
Sardines in hot oils 8 13.01+15 n.d 44.29
Sardines in oil 7 10.28+12.53 n.d 33.62
Sardines in olive oil 1 7.06+0.00 - -
Sardines in vegetables 1 35.14+0.00 - -
Tuna chunks 1 0.00 - -
Tuna chunks in hot oil 3 0.81+1.30 0.004 2.31
Tuna chunks in oil 18 10.61+£12.57 n.d 35.06
Tuna chunks in olive oil 1 0.72+0.00 - -
Tuna chunks in water 2 3.58+4.43 0.45 6.70
Tuna in hot oil 16 18.02+22.26 n.d 70.14
Tuna in olive oil 3 11.12+10.41 0.47 21.26
Tuna in vegetable oil 31 17.98+41.82 n.d 230.41
Tuna in water 6 22.45+30.42 0.21 77.89
Tuna with spices 3 6.42+5.76 1.57 12.79
White tuna in vegetable oil 1 12.1940.00 - -

The results obtained in this study were higher than those
reported by Bangieva and colleagues, who recorded a
concentration of 13.51 mg/kg in fresh and marine water fish
sourced from Bulgarian markets, analyzed using the ELISA
method (13). The results were also higher than the 0.211
mg/kg reported by Yusni and colleagues in tuna fish
obtained from the Indonesian fishing port (24). However,
our levels were lower than the 480.25 mg/kg reported by
Diniz and colleagues in commercial seafood collected from
Portuguese markets (25).

Our results are comparable to those found by Learoussy
and colleagues, who detected histamine levels ranging from
2.74 10 156.60 mg/kg in commonly consumed frozen fish in
Mauritania, collected between January and June 2019 (26).
Our study agrees with the concentration of histamine
ranging from 1.3 to 290 mg/100g found in freshwater fish
from Bahir Dar markets in Ethiopia (27). The range is also
compatible with the concentration of 17 to 210 mg/100g
detected in canned tuna fish sourced from Isfahan, Iran (15).

Table 2: Eigenanalysis of the correlation matrix

Eigenvalue 1.2484 | 1.0563 | 0.8866 | 0.8087
Proportion 0.312 0.264 0.222 0.202
Cumulative 0.312 0.576 0.798 1.00
Variable PC1 PC2 PC3 PC4
Fish type 0.581 0.379 -0.303 -0.653
Trademark -0.540 0.402 0.545 0.500
Origin 0.325 -0.706 0.517 -0.357
Weight -0.513 0.444 0.587 0.442

126 -



Jordan Journal of Pharmaceutical Sciences, Volume 17, No. 1, 2024

.'o‘ﬂ

a . .
Biplot of Name Code, .., Weight
4
°
3
° °
& 2 [ ] (]
Q 1 L] o ® ° o®
g °® o Trademark @ ..“ Mwode °
(V] 00 °
- ° .Q' °®
o ®  Counmy®f Origi ®e
. v -
[ L) ° 0o ®
e 0 L
AT !
-2 L]
°
3
3 -2 -1 0 1
First Component
c Scree Plot of Name Code, ..., Weight
13
12
o 11
=
©
>
c
&
2 10
0.9
0.8
1 2 3
Component Number
€ Score Plot of Name Code, ..., Weight
4
L]
3
» L]
- 2 . .
c
2 .
g_ 1 . ™ . [
s M '.'. . ®
o a? o [ ]
= - et * '- .
- 0 . .
& 9 * . b 20 *
. .0 L
» L]
. i
2
L]
3
3 2 4] 0 1

First Component

Mahalanobis Distance

Second Component

b

0.50
0.25
0.00
-0.25
-0.50

-0.75

Outlier Plot of Name Code, ..., Weight

. - . 3.135
. Mo . : . ." *e
L ) . - . . ”
- : ., - . - s * ® ~,I
. -‘ - . .~ Y \.V &,
™ - '”
0 20 40 60 80 100 120
Observation

Loading Plot of Name Code, ..., Weight

Weight

Trademark Name Code

Countty of Origin

-0.50 -0.25 0.00

First Component

0.25 0.50
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The Principal Component Analysis, illustrated in Figures a-
e and in the Eigen analysis of the correlation matrix (Table 1),
showed that the first two principal components have more than
57% impact, with eigenvalues greater than 1 and an
accumulative value of 0.567, i.e., 56.70%. The type of fish
posed the greatest source of variability and accounted for
31.2% of the variability in the data, making it a crucial
component. The least variability was observed in the weight of
the samples, displaying a 20.2% contribution to the data
variability.

The type of fish had a larger positive association with the
weight of the samples, while the trademark had a significant
positive association with the country of origin. Conversely, the
type of fish demonstrated a larger negative relationship with the
trademark. The trademark also exhibited a larger negative
association with the country of origin. Meanwhile, the sample
weight showed larger negative interactions with the type of
fish, the trademark, and the country of manufacture.

CONCLUSION

The histamine concentration identified in various fish
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ABSTRACT

Background: Practices concerning antibiotic use have detrimental impacts on body immunity, bacterial resistance,
and the overall health of the general population. Misconceptions regarding antibiotic use can lead to improper use
and malpractice, posing numerous health threats.

Obijectives: This study aims to assess the knowledge, practices, and awareness of Jordanian adults about
antibiotics. This includes an analysis of their understanding of antibiotic uses and the sources from which they
acquire such knowledge. Methods: A representative sample of Jordanian adults was invited to participate in an
online survey distributed through social media platforms.

Key findings: The results showed that 77.6% of the participants had received an antibiotic at least once in the past
12 months. About two thirds reported no problems with using a different brand name (alternative) for the
prescribed antibiotic. The majority of respondents trust the decisions made by pharmacists. Moreover, participants
with higher ages, female participants, those with a higher level of education, uninsured participants, and those with
a medicine-related degree showed better antibiotic knowledge compared to others (P<0.05 for all).

Conclusion: There is a good level of antibiotic-related knowledge amongst Jordanian adults. However, prevalent
misconceptions and improper use also exist, indicating the need for focused attention on correcting such practices
that might adversely impact the health of the community as a whole.

Keywords: Awareness; perception; antibiotics; Use; Jordan.

INTRODUCTION

Antibiotics are drugs that fight infections of bacterial
origin, as defined by the Food and Drug Administration
(FDA) (1). They are arguably among the most successful
forms of chemotherapy in the history of medicine (2) and
have been found to be among the most commonly sold
classes of drugs from community pharmacies in developing
countries (3). Despite antibiotics being classified as
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prescription-only medicines, they are often dispensed to
patients without a medical prescription in various parts of
the world (4). In particular, in various Middle Eastern
countries, antibiotics can be easily obtained over the
counter, potentially contributing to the high prevalence of
self-treatment with antibiotics (2). According to legislations
issued by the Jordanian Food and Drug Administration
(JFDA), antibiotics should be strictly prescribed by doctors.
Unfortunately, these regulations are not fully enforced (5,6).
Consequently, this irrational dispensing of antibiotics could
result in an increase in bacterial resistance, posing global
health threats.
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Even with the development of new antimicrobial
agents against these resistant strains, bacteria will likely
acquire resistance to these modified versions over time
through the horizontal acquisition of novel resistance
mechanisms (2). In Jordan, given the importance of this
topic, researchers have extensively explored the area of
antibiotic-related knowledge and perceptions, sometimes
targeting the public and other times healthcare providers
(7,8,9,10,11). A 2018 cross-sectional study evaluated the
general public's knowledge of antibiotic use and bacterial
resistance (10). Another study assessed parents' views on
antibiotic use in their children (11). Regarding healthcare
providers, some studies targeted pharmacists' knowledge
and behavior regarding antibiotics (7,9), as well as the
attitudes of dental practitioners (8). All of these studies
found unsatisfactory levels of knowledge and perception
regarding proper antibiotic use and a significant rate of
self-medication with antibiotics among different study
groups (7,8,9,10,11).

While numerous studies have examined antibiotic-
related knowledge and perceptions over time in Jordan,
this area is expected to evolve as perceptions change after
numerous governmental efforts to increase awareness
about this global issue. Accordingly, these changes
necessitate continuous tracking, especially given the
recent increase in advising and instructing patients on
appropriate antibiotic use in healthcare facilities and
among providers in Jordan. Thus, an in-depth, recent
evaluation of the general Jordanian community was
needed to assess these aspects. Our research aims to
evaluate the level of knowledge and perceptions of the
Jordanian population towards antibiotics, as well as their
pertinent practices.

METHODS

Study design, settings, and participants

This is a descriptive, cross-sectional, survey-based study
conducted between May and June 2022, to assess the
public's knowledge, perceptions, and practices towards
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antibiotics. In this study, a convenience sample of Jordanian
individuals was invited to participate by sending a survey
link through social media platforms (Facebook and
WhatsApp). The inclusion criteria were adult subjects (> 18
years) who are residing in Jordan. Participants were
informed about the aim of the study, and they were asked to
provide a written consent form before completing the
survey, which takes approximately ten minutes.

Sample size calculation

The sample size was calculated based on the number of
subjects per predictor needed to conduct a linear regression
analysis, as recommended by Tabachnick and Fidell (5-20
subjects per predictor) (12). Using 20 subjects per
predictor and assuming we have six predictors, a minimum
sample size of 120 was considered representative. We
aimed to recruit a larger number of subjects to enhance the
power of the study.

Survey development and validation

The draft questionnaire was created by study researchers
to assess the public knowledge, perceptions, and practices of
the Jordanian population regarding antibiotics. Then, face and
content validity for the draft questionnaire were conducted by
a group of experts in clinical pharmacy. These experts'
comments were compiled and evaluated, leading to minor
modifications in the draft questionnaire. These changes were
not included in the final analysis. The finalized questionnaire
consisted of five sections: the first section collected
participants' demographics. The second section assessed
participants' previous experiences with antibiotics. The third
section contained multiple-choice questions about their
practices with antibiotics. The fourth section included
questions about participants' knowledge of antibiotics, and
their sources of antibiotic-related information, if any. The last
section aimed to understand participants' general perceptions
of antibiotic usage using five-point Likert scale questions.
The survey was translated and distributed in Arabic, the
native language of the Jordanian people, using a forward
translation and back translation approach. For the knowledge
section, participants’ knowledge was assessed with 12
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true/false statements. For each statement, participants
received one point for a correct answer, and no points for an
incorrect answer. The total knowledge score of each
participant was then calculated out of 12.

Ethical consideration

The Ethics Committee provided Institutional Review
Board (IRB) approval at Applied Science Private University
(Approval number: 2022-PHA-11). This study adhered to the
World Medical Association Declaration of Helsinki guidelines
(13). Participants were informed that their responses would
remain anonymous, their data would be kept confidential, and
that their participation was entirely voluntary.

Statistical analyses

Statistical analyses were carried out using the Statistical
Package for the Social Sciences (SPSS) version 22 (SPSS
Inc., Chicago, IL, USA). Median/interquartile range (IQR)
and frequency/percentage were employed for the descriptive
analysis of continuous and qualitative variables, respectively.
Independent factors that may affect participants’ knowledge
about antibiotics were investigated using linear regression

analysis. Following simple linear regression, any variable
with a P-value < 0.25 was considered eligible for entry into
multiple linear regression analysis. All variables were
checked for an absence of multicollinearity before conducting
the multiple linear regression analysis (i.e., Pearson
correlation coefficient <0.9 for any two variables). A P-value
of <0.05 was deemed statistically significant when identifying
factors affecting participants’ knowledge about antibiotics.

Results

During the study period, 533 individuals were
approached and invited to participate in the study. The
participants had a median age of 33 years (IQR= 23.0).
More than two-thirds of the survey participants were
females (n= 369, 69.2%). Also, 67.4% held a university
degree (n=359). About half of the participants were married
(n= 244, 45.8%), and over 62% were medically insured (n=
322, 62.3%). In addition, 34.7% held a medicine-related
degree (n= 185). For more details about participants’
sociodemographic characteristics, please refer to Table 1.

Table 1. Sociodemographic characteristics of the study participants (n= 533

Parameters Median (IQR) n (%)

Age (years) 33.0 (23.0)
Gender

e Male 164 (30.8)

e Female 369 (69.2)
Educational level

e Not educated 39 (7.3)

e School level 63 (11.8)

e University graduate 359 (67.4)

e Post-graduate 72 (13.5)
Marital status

e Married 244 (45.8)

e Others (Single, divorced, or widowed) 289 (54.3)
Medical insurance

* No 201 (37.7)

® Yes 332 (62.3)
Do you have a medical-related degree?

* No 348 (65.3)

® Yes 185 (34.7)

IQR: Interquartile range
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Table 2 summarizes participants' previous history of
using antibiotics. The majority of respondents reported
taking antibiotics during their lifetime (n=512, 96.1%),
with roughly 77.7% of them (n=414) having received
antibiotics at least once during the past 12 months.
Additionally, about 80% of the participants stated that
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some of their family members had received antibiotics
during the past 12 months. In fact, approximately three-
quarters of the participants revealed that they obtain their
antibiotics with prescriptions (n=393, 73.7%), but only
60.0% of them (n=320) reported that they always complete
the course of antibiotics.

Table 2. Participants previous history of using antibiotics (n= 533)

Parameters n (%)

Have you ever taken antibiotics?

® Yes 512 (96.1)

* No 11 (2.1)

e | don't know. 10 (1.9)
How many times have you received antibiotics during the past 12 months?

e Never 119 (22.3)

® once 191 (35.8)

® 2-5times 166 (31.1)

e More than 5 times 57 (10.7)
Have any of your adult family members received antibiotics during the past 12 months?

® Yes 425 (79.7)

e No 108 (20.3)

e Did you get the antibiotic on prescription?

® Yes 393 (73.7)

e No 140 (26.3)

e \When you receive antibiotics, did you always complete the course of antibiotic?

® Yes 320 (60.0)

e No 69 (12.9)

e Sometimes 144 (27.0)

Participants were asked to describe their behaviors
when dealing with antibiotics (Table 3). Results showed
that approximately half of the participants visit doctors if
they believe they have an infection (n= 241, 45.2%), while
about one-fourth (n= 129, 24.2%) reported directly visiting
a pharmacy and seeking advice and counseling from the
pharmacists. Other participants reported visiting a
pharmacy to purchase a previously used antibiotic (n= 60,
11.3%), or asking family members or friends about their
experience with an antibiotic they had used previously (n=
19, 3.6%). Only 15.8% reported staying at home without
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taking antibiotics (n= 84).

Furthermore, participants were asked to report their
behaviors if their doctor prescribed an antibiotic with a
specific brand name. From this, 31.9% of them (n= 170)
stated they would only take that exact brand name, while
59.1% (n= 315) reported that they would not mind taking
the same antibiotic under a different brand name
(alternative). Few participants (n= 22, 4.1%) reported that
they would not mind taking any other antibiotics
recommended by the pharmacist, other than the one
prescribed.
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Table 3. Participants practice in dealing with antibiotics (n= 533)

Parameters n (%)
If you feel sick (infection disease symptoms), how do you behave?
e Visit your doctor and follow his instruction then purchase the prescribed antibiotic. 241
e Go to the pharmacy directly and ask the pharmacist for his advice and counseling. (45.2)
e Go to the pharmacy and purchase your previously used antibiotic. 129
e Ask your family member or friend about his experience in antibiotic he used previously. (24.2)
e Stay at home without taking antibiotic. 60 (11.3)
19 (3.6)
84 (15.8)
If your doctor prescribed an antibiotic with a specific brand name, which of the following describes
you best?
e | believe to take only the same brand name. 170
e | do not mind taking the same antibiotic (API) with different brand name (alternative) (31.9)
® [ don’t mind taking any other antibiotics recommended by pharmacist other than the | 315
prescribed one. (59.1)
® [ don’t believe in taking any antibiotic. 22 (4.1)
e Others
21 (3.9
5(0.9)

All participants responded to 12 statements aimed at
evaluating their knowledge of antibiotics (Table 4). The
results showed that participants demonstrated an overall
satisfactory level of knowledge about antibiotics, with an
average knowledge score of 9. Approximately 80% of the
participants (n= 427) understood that antibiotics can treat
bacterial infections, while approximately half of them (n=
292, 54.8%) mistakenly believed that antibiotics can also
treat viral infections.

Nearly three-quarters recognized that frequent usage of
antibiotics can lead to the emergence of resistant bacterial
strains. However, the majority of participants believed

they could use leftover antibiotics in the future (n= 375,
70.4%), and an even larger percentage (n= 451, 84.6%)
believed one could stop taking the medication once they
feel better.

Furthermore, 82.2% of the participants (n= 438)
reported believing that receiving antibiotics several times
would diminish their body's immunity, and a similar
percentage (h= 460, 86.4%) believed antibiotics could
predispose them to an allergic reaction. Additionally,
approximately 70.4% (n=375) reported using antibiotics
for bone and body pain.
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Table 4. Participants’ knowledge about antibiotics (n= 533)

Manal Ayyash et al.

Statements Correct answers n
(%)

Antibiotics are medicines that can treat bacterial infections 2 427 (80.1)
Antibiotics can be used to treat viral infections ° 292 (54.8)
Antibiotics are used always in flu and cold symptoms ° 330 (61.9)
Antibiotics can cure all infections ® 362 (67.9)
Antibiotics are used to relieve body pain and bone pain ® 375 (70.4)
Antibiotics kill the transient (bad) bacteria that cause the infection, and it has no effect on normal 262 (49.2)
flora®
Receiving antibiotics several times will reduce the body immunity 2 438 (82.2)
Leftover antibiotics can be saved for future use ° 375 (70.4)
If one feels better after only partially completing an antibiotic course, one can terminate the therapy 451 (84.6)
immediately®
Antibiotics can cause allergic reaction for some people 2 460 (86.4)
Frequent usage of antibiotics leads to development of resistant strains of bacteria 2 407 (76.4)
Suspension dosage form of antibiotic should be stored at refrigerator temp (3-8C) after 318 (59.7)
reconstitution?
Knowledge score (out of 12.0): median (IQR) 9.0 (5.0)

IQR: Interquartile range. a: True statement. b: False statement

Concerning the sources of information about

26.6%). The least commonly selected sources were social

antibiotics (Figure 1), the main sources reportedly used by
the study participants were healthcare providers
(physicians and pharmacists) (n= 336, 63.0%), medical
websites (n=182, 34.1%), and academic societies (n= 456,
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media (n= 81, 15.2%), and television (n= 40, 7.5%).
Surprisingly, 4.7% of the participants (n= 25) reported that
they were not interested in knowing anything about
antibiotics.
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I’m not interested to know about antibiotics [l 4.7%

Television

Academic societies

Sources of information about
antibiotics

7.5%
Social media I 15.2%

Friends [ 16.9%

26.6%

Medical websites NG 34.1%

Healthcare providers (physician, pharmacist,) [INIENEGEGEGNNNN 63.0%

0.0%

20.0% 40.0% 60.0% 80.0%

100.0%

Figure 1. Sources of information about antibiotics as reported by the study participants (n= 533)

Participants were asked about their perceptions of
antibiotics (Table 5). The results showed that there is
significant trust in the decisions made by physicians and
pharmacists in Jordan regarding the prescription and
dispensation of antibiotics to patients. However, only
36.4% of the participants (n=194) believed that there are
fully activated laws to control the dispensing of these
medications.

A high percentage of participants (n= 456, 85.6%)
believed that there is a lack of antibiotic awareness in
Jordan, and the majority (n=485, 91.0%) support the
integration of antibiotic awareness at the school level.
Furthermore, only a minority of participants (n= 112, 21%)
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agreed or strongly agreed that social media was a trusted
source of information about antibiotics.

Around 68% of respondents (n= 362) believed that a
prescription is needed to obtain an antibiotic from
pharmacies. Additionally, about three-quarters (n= 395,
74.1%) disagreed with the concept of purchasing
antibiotics online.

The majority of participants (n= 365, 68.5%) noted that
pharmacists take their time to counsel them and provide
information on how to use antibiotics, and 55% (n= 293)
agreed or strongly agreed that pharmacists emphasize that
bacterial resistance is a consequence of antibiotic misuse.
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Table 5. Participants’ perceptions towards antibiotics (n= 533)

Participant' responses n (%)
Statements Strongly Strongly
Neutral . -
agree/agree disagree/disagree
I think | need a prescription to get an antibiotic from 362 (67.9) 76 (14.3) 95 (17.8)
pharmacy in Jordan
Antibiotics should be allowed to purchase via online 65 (12.2) 73 (15.6) 395 (74.1)
without prescription
I think there are laws in Jordan to control the dispensing 194 (36.4) 150 189 (35.6)
of antibiotics and are fully activated (28.1)
People should only take antibiotics if recommended by 475 (89.1) 41 (7.7) 17 (3.2)
doctors or pharmacist
Pharmacists take their time to inform me on how 365 (68.5) 107 61 (21.4)
antibiotics should be used when prescribed (20.1)
Pharmacist informs the patient how the misuse of 293 (55.0) 117 123 (23.0)
antibiotics may lead to development bacterial resistance (22.0)
There is a lack of antibiotic awareness among the 456 (85.6) 48 (9.0) 29 (5.4)
Jordanian population
Spreading awareness of antibiotics should be integrated 485 (91.0) 32 (6.0) 16 (3.0)
within the elementary and secondary education
Social media is a trusted source to get information about 112 (21.0) 140 281 (52.7)
antibiotics (26.3)
I am confident in a doctor’s/pharmacist’s decision if 459 (86.1) 56 (10.5) 18 (3.4)
she/he does not recommend antibiotics.
Finally, a linear regression analysis (Table 6) revealed those with a degree related to the medical field
that participants with greater age, female participants, demonstrated a better understanding of antibiotics
those with higher education, non-insured participants, and compared to others (P<0.05).
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Table 6. Assessment of factors associated with participants’ knowledge about antibiotics.

Parameter Knowledge score
Beta P-value? | Beta | P-value?®

Age (years) 0.076 0.081°¢ 0.148 | 0.003¢
GenderM | Reference

e Male

d

e Female 0.171 <0.001¢ 0.129 | 0.001
Educational level

° Dlploma or below Reference

e University graduate or above 0.179 <0.001¢ | 0.142 | <0.001¢
Marital status

e Married Reference

e Others (Single, divorced, or widowed) -0.052 0.229¢ -0.047 | 0.345
Medical insurance

e No Reference

® Yes -0.102 0.018° -0.115 | 0.003¢
Do you have medical-related degree?

e No Reference

* Yes 0.421 <0.001¢ | 0.393 | <0.001¢

a: using simple linear regression, b: using multiple linear regression, c: eligible for entry in multiple linear regression, d:

significant at 0.05 significance level.

DISCUSSION

The awareness about antibiotic use is still lacking
among the Jordanian population (14,15,16), as in several
countries around the world (17,18). Despite efforts to
illustrate how antibiotics should be handled and the
detrimental consequences of self-medication with
antibiotics on bacterial resistance (19,20) and reduction of
body immunity (20) by impacting the normal flora, people
continue to self-diagnose and self-prescribe these
medications, as well as misuse them (5,6,14).

Our study aimed to gather data showcasing the
knowledge and perceptions regarding antibiotic usage
among the Jordanian population. It examined
misconceptions about when and how these medications

should be used, practices of self-prescription, and trust in
the decisions made by healthcare workers concerning the
need to dispense such drugs. This evaluation of the
Jordanian community follows many literature sources
identifying the deficit in antibiotic knowledge and
recommending the institution of campaigns and
workshops to raise awareness about these agents (5,6,14).

Our results showed an acceptable level of knowledge
about antibiotics. For example, 80% of the participants
believe that antibiotics are used to treat bacterial
infections, versus 60% as reported by a previous study in
Jordan in 2020, that only included parents (thus only
married participants), and fewer participants with
medically related degrees compared to our study. This may
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partially explain the difference in knowledge (5).
However, the lack of knowledge was still apparent in some
areas. For instance, about two-thirds of respondents agreed
that antibiotics are useful when they have flu or cold
symptoms, a slightly higher percentage than reported by
other studies around the world (21,22). We found that
around 78% of participants have received antibiotics at
least once in the past 12 months, which is about twice the
high percentage among other nations, such as Polish adults
(38%) within the same period (23).

Furthermore, the study showed that 55% of
participants are informed by pharmacists that antibiotic
resistance can develop due to misuse of these drugs. In
contrast, a Cypriot study found pharmacists were more
actively involved in educating their patients (72.3%) (24).
Our study also indicated that nearly three-quarters of
respondents believed that leftover antibiotics can be saved
for future infections, similar to findings in a recent study
done in Palestine (25). This can be an alarming finding, as
access to antibiotics without prescription and the use of
leftover antibiotics are major contributors to bacterial
resistance (26,27).

As part of further assessing participants’ understanding
of antibiotic indications, and the impact of their
inappropriate use on both immunity and resistance, we
found that 67.9% (n=362) of the participants believe
antibiotics can cure all infections. Also, 70.4% (n=375)
consider using them for bone and body pain, a finding that
is also common among university students in Jordan [28].
Additionally, we found that around half of the respondents
believe antibiotics only impact or kill harmful bacteria that
cause disease, with no effect on normal microflora. These
results indicate significant misconceptions that are widely
accepted by the population.

The trust in decisions made by physicians and
pharmacists regarding the need for antibiotics (86.1%),
along with them being the main source for antibiotics-
related knowledge (63%), indicates that healthcare teams
are highly regarded and referenced for medical inquiries.
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In contrast, social media, which serves as a source of
knowledge for only 15.2% of the participants. Focusing on
the role of the pharmacist as a healthcare provider in
community pharmacies, the responses of the participants
confirm that pharmacists play an essential role not only in
advising them on the proper administration of the
medication, but also in warning them that misuse of the
drug -- whether by stopping it before completing the
course, using leftovers, or other practices -- may reduce the
efficacy of these agents in future uses due to resistance.

Based on the common practice of prescribing and
selling antibiotics in Jordan, trade (brand) names rather
than generic names are most often used. In this context,
around a third of the respondents stated that they would
only take the same brand name, while around 60%
reported that they would not mind taking the same
antibiotic but with a different brand name (alternative)
recommended by a pharmacist.

A significant portion of the participants believes there
is a lack of awareness about antibiotics among the
Jordanian population (85.6%), and they also advocate for
the integration of such knowledge early on in school
education (91%). In addition, our study found that those
participants with higher levels of education (university
graduates and above), medically insured participants, and
those who hold a medical-related degree demonstrated
significantly higher knowledge scores compared to others.

CONCLUSION

Overall, there was an acceptable level of knowledge
about the correct ways to use antibiotics. Given the
causative relationship between bacterial resistance and the
improper handling of antibiotic medications, such as
stopping the medication early in the course and using
leftovers, major changes need to occur within the Jordanian
community. These efforts should rely on the trust people
have in healthcare professionals who play a significant role
in guiding patients towards proper practices. However, this
effort must go hand in hand with enforcing the current laws
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regarding antibiotic dispensing and administration by health
authorities such as the Jordan Food and Drug
Administration (JFDA) and the Ministry of Health.
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ABSTRACT

Objectives: The purpose of this cross-sectional study is to investigate and analyze community pharmacists' perspectives
on the most essential interventions implemented to support breastfeeding women during their maternal life in Jordan.
Methods: A cross-sectional study design was employed using a self-administered survey. A convenience sample
(n = 381) of community pharmacists was recruited via social media resources. Responses were subject to various
statistical analyses using SPSS.

Key Findings: In the study with 381 participants, the majority were females (86.4%, n=329) aged between 23 and
30 (78.7%, n=300). A total of 55.1% (n=210) had previous breastfeeding experience. Pharmacists (65.9%, n=251)
stressed the significance of health education for improved breastfeeding support. During prenatal care, 42%
(n=160) underscored the importance of engaging parents, while 37% (n=141) highlighted the need for additional
lactation support during the delivery stage. Finally, 34.4% (n=131) identified serving as an informational resource
for the "mother-baby dyad™ as being crucial in the postnatal stage.

Conclusions: The study spotlights the critical role of pharmacists in breastfeeding support, underscoring the
importance of tailored interventions based upon their demographics and perceptions. These insights provide
invaluable guidance for optimizing community pharmacists' contributions to maternal care.

Keywords: Pharmacist, Breastfeeding, Perception, Support, Education, Jordan.

INTRODUCTION
In 1981, Bo Vahlquist emphasized that the
reproductive cycle of all mammalian species, including
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humans, encompasses both pregnancy and breastfeeding,
highlighting the latter's pivotal role in survival (1). The
prevalent consensus on optimal infant nutrition
underscores the presiding adage, 'breast is best' (2). A 2016
Lancet series projected that the implementation of optimal
breastfeeding practices could annually prevent 823,000
deaths among children under five years of age (3). Despite
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burgeoning interest in breastfeeding and plenty of
scientific evidence supporting its importance, the global
rates of exclusive breastfeeding for infants younger than
six months remain disappointingly low at 44% (4).

Jordan stands out due to its high prevalence of
breastfeeding, with 92% of children experiencing nursing
at some point(5). However, previous studies in Jordan
have revealed unfavorable attitudes  towards
breastfeeding practices. Moreover, the rate of exclusive
breastfeeding among six-month-old babies is less than
ideal and has been declining, decreasing from 40% in
2007 to 26% in 2018, according to Jordanian population
and family health surveys(5).

The global imperative to enhance breastfeeding
practices was underscored by its inclusion in the
Millennium Development Goals outlined by the World
Health Organization (WHO) over the past decade (6).
Despite this, evidence suggests that many new mothers
struggle to meet their desired infant-feeding goals,
emphasizing the need for breastfeeding support (7).
While some women face medical or physical barriers that
inhibit breastfeeding, many others can benefit from
adequate support. In 2011, the US Surgeon General
issued a Call to Action to Support Breastfeeding, urging
communities, families, and healthcare professionals to
facilitate breastfeeding for mothers (8). That same year,
the Council of the International Pharmaceutical
Federation (FIP) endorsed a paper highlighting the
essential role pharmacists can play in improving
maternal, neonatal, and child health (9). Given their
frequent interactions with parents and their knowledge of
medication safety, pharmacists are well-positioned to
play a crucial role in promoting and supporting
breastfeeding (10).

Despite recognizing the potential role of pharmacists
in breastfeeding support, literature on their knowledge
and education in this area is limited, with existing studies
primarily focusing on medicine and lactation knowledge
(11-14). Recently, a study in Jordan highlighted the
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importance of prioritizing patient satisfaction in general
pharmacy settings, emphasizing the need to focus on
patient contentment when providing pharmaceutical
services (15). However, information about pharmacists'
perspectives on their interventions during pregnancy in
Jordan is scarce. This study aims to investigate
community pharmacists' perspectives on the most
significant interventions implemented to support
breastfeeding mothers during their maternity journey in
Jordan.

METHODS

Research Design and Participants

This research employed a descriptive cross-sectional
design and utilized an online survey to address its
objectives. Conducted in Jordan, the study ran from
August 2, 2021, to February 17, 2022. Clinical
researchers developed and validated an online survey to
gather anonymous responses, ensuring confidentiality.
The survey targeted community pharmacists in Jordan
who held at least a bachelor's degree or Doctor of
Pharmacy and were currently working in community
pharmacies.  Participants recruited  using
convenience sampling through social media platforms
like Facebook and WhatsApp groups. Following the
inclusion criteria explained at the survey's outset,
participants were informed about the voluntary nature of
their involvement and that there were no risks. A written
consent statement was provided at the beginning of the
survey, with participants having the option to either agree
to proceed or choose "I disagree to participate” to decline.
Completion of the survey represented informed consent.
Participant anonymity was maintained, and ethical
approval was obtained from the Institutional Review
Board of King Abdullah University Hospital, University
of Science & Technology, Jordan (Reference No.
56/141/2021).

Survey Development, Validation, and Reliability

The online survey was developed after reviewing

were
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validated surveys in the literature and scrutinized by a
focus group of pharmacy practice experts. A draft
questionnaire was then pilot-tested with 10 community
pharmacists for comprehension, clarity, and cultural
acceptability before the main survey. Administered via
Google Forms, the survey was self-administered in
English and designed to be completed within 10-12
minutes.

Sample Size

With 22,667 registered pharmacists in Jordan as of
February 2019, the Raosoft® calculator recommended a
sample size of 378 participants for a 5% margin of error
and a 95% confidence level. To account for potential
unknown issues, the sample size was increased to
approximately 380 pharmacists.

Statistical Analyses

Completed surveys were extracted from Google Forms
and transferred to SPSS version 25.0 for analysis.
Categorical variables were presented as frequencies or
percentages.

RESULTS

Sociodemographic characteristics

Upon completion of the online questionnaire
distribution, a total of 381 fully completed forms were
incorporated into the study. Predominantly, the
demographic profile of participants leaned towards
females, constituting 86.4% (n=329), with the majority
falling within the 23-30 age group, which accounted for
78.7% (n=300). An exploration of marital status revealed
that a significant portion, 58% (n=221), identified as
single, while nearly 70% (n=265) reported not having any
children. Notably, over half the study sample,
specifically 55.1% (n=210), possessed personal
experience with breastfeeding. For a comprehensive
overview of the participants' demographic characteristics,
refer to Table 1.
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Table 1. Demographic characteristic of the study
participants and their principal place of practice

Characteristics n, (%)
Age
23 — 30 years 300, (78.7)
31— 40 years 55, (14.4)
41 — 50 years 22, (5.8)
More than 50 years 4, (1.0)
Gender
Female 329, (86.4)
Male 52, (13.6)
Marital status
Single 221, (58.0)
Married 152, (39.9)
Divorced 7, (1.8)
Widow 1, (0.3)
Do you have any children?
Yes 116, (30.4)
No 265, (69.6)

Years of practices

Less than 5 years 286, (75.1)
Between 5 and 10 years 48, (12.6)
Between 11 and 20 years 33, (8.7)
More than 20 years 14, (3.7)
Highest degree
BSc 234, (61.4)
Pharm D 96, (25.2)
MSc 39, (10.2)
PhD 12, (3.1)
Geographical area of practice
North of Jordan 165, (43.3)
Middle of Jordan 197, (51.7)
South of Jordan 19, (5.0)
Source of highest degree
Jordan 375, (98.4)
Others country 6, (1.6)
Work Location
Rural (Village) 86, (22.6)
Urban (City) 295, (77.4)
Pharmacy type
Independent 280, (73.5)
Small chain < = 20 branches 71, (18.6)
Big chain > 20 branches 30, (7.9)

Do you have personal experience in breastfeeding?*
Yes 210, (55.1)

No 171, (44.9)
*For the purposes of this survey, personal experience in
breastfeeding is defined as having breastfed yourself; or having a
spouse/partner (wife) who has breastfed; or have a family member
who has breastfed, with whom you have spent significant time,
including overnight, while they were breastfeeding.
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Pharmacists’ Perception in Supporting Breastfeeding
during all Maternal Life

Table 2 illustrates the frequency distribution of
responses from surveyed pharmacists as they identify key
factors influencing their inclination to provide more
support for breastfeeding across various stages of maternal
life. A significant majority, comprising 65.9% (n=251),
expressed the belief that conveying education on the
important health benefits associated with breastfeeding, in
accordance with the best standards of care, is a pivotal
intervention for offering enhanced support during the pre-
pregnancy stage. For the prenatal stage, 42% (n=160) of

Mea’ad M Harahsheh et al.

pharmacists indicated that engaging parents in discussions
about feeding, given the role of pharmacies as primary
suppliers of various baby products, can significantly
influence their support for breastfeeding. Conversely,
during the delivery stage, 37% (n=141) perceived that
offering additional coverage for lactation-related queries
when other nurses and lactation consultants are
unavailable is the most influential factor. Furthermore, in
the postnatal period, over one third of pharmacists (34.4%,
n=131) identified serving as an information resource for
the "mother—baby dyad™ as the intervention that enhances
their role as better supporters of breastfeeding.

Table 2. Pharmacists’ perception about the most important intervention in supporting breastfeeding during all

maternal life.
Pre-pregnancy
¢ Provide education about the importance of the health benefits associated with breastfeeding according to the best | N 251
standard of care. % 65.9
¢ Provide patient support through advocacy of prenatal vitamins and documentation of checklists of contraindicated N 130
medications/ supplements during pregnancy. % 34.1
Prenatal
o Engage parents in discussions about feeding (pharmacies are a primary supplier of a wide range of baby products N 160
including breast pads, nursing cover-ups, baby carriers or slings, breast pumps and pumping supplies, nipple shields, | % 42%
ointments for breastfeeding, diapers, toys, bibs, and baby bath and skin care products).
o For parents who have not yet decided on the method they would like to use to feed their infants, pharmacists can N 115
help with prenatal education around breastfeeding and formula feeding. % 30.2%
e Provide information about the normal course of breastfeeding, the management of common difficulties, and N 97
considerations for preparing for breastfeeding. % 25.5%
o Direct parents to available support groups. N 9
% 2.4%
Delivery
¢ Provide additional coverage on lactation-related questions when other nurses and lactation consultants are not N 141
available due to high inpatient census or absence of 24/7 coverage. % 37%
e Provide information on appropriate use of infant formula. N 115
% 30.2%
¢ Provide useful resources of information and skills on how to start and continue the process breastfeed babies. N 125
% 32.8%
Postnatal
e Serve as an information resource for the “mother—baby dyad” (most health care during the postpartum period is N 131
directed at either the mother or the infant). % 34.4%
o Provide advice regarding breastfeeding concerns and difficulties (including appropriate referral to other health care N 127
professionals and referral to available support groups). % 33.3%
e Provide counseling and education related to pumping and pumping equipment and appropriate storing of breast N 77
milk. % 20.2%
¢ Provide counseling and education related to preparation and use of infant formula. N 46
% 12.1%
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DISCUSSION

The findings from our study contribute to the ongoing
discourse on community pharmacists' attitudes and practices
related to breastfeeding support, offering insights into the
evolving landscape of pharmacist involvement in
breastfeeding support. As the inaugural study in this domain,
our research holds a distinctive position, as it pioneers the
examination of pharmacists' perspectives on the most crucial
interventions supporting breastfeeding women during their
maternal life in Jordan. While existing literature provides
foundational knowledge on various aspects of maternal care,
the absence of prior studies specifically addressing this aspect
underscores the novelty and significance of our investigation.
Our study, which includes a substantial representation of
female participants (86.4%), aligns with the gender
distribution observed in previous research within the
pharmacy profession. This consistency emphasizes the
continued importance of understanding and addressing
gender-specific factors in the context of breastfeeding support.
Similarly, the concentration of participants within the 23 to 30
age bracket reflects broader trends in the healthcare workforce,
suggesting a young and potentially dynamic cohort.

A study conducted by Roger Edwards from the
Department of Pharmacy Practice, Northeastern University,
Boston, showed that pharmacists have numerous opportunities
to educate the general public and parents about ideal infant
feeding throughout pre-pregnancy, pregnancy, delivery, and
postpartum periods. To understand potential roles for
pharmacists in supporting breastfeeding, the study delineated
pharmacist interventions into four durations: pre-pregnancy,
pregnancy, delivery, and postpartum (10). The significant
percentage  (55.1%) of pharmacists with personal
breastfeeding experience in our study echoes findings from
some previous investigations. However, it also underscores
the importance of considering personal experiences in the
development of supportive attitudes. Interestingly, the high
proportion of participants without children (70%) introduces a
distinctive feature not extensively explored in prior studies.
This demographic characteristic warrants further investigation
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to understand its potential impact on the support practices of
pharmacists.

When comparing our results on perceptions and
interventions with existing literature, both congruencies and
disparities emerge. The emphasis on education regarding the
health benefits of breastfeeding, identified by 65.9% of
pharmacists in our study during the pre-pregnancy stage,
aligns with the emphasis on knowledge dissemination found
in some previous research. However, the nuanced focus on
engaging parents in discussions about feeding during the
prenatal stage (42%) adds a unique dimension to the
understanding of pharmacists' roles, particularly given their
status as primary suppliers of infant products.

The identification of lactation-related query coverage as a
significant factor during the delivery stage (37%) resonates
with studies emphasizing the importance of timely and
accessible information. Conversely, the emphasis on serving
as an information resource for the "mother—baby dyad" during
the postnatal period (34.4%) introduces a broader, holistic
approach not extensively explored in previous literature.

Our study aligns with the global imperative to improve
breastfeeding practices, as highlighted by the WHO's
Millennium Development Goals. The U.S. Surgeon General's
Call to Action in 2011 and the subsequent endorsement by the
International Pharmaceutical Federation (FIP) underscore the
international recognition of pharmacists’ potential in
promoting breastfeeding (9).

Practicing pharmacists need support now, and changes to
undergraduate education are warranted to keep pace with
current developments and changes in practice (16). Notably,
our study fills a significant gap in the literature by focusing
solely on pharmacists' perspectives on the most important
interventions implemented to support breastfeeding mothers
in Jordan during their maternity years. Our goal is not only to
add substantial knowledge to this area, but also to lay the
groundwork for enhancing the role of community
pharmacists in maternal care by investigating and recording
their insights. This study has the potential to improve the
general support network for breastfeeding women in the
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Jordanian community by informing healthcare policies and
developing focused interventions.

CONCLUSIONS

While our findings align with certain patterns identified in
previous studies, the unique demographic characteristics and
nuanced perceptions uncovered in our investigation highlight
the evolving nature of pharmacist roles in breastfeeding
support. This study contributes valuable data to the existing
body of knowledge and provides a foundation for future
research and tailored interventions aimed at optimizing the
contributions of community pharmacists in this crucial
healthcare domain.
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ABSTRACT

The antioxidant activity was tested using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging method.
Antiamylase activity was evaluated through a colorimetric assay that employs 3,5-dinitro salicylic acid (DNSA)
as a substrate. Total phenolics and flavonoids content were quantified by the colorimetric method. The highest
yield from the extraction of G. ulmifolia leaves was obtained from the water extract (9.64%). The infusion showed
the most robust antioxidant and antiamylase activities (IC50 = 6.853 + 0.504 pg/mL and 261.03 + 6.83 pg/mL,
respectively). The highest total phenolics and flavonoids content were found in the ethanolic extract, with 69.848
+ 1.871 mg GAE/g extract and 118.854 + 1.001 mg QE/g extract respectively. Total phenolics and flavonoids
content significantly influenced the antioxidant activity, but not the antiamylase activity. In conclusion, infusions
were the best extraction method for obtaining high antiamylase activity, even though they did not yield the highest
total phenolics and flavonoids content. Further research is needed to identify the compound in G. ulmifolia leaf
infusions that contribute to antioxidant and antiamylase activities.

Keywords: Guazuma ulmifolia, extraction methods, antioxidant, antiamylase, phenol, flavonoids.

INTRODUCTION:

In Indonesia, the leaves of Guazuma ulmifolia, locally
known as jati belanda, have been used traditionally for
anti-obesity and anti-diabetic treatments [1]. The medicine
is prepared by boiling several leaves in water until the
volume is reduced to one quarter of the original quantity
[2]. Existing research supports the use of G. ulmifolia
leaves for anti-diabetic treatment, such as the study
conducted by Adnyana et al., which showed that a water
leaf extract has an anti-diabetic effect [3]. Similar results
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were shown by combining G. ulmifolia and Tecoma stans
to improve the glycaemic profile in patients with type 2
diabetes mellitus [4]. The anti-diabetic mechanism of G.
ulmifolia leaves was identified by Alonso-Castro et al.
who found that it stimulates glucose uptake [5]. Another
anti-diabetic mechanism is related to inhibiting amylase
activity, thereby reducing blood glucose levels due to the
limitation of saccharide digestion. Therefore, natural
products capable of inhibiting amylase have the potential
to be developed as anti-diabetic agents, including
polyphenols and flavonoids [6]. A relationship exists
between the number of hydroxyl groups on the B ring of
polyphenol ligands and amylase inhibition potential. This
hydroxyl group forms a hydrogen bond with the catalytic
residue of the enzyme binding site [7]. Furthermore,
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flavonoids have specific hydroxyl groups at C7 or C4' and
conjugated © bonds, forming hydrogen bonds that stabilise
the interaction between inhibitors (flavonoids) and the
residue of the enzyme. In addition, polyphenols such as
chlorogenic acid have also been reported to possess
amylase inhibitor activity through the formation of
quinone or lactone structures, or compounds with a 4-oxo-
pyrane structure [8].

Extraction is the primary step for obtaining bioactive
compounds from plant material with the diversity and
quantity of the bioactive compounds in the final extract
depending substantially on several factors, including the
method and solvent used [9]. Traditionally in Indonesia, G.
ulmifolia leaves are boiled with water in a decoction
process to produce a product known as "Jamu" [2].
Additionally, according to the Indonesian Pharmacopeia
4th Edition, the infusion of leaves is prepared by boiling
with water at 90°C for 15 minutes [10]. Both herbal
preparations, jamu, and infusion, are intended for use when
fresh. However, for the traditional medicine industry,
which prefers extracts in a dry form, these methods are
seen as inefficient due to the high cost of evaporating water
without damaging bioactive compounds. For this purpose,
organic solvents are often used to extract bioactive
compounds from plant materials to facilitate the drying
process, for instance, ethanol [11].

In this research, we examined the impacts of G.
ulmifolia leaf preparation methods, water extraction
according to "Jamu" preparation used typically in
Indonesia [2], infusion as per the Indonesian
Pharmacopeia 4th Edition [10], and ethanolic extraction,
which is commonly used by the industry [11], on their
antioxidant and antiamylase activities, as well as their
phenolics and flavonoids content. A previous study on the
antioxidant properties of G. ulmifolia leaves utilized
organic solvents, specifically n-hexane and ethyl acetate
[9], which are not commonly used for traditional
Indonesian medicine preparation. Our study focused on
extracts commonly used for Jamu preparation in the
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community, i.e., water, and the industry, i.e., ethanol, to
determine not only their antioxidant properties but also
antiamylase activity.

MATERIAL AND METHODS:

Sample preparation

The G. ulmifolia leaves were collected from Meru
Betiri National Park in Jember, Indonesia, and transported
to the University of Jember under the code of GUMB. A
voucher sample was sent to the Purwodadi Botanic
Garden, National Research and Innovation Agency of
Indonesia, in Purwodadi, East Java, for taxonomical
identification. The leaves were selected, washed, and dried
before being pulverized into a powder. The G. ulmifolia
leaves were then extracted using three different methods:
water extraction based on the traditional "Jamu"
preparation used in Indonesia [2] (termed as water extract),
an infusion according to the Indonesian Pharmacopeia 4th
Edition[10] (referred to as infus), and an ethanolic
extraction typically used by the industry [11] (commonly
known as ethanalic extract).

Water extraction

Water extraction was carried out using the traditional
method for "Jamu" preparation [2]. Specifically, a quantity
of dried leaf powder equivalent to 20 leaves was boiled
with three cups of distilled water (approximately 600 mL)
until the final volume was reduced to three-quarters of the
original. This was then freeze-dried, and the resulting dry
extract was used for further tests. The extract obtained was
referred to as the water extract.

Infusion

The infusion followed the Indonesian Pharmacopeia
4th Edition [10]. The process began with 10 grams of dried
leaf powder, which was extracted with distilled water at
90°C for 15 minutes. Once cool, it was filtered and freeze-
dried. This dry extract, known as infus, was used for the
subsequent tests.

Extraction with 70% ethanol

To create the ethanolic extract, 200 grams of G.
ulmifolia leaf powder was macerated with 1 liter of 70%
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ethanol in distilled water for 24 hours, occasionally stirring
during this period, before it was filtered. The residue was
then re-macerated twice, with the combined filtrate
concentrated using a rotary evaporator to produce a crude,
dried ethanol extract [11], referred to as the ethanolic
extract.

Antioxidant assay

The antioxidant assay was done using DPPH method?2.
A 0.5 mL of the test solution, i.e., the extract or positive
control (quercetin) at every concentration, was added to
0.5 mL of DPPH 50 pg/mL. For the negative control, the
test solution was replaced with 0.5 mL of methanol. The
mixed solution was incubated in a dark place for 15
minutes before its absorbance was measured using a
spectrophotometer at a wavelength of 517 nm.

The absorbance data obtained at each concentration
was used to calculate the percentage of DPPH scavenging
using Equation 1. A regression equation was plotted from
the sample concentration (X) to the percentage of DPPH
scavenging (y). The regression equation y = bx + a was
used to determine the 1C50 value using Equation 2.

A DPPH — A Solution test
Amylase inhibition (%) = x100%  (Equation 1)

ADPPH

I1Cs0 = (50 — a)/b (Equation 2)

Antiamylase assay

Evaluation of the antiamylase activity was executed on
sample solutions, i.e., the extract and positive
control/acarbose, as well as the negative control (without
inhibitor) [13]. Each 100 pL of the solution was added to
30 pL of the enzyme solution and incubated at 25°C for 15
minutes. A total of 250 pyL of the substrate was added,
followed by incubation at the same temperature and time.
The enzymatic reaction was stopped by heating the
mixture for 1 minute. A portion of 160 pL of the solution
was taken, and 80 pL of DNSA reagent was added, heated
on a hot plate for 5 minutes [13]. After cooling, 720 pL of

distilled water was added. A total of 100 pL of each
mixture of test solutions was added to 100 pl of distilled
water, and the absorbance was measured using a
microplate reader at a wavelength of 540 nm.

The absorbance data obtained at each concentration
was adjusted by the corresponding blank absorbance to
further calculate the inhibition of amylase using Equation
3. A regression equation was made from the series of
sample concentrations in the microplate reader (x-axis)
with the inhibition value (y-axis). The regression equation
y = bx + a was used to find the IC50 value as in Equation
2.

A Control (-) — A Solution test

Amylase inhibition (%) = x100% (Equation 3)

A Control (-)

The linear regression was constructed by plotting the
value of amylase inhibition against the extract
concentration. This linear regression was used to calculate
the 1C50 values of the extracts.

Total Phenolics Content Quantification

The total phenolics content was tested by reacting 50
pL of the extract or gallic acid standard with 1.25 mL of
Folin Ciocalteu reagent, which was then incubated for 6
minutes. The mixture was supplemented with 1.25 mL of
7% Na2CO3 and then re-incubated for 1 hour. The mixture
was subsequently transferred into a cuvette to measure its
absorbance at a wavelength of 725 nm [13, 14].

Total Flavonoids Content Quantification

The quantification of total flavonoids content was
performed by reacting 150 pL of the sample (either the
extract or quercetin as a standard) with 30 pL of 5%
NaNO2, 30 pL of AICI3 10%, and 400 pL of distilled
water. The mixture was incubated for 6 minutes before
adding 200 pL of 1N NaOH and 240 uL of distilled water.
After homogenization, the absorbance of the solution was
measured at a wavelength of 415 nm [14].
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Statistical Analysis

The results were reported as mean + standard deviation
(SD). The regression method was used to calculate the IC50
of antiamylase and antioxidant activities. Least Significant
Difference (LSD) was used to analyze significant
differences among the mean values. Multiple regression
analysis was used to evaluate the relationship between total
phenolic and flavonoids content on antioxidant and
antiamylase activity, and the relationship between total
phenolic and flavonoids content and antioxidant activity on
antiamylase activity. Pearson correlation was used to
determine the contribution of total phenolic and flavonoids
content to antioxidant and antiamylase activity. Values of p
< 0.01 were considered significant.

12

10 9.64

yield extract (%)
D

Nuri et al.

RESULTS AND DISCUSSION:

The yield of the extract

The yields from the water extract, infus, and ethanolic
extract of G. ulmifolia leaves are summarized in Figure 1.
Extraction yield (mass of extract/mass of dried leaves powder)
was used as an indicator of the efficiency of the extraction
methods. The results showed that the highest yield was
obtained from water extraction (9.64%), followed by infusion
(8.96%) and ethanol extraction (5.92%). These results are
consistent with previous reports showing that the yield of
extraction with water is higher than that of ethanol [15]. The
primary metabolites in G. ulmifolia leaves, such as proteins and
carbohydrates (xanthan gum), coexist with secondary
metabolites but are produced in larger quantities [16]. These
primary metabolites are polar and therefore more soluble in
water, which may explain why the yield of water extract and
infusion was higher than that of the ethanolic extract [15].

8.957

5.917

water extract

infus ethanolic extract

Figure 1. The yield of extract

Antioxidant activity

The results of the antioxidant activity test showed that
all three extracts exhibited concentration-dependent
antioxidant activity (Figure 2). Although all extracts
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demonstrated very strong antioxidant activity based on
their inhibition of DPPH, infus exhibited the best
antioxidant activity (Table 1).
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Figure 2.: Correlation concentration of quercetin (a), water extract (b), infus (c), and ethanolic extract (d) of G.
ulmifolia leaves and DPPH scavenging. All samples are linear, the higher the concentration, the higher the DPPH
scavenging activity (p < 0.01).

Table 1. ICso of antioxidant activity

Samples ICso (ng/mL)* | Antioxidant activity category?
Quercetin 1,945 £ 0,021* | very strong
Water extract of G. ulmifolia leaves 9,811 +0,805" | very strong
Infus of G. ulmifolia leaves 6,853 + 0,504¢ | very strong
Ethanolic extract of G. ulmifolia leaves | 16.070 + 0.497¢ | very strong

*Data are presented as means + SD (n = 3), different notation showed significant difference (p<0.01)
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Antiamyase activity

The impact of each extract on amylase inhibitory
activity was evaluated. The test results indicated that the
percentage of enzyme inhibition increased with the
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concentration of the extract (Figure 3). Although no
significant difference was observed between the water
extract and ethanolic extract, infus demonstrated the most
potent antiamylase activity (Table 2).
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R*=0.9346
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(d)

Correlation concentration of acarbose (a), water extract (b), infusion (c), and ethanolic extract (d) of G.
ulmifolia leaves and a-amylase inhibition. All samples are linear, the higher the concentration, the higher the
amylase inhibition activity (p < 0.01).

Table 2. 1Cso of a-amylase inhibitory activity

Samples 1Cs0 (ng/mL)*
Acarbose 3,609 + 0,383
Water extract of G. ulmifolia leaves 318,273 + 43,514°
Infus of G. ulmifolia leaves 261,030 + 6,829°
Ethanolic extract of G. ulmifolia leaves 291,674 + 8,205°

*Data were presented as means = SD (n = 3), different notation showed significant difference (p<0.01).
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Total Phenolics Content

The total phenolics content of the extracts was calculated
from the gallic acid standard curve using the correlation
equation y = 0.1732x + 0.0112 with a coefficient of
determination R2 = 0.9916. Table 3 shows the total phenolics

content for the water extract, infus, and ethanolic extract. The
ethanolic extract contained the highest amount of total
phenolics, followed by infus and the water extract. Ethanol is
a selective solvent and extracts more phenolic compounds
compared to water [15].

Table 3. Total Phenolics Content

Samples TPC (mg GAE/g extract)*
Water extract of G. ulmifolia leaves 27,503 + 5,4622
Infus of G. ulmifolia leaves 40,772 + 2,504°

Ethanolic extract of G. ulmifolia leaves | 69,848 + 1,871¢

*TPC = total phenolics content. Data were presented as means + SD (n = 3), different notation showed significant difference

(p<0.01)

Total Flavonoids Content

The total flavonoids content was calculated from the
quercetin standard curve using the correlation equation y
= 0.0141x + 0.0966 with a coefficient of determination R2
= 0.9978. Table 4 shows the total flavonoids content for

the water extract, infus, and ethanolic extract. Similar to
the total phenolics content, the ethanolic extract had the
highest total flavonoids content, followed by infus and the
water extract. Ethanol is also more selective in extracting
flavonoids compared to water [15].

Table 4. Total Flavonoids Content

Samples

TFC (mg QE/g extract)*

Water extract of G. ulmifolia leaves

32,926 + 0,477°

Infus of G. ulmifolia leaves

46,203 + 2,449°

Ethanolic extract of G. ulmifolia leaves | 118,854 + 1,001?

*TFC =total flavonoids content. Data were presented as means + SD (n = 3), different notation showed significant difference (p<0.01)

Correlation between Total Phenolics Content and
Total Flavonoids Content on Antioxidant and
Antiamylase Activity

Multiple regression analysis (Table 5) showed that
total phenolics and flavonoids content did not concurrently
affect the antioxidant (F-test was 9.183, less than F-table
value of 10.295) nor the antiamylase activity (F-test was
0.137, less than F-table value of 10.295). Similarly, total
phenolics, total flavonoids, and antioxidant activity did not
affect the antiamylase activity (F-test was 2.123, less than
F-table value of 7.519). The t-test of each dependent
variable on each independent variable (Table 5) was less
than t-table at a 99% confidence level, suggesting that they

were not independently affecting or partially affecting the
dependent variable.

The Pearson analysis results (Table 6) showed that total
phenolics content was strongly correlated with antioxidant
activity (Pearson correlation value of 0.868) but did not
correlate with antiamylase activity (Pearson correlation value
of -0.126). Total flavonoids content strongly correlated with
antioxidant activity (Pearson correlation value of 0.864) but
did not show correlation with antiamylase activity (Pearson
correlation value of -0.145). Furthermore, antioxidant activity
was uncorrelated with antiamylase activity (Pearson
correlation value of 0.244).
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Table 5. Multiple Regression Analysis Results

Nuri et al.

Dependent variable* Antioxidant Antiamylase Antiamylase
Independent variable Frest Frable Frest Frable Frest Frable
Total phenolic content
- 9.183 | 10.295 | 0.137 10.295
Total flavonoids content 2.123 | 7.591
Antioxidant
ttest Ttable test Ttable Test ttable
Total phenolic content 0.423 0.377 0.088
Total flavonoids content 0.097 289 -0.418 289 -0.658 | 2.718
Antioxidant 2.423
*Data was analyzed using p 0.01
Table 6. Pearson analysis results
Dependent variable Antioxidant Antiamylase
Independent variable Pearson corr. Sig. Pearson corr. Sig.
Total phenolic content 0.868* 0.002 -0.126 0.747
Total flavonoids content 0.864* 0.003 -0.145 0.709
Antioxidant 0.244 0.527

* Correlation is significant at the 0.01 level (2-tailed).

Based on the results, it is clear that infusion is the
superior extraction method when looking to achieve the
best antioxidant (Table 1) and antiamylase activities
(Table 2). The lower the 1C50, the higher the activity.
Evidence supports that the main components of potential
antioxidants are flavonoids and phenols [17]. However,
this extraction method did not yield the highest total
phenolics (Table 3) and flavonoid content (Table 4), which
suggests that the antioxidant and antiamylase activities of
the G. ulmifolia leaf infusion may be influenced by other
bioactive compounds (Table 5). It has been stated that the
presence of alkaloids and saponins in plants is particularly
significant in the pharmaceutical field [18]. Alkaloids and
saponins present in G. ulmifolia leaves could contribute to
its antioxidant property. Some alkaloids,
carbazomadurin A and B, cordifoline, carquinostatin A,
oleracein A, B, and E, have proven scavenging activity
against DPPH free radicals. The major factor influencing

such as
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the antioxidant activity of alkaloids seems to be the
number of aromatic hydroxyl groups [19]. The antioxidant
activity may also be facilitated by saponins. There is a
correlation between saponins and antioxidant activity,
including the scavenging activity on DPPH free radicals
[20].

The antiamylase activity of G. ulmifolia leaves infus is
likely contributed by other metabolites besides phenolics
and flavonoids. Alkaloids (such as broussonetine and
radicamin) and triterpene saponins (such as arjunolic acid)
are examples of non-phenolics and flavonoids secondary
metabolites that can inhibit amylase enzymes [21].
According to the results of another study, ethanolic
extracts with the highest concentration of total phenolic
and flavonoid did not exhibit the best amylase inhibitor
activity. Several active phytochemicals, including terpenes
and flavonoids, among others, are thought to be
responsible for the extract's potential anti-diabetic activity,
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although this is not yet certain [22]. It has also been
demonstrated that primary metabolites like gum tragacanth
can inhibit amylase [23].

Contrarily, the ethanolic extract's total phenolics and
flavonoids content was higher than that of the water extract
and infus. Since phenolic compounds and flavonoid
aglycones are semi-polar and dissolve in ethanol, the
ethanolic extract, despite having the lowest yield, has the
highest total phenolics and flavonoids content [24]. The
yield from water extraction was higher than that from
infusion. As previously stated, a water extract was made
by heating to 100 °C (boiling water), whereas an infusion
was produced by heating to 90 °C (in a water bath). These
findings demonstrate that temperature impacts extraction
results. An increase in temperature can improve extraction
outcomes by increasing the solubility of secondary
metabolites in dried leaf powder [15].

Considering its antioxidant and antiamylase activity,
this study justifies the use of G. ulmifolia leaves in
traditional medicine for diabetes management. This
implies a direct use, as traditionally done in Indonesia,
using the infusion method, not with other organic solvent
[9]. Therefore, these leaves could serve as an alternative or
complementary strategy for managing diabetes and could
potentially be a raw material for developing anti-diabetic
drugs in the future. Thus, further research is needed to
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determine which compounds in G. ulmifolia leaves
infusion contribute to antioxidant and antiamylase
activities.

CONCLUSION:

In conclusion, extraction methods impact the ability to
scavenge free radicals, but not the ability to inhibit
amylase. These methods also affect the total phenolic and
flavonoid content. Infusion is the most effective method to
obtain an extract with the best antioxidant and antiamylase
activities, although it does not yield an extract high in total
phenolic and flavonoid content. Nevertheless, further
research is needed to determine which compounds in G.
ulmifolia leaves infusion contribute to both antioxidant
and antiamylase activities.
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ABSTRACT

Aims: This study aimed to investigate the synergistic anti-inflammatory effects of combined essential oils from
Melaleuca alternifolia and Citrus hystrix peel.

Methodology: An emulsion-based gel containing combined essential oils from Melaleuca alternifolia and Citrus
hystrix peel was topically applied to the injected area of the carrageenan-induced hind paw edema mouse model.
Diclofenac sodium was used as a positive control. The inhibition percentage of protein denaturation in all mice
was assessed and calculated based on paw volume (Pv).

Results: The highest inhibition percentage, recorded at the third hour in the carrageenan-induced hind paw edema
mouse model, was 44.76%, achieved by the mice treated with combined essential oils. This was followed by
diclofenac-treated (37.14%), tea tree essential oil-treated (27.62%), and kaffir lime peel essential oil-treated mice
(20.10%). A similar trend was observed after 24 hours of treatment, with the anti-inflammatory activity of
combined essential oils-treated mice recorded at 46.74%, followed by diclofenac-treated (35.87%), tea tree
essential oil-treated (24.97%) and kaffir lime peel essential oil-treated mice (11.97%).

Conclusion: These findings confirm the synergistic anti-inflammatory effects of the combined essential oils-
incorporated emulsion-based gel on the carrageenan-induced hind paw edema mouse model.

Keywords: Melaleuca alternifolia, Citrus hystrix, essential oil, anti-inflammation, carrageenan-induced, edema.

INTRODUCTION

According to the World Health Organization (WHO),
medicinal plants could become the best source to obtain a
variety of medicine [1]. Approximately 80% of individuals
from developed countries use traditional medicine, which
contains compounds derived from medicinal plants [2].
Essential oils are aromatic oily liquids (also known as volatile
oils) obtained from plant materials (flowers, buds, seeds,
leaves, twigs, bark, herbs, wood, fruits, and roots) [3]. Of the
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estimated 3,000 known essential oils, some have been used
for the treatment of various diseases while others have been
utilized in food preservation or fragrance industries. Essential
oils and their components are gaining increasing interest due
to their ready availability, non-toxicity, and safety.
Melaleuca alternifolia (M. alternifolia) essential oil or
tea tree oil (TTO) is a mixture of natural volatile
constituents mainly extracted from the leaves of M.
alternifolia, an evergreen shrub growing up to 6 m,
predominantly found in Australia [4,5]. TTO is naturally
present throughout the year in the leaf, but only found in
the flower in June. TTO is recognized as a potential agent
against microbial species and is now commonly used in
pharmaceutical and cosmetic applications. TTO consists
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of many terpenes and their derivatives, of which terpinen-
4-ol, a-pinene, linalool, and a-terpineol are considered the
most important components having an antimicrobial effect
[6, 7]. As revealed in prior studies, TTO exhibits a wide
spectrum of antimicrobial activity against pathogenic
microorganisms including Gram-positive and Gram-
negative bacteria, yeasts, and fungi. Additionally, TTO has
shown promise as a growth-inhibiting agent against multi-
resistant microbes. Furthermore, TTO has been found
effective in reducing inflammation, and is consequently
widely incorporated as an active ingredient in numerous
topical formulations for the treatment of various skin
conditions such as wounds, acne, and contact dermatitis
[8]. Given that high concentrations of TTO have been
linked to irritation and side effects in humans, the
combination of TTO with another essential oil such as
Citrus limon leaves, Piper nigrum leaves [9], or Piper
beetle leaves [10] is being researched. This can potentially
lower the required dosage of TTO while also enhancing
the therapeutic efficacy of blended essential oils.

Citrus hystrix (C. hystrix), or kaffir lime, is an
evergreen shrub that grows up to 3 meters at a moderate
rate. Its flowers are pollinated by insects and are self-
fertile. Essential oil from the peel of C. hystrix, or kaffir
lime peel essential oil (KPO), has been found to possess
various significant biological activities and is touted for
topical applications. Moreover, the essential oil derived
from the peels and leaves is extensively used in the
cosmetics and pharmaceutical industries, due to their
significant pharmacological properties. These properties
are primarily attributed to major phyto-constituents
present in KPO, including pB-pinene, a-pinene, D-
limonene, and terpinen-4-ol [11, 12]. Additionally, KPO
demonstrates inhibitory effects on human skin enzymes,
including tyrosinase and hyaluronidase [13]. According to
the Food and Agriculture Organization (FAQO) statistics,
roughly 60% of 998.7 thousand tons of citrus fruit waste is
discarded per year in Vietnam [14]. Hence, using the waste
peel from citrus fruits has gained considerable interest
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from researchers, due to its environmentally friendly
nature, for developing C. hystrix-based healthcare
products like soap [15] and mouthwash [16]. This study
was primarily focused on investigating the synergistic
anti-inflammatory efficacy of a gel incorporating a
combination of tea tree and kaffir lime essential oils.

MATERIALS AND METHODS

Chemicals and Reagents

All chemicals were procured from the Pharmaceutical
Chemistry  Laboratory and Applied Biochemistry
Laboratory of the Applied Biochemistry Department in
International University Ho Chi Minh City, Vietnam.
Carrageenan, triethanolamine (TEA), bovine serum
albumin (BSA), Tween 80, and Carbomer 940 were
bought from Sigma-Aldrich (USA). Phosphate buffered
saline (PBS) buffer was prepared by dissolving a PBS
tablet from Merck (Germany) in 1 liter of deionized water.
Glycerol was a product of Merck (Germany), and
Diclofenac sodium 75 mg/3mL was a product of Voltaren
(Novartis, Switzerland). All chemicals and reagents were
stored according to stringent regulations and freshly
prepared with distilled water at desired concentrations for
experimental purposes.

Extraction of Essential Oils

Fresh M. alternifolia leaves and C. hystrix peels were
collected from a farm in Southern Vietnam, then
thoroughly washed with running water to eliminate
potential contaminants. The plant materials were air-dried
and cut into small pieces prior to the extraction of the
essential oil. These fresh plant materials were subjected to
microwave-assisted extraction using a NEOS Milestone
appliance for 90 minutes under the power of 900 W (yields
an extract temperature of 100-110°C) [17, 18]. The
resulting volatile oils were stored in amber vials and
refrigerated at 4°C until analysis.

In vitro Anti-inflammation Assay

The anti-inflammatory properties of KPO and TTO
were evaluated using a modified anti-protein denaturation
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of the bovine serum albumin assay [19]. This assay was
prepared by mixing 0.5 mL of test solution, comprised of
0.45 mL of BSA (5% w/v aqueous solution), and 0.05 mL
of each essential oil at varying concentrations. Diclofenac
sodium was chosen as a positive control, while de-ionized
water was used as a negative control. All solutions were
adjusted to a pH of 6.3 using 1N hydrochloric acid
(109057, Merck, Germany). The samples were incubated
at 37°C for 30 minutes, after which the temperature was
increased to 57°C for another 3 minutes. Subsequently, the
reaction mixture was allowed to cool at room temperature
before adding 2.5 mL of PBS buffer. The absorbance was
recorded at 660 nm using a spectrophotometer (Therma
Scientific, USA) and a BioTek Synergy HT microplate
reader. The percentage of inhibition of protein
denaturation was calculated using the following formula:

Abs control solution-Abs test solution

0 G
70 Inhibition Abs control solution

The calibration curve was established using the

regression equation y = bx + a. The anti-inflammatory

activity of the essential oil was expressed as an 1C50 value

(ng/mL), which represented the concentration of essential

oil causing 50% inhibition of protein denaturation. This
was then compared with a sample containing the reference
drug, diclofenac sodium 75 mg/mL.

Emulsion-based Gel Formulation

The emulsion-based gel, referred to as "emulgel," was
formulated following the design protocol of Wulansari,
Jufri, & Budianti, 2017 [20]. It was prepared in two phases
using the basic ingredients as detailed in Table 1. The oily
phase was prepared by dissolving Tween-80 in distilled
water, followed by the addition of the essential oils (either
KPO and TTO separately or in combination). Glycerol was
added to this mixture and homogenized at 2,000 rpm for
15 minutes. In a separate container, Carbomer 940 was
dispersed in distilled water before the addition of TEA to
attain a pH in the range of 5.0-6.5. The preparation of the
emulgel continued as the oily phase was combined with
the aqueous phase under continuous agitation. This was
completed by adding distilled water to make up 100 g of
the mixture. The combination was homogenized using a
homogenizer for 30 minutes until a smooth, clump-free gel
with good integrity was obtained. The resultant gel
formulations were transferred into sterile airtight
containers, sealed, and stored in a cool area.

Table 1. Formulation of emulgel

Ingredient Amount (%)
Oily phase Tween 80 30.00
Glycerol 20.00
Essential oil (individual or combined) | KPO: 3.501 g
TTO: 27179
Aqueous phase | Carbomer 940 1.00
TEA pH adjuster
Distilled water Qs. 100%

Evaluation of Emulgel Formulation

Physical Evaluation

Physical characteristics including color, odor and
feeling [21] of application of prepared emulgel were noted.

Determination of pH

The pH values were determined using a digital pH
meter [20]. This was done by dissolving 1 g of the emulgel
sample in 100 mL of deionized water. Before the pH
measurements, the pH meter was calibrated using standard
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buffer solutions (pH 4, 7, and 10). Each preparation was
measured in triplicate.

Homogeneity

The sample was subjected to visual observation by
smearing it on microscope slides at three different
temperatures (4, 25, and 37 °C) [22]. The presence of any
clumps or disintegration would be considered a sign of
heterogeneity [23, 24, 25].

Viscosity

The viscosity of the preparation was measured using a
Brookfield viscometer Model RV-E with a spindle S64, at
a rotation rate of 0.6 rpm at 4, 25, and 37°C [26].

Spreadability

Spreadability was determined using an apparatus [27]
made up of a wooden block controlled by a pulley, based
on the slip and drag characteristics of the gel. An excess of
gel (about 2 g) was placed on a fixed slide. This gel sample
was then sandwiched between this slide and another of the
same dimensions attached to a hook. A 1-kg weight was
placed on top of the two slides for 5 minutes to expel air
and provide a uniform gel film between the slides. The
excess gel was scrapped off from the edges. The top plate
was then subjected to a pull of 80 g. Spreadability was
calculated using the following formula:
S=MXxL/T
Where S = Spreadability; M = Weight in the pan (tied to
the upper slide); L = Length moved by the glass slide; and
T = Time (in seconds) taken to separate the upper slide
from the ground slide.

Stability

The stability of the sample was evaluated by observing
changes in appearance, homogeneity, pH, spreadability,
and viscosity at 25°C for a duration of 2 months.

Animal Preparation for Testing

Albino Wistar mice of either sex, weighing 27 + 2 g,
were procured from the Pasteur Institute (Ho Chi Minh,
Vietnam) and allowed to acclimate in experimental
conditions for a week. All animals were approved and
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maintained according to the Animal Experimental
Handbook at the Cellular Reprogramming Laboratory,
International University, Vietnam National University of
Ho Chi Minh City (http://crl.bio.hcmiu.edu.vn/about-
us/facilities/) [28] and in accordance with the Guide for the
Care and Use of Laboratory Animals (8th edition) [29].
Mice were kept in a controlled environment with a light
and dark cycle of 12 hours, provided a standard diet and
water ad libitum. Animals were fasted for 24 hours
preceding the assay.

Skin Irritation Assay

The intact skin of the prepared mice was used to create
an animal model. Back hairs were removed three days
before the experiment. Animals were treated with the
prepared emulgel daily for a week before the erythema and
edema on the treated skin were examined [27, 30]. The
Primary Dermal Irritation Index (PIl1) was calculated based
on the number of erythema scores recorded for each period
of time in order to classify the degree of irritation [31]:

PIl =

[(Z erythema scores at 1/24/48/72h/day 7 + £ edema scores at 1/24/48/72h/day 7)]
5 X number of mice

Induction of Hind Paw Edema by Carrageenan and
Assessment of Anti-inflammatory Activity on Mice Model

Mice were randomly divided into six groups of eight (n
= 8). Group | was the physiological group (normal mice).
Group Il was treated with 5 mg/kg body weight of
diclofenac (positive control). Group 1l was treated with
the emulgel incorporating combined essential oils. Group
IV was treated with the KPO-incorporated emulgel, while
group V was treated with the TTO-loaded emulgel. Group
VI was the negative control group. The induction of hind
paw edema in mice was conducted by injecting 50 pL of
1% wi/v carrageenan in saline solution into the plantar side
of the right hind paw of the mice, one hour before each
experiment. A test sample, consisting of 0.2 g of the
emulgel or diclofenac, was topically applied onto the
injected area of the hind paw and gently rubbed in using a
gloved finger. Paw volume (Pv) was measured using a
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Plethysmometer (Ugo Basile, Italy) at 0, 3, and 24 hours
after administration. The percentage of inhibition of
protein denaturation was calculated based on Pv using the
following formula:

(Pv control — Pv test)

x 1009
Pv control %

% Inhibition =

RESULTS AND DISCUSSION
In vitro Anti-inflammation

Statistical Analysis

All experiments were conducted in triplicate. All
values were reported as mean = SD (standard deviation)
and compared using an analysis of variance (ANOVA) for
single-factor experiments. This was followed by Tukey’s
test to examine the significant difference between
experimental data. Values with p < 0.05 were considered
statistically significant.

120
100
80 _
—&— Diclofenac
60 7 ,/_-o—/"—'. —e—KPO
40 = TTO
20
0
0 20 40 60 80 100
Calibration curve R? I1Cso (ng/mL)
Diclofenac Y =0.8429 X + 35.092 0.9575 17.67 £0.023
KPO Y =0.3199 X + 38.797 0.9172 35.01 £0.024
TTO Y =0.8103 X + 27.977 0.9593 27.18 £0.028

Figure 1. In vitro anti-inflammatory activity of essential oil (KPO and TTO)

Figure 1 displays the concentration-dependent anti-
inflammatory activity of essential oils against BSA
denaturation. The reference drug, diclofenac sodium,
exhibited potent anti-inflammatory activity, boasting the
highest ICso value of 17.67 + 0.023 pug/mL. Meanwhile, TTO
also demonstrated significant inhibition against protein
denaturation with an 1C50 value of 27.18 + 0.028 pg/mL.
This is in alignment with the value reported by John R.R et al.
2017 [32] which listed an IC50 value of 29.391 pg/mL. In
contrast, KPO showed the least potential in preventing protein
denaturation, with an 1C50 value of 35.01 + 0.024 pg/mL.

Physiochemical Evaluation of Emulgel

The emulgel was a shiny, jelly-white product that spread
easily and had a firm, smooth texture. It possessed the specific
aroma of eucalyptus and citrus peel (Figure 2). All emulgels
produced a cooling sensation and adhered well to the skin, yet
they could be easily removed with tap water. The pH of the
prepared emulgel was slightly acidic (5.95 + 0.055), which
enhances permeability as it falls within the human skin pH
range of 4.5-7.0 [33, 34]. All prepared emulgels exhibited
good homogeneity upon visual and microscopic examination,
and the average viscosity index was comparable to previous
studies [35, 36]. Moreover, emulgels maintained their
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homogeneity at different temperatures of 4, 25, and 40°C.
Generally, all emulgels met the acceptable consistency
conditions for application.

Figure 2. Emulgel state recorded at 25 oC

Stability Evaluation

The stability test confirmed that there were no
statistically significant changes at room temperature
(250C) in pH (p = 0.489), viscosity (p = 0.512), and
spreadability index (p = 0.648) (Table 2). The pH was
observed to be under 6.0, which is considered acceptable
to avoid the risk of irritation upon application to the skin.
Thus, the formulation can be used in further effectiveness

Thanh Kim Nguyen Le et al.

or clinical evaluations and scaled up for stability
assessments in research and development scenarios.

Table 2. Stability of emulgel for a 2-month duration at 25°C
Day0 | Day15 | Day30 | Day45 | Day 60
Smooth, jelly white, well-homogenized, and greasy

when applied.

595 +|588 £|583 =*|565 =£|595 =
0.055 0.087 0.046 0.562 0.161
Viscosity 4767.67 |4718.33 |4760.33 |4745.33 |4716.33
(cPs) +88.94 |£22.74 |+40.67 |+£2237 |+4264
Spreadability | 10.83 +|10.83 +|11.33 +[10.93 +|10.80 +
(kg.m/s10) | 0.06 0.23 0.15 0.06 0.36
Each value represents the mean + SD (n = 3); p > 0.05.

Organoleptic

pH

Acute Skin Irritation

Skin irritation is characterized by the formation of
erythema and edema, with the level of irritation calculated
based on the PIl [31], as presented in Table 3. As no
erythema or edema was recorded on the mice throughout
the test, the calculated Pl was 0, indicating no irritation.
The hair on the mice's backs was observed to grow
normally after 7 days of the test.

Table 3. Skin irritation testing of emulgel

Irritation Score 24 h 48 h 72h 7 days
Erythema No case No case No case No case
Edema No case No case No case No case
Pl 0.0 0.0 0.0

L

clkll s

Mouse’s skin after shaved

Mouse’s skin after 1-week assay
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Anti-inflammatory  Activity of Emulgel on
Carrageenan-induced Hind Paw Edema in Mice

The volume of the mice's hind paws was measured at 3
and 24 hours after carrageenan injection, and the level of
inflammation reduction in all groups of mice was recorded,
as summarized in Table 4. In general, there was a

statistically significant difference in the inhibition
percentage of protein denaturation among the tested
groups after 3-hour treatment. However, there was no
statistically significant difference within each of the six
groups when comparing data obtained between the 3-hour

and 24-hour treatments.

Table 4. Paw volume was documented in testing on carrageenan-induced hind paw edema in mice.

Group of mice (n = 8) 3h . 24h .
Pv (mL) |% Inhibition| Pv (mL) |% Inhibition

| 1.05 + 0.05 0.00 0.92 + 0.04 0.00

] 0.66 £ 0.05 37.14 0.59 £ 0.05 35.87

] 0.58 £ 0.05 44.76 0.49 £ 0.03 46.74
v 0.84+0.01 20.10 0.81+0.05 11.97

\% 0.76 £ 0.03 27.62 0.69 £ 0.03 24.97
VI 0.93+0.06 11.43 0.88 +0.05 4.35

Each value represents the mean + SD (n = 8); p <0.05

The emulgel loaded with a combination of essential oils
significantly reduced the level of inflammation in a
carrageenan-induced hind paw mouse model, compared to
both the physiological control group and the negative control
group. The combined essential oil emulgel demonstrated anti-
inflammatory effects similar to those of diclofenac sodium.
Conversely, the emulgel base alone was incapable of
reducing inflammation compared to the physiological
control. Both individual essential oils, TTO and KPO,
displayed substantial inflammation reduction when compared
to the physiological and negative control groups. However,
samples that contained the combined essential oils
demonstrated significantly higher anti-inflammatory activity
in the carrageenan-induced hind paw edema mouse model
compared to the samples loaded with a single essential oil.
This effectively showcases the synergistic anti-inflammatory
properties of the combined essential oil-loaded emulgel. After
the third hour, the largest recorded percentage of
inflammation inhibition was 44.76% vyield by the group
treated with the combined essential oils. This was followed in
succession by the diclofenac-treated group (37.14%), TTO-

compared to control (I and VI)

treated group (27.62%), and KPO-treated group (20.10%). A
similar trend was also observed after a 24-hour treatment
period, with the anti-inflammatory activity of the combined
essential oils-treated group recorded at 46.74%, followed by
the diclofenac-treated group (35.87%), TTO-treated group
(24.97%), and KPO-treated group (11.97%).

The data obtained from the current research demonstrated
that the combination of TTO and KPO exhibited more
pronounced anti-inflammatory effects on the carrageenan-
induced hind paw edema mouse model than did a single
essential oil. It is noteworthy that carrageenan-induced hind
paw edema is a conventional in vivo model for acute
inflammation [37]. This model is typically used to investigate
new anti-inflammatory agents and drugs derived from natural
sources. The inflammation induced by carrageenan is usually
characterized by the release of inflammatory and pro-
inflammatory mediators, including prostaglandins, cytokines,
histamines, and bradykinins. Inflammation also involves the
overproduction of free radicals, such as reactive oxygen species
(ROS) and reactive nitrogen species (RNS) and may activate
certain enzymes like cyclooxygenase (COX). According to
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previous studies, the anti-inflammatory efficacy of essential
oils can be largely attributed to the main components present in
both KPO and TTO, including terpinen-4-ol, y-terpinene, a-
terpinene, p-cymene, a-terpineol, limonene, eucalyptol,
citronellal, B-pinene, and sabinene. These phyto-components
have been extensively studied using modern techniques and
their mechanisms of action have been partially elucidated,
playing a key role in interaction with components resulting
from inflammation induced by carrageenan. Our findings
contribute to the scientific understanding of herbal medicine
and highlight the considerable potential of the synergistic anti-
inflammatory effectiveness of combined essential oils from
KPO and TTO. This combination could be potentially utilized
in developing plant-based therapeutic agents for the topical
treatment of various skin conditions, particularly those related
to the immune system, such as atopic dermatitis.

CONCLUSION
In conclusion, this research demonstrates the
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ABSTRACT

Objective: Energy drinks are gaining popularity, and their consumption is associated with adverse effects. This
study aims to explore the level of knowledge regarding energy drinks among medical students and the practices
of those students who consume these products.

Methods: A cross-sectional, questionnaire-based study design was adopted for this work. The survey was
distributed among students of medical colleges at the University of Mosul to assess their knowledge and practices
regarding energy drinks.

Results: A total of 1298 students participated in the study, with 60% being females. Most of the students (89%)
knew what energy drinks are, but only 42% knew their ingredients. Almost all the students (95%) were aware that
energy drinks have adverse effects, but only a few knew about any beneficial effects these products might have.
Only 30% of the participants admitted to consuming energy drinks, with more than half of those students drinking
less than five cans monthly. Sugar-containing products were more favored than sugar-free ones, and Tiger™ was
the most preferred brand of energy drinks among students. Forty-one percent of the energy drink-consuming
students reported experiencing side effects. The knowledge of the side effects of energy drinks was the most
commonly reported reason for not consuming these beverages. Older male students in their last two years of study
and those living within the city were found to be more knowledgeable about energy drinks.

Conclusions: The level of knowledge regarding energy drinks was low, which should be a cause for concern,
especially given the increasing popularity of energy drinks and the marketing campaigns targeting youth.
Keywords: Energy drinks, Tiger™, Knowledge, EDs consumption, Practice.

INTRODUCTION

"Energy drinks" (EDs) is the term given to beverages
that are sold with the claim of boosting consumers’
through their containment of caffeine in conjunction with a
variety of other ingredients [1]. Despite the fact that the term
"energy drinks" is not officially recognized by the American
Food and Drug Administration (FDA) or the United States

Department of Agriculture (USDA), these beverages

energy”’
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represent a multibillion-dollar market and have gained
increasing popularity in recent years, thus making them the
fastest-growing sector in beverage sales [1-3]. A wide
variety of brands and flavors of EDs are available in the
market [4], all reputedly able to increase consumer energy
through their content of stimulants and energy enhancers
such as caffeine, guarana (a plant rich in caffeine), taurine,
vitamins, sugar, ginseng, gingko biloba, among others [5].
Energy drinks are specifically marketed towards certain
demographic segments such as truck drivers, university
students, athletes, and other sectors of society that require an
“energy boost“ [6]. Some of the benefits attributed to

© 2024 DSR Publishers/The University of Jordan. All Rights Reserved.
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consumption of EDs in these populations include improved
mental and physical capabilities, increased athletic
endurance and energy, enhanced learning ability, ability to
maintain wakefulness for longer periods, faster reaction
times, improved emotional health, and better driving skills
[7]. However, the use of EDs also carries associated risks.
Documented adverse effects of EDs include impacts on the
cardiovascular system like palpitations and increased blood
pressure [8], effects on the central nervous system such as
restlessness, sleeping disturbances, and acute psychosis
[5,9-11], the renal system (e.g., metabolic acidosis) [11,12],
the endocrine system (e.g., obesity, hyperinsulinemia,
decreased insulin sensitivity) [5,13,14], along with
gastrointestinal upset, peptic ulcer [15,16], and increased
dental erosion [17].

Despite the harmful effects of EDs, many individuals
consume them excessively, leading to suggestions that
warning labels should be placed on packaging [10, 18].
This is particularly common among university students,
who often ingest high quantities of EDs to manage the
stress  associated  with  studying,  assignments,
examinations, and extended periods of separation from
their families. Furthermore, many of these students are
uninformed about the detrimental consequences these
beverages can provoke—instead, they remain captivated
by their stimulating effects [18-22].

Aligning with logical expectations, pursuing a degree
in a medicine-related field should theoretically reduce the
consumption of EDs since such students would learn about
these beverages' harmful impacts—a proposition
supported by existing literature [23]. Accordingly, this
study strives to evaluate the level of knowledge regarding
EDs among medical university students and to understand
the practices these students adopt concerning these
beverages in the city of Mosul, Iraq.

METHODS

A survey was conducted among medical college students
at the University of Mosul to assess the knowledge and
consumption practices related to EDs. Google Forms was
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utilized to create and disseminate the questionnaire. The
survey was composed of three sections: the first comprised
seven questions that collected sociodemographic data (age,
gender, year of study, residence, sleep duration, sleep
regularity, and students' weekly income).

The second part assessed the participants' knowledge
about EDs, their constituents, and their effects on the body,
using 18 questions. Participant knowledge was assessed by
assigning a score of "1" for each correct answer and "0" for
each incorrect answer, yielding a potential knowledge score
range of 0 to 18. The median-split method [24] was employed
to categorize students based on their scores into groups with
either adequate or inadequate knowledge. The median was
identified as 8, and thus, students with a knowledge score less
than 8 were deemed to have inadequate knowledge, while
those with a score of 8 or higher were categorized as having
adequate knowledge.

The third section of the questionnaire comprised 11 practice
questions, addressing aspects such as ED consumption,
frequency and timing of ED consumption, preferred drinks and
ED brands, reasons for selecting a specific brand, whether they
experienced side effects (SE), the types of SE experienced, and
the reasons for consuming EDs. Finally, a question asked
participants who refrained from drinking EDs about their
motivations for non-consumption.

The survey link was randomly distributed to students
from October 13th to 20th, 2022, by sharing the link with
different class representatives. These representatives then
forwarded the survey link to their classmates via various
social media groups, in which most students were members.
Eligibility for this study was restricted to students in
pharmacy, dentistry, or medical schools, excluding students
from other schools and colleges within the university. Based
on data procured from the Registration Offices at the Colleges
of Pharmacy, Dentistry, and Medicine, the approximate total
number of undergraduate students during data collection was
6,000. The Raosoft sample size calculator
(http://www.raosoft.com/samplesize.html) was utilized to
determine the sample size, identifying a minimum of 362
students as the desired size to achieve a 95% confidence level.
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The survey was conducted in Arabic to encourage student
participation and to provide ease in survey completion. The
reliability of the survey items was tested through the
calculation of the Cronbach's alpha value. The survey's
content validity was verified using the opinions of three
experts.

The study's aim was detailed in the first page of the
Google Form. It was clearly indicated that participation was
voluntary, with a mandatory tick box present on the first page
to record students' informed consent to participate and
complete the survey. Furthermore, prior to the beginning of
data collection, the study received ethical approval from the
Scientific Committee at the Department of Clinical
Pharmacy, College of Pharmacy, University of Mosul.

Statistical analysis, which includes both descriptive
and inferential statistics, was performed using SPSS
version 28 software. A statistical significance level of P-

value < 0.05 was applied to all results.

RESULTS

A total of 1,298 medical students completed the
questionnaire, constituting the final study sample. The
Cronbach’s alpha value was 0.769, indicating acceptable
internal consistency. In terms of validity, the experts
determined that the survey questions sufficiently reflected
the topics needed to fulfill the study's objectives. The
majority of the students (84.6%) were aged between 21 and
23 years old. Approximately 60% of the participants were
female, and the percentages of students studying in the
second, third, and fourth classes were 20%, 22%, and 21%,
respectively. About 80% of the participants resided in urban
areas, and approximately 57.9% reported irregular sleep
patterns. The regular sleep duration for 64.8% of the
students was between 6 and 8 hours. The weekly allowance
from their families was less than $20 for approximately two-
thirds of the students (60.9%). Table 1 provides a summary
of the students’ socio-demographic characteristics.

Table 1: Demographic characteristics of the students

Variables (N= 1298)

Frequency (%)

Age

18 — 20 years
21 — 23 years
> 23 years

126 (9.7)
1098 (84.6)
74 (5.7)

Gender
Male
Female

516 (39.8)
782 (60.2)

Year of study
1%t year
2" year
3 year
4™ year
5t year
6™ vear

221 (17.0)
262 (20.2)
289 (22.3)
277 (21.3)
213 (16.4)
36 (2.8)

Residence
Urban
Rural

1074 (82.7)
224 (17.3)

No

Sleeping regularly
Yes

547 (42.1)
751 (57.9)

Sleeping hours
< 6 hours

6 — 8 hours

> 8 hours

Weekly income
<20$%
20-35%
>359%
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Upon questioning students about the constituents of
EDs, a mere 6.7% identified ginkgo biloba as an
ingredient, while 18.2% and 19.0% mentioned taurine and
vitamins, respectively. The majority of respondents
(95.4%) were aware that EDs could have various negative
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health impacts and understood that EDs can affect both
blood sugar levels (90.5%) and heart rate (89.7%). The
response percentages to other knowledge-based questions,
along with their correct answers, are presented in Table 2.

Table 2: Responses of the students to knowledge questions

. Answers

Knowledge Questions (N= 1298) Yes n (%) No n (%)
Q1 | Do you know what energy drinks are? 1154 (88.9) * | 144 (11.1)
Q2 | Do you know what the ingredients of EDs are? | 541 (41.7) " 757 (58.3)
Q3 | EDs contain caffeine 798 (61.5)" | 500 (38.3)
Q4 | EDs contain taurine 236 (18.2)" | 1062 (81.8)
Q5 | EDs contain sugars 747 (57.6)" | 551 (42.4)
Q6 | EDs contain ginkgo biloba 87 (6.7)" 1211 (93.3)
Q7 | EDs contain vitamins 247 (19.0) * | 1051 (81.0)
Q8 | EDs enhance physical performance 494 (38.1)" 804 (61.9)
Q9 | EDs improve concentration/ability to study 415 (32.0)" 883 (68.0)
Q10 | EDs help to stay awake 770 (59.3) " 528 (40.7)
Q11 | EDs cause weight gain 316 (24.3)" 982 (75.7)
Q12 | EDs enhance metabolism 84 (6.5)" 1214 (93.5)
Q13 | EDs improve mood 201 (15.5) | 1097 (84.5)"
Q14 | EDs have other effects 233 (18.0)" | 1065 (82.0)
Q15 | Do EDs have negative effects? 1238 (95.4) " 60 (4.6)
Q16 | EDs raise blood pressure 960 (74.0) " 338 (26.0)
Q17 | EDs affect blood sugar 1175(90.5)" | 123(9.5)
Q18 | EDs affect heart rate 1164 (89.7)" | 134 (10.3)

* Correct answer

Thirty percent of the medical students reported
consuming EDs (Figure 1A). When queried about their
reasons for consuming these beverages, the most common
response was for study purposes (175 students), followed
by no specific reason (169 students). Meanwhile, 128
students reported drinking EDs to stay awake longer.
Drinking EDs for sports, driving long distances, and
friends' encouragement were less commonly reported

reasons with 57, 42, and 31 responses respectively (Figure
1B). Table 3 features the students' responses to practice
questions. A third of the respondents (35.2%) claimed to
consume EDs one to three times a week, more than half
(58.6%) reported drinking less than five cans a month, and
47.7% stated that they would consume EDs at any time
during the day.
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Table 3: Responses of the students to the practice questions

Variables (N=384) Frequency (%)
Frequency of drinking EDs
Daily 59 (15.4)
More than once weekly 108 (28.1)
Once weekly 82 (21.4)
1 — 3 times monthly 135 (35.2)
Number of cans drunk monthly
Less than 5 cans 225 (58.6)
5-10 cans 87 (22.7)
10 - 20 cans 44 (11.5)
More than 20 cans 28 (7.3)
Time to drink EDs
At morning 51 (13.3)
With meals 12 (3.1)
At night 138 (35.9)
Anytime 183 (47.7)
Drinking EDs Reasons for drinking EDs
169 175
160 128
o 5 1%
£ 100 57
S 80 31 42
SF N
mYes 28 - -
INo Q> & 3N & N &
«Q’,b‘jo %L’QO Oj’& e&e f\% %\\@
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e(‘\ Q\) 00 00 o‘7 '(‘Qo
R ~ < &
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Figure 1: A: Frequency of students who drink EDs
B: Reasons behind drinking EDs (more than one answer per student)

When inquired about the students' preferred types of
drinks, 77% indicated a preference for beverages
containing sugar (Figure 2A). With regard to their
preferred brand of EDs, Tiger™ was the most popular,
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selected by 48.7% of respondents, followed by Red Bull
(24.0%), Monster Energy (15.4%), and Smart (7.8%)
(Figure 2B). The primary reasons for choosing a specific
brand of EDs were taste and the drink's effect (Figure 2C).
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Figure 2: A: Preferred EDs in terms of sugar content
B: Preferred EDs brand
C: Reasons for preferring ED brands
Approximately 71% of students reported that EDs met following consumption of EDs. The most frequently
their expectations. As shown in Figure 3A, 226 reported effects were insomnia and palpitations, followed
respondents (59%) had experienced some side effects by fatigue, nervousness, and anxiety (Figure 3B).
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Figure 3: A: Experiencing side effects from EDs
B: Frequency of different side effects experienced by students (more than one answer per student)

Upon questioning the medical students who refrained indicated that knowledge of EDs' side effects or a general
from consuming EDs about their reasoning, the majority dislike for EDs were the primary reasons (Figure 4).

Reasons for not drinking EDs

400 L 357
350
300
5 250
Q2
£ 200
= 4ip 119
100
0
Side effects Knowing SE Don’t like Family Other
rejection
Figure 4: Reasons behind not drinking EDs.

The total knowledge score for participating students greater than 8 were considered to have adequate knowledge.
ranged from 1 to 17, with a mean + SD (standard deviation) Hence, the inadequate knowledge group consisted of 693
0f 8.37 £ 2.76 and a median of 8. The median score was used students (53.4%) while the adequate knowledge group
to divide the data into two groups: students with a comprised 605 students (46.6%).
knowledge score less than 8 were classified as having Statistically significant differences were found in the
inadequate knowledge, and those with scores equal to or total knowledge score across various categories: age,
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gender, year of study, residence, weekly income, and ED
consumption habits. Higher scores were noted among
students older than 23 years of age, males, fifth-year
students, those living in urban areas, those receiving a
weekly income exceeding $35, and among students who

Sadeel A. Shanshal et al.

reported using EDs. Among students who indicated not
drinking EDs, the group that previously experienced side
effects exhibited the highest knowledge scores; the
difference between these and other groups was statistically
significant. These results are summarized in Table 4.

Table 4: Differences in knowledge scores among different variables

Variable Total knowledge score
N= 1298 Mean + SD | P-value
Age” 0.006°
18 — 20 years 7.99+251
21 — 23 years 8.35+2.76
> 23 years 9.27+£2.99
Gender™ <0.001%
Male 8.82+£2.75
Female 8.07+2.73
Year of study” <0.001%
1%t year 7.37+247
2" 'year 7.99 + 2,56
3" year 8.22 +2.60
4% year 8.69 +2.79
5t year 9.51+2.83
6™ year 9.08 + 3.60
Residence™ <0.001%
Urban 8.49+2.76
Rural 7.80+2.73
Sleeping regularly™ 0.990
Yes 8.37+£2.79
No 8.37+£2.74
Sleeping hours™ 0.196
6 — 8 hours 8.44+271
> 8 hours 8.23 £ 2.86
Weekly income™ <0.001%
<20% 8.13+2.70
20-35% 8.55+2.72
>35% 9.32+3.03
Drink EDs <0.001%
Yes 9.29 + 2.67
No 7.98+271
N =384
Frequency of drinking EDs” 0.180
Daily 8.95 + 2.46
More than once weekly 9.76 + 2.68
Once weekly 9.20 £ 2.65
1 — 3 times monthly 9.13+2.74
N=914
Reasons not to drink”™ <0.001%
Experiencing side effects 9.81+2.95
Knowing the side effects 8.46 £ 2.52
Disliking EDs 7.53+2.70
Family disapproval 8.26 + 2.67
Others 7.32+2.85

*One-Way ANOVA, “Independent-Samples T test, $Significant results

-181 -



Jordan Journal of Pharmaceutical Sciences, Volume 17, No. 1, 2024

DISCUSSION

A review of the literature reveals numerous studies
suggesting that EDs can lead to various side effects [7, 25,
26], and in some cases, sudden deaths have been reported
[27]. To the best of our knowledge, this study is the first to
evaluate the prevalence of ED consumption among
medical university students at the University of Mosul.
This age group was selected for the study because
university students are at high risk for ED consumption,
and commercial advertisements for EDs notably target this
sector of society. For example, the slogan “Red Bull gives
you wings” has become popular among the public [28, 29].

The sample size in the current study was 1,298,
compared to 783 in a Saudi study [7], 570 in a Kuwaiti
study [29], and 131 in a Polish study [30]. The large
sample size in our study may add strength to the
generalizability of our results, potentially extending to
society in general or specifically to the youth demographic.
Similar to our study, a Saudi Arabian study [23] also
observed higher participation from female students. This
higher rate of female participation reflects the
predominance of females opting for careers related to
medicine in Arab countries.

The results of the knowledge section displayed some
inconsistencies. While the majority of participating
students acknowledged knowing what EDs are, fewer
could accurately answer specific questions concerning the
constituents and effects of EDs. This discrepancy could
stem from the characteristic youthful tendency to know
about different aspects of life but with a lesser focus on the
specific details related to those aspects.

When inquired about their knowledge of ED
ingredients, 41.7% of the medical students answered
affirmatively, a percentage lower than the reported
findings of Cencek et al. [30]. Almost all participants
(95.4%) in the present study asserted that EDs could
negatively impact health, whereas in Jordan [31] slightly
more than 70%, and in Poland [30], only 61.83% of study
participants acknowledged these negative effects.
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In this study, 30% of participants confirmed they
consume EDs. This figure is considerably lower than the
61.8% found in a Polish study conducted by Cencek et al.
[30]. This discrepancy could be attributed to differences in
sample size. In our research, the sample size was 1,298
students, with 384 reporting ED consumption. In contrast,
the Polish study had only 131 participants, with 81
confirmed consumers. Regardless, our results align with
other studies conducted among the Marmara University
Medical School in Turkey [32] and medical students in
South Africa [33]. An Italian study [28] reported that,
contrastingly, 22% of participating medical students
regularly consumed EDs, and other studies in both Italy
[34] and Pakistan [35] found roughly half of the
participants were consumers of EDs.

The most common reason cited for ED consumption in
our study was the need to increase concentration and
improve memory during study and examination periods.
This contrasts with a Kuwaiti survey [29] where taste and
the need to stay awake were the primary reasons for
consuming EDs. Approximately one-third of the
participants in our study (35.2%) claimed to consume EDs
one to three times monthly, less than the percentage from
a study among Saudi students (50.7%) [7]. Most of our
study's participants had no preferred time of day for
consuming EDs, a finding concurrent with that of Subaiea
et al. [7]. These data also align with those reported in the
study by Casuccio et al. [28].

In this study, only 23% of students indicated a
preference for sugar-free drinks. This proportion mirrors
the results obtained by Al-Waalan & Al-Khamees [29],
suggesting that sugar-free EDs are not very popular. The
inclusion of sugar in these beverages can potentially lead
to health issues such as weight gain, which exacerbates the
health risks associated with EDs [36]. Almost half of the
students (48.7%) preferred the Tiger™ ED brand,
followed by Red Bull (24%), mirroring the results of
Subaiea et al. [7] in Saudi Arabia regarding Red Bull
preferences. In both our study and the Saudi one, taste
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emerged as the primary motive for choosing a specific ED
brand [7].

Forty-one percent of students in our study reported
experiencing side effects after consuming EDs, a figure
that aligns with Cencek et al.'s findings [30]. A slightly
higher proportion (48%) was noted in a survey by Chuda
and Lelonek [37] among medical students in Poland.
Insomnia and palpitations were the most commonly
reported symptoms in our study, with the latter finding
aligning with studies conducted among Polish medical
students by Chuda and Lelonek [37] and Semeniuk [38].

Older students and those in their final two years of study
exhibited higher knowledge scores than others. This trend
may be linked to increased awareness and the curriculum
content in medical colleges. Higher knowledge scores were
also observed among students who were consumers of EDs.
This could be attributed to these individuals handling these
beverages more frequently and possibly reading the labels.
This is contrary to the results obtained by Subaiea et al. [7],
who found an inverse association between knowledge and ED
consumption. Our study also found that daily ED consumers
showed lower knowledge, a finding consistent with a Saudi
survey [7].
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ABSTRACT

Obijective: Polypharmacy among pediatric inpatients is common and exposes children to the risk of drug-drug
interactions (DDIs). This study aimed to characterize potential DDIs (pDDIs) and their associated risk factors
among pediatric inpatients.

Methods: A cross-sectional study was conducted over six months at the University Children's Hospital in
Damascus. A total of 575 children taking two drugs or more participated. pDDIs were checked using Lexi-
Interact® software. pDDIs within risk category B (No action needed), C (Monitor therapy), D (Modify regimen),
and X (Avoid combination) were included. Logistic regression was used to identify factors associated with pDDIs.
Results: At least one pDDI was detected in 49.7% of children. Overall, 744 pDDIs were identified. The majority
of pDDIs were within risk category C (71.6%), followed by D (14%), B (12.8%), and X (1.6%). The most common
pDDIs were: aminoglycosides - penicillins (n=56), aminoglycosides - cephalosporins (n=27), and vitamin D
analogs - calcium salts (n=23). The number of prescribed drugs and nervous system drugs were significantly
associated with the presence of pDDIs.

Conclusion: pDDIs among pediatric inpatients were prevalent. The majority of the pDDIs were within risk

category C, which necessitates therapy monitoring and necessary action to avoid adverse consequences.
Keywords: Drug-drug interactions, pediatrics, pediatric inpatients, drug safety, Syria.

INTRODUCTION

Pharmacotherapy in children requires special interest
due to differences in both pharmacokinetics and
pharmacodynamics and insufficient evaluation of the use
of many drugs compared to adults. Pediatric polypharmacy
is defined as the concurrent use of two or more
medications [1]. Polypharmacy is common among
pediatric patients, with a higher prevalence in inpatient
settings compared to outpatient settings, likely due to the
complexity of children's health conditions in hospitals [1].
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While polypharmacy may be necessary for pediatric
disease management, it does expose children to the risk of
drug-drug interactions (DDIs). According to previously
published studies, potential drug-drug interactions
(pDDils) are prevalent among pediatric inpatients [2].

pDDils are a risk factor for the occurrence of adverse
drug reactions (ADRs) [3,4,5]. Data on the contribution of
pDDls to the development of ADRs in pediatrics is scarce,
but a higher number of prescribed medicines have been
found to lead to a higher rate of ADRs in children. DDIs
are a possible explanation for this association [6,7].
Additionally, pDDIs were associated with longer stays in
pediatric intensive care units [8]. Moreover, 57% of ADRs
detected in children in neuropsychiatric units were due to
DDls [9].
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Detecting and understanding pDDIs is fundamental in
preventing their adverse consequences. So far, pDDIs
among pediatric inpatients in Syria have not been
investigated. Real-world data would enhance the
awareness of physicians and pharmacists about pDDIs and
their significance in children.

OBJECTIVES

The current study aimed to assess the frequency, types,
and risk factors of pDDIs among children in the largest
children's hospital in Syria.

METHODS

Study design and setting

A cross-sectional study was conducted over a six-
month period between March and September 2018 in the
public pediatric ward at the University Children's Hospital
(UCH) in Damascus. UCH in Damascus is a public
teaching hospital and the largest pediatric hospital in Syria.
The public pediatric ward includes 116 beds and provides
care for children with various diseases including cardiac,
neurological, gastrointestinal, orthopedic, renal, and
metabolic diseases. UCH does not have a clinical
pharmacist on-site.

Ethical considerations

This study was approved by the Scientific Research
Council at the Arab International University (Decision No.
7/6, August 16, 2017). Administrative permission was
obtained from the hospital for access to patients' charts and
for conducting analyses.

Data source

Prescriptions for admitted children were collected once
a week. As children were divided according to their
diseases and ages into 22 rooms, stratified random
sampling was utilized to select patients from every room
in a ratio of 1:2:3 for rooms occupied by 1-3, 4-5, and 6-8
patients respectively. If distinct prescriptions were found
for the same patient/admission, only one prescription was
selected for inclusion in the sample. Children prescribed
fewer than two medications were excluded from the study.

The following demographic data were collected from
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the patient charts for each child: age, gender, length of
stay, and the number of prescribed drugs. Children were
divided into the following age groups based on the
International Conference on Harmonisation (ICH) E11
classifications [10]:

. Newborn infants (0-28 days)

" Infants and toddlers (>28 days—23 months)

= Preschool children (2-5 years)

= School age children (6-11 years)

=  Adolescents (12-16 years)

Data on all prescribed drugs, with the exception of
sodium chloride and glucose intravenous solutions, were
collected. Drugs were classified according to the first level
of the Anatomical Therapeutic Chemical (ATC)
classification system [11].

Screening for DDIs

Drug interactions were checked using Lexi-Interact®
software, a product of Wolters Kluwer. Lexi-Interact® is
an online software that has demonstrated high sensitivity
and specificity [12,13]. Detected pDDIs were classified
according to risk rating, severity, and reliability level as
indicated by the software.

Lexi-Interact® assigns DDIs with risk rates of A, B, C,
D, and X according to the action required to manage the
DDlI, as follows: A: No known interaction, B: No action
needed, C: Therapy monitoring is recommended, D:
Therapy modification is considered, and X: The
combination should be avoided. DDIs with a risk rating of
A were not considered in the analysis of this study.

Regarding severity level, DDIs are classified by Lexi-
Interact® into: Major (the interaction may be life-
threatening or cause permanent damage), Moderate (the
patient's condition may deteriorate, requiring additional
care or extended hospitalization), and Minor (the
interaction is not medically detrimental).

Additionally, the dependability of the DDIs is
categorized by the software based on the quality and
quantity of supporting medical literature. This is broken
down into: Excellent, Good, Fair, and Poor.
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Statistical analysis

Descriptive statistics were used to analyze the
population characteristics and the pDDlIs.

Univariate and multivariate binary logistic regression
analyses were performed to assess the factors potentially
associated with pDDIs. The occurrence of a pDDI was the
dependent variable. The predictor variables tested
included: gender, age, duration of stay, and the number of
prescribed medicines. ATC codes prescribed for >10% of
the patients were also included. Variables with a univariate
P-value <0.1 were included in the multivariate analysis.

Predictor variables in the multivariate analysis with a P-
value of <0.05 were considered statistically significant. All
statistical analyses were performed using IBM SPSS v22.

RESULTS

Study population and prescriptions data

A total of 577 children admitted to the public pediatric
ward between March and September 2018 were included
in the study. Figure 1 illustrates the data collection flow
throughout the study.

Prescriptions for patients admitted to the ward
between March and September 2018:
N=2521

|

Stratified randomization selection:
N=1067

|

Selection only one prescription for the same
patient/admission:
N =728

> Excluded:
Patients with < 2 prescriptions

Prescriptions included in the final analysis:
N =577

Figure 1: Data collection flow

The demographic and clinical characteristics of the
children are presented in Table 1. Out of the study

population, 328 (56.8%) were boys. The median age was
1.5 years, with a range from one day to 14 years old. The
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largest proportion of the population were infants and
toddlers, accounting for 313 (54.2%) of the subjects. The
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median duration of stay in the hospital was ten days,
ranging from one to 133 days.

Table 1: Demographic and clinical characteristics of patients (N=577)

Characteristics

Value

Age (year), median (range)

1.5 (0-14)

Gender, n (%)

Male

328 (56.8%)

Female

249 (43.2%)

Age groups, n (%)

Newborn infants 5 (0.9%)

Infants and toddlers 313 (54.2%)

Pre-school children 120 (20.8%)

School age children 117 (20.3)

Adolescents 22 (3.8%)
Duration of stay in the hospital, median (range) 10 (1-133)
Duration of stay in the hospital, n (%)

1-3 74 (12.8%)

4-7 116 (20.1%)

>8 387 (67.1%)

Prescribed medication per patient, median (range)

4 (2-14)

Prescribed medication per patient, n (%)

2-4 358 (62%)
5-9 192 (33.3%)
>10 27 (4.7%)
ATC code, n (%)
ATC code "A" (Alimentary tract and metabolism) 360 (62.4%)

ATC code "B" (Blood and blood forming organs)

147 (25.5%)

ATC code "C" (Cardiovascular system)

122 (21.1%)

ATC code "D" (Dermatologicals)

30 (5.2%)

ATC code "H" (Systemic hormonal preperations)

133 (23.1%)

ATC code "J" (Antiinfectives for systemic use)

487 (84.4%)

ATC code "L" (Antineoplastic and immunomodulating agents) 6 (1%)
ATC code "M" (Musculo-skeletal system) 55 (9.5%)
ATC code "N" (Nervous system) 236 (40.9%)
ATC code "P" (Antiparasitic products, insecticides and repellents) 2 (0.3%)
ATC code "R" (Respiratory system) 30 (5.2%)
ATC code "S" (Sensory organs) 17 (2.9%)
ATC code "V" (Various) 5 (0.9%)
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In total, 2,587 drugs were prescribed with a median of
four drugs per patient, ranging from two to fourteen drugs.
The largest proportion of children, 358 (62%), received
between two and four drugs. Drugs with ATC code "J"
(Antiinfectives for systemic use) had the highest
prescription rate, with 84.4% of children receiving at least
one drug with an ATC code of "J".

Characteristics of pDDIs

There were 287 children (49.7%) who had at least one
pDDIL. Intotal, 744 pDDIs were identified. Among patients
with pDDIs, the median number of pDDIs per patient was
two, ranging from one to fifteen. The majority of detected
pDDlIs were of risk rate C (71.6%). The distribution of
pDDlIs according to their risk rating is presented in Table
2.

Table 2: Distribution of pDDIs according to their risk rating

Risk rate

Number of pDDIs (%)

B

95 (12.8%)

533 (71.6%)

104 (14.0%)

C
D
X

12 (1.6%)

The majority of the detected pDDIs, 568 (76.4%), had
moderate severity, while 101 (13.6%) and 74 (9.9%) had
minor and major severity respectively.

The most common pDDIs were aminoglycosides with
penicillins (56 instances), aminoglycosides  with
cephalosporins (27 instances), and vitamin D analogs with
calcium salts (23 instances).

The most common pDDIs in each risk category are
presented in Table 3.

Factors associated with pDDIs

The association between patient characteristics and the
occurrence of pDDIs in both univariate and multivariate
analyses is presented in Table 4. According to the
univariate model, the exposure to pDDIs was significantly

associated with the number of prescribed drugs and ATC
codes "B" (Blood and blood-forming organ drugs), "C"
(Cardiovascular system drugs), "J" (Antiinfectives for
systemic use), "H" (Systemic hormonal preparations), and
"N" (Nervous system drugs).

The multivariate model indicated a significant
association between the number of prescribed drugs and
the presence of pDDIs. The adjusted odds ratio (AOR)
increased from 5.80 (95% CIl 3.64-9.26) in patients
prescribed between five and nine drugs to 35.86 (95% CI
4.52-284.69) in patients prescribed >10 drugs. Patients
prescribed drugs with ATC code "N" (Nervous system
drugs) had a higher risk of having a pDDI (AOR=2.82,
95% CI 1.87-4.27).
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Table 3: The most commonly detected pDDIs in each risk category

pDDI No. | Severity | Level of evidence clinical effect
Risk rate X
VitD analogs - VitD analogs Moderate Fair 1 Adverse/toxic effect of VitD
Carbamazepine - Linezolide Major Fair Risk of serotonin syndrome
Domperidone - Fluconazole Major Fair 1 QTc-prolonging effect, T Serum level of

domperidone

Domperidone - Itraconazole Major Fair 1 Serum level of domperidone
Gentamicin - Amikacin 1 Moderate Good 1 Nephrotoxicity and/or neurotoxicity
Risk rate D
Dexamethasone - Phenytoin 16 Major Fair | Serum level of dexamethasone
Aminoglycosides - 14 Moderate Fair 1 Nephrotoxicity and/or neurotoxicity
Vancomycin
Al/Mg hydroxide - 9 Moderate Fair | Bioavailability of oral corticosteroids
Corticosteroids
Carbapenems - Valproic acid 5 Major Good | serum level of valproate products
Calcium carbonate - 4 Moderate Fair | Bioavailability of oral prednisolone
Prednisolone
Calcium Salts - Levothyroxine | 4 Moderate Fair | Therapeutic effect of levothyroxine
Risk rate C
Aminoglycosides - Penicillins | 56 Moderate Excellent | Serum level of aminoglycosides
Aminoglycosides - 27 Moderate Excellent 1 Nephrotoxic effect of aminoglycosides, |
Cephalosporins Serum level of aminoglycosides
VitD analogs - Calcium Salts 23 Moderate Fair 1 Adverse/toxic effect of VitD
Digoxin - Furosemide 17 Moderate Fair 1 Adverse/toxic effect of digoxin
Allopurinol - Furosemide 15 Moderate Fair 1 Adverse/toxic effect of allopurinol
Amlodipine - Calcium salts 15 Moderate Excellent | Therapeutic effect of amlodipine
Risk rate B
Ondansetron - Paracetamol 17 Minor Fair | Analgesic effect of paracetamol
Iron - VitE 11 Minor Fair | Therapeutic effect of iron
Ciprofloxacin - Fluconazole Minor Fair 1 QTc-prolonging effect
Aminoglycosides - Minor Poor 1 Nephrotoxic effect of aminoglycosides
Clindamycin
Metronidazole - Ondansetron 5 Minor Fair 1 QTc-prolonging effect
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Table 4: Risk factors associated with potential drug—drug interactions

Variable Univariate analysis Multivariate analysis
OR (95% CI) P value AOR (95% CI) P value

Gender

Female Reference

Male 1.12 (0.80-1.55) 0.517
Age groups

Newborn infants Reference

Infants and toddlers 0.60 (0.10-3.63) 0.576

Pre-school children 0.60 (0.10-3.74) 0.587

School age children 0.99 (0.16-6.17) 0.994

Adolescents 0.46 (0.06-3.35) 0.444
Number of prescribed drugs

2-4 Reference Reference

5-9 7.95(5.28-11.96) | <0.001* | 5.80(3.64-9.26) | <0.001*

>10 57.86 (7.75-431.72) | <0.001* | 35.86 (4.52-284.69) | 0.001*
Duration of stay (days)

1-3 Reference

4-7 1.33 (0.74-2.39) 0.338

>8 1.25 (0.76 — 2.06) 0.383
ATC code "A" (Alimentary tract and metabolism) 1.30 (0.93-1.83) 0.125
ATC code ""B" (Blood and blood forming organs) 1.61 (1.10-2.35) 0.014* 1.15(0.71-1.88) 0.573
ATC code ""C" (Cardiovascular system) 3.02 (1.96-4.64) <0.001* 1.69 (0.97-2.94) 0.066
ATC code "J" (Antiinfectives for systemic use) 1.88 (1.18-2.96) 0.008* 1.31 (0.76-2.25) 0.331
ATC code ""H" (Systemic hormonal preperations) 2.51 (1.67-3.78) <0.001* 1.59 (0.96-2.63) 0.070
ATC code "N" " (Nervous system) 2.76 (1.96-3.89) <0.001* | 2.82(1.87-4.27) <0.001*

AOR adjusted odds ratio, OR odds ratio
* P-value is statistically significant

DISCUSSION

This study is the first to characterize pDDIs among
pediatric inpatients in Syria. Nearly half of the children in
the study had at least one pDDI. The majority of detected
pDDIs fell within risk category C (71.6%). Both the
number of prescribed drugs and receiving drugs with an
ATC code of "N" (Drugs for nervous system) were
significantly associated with the occurrence of pDDIs.

Almost half of the children (49.7%) had at least one

pDDI. This is similar to the results of previous studies,
wherein 42% to 52.3% of pediatric inpatients were found
to have at least one pDDI [1,14,15,16]. However, the
percentage of children exposed to pDDIs in our study was
much higher compared to that in Langerova et al.'s study
(3.83%)[17]. This difference might be partially due to
variations in the inclusion criteria and the software used to
detect pDDIs. Langerova et al. utilized the INFOPHARM
Drug Interactions Compendium® computer program in
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their study. An evaluation of INFOPHARM's performance
could not be found in the literature. On the other hand,
Lexi-Comp, which was used in our study, has been found
to have a higher sensitivity compared to many other drug-
drug interaction software programs [13].

The majority of detected pDDIs in our study (71.6%)
were within risk category C, followed by risk categories D
(14.0%), B (12.8%), and X (1.6%). This differed from the
results of Bebitoglu et al., who used the same DDI checker
[16]. According to Bebitoglu's study, 44.8% and 42.7% of
pDDIs were within risk categories B and A respectively,
whereas 8.4% and 4.1% of the pDDIs were classified
under risk categories C and D respectively. No pDDIs
were detected in risk category X.

This discrepancy might be partially explained by
differences in the inclusion/exclusion criteria of the two
studies. pDDIs within risk category A were excluded from
our study, whereas 42.7% of the pDDIs in Bebitoglu's
study fell into risk category A. Additionally, vitamins were
excluded from the analysis in Bebitoglu's study, whereas
they were included in our study and were often involved in
pDDlIs under risk category C, such as Vitamin D analogs
with calcium salts.

Furthermore, the medical conditions of children in our
study were likely more complex compared to those in
Bebitoglu et al.'s study. This is indicated by the longer
length of stay in our study (ten days versus 5.1+2.0 days in
Bebitoglu et al.'s study), and a much higher proportion of
children who were prescribed >5 medications (38% versus
5.6%).

Consequently, children in our study were prescribed
different medications and combinations. For instance, to
treat infections, children were often prescribed
combinations such as aminoglycosides with penicillins,
aminoglycosides with cephalosporins, and
aminoglycosides with vancomycin. These largely
contributed to the proportion of pDDIs under risk
categories C and D.

The most common pDDI in our study involved a
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combination of aminoglycosides and penicillins, which
have a moderate severity and fall into risk category C. The
interaction between aminoglycosides and penicillins,
which may decrease the serum concentration of
aminoglycosides, has also been reported as a common
pDDI in previous pediatric studies [18,19,20]. This
interaction is particularly significant when penicillin and
aminoglycoside are in contact over a prolonged period of
time, such as in patients with renal dysfunction. In this
case, treatment monitoring is recommended, especially in
severely ill patients [21].

The second most common pDDI was between
aminoglycosides and cephalosporins, which was also
found to have moderate severity and to fall into risk
category C. This pDDI has also been among the most
common pDDIs detected in previous pediatric studies
[22,23]. The combination of aminoglycosides and
cephalosporins is synergistically nephrotoxic,
necessitating careful  monitoring for signs  of
nephrotoxicity [24,25]. Additionally, cephalosporins may
inactivate aminoglycosides [26]. However, this is expected
to be clinically significant only in patients with severely
impaired renal function [27,28].

The third most common pDDI was between vitamin D
analogs and calcium salts. The severity of this pDDI is
moderate and it falls into risk category C, requiring
monitoring of serum calcium concentrations and
signs/symptoms of hypercalcemia.

In this study, both the number of prescribed drugs and
ATC code "N" (Drugs for nervous system) were found to
be significantly associated with the presence of pDDls.
The number of prescribed drugs has previously been
identified as a risk factor for the presence of pDDIs in
pediatric wards [14,17]. Studies assessing the association
between medication groups and the presence of pDDIs
among children are scarce. However, Langerova et al.
found a significant association between antiepileptic drugs
(ATC code: NO3) and the presence of pDDIs among
pediatric inpatients [17].
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Although a high proportion of children in this study
were exposed to pDDIs, the majority of pDDIs fell within
risk category C (71.6%) and were of moderate severity
(76.4%). This implies that most pDDIs are not expected to
be life-threatening or cause permanent damage. However,
additional care and therapy monitoring are required,
especially in the presence of risk factors or other pDDIs
with similar potential adverse effects. According to
published literature, not all pDDIs result in actual DDIs or
ADRs, but life-threatening and fatal ADRs can develop
[29]. Therefore, pediatricians should be informed about
pDDls and a plan should be developed at the hospital level
to avoid the adverse effects of pDDlIs.

It is important to draw the attention of clinicians to the
significant association between the occurrence of pDDlIs,
the number of prescribed drugs, and the prescribing of
drugs for the nervous system. We also suggest a protocol
be developed to manage the most frequently detected
pDDIs in all risk categories each time the involved
combination is prescribed. However, screening for pDDIs
with every prescription of more than one drug is
recommended to detect less common pDDIs and to avoid
adverse consequences. This could be better achieved with
the support of clinical pharmacists. Clinical pharmacists
are qualified to perform medication reviews, detect drug-
related problems including DDIs, and intervene to avoid
negative impacts on patients [30,31].

A limitation of this study is that the clinical outcomes
of the pDDIs were not evaluated. Furthermore, the drug
interaction checker used in the study detects pDDIs
between each pair of drugs without considering the
influence of additional drugs on the pDDIs. As a result, the

severity of some pDDIs may have been underestimated.
Another limitation is the single-center design of the study,
which limits the generalizability of its findings. Moreover,
both newborn infants and adolescents were not sufficiently
represented in the study, due to the small percentages of
these age groups in the sample. Future research to assess
actual DDIs in multiple pediatric settings, including
different age groups, is needed.

CONCLUSION

Almost half of the pediatric inpatients in our study had
at least one pDDI. The number of drugs and drugs with
ATC code "N" (Drugs for nervous system) showed a
significant association with the presence of pDDls.
Clinicians at the hospital are advised to exercise caution
when prescribing for patients with these risk factors to
detect and assess any potential pDDIs. The majority of the
detected pDDIs fell within risk category C, necessitating
therapy monitoring and nimble response as needed to
avoid adverse consequences. Future investigations to
evaluate the actual impact of pDDIs on pediatric inpatients
are recommended.
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ABSTRACT

Panax ginseng (PG), one of the most widely used herbal medicines, has demonstrated various beneficial effects
such as anti-inflammatory, antioxidant, and anticancer impacts. Naturally occurring ginsenosides in the ginseng
plant inhibit cell proliferation and significantly reduce liver damage induced by certain chemicals. Aflatoxin B1
(AFBL) is a primary mycotoxin due to its hepatotoxic, immunotoxic, and oncogenic effects in animal models and
humans. In this study, we examined the effects of assorted doses of PG aqueous crude extract on the expression
of matrix metalloproteinase 1 and 7 (MMP-1 and MMP-7) in the kidney, spleen, and liver of experimental AFB1-
exposed mice, using immunohistochemistry (IHC). Mice were orally administered 6 mg/kg body weight (bw) of
refined AFB1 (isolated and extracted from Aspergillus flavus, conc. 0.05 ppm) twice weekly for two weeks. We
then compared the effects of three different doses (50, 100, and 150 mg/kg bw) of crude ginseng. We estimated
the expression of MMP-1 and 7 in organs using IHC. We used the 6 mg/kg of purified AFB1, representing a 60%
concentration, as a control group. IHC analysis showed that MMP (1 and 7) expression in the spleen, liver, and
kidney of mice decreased after treatment with ginseng crude extract. MMP-1 expression was reduced in the liver
by approximately 2.6 times, while the effectiveness in the MMP-1 reduction reached 9 and 8 times, respectively,
in the spleen and kidney when treated with a higher dose of PG compared to the control. MMP-7 expression was
reduced in the liver by approximately 13 times, while the reduction effectiveness fell to 2.3 and 5.6 times in the
spleen and kidney when treated with a higher dose of PG compared to the control. The reduction in MMPs
expression due to the effect of PG aqueous crude extract was observed to act against the effect of AFB1 on various
living organs involved in AFB1 metabolism. IHC analysis indicated a more significant reduction efficiency
observed in the expression of MMP-7 compared to both studied markers in the mice's liver.

Keywords: Ginseng, AflatoxinB1, Matrix metalloproteinase.

INTRODUCTION commercial ginsengs are Panax ginseng Meyer (Korean
Ginseng refers to the dried roots of several plants of the ginseng), which has been used as an herbal medicine for more
species Panax sp. (Family Araliaceae). The three major than 2000 years, Panax quinquifolium L. (American

ginseng), and Panax notoginseng (Chinese ginseng) [1].
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- 199 - ©2024 DSR Publishers/ The University of Jordan. All Rights Reserved.


mailto:batoolomran@yahoo.com
https://doi.org/10.35516/jjps.v17i2.1989

MMP-1 and MMP-7 Expression is Influenced ...

restorative tonic and is widely used in Traditional Chinese
Medicine (TCM) and Western herbal preparations [2]. The
therapeutic potential and antioxidant properties of ginseng
have been widely explored. Research suggests that ginseng
may possess anti-inflammatory properties, potentially
beneficial for managing conditions related to chronic
inflammation, and for regulating blood pressure, metabolism,
and immune system function [3,4]. Furthermore, ginseng
treatment can reduce the severity of histopathological,
histochemical, and serological alterations, but it does not
completely eliminate them [5,6]. Ginsenosides are secondary
ginseng metabolites, representing the most critical
components of ginseng, and are involved in the modulation
of various cellular functional activities.

Aflatoxins  (AFs) are secondary  metabolites
predominantly  produced by  Aspergillus  fungi.
Approximately 20 types of AFs, produced by Aspergillus
flavus and Aspergillus parasiticus, have been detected in
food and feed [7,8]. Aflatoxin B1 (AFB1) is a highly
hazardous mycotoxin with potent carcinogenic and
mutagenic properties. The presence of aflatoxins in food and
feed leads to significant physiological effects such as
reduced white and red blood cell counts, hemoglobin,
hematocrit, alanine aminotransferase activity, and body and
organ weight [9,10]. Subpar food and feed processing and
storage conditions can allow the growth and contamination
by AFs [5]. Because warm temperatures and humidity
provide favorable conditions for fungal growth, AF food
contamination is widespread, particularly in tropical regions
where temperature and humidity levels are high [11,12].
The carcinogenic, genotoxic, and cytotoxic effects of
Aflatoxin B1 (AFB1) are well-documented [13]. The
International Agency for Cancer Research categorizes AFs
as Class | human carcinogens. In natural systems, all cell
membranes mainly consist of polyunsaturated fatty acids.
These act as the primary target for AF reactions. Therefore,
cellular damage mediated by AFs could relate to free radical
liberation through AF metabolism, initiating lipid
peroxidation and cell damage [13]. Many investigations
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have focused on improving food and animal feed by adding
medicinal plants or their extracts in various aspects,
including reducing the effects of toxins [13,14].

Matrix metalloproteinases (MMPSs) are a type of zinc-
dependent extracellular matrix (ECM) degrader capable of
degrading every component of the ECM. The ECM is a
fundamental network involved in embryonic development,
angiogenesis, cell repair, and tissue regeneration. MMPs have
been associated with several types of cancer, including colon,
lung, head and neck, and breast cancer [15]. MMPs are
identified by names starting with MMP-1 and ending with
MMP-28. They are classified into various categories based on
the substrate they attack and their chemical formula and
structure. MMP-1 belongs to the interstitial collagenases and
degrades types 1, II, and Il of fibrillar collagens, the main
structural components of the ECM. It is postulated to be the
reason why collagenases do not participate in the initial stages
of carcinogenesis [16,17,18]. MMP-7, also known as elastin,
laminin, and fibronectin, is a protein that cleaves collagen,
matrilysin, osteopontin, proteoglycans, and entactin. MMP-7
is primarily associated with tissue remodeling in biliary
atresia-related liver fibrosis. Increased MMP-7 expression
has been observed in various human primary malignancies,
including lung, breast, ovarian, and prostate cancer. Both
benign and malignant colorectal tumors have been reported to
up-regulate MMP-7 [19]. This study aimed to investigate the
effect of PG aqueous crude extract on mice orally
administered with aflatoxin B1 by monitoring the changes in
the expression of Matrix Metalloproteinase, specifically
MMP-1 and MMP-7, in the liver, spleen, and kidney using
immunohistochemistry (IHC).

MATERIALS AND METHODS

Production, extraction, and quantification of
Aflatoxin B1(AFB1)

A pure culture of Aspergillus flavus (A. flavus) was
cultivated after isolating A. flavus from 22 Iragi patients
with aspergillosis. A. flavus isolates were microscopically
diagnosed before initiating AFB1 production. These
isolates were grown on Sabouraud Dextrose Agar medium
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(SDA), and subsequently, sterilized rice medium was
prepared and distributed in 250 mL Erlenmeyer flasks (25
mL in each flask).

A 5 mm diameter disk was cut from the SDA growth
using a sterile cork borer and inserted into the rice medium to
create the inoculum. The flasks were then incubated at 28 °C
for 21 days [19,20]. After incubation, the moldy rice was
soaked for 24 hours in 75 cc of 99.45% chloroform in a
shaded room. The soaking medium was then homogenized
for 15 minutes using an electric mixer. The extracted solution
was sieved using gauze and then passed through Whatman
filter paper (grade 1, 110 mm), with the moldy rice deposit
rinsed with 50 mL of chloroform before filtering.

The combined chloroform portions were evaporated to
dryness at 50 °C. The resultant extract, thickened into a pasty
substance, was stored in a refrigerator at 4 °C until use [20].

Purified Aflatoxin B1 (AFB1) Standard

A 10 mg/mL solution of AFB1 was prepared by
diluting it in 100% methanol. A 100 pL sample of the
dilution was placed in a 2 mL vial, stirred thoroughly, and
then further diluted 100,000 times in a mixture of water
and methanol (7:3 v/v). The resulting solution was stored
in a deep freezer at -70 °C until use [22].

Both thin-layer chromatography (TLC) and high-
performance liquid chromatography (HPLC) were utilized
for the quantification and qualification testing of the
isolated AFs [21].

According to Park and Troxell [22], a harmful impact
dosage of 9 mg/kg body weight (B.W.) of pure aflatoxin
B1 extract, reflecting a 90% aflatoxin concentration, was
determined based on previous experimental data. For
further concentrations, Al-Mudallal, N. H. (2023) [23]
utilized 30% and 60% of pure aflatoxin B1, corresponding
to 3 mg/kg B.W. and 6 mg/kg B.W., respectively, and
confirmed its inductive effect on MMP-1 and MMP-7
expression [24]. Based on the above studies, 60% of pure
aflatoxin B1 was used, equivalent to 6 mg/kg body weight.

Preparation of Panax ginseng extract and detection
of ginsenosides using high-performance liquid

chromatography (HPLC)

Powdered roots of Korean ginseng (Panax ginseng)
(100 g) were soaked for 8 hours in 700 mL of distilled
water (1:7 w/v) and subjected to a water bath at 85-90 °C
with gentle agitation; this step was repeated five times
[25,26]. The mixture was then centrifuged at 2000 rpm for
10 minutes. The clear supernatant was filtered through
Whatman No.1 paper and concentrated in an oven at 50—
55 °C until it reached a dark brown syrupy consistency.
This was then stored in the dark at 4 °C until use.

Experimental animals

We obtained twelve male Swiss albino mice, ranging in
age from 10 to 12 weeks, from the National Center for Drug
Control and Research in Baghdad. They were housed in the
regulated animal house of Al-Nahrain University in plastic
cages, covered with a layer of sawdust, at a temperature of 25
°C, subject to a light/dark cycle of 4-10 hours, and provided
with water. The study was approved by the Ethical
Committee of Al Iraqi University’s College of Medicine in
Baghdad, Iraq, with approval No: FM.SA/119.

Experimental design

Animals were exposed to different treatment
conditions as suggested by the study carried out by EI-Din
et al. [27]. The animals were divided into four groups as
follows, with three replicates for each group:

Group 1: For two weeks, the animals in the control
group were fed pure AFB1 extract (6 mg/kg bw),
representing 60% of the concentration twice a week.

Group 2: For two weeks, the animals were given pure
AFB1 extract (6 mg/kg bw, at 60% concentration) twice a
week and then administered crude ginseng extract (50
mg/kg bw) orally once a day for three weeks.

Group 3: For two weeks, the animals were given pure
AFB1 extract (6 mg/kg bw, at 60% concentration) twice a
week. They were then administered crude ginseng extract
(100 mg/kg bw) orally once a day for three weeks.

Group 4: For two weeks, the animals were given pure
AFBL1 extract (6 mg/kg bw, at 60% concentration) twice a
week. They were then administered crude ginseng extract
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(150 mg/kg bw) orally once a day for three weeks.

Preparation of the tissue for the
immunohistochemistry

A histopathological study was conducted following the
procedures outlined by Bancroft and Gamble [28]. After
the animals were sacrificed, various organs (liver, spleen,
and Kkidney) were removed and immersed
physiological solution (pH 7), prepared according to
Benson's method [29]. To attach tissue slices to slides,
Mayer's albumin was used. The slides were then placed in
a 37 °C oven for 1-2 hours. The washing step was repeated
three times, with each wash using 10%, 70%, and 95%
concentration solutions. Eosin and Hematoxylin were used
to stain the slides, which were left for 10 seconds before
being rinsed in water and immersed in 1% concentration
acid alcohol. Following these steps, the slides were coated
with  Distyrene-Plasticizer-Xylene (DPX) and then
immersed in Xylene for 15-30 minutes. The histological
examination was performed using a light microscope.

Evaluation of matrix metalloproteinases (MMP) 1
and 7 using immunohistochemistry

The damaged liver, kidney, and spleen tissues were
embedded in paraffin and incubated in an 80°C hot air
incubator for seventy minutes, utilizing positively charged

in a
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adhesion microscope slides. Subsequently, the slides were
rehydrated in graded alcohol. The treated slides were then
immersed in xylene for 30 minutes, followed by fresh
xylene for an additional 5 minutes. The slides were further
processed in 50% ethanol for 5 minutes and distilled water
for 5 minutes, allowing for suitable cooling.

For IHC, 40 pL of primary antibodies, including anti-
MMP-1 (cat. no. ab52631; Abcam, Cambridge, UK) and
anti-MMP-7 (cat. no. ab5706; Abcam, Cambridge, UK),
were applied in accordance with the manufacturer's
instructions [30, 31].

Evaluation of immunostaining for matrix
metalloproteinases (MMP-1 and 7)
Evaluation of  immunostaining  for  matrix

metalloproteinases (MMP-1 and 7) MMP-1 and MMP-7
expression were quantified by counting the number of
positive cells, identified through cytoplasmic staining with
the brown light "3,3'-Diaminobenzidine” stain (DAB)
using a 40X light microscope [29, 32]. The evaluation of
MMP-1 and MMP-7 immunostaining utilized a scoring
system that assessed the extent and intensity of staining in
three hotspot areas at an optimal magnification of 40X.
Scores ranged from 0 to 100 percent and were classified
into weak, moderate, and strong groups [32].

Table 1. Immunostaining expression of the MMP-1 scoring system

MMP-1 | Score | Intensity | Stained cells (%)
Negative 0 No staining <10
Positive + Weak <70

++ Moderate >70

+ Strong >80

Table 2. Immunostaining expression of the MMP-7 scoring system

MMP-7 | Score | Intensity | Stained cells (%)
Negative 0 No staining <10
Positive + Weak <40

++ Moderate >=4(

+ Strong >50
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STATISTICAL ANALYSIS

Statistical analysis was performed using the Statistical
Packages for Social Sciences (SPSS) version 27.
Significance was considered when the p-value was equal
to or less than 0.05. The data were presented using simple
measurements of means. Additionally, one-way ANOVA
was utilized to compare the different organs subjected to
variable treatments.

RESULTS

AFB1 production, extraction, and quantification

HPLC investigation of AFs in rice plantation extract
showed that the accumulated solvents of acetonitrile: H20
(40:60 v/v) in the system were very suitable after growing
A. flavus in rice cultivation extract. AFB1 purification by
HPLC and TLC techniques revealed only one peak at an
8.5-minute retention period for AFB1 compared to
standard AFs, with a concentration of 0.05 ppm. The rate
of retention of every component in the column determines
the separation of the mixture into its components.

Estimation of MMP-1 and MMP-7 using
immunohistochemistry technique

IHC technique provided definitive data and was
presented as counts and percentages. Immunostaining was

observed in the AFB1-treated slides as well as in slides
treated with aqueous ginseng extract, indicating specificity
in the immunohistochemical signals. Immunostaining for
MMP-1 and MMP-7 in various mouse tissues was carried
out based on the ability of these tissues to absorb DAB
cytoplasmic staining. IHC analysis demonstrated positive
expression of MMP-1 and MMP-7 in different AFB1-
treated tissue organs, as evidenced by brown staining in the
cytoplasm of cells, reflecting the effect of DAB pigment
(as demonstrated in figures 1, 2, 3, 4, 5, and 6). The stained
cells for MMP-1 and MMP-7 expression in 60% AFB1-
treated liver sections were counted as 26.12% and 44.33%
(number of staining cells according to the DAB and
scoring system), respectively. However, their expression
in the liver section reduced to 14.00% and 40.03%,
respectively, after the addition of 50 mg/kg bw ginseng,
compared with the control group. Ginseng extract at 100
mg/kg bw decreased MMP-1 and MMP-7 expression to
10.00% and 37.20%, respectively, when compared to the
control group, whereas ginseng extract at 150 mg/kg bw
took the upper hand in reducing MMP-1 and MMP-7
expression to 9.76% and 3.30%, respectively, compared to
the control group (as listed in table 3).

Table 3. Comparison of MMP-1 and MMP-7 expression in mice liver after being treated with AFB1 and different

concentrations of crude PG extract

Group 1 Control Group 2 Group 3 Group 4
60% AFB1 60% AFB1 + (50 60% AFB1 + (100 60% AFBI1 + (150
mg/kg PG extract) mg/kg PG extract) mg/kg PG extract
MMP-1 26.12 14.00 10.00 9.76
MMP-7 4433 40.03 37.20 3.30

Figures [1] and [2] illustrate the differences between
liver tissues subjected to only AFB1 and those exposed to
AFBL1 + ginseng crude extract. AFB1-treated liver tissues
exhibited a higher degree of MMP-1 and MMP-7
expression ([Figure 1A], [2A]). In contrast, liver tissues

treated with AFB1 for 10 days, followed by post-treatment
with ginseng crude extract twice a day for two weeks,
demonstrated a decrease in MMP-1 and MMP-7
expression levels ([Figure 1B], [2B]).
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Figure 1. MMP-1 expression in mice liver sections in (A) 60% AFB1ltreated mice as positive control, (B) AFB1-
treated mice liver section then treated with 150 mg/kg bw PG extract (weak expression). Read raw: over
expression, yellow raw: downregulated.

mg/kg bw crude PG extract-treated mice (Moderate expression). Read raw: over expression, yellow raw: downregulated.

Asignificant reduction in MIMP-1 expression was observed
in AFB1-administered mice spleen tissues after treatment with
different concentrations of crude ginseng extract. In spleen
sections, MMP-1 and MMP-7 were expressed at 34.00% and
19.33%, respectively, after treatment with 60% AFB1. The
reductions in MMP-1 and MMP-7 expression in group 2 mice
were 22.00% and 15.04%, respectively, following treatment
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with 50 mg/kg bw ginseng, compared to the control group.
Ginseng extract at a concentration of 100 mg/kg bw
downregulated MMP-1 and MMP-7 expression to 19.12% and
12.20%, respectively, while 150 mg/kg bw of ginseng extract
decreased the expression in MMP-1 and MMP-7 to 6.06% and
8.22%, respectively, as compared to the control group (listed in
table 4).
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Table 4. Comparison of MMP-1 and MMP-7 expression in mice spleen after being treated with AFB1 and different
concentrations of crude PG extract

Group 1Control Group 2 Group 3 Group 4
60% AFB1 60% AFBI1 + (50 60% AFB1 + (100 60% AFBI1 + (150
mg/kg PG extract) mg/kg PG extract) mg/kg PG extract)
MMP-1 34.00 22.00 19.12 6.06
MMP-7 19.33 15.04 12.20 8.22
Figure 3 illustrates the differences among spleen Figure 3A), whereas the highest reduction in MMP-1
sections from tissues subjected to the same treatment by expression was demonstrated in spleen tissues treated with
counting the cells that absorbed DAB cytoplasmic 60% AFB1 + 150 mg/kg bw crude extract of ginseng (as
staining. Strong MMP-1 expression was observed in the shown in Figure 3B).

60% AFB1-treated mice section (as demonstrated in

T, A R A R R :

-1) expression in mice spleenectio (A) CONTROL MMP-1
expression on 60% AFB1 treated mice (weak expression), (B) spleen section of AFB1 + 150mg/kg bw crude PG
extract treated mice (weak expression). Read raw: over expression, yellow raw: downregulated.

In a comparison between MMP-1 and MMP-7 to 8.22% when treated with 150 mg/kg bw ginseng crude
expressions, MMP-7 was expressed as 19.33% after extract (Figure 4).
treatment with 60% AFB1, while the expression decreased

8 AR
WlEN ¥
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Figure 4. (MMP-7) expression on 60% AFB1-treated mouse spleen (weak expression). Read raw: over
expression, yellow raw: downregulated.

In contrast, mice kidney sections exhibited a noticeable
downregulation of MMP-1 and MMP-7 expression, with

all being graded under weak expression (Table 5).

Table 5. Comparison of MMP-1 and MMP-7 expression in mice kidneys after being treated with AFB1 and
different concentrations of crude PG extract.

Group 1 Control Group 2 Group 3 Group 4
60% AFB1+ (50 60% AFB1+ (100 60% AFB1 + (150
60% AFB1
mg/kg PG extract) mg/kg PG extract) mg/kg PG extract)
MMP-1 18.00 13.00 7.12 2.23
MMP-7 22.65 9.02 4.23 4.00

Following treatment with 60% AFB1 (Group 1),
MMP-1 and MMP-7 expression in kidney tissue appeared
to be 18.00% and 22.65% respectively. Post-treatment
with 50 mg/kg bw PG aqueous extract (Group 2) resulted
in a reduction of MMP-1 and MMP-7 expression to
13.00% and 9.02% respectively.

Further reduction in MMP-1 and MMP-7 expression to
7.12% and 4.23% respectively was observed in Group 3
when mice were post-treated with PG aqueous extract of
100 mg/kg bw. Finally, when PG aqueous extract
concentration of 150 mg/kg bw was used for post-
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treatment in Group 4, a tremendous reduction of MMP-1
and MMP-7 expression was noticed, scoring 2.23% and
4.00% respectively, indicating downregulation compared
to control (Group 1) where no post-treatment of PG
aqueous extract was applied (Table 5).

Figures 5 and 6 illustrate the immunostaining
expression of MMP-1 and MMP-7 in different kidney
sections. MMP-1 and MMP-7 were overexpressed when
subjected to 60% AFB1, while the expression reduced to
weak or negative expression after crude ginseng extract
treatment.
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Figure 5: (MMP-1) expression in mice kidney section (A) Control group MMP-1 expression on 60% AFB1
treated mice (strong expression). (B) Kidney section of AFB1 treated mice then post- PG crude treated mice at 150
mg/kg bw (weak expression). Read raw: over expression, yellow raw: downregulated.

] 7‘1 Ay .'.\;« X ik ) 4‘; - J,'J ( & 5
ion in kidney section of 60% AFB1 treated mice, (B) Kidney section of
AFB1-treated mice then post-treated with 150 mg /kg bw crude PG extract (weak expression). Read raw: over

expression, yellow raw: downregulated.
For a comparative study of MMP-1 and MMP-7 treatment concentrations and marker expression in

expression in the above-studied organs, One-Way different organs (Table 6).
ANOVA was applied to analyze the relationships between
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Table 6. Comparative study between MMP-1 expression in mice liver, spleen and kidneys after being treated

with AFB1 and different concentrations of crude PG extract.

Group 1 Gggg/g 2 Group 3
Control 60% Aflatoxin Aflatoxin B1+ 60% Aflatoxin B1 +
(60%AFB1) B1 + (50 mg/kg (150 mg/kg
PG extract) (100 mg/kg PG extract)
PG extract)

30.36 13.00 14.00 9.69
MMP-1 24.00 14.00 7.00 10.30
liver 24.00 15.00 9.00 8.79
MMP-1 39.00 22.00 18.24 2.18
Spleen 24.00 22.00 18.12 9.00
39.00 22.00 21.00 7.00
MMP-1 18.00 20.00 7.36 1.10
Kidney 18.00 10.00 13.00 1.37
18.00 9.00 1.00 4.10
P 0.294 0.207 0.02*

MMP-1 expression was significantly reduced in the
mice liver organ by approximately 3-fold after treatment
with a higher experimental dose of PG extract. In contrast,
the reduction in effectiveness increased to 9 and 8 folds,
respectively, in the spleen and kidney compared with the
control. However, the expression reduction with the other

PG experimental doses appeared insignificant.

MMP-7 expression was significantly reduced in the
mice liver organ by approximately 13 folds, while the
reduction in effectiveness decreased to 2.3 and 5.6 folds in
the spleen and kidney when treated with a higher dose of
PG compared with the control (Table 7).

Table 7. Comparative study between MMP-7 expression in mice liver, spleen and kidneys after being treated with
AFB1 and different concentrations of crude PG extract

Control esoO/G,:;(lJ:ulapl1 (50 aogroAulfazl Group 3
ontro () + (] +
(60%AFB1) mg/kg (100 mgikg | %°%° APFGBi:tSC%mQ/ kg
PG extract) PG extract)
45.99 40.00 37.20 5.80
MMP-7 46.00 40.60 37.20 1.10
Liver 41.00 40.30 37.20 3.00
MMP-7 15.99 16.12 12.26 10.63
Spleen 14.00 16.00 12.20 10.20
28.00 13.00 12.20 4.10
MMP-7 22.70 7.02 10.00 4.00
Kidney 22.79 8.02 1.08 4.00
22.54 12.02 1.60 4.00
P 0.323 0.088 0.00
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DISCUSSION

According to the results obtained from this study, the
amount of PG aqueous extract was found to be directly
linked to the reduction of AFB1 toxicity. AFB1
metabolism has historically been considered to take place
in two stages known as Phase | and Phase Il [34]. The
CYP450 enzyme systems mediate Phase | metabolism,
which consists primarily of enzyme-mediated hydrolysis,
reduction, and oxidation reactions that convert AFB1 to
more toxic epoxide forms (AFBO). GST enzyme systems
mediate Phase Il metabolism, involving conjugation
reactions of the AFBO intermediates, converting them into
more hydrophilic compounds readily extractable in urine
or hile [35,36].

In this study, we focused on the effect of AFB1 on the
liver and kidneys, as these are the main organs involved in
AFB1 metabolism. Additionally, we used the spleen as an
example to observe its effect on other body organs. IHC
findings confirmed the ability of AFB1 to disrupt the
oxidant-antioxidant balance inside affected cells in
different body organs at graded levels [37,38].

AFB1 undergoes biotransformation to diverse
metabolites that interact with various biomolecules such as
nucleic acids, resulting in the formation of AFB-N7-
guanine adducts, representing a major DNA damaging
event following exposure to AFs. Failure of the repair
process leads to alterations in somatic development,
especially at the transcriptional level. AFB1
carcinogenicity is mediated by changes in gene expression
leading to mutation induction. AFB1 cytotoxicity may be
associated with the disruption of cellular membrane
integrity by stimulating the lipid peroxidation process in
cells [39,40].

Scientifically approved evidence indicates the
oxidative and carcinogenic effects of AFB1. Up-regulation
of MMPs has been observed in each type of cancer and
found to be associated with poor prognosis among cancer
patients [41]. MMP-1 overexpression is associated with an
increase in hepatocellular carcinoma cells, most likely as a

result of ECM degradation during the epithelial-
mesenchymal transition (EMT). MMP-7 has also been
demonstrated to trigger MMP-1 [42].

Al-Mudallal, N. H. A. L. confirmed that different
concentrations of AFB1 and the exposure time were linked
to the severity of liver injury and the expression levels of
MMP-1 and MMP-7 in the liver [23].

Different types of MMPs are located in the cytosol,
subcellular organelles, nucleus, and extracellular regions,
serving different roles at different stages, including cell
growth, differentiation, survival, and motility. MMPs
induced ECM degradation not only support tumor invasion
but also alter the behavior of tumor cells, leading to cancer
metastasis and ultimately disease progression. Therefore,
inhibition of MMPs activity can serve as a useful
therapeutic strategy in combating this life-threatening
cancer [43,44]. Inhibition of MMPs through
downregulation of MMPs expression reduces mRNA
expression of MMPs via modulating the Akt signaling
pathway [45,46,47].

The crude extract of PG was found to induce potent
protective action in laboratory animals and may play a role
in the prevention of hepatic, renal, and splenic injury
produced by aflatoxins [34]. Several previous studies were
carried out on the analysis of PG aqueous crude extract
active constituents; PG aqueous extract contained
alkaloids, ginsenosides, and another protective component
that directly acts as inhibitors of MMPs [48].

Many previous histopathological studies revealed that
AFB1 administration induces degenerative changes in the
liver, spleen, and kidney.

In this study, we focused on the effect of PG aqueous
extract and how it acts against AFB1 toxicity on the liver,
spleen, and kidneys. A higher reduction effectiveness was
proved in liver tissues after monitoring the expression of
MMP-7 in orally 60% AFB1-administered mice, being
reduced from 44.33% to 3.30% after treatment with
150mg/kg of PG.

Hashim, S. S. et al. (2016) [48] studied the effect of
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PG against AFB1-mediated toxicity on different body
organs, and the histological examination of AFB1-treated
kidneys showed the appearance of apoptotic cells,
degenerative cells, and shrinkage of glomeruli [50]. On the
other hand, the kidney sections treated with PG extract
appeared to be normal tissue [34].

The hepatotoxic, mutagenic, and carcinogenic effects
of AFB1 on several animal models and humans explain the
strong efforts of researchers to find any detoxification
mechanisms that can be easily applicable [51]. In this
study, AFB1 detoxification might be conducted by
lowering MMP-1 and MMP-7 marker expression using PG
aqueous extract [52], which is an effective strategy against
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