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ABSTRACT

Over 60 million people worldwide suffer from epilepsy. Despite
the high prevalence of the disease, a clinical problem is emerging:
The development of resistance to drug therapy. Drug delivery nano-
systems, Artificial Intelligence (Al) and the Internet of Things (IoT)
appear promising both at the diagnostic and therapeutic levels. This
announcement is a review of clinical studies published in authorita-
tive databases. These studies examine the application of drug delivery
nanosystems in clinical therapy and diagnosis. At the same time, Artifi-
cial Intelligence (AI) and the Internet of Things (IoT) seem to give sig-
nificant advantages to the treating physician. The application of Artifi-
cial Intelligence (Al), the use of Big Data through IoT-based networks,
and the utilization of “smart” nanodevices can assist in clinical diagno-
sis and treatment. Also, drug delivery nanosystems improve biostabil-
ity, reduce toxicity and control the release of the entrapped drug with
better pharmacological effects. A typical example of diagnostic optimi-
zation is iron oxide nanoparticles as contrast agents in Magnetic Res-
onance Imaging (MRI). In addition, in the future, it is sought to design
nanosensors that record an epileptic seizure, but have the ability to
predict it by informing the patient from his mobile phone.
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1. Introduction

Over 60 million people worldwide suffer from ep-
ilepsy. Despite the high prevalence of the disease, a
clinical problem is emerging: The development of
resistance to drug therapy. Thus, seizures become
more frequent as the dose is reduced. Up to 40% of
patients eventually develop resistance, increasing
seizures, the risk of damage to an area of the brain,
and mortality rates. Patients experience emotional
and behavioral changes, seizures, convulsions, de-
pression and, in some cases, loss of consciousness®
Pharmaceutical Nanotechnology has shown that it
can contribute to diagnosis using nanoscale biosen-
sors, which record the electrical excitability of the
brain. The data can be used to develop algorithms
that will be able to predict or characterize epileptic
seizures?including added socio-economic burden.
Unfortunately, only a few suppressive medicines
are available, and a complete cure for the disease
has not been found yet. Excluding the effectiveness
of available therapies, the timely detection and
monitoring of epilepsy are of utmost priority for
early remediation and prevention. Inability to detect
underlying epileptic signatures at early stage causes
serious damage to the central nervous system (CNS.
The treatment of epilepsy is often complicated by
the inability of available antiepileptic drugs (AEDs)
to cross the accessory blood-brain barrier (BBB),
which could be overcome by appropriate drug deliv-
ery systems. The ideal system would provide local-
ized and controlled release of AEDs at targeted sites
in the brain to help reduce drug toxicity and enhance
their efficacy. Several strategies for effective AED
administration have been reported in the scientific
literature. Nanotechnology-based systems appear to
be a promising and innovative development as sev-
eral drug delivery nanosystems have recently been
reported as effective CNS delivery systems due to
their increased biostability, ability to cross the blood-
brain barrier (BBB) and their improved selectivity1.
Nanotheranostics systems (nano therapeutics &
diagnostics) combined with the Internet of Things
(IoT) and artificial intelligence (Al) bring new possi-
bilities for the immediate relief of epileptic seizures.
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Finally, the use of smartphones and portable devices
(smart watches and fitness trackers) help to evaluate
and monitor the neuronal impulses of the brain?.

2. Definitions

Nanotechnology-based medicine (nanomedicine)
refers to the characterization of surface properties
and the design of nanocarriers for various medi-
cal strategies. Therapeutic agents are embedded
or coated on nano-carriers, small colloidal or solid
structural platforms ranging in size from 1 to 1000
nm. These NanoParticles (NPs) readily interact with
the cellular environment at the molecular level to
produce the desired physiological response. Nan-
otechnology-based AEDs have recently attracted
attention due to their ability to penetrate the BBB,
their improved selectivity and the potential for sus-
tained drug release in the brain. Size, molecular
weight (MB), copolymer ratio, corrosion mecha-
nism and surface charge are important factors when
considering the effectiveness of NPs. For example,
the size of NPs is a very important determinant of
effective BBB passage. NPs ranging from 35 to 64
nm have easy access to most neural tissues. The
synthesis of NPs of specific size could be achieved
through different preparation methods. As a result
of the reduction in the sizes of NPs, the nanocarrier
system exhibits a large surface area that can carry
large doses of drugs, effectively reduce the peripher-
al drug toxicity and provide adequate drug delivery
to their targets. The surface charge of NPs is also an
important factor in determining their effectiveness
in targeting the brain. It has been reported in the
literature that neutral and mildly negatively charged
NPs are more effective than positively charged NPs.
On the other hand, positively charged NPs can make
immediate changes in the BBB (albeit for a shorter
duration) and are later cleared by the reticuloendo-
thelial system (RES)*

3. Pathophysiology and epidemiology of
epilepsy

Epilepsy is a neurological disease characterized by

3
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Table 1. Presentation of the advantages and disadvantages of using nanocarriers from studies per-
formed for CNS diseases. Table 1 is adapted from Reference 1.

Cobalt (Co) based
Nickel (Ni) based
Iron (Fe) based

Alginate-chitosan

Alpha-methyl Tryp-
tophan (diagnostic)
Ethosuximide

Nano-carriers Drugs used Advantages Disadvantages
Liposomes GABA e Biocompatible e Susceptibility to RES
clearing is more than
e PEG-Liposomes Phenytoin e Size diversity the other NPs
e Glycolipid conjugated e Prone to phospho-
e Immuno liposomes Thyrotropin e Molecular weight and lipid metabolic degrada-
hydrophilicity aids into ef- | ;. leading short stay
fective encapsulation and |, the system
entry to neural tissues |, [, earlier genera-
skipping body defense ma- | ;o1c shelf life stability
chineries was quite low
e Polymeric nanoparti- | 3-Carotene e Biodegradable and bio- | ¢ Susceptibility to RES
cles Probenecid compatible clearing and opsoniza-
e PLGA Thyrotropin tion
e Poly(butylcyanoacry- | Phenytoin e Programmed drug re-
late) Ethosuximide lease could be achieved by
e D,L-polyactide Clonazepam choosing apt polymer com-
e Poly(s-caprolactone) | Valproate position, ratio and molecu-
e Chitosan Loperamide lar weight
e Pullulan acetate-PEG Carbamazepine ) .
e Poly(DL-lactide-co-gly- e Preparation easiness
colide) and greater stability
e Poly(glycolic acid)
Solid lipid nanoparticles | Diazepam e Greater physical stabil-
Temozolomide ity
e Chitosan Carbamazepine e Less toxicity
Riluzole e Greater surface area
Carvedilol e Improve both drug
loading and its efficacy
e Multiple routes of ad-
ministration
Nano emulsion Amiloride e Stable preparations
Olanzapine e Higher rate of absorp-
Carbamazepine tion
Clonazepam e Transmittable in multi-
Levetiracetam ple routes with less toxicity
and irritation
e BBB permeable
Magnetic nanoparticles | Carbamazepine e Precise modular con-

trol on transport and deliv-
ery to the targets

e Minimum toxicity to
other tissues
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Figure 1. Comparison of the size of nanosystems with biomolecules and cells. Adapted from ref. 4 (Creative

Common CC BY license)*.
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Figure 2, Presentation of the parts of a biosensor. Adapted from from ref *? (Creative Common CC BY license).

abnormal electrical activity that causes seizures in
various parts of the brain. This disease has neurolog-
ical, cognitive, psychological and social effects and
affects approximately 50 million people worldwide>
Estimates of the global prevalence and incidence of

epilepsy vary from country to country. While it is
more common in middle-income countries than in
high-income countries, there is a significant increase
in the number of patients in childhood compared
to old age® However, mortality is low. Unintention-

5
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Figure 3. Presentation of the steps for the formulation of nanomedicines in the treatment of epileptic brains.

Adapted from ref. 13 (Creative Common CC BY license).

al injuries and suicide were found to be among the
deaths caused by epilepsy’” These results suggest
that patients are psychologically affected by the life-
long continuation of the disease®

According to the World Health Organization
(WHO), seizures are the result of excessive electrical
discharges in a group of brain cells. These secretions
can appear in many parts of the brain. The frequen-
cy of seizures caused by these secretions can range
from 1 per year to several per day®*

4. Diagnosis

Nanotechnology has been used as a diagnostic
method in brain disorders. For example, iron oxide
(magnetic) nanoparticles (MnPs) are applied as con-
trast agents in magnetic resonance imaging (MRI) of
brain pathologies such as tumors, stroke, multiple
sclerosis, acute diffuse encephalomyelitis, and trau-
ma. Attached to non-radioactive drugs such as al-
pha methyl tryptophan, the magnetic nanoparticles

6

are used for MRI imaging of normal brain functions
and changes caused by epileptic activity. Conjugat-
ing nanoparticles to specific markers or antibodies
can improve diagnostic specificity® Technologies for
monitoring neuronal activities are desirable for un-
derstanding the mysterious workings of the brain
and the underlying mechanisms of neurological dis-
orders such as epilepsy and Alzheimer’s disease. In
this regard, the potassium ion (K*), as a key deter-
minant of membrane potential, has been one of the
main research targets, because the change in its con-
centration in the extracellular space directly affects
the membrane potential of neurons and alters the
intrinsic neuronal excitability and synaptic trans-
mission. Therefore, much effort has been made to
develop K+ sensors that have high sensitivity and se-
lectivity. Until recently, K+-selective microelectrodes
were considered the gold standard that allow us to
measure extracellular K+ concentration ([K*]o) with
high temporal resolution'®

In the effort to measure the change in potassium
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Figure 4. Bioactive toxic molecule, liposome free of the bioactive molecule and liposome with the toxic bioac-

tive molecule entrapped*.

ion concentration in the extracellular space, a na-
noscale biosensor was developed by a group led by
Zhong Chen and Daishun Ling at Zhejiang Univer-
sity and Taeghwan Hyeon at IBS10. Biosensors are
defined as devices used to detect of molecules and
which have a biological component (enzyme, an-
tibody, nucleic acid, whole cells or parts of tissues)
combined with some physicochemical analytical
part. In summary, biosensors give a measurable indi-
cation after reacting with the analyzed sample, with-
out requiring the addition of reagents '*

A biosensor consists of three components:

1. A recognition biomolecule, responsible for the
specificity of the sensor to the target molecule (e.g.,
receptor).

2. A detection element, which acts in some phys-
icochemical way (optically, electrochemically, etc.).

3. A processor-signal converter or electronic pro-
cessor, to present the results'*

The experiment’s nanodevice consisted of an op-
tical potassium indicator (a dye molecule that flu-
oresces in the presence of K*) embedded in meso-
porous silica nanoparticles shielded by an ultrathin
layer of a potassium-permeable membrane. This
membrane is very similar to the potassium channel
in brain cells, and the pore size of the nanoparticles
prevents other cations (including Na*) from reach-
ing the marker. This means that the device exclusive-
ly captured K* ions and could detect their presence
at concentrations as low as 1.3 micromoles per li-

ter. Thanks to this high sensitivity, the researchers
were able to spatially map sub-milligram changes
in extracellular K+ in three different regions of the
mouse brain: the hippocampus, the amygdala, and
the cortex10. After injecting the nanosensors into
various locations in the brain of a test mouse, the
team electrically simulated the mouse’s hippocam-
pus to induce a seizure and recorded the visual re-
sponses of the nanosensors. They then compared
these measurements to those obtained from simul-
taneous measurements made using conventional
electroencephalography (EEG). They found that in
localized seizures, extracellular K+ concentration in-
creases from the hippocampus to the amygdala and
cortex over time, whereas in generalized seizures it
increases almost simultaneously in all three brain
regions?C.

5. Treatment

Nanotechnology is a rapidly developing field that
has given new hope for the treatment of various dis-
orders, including CNS diseases. The ability to cross
the BBB and the specificity of targeting appear to be
the main obstacles to the success of AEDs in pharma-
cotherapy. Applications of nano-based drug delivery
systems in epilepsy are a promising solution that can
overcome these limitations™

It is important to note that the treatment of
drug-resistant CNS disorders is one of the greatest

7
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Figure 5. Placement of the active molecules in the liposome according to their hydrophilicity*..

challenges in drug administration. However, there
are currently no studies aimed at evaluating the ef-
fects of AEDs delivered by drug nanocarriers in ex-
perimental models or in patients with drug-resistant
epilepsy’.

Various nanocarriers can easily access targeted
brain sites by manipulating the permeability of the
BBB. Modification of NPs with surface ligands facili-
tates BBB crossing by nanocarriers. Due to the pres-
ence of transport molecules, such as growth factors,
insulin and transferrin, at the BBB, NPs are desirable
drug carriers in mapping strategies of epilepsy diag-
nosis and treatment. The blood-brain barrier acts as
a neuroprotective barrier that prevents harmful sub-
stances from entering the brain while providing es-
sential nutrients to the tissues. The BBB consists of
a network of brain capillaries (microvessels) which
are the smallest vessels of the vascular system, with
a diameter of 3-7 um. To ensure an efficient supply
of nutrients and oxygen, approximately 100 billion

8

of these microcapillaries are tightly packed and sep-
arated by only 40 pm. The transport of compounds
into and out of the brain, leukocyte migration, and
maintenance of brain microenvironment homeo-
stasis are regulated by the microvascular endothe-
lial cells of the BBB. Neighboring endothelial cells of
brain capillaries contain tight junctions with multi-
ple cell-cell protein interactions and some perfora-
tions and pinocytic vesicles®.

6. Liposomes

Liposomes refer to unilamellar or multilamellar
phospholipid vesicles that enclose a central aque-
ous compartment. Liposomes are the most studied
AED delivery system due to their biocompatibility,
biodegradability, and ability to encapsulate drugs
with different lipophilicities and molecular weights.
The ease of changing their dimensions, membrane
fluidity and surface characteristics make them ideal
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Figure 6. Schematic presentation of nanocarrier formation and loading of Piperine drug molecules.

nanocarriers?.

There have been reports of enhanced bioavailabili-
ty of drugs across cell membranes and minimization
of enzymatic degradation using liposomal carriers.
The half-life of liposomes can be improved through
reduction of vesicle size, enhanced surface hydro-
philicity, or the use of glycolipids and polyethylene
glycol. The hydrophilic moieties form a periliposo-
mal layer adjacent to the liposome surface and pre-
vent opsonins from entering the liposome surface,
which makes these nanocarriers invisible (Stealth)
from direct clearance in the RES*

In order to implement stimulus (e.g. pH, tem-
perature) drug release from liposomes, a pH- and
temperature-sensitive liposome has been devel-
oped, which releases the drug content in response
to an acidic environment and elevated temperature
(41 °C-42°C) in a specific target tissue. In an early
study, Loeb et al. (1982 and 1986) reported that li-
posome-encapsulated y-aminobutyric acid (GABA)
inhibited penicillin- and isoniazid-induced epilep-
togenicity in rodents. In another research program,
a thyrotropin-encapsulated formulation produced
extensive anticonvulsant activity and suppressed
seizures in Amygdala-kindling rats (Kindling Amyg-
dala is a type of Temporal Lobe Epilepsy (TLE). In
another study, the same research group reported

successful seizure prevention in response to cer-
tain threshold concentrations of liposomal GABA in
Amygdala-kindling rats. Mori et al. (1995) used lipo-
some-encapsulated phenytoin (PHT-L) to investigate
status epilepticus in a rat model. They reported sup-
pression of total seizures and sustained cortical ac-
tivity in response to PHT-L.1> Liposome compositions
are used in the treatment of many malignant condi-
tions in which secondary epilepsy is a characteristic
feature. Brain tumors are often a major cause of sei-
zures. Immunoliposomes are a successful strategy
for optimal drug delivery to the brain. They are pre-
pared by conjugating polyethylene glycol (PEG)-sta-
bilized liposomes with monoclonal antibodies to
the rat transferrin receptor. Immunoliposomes have
been reported to deliver drugs at concentrations four
times higher than PEG-liposomes due to targeted ac-
tion. Some studies of PEGylated immunoliposomes
with entrapped antineoplastic drugs have yielded
encouraging results relative to the delivery of drugs
without them entrapped in immunoliposomes due
to targeted therapy. In one study, Yang et al. (2012)
reported remission in mouse model glioma in re-
sponse to guided chemotherapy using!® PEGylated
liposomal'” doxorubicin combined with repetitive
high intensity pulsed focused ultrasound. In another
study, Anders et al. (2013) reported the improved of

9
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pharmacokinetics and efficacy'’.
Disadvantages of liposomal nanocarriers

Reported general limitations of liposomal for-
mulations include rapid immune clearance if not
surfaced with polyethylene glycol (PEG), from the
bloodstream due to destruction by RES cells, low sta-
bility after prolonged storage, rapid metabolic deg-
radation of of phospholipids and inability to provide
sustained release of the entrapped drugs compared
to other nanocarriers. Newer generations of liposo-
mal AED formulations have greatly reduced some of
these disadvantages, such as shelf life and stability,
compared to previous generations of liposomal AED
formulations. In addition, liposomal formulations of
several pharmacologically active AEDs in preclinical
development, including valproic acid, superoxide
dismutase, GABA, and amiloride, are expected to

10

provide new perspectives on drug delivery to the
brainl. In addition to liposomes, there are also other
nanocarriers, such as dendrimers, micelles, etc. each
of which has its advantages and disadvantages in
treating brain diseases™

Nano-carriers have two main advantages. First,
they have a higher surface-to-volume ratio, so they
contribute to a significant reduction in drug concen-
tration. As the dose is reduced, the side effects and
toxicity of the drug will decrease. Second, drugs can
target a specific tissue. Thus, the effect of the drug is
further increased®!®

The pharmacological approach to crossing the
BBB is based on the modification, through medicinal
chemistry, of a drug molecule to allow permeability
of the BBB and render it impervious to drug efflux
pumps, such as P-glycoprotein (PgP). One strategy is
to develop highly lipophilic and small drugs, allow-
ing them to successfully diffuse through brain endo-
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thelial cells. Unfortunately, this strategy eliminates a
huge number of potentially useful polar molecules
that could be used to treat CNS disorders. An alter-
native strategy is to use small water-soluble drugs
to facilitate crossing the BBB by the paracellular hy-
drophilic diffusion pathway, although the majority of
these molecules are able to penetrate the mesoen-
dothelial space of the cerebral vasculature up to the
tight junctions and not beyond. In addition, it should
be mentioned that modifications in the structure of
the drug often lead to a loss of the biological activity
of the drug!®.

In general, the physiological method shows more
advantages, as it takes advantage of the existence of
specific transcytotic molecule transport receptors
expressed on the surface of the BBB in order for mol-
ecules to pass through it.

In recent years, liposomes have been investigated
as carriers of drugs, of imaging contrast agents, and
genes, particularly for the treatment and/or diagno-
sis of neurological diseases.

Therefore, it is important to gain a better under-

standing of the molecular mechanism of the disease
and the development of improved diagnostic devices
and therapies. Liposomes are promising carriers for
CNS delivery™*

The application of nanoelectronics can solve many
problems. An example is the creation of a circuit that
allows the normal flow of electricity but prevents the
abnormal flow of electricity. This circuit must also
be invisible to normal brain activity for the brain to
function normally. Simply we need a damping circuit
like a filter.

The device when attached to the ECM (Extracel-
lular Matrixes) will eventually change the voltage at
that point in the cell when an abnormality occurs?”

In addition, a study focused on the synthesis of
CuQDs@HA/PLGA microspheres for the treatment
of epilepsy was carried out. Piperine drug molecules
encapsulated with CuQDs@HA/PLGA nanovesicles
significantly increased the anticonvulsant efficacy of
PTZ-induced kindling in vivo animal models compa-
rable to free piperine molecule treatment. The pre-
pared CuQDs@HA/PLGA nanostructures proved to

11
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be a novel platform for antiepileptic drug delivery?*

Finally, there is increasing interest in intranasal
nanotechnology products in the management of ep-
ilepsy. The combination of nanotechnology with the
nose-to-brain approach helps to increase the effec-
tiveness of the treatment as the medicinal product
reaches the target tissue more easily. It also minimiz-
es side effects and patient non-compliance seen with
other routes of administration?2.

7. New Technologies

7.1 The role of Nanotheranostics, Internet of
Things and Artificial Intelligence in the Diagno-
sis and Treatment of Epilepsy

Nanotheranostics (nano therapeutics & diagnostics)

12

systems are best proven in terms of targeted and con-
trolled release, an integrated approach that takes into
account the anatomy of each individual. Nanothera-
nostics help in profiling a disease and drugs, as well as
understanding the relationship between host and dis-
ease. The management of epilepsy in a person is pos-
sible through “smart” nanotheranostic systems as they
allow the detection and recognition of pathological
signs. Nanotheranostics give the advantage of creating
a database of information and with further clinical and
economic developments may increase its widespread
use in epilepsy. Nanotheranostics combined with the
Internet of Things (IoT) and artificial intelligence (AI)
bring new possibilities to epilepsy. In addition, the use
of smartphones and wearable devices can (eg, smart
watches and fitness trackers) assess and monitor neu-
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ronal firing or imbalance in the brain*
7.2 The application of Digital Therapeutics in
Diagnosis and Therapy

More and more people worldwide need to deal
with at least two chronic conditions for a significant
part of their lives. Specifically, as the OECD (Organi-
zation for Economic Cooperation and Development)
published in 2019, more than 30% of the population
over 15 years old lives with at least 2 chronic diseas-
es and this percentage is expected to increase in the
coming years?,

Thus, traditional health care provision is unable
to meet the resulting individual and socioeconomic
needs. Digital Therapeutics (DTx) is a form of digital
health solutions that “provide evidence-based thera-
peutic interventions guided by high-quality software
programs to prevent, manage or treat a medical dis-
order or disease”. They are used independently or in
combination with drugs, devices or other therapies
to optimize patient care and health outcomes” (Dig-

ital Therapeutics Alliance, 2021). These, therefore,
can relieve the health system from the ever-increas-
ing pressure?*

Healthentia is a CE (Conformité Européenne) Class
[ Medical Device currently used in more than 20 clin-
ical studies. The Healthentia platform is an e-Clinical
solution that captures clinical results from medical
and Internet of Things (IoT) devices and offers in-
telligent services based on Artificial Intelligence
(AD. In this way, virtual guidance is sought with no
or very little human intervention. The healthcare
professional is often available remotely and acts as a
safety ‘net’ to oversee the automated system’s deci-
sions. E-coaching can take place in a variety of ways
including: Short text messages e.g., website-like con-
tent e.g., video tutorials e.g. and realistic three-di-
mensional (3D) embedded interlocutors?*

The healthcare professional can securely log into
the Healthentia web portal and create interventions.
At this point it invites the patient to participate and
enables or disables modules such as patient fluid

13
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intake. After the patient accepts the invitation and
registers in the application, he fills in some personal
information such as age, gender, weight and height.
Also, it can connect the app to various apps (eg Fitbit
or Garmin Activity Trackers) if they are enabled in
the configuration stage to start collecting e.g. daily
physical activity and sleep data. The patient receives
various health questionnaires (which also include
psychological questions) but can also enter data on
his own initiative?*

The real-world data collected is used in a number
of ways. First, the patient can view their own infor-
mation through the mobile app in order to increase
awareness of their own behavior (an essential part
of the virtual coaching part as described in Coaching:
Virtual Coaching in Digital Therapeutics). Second,
healthcare professionals (mainly in the case of clin-
ical studies) can view patient data, at an individual
level or through various dashboards that provide an
overview of patient groups. Communication with the
virtual coach is either initiated by the patient or the
virtual coach can draw their attention when there is
something important to discuss®.

A new survey was conducted to evaluate the re-
sponses that artificial intelligence gives to patients. The
researchers used 195 relevant questionnaires posted
on Reddit r/AskDocs and answered by certified health
professionals. They then posed the same questions
to Open AI's GPT-4. A panel of experts who evaluated
the results rated the Al responses as “good” and “very
good”. On the contrary, the answers of the doctors were
characterized as “acceptable”. It appeared, then, that
the experts seemed to prefer the GPT-4 answers by
78.6% compared to the doctors’ answers. The conclu-
sion of the study published in JAMA Internal Medicine
showed that Al messaging programs can be safely used
by healthcare facilities to facilitate patients. It is point-
ed out, however, that the responses of the system must
be under the supervision of doctors?*.

7.3 The application of Machine Learning to
Epilepsy

For the seizure detection task, several studies
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have shown that models were trained through ma-
chine learning algorithms using specific features
in the time and/or frequency domain based on
scalp EEG. In another study, the researchers taught
the model to distinguish normal from abnormal
electrical activity automatically without requiring
any manual process. They also found that seizure
detection performance depends on the similarity
of the seizure onset pattern between the training
data and the test data, i.e.,, new data with a dif-
ferent onset pattern from that of the trained data
could not be detected well. The models were also
trained to detect an impending seizure several
minutes before onset. In fact, they showed a sensi-
tivity of 80-90%, but we must note that each study
had a different prediction time (5’-60’ before on-
set)?.

In another clinical study the sensitivity of the
models to detect seizures reached 65-100% in each
patient but when data was obtained for that patient
for more than a month. It is worth noting that these
models are also particularly useful for the precise
definition of the surgical target. Therefore, in ad-
dition to facilitating the diagnosis, they essentially
help in the treatment as well?*.

Notable is the Multicentre Epilepsy Lesion De-
tection (MELD) project which used over 1,000 pa-
tient MRI scans from 22 global epilepsy centers to
develop the algorithm, which provides reports of
where abnormalities exist in cases of drug-resis-
tant focal cortical dysplasia (FCD) - the main cause
of epilepsy. The researchers then trained the algo-
rithm on examples that had been labeled by expert
radiologists as either healthy brains or having FCD
- depending on their patterns and characteristics.
The researchers found that overall the algorithm
was able to detect FCD in 67% of cases (538 par-
ticipants). Previously, radiologists in 178 of the
participants were unable to find the abnormality
on MRI but the MELD algorithm was able to iden-
tify FCD in 63% of these cases. This is especially
important because if doctors can find the abnor-
mality on a brain scan, then surgery to remove it
can provide a cure?®
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8. Ethical Artificial Intelligence

Since 2014, private companies, research institu-
tions, and public sector organizations have issued
guidelines for ethical artificial intelligence (AI).
However, despite the agreement that Al should be
“ethical,” there is debate over both what constitutes
“ethical Al” and what ethical requirements, technical
standards, and best practices are needed to imple-
ment it. A global convergence was thus found emerg-
ing around five ethical principles (transparency, fair-
ness and justice, non-maleficence, responsibility and
privacy)?”

9, Discussion and Conclusions

Antiepileptic drugs are often used in the treatment
of epilepsy, but the difficulty with these drugs is the
emergence of resistance® One hypothesis to explain
pharmacoresistance in epilepsy is the overexpres-
sion of multidrug-resistant proteins, such as P-gly-
coprotein, in the endothelium of the blood-brain
barrier’. Furthermore, due to AEF only drugs with
a molecular mass < 400-500 daltons can cross the
BBB. However, before drugs can reach the CNS, mac-
rophages tend to phagocytose them within the RES
(reticuloendothelial system) and astrocytes further
limit drug accumulation in the brain. Tight barri-
ers in the CNS prevent conventional drugs or che-
motherapeutic agents from reaching targeted sites
within the brain*

Medicines used to treat epilepsy must be admin-
istered effectively and safely so that the brain is
protected. Therefore, new delivery systems should

Demetzos C. et al, Pharmakeftiki, 35,1V, 2023 | 2-17

deliver drugs at concentrations determined to have
high therapeutic efficacy in epilepsy without toxic-
ity. Considering this information, there is a need to
develop new treatment strategies. With the devel-
opment of nanotechnology, it has been proven that
nanoparticles as a drug delivery system are signifi-
cantly effective in treating diseases®

Nanocarrier systems can fulfill many functions,
such as being able to cross the blood-brain barrier
(BBB) by passing a specific cell or signaling pathway,
respond to endogenous stimulus, support nerve re-
generation, and ensure cell survival. Nanotechnolo-
gy holds the promise of controlling the concentra-
tion of drugs and delivering the drug to the target
tissue across the BBB®.

The combination of nanotechnology with Artificial
Intelligence and the Internet of Things looks promis-
ing. The doctor will be able to monitor the patient’s
progress through a database as well as be informed
of an upcoming seizure. All this combined with the
high-quality data provided by Nanotechnology ap-
plications (e.g., nanobiosensors) open new avenues
for faster and more accurate diagnosis as well as saf-
er treatment.

Various nanoparticle (NP)-based drug delivery
systems have been proposed and reported as great
AED delivery systems. These when encapsulate
antiepileptic drugs (AEDs) seem to be new weap-
ons in the near future for the treatment of epilep-
syl. Early and accurate diagnosis of the disease
with the help of new technologies (Artificial In-
telligence & 10T) as well as treatment using Nano-
technology can significantly improve the patient’s
quality of life. O
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1. Elcaywyn

Ol ouvaloONUaTIKEG SlHTapoyEG elval amd TIG Lo
OUXVES PUXIKEG SLaTapayE, e TIG Yuvalkes va ep-
@avifouv peyadltepn evmadela amod Toug avdpeg.t
0 onUaVTIKOG PpOAOG TWV YOVASIK®OV OPUOVDV GTLG
Puxkég Statapaxég poteivetal amd Tov avinuévo
EMITMOANGUO TNG KATABAWNG KATd TN SLdpKELA TWV
AVATIAPAYWYIKWV ETOV KAl TNV mlavotnTa ep-
PAVIONG KATAOATITIKGOV EMEC0SIWY 08 TEPLOSOUG
HelwoNG aUTWV TWV 0pHOVOY, eV 1 Bepameia op-
HOVLIKNG VTIOKATAoTAONG £XEL SelXOel OTL BEATIWOVEL
1 KOl ATTOTPETEL TN LETAYEVVITLKTY KL TNV HETEUUN-
vomavolakn katabiupm.? Ot cuvaels Statapoyeg
OTIWG TO TIPOEUUNVOPPOTKO GUVSPOLO, 1] LETAYEVVT)-
TIKN KOTAOAWM Kol 1) TIPOEUUTVOTIAUOLOKT] KOTA-
OAwm oxetifovtal pe yapunAd emineda oloTPOYOVWV
oTOV 0p0, VW N apuySaAn eivatl pa Baokn Soun
IOV EPTAEKETAL 08 CUVALOOMPATIKEG StatapayEs. Ot
SLKVPAVOELS TV EMMESWV OLGTPOYOVWY OTIG YU-
ValKeg aQVOUEVETAL VO EXOVV OTHAVTIKO QVTIKTUTIO
otn Aettoupyla ™G apuySaAng pe faon v Ek@pa-
o1 TV VTToSoxEwv TwV olatpoyovwy (ER), kat 18iwg
touv ERa.? Zmmv mapovoa avackOTmon emiyElpeital
pla avdAvon TG EUTAOKNG TWV OLGTPOYOVWY OTIG
Puylatpkég Statapoayeg kabwes Kal 1 avdAvon Tov
UNXOVLGHOV LE TOV 0TI0(0 GUVEEoVTaL UTIO TO Tipiopa
™G mOavNg eUTAOKNG TOUG 0T BepaTeVTIKT TIPO-
O£YYLOT QUTWV.

2. JuvaloONpatikeg Sltatapayeg
2.1. Katd0Auwm

Ymapyovv moAAol TUTOL KATdOAWYMG o Ep@a-
vifovtal oe yuvaikeg Tov mapovoldlovv cuval-
onuatikeg Satapaxés oe MEPLOSOUVG OPUOVIKIG
Stakdpavong, Tou UToPoUV VA AVTILETWTILOTOUV
OTIOTEAECUATIKA ATO TA OlOTPOYOVaA. AUTEG elval 1
pMVLiaio KUKALKT TIPOEUUNVOPPOTKT Sua@OopPLKT Sla-
Tapoynq (PMDD), n petayevvntiki katabAupm mov
ep@avietal apketés efSouddes 1 Pveg HETA TOV
TOKETO Kat emiong 1 KatdbALm oToug Urves opuo-
VIK®OV SLKKUPAVEEWY IOV cUUBalvouv 0T Ao pe-
TafBaong mpog TNV KAlpaKTnpLo.*

Oepedwdng ya ) Bepameia ™G KATAbAWNG pe
opuovikn Bepameia eival n cwoth Stdyvwon tou Tu-

Tov KatdbAyme kabwe kat av mlava avtamokpi-
VETUL 0TA 0LOTPOYOVA. To TILo a§loTIPOCEKTO YEYOVOG
elval OTL 1] HETPTOT TWV EMUTESWV OPUOVWV UTIOPEL
va unv eivat xpnown. ‘OAa ta mapadeiypata mov 8i-
vovTal elval 0€ TPOEUUNVOTINVOLAKES YUVAIKEG TIOV
€XOUV @UOLOAOYIKA eTtimeSa 0lOTPASLOANG, Opuo-
G Siéyepong wobuvAakiwv Kol TEGTOOTEPOVTG, OL
oTrolEG, av kal pumopel va unv eivat BEATIOTES Yo TV
acBevn), Bpiokovtatl cuvBwWG EVTOG TOU PUGLOAOYL-
koU eVpoug. Emopévwg, To 1otopikod Toug eivat o Lo
ONUAVTIKOG TAPAYOVTAS YL T Slapop@won g Si-
ayvwong KoLt Sta@opodidyvwon amd GAAES attieg
katabAumg, Waitepa amod T SumoAkn Siatapoym,
1N omoia Sev amoteAel pla acvviBlota ecPaipévn St-
AYvwoT NG KATAOAWYNG OXETIIOUEVT LE TNV OPLLOVL-
k1| avicoppoTia. Eivat yvwoto 6tin coBapdtnta tng
SUTOALKNG KOl LOVOTIOALKNG Statapaxs aAAALeL ou-
XVA e TOV EPUNVOPPOiKO KUKAO, 0AAG 1| ouxvn Sla-
YVWOTLIKI GUYXUOT HETAE) AUTWV TWV YUXLOTPLKWY
Statapaywv kat g PMDD, n omola amattel moAw
Slaopetikn Bepatmeia, pePKES POPEG SV avayvw-
piletal’ evd 10TOPIKO PETAYEVVITIKYG KATAOALNG
o€ pia 1 TEPLoGATEPES ATIO TIG TTPOTYOUHEVES EYKU-
poolveg elval emiong loxvpog Seiktng katdBAWMG,
Tov Selyvel va €xel oppovikn Baomn.b

Eivat mBavo 6t n acikr) attia tng Tpoguunvop-
poikN G KatdBAWMG elvat 1 Sucavetia otnv evdoye-
V] TIPOYEGTEPOVT] HETA TNV woppniia kal @aivetat
OTL avTol ot acBeveis eival emiong Suoavektikoi og
0TIOLOSNTIOTE TIPOYEGTOYOVO, EVM 1) £KTACT TNG EGOP-
TataL amd ) §6on kal T SLapKeLla Xop1ynong Toug.”
Emopévwg, k&dBe TpoyeoToyovo Tou eVEEXOUEVWE VA
XPNOOTIOLE(TAL VIO EVEOUNTPLA TIPOOTAGIN GE aU-
TOUG TOuG aoBeveic Ba pémel (owg va eival ekeivo
TIOV TIPAYEL TA ALYOTEPX CUUTITOUATA KAl Vo 6{Se-
Tal ot XaunAdtepn amotedeopatiky 86om KAl ya
TOV HkpOTEPO aplOpd nuepwv. F'ia autdv Tov AdYO,
T0 810k(0 EAEYXOV TWV YEVVIOEWV, OV KAl KATOGTEA-
Aet v woppnéia, dev elval 1600 ATOTEAEGUATIKO
AOYw TOU TAPEYOUEVOU CUCTIUATIKA, GE TUEPT|OLA
Bdom kal GUVEXWG TIPOYEGTOYOVOU YL 21 NuéPESG TO
pnva.

[Mapoda auTd, OTIG TEPLOCOTEPEG TEPLTITWTELS XO-
pfynong ototpoyodvov, oL acBeveis Ba xpelaoTovv
TPOYEGTOYOVO Ylo TNV TPOANYM TNnG vmepmAaciag
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Ewkéva 1: Katnyopiomoinon tne xprions twv SNRIs kat SSRIs katd thv epunviémavon.

TOU evéounTpiov Kol TNG aKAVOVIoTNG aLpoppayiag,
AL, Adyw TG Suoavetiag ato TTpoyeaToydvo aE au-
TEG TIG YUVAIKEG, GUVIOTATAL PLIKPOTEPT SOOM KAL YL
HkpOTEPT SLapkela. To TpoyeaToydvo SpocTIPEVO-
v [(3-080-60,7a,150,16a-teTpaddpo-7'H,16'H-61-
kKvkAompomavo[6,7;15,16]-17a-mtpe-
yv-4-gv-21,17-kapforaktovn] elvat éva
AVTLHVEPOYOVIKO TIPOYEGTOYOVO TIOU EYXEL VTTOGTNPL-
XTEL OTL £x€L amoTEAEOPATIKOTNTA Y TN Bgpameia
™G PMDD?® kat €xeL oploTel amd opLOUEVEG HEAETES
va glval KatdAAnAo we Bepameia TpwTnG ypapung.’
M amoteAeopatiky oppoviky Bepameia yia ™
oofapn PMDD eivat n xpnjon Sadepuikwv olotpo-
YOVWV Ylot TNV KATAGTOAN TG woppnéiag.t® Ot yu-
vaikes Oa ipémel va el8omonBovv 6TL popel va at-
oBdvovtat Atydtepo kadd Ti§ TpwTeS 2 fSOUASES,
WAAAOV, HE QAAAYEG TIAPOUOLEG OTIWG UTEG OTT SLd-
Beon Tov TapaTNPOVVTAL OTIS APYXES TNG EYKUHOOU-
VNG KAt 0TI Bepameia pmopel va unv Aettovpyel yia
Tov 1o piva éwg dtou 1 woppnéia £xel KATAOTAAEL
[Ipémel va avayvwpLloTel OTL 1] HETAYEVVNTIKT KO-
TaOAM pmopei va elval to onpeio kapmng otnv Y-
XK1 VYEla plag yuvaikag mov apyel va cupfouvAgutel
TOV LATPO NG, KAl UTIOPEl var 081 y1|0€L O€ Eva pakpo-
XPOVLO0 LOTOPLKO KaTAOAWMG, To oTroio Eekvael TTOA-
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A4 xpOVLa, HETA ATIO TNV EYKVHOGUVT, 1) OTIOlQL OYETI-
Cetau pe koA Siabeon kat AN p1 amovacia onpeiwy
™G KatdbAmg, Adyw otadlakd auinuévng cuyke-
VIpWwonG olotpoyovwv. Emiong, 1 katddAwpm katda
NV gUUNVOTIAQUOT o@eideTal o€ éva pelypa moA-
AWV TOPAYOVTWY, TA OTolar UTOPEL Vo e§apTWVTAL
amod ta emimeda yuvalkelwv oppovwv ato copa. To
amAOVGTEPO Kol TiLo TPORAEYIHO ATTOTEAEGUA TG
Bepameiag pe oloTpoydva eivat 11 avakov@LoN TWV
AYYELOKIVI TIK®OV CUUTITOUATOY, 0TIwg eEdels kat
VUXTEPLVEG EPLOPWOELS, TIOV TTPOKAAOVV aiTIVIA, KO-
TWOoT, avemapKela kat KatabAwm.!! Mapdia avtq,
T aMOTEAETHATA TNG Spdong BepaTELWV CLCTNUA-
TIKA 8pwoag OPHOVIKNG VTIOKATAGTAONG SEiyvouv
va elval au@leyopeva kabws €(ouv oUOXETIOTEL
Kot pe ab&nomn tov Kvdhvou gpeavions katddbAwmg,
Wlaitepa og yuvaikeg £wg 50 eTwv, VW OL TOTIKA
xopnyoUpeveg Bepateieg Edel&av pkpdtepo kivduvo
ep@avionsg Katddiwme.'2 Qotoéco, mPog 10 MAPOV
UTLAPYEL I TAOT] VA XPNCLULOTIOLOVVTOL AVTIKATOOAL-
TTIKA @appaka, pe kupiapya ta SSRIs (exAektikol
avaoToAElg TG emavampocAnPmg aepotovivig) Kat
T SNRIs (avaotoAeis TG emavanpocAnyme oepo-
TOVIVNG KAl VOPETVE@PIVNG), Yiar aUTHV TNV €VEELEn,
He TNV mapogetivn kat v Beviagagivny va cuviota-
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TAL WG TIPWTNG YPUUUNG BepaTeles, kal Ta VTTOAOLTTA
OTWG oePTPaAivy, @AovogeTivn, oLTaAompaun Kol
Seofeviaativ wg devtepng, kat T wptalamivy,
vTovAo&etivn, ealtatompaun kat @AovBoéapivn va
KATATAOOOVTUL WG TEAEVTALEG 0N AloTa ETAOYNG
(Ewova 1).1113

Ymapyet emiong kata®Aupm otn petafatikn @aon,
TP Ao TN SLOKOTT] TNG ELUNVOU PUCEWS, IOV SeV
OXETI{OVTAL HE TA AYYELOKWVITIKA 1) ATPOPIKA OU-
UTITWOUATA IOV QVTATOKpivovTal o€ olotpoydva.lt
AuTtég 0 TUTIOG KaTdBAMG Eekva TTOAAG Xpovia
TpW amd TN SLaKOT TwV TEPLOSWV KAl aVTATO-
KPIVETAL 0T OLOTPOYOVA TILO EVIOVA ATIO TNV KATA-
0AWm mov ep@aviletatl oTIG NAKIWUEVEG PETEUUT-
VOTIAUOLAKEG YUVaiKeG,® ev €xel potabel OTL oL
yuvaikes pe katabAupm mov Aappavouv avtikato-
OATITIKG, KATA TNV KALHLAKTPLO KOAO Ba jtav emi-
ong va Aapfdavouv xapnAég SO0ELS 01O TPOYOVWY Y
va BEATLWO0OVV TNV AVTATIOKPLOT| 0T VOG0.1¢

2.2. Aok Swatapayn

Ot 8imoAwkoi votOTOL OTIWG 1 SLTOAKY] Slata-
payn tomov II (BDII) kat 1 tayeiag evailayng sivat
TILO OCUXVEG OTLS YUVALKEG aTtd TOUG AVEPES Kol oL yu-
vaikeg Tapouotdlovv cuXVATEPA ATIO TOUG AVEPES
oLVSVAOTIKA KATAOALTITIKG KAl LKTA €TEL0OS10. 718
EmumAéov, apketés peréteg £xouv Seiel OTL Ta ava-
TAPAYWYIK& cLUPBAVTA, ESIKA 0 TOKETOG, Stadpa-
pati¢ouv kpiowo péAo oty mopeia TG vooov.r Xe
LI LEYGANG EKTOOTG LOKPOXPOVLIX LEAETT, TTOAPATN-
pnOnke 0Tl oL yuvaikeg pe StmoAkn Statapayr (BD)
€XOUV TIEPLOGOTEPEG ATIO 23 (POPES TIEPLOGOTEPES TIL-
Bavotntes va eloayBovv e emelcodio BD katd tov
TPWTO UV LETA TOV TOKETO ATIO O,TL KATA TN SLdp-
KELX TNG EYKUHOOUVNG TouG.2’ Ta oloTpoyova @aive-
TOL VA AELTOUPYOUV WG AYWVLOTEG GTO OEPOTOVIVEP-
Yik6 oo, HELWVOVTAG TN SpaoTnploTnTa TNG
HOVOQULVOEELSAOMNG KoL ETINPEATOVTAG TN HETAPOPX
™G ogpoTovivng Stavevpwvikad.?! Kat ot 0o Stadi-
kaoies av€avouy ta emimeda oepotovivng otn oVva-
ym odnywvtag oe mBavy BeAtiwon g StdBeon.?
Ta olotpoyova mailovv emiong poAo Kot o€ GAA
ovoTpata vevpodiafBiactwy, kabwg aviavouv
SpaomploTTa TG vopadpevaAivng, Spouv ev pépel

WG XOAWVEPYLKOL AYWVLIOTEG KL PUTIOPEL VO LELWOOLV
™mv evaoBnoia Tov vmodoxéa tng vromauivig D2,
EMSPWOVTAG BETIKA OE ONUAVTIKA PLOVOTIATIX pUOLL-
ong Twv Puxlatpkov Satapaywv.22® Emiong, éxet
SeyOel 6TL o€ yuvaikeg pe tpodidBbeon ywax BD peta
TOV TOKETO, LTNpPXE avinuévn evawobnoia otovug
VTOTIULVEPYLKOUG UTIOSOXELG OTNV w)XPLVIKT PAoT)
TOU EUUNVOPPOiKoV KUKAOU, OTLG TIEPLTITWOELS OTIOV
Ol YUVQLKEIEG OPHOVEG TOU (PUAOV EIVAL OYETIKA V-
ENUEVEG, eV avTIoTOLXA PAIVETAL T VTOTIOULVEPYL-
K& ocvoTuata o€ yuvaikes pue BD va éxouv avéinuévn
gvaloOnoia oTIg aAAAYEG OTIG YUVAIKEIEG OTEPOEL-
Selc oppoveg.2* EmmAgov, ev8Exetal oL SpAcELS TWV
0LOTPOYOVWYV VU EUTIAEKOUV Kol 0AAXYEG OTO EVTE-
PLKO pkpofiwpa, eMNpedlovtag e AUTO TOV TPOTIO
Kol TO GUOTNUA UIKPOBLWUATOG-EYKEPHAOV ETIEN-
Baivovtag ag SLd@opeg Puylatpikés Slatapayeg.2>26

H Bepameia pe olotpoyova avidvel v ek@paon
™m¢ mpwteivikng kwaong C (PKC).?” Ta Boxnuikd
Sedopeva vmootnpifouv v mOAVY] EUTAOKT TNG
PKC kot Twv UTOOTPWUATWY TNG 0 SUmToAKoUS
acBeveig?® evw ol otabepomomtés ¢ Slabeong
OTIWwG to AiBLo katL To BaAmpoikd éxovv amodelyBel
OtL elval avaotoAeig tng PKC,Y kat n tapodupaivn
[2-[4-[(Z)-1,2-8wpawvvroBouT-1-evuro]@atvodu-
]-N,N-8ipeBuroatBavapivn], évag ekAekTikog TpO-
TIOTIOMTNG TWV OLOTPOYOVIKWYV UTIoSoxéwv (SERM),
TOV aAANAETISPA pE eVEOKUTTAPLKOVG LTTOSOXE(S
0lOTPOYOVWYV OE OpYyava-oTdXoUS WG AYWVLIOTHS 1
AVTAYWVLOTHG OLOTPOYOVWY, EVaL KAl AVAGTOAENS
™6 PKC kat BewpnBnke amotedeopatikds ot Bepa-
mela ™G o€elag paviag, kabBwg 1 avactoAn tng PKC
Seiyvelva elval amapaitntn ot Oepamneia ¢.2° Mo-
Aatalta, Sev pmopelva amokAeloTeln Suvn Tk avta-
YWVLIOTIKY) €Tti6paon TG TapoéLpaivng Tougumodo-
xelg oloTpoyovwy, av kat Bepameia pe Tapodipaivn
Seiyvel va tpokaAel onpavtikd vmAdTepa emimeda
17-B owotpadioing [(8R,9S,13S,14S,17S)-13-pebv-
210-6,7,8,9,11,12,14,15,16,17-8skadépokvkAoTie-
vtavo[a]pawavBpevo-3,17-8loAn] atov opo ae Tpo-
EUUNVOTIAVCLOKES YUVALKES HE KAPKIVO TOU paotol
o€ oUYKplom pe aoBeveis mov Sev edafav Bepameia,
0AAG emiong auEAVEL KL T oUXVOTNTA ERPAVLOTS
KUOTEWV TWV WOONKWYV, EVK 0L 0pUOVES SLEYEPOTS
Twv wobuvlakiwv (FSH) kot n LH (wxpwviky oppo-
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Ewkova 2: EniSpacn twv avTipuywoikdVv @apudkwy oTo oUOTHUR 0LOTPOYGVWV Kal VTOUATIVIG Kat Tlavd

otnVv alinAeniSpacn Tovg.

V1) TAPAPEVOUV AUETABANTES, GTOLXEQ TTOV pTTOpE(
va VTToSNAWVOULY OTL 1 Tapodipaivy Spa amevbeiog
OTIG WOBNKES YL Vo aUENTEL T YEVEDT] TWV GTEPO-
eldwv.>°

3. Ixwo@pévela

Ta emdnuioroyikd SeSopéva G oxllo@PEVELAS
avopopLlKa pe tnv NAkia xat to @VAo é8eldav otL
UTtapyeL Sla@opd otV NAkia Katd TNV Evapén g
oxo@pevelag PETalL TwV GUAWY, KATA TNV oTola
0L AVEPEG PTAVOUV OE HEYLOTN ELPAVLOT] OTIG NALKI-
€G 18-24 TV, VW YLX TI YUVAIKES EPPAVITETAL EWG
kat 4 xpovia apyodtepa.3 EmmAgov, povo oti§ yuvai-
KeG He oxllo@pévela ep@aviletal pia SevTepT oy
nAwiag évapéing ota 45-50 €32 Emiong, Selyvel va
UTAPYEL ALENUEVO TTOCOOTO EMITTWONG GTOUG (V-
Speg (avaroyia 1,4 : 1), To omolo €xel emaAnBevtel

22

amd 2 aveEApTNTEG PETA-AVAAVGELS KOl TTOPAUEVEL
AUENUEVO aKOUT Kol LETE TOV EAEYXO YLIX SLAPOPOUS
TUPAYOVTES SLaPopoTIoinomg, OTWG To VP0G NALKI-
0G, TA SLAYVWOTIKA KPLTNpLa KAl TN pepoAnyia.3334
Ot yuvaikeg Selyvouv pla o guvoikn avtifuxw-
OlK1] QVTATIOKPLOT O OXEOT HE TOUG AVEpPES, EXOUV
ALYyOTEPEG TIEPLTTWOELS VoonAiag, Tpocapudlovtat
KOAUTEPR 0NV acBévela Kot TTapovotalovy Alyo-
TEPN avaTnplo KAl HEYOAVTEPT LKAVOTITA AUTOGV-
vifipnone.3® Ot yuvaikeg éxouv emiong BeAtiwpévn
ToloTNTA (WG, VW elvat o mlavo va eival Ta-
VIPEUEVES, VA TIAPAUEIVOUV OTNV EPYATIN TOUG KoL
va SLHTNPOoUV KOLVWVIKEG ETIOPEG UE OLKOYEVELA KL
@{Aovc.3® EmimAgov, ol avBpeg Telvouv va £xouv Tie-
PLoCOTEPEG SOUKEG aVWHAAIEG OTOV EYKEPAAO aTtd
TLG YUValKeG, CUPTEPIAAUBAVOUEVWV TWV SLIEVPUUE-
VWV KOIALWV KoL TOU HELWUEVOL GYKOU TOU KPOTAPL-
KoV Aof00.3738
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Ta Yuywowkd ocvpuntopata €xel SeixBel va BeA-
TLWVOVTAL KATA TN SLApKELX TNG EYKUHOOUVNG, Kol
Vo EMISEVWOVOVTAL HETA TOV TOKETO.> Ava@opeg
TIEPITITWOEWY KAl KAWVIKEG HEAETEG €8el&av OTL oL
yuvaikes pe oxlo@pévela Selxvouv auvénuevn oo-
BapdTNTA TWV CUUTITWHATWY, VYNAGTEPA TTOGOCTA
UTIOTPOTING KAl TIEPLOCOTEPEG ELCAYWYEG GTO VOO O-
kopelo o€ MEPLOSOUG XAUNAWY KUKAOQOPOUVTWV
OPUOV®V (PUAOVU, CUUTEPIAAUBAVOUEVNG TNG TIPW-
NS WOBLVAAKIKNG @AONG, UETA TOV TOKETO, OAAX
Kat v epunvémavon. Avtibeta, T TOGOGTA LTIO-
TPOTNG ElvaL ALYyOTEPO GUXVA KaLT) coBAPATNTA TWV
OUUTITWHATWY HELWVETAL 0€ TEPLOSOVG Pe LVMAN
OUCTIUATLKT KUKAO@QOPIX TwV 0pHOVWV TOU (VA0
oLVUTIEPLAQUBAVOUEVIG TNG EYKUHOOUVNG KAl OTA
HECK TOU WXPLWIKOU otadiov Tou gupnvoppoikov
KUKA0L.*! Te pia avtiotoym perém, n a&loAdynon
™m¢ Saxvpavong ™G coBapdTNTOG TWV CUUTTW-
HATwV o€ yuvalkes, eEwTEPKOVG HoBeVE(S, pe oyL-
Coppévela, kata T SLdpKeLd TwV §U0 PACEWVY TOU
EUUNVOPPOTKOV KUKAOV, TAPATIPTOE OTL ] KATAVO-
UM TWV CUUTITWHATWY 1TAV CAPOS XAUNAT KATA T
SLAPKELA TOV HECOV TNG WXPLVIKNG QAT G AAA& LT)-
A katd T Sdpkela TG Evaping TG TAPAYWYIKNG
(pdong.*

Avtiotolxa, oe yuvaikeg pe oxlo@pévela €xel
TapatnpnOel VTOOLOTPOYOVALIIX GE OYECT UE TIG
(PUGLOAOYIKEG, HE TOPAAANAN TAOT] YLt EUPAVION
AVWUAALWOV TOU KUKAOL,* evwd kal peiwon Twv oL-
oTpoyOvwy €xeL Bpebel petd amd e@appoyn avti-
Puxwoikng Bepamelag, aveEap T Tws ToL i50UG NG
Bepameiag avtic.*® Auto To eVupnpa Seiyvel va elval
ONUAVTIKO, KaBWG oplopéva avTUXWOoLKA UTOo-
POVV VX TIPOKAAEGOVV UTEPTIPOAAKTLVALULIQ, 1) OTTO 0L
odnyel og peiwon Twv emMmMESWV TWV o0loTPOYOVWV.H
H vmepmpoAaktvatpia oxetiletal kupiwg pe avti-
Puxwoikd, 0Twg 1 pLoTeptdovn, n omola epmodilet
Kkuplwg Tov vmodoxéa vromapivng D2, mou pubuilet
™MV ameAevBEépwon TPOAAKTIVIG Ao TNV VTIOEV-
o1. To onuavtiko Opws va SlevkpvioTel eivat av ta
TPOTIOTIONUEVH ETTIESH OLOTPOYOVWY cupBaivouv
TPW 1 HeTA TV évapén g vooou. [pog autr Ty
katevBuvon, n Tpwiun e@nfeia Exel cuoxeTIoTEL P
OPYOTIOPNUEVT] EULPAVLIOT) TNG VOGOU, IOV VTTOSEL-
Kv0OVTAG TNV ONHAc{X TWV 0l6TPOYOVWY TNV Ka-

Buotépnon g ep@aviong e

Ye mpoomaBela va SiepeuvnBel To mapamavw 00)-
NHO, 08 aoOevel§ pe TPOEUUNVOTIQUOLAKT oXL{0-
PPEVELA TIPWTOV £TtELG0S{0V, 0€ GUYKPLOT UE TOUG
UYLEIG papTUpES, oL aoBeveis ue oxllo@pévela eixav
HeTayevéaTEPN eppnvoppola, o apoppayia, TpL-
Xo@ula Kot HEYQAVTEPT TAON YLX OTEPOTNTA, EVW
@avnke kal yovadikn SuoAeitoupyla og eva Selypa
acBevwv.® Emiong, oplopéveg SITAG TUQAES, EAEYYO-
HEVEG LLE ELKOVIKO (PAPUAKO, TUXXLOTIOUUEVEG UEAE-
Teg Sivouv evdeiels otL 1 Bepateia pe oloTpoyova,
IOV XOpTMYElTaL 08 oLUVSLAGHO PE AVTUPUXWOLKY,
elval euepyeTikn yla ) oxt{o@pevela, Wlaitepa o
Helwon TV BETIKWV CUUTITWUATWY, EVW 1) Per os
xopnynomn 17B-ototpadioAng Kabnuepva yia oKTw
eBSouadeg, aAA& koL n Sadeppikn uéBodog, BeAtiw-
0€ ONUAVTIKA TK OETIKA CUUTITOUATO O TIPOEULT-
VOTIAUOLaKEG Yuvaikes pe oxtlo@pévela.*o4” Tlapoia
auTa, vTMpPEaY Kot avtiotolya Tapadelypota pHede-
TWV e Kapla Slaopomonon otnv eREAvIoN TwV
CUUTITWUATWY, KATL TO 0Tolo pmopel va o@eidetal
0TI GLVUTIAPEN TIPOYESTEPOVNG OTO OKEVAOUN, Ka-
Bw¢ KaL ot P&oT Tov WobNKIKoU KUKAOL.*

AvtioTtolxa, g HEAETN OE EUUNVOTINVGLAKEG OXL-
Coppevelg yuvaikeg BpeBnke O6TL amattovvtav xa-
UNAGTEPN 660M AVTIPUXWOIKWOV Kol ep@avifovTay
AlyO6TEPO SUCHEVT] CUUTITWUATA OE TIEPITTTWOT Bepa-
TE(0G OPUOVIKIG UTIOKATACTAONG, ATTOTEAEG A TIOV
ep@avioke PETA TN XPNOT OLOTPASIOANG, eTi §V0
eBdopades, axoua kar oe Gvtpeg (Lindamer 2001,
Kulkarni 2011).#°° Emtiong, o ekAeKTIKOG pUOULOTIG
0LOTPOYOVIK®WV VTodoxewv paoéipaivn ([6-udpo-
Eu-2-(4-vdpouvaivuro)-1-Beviobelev-3-vAo]
[4-(2-mmeptdiv-1-vAoatBogu) @awvuro]peBavovn)
£xeLemionG SOKLUAOTEL O€ YUVaIKES e oXL{0PPEVELQ,
LE EVVOIKG ATIOTEAECUATA YIX TA BETIKA, XPYNTIKA
KOl YVWOTIKA CUUTITOUATA TG VOoOU.*

0 p6A0G TWV 0LOTPOYOVWV OTN YVWOTLKY AELTOUP-
yia givat Slaitepng onuaciag yia t oxllo@pévela,
KaBwes T yvwoTika eAAelppata mov oxetiovrtal pe
™mv acBévela Bewpovvtal Ta o £E0VOEVWTIKA GU-
UTIT@OUATA YL0t TOUG AoBEVEIS Kol aUTE TA CUUTITW-
HOTO AVTILETWTI{OVTAL EAMTIWG XPTCLLOTIOLWVTAG
T TPEYOVTA AVTIJPUXWOLKA, EVE® TA VEUPOTIPOCTA-
TEUTIKA amoTteAéopata eival éva aAro Baocikd ou-

23



®APMAKEYTIKH, 35,1V, 2023 | 18-33

APOPO ENIZKOITHXHX

PHARMAKEFTIK]I, 35,1V, 2023 | 18-33

Emibpdosi twv
OLOTPOYOVLIV
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LEQOTOVIVEDYIRG OUOTTIO

Ewkova 3: EmiSpdoeis Twv olotpoyévwy ota cvothuata oepotovivig (5-HT), viomauivyg (DA) kat adpeva-

Alvng-vopadpevarivng (A kat NA).

OTATIKO TNG 8PAONG TWV OLGTPOYOVWY TIOU GXETI-
Cetal pe tn oxlopévela.’! EmmAéov, éxel mpotadel
OTL OL VEUPOTIPOCTATEVTIKEG SPATELG TWV OLOTPOYO-
vwVv pecorafolvtal péow ¢ Slatnpnong e At
Toupylag Twv pitoxovdpiwy, kal vTapyouvv aviavo-
peveg eveielg 0TL 1 pitoyovdplakn SucoAsttovpyla
mailel e€loov onuavtikd poéro ot oxlo@pévela.s?
‘Exel SlamiotwOel 6TL uTTAp)EL Lo BETIKY CUOXETION
pe Ta eMITES A OLOTPASIOATG GTOV 0PO, CUUTEPLACLYL-
Bavopevwv £EL YVWOTIKWV TOHEWY, PE TN AEKTIKN
KOl YWPLKN LViUn, va £X0UV TNV TILO €VTOVY OXEOT,
evw Bpédnke pelwpEV amdS00T 0T AEKTIKI PVTun
KaL TNV EKTEAEGTIKY AELTOLPYIA GTNV OUASH UE Y-
UNAT oo TPaSLOAN.>

4. E8pAoceLg o16Tpoyovmwy ota KUPLA 6VoTh)-
pata vevpodapifactwv

Ta LloXUPOTEPA GTOLYEIX YL TNV ETLPPOT] TWV
oLoTPOYOVWVY Tl TwV vevpodaPifactmv Tpoép-
XOVTaL AT PEAETEG IOV £E€TAOVV TA CUCTIHATA
vroTapivng, oepotovivng kat yAovtauwikov. H
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SleyepTikn emibpaon Twv oloTpoydvwy oTn Spa-
OTIKOTNTA TWV VTOTIAULVEPYLIKDV VEVP®OVWY, LSL-
altepa avtwv mov Bpiokovtal oto pafdwtd cwpa
KaL 6TOV TTUPNVA, Elvat KaAd Stevkpviopévn.>* Me-
AETEG TPWKTIKWV €xouVv Seiel OTL OL PATELS TNG
VTOTIAULVEPY KNG HETAB00NG TIOIKIAAOUY KAT TN
SLAPKELX TOU OLOTPLKOU KUKAOU, EV® 1 ATTOUG-
KPUVOT NG TPWTAPXLKNG TNYNG 0LoTPASLOANG
HECW WOBNKEKTOUNG TPOKAAEL POVIUN OTWAELA
TIUKVOTNTAG TWV VEUPWOVWV TNG HEAAvVaG ovalag
ota mpwtevovta.’® H Bepameia pe olotpadioin
umopel va pubuloel ta emimeda TwWV HETAUQOPE-
WV, TV VTTOSOXEWV TNG VTOTIaUivnG, Tn oVvOeon,
OTWG Kal TNV ameAevBépwan Kal TNV avavéwaon
NG VIOTMAWIVNG, TOGO 0 PAOLWIELS 000 KAl OF
paBdwteg meploxés.*? H wobnkektoun og apov-
paioug €xel amodelyBel OTL pelwwvel Ta emimeda
TPWTEIVNG TOU SPACTIKOV HETAPOPEX VTOTIALIVIG
(n omola emavelcdyel ™ vToTapivy 0Tov VEupwmva
vl avakOkAwon 1 amoltkodounon) kat aviavel ta
emimeda Tov voSoyea vromapivng. H emak6iovdn
Bepameia oe emipveg pe wobnkektoun pe 17B-ot-
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Ewkova 4: Zynuatiky ametkévion ¢ 08500 obvOeons aepotovivns uetd amd avénon tng ooTpadioAng kat
NG avaoToANS Kat emaywyns Twv vmodoyéwv 5-HT1A kat 5-HT2A avtiotoya. H avénon tng ototpodioAng (E2)
odnyel atnv evepyomoinon tov vrodoyéa ERP, Tpokadwvtag Tov SLUEPLTUO TOV. AUTOC QVAOTEAAEL T UETAYPA-
@1 tov vmodoyéa HTR1A, eva) mpokaldel kat evepyoToinon ThE UETAYPAPTIC TOU Yovidiov Tov vmodoyéa HTR2A,
avéavovtag tnv mpwteivn Tov vodoyéa 5-HT2A oT0 KUTTAPO, ) 0TOl(X UE TN GELPA THG 00N YEL O€ Eupeon avén-
on Tov mRNA kat th¢ mpwteivns g vépoévidong tn¢ tpumtopavng 2 (TPH2) kat oty cuVéxela TN HETATPOTI
NG TPUTTTOPAVNS 0€ 5-U6po&UTPUTTTOQAVY, KAl OT1 OUVEXELX O aepoTovivy (5-vdpoéutpuntauivy) uéow tng
apwuatikic amokapPoévidong twv L-auwvoééwv (AADC).>

oTPASLOAN AVECSTPEPE TNV ATIWOAELX TOV HETAPOPEX
VTOTapivn g kat emiong pelwoe Ta emimeda Tov vTo-
Soxéa vromapivng D2 katw amod ekelva Twv avema-
Pwv opddwv gAéyyov.>® Emiong, n xpovia Bepameia
pe 17B-olotpadloAn o€ TONKOUG TTOU €XOVV VTIO-
otel wobnkektour, avénoe ta emimeda ék@paong
TOU HETAPOPEN TNG VIOTIAUIVIG KAL TNV EVEPYOTIO(-
non g o080V onpatodotnong Akt/GSK3, n omola
miotevetal 6TL eEaoBevei ot oxloppévela.’’ '0Ooov
agopd atn Bepameia pe 17B-ol0tpadlorn, oe cuv-
Svaopd pe xpovia xopnynon aromeptdoAnG, peiwoe
TNV EMAYOUEVT ATIO AU@ETAUIVY] KLVNTIKY VTTEPKL-
VNTIKOTNTA 08 ONAVKOUG ETIUVEG, EVW aUTH 1) ETti-
Spaom g olotpadloAng dev mapatnpnbnke oTAV
ouvlLAoTNKE pE adatovxo StdAvpa, vodnAwvo-

vtag Ot gpavilel avTPuxwotkég 8LOTNTEG IOV
EVIOXVOUV TEPULTEPW TN AELTOVPYLKY QATOTEAE-
opaTiKOTNTA TG aAoTEPLEOANG.58

'Exouv ava@epBel Sta@opég petald twv @UAwY
oTn pUOILION TNG ONUATOSOTNONG TNG GEPOTOVIVNG,
pe ta emimeda mRNA tou vmodoyéa cepotovivng
5-HT1A (Ewova 4)%° va eivat xapunAdtepa otnv apv-
Y8 kat Tov vToBdAapo BnAvkwv empdwv o€ V-
YKPLOT] LE TOUG APCEVIKOVG, EVW KAL 1] EKPPACT] TOU
vmodoyéa 5-HT2A ntav vymAdtepn otov ImmoKa-
uto ONAVKWV TEPAPATOlWWY, Kot 1 Bepameia Toug
ue 17B-ototpadioAn éxel Bpebel 0TI BeATiwvel T Yw-
PLKI| AELTOUPYLKY UV Kol quEAveL Ta emtiTeda o€-
potovivng otov TpopeTwmiaio @Aol6.2° Emiong, £xel
SeyBel 0TL 1 Bepameia VITOKATACTAGTG OLOTPASLO-

25



®APMAKEYTIKH, 35,1V, 2023 | 18-33

APOPO ENIZKOITHXHX

PHARMAKEFTIK]I, 35,1V, 2023 | 18-33

¢ aénoe ta emimeda Tov VTTOSoXEX GEPOTOVIVIG
5-HT2A otov mpopetwmiaio @AoLd, woTdc0, Ta ETI-
meda tov 5-HT1A Sev petafAiOnkav, vrodniwvo-
VTAG TNV EMAEKTIKY §pAcT NG 0loTPASIOANG 6TOVG
VTOTVUTIOUS TOV VTtoSoXEa TG oepoTovivne.*? Ta emi-
meda ékpaong mRNA twv 5-HT1A kot twv 5-HT2A
vmodoxéwv, kabwg emiong kot Twv ERa kat ERR,
Sev €8elav onuavtikég Sla@opés ywx tov 5-HT1A
vmoSoxéa. AVTIBETWG, @Aavnkav pelwpéva, emimeda
éx@paons mRNA tov vtodoyéa 5-HT2A o€ apketés
aTo TIG TMEPLOXEG TOU EYKEPAAOV, OF TEPLTTWOELS
KatddAwWmg, evw n ofeia yopriynomn 17B-ootpadiod-
AnG oparomolovoe Ta emimeda £k@paons mRNA tou
5-HT2A o€ mOAAEG TIEPLOXEG TOU EYKEPAAOV, EKTOG
atd tov mmokaumo.?

H xpévia Bepameia pe 17B-ototpadioAn éxet Set-
x0el 6TL puBuilel TNV TUKVOTNTA TWV VTTOSOXEWY
yAovtapwvikov, NMDA kat AMPA, otov (mmokaumo
apovpaiwv, VTOSNAWVOVTAG TOLKIAEG emISpAoELS
TWV 0l0TPOYOVWY OF SLAPOPETIKEG TIEPLOXEG TOU
eYke@OAov otn oxloppévela.t! H tapodipaivy,
éxeL amodeyBel 6TL aviavel v emavampocAnym
YAOUTAULVIKOU 0EE0G KAl EMMPEATEL TNV LOVOTPOTIL-
K1 KoL HeTABOTPOTIKT) SpacTIKOTNTA TOV UToSoXéN
TOU yAoutapwikov ot oxtlo@pevela, pubuilovtag
™ SLBEGIUOTNTA TOV OTI GUVATTIKI OXLlouN.%% e
KAAAEPYELEG AT TPOKVTTAPWY, T TAHOELPAIVT KoL 1|
poroipaivn £6el€av va auEAVOLV TOUG PETAPOPELS
yAoutauwikov, EAAT1 kot EAAT2, péow vmodoxé-
wv ERa kot ERB, kabw¢ kat péow tou vmodoyéa tou
EMSEPULKOV aUENTIKOV TapAyovTa kKol pubuiong
™G 0800 NF-kB.%® (¢ ek ToUTOU, HEAETEG oLUTEPL-
@Opag o€ {wa VTTOSNAWVOLV OTL OL ETSPATELS TNG
OLOTPASIOANG OTN YAOUTAULVEPYIKY ONHATOSOTNON
utopel v EUTTAEKOVTAL GE GUUTIEPLPOPES OYETIKESG
pe TN oxoEPEVELR, KL EVMD UTIOSELKVUOLV TO pOAO
NG OLOTPASLOANG TN YAOUTAULVEPYLKT] SUGAELTOLP-
yla otn oxlo@pévela, TapoAd aUTA amalrtovVTOL
TEPALTEPW UEAETEG YLt TNV VTTOOTHPLEN NG IOV
BepamevTikng emidpaong ¢ oloTpadloAng ot Su-
oAertovpyia auT.

Muax dAAN Broyevnig apivn Tov €xet epmiakel vpé-
WG 0 KATAOMTITIKES, KoL OYL LOVO, SlatapayEg elval
n vopemwe@pivn (NE). Ot Stakprtol vtomAnBuopol

26

REVIEW ARTICLE

Twv veupwvwv NE Tou eyke@aAikol oteAéxous ex-
palouv oloTPoyovikoUs vTtodoyxeis kat 1 Spaoctn-
potnta ¢ NE avdvetal ca@ws wg amokplon ota
0LaTPOYOVa. AUTO pmopel va o@eiAeTaL 6TO YEYOVOS
OTL oplopéva yovisia Tov ek@palovtal amd VEVP®-
veg NE emmpedlovtal amd olotpoyova, 0Tws mapa-
YOVTEG pETAYpa@TG Kol vevpomemntidia.t* Emiong,
€xeL SeryBel 6TL N avtokTovia oxetiletal og peyddo
BaBuo pe cupTTOUATA KATAOAWNG, VWD SLATIOTW-
Onke onpavtiky peiwon g ék@paons mRNA tov
ERB ota B0pata autokTtoviag oe ocUYKpLoN UE TA
atopa eAéyxov, evw avtiBeta, Sev vMpxav onua-
VTIKEG SLapopés yia ta emimeSa ERa.%

‘Ocov a@opd ot Spdon TwV OLGTPOYOVIK®OV Kot
TIPOYECTOYOVWV OTEPOELSWV €Tl TOU GUOTHUATOG
GABA, 1 aAdomtpeyvavoldvn €xel Bpedel 6TL elvar
IO LoXUPN ATO TOUG HETAPBOAITES NG TTIPOYEGTEPO-
NG, akoAovBolpevn amd TNV TPEYVEVOAOVT.® Zg
yuvaikeg o€ mapaywyLkn nAtkia, Ta kukAo@opolvta
emimeda TG AAAOTIPEYVAVOAOVNG KAL TNG TIPEYVEVO-
AGVNG, akoAovBolv ekelva TNG TIPOYECTEPOVNG, UE
UYNAOTEPEG GUYKEVTPWOELS KATA TN SLAPKELA TNG
WXPLIKNG @ANS aTtd 0, TLOTNY WwoBLAAKIKY @aco.5’
‘Eva kpiowo onpeio otn ov{tnon OXETIKA e T
oxeom PeTadV TNG SLABEDTG KL TWV VEVPWVIKA Spw-
VIWV OTEPOELSWV ElVAL TO KATA TTOGOV TA APV TIKA
CUUTITOUATA TNG SLABE0NG avTIKATOTITPI{OVV TTpaLy-
HOTIKG pLa ETSPOOT TTOV TIPOKAAEITAL ATTO VEVPO-
SpaOTIK& OTEPOELSY], OTIWG N AAAOTIPEYVAVOASVY,
0To ovumAeypa vtodoxéwv GABA-A. Ot Beviodiale-
TILVEG TIOV XOPMYOUVTAL GE AYXOAUTIKY 800M TopT)-
yoyow apvnTiKa amoTEAECPATA OTIWS KoL T VPMAS-
Tepa eMiMES A TPOYEGTEPOVNG/AAAOTIPEYVAVOAOVT|G.
Avutd ta amoteAéopata Selyvouv pla VELPLKT aTto-
KpLOT TOU UTopel va eUTAEKETAL OE ETMTAYOUEVES
ATIO TNV TPOYEGTEPOVN AVETILOVUNTEG EVEPYELEG OTN
S1aBeon péow tov vmodoyea GABA-A, kabwg oL oei-
£G EMSPACELS TNG TPOYESTEPOVNG TIOAVWG VAl UE-
coAafolvtal pEow TNG KATAOTAATIKNG §pdong Tng
aAAOTIPEYVAVOAOVTG.58 QoTO00, GAAT peAéTn Seiyvel
OTL 0 KAXOLKOG EVSOKPLVIKOG TTUPNVIKOG VTTOS0XENS
TIPOYEGTEPOVTG SEV EUTAEKETAL GTNV TTABOPUGLOAO-
yla Tou Tpoeppunvoppoikoy cuvEpooL, OTIWG ATIO-
SEVUETAL ATTO TNV ATOTUYX(A TOU AVTAYWVLOTI] TOV
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UTIOSOXEQ TNG TPOYECTEPOVNG (ULPETPLOTOVT) Va
UELWOEL TIG PUOLKEG 1) CUUTIEPLPOPLKEG EKONAWTELS
™G TPOEUUNVOPPOTKNG SVGEPOPLKNG Slatapaxmis
(PMDD).*® Qotooo, éxel SeixBel 6TL N cofapotnta
TWV TIPOEUUTVOPPOTKOV CUUTITWUATWY OE YUVAIKES
ue PMDD oyxetiletal pe v evaebnoia tovg ota
OTEPOELSN KAl OTL auTn 1 evaoBnola opoAomolei-
TaL kata TN Stapkela TG Bepamelag pe EKAEKTIKOVG
avaoToAelg emavanpooAnymg aepotovivng.”® Apvn-
TIK& oupmtOpata SIEBeonG ocuvaVTWVTAL ETIONG
Kata T Sadoxikny TPocONKN TPOYESTOYOVWY 1|
TpoyeatepOVNG 0T Bepateia pe oloTpoyodva o€ pe-
TEUUNVOTIOUOLOKEG YUVAIKEG. Z€ OPLOUEVES YUVAIKES,
TA TIPOYECTAYOVA KAL 1) TIPOYECTEPOVT PAIVETAL VO
TPOKAAOVV KUKALKA 0PV TIKA CUPTITOUATO SLdDe-
ong, OTwG KatabAum, ayxog kat evepebloTdTNTA.
EmumAéov, vymAotepn 86om oltotpoydvwv Seiyvel
VO UEAVEL TAL APV TIKA CUUTITOHATA TNG StdBeong
OTav Yopryeltal pe mpoyeoTayova, Evw 1 001 oL-
otpoydvou Sev Seiyvel emmpeddel v embeivwon
™G SLdBeong oe TEPITTWON TIOU XPTCLUOTIOLEITOL
pévo tou.”

5. Atatpo@n Kat BovAtpia

MeAgteg Selyvouv va cuayeTi{ouv TIG 0pUOVEG TWV
woBNk®V pe kivéuvo v Statapaypéves Statpo@li-
Kké€G oLV BeLeq.”? AUTEG OL £pEVVEG ETIIKEVTPWONKAV
kuplwg oy vTePPOAIKY] KATAVAAWGOT TPOPNS,
HEOW HEAETWV OE TEPAUATOIWA, TOU TEPLYPA-
(POUV OTL TPOTIOTIOWOELG TWV OPUOVOV TWV wob1-
KOV TIPOKOAOVUV QAAAYEG TNV TIPOSA YN TPOPNG.”
Awx@aivovtal onpavtikés ovoxetioelg petafd ot-
otpoydvwy Kot TipOeANYnG TPoENG, £T0L WOTE N
woBnkektou] ONAVKWVY {WWV va TIPOKAAEL AUETES
KOl TAPATETAUEVEG aQUENOELG otV TIpdSAnYm Tpo-
@N¢, evw 1N Bepameia pe oloTPadLOAN @ailveTal va
QVTIOTPEPEL AUTA TA amoteAéopata. H mpoyeote-
poVN Ao TNV GAAN @aivetal va avtaywvileTal Tig
EMISPATELS TWV OLOTPOYOVWY, KABWG £xeL Alyeg Gpie-
0£G ETMUTITWOELS 6TV TTPOSANYT TPOPNG o€ (WA pE
PUOLOAOYIKN woBNKLIKY ActToupyia dTav yopnyeital
KoVN NG, AAAG EAATTWVEL TIG AAAAYEG 0TIV TIPOCAN-
ym mov pokaAoVvtal amd eEwYev) oloTPaSLOAT o€

{wa pe wobnkektoun’? kal TPokaAel EAXPPWG V-
ENpévn mpdoAnym TpoPng oe dBIKTOUG apovpaiovg
LE (PUOLOAOYLKT] KUKAO@OpPia oloTpadioAng. Av kat
QATOLTETAL TIEPLOGATEPY £€PEVVA YLK TOV TIPOGSLO-
PLOUO TWV OKPLRWV UNYXAVICU®Y TWV ETISPACEWV
NG TPOYESTEPOVNG, TA EVPNUATA HEXPL OTLYUNG
UTIOSNA®WVOUVY OTL Ol 8pACELS TNG TPOYEGTEPOVNG
€EQPTWVTAL ATIO TNV TAPOVGIA OLOTPOYOVWV KAl OTL
1 TPWTAPXLKI] ETLPPON TNG TIPOYETTEPOVNG ElvaL va
avtaywviletal T emSpAcelS eite Tov evdoyevoUg
eite Tou €€wyevolc 0LGTPOYOVOU oTNV TIPOCANYM
TPOPNS.

MeAeteg o emipveg Samiotwoav OTL 11 WoBNKe-
KToun aviavel tnv TpOcANYn TPoPNG Kal 1 Xopn-
ynon Oepameiag pe VYA S6om oloTPASIOANG Kot
XA G 6061 G TTPOYESTEPOVNG LELWVEL TNV TIPOCGAN-
Um tpo@ng e VYPNAT TEPLEKTIKOTNTA o€ AlTtapd.’*
TToug avBpwToug, €xouv efeTAOTEL SLOPOPETIKA
TOC0CTA TPOCANYNG TPOPNG, UTEPTPOPILAG KoL
CUVALCOMUATIK®OV QACEWV KATA TN SLApKELA TOV
£éuunvou kUkAov, Tov xapaktnpifovtat amd vVYmAa
eTimeda oloTPOyOVWY, EVaVTL VYNANG TIPOYEGTEPO-
wne. Ta amoteAéopata vrootnpEav v auinuévn
TpooAndm TpoPNG, akdua Kot Adyw YuxXOAOYLKWV
Spaoewv, KATA TN SLAPKELA TNG HEONG WYPLVIKNG
@aong og aOykplon pe t @d&on ™s woppnéiag.’ Ta
SeSopeEva LTTOSNAWVYOUV ETIONG OTNUAVTIKEG AAAXYES
OTOV EYKEPAAO (TL.X. aVENUEVOG OYKOG ULAS 0VGING)
0T SLAPKELA TOV KUKAOU TNG EUUNVOU pUGEWS TIOV
oxeTilovtal pe aAAAYEG OTN CUUTEPLPOPA (OTIWG
TPOGANYM TPoPNS Kat alobnua avtapofng) kat mi-
OTEVETAL OTL 0@El(AOVTAL €V PEPEL KL OE ETSPATELS
TWV 0PHOVWV ETIL TOU YoviSlwpatos.”¢ Towg ot ou-
oxetioelg peTady TWV AAAAY®V TWV OPUOVODV GTOV
EUUNVOPPOIKO KUKAO KAL TWV GUVALGONUATIKWOV b1
ATAPUYWV €T TNG SLATPOPTG VA AVTAVAKAOUV TIG
ETIAYOUEVEG ATO OPUOVEG AAAXYEG OTN LETAYPAPN
yoviSiwv o€ yuvaikes Tov eivat YEVETIKA EVAAWTES
o€ BoLALUKO @UVOTUTIO. AUTEG OL YEVETIKEG OAAQ-
YéG ylvovtal gPQAVEIS HETA TNV OPUOVIKI] EVEPYO-
Toinon, katd v g@nPeia kat v Evapin Twv epun-
VopPOoiKwV KUKAwV (Tepiodog avamtuing).

Emiong, n onpoavtikny Betikn oxéon petagy ng
apvnTikng Stabeong kat NG vEPPOALKNG GUXVOTN-
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TAG KATAVAAWOTNG PaynTol, ATMEKOVIleL T oXEoT
peta€) TwV OPUOVIKWVY ETSPACEWVY e TOUG Yuxo-
KOLVWVIKOUG TTAPAYOVTES KUL T1 SLATPOPLIKY] GUUTIE-
pLPOoPd. OL 0PUOVES TWV WOBNK®V UTTOPOVV VA ETIT-
peacovy TN BovAlpia pEow SLPOPWVY UNYXAVIOU®Y,
OLUTIEPLAAUBAVOUEVWY TWV GUOTIUATWY XOAEKV-
otokivng (CCK) kat oepotovivng (5-HT).”” H peww-
pévn Asrtovpyla twv CCK kot 5-HT €xel pedetnOel
EVPEWG WG TAP&yovTAS KvEUVOoUL ToL SLETEL T Bov-
Ayuka ovpmtopata.’” H emiSpaon emi tov kopeapov
¢ CCK evioyvetal amd avénoelg oty olotpadLonn,
0T SLAPKELX TOV KUKAOU, KAL LELWVETAL OTAV TA ETT(-
meda TG 0L TPASLOANG elvat xaunAd.”®

6. Zuumepacpata

ZUVOTITIKA, Ol VEUPOYUXLOTPLKEG  SLATUAPAYES
éxouv Seifel évtoves Slaopés PeTaEY TV UAWY o€
TOAAEG TITUXEG TWV SLAPOPWV EPTIAEKOUEVWV oDE-
VELWV, CUPTIEPIAAUBAVOUEVIG TNG TIPWLUNG NAKiNG
évapéng tng vooovu, TG o cofapng TOPELNG TNG
acBévelag, TG KakNG avtamokplong otn Bepameia
Kal NG SUOCKOAIOG TIPOCAPUOGTIKOTNTAG GE OPLOE-
veg aoBéveleg otoug avdpes. AuTh 11 AVAOKOTMON
UTIOYpAUUICEL TN SLoXpOVIKT €pguva TIOU EXEL TTEPQ-
TwOel yia TV katavonon Twv mbavmv TPosTATEY-
TIKOV N UN €TEPACEWY NG OLOTPASIOANG Kol TWV
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TIPOYECTOYOVWV OE OXEON WE QUTEG TIG SLAPOPES
otV €KSNAWOTN TWV KUPLWV PUXLATPLK®OV VOOWV
petad Twv Vo EUAwv. H éktaon autrg g €pev-
VO KUPAVETAL aTtO HEAETEG TIOU £X0UV Selel caPwI§
TIG TEPITMAOKEG AAANAETISPACELS TNG OLOTPASIOANG
HE Ta KUpla cvuoTHpata vevpodaBfactwv oTtov
EYKEPAAO, Kal ELSIKA EKEVA TIOV EUTIAEKOVTAL OTN
oxto@pevela kal TV KatdbAm, Ewg To TIPOKALVL-
K& povTtéda NG vooov Tov £xouv Seiel T Suvato-
NTA TNG OLOTPASIOANG E(TE BTNV EVIOYLON TNG YVW®-
OTG KAl TNG LVAUNG 1] oTa avaoTpéPipa eAAsippata
TIOU AVTAVAKAOUV T BETIKA, APYNTIKA KAL YVWOTIKA
ovumtwpata. KAwvikés Sokiués éSwoav pia ToAA&
UTIOOYOUEVT] TIPOOTITIKI] Yl TN XpP1om Tng oloTpa-
S0ANG KoL TNV TILO TIPOGPATN XPNOT EKAEKTIKWOV
TPOTIOTIOMTWV TWV UTIOS0XEWV TWV 0LOTPOYOV®Y,
WG CUUTIATPWHATIKY BepaTeia Yia aoBevel§ kKot Twv
80V0 VAWV, eV 1) XP1IOT TIPOYECTEVOELSWV, O OpL-
OUEVEG TIEPITITWOELG, Selyvel va epLlopilel 1] KoL va
AVAOTPEPEL TANPWS TIG BETIKEG AUTEG ETSPAOELS.
BéBata, mapdAa auTd amattovvTal ETITAEOV HEAETES
IOV Vot SLEPEVVOUV O€ PEYOAUTEPN £KTAOT) Kot BdBog
TO UNYAVIOUO TTOU SLETIEL TNV TTPOCTATEVTIKY §pdor
™G oloTtpadioAng otis Puyxlatpkés mabnoelg. TéE-
TOLlEG €pEVVEG elval emioNG amapaltnTeg o OAEG TIG
Puylatpkég Statapaxég 6mou mapatnpovvtat Sia-
POPES HETAEY TV PUAWV. [
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ABSTRACT

Estrogens seem to participate in various functions of the body, including
the brain function, through estrogen receptors, affecting among others, the
differentiation or the occurrence and promotion of serious or less serious
mental disorders. Estrogens seem to be involved in depression, bipolar
disorder and schizophrenia, with the fluctuation of their levels being
aggravating or beneficial. In these mental disorders, progestogens appear to
limit the beneficial effects of estrogens, which are nonetheless necessary in a
variety of situations, including the reduction of the side effects of estrogens.
These actions of hormones and their supplements seem to be exerted at the
cellular level, through transcription and gene expression adjustment, but
also regulation of mitochondrial function, while they seem to interfere with
all the main signaling pathways, influencing the action of key excitatory and
suppressive neurotransmitters. Furthermore, sex hormones seem to affect
the regulation of eating habits, a factor that appears to change especially
during many major mental disorders, but also due to the drug treatment
of these diseases. It is therefore considered important the further study of
these mechanisms, linking female hormones with mental disorders, as well
as their possible treatment through hormonal therapy, possibly as adjunctive
to the already prescribed for these diseases.
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Atrial fibrillation,
NOACS, warfarin, Atrial fibrillation (AF) is the most common arrhythmia, with an increased
thromboembolism, frequency of occurrence in older age groups. AF can cause thromboembolic
elderly events with ischemic strokes being the most common. Therefore, the role of

anticoagulant therapy is central. Until a few years ago, vitamin K antagonists

(VKAs) represented the most used anticoagulant drugs for the prevention of

thromboembolic complications of AE. However, VKAs had many problems in

use, mainly due to their narrow therapeutic range, as well as multiple drug and
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1. Introduction

Atrial fibrillation (AF) is the most common ar-
rhythmia in clinical practice, affecting up to 33.5 mil-
lion people worldwide. AF is not commonly found in
people under the age of 65 years (<2%), but its fre-
quency increases with age. The demographic aging
of the population and the increase in the prevalence
of other conditions that predispose to AF (obesity,
hypertension, diabetes) have increased its impact,
with about 9% of people aged 80 years and older de-
veloping the disease. AF can cause the formation of
blood clots in the left atrium, which can then emboli-
ze into the systemic circulation and most commonly
the cerebral arteries (ischemic stroke). These seri-
ous complications increase the rates of morbidity
and mortality in elderly patients with AF7,

The administration of anticoagulant therapy is a
cornerstone and urgent need for the prevention and
treatment of thromboembolic events in AF. However,
it carries the risk of complications, with the most sig-
nificant being bleeding, sometimes life-threatening,
with the elderly and very elderly being more vulner-
able®10, For decades, the anticoagulant therapy of
choice in AF for the prevention of thromboembolic
events has been the vitamin K antagonists (VKAs), as
well as suboptimal treatment with aspirin. However,
the disadvantages they present have led to the devel-
opment of new oral anticoagulants (NOACs). These
drugs have been shown to be at least as effective as
VKAs in preventing thromboembolism in non-valvu-
lar AF and maintain a favorable safety profile. NOACs
include dabigatran, which is a direct thrombin inhib-
itor, and rivaroxaban, apixaban, edoxaban, which are
direct factor Xa inhibitors. NOACs were designed to
achieve anticoagulation therapy in a broad range of
AF patients 211, Despite the availability of these saf-
er alternative drugs, the use of anticoagulant thera-
py remains suboptimal in elderly patients with AF, at
risk for bleeding events'2.

The purpose of this review is to highlight the ef-
fectiveness and safety of NOACs compared to VKAs,
as well as to present comparative studies aimed at
selecting the most appropriate anticoagulant in the
vulnerable group of elderly patients with non-val-

Fournaraki A. et al, Pharmakeftiki, 35,1V, 2023 | 34-46

vular AF, taking into account the individual needs of
each patient.

2. Method of Literature Search

The following keywords were used to search the
MEDLINE database via the PubMed search engine
for the writing of this review:

NOACS AND atrial fibrillation

NOACS AND olders

Atrial fibrillation AND olders

Risks of Noacs AND elderly

Noacs AND (complicationsORbleeding)

Articles that concerned clinical trials, meta-anal-
yses, reviews, and systematic reviews published in
the last 5 years in the English language and referring
to AF and the newer anticoagulant treatment, mainly
in elderly patients, were selected.

3. Results

3.1 Stratification of Thromboembolic Risk in
Patients with AF (Table 1)

European guidelines recommend the use of the
CHA2DS2-VASc score for categorizing thromboem-
bolic risk when making treatment decisions for pa-
tients with AF. Using this score helps identify low-
risk patients who can be excluded from anticoagu-
lant therapy, as well as those who have an indication
for anticoagulant therapy. With a CHA2DS2-VASc
score of 0 in men or 1 in women, the initiation of an-
ticoagulant therapy is not recommended due to the
absence of risk factors. With a score of 1 in men or 2
in women, the use of anticoagulant therapy should
be considered, weighing individual bleeding risk
against the risk of stroke. In men with a score of 2 or
women with a score of 3, strong recommendation is
given for anticoagulant therapy, as the benefits of its
use significantly outweigh the risk #1314,

3.2 Antiplatelet Therapy with Aspirin

In the past, prescribing aspirin to low-risk patients
for stroke prevention was common practice, as it
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Table 1: CHA2DS2-VASc Scale for Estimating Thromboembolic Risk
Scoring: Low risk (0), Moderate risk (1), High risk (2-9) #1314

Risk factor CHA2DS2 -VASc

Syncope 1 point
Hypertension 1 point
1 point

Age 2 pE>6iI?t_S7é)7/e5a;Zaorlsd lld)
Diabetes 1 point
Previous stroke or systemic embolism 2 points
Vascular disease 1 point

Female gender

1 point (only as an additional risk)

reduced the risk of stroke to some extent and was
considered safer for hemorrhagic events. However,
in current European guidelines, it is clearly stated
that “antiplatelet monotherapy is not recommended
for stroke prevention in patients with AF, regardless
of the risk of stroke.” It has been proven that VKAs
are superior to aspirin in stroke prevention and the
rates of major bleeding are similar to aspirin, both in
elderly and very elderly vulnerable patients 5,

3.3 Vitamin K Antagonists (VKAs) (Table 2)

Vitamin K antagonists (VKAs) (warfarin, aceno-
coumarol) have been the recommended oral antico-
agulant protection against thromboembolic compli-
cations of AF for over 50 years. However, they have
several disadvantages and limitations. They have a
narrow therapeutic window, resulting in even minor
deviations from therapeutic levels putting patients at

Table 2: Pharmacological characteristics of warfarin®.

PROPERTIES VITAMIN K ANTAGONISTS
TYPE Warfarin
MECHANISM OF ACTION It inhibits the synthesis of vitamin K-dependent clotting
factors
TMAX (H) 90 minutes
HALF LIFE TIME 36-42 hours
MAXIMUM ANTICOAGULANT 5-7 days
EFFECTIVENESS
EXCRETION Liver
REDUCED DOSE It should be avoided in liver failure
LABORATORY MONITORING INR
ANTIDOTE Vitamin K
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Table 3: Pharmacological characteristics of NOACs 61920

PROPERTIES DABIGATRAN RIVAROXABAN APIXABAN EDOXABAN
MECHANISM OF Direct inhibitor of Factor Xa inhibitor Factor Xa Factor Xa
ACTION thrombin inhibitor inhibitor
PRODRUG Yes No No No
HALF LIFE TIME (H) 12-14 6-13 12 12
TMAX (H) 1.5 2.5 3 1-5
BIOAVAILABILITY 7% 60%-80% 66% 60%
Kidney clearance
KIDNEY’S EXCRETION 80% 1/3 of the dose only 25% Medium
e | sumotte | e
LIVER METABOLISM metabolized in CYP450 (CYP3A4) CYP (CYP3A4) Medium
Inducers and
P-gp inhibitors inhibitors of
(ketoconaz.ole, Strong inducers and , P-gp. .
verapamil) inhibitors of CYP3A4 Strong inducers Erythromycin,
INTERACTIONS WITH P-gp inducers Strong inhibitors of and inhibitors of azithromycin,
OTHER MEDICINES (rifampicin, & p- CYP3A4 and P-gp | clarithromycin,
carbamazepine) &P ketoconazole,
itraconazole
5mg x 2 and
AT
150mg x 2 or 110mg x 20 mg daily apolv: a e>80g 30 mg daily if
DOSE 2and 75mgx 2incase | 15 mgdaily CrCl <50 PPy age CrCl< 50 mL/
. . . years, weight< .
of kidney failure mL/min min or body
60 kg, serum weight <60k
creatinine > 1,5 & §
mg/dL
SPECIFIC REVERSAL Idarucizumab An(Ai:;(a;ei;:lfa Andexanet alfa Andexanet alfa
AGENTS Aripazine p Aripazine Aripazine

risk for serious complications (bleeding). Especially
the elderly have an increased risk of bleeding (intra-
cranial, gastrointestinal, etc.) due to age, comorbidi-
ties and polypharmacy. Therefore, regular monitoring
of clotting with measurement of international nor-
malized ratio (INR) and frequent dose adjustments
are required to maintain a balance between effective-
ness and safety in clinical practice. VKAs have slow

onset of action and long half-life (dangerous when
urgent surgery is needed). Genetic polymorphisms
exhibited by each patient cause variable response. In
addition, multiple interactions with other drugs and
foods affect their activity and increase the demand for
dose adjustment. All these limitations result in vari-
able patient compliance and overall underutilization
for the prevention of stroke 1616,
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3.4 Novel Oral Anticoagulants (NOACs) (Table
3)

NOACs (Novel Oral Anticoagulants) were designed
to address the challenges of maintaining therapeu-
tic anticoagulation in a broad range of patients with
atrial fibrillation. NOACs are not antagonists of Vi-
tamin K and include the drugs dabigatran, rivarox-
aban, apixaban and edoxaban.

Most of clinical practice guidelines worldwide rec-
ommend NOACs over warfarin for the majority of
non-valvular atrial fibrillation patients, as they have
shown a favorable balance between efficacy and
safety compared to VKAs, with significant reduc-
tions in stroke, intracranial hemorrhage and mortal-
ity, 121517,

Advantages of NOACS in clinical practice are: }%*18

. They are effective and safe for preventing
thromboembolic events.

) Easy to use, with oral administration in a
fixed dosing regimen once or twice a day.

. Have wide therapeutic windows.

. No need for laboratory monitoring of anti-
coagulant activity.

. Improved patient compliance, especially in
the elderly.

. Rapid onset of action and short half-life af-
ter discontinuation.

. Half-life is well-defined (considering age-re-
lated increase due to renal function decrease).

. Predictable pharmacokinetics and phar-

macodynamics with low inter-individual variability,
even at an individual level.

. Fewer drug and food interactions.

. Cost-effectiveness for stroke prevention in
non-valvular atrial fibrillation has been demonstrat-
ed in some studies.

Four large Phase III trials evaluated the non-inferi-
ority of NOACs compared to VKAs in terms of further
reducing the combined risk of stroke and systemic
embolism by 19% and all-cause mortality?.

DABIGATRAN

In the RE-LY trial, dabigatran was compared to
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warfarin. In the overall trial, dabigatran adminis-
tered at a dose of 150mg twice daily, reduced the rate
of stroke or systemic embolism by 34% with a simi-
lar rate of major bleeding. Dabigatran administered
at a dose of 110mg twice daily, reduced the rate of
major bleeding by 20% compared to warfarin and
showed a similar rate of stroke or systemic embo-
lism'% In the RE-LY trial, 7.258 (40%) of the partici-
pants were aged 275 years and the representation of
this age group was well balanced in the three treat-
ment categories (adjusted dose warfarin, dabigatran
110mg twice daily and dabigatran 150mg twice dai-
ly). Additionally, a subgroup analysis compared the
safety and efficacy of dabigatran versus warfarin in
four age groups (<75, 75 to <80, 80 to <85 and =85
years)®. The administration of dabigatran 110mg
twice daily, reduced thromboembolic events by
12%, and the administration of dabigatran 150mg
twice daily reduced the incidence of stroke or sys-
temic embolism by 33%*!. Age did not significantly
affect these outcomes. However, this study showed a
clear interaction between age and the risk of major
bleeding in the three therapeutic categories®. Dabig-
atran 110mg twice daily was associated with major
bleeding rates similar to warfarin (4.43% vs. 4.37%;
p=0.89), while the dose of 150mg twice daily showed
a higher risk of major bleeding (5.10% vs. 4.37% in
the warfarin arm; p=0.07). This risk was related to
extracranial major bleeding and was age dependent.
Thus, the use of dabigatran 110mg twice daily was
supported in patients aged =80 years, rather than
dabigatran 150mg. The risk of intracranial bleeding
was lower with both doses of dabigatran, regardless
of age!? Both doses of dabigatran reduced mortality
in patients aged <75 years, but were similar to war-
farin in patients >85 years old®.

RIVAROXABAN

The ROCKET-AF trial compared once-daily rivar-
oxaban 20mg with warfarin. In the overall trial, ri-
varoxaban was found to be equally effective as war-
farin in preventing thromboembolic events, with a
similar rate of major bleeding. In this study, 44% of
patients were aged 275 years old. In this age group,
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Table 4: Assessment of hemorrhagic risk according to the HAS-BLED scale:

low risk (0), moderate risk (1-2), high risk (=3). 1322

HAS-BLED Points
Hypertension (syst>160 mmHg) 1
Kidney/liver failure
(1 point each) lor?2
History of cerebrovascular accident (CVA) or stroke 1
Bleeding history 1
INR out of normal range 1
Age >65 1
Medicines (NSAIDs, antiplatelets) / alcohol
(1 point each) lor?2

rivaroxaban was found to be non-inferior to warfa-
rin in preventing thromboembolism, with a throm-
boembolic event rate of 2.3% (rivaroxaban) versus
2.9% (warfarin). As for bleeding events, the rates
were similar, with a major bleeding rate of 4.9% in
the rivaroxaban group versus 4.4% in the warfarin
group. The difference in the above rate did not con-
cern intracranial hemorrhage, which was lower in
the rivaroxaban group, but rather extracranial hem-
orrhage, especially gastrointestinal bleeding, which
was more frequent in elderly patients receiving ri-
varoxaban 112,

APIXABAN

The ARISTOTLE trial compared apixaban 5mg
twice daily (or 2.5mg twice daily in patients with
two or more of the following factors: age = 80 years,
body weight < 60 kg, serum creatinine = 1.5 mg/dL)
with warfarin. In the overall trial, apixaban reduced
the rate of thromboembolic events by 21% and the
rate of major bleeding by 31%. In this study, 31%
of patients were aged = 75 years old. In this age
group, apixaban reduced the incidence of stroke or
systemic embolism by 29% and major bleeding by
36%. Both in the overall trial and in the subgroup of
patients aged = 75 years, the net clinical benefit fa-

vored apixaban, which reduced both thrombotic and
major bleeding events 5112,

EDOXABAN

The ENGAGE-AF trial compared edoxaban (at a full
dose of 60mg or a reduced dose of 30mg once daily
based on clinical criteria) with warfarin. In the over-
all trial, edoxaban reduced thromboembolic events
by 13% and major bleeding by 20% compared to
warfarin. In the study, 40% of patients were aged
> 75 years old. In this age group, the percentage of
thromboembolic events was 1.9% in the edoxaban
arm compared to 2.3% in the warfarin arm, and the
percentage of major bleeding was 4% in the edox-
aban arm compared to 4.8% in the warfarin arm.
Therefore, edoxaban was at least as effective as
warfarin in preventing stroke or systemic embolism
regardless of age, while it had an additional benefit
for patients aged = 75 years due to the reduction in
major bleeding >

3.5 Complications of NOACs in Elderly Patients
A bleeding event related to anticoagulant therapy
is classified as major or non-major or minor, both of

which are attributed to bleeding without a history of
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prior injury or intervention’. A major bleeding event
is characterized by extensive and/or symptomatic
clinically significant bleeding, located in a critical or-
gan/region that is potentially life-threatening, such
as intracranial, intraspinal, pericardial, intraperito-
neal/peritoneal, gastrointestinal, traumatic splenic
rupture, and/or a decrease of at least 2 g/dl in he-
moglobin or requires blood transfusion of at least 2
units’, whereas, a minor (non-major) bleeding re-
fers to a smaller extent of bleeding that is clinically
apparent and requires management, such as hema-
turia, hemoptysis, epistaxis, intramuscular hemato-
ma of the rectus abdominis muscle, etc.’.

Specific factors have been implicated in the in-
creased risk of bleeding in elderly patients with
non-valvular atrial fibrillation, either related to the
administered medication (type, dose) or non-phar-
macological causes. Specifically, pre-existing comor-
bidities of the elderly (renal and hepatic dysfunction,
diabetes, hypertension, COPD), geriatric syndromes
(frailty, falls, cognitive impairment), hematologic
disorders, systemic collagen diseases, thrombocy-
topenia, use of anti-inflammatory drugs (steroids
or non-steroidal), antiplatelet agents (clopidogrel),
history of bleeding (intracranial, gastrointestinal),
smoking and alcohol use have been positively cor-
related’.

The dual role of chronic kidney disease in the
mechanism of hemorrhagic events in elderly pa-
tients with atrial fibrillation is noteworthy. On the
one hand, the progressive reduction in glomerular
filtration rate can affect the pharmacokinetics of NO-
ACs due to their renal excretion, necessitating dose
adjustments. On the other hand, renal dysfunction
negatively affects platelet function (adhesion, aggre-
gation), leading to disturbances in hemostasis that
result in increased rates of intracranial and gastro-
intestinal bleeding®>°2,

3.6 Stratification for Hemorrhagic Risk (Table
4)

The assessment of hemorrhagic risk is performed
using stratification models that include either clin-
ical variables, such as the widely used HAS-BLED
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scale or biomarkers such as the ABC scale [age, bio-
markers (GDF-15, cTn-hs, hemoglobin), history of
bleeding]. Recently, the incorporation of new bio-
markers related to cardiovascular function and the
clotting process (fibrinogen plasma thrombus) is
being investigated in order to improve the prognos-
tic value of assessment models 71322,

3.7 Management of Complications of NOACs in
Elderly Patients (Figure 1)

The management of NOAC-associated bleeding
poses a particular challenge for clinicians, as it is
mainly characterized by internal bleeding with sub-
tle clinical symptoms that can become life-threat-
ening and the levels of anticoagulant therapy are
not determined by routine coagulation laboratory
tests. Specifically, the management of bleeding con-
sists of measures for hemodynamic stabilization,
blood product transfusion, and the use of specific or
non-specific reversal agents. The approved specific
reversal agents are idarucizumab, a monoclonal an-
tibody that reverses dabigatran and Andexanet alfa,
a recombinant coagulation factor Xa, with official
approval for the reversal of rivaroxaban and apix-
aban. In addition, the effectiveness of new reversal
agents, such as FXa(116L) and PER977 (arapazine/
chiraparantag), as factor Xa reversals, is being in-
vestigated. Non-specific reversal agents that are
administered adjunctively or in the absence of spe-
cific agents, include activated or non-activated pro-
thrombin complex concentrate (4F-PCC or aPCC),
antifibrinolytics such as tranexamic acid and des-
mopressin. Finally, it should be noted that reversal
agents can sometimes have prothrombotic effects
and should be strictly administered in life-threat-
ening bleeding or pre-/perioperative in an urgent
interventional procedure. It is important to closely
follow the recommendations and guidelines of the
treating physicians for the management of bleeding
associated with NOACs 7232425,

3.8 Effectiveness of NOACS in Elderly Patients

The best available data support that NOACs have
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Evaluation of bleeding severity

Miner Clinically
Bleeding significant non-
major bleeding
Stop NOACs ¢ Hemodynamic
Evaluation of last dose, stabilization
parallel medication, measures

renal function ¢ Tramsfusion of

General hemostatic blood products

measures (mechanical
compression, local
hemostatics, suturing,
etc.)

Major
bleeding

¢  Specific reversal agents:
# Idarucizumab versus
dabigafan
# Andexanet alfa versus factor
Xa inhibitors

In the absence /subsidiary

e Non-specific agents:

» aPCC

¥ 4F-PCC
respectively

Figure 1: Management of bleeding according to severity 23245

better effectiveness in the prevention of stroke and
systemic thromboembolic events in elderly patients
and are considered the preferred choice for elderly
(over 65 years old) and very elderly (over 80 years
old) patients with non-valvular atrial fibrillation,
with a clear clinical benefit over warfarin 1718,

The systematic review by Hulle et al. examined
the impact of bleeding in 24,455 patients treated
with NOACs compared to vitamin K antagonist and
concluded that newer anticoagulants have a supe-
rior safety profile regarding all categories of bleed-
ing events. A statistically significant difference was

found in the rates of intracranial hemorrhage ”%.
These results are also confirmed by the systemat-
ic review by Chai-Adisaksopha et al., which included
randomized trials in a sample of 102,607 individuals
with a median age of 70-73 years for individuals with
atrial fibrillation. Specifically, a comparable safety
profile was observed between NOACs and warfarin,
with a significant 50% reduction in the frequency of
intracranial hemorrhage in patients receiving NO-
ACs compared to warfarin. However, the frequency
of major gastrointestinal bleeding was increased
with NOACs at a rate of 2.09% compared to 1.70%
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with warfarin 7927,

Regarding very elderly patients (over 80 years
old), the meta-analysis by Bonanad et al., which
included 16 studies and a sample of over 100,000
patients, revealed that newer anticoagulants were
more effective and safer compared to warfarin for
thromboembolic risk prevention. A statistically
significant reduction of 43% in intracranial hem-
orrhage was observed, while the risk of major and
gastrointestinal bleeding was at least equivalent, in-
dicating that advanced age should not be a primary
reason to withhold prescription of NOACs 8,

The latest review by Franco et al., examined 205
patients with an average age of 78 years old, who
were under anticoagulant treatment, with respect to
the occurrence of non-major bleeding. It was found
that patients receiving NOACs had higher rates of
gastrointestinal and genitourinary bleeding com-
pared to those on warfarin?.

A retrospective study by Khan et al, focused on
the hemorrhagic complications of elderly patients
undergoing treatment with NOACs. In total, it in-
cluded 142 patients over the age of 75, of whom
36% had moderate/severe renal dysfunction. The
results revealed that newer anticoagulants were a
safe option for elderly individuals over the age of 75,
with a hemorrhagic event rate of 1.37 per 100 per-
son-years, while apixaban was found to be the safest
among all 73,

The meta-analysis by Wolfe et al., examined over
100,000 patients in terms of the risk of intracrani-
al hemorrhage comparing the four NOACs among
themselves and with warfarin. Treatment with NO-
ACs was found to be the safer option, while among
the NOACs, dabigatran at a reduced dose (110 mg)
was identified as superior in safety in the head-to-
head comparative study, with a 56% reduction in
risk compared to rivaroxaban, for this specific hem-
orrhagic complication®'.

In the retrospective study by Hou et al., the effect
of rivaroxaban was evaluated in 299 patients over
the age of 60, where adequate effectiveness against
thromboembolic events was observed, while a mod-
erate non-major bleeding occurred in 8.4% of pa-
tients, with a significant proportional increase in
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bleeding risk with age and dose®?.

In the NAXOS observational study by Ganse et
al,, involving a sample of 321,501 patients, it was
observed that apixaban was superior in terms of
safety, effectiveness, and mortality compared to vi-
tamin K antagonists. Additionally, in the compara-
tive study of NOACs, similar levels of effectiveness
were attributed to all NOACs, with apixaban show-
ing superior safety compared to rivaroxaban, while
exhibiting at least a similar level of safety compared
to dabigatran®?.

Lastly, according to a recent published literature
review by Pazal et al, in which a comprehensive
comparative study of NOACs was conducted in el-
derly patients with AF, apixaban was classified as
the most suitable (effective/safe) for long-term
treatment, ranking it in the highest category A of the
FORTA scale, while other NOACs and warfarin were
classified as beneficial alternatives in category FOR-
TA B3,

In conclusion, compared to older oral anticoagu-
lants, NOACs are superior in preventing thrombo-
embolic complications, while demonstrating at least
an equivalent safety profile in elderly patients, even
in those with moderate renal impairment?®.

Specifically:

. All NOACs are associated with similar or re-
duced risks of major bleeding compared to warfarin
2,35

. Significant reduction in intracranial hemor-
rhage associated with the use of NOACs compared to
warfarin?153,

. NOACs are associated with a higher rate of
gastrointestinal bleeding compared to warfarin (the
percentage varies depending on the selected NOAC
and its dosage)**%*.

. Especially for individuals aged 75 and older,
the use of apixaban and edoxaban shown to be safer
against gastrointestinal bleeding risk””.

. There is no significant difference in the
rates of fatal bleeding for any NOAC compared to
warfarin®®.

Furthermore, the use of NOACs does not increase
cardiovascular risk®®. Finally, discontinuation of NO-
ACs is easy and safe in case procedures such as sur-
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gery, cardioversion, or catheter ablation are required
in patients with AF™.

4., Conclusion

The administration of anticoagulant therapy to el-
derly patients with non-valvular AF presents a chal-
lenge, due to the increased risk of both ischemic and
hemorrhagic events. According to the recent scientif-
ic data, NOACs are an appropriate treatment option
in this specific patient population, as they are supe-
rior in preventing thromboembolic complications
compared to VKAs, while demonstrating at least an
equivalent safety profile. However, there are several
differences between them, with apixaban appearing
as the drug with the best efficacy and safety profile
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in the elderly over 75 years of age.

Nevertheless, the clinical benefit that elderly pa-
tients with AF have from using NOACs is often under-
mined by clinicians due to the risk of hemorrhagic
complications, mainly because of the absence of a lab-
oratory method to determine anticoagulant activity,
resulting in under-prescription. Additionally, despite
the fact that the elderly are the majority users of anti-
coagulant therapy, they are underrepresented in clini-
cal trials, particularly those over 80 years old, making
it difficult to draw safe conclusions. Finally, the optimal
recommended anticoagulation treatment in elderly
patients is a combination of benefit/risk assessment
through approved scoring scales (CHA2DS2 -VASc,
HAS-BLED) as well as the patient’s individual clinical
profile (comorbidities, preferences). ]

0@£An ko EmmAokég ano ) Xpnon Nedtepwv amo tov

Ytopatoc AvtimKkTikwv Pappakwv (NOACS) o HAkiwpévoug

kat ToAV HAlkuwpévoug AcOeveic pe Mn BaABidikn KoAmkn

Mapuapuyr). ZUykpLtikn MeAé.

Ayamm ®ovpvapdkn?, Miva Arootodal?, HAlag Katedylwavvng®, Mapia Mmtovou'?
ITunua Kowwvikwv Emempov, EAAnviké Avoktd Mavemiotipuio, Matpa, EAAGSa.
2Tunua latpkng, Mavemiomuio Oscoaiiag, Adploa, EAAGSa.
SEpyaotnplo Yytewng kat [epiBarrovtiknis lpootaciag, Tunua latpkng, Anupokpitelo Iavemotiuio
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AEZEIX-KAEIAIA:
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NAKLwpEVOL

INEPIAHYH

H xoAmkn pappapuyn (KM) eivar ) o cuyvn appubuia, pe auénuévn cuyvo-
TNTA ELPAVIONG OE PEYOAEG NAKLakeG opddes. H KM SUvatal va pokaAEoel
BpouBoepforikd cupBavta pe CUVNOECTEPA T LOXAULULKA EYKEPUAIKA ETIELGO-

Sta. 6 ek TOUTOU, 0 POAOG TG AVTITINKTIKIG 0y WYNG EIVOL KEVTPLKOG. MEXpLTIPLY
aTo Alya xpovia, ot avtaywviotés s Brrapivng K (VKAS) avtimpocswmevay ta
IO GUXVG XPNGLLOTIOLOVMEVA QVTITINKTIKA @APUOKA Yo TNV TIPOANYM Twv
BpopPosupoiikwv emmAok®y TG KM. ‘Opws, oL avtaywvioteg g BLapivng
K (VKASs) ep@aviiav moAAa pofAnpata ot xpron, e&autiag kuplwg Tov ote-
VoL BgpamevTIKOU TOUG EVPOUG, ALY KL TWV TIOAAXTIAWY GAANAETIOPACEWY UE
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@APpUOKA KoL TPOPEG. OL aUENUEVEG ATIALTIOELG YIX GUXVI] TTAPAKOAOVON O™ Kot
TIPOCAPUOYES TNG BOONG 081YOUOE OE UELWHUEVT] CUUHLOPPWOT] KL UTIOXPTCLULO-
Tonomn. Ta TeAevTtaio xpovia avamTiXONKay To VEX KTTO TOU GTOUOTOG QVTLITN-
KTikd @appaka (NOACS), Ta omoio dGAAa€av pLlikd ) Sloyeiplon Twv acBevwv
pe KM. Zta NOACs cuputmepAapdvovTal 1 VIAUTYKXTPAV TTou eival decos
avaoTtoAéag BpopuBivng katn pLBapodapTavn, 1 amEAUTIAVT KAL) EVTOSAUTIAVN
IOV €lval AUEGOL VO TOAELG TOL TTapdyovTa Xa. Ot HeEAETES (paomG 3, kabwG Kal
HETAYEVEOTEPEG AVOAVCELG KL TIPAYUATIKEG OELOAOYNOELS EX0UV ATIOSEEEL OTL
Ta NOACs €xouv KaAUTEPT ATOTEAECUATIKOTNTA GTNV TIPOAN T TOU EYKEQQ-
ALKOU KOl TwV CUGTNUATIKWY OpopBoeuBoAk®VY ETMEIGOSIWVY G€ NAKLWUEVOUG
Kol Bewpoivial g 1 KOAUTEPN EMAOYN YA NAKIWUEVOUG (Gvw TwV 65) Kol
oAU NAKIwpEVOUS (avw Twv 80) acBevels pe KM, pe kaBapo kAiko 0@elog
vavtL MG Bap@apivng, eV KATASEKVOOUV &V TOUAGXLOTOV LooSUVAUO TIPO-
@ ao@dielag. Ymapyxouv BERaLar APKETEG SLAPOPOTIOWOELS LETAED TOUG, UE
NV amEopUTTAVn Vo ELPaVI(ETAL WG TO PAPHAKO LIE TO KAKAUTEPO TIPOPIA ATIOTE-
AEOUATIKOTNTAG KL AOQAAELNG GTOVG NAKIWUEVOUS AVW TwV 75 £Twv. QoTo-
00, 1] ETMAOYT] TNG KATOAANAGTEPNG AVTUTNKTIKNG orywYT|G Oar ipémel va Aapfa-
VEL UTIOYLV TO ATOULKO KAWVIKO TIPO@IA TOL EKACTOTE AoOEVOUG, OELOAOYDVTAG
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1. Introduction

Photostability of drug molecules is a very import-
ant aspect when it comes to the formulation of the
drug molecule. Photostability of the drug molecule is
related mainly to its chemical structure and the pres-
ence of some characteristic functional groups. Photo-
chemical reactions can lead to the decomposition of
the drug molecule which may result in the formation
of some degradation products that may be harmful
to the human being. The study of photodegradation
reaction is very essential at the time of formulation
development and selection of the packaging material
for the formulation. These photochemical reactions
may change the physical or chemical nature of the
molecule and the formulation. Drug molecules can
undergo decomposition by absorbing photons that
are emitted by sunlight may be in the form of UV -VIS
light or Infrared radiations.

Most of the time chromatographic methods like
high performance liquid chromatography (HPLC),
ultra performance liquid chromatography (UPLC),
and high performance thin

layer chromatography (HPTLC) is used for identi-
fication of the drug degradation. Multivariate curve
resolution alternating least square MCR-ALS is a che-
mometric approach that can be used to demonstrate
the stability of the drug molecule using spectropho-
tometric data. It helps to understand multiple sourc-
es of variability in spectroscopic measurements
and can be used to investigate complex chemical
reactions by assessing the number of constituents
involved in the reaction process, along with their
concentration profile. Kinetic constrain when added
as a hard modelling tool predict the kinetics of the
photodegradation reaction with determination of
rate constants (k).

The beta blockers are primarily used in the thera-
py of cardiovascular diseases. Beta blockers are the
primary choice of drugs for cardiovascular diseases.’
The first beta-blocking drug used in cardiovascular
therapy was Propranolol,’. It functions as a nonselec-
tive beta blocker with membrane stabilizing proper-
ties. Bisoprolol, Atenolol, Metoprolol and Sotalol is ¢
are the four members of that fall under the category
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of betal-adrenergic receptor blockers. They have a
similar chemical structure and are capable of selec-
tively blocking beta2-adrenergic receptors found in
the lungs and vascular smooth muscle. All currently
available beta blockers share an amino-alkanol side
chain and an aromatic group, which is phenyl in the
case of all drugs except Propranolol which possess
naphthyl ring as a structural feature.!?

Vamsi et al. in their review on photocatalysis of
beta blockers enlisted various studies carried out
on different beta blockers alone or in comparison
with use of different catalytic reagents'®. The cur-
rent study is mainly focused on the use of simple UV
Spectroscopy along with MCR-ALS as a chemomet-
ric approach to study the photostability of five beta
blockers. To the best of our knowledge chemomet-
rics assisted photo stability study of different beta
blockers was not reported in the literature.

Multivariate Curve Resolution-Alternating Least
Squares (MCR-ALS) is a chemometric method which
aims towards resolution of number of components
in an unknown sample. The MCR algorithm per-
forms an approximation of variation in the X axis re-
lated data with bilinear two-factor matrices having
reduced size along with pure response profile. ALS
performs optimization of spectral and concentration
profiles of species present in reaction mixture simul-
taneously with a iterative fashion. This method can
be applied to environmental samples, chemical mix-
tures, chromatographic and spectroscopic data.*'.

According to published research, combining soft
and Hard modelling MCR-ALS approaches can reveal
information about the reaction kinetics and also re-
duces the rotational ambiguity effect of soft model-
ling.

The first step of MCR-ALS process is to build up the
data matrix, D. In the rows of this data matrix rep-
resents different samples or sampling points where-
as columns represents absorbance spectra, bilinear
relation between the experimental data, the concen-
trations and the pure spectra of the components is
assumed, In matrix form, this bilinear model is ex-
pressed by equation (1).

D=CST+E (1)
where D(I,]) is the matrix of experimental data, of
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dimensions 1 samples (spectra) by ] wavelengths;
C(LK) is the matrix of concentration profiles of the
different K analytes presents in the samples; ST(K,])
is the spectra matrix, whose K rows contain the pure
spectra associate with the K species present in the
samples; E(I]) is the matrix associated to the ex-
perimental error This method decomposes the data
matrix to product of two matrices: C and ST where
C and ST and are concentration and spectral profile
matrices, respectively having actual chemical signif-
icance.'?8

2. Material and Method
Material

Atenolol, Bisoprolol, Metoprolol, Sotalol and Pro-
pranolol were procured as gift samples from reput-
ed pharmaceutical manufacturing companies from
Maharashtra state. Glass distilled water was used for
preparation of all solutions.

A double beam UV-Vis Spectrophotometer (Jasco;
model V-650) having a 10-millimeter quartz cell was
used to record the UV-Vis spectra. Data was record-
ed for an interval of 1 nm wavelength. MCR-ALS was
performed by utilizing the MATLAB environment
(MathWorks, Natick, MA; version 10 a). using the
MCR-ALS function of MATLAB which was developed
and designed by Tauler along with de Juan. The
toolbox can be found by using the link http://www.
ub.es/gesq/mcr/mcrhtm on the MCR website.

Method

Standard stock solutions of all drug molecules were
divided into four different volumetric flasks with two
transparent and two amber colour volumetric flask.
One pair of flasks (one amber and one transparent
were placed in direct sunlight and one pair inside
the room at 25°C to study effect of sunlight on UV
spectra of each drug molecule namely propranolol,
atenolol, metoprolol, bisoprolol and sotalol. Samples
were pipetted out from each flask after an interval of
30 mins and the solution was subjected to recording
of UV spectra between 200-400nm range as all the
drug molecules show good absorption between this

Bariz Dakhni et al, Pharmakeftiki, 35,1V, 2023 | 47-56

ranges which makes it easy to record the spectra of
all the drug molecules. Readings were recorded for
24 hours over a period of 4 days. For development
of model data in the range of 220 nm to 300 nm was
selected.?

The data obtained from the UV spectra was used to
study the susceptibility of an analyte towards photo-
degradation. MCR-ALS toolbox was used which em-
ploys an algorithm to solve the basic bilinear MCR
model. Initially rough estimate of number of compo-
nents can be obtained with different methods like
principal component analysis (PCA)?*2%. Assessment
of singular data can provide a preliminary infor-
mation about the number of chemical components
present in the sample. First, singular value decom-
position (SVD) was applied to the data to estimate
the number of components. SVD is based on a algo-
rithm where in matrix D is broken down in to the
product of three; an orthogonal matrix U, a diagonal
matrix S, and the transpose of an orthogonal matrix
V2* as following:

A=USVT

This step is followed by Evolving factor analysis
(EFA) which was performed in forward and back-
ward direction. Final EFA results gave the confirma-
tion about the number of components contributing
to the sample.

EFA is alocal rank analysis method that detects the
emergence and decay of the components in the data
set and provides concentration profiles assuming
a sequential order of emergence-decay for all com-
ponents in the system. EFA provides a set of initial
estimates and relevant additional information, such
as the windows of existence of the components in
the system. Forward EFA starts with the calculation
of the eigenvalues (EVs) of the first row and is con-
tinued far all the rows in the data matrix along with
generation of loading and score matrix. Thus PCA is
performed on complete data set. The point where EV
raise above the noise level indicate appearance of
new substance which can increase rank by one. Sim-
ilarly the number of EVs which are above the noise
level shows the number of compounds evolved.

In analogy to forward EFA, backward EFA starts
with measurements from the last row and EVs for
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whole data matrix is calculated. In this case An in-
crease of an EV above the noise level indicates disap-
pearance of the compound from the system. Thus, an
EFA graph provides information on both the appear-
ance and the disappearance of the analytes.?

Soft modelling gives the values of concentration
profile of all species present in the sample and it
was used to calculate the rate of reaction based on
initial and final concentration of each species. Hard
modelling constrain of Kinetics was applied to study
the exact value of rate constant. The combined soft
and Hard modelling gives the estimates of number
of species along with their spectral profile and rate
constants for each reaction step.

Hard-modelling approaches of fitting multivariate
absorption data are based on mathematical rela-
tionships, which describe the measurements quan-
titatively. In chemical kinetics, the analysis is based
on the kinetic model or reaction mechanism, which
quantitatively describes the reactions and all con-
centrations in the solution under investigation. In
combined soft and hard modelling approach kinetic
profiles in concentration submatrix is used as input
for a non-linear multivariate kinetic fit. Fitting is di-
rectly done on the concentration profiles and there
are no spectral contributions to be considered. The
resulting fitted kinetic profiles update the soft-mod-
elled ones, and the rate constants values can be ob-
tained for each step involved in the reaction.!®

3. Results and Discussion

Figures 1-5 show changes in the spectra of the beta
blockers studied according to the different exposure
conditions figure at left represent sample treated
inside room (room temperature) whereas figure to
the right represents sample exposed to direct sun-
light outside the room. If we look at the absorbance
spectra, most of the beta blocker molecules studied,
did not show any significant change in the shape of
spectra, (Fig 1 to 4). Only a small decrease in absor-
bance was observed suggesting slight degradation
of the drug molecule without formation of any new
chemical species or degradation product except in
the case of propranolol.
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However, UV absorbance spectra of propranolol
solution which was exposed to direct sunlight in the
transparent flask, showed clear changes in the shape
of the spectra absorbance of solution. At 248 nm ab-
sorbance goes on decreasing, while at the same time
absorbance increases at 280 nm. An isosbestic point
was observed at 276 nm (Figure 5,6). This observa-
tion indicates that there is formation of new prod-
uct or degradation product. In order to understand
the number of species formed during degradation
of Propranolol solution, a chemometric approach
through multivariate curve resolution- Alternating
Least square was used.

First step of SVD shows presence of three chemical
entities in the reaction mixture which can be con-
firmed based on eigenvalues. This result was con-
firmed by evolving factor analysis (EFA)s with three
principal components to be considered for the pure
variable detection. Initial estimates step also shows
three separate spectra’s with different concentration
profiles. This data was further pushed for the for-
ward and backward evolving factor analysis (EFA)
(Figure 7)

The graph in the forward and backward EFA
demonstrated that three lines intersect with each
other. The result was confirmed by the EFA plot, as
a large gap is shown in the forward and backward
EFA plot between the first three eigenvalues and the
remaining, (Figure 7). This is one more proof that
three chemical species may be present during the
photodegradation reaction of the drug under inves-
tigation. This experimental study suggests that the
photodegradation of propranolol may be preceded
in two steps. Figure 8 shows EFA based concentra-
tion profiles of chemical species present in the sam-
ple. The plot of concentration profile suggests two
step mechanism of photocatalysis of propranolol like
A—-B-Cin transparent flask up on exposure to direct
sunlight, where A is pure propranolol and B and C
are the intermediate and final products, respectively.

In the final step of optimization spectral and con-
centration profiles are optimized simultaneously in
iterative way. Figure 9 represent the concentration
profile of the species present in the sample during
course of reaction against time in minutes. The re-
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Figure 1: Absorbance Spectras of Sotalol within room and direct exposure to sunlight outside
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Figure 2: Absorbance Spectra of Bisoprolol within room and direct exposure to sunlight outside
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Figure 3: Absorbance Spectra of Atenolol within room and direct exposure to sunlight outside
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sults of optimization are statistically very significant
and are shown in Table 1.

Results of the MCR-ALS shows that the photodeg-
radation of propranolol follows an consecutive two
step reaction with the value of (k1) 0.00315 h *and
(k2) 0.0149 h-1 as the rate constants obtained after
use of combined soft and hard modelling approach
for first and second step of reaction respectively.

It was observed that only propranolol shows ma-
jor photodegradation along with formation of new
species or degradation product in the reaction. In
view of this we have studied the chemical structures
of all five beta blockers (Figure 10)

Metoprolol Room Temp Transparent Flask

RESEARCH ARTICLE

As observed in figure 10, the chemical structures of
atenolol, bisoprolol, metoprolol, and sotalol contain
benzene as their backbone structure and only pro-
pranolol consists of naphthalene as an aromatic ring
in its structural formula. It can be said that propran-
olol reacts more rapidly than beta blockers like aten-
olol, bisoprolol, metoprolol and sotalol. Salvatore
et al.?® have proposed that naphthalene skeleton in
propranolol structure is responsible for initiation of
photolysis reaction. Uwai et al ?” showed that when
the propranolol was used in a solid state, the hydro-
lysis of the acetal did not appear to proceed. Thus,
the C -0 bond of the naphthyl ether was cleaved by

Metoprolol Direct Sunlight Transparent Flask

Wavelerngh

Figure 4: Absorbance Spectra of within room and direct exposure to sunlight outside

Propranciol Room Temp Transparent Flask

Propranciol Direct Sunlight Transparent Flask

, S,

Figure 5: UV -Absorbance Spectra of Propranolol within room and direct exposure to sunlight outside
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Sr. No. Factor Results
1 Standard Deviation of Residuals Vs Expt. Data 0.0129
2 Lack of Fit (LOF in %) 0.0073
3 Percent of Variance Explained 99.98
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Figure 10: Chemical Structures of studied beta-blockers and possible breakdown of Propranolol
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a thermally activated crossing of the bonding gen-
erating 1-naphthol and the remaining side chain as
shown in figure 10. #7:?

4., Conclusion

Five members of beta blockers were evaluated for
their susceptibility to the solar photodegradation
in transparent and amber colour containers along
with variations in temperature. Clear changes in
the absorption spectral profile of propranolol was
observed, other beta blocker molecules showed
very negligible decrease in the concentration on di-
rect exposure to sunlight in both type of containers.
Combined Soft and Hard modelling MCR-ALS re-
solve pure spectra and kinetics of photocatalysis of
propranolol with the rate constants was obtained,
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ABSTRACT

The bottleneck step following the synthesis and characterization of the
drug in the pharmaceutical setting is their adverse effects in the light of
useful therapeutic doses. The kidney as the main clearance organ is the
target for metereos of chemicals, xenobiotics, and drug metabolites. The
present study aimed at characterizing the renal safety profile of newly
synthesized coumarins-coumacine I and II. To do so, a mouse model was
used with a total of 30 mice subclassified into 5 groups; Group 1 (Con-
trol group): given placebo vehicle IP for five consecutive days, Group 2:
given Coumacine I at a dose of 250mg/kg IP, Group 3: given Coumacine I
at dose 500mg/kg IP, Group 4: given Coumacine II at dose 250mg/kg IP,
and Group 5: given Coumacine II at dose 500mg/kg IP, for each treated
group coumacines given for five consecutive days. Blood samples were
withdrawn at the end of the study from sacrificed animals and kidneys
harvested for histological study. The results confirmed that serum cre-
atinine and urea rose significantly (p<0.05) in the high-dose group com-
pared to the control or low-dose group. Histological study revealed that
mild degenerative changes are associated with a low dose of coumacine
compared to moderate or severe degeneration associated with a high
dose of either coumacines. This pilot study provides promising future
direction for the discovery of new medication with anticoagulant ther-
apy with improved pharmacokinetics or additional pharmacodynamic
properties.
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1. Introduction

Coumarins are a significant and broad class of
oxygen heterocycles that are frequently discovered
as secondary metabolites produced by plants® The
coumarins can be generally classified into 7 groups;
simple coumarins, furanocoumarins, pyranocouma-
rins, dicoumarins, dihydrofuranocoumarins, isocou-
marins, and phenylcoumarins®>. Coumarines are a
widely expanded group of drugs in the last decade
several members were introduced in the pipeline
of therapeutic applications in clinical settings®. The
biochemical and pharmacological aspects with wide
therapeutic efficacy of coumarin make this group
of clinical importance including their application in
high protein oedema* chronic infections®, cancer
treatment® antioxidants” anti-inflammatory® blood
coagulation and anticoagulant®

Formerly, coumarin has been used as rodenticide
due to its vitamin K inhibition properties resulting in
internal bleeding and death'® The nucleus structure
of coumarin enriched the group for the synthesis of
new compounds and thereby increased new deriva-
tives in a timely manner!*

The area of research concerning drug discovery
and development was increasingly challenging due
to the potential involvement of various parameters
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in the path of synthesis and experimentation'* espe-
cially in terms of the adverse effect profile of the new-
ly synthesized drugs. Adverse effects on vital organs
are the first on the pipeline to be considered with
highlighted focuses on the kidney as a major clear-
ance organ'* Heterocyclic compounds are increas-
ingly reported as a rich chemical resource for new
drug developments!* New heterocyclic compounds,
under name of coumacines, were synthesized and
subsequently characterized for their physicochem-
ical properties by Mustafa Y.F. in 2018 (Figure 1)'>
The therapeutic potential regarding their antioxi-
dants, anticancer, and other effects have been subse-
quently characterized in a series of studies!*'>More-
over, their adverse effects profile and dosage toxicity
were reported using laboratory animals!®

Coumarines as well-known anticoagulant drugs
have potentially been reported to preserve renal
functions providing protection against renal damag-
ing compounds'’. Being excreted though kidney, cou-
marins need dose adjustment in patients with renal
dysfunction'®. The present study aimed to character-
ize the safety profile of renal toxicity in experimental
animals using the newly derived coumacine com-
pounds, namely coumacine I (CMI), and coumacine
[I(CMII) as a target for future product release into
phase II trial.
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Figure 1. Chemical backbones of coumarin chemical nucleus, coumacine I (CMI), and coumacine Il (CMII)*,

2. Materials, and Methods

Chemicals: Coumacine I and II were originally
synthesized by Mustafa YF*® in the College of Phar-
macy/university of Mosul. Characterised for phys-
icochemical properties and potentially a candidate
for subsequent biological activity. In the present
study, Coumacine I and II have been dissolved in-
stantly in a 10% solution of hydroxypropyl beta-cy-
clodextrin (HPBCD) to enhance their solubility.

Animal treatment: Replicates of 6 mice per group
were used in the present study (30 mice in total, 8
weeks age, 2-3 mice per cage, temperature 23-25 °C
and humidity of 50-55%). Standard food pellets ad
libitum and free access to water. The 30 mice were
divided as follows:

Group 1 (Control group): given 10% HPBCD solu-
tion IP for five consecutive days

Group 2: given Coumacine I at a dose 250mg/kg IP
for five consecutive days

Group 3: given Coumacine I at a dose 500mg/kg IP
for five consecutive days

Group 4: given Coumacine II at a dose 250mg/kg

IP for five consecutive days

Group 5: given Coumacine II at a dose 500mg/kg
IP for five consecutive days

Blood samples were withdrawn from all mice on
day 6, serum was isolated, and samples were frozen
for further analysis.

Renal function tests measurements: As per
manufacturer instructions creatinine (kit supplied
by Biolabo Cat No. 90107, France) was measured
by Enzymatic Method. The principle of this assay is
based on the lysis of endogenous creatinine in sam-
ples through two consecutive steps, which culminate
in the formation of hydrogen peroxide. The amount
of hydrogen peroxide produced is reciprocally relat-
ed to the concentration of creatinine in the samples.
The colourless hydrogen peroxide was converted
to a chromogenic compound via n-ethyl-n-sulph-
opropyl-m-toludine and 4-amino antipyrin to the
coloured compound to be detected at an optical den-
sity of 545 nm'°.

As per manufacturer instructions blood urea (kit
supplied by Biolabo Cat No. 90107, France) was
measured by Enzymatic Method. The principle of as-
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Figure 2. Renal function tests of coumacine I and I at different doses (A) creatinine, (B) Urea. Data expressed
as mean#SD. *"P< 0.05, *significant as compared to control group, “significant as compared to coumacine I and

coumacine Il group at low dose.

say based on lysis of endogenous creatine through
two consecutive steps ending with the formation of
hydrogen peroxide reciprocally related to creatine
in the samples. The colourless hydrogen peroxide
were converted to a chromogenic compound via
n-ethyl-n-sulphopropyl-m-toludine and 4-aminoan-
tipyrin to coloured compound to be detected at an
optical density of 545nm?°.

Histological study: Kidney harvested from sacri-
ficed mice immediately, were quickly washed with
normal saline and fixed overnight in formalin. The
next day, samples were embedded in paraffin blocks.
These tissue blocks were sectioned (5 um) stained
with eosin-hematoxyline, and examined under a
light microscope?L.

Statistics: Analysis of parametric data was con-
ducted using IBM SPSS statistics 25 software. To
compare groups, one-way ANOVA with Bonferroni
tests as a post hoc test was performed to determine
variations among groups. Data were expressed as
mean values *SD. Using a power of 80% or greater
to determine sample sizes and an alpha error level
(P) of £ 0.05 in all experiments is necessary for sta-
tistical significance.

3.Results

Analysis of the results concerning the renal func-

60

tion tests has revealed that the level of serum creati-
nine rose significantly (p<0.05) in high-dose of CMI
(10.1£0.9 mg/dl) and CM II (10.7+0.9 mg/dl) com-
pared to the control group (7.7+1.5 mg/dl). However,
serum creatinine levels in low dose of CMI (10+1.2 mg/
dl) and CMII (10.4+2.3 mg/dl) have shown non-signif-
icant differences when compared to the control group
(7.7+1.5 mg/dl) (Figure 2A).

Analysis of the results concerning the level of serum
urea revealed significant increase (p<0.05) in high-
dose of CM I (13+2 mg/dl) and CMII (13.5+2 mg/dl)
compared to the control group (8+1 mg/dl) or low-
dose CMI (10.4+1.3) and CMII (10.8+1), (Figure 2B).

The histological study of the exposed tissue to cou-
macines was associated with oedematous changes, tis-
sue degeneration, vacuole formation, and angioedema.
However, these changes were represented as severe
damage with high doses of coumacine I and II com-
pared to low-dose coumacines or normal histology of
the control group (Figure 3)

4., Discussion

The present study confirmed that the newly derived
compounds from coumarins namely coumacine I and
II are relatively safe particularly at low doses, induc-
ing minimal renal toxicity at 250mg/kg whether CMI
or CMIL This assumption was confirmed by measured
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Figure 3. Shows renal tissue morphology A) control group showed intact renal collecting tubules, glomeruli,

and renal tubules B) renal tissue exposed to a subchronic dose of coumacine I at 250 mg/kg which shows no
clear difference from the control C) coumacine Il at 250 mg/kg which shows oedema and signs of degeneration
D) coumacine I at 500 mg/kg renal tissue shows mild changes and degenerations E) coumacine I 500 mg/kg
show dramatic signs of degeneration, necrosis, addition to in nephrons units.

renal function tests and histological kidney characteri-
zation. The outcome revealed that low doses induced
minimal elevation in urea and creatinine alongside
minimal histological changes compared to high-dose of
either coumacines. Most of the available literature was
directed towards a well-established and clinically used
coumarin (warfarin). Therefore, the present study
could be considered a pilot study.

The standards of coumarin toxicity have recently
been reported as a part of structural variations since
fluorocoumarins (e.g. psoralen and angelicin) have
been reported as a renal damaging entity. Several
studies have shown that psoralen and angelicin can
cause severe kidney damage in animals and humans.
Fluorocoumarins are a type of coumarin that con-
tain a fluorine atom. This structural variation makes
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them more toxic than other coumarins. Psoralen and
angelicin are two of the most commonly studied fluo-
rocoumarins. They are often used in the treatment of
skin disorders such as psoriasis and vitiligo. Howev-
er, they have been found to cause kidney damage in
some patients. The mechanism by which psoralen and
angelicin cause kidney damage is not yet fully under-
stood. However, it is believed that they may interfere
with the normal functioning of the kidneys. They may
also cause inflammation and oxidative stress within
the kidneys, leading to damage and dysfunction??2*
Renal vascular congestion, inflammatory cell infiltra-
tion, and renal capillary dilatation has been report-
ed with a combination of cisplatin with psoralen or
angelicin? Conversely, daphentin (a herbal-derived
coumarin analogue) blocked cisplatin-induced renal
toxicity, as confirmed by measured renal function
tests, reduced pro-inflammatory parameters, shifted

References

1. Mustafa Y.F. Classical approaches and their cre-
ative advances in the synthesis of coumarins:
A brief review. J.Med. Chem. Sci. 4(6), 612-25,
2021.

2. Mustafa Y.F, Abdulaziz N.T. Hymecromone
and its products as cytotoxic candidates for
brain cancer: A brief review. NeuroQuantolo-
gy.19(7),175-86, 2021.

3. AKkkol EK, Geng Y. Karpuz B., Sobarzo-Sanchez
E., Capasso R. Coumarins and coumarin-related
compounds in pharmacotherapy of cancer. Can-
cers. 12(7),1-25, 2020.

4. Mustafa Y.F, Mohammed E.T, Khalil R.R. Synthe-
sis, characterization, and anticoagulant activity
of new functionalized biscoumarins. Egypt. J.
Chem. 64(8),4461-8, 2021.

5. Roomi A.B., Widjaja G., Savitri D,, Jalil A.T., Mus-
tafa Y.F, Thangavelu L., et al. Sn02:Au/Carbon

62

RESEARCH ARTICLE

the balance toward antioxidant activity, and blocked
apoptosis?*

On the other hand, simple coumarin might induce no
harmful effects, and perhaps some of them might para-
doxically induce beneficial effects, such as esculetin has
shown that it improved the prognosis of patients with
diabetic nephropathy mainly inducing antioxidant en-
zymes imparting tissue protection?’, however, impera-
torin as a simple coumarin has reported renal toxicity
in mice models, thereby the coumarin toxicity is struc-
tural rather than group-based?®*.

5. Conclusion

Low doses of newly discovered coumacines have
greatly shown safe or mild effects on the kidney com-
pared to high doses providing a template for the dis-
covery of new derivatives with improved pharmacoki-
netic and pharmacodynamics profiles. [
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The Efficacy of Spiramycin-based Triple Therapy
for First-Line Helicobacter Pylori Eradication
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KEYWORDS: ABSTRACT

spiramycin, Helicobacter Background/ Objectives: To evaluate the efficacy and safety of spira-
pylori, eradication, side = mycin-based triple therapy for first-line Helicobacter pylori eradication.
effects Materials and Methods: One hundred and twenty-two dyspeptic pa-

tients infected with H. pylori, who had not received previous eradication
treatment were randomly divided into two groups. The study group of
70 patients received pantoprazole 40 mg twice a day, spiramycin 1,5
M.U.L, and metronidazole 250 mg (film-coated tablet), three times a day
for 10 days. Meanwhile, the control group consisting of 52 patients re-
ceived standard triple therapy with pantoprazole, clarithromycin, and
amoxicillin for 14 days. One month after the completion of therapy, H.
pylori status was assessed. If the test for H. pylori was negative, it was

considered that eradication had been successfully performed.
ARTICLE INFO: Results: In the study group, H. pylori was eradicated in 52 patients
Received :January 23, 2023 (74.3%), whereas in the control group, it was eradicated in 45 of them
Revised: September 5, 2023 (86.58%). Although eradication was higher in the second group, the
Accepted: September 27, 2023 difference between the two groups was not statistically significant (p =
Available on line: December 29, 2023 0.097). Regarding the side effects of the ordered therapies, 12 (54.5%)
patients were sick in the first group, while 10 (45.5%) in the second
group. Common adverse effects were nausea, abdominal pain, and di-
CORRESPONDING  arrhea. Again, there was no statistical difference between these two

AUTHORS: groups (p = 0.266).
Fitim Alidema fitim.alidema@ubt-uni.net; Conclusion: In our study, it was not proven that spiramycin is more
tel +38349508509  effective than clarithromycin in the eradication rate of H. pylori. No sig-
Address: UBT Main Campus,  nificant statistical difference was found between the study group and
Lipjan, Kosovo  the control group. Also, in terms of side effects, there is no difference
between the two groups.
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1.Introduction

Despite the presence of a large number of anti-
biotics, the degree of eradication of H. pylori is not
satisfactory. Resistance of H. pylori to antibiotics has
reached high levels globally, causing the eradication
rates of H. pylori to decline. This prompts us to al-
ways look for new protocols that will eradicate H.
pylori in desirable values.

More than half of the world’s population is infect-
ed with H. pylori, which always causes chronic gas-
tritis, and can progress to more serious complica-
tions such as peptic ulcer, gastric adenocarcinoma,
and MALT gastric lymphoma. The majority of the pa-
tients, except the structural and functional changes
as a result of the active chronic inflammation of the
gastric mucosa, have no other clinical symptoms. !

Kyoto’s Consensus Conference 2015, based on
the objective pathologic criteria, defined H. pylori
gastritis as an infectious disease, regardless of the
presence or the absence of the symptoms or clinical
complications. In the new International Classifica-
tion of Disease, 11th Revision, H. pylori gastritis is
included as a separate nosological entity. Based on
this, all patients infected with H. pylori should be
treated, regardless of the presence or the absence of
the symptoms. 2

Studies done with serology or endoscopy showed
a high prevalence of Helicobacter pylori in the Alba-
nian population (54%- 92.1%).3*>67

Over the last four decades, the prevalence of an-
tibiotic resistance has gradually increased. This in-
creasing resistance of H. pylori to previously effective
antibiotics has become a major concern and requires
a careful selection of therapies and re-evaluation of
therapeutic strategies.®

Bacterial resistance is one of the biggest threats
to global health. Both the WHO and the European
Union Council advise the careful use of antibiotics to
avoid the development of bacterial resistance. °

In 1952, spiramycin was discovered as a product
of Streptomyces ambofaciens. Since 1955 it has been
used as a preparation for oral administration. The
antibacterial action spectrum of spiramycin is quite
broad and typical of macrolides. It compasses most

of the pathogens involved in respiratory tract infec-
tions, including Gram-negative and Gram-positive
cocci, Parvobacteriaceae, Legionella spp., Chlamydia
spp., Ureaplasma urealyticum, M. pneumoniae, and
Listeria monocytogenes, but not Enterobacteriaceae.
Spiramycin is active against many bacteria that have
acquired resistance to erythromycin and other mac-
rolides. 10-11.12

Since its discovery in 1952, spiramycin has been
used in the treatment of various infections in the hu-
man body. It has been widely used, especially in the
treatment of Toxoplasma gondii in pregnant wom-
en.'?

During the literature review, we saw that the stud-
ies related to the role of spiramycin in the eradication
of H. pylori are few. Although few, in some studies
with adults!**and children!>1¢ spiramycin has been
shown to be effective in eradicating H. pylori infec-
tion with high eradication rates of 91-95%. Based on
these studies, spiramycin is not inferior compared to
amoxicillin and oxytetracycline in the eradication of
H.pylori.

The first study that was done regarding the in vivo
effect of spiramycin in the eradication of H. pylori
was done by Berstad et al. (1995). The percentage
of eradication of these patients and healing of peptic
ulcers was 91.3%. Side effects that limited daily ac-
tivities were smaller than those that occurred during
the administration of oxytetracycline.'®

The second study published regarding the effect
of spiramycin in the eradication of H. pylori is the
study by Olafsson et al. (1999). One hundred and
eighty-three patients were treated for ten days in 4
different groups. Intention to treat eradication rates
were 93.5% for the first group, 91.3% for the second
group, 93.6% for the third group and 88.6% for the
fourth group. 33% of patients had side effects, and
women had more complaints (p=0.0002). So, the
eradication rate for the two groups with spiramycin
was 91.3% and 88.6%."’

There are two studies that should be mentioned
that were done regarding the effect of spiramycin in
the eradication of H. pylori in children.

The first study aimed to evaluate the effect of spi-
ramycin compared to amoxicillin in the treatment of
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H. pylori with triple therapy with metronidazole and
lansoprazole. In the first group out of 14 patients, 12
were eradicated (85.7%), while in the second group
8 out of 11 were eradicated (72.7%), there was no
difference between these two groups, p>0.5. Limited
side effects were observed in one patient with spira-
mycin (abdominal pain) and in two cases with lan-
soprazole (mouth dryness). Therapeutic compliance
was excellent.

The second study was also conducted by the same
authors and aimed to determine metronidazole re-
sistance in bacterial eradication and the improve-
ment of histological gastritis determined by endo-
scopic and histological examinations. Eradication in
the first AML (Amoxicillin, Metronidazole, Lansopra-
zole) group was 83.3%, it was not significantly dif-
ferent from the second SML (Spiramycin, Metronida-
zole, Lansoprazole) group 63.6%, p=0.3).21

As we have seen, the success of H. pylori eradica-
tion with different combinations of spiramycin in the
literature ranges from 63% to 93.6%. Our eradica-
tion rate is similar to those results.

The aim of antimicrobial therapy is to eradicate re-
liably H. pylori infection in the majority (eg, 290%)
of patients.

Treatment of H. pylori infection remains challeng-
ing. Antibiotic resistance is one of the factors that
affect the success of H. pylori eradication. Clarithro-
mycin is one of the key factors in the eradication of
H. pylori. Recent studies show primary resistance
to clarithromycin in Europe at 21.4% (Italy 36.9%,
Croatia 34.6%, Greece 30%, and Bulgaria 26.9%).
Here we should also mention the resistance to clar-
ithromycin and metronidazole at the same time,
which in this study was 9.7%. Resistance to the
other three antibiotics was exceptional; 0.2% for
amoxicillin, 0.9% for rifampicin, and 0% for tetra-
cycline.®

It is not known about the resistance of H. py-
lori to clarithromycin and other antibiotics in
Kosovo. But if we take into consideration the high
values of resistance to clarithromycin in South-
ern European countries that surround Kosovo,
we can assume that resistance to clarithromy-
cin in Kosovo is very high, anyhow over 15%.
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Another thing that should be mentioned is that re-
sistance to clarithromycin is associated with the use
of macrolides in the community. For this reason, ex-
treme caution is preferred when prescribing eradi-
cation therapy.®

Claritomycin is the most expensive drug used in
the eradication of H. pylori. Spiramycin is an older
drug than clarithromycin, which was discovered in
1984. "7

Since it is much more affordable than clarithro-
mycin, we used spiramycin which is in the form of a
film-coated tablet Spiramycine / metronidazole 1.5
M.U.L. /250 mg GERDA, a new product on the Koso-
var market. To our knowledge, this is the only study
conducted with this product.

The aim of our study was to evaluate the efficacy
of spiramycin and to monitor the occurrence of
side effects while receiving H.pylori eradication
treatment based on spiramycin.

2.Materials and Methods

This prospective controlled randomized open-la-
bel clinical trial is designed to evaluate the efficacy
of spiramycin-based triple therapy for first-line H.
pylori eradication. This study was approved by the
Ethics Committee of the Kosovo Doctors Chamber
(07.07.2022,nr.108/2022) and conducted from July
2022 to January 2023. The sample consists of 122
patients with dyspeptic complaints diagnosed with
H. pylori infection in the Gastroenterology Clinic of
the University Clinical Center of Kosovo and two pri-
vate clinics. Diagnosis of H. pylori was based on the
presence of Helicobacter pylori stool antigen, posi-
tive urea breath test, and positive urease test.

Exclusion criteria: Patients who were previous-
ly treated with H. pylori eradication therapy, those
who have used PPIs and antibiotics within the last
4 weeks, those with penicillin and PPI allergies, pa-
tients with previous gastric surgery, the coexistence
of malignancy, renal failure, and pregnant women.

The diagnosis of the H. pylori infection is made if
one of these examinations results is positive. For
those who underwent endoscopy, two biopsies were
taken for the urease test.
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Figure 1 Eradication rate between groups (p= 0.099)

Therapy regimen

The study group, including 70 patients, received
pantoprazole 40 mg twice a day, half an hour before
meals, for 10 days; spiramycin 1,5 M.U.I. and metro-
nidazole 250 mg in the form of film-coated tablets
Spiramycine/Metronidazole GERDA 1.5 M.U.L./250
mg three times daily with food for 10 days. The con-
trol group, including 52 patients, received pantopra-
zole 40 mg twice a day, half an hour before meals,
clarithromycin 500 mg twice a day after meals, and
amoxicillin 1000 mg twice a day after meals, for 14
days.

In advance, the possible side effects were ex-
plained to the patients and their consent to partic-

I T
'STherapy jI'-DS iramyc}ﬁ+Metroniagzole+PPl?'5
larithromicin+tAmoxicilint+PPI

ipate in the study was obtained.

After the end of the therapy, the patients did not
take any proton pump inhibitor for two weeks and
bismuth or any other antibiotic for four weeks. Four
to six weeks after the end of the eradication thera-
py, the success of the therapy has been checked with
H. pylori stool antigen, urea breath test, and urease
test. In those who underwent endoscopy, two biop-
sies were taken for a urease test. The negative result
of one of these tests was defined as successful erad-
ication.

Statistical Analysis Data was evaluated by the
Statistical Package for the Social Sciences (SPSS) 22
computer program. Statistical analyses were carried
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Table 1. Demographic characteristics, side effects, and eradication rates of our patients

Study group Control group p
Patients (nr, %) 70 (57.4%) 52 (42.6%) 0.497
Mean age +SD 41.174SD 12.565
Sex (M/F) M-38(54.3%) 27 (51.9%) 0.855
F- 32 (45.7%) 25 (48.1%)
Side effects 12 (54.5%) 10 (45.5%) 0.266
Eradication rate 52 (74.3 %) 45 (85.6%) 0.097

out by T-tests and chi-square tests. P values less
than 0.005 were significant.

3.Results

This study included 122 patients with H. pylo-
ri infection, 46.72% of them females, with a mean
age of 41.17+SD12.565 (18-60). The patients
were split into two groups. There were no dif-
ferences between these groups in terms of gen-
der (p=0.855). The eradication rate in the study
group was 74.3%, whereas the control group had
an eradication rate of 85.6%. No statistical dif-
ferences were observed between the two groups,
(p=0.099). (Figure 1)

Regarding side effects, in the study group, 12 pa-
tients had mild complaints which were nausea, ab-
dominal pain and diarrhea. The most common com-
plaint in the study group was nausea. In the control
group, there were 10 patients with mild complaints,
with nausea being the most common. Even though
the study group had a larger number of patients
with complaints there was no statistical difference
between the two groups(p=0.266). There were no
significant side effects that would force patients to
stop the therapy. All patients completed their thera-
pies, (Table 1).

4., Discussion

Our study did not prove that a combination of
spiramycin/metronidazole is more effective than
clarithromycin-based triple therapy, in the erad-
ication rate of H. pylori. No significant statistical

68

difference was found between the study group and
the control group. Also, in terms of side effects,
there is no difference between the two groups.
In this study, which is the first in our country regard-
ing the efficiency of spiramycin in the eradication of
H. pylori, we found a value of 74.3 % in the success
rate of the eradication of H. pylori. Based on Graham’s
scale, it seems that we are dealing with the eradica-
tion rate of the category of C or fair (85-89%).'® At
the same time, we saw that the percentage of side ef-
fects was low. We did not have any patients who dis-
continued the therapy due to side effects. The erad-
ication rate of H. pylori with standard triple therapy
in Kosovo ranges between 61,3 % and 71%.1% %

The study limitations

. H. pylori cultures, antibiotic susceptibility,
and drug resistance were not performed,

. Only the presence or absence of side effects
was considered, without measuring their severity,

. The small number of patients in the study

groups.
5. Conclusion

According to our results, the combination spira-
mycin/metronidazole is not more effective than clar-
ithromycin-based triple therapy in the eradication
rate of H. pylori,, since there was not significant sta-
tistical difference between the study group and the
control group. Also, in terms of side effects, no differ-
ence between the two groups was observed. Howev-
er, the spiramycin/metronidazole combination has
an important advantage due to its lower cost.
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ABSTRACT

The aim of this work was to study the prostate-protective properties
of dry extract from reishi mushrooms in testosterone-induced benign
prostatic hyperplasia in rats.

Materials and methods. Simulated benign prostatic hyperplasia was
reproduced by subcutaneous injection of testosterone propionate solu-
tion at a dose of 3 mg/kg to male rats for 21 days. The dry extract of
reishi mushrooms was administered intragastrically to experimen-
tal animals daily at a dose of 100 mg/kg body weight simultaneously
with subcutaneous injection of testosterone propionate for 3 weeks.
The comparison drug «Prostatophyt” in a dilution of 1:10 at a dose of 1
ml/100 g of the animal’s body weight was administered intragastrically
according to the same scheme as the reishi extract. Prostate homogen-
ate and rat blood serum were tested. The prostate-protective effect of
the reishi mushroom extract was evaluated by the activity of acid and
alkaline phosphatase, the content of TBA-active products and reduced
glutathione. The phosphatase index was calculated, which is the ratio of
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acid phosphatase to alkaline phosphatase (AP/ALP).

Results. Subcutaneous administration of testosterone propionate to
male rats for 21 days probably leads to disruption of phosphatases ac-
tivity, increase in TBA-active products and decrease in the content of re-
duced glutathione in blood serum and prostate homogenate of affected
animals.

It was established that the dry extract from reishi mushrooms in the
model of testosterone-induced benign prostatic hyperplasia in white
rats inhibits the processes of lipid peroxidation and normalizes the an-
tioxidant/prooxidant balance.

Conclusion. Dry extract from reishi mushrooms has a prostate-protec-
tive effect in conditions of testosterone-induced prostate adenoma due
to its antioxidant properties, which are caused by the presence of bio-
logically active substances in mushrooms, in particular polysaccharides,

flavonoids, vitamin C and steroid compounds.

1. Introduction

Currently, the treatment of benign prostatic hyper-
plasia (BPH) remains an urgent problem. According
to the latest data, 15-25% of men aged 50-65 suffer
from this disease, which, causing lower urinary tract
dysfunction (lower urinary tract symptoms), signifi-
cantly reduces the quality of life® 2

According to the recommendations of the Euro-
pean Association of Urologists in 2021, 6 groups of
drugs can be used for the treatment of prostate ad-
enoma: al-adrenoblockers, 5a-reductase inhibitors,
muscarinic receptor antagonists, phosphodiesterase
type 5 inhibitors, vasopressin analogue and herbal
preparations, including the extract of saw palmetto
(Serenoa repens) were recognized as the most ef-
fective and well-studied® *. All the groups of drugs
listed above have proven clinical effectiveness, are
used to treat overactive bladder, lower urinary tract
symptoms in BPH, but not all patients are helped
by standard therapy. There are data confirming the
prostate-protective effect of burdock root and leaf
extracts™ ¢, There is a development of side effects of
medicines, especially of synthetic origin. Most herbal
preparations are multicomponent, which increases
the likelihood of an unpredictable allergic reaction”
8, Therefore, the search for new effective and safe
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drugs for the treatment of BPH and chronic prostati-
tis is still ongoing.

The study of reishi mushrooms dry extract (RMDE),
which, due to its rich chemical composition, can have
a complex pharmacological effect® 1> ! is promising
in this direction. Since it is a drug of natural origin, it
can be used for a long time without significant side
effects, which is relevant in the therapy of prostate
adenoma and CP.

The aim of our work was to experimentally study
the prostate-protective properties of dry extract
from reishi mushrooms in testosterone-induced be-
nign prostatic hyperplasia in rats.

2. Material and methods

2.1.  Material

The material of the experimental work was a dry
extract from reishi mushrooms. The research was
performed on white male rats weighing 200-250 g,
which were kept on a standard diet of the vivarium of
of I. Horbachevsky Ternopil National Medical Univer-
sity. All experiments were performed in accordance
with good laboratory practice (GLP) and bioethics
according to the “European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes”!?. The conducted re-
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search was approved by the Ethics Committee of I.
Horbachevsky Ternopil National Medical University
(excerpt from the protocol Ne72 from 06.01.2023).

2.2.  Experimental induction of benign prostatic
hyperplasia

Modeling of BPH in white male rats was carried out
by injecting a solution of testosterone propionate at
adose of 3 mg/kg subcutaneously for 21 days. Reishi
mushroom extract was administered intragastrical-
ly to the experimental animals daily at a dose of 100
mg/kg of the animal’s body weight simultaneously
with subcutaneous administration of testosterone
propionate for 21 days. The dose of 100 mg/kg of
animal body weight for RMDE was chosen based on
our previous studies, which found it to be condition-
ally therapeutic for experimental carcinogenesis in
rats® 3. As a comparison drug for the prostate-pro-
tective action of RMDE, “Prostatophyt” (manufac-
turer - “Eim Scientific and Production Pharmaceu-
tical Company” LLC, Kharkiv, Ukraine) was used in a
1:10 dilution at a dose of 1 ml/100 g of animal body
weight, which was administered intragastrically ac-
cording to the same scheme as the studied extract.

2.3.  Experimental design

The design of the experimental work included
seven groups of animals, 8 rats in each: Group 1-
animals that were given the appropriate amount
of purified water daily (for 3 weeks), control (C);
Group 2 and 3 - animals that were subcutaneously
injected with a solution of testosterone propionate,
control pathology (CP), 15th and 22nd days of the
experiment; Group 4 and 5 - rats, which were treat-
ed with a dry extract of reishi mushrooms simulta-
neously with subcutaneous injection of testosterone
propionate, 15th and 22nd days of the experiment;
Group 6 and 7 - animals that were treated with the
reference drug “Prostatophyt” simultaneously with
subcutaneous injection of testosterone propionate,
15th and 22nd days of the experiment.

Onthe 15th and 22nd day from the beginning of the
study, animals were removed from the experiment
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by euthanasia using sodium thiopental. Prostate
glands (PG) and seminal vesicles (SV) were isolated,
and relative mass was determined. The homogenate
of PG and blood serum of rats were also subjected to
research, the relative weight of the prostate gland,
seminal vesicles was isolated and determined.

2.4.  Methods

The prostate-protective effect of RMDE was as-
sessed by the activity of acid (AP)!* and alkaline
(ALP) phosphatase!®, the content of TBA-active
products (TBA-AP)! and reduced glutathione (GSH)
[16] in blood serum and homogenate of animal pros-
tates. The phosphatase index was calculated, as the
ratio of acid phosphatase to alkaline phosphatase
(AP/ALP) and indirectly characterizes the degree of
androgen saturation of the body?®.

2.5.  Histopathological studies

The collection of material for histological and
histochemical studies was carried out according to
the generally accepted methodology?’. Pieces of the
rat’s prostate gland were fixed in a 10 % formalin
solution, while the duration of exposure did not ex-
ceed 1-2 days. Next, the pieces were dehydrated in
alcohols of increasing concentration in an AT-4 ma-
chine for histological processing of tissues, and em-
bedded in paraffin blocks. Sections with a thickness
of 5-7 um obtained on a sled microtome MC-2 were
stained with hematoxylin and eosin. Slides were
viewed under a light microscope at 100x and 200x
magnification.

2.6.  Statistical analysis

Statistical analysis of the data was performed
using STATISTICA 13 (TIBCO Software Inc., 2018).
Parametric and nonparametric methods of evalu-
ation of the obtained data were used for statistical
processing of the results. For all indices, the arith-
metic mean of the sample (M) and the error of the
arithmetic mean (m) were calculated. The reliability
of the difference between the values between the
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Table 1: Effect of reishi mushrooms extract on the relative weight of the reproductive system organs under

conditions of simulated BPH (M+m; n=56)
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Index/Group of animals Relative weight of organs, g/100 g of body weight
Prostate gland Seminal vesicles
15th day 22th day 15th day 22th day
C 0.31+0.02 0.31+0.02 0.48+0.03 0.48+0.03
CP 0.47+0.03* 0.55+0.06* 0,87+0,03* 1,08+0,05*
CP+RMDE 0.35+0.02** 0.37+0.02** 0,63+0,05** 0,57+0,04**
CP+Prostatophyt 0.34+0.02** 0.35+0.03** 0,55+0,02** 0,54+0,04**

Note. Here and in the following tables: * - probable changes between the indicator of control and testoster-
one-affected animals; ** - probable changes between the indicator of testosterone-affected and treated animals;
p<0,05.

tivities of acid and alkaline phosphatase in the blood
serum and prostate homogenate of animals with
simulated hyperplasia of the PG and after the use of
RMDE and prostatophyte.

Acid phosphatase (AP) is a lysosomal enzyme
found in almost all tissues of the body. Its highest
concentration is in the prostate gland (prostatic
fraction), then in the liver, spleen, erythrocytes (ex-
ternally lysosomal localization), platelets, and bone
marrow. That is why the blood serum analysis for
the determination of acid phosphatase is used to de-

independent quantitative values was determined by
the Mann-Whitney test. The difference between the
values was considered probable at p < 0.058 1%,

3. Results

3.1.  Effect of RMDE on the relative weight of the
reproductive system organs, on serum biochemical
indicators and biochemical indicators in rat prostate
homogenate under the conditions of simulated BPH

Subcutaneous administration of testosterone
propionate at a dose of 3 mg/kg for 21 days caused
statistically significant changes in the relative mass
of androgen-dependent organs compared to rats in
the control group: an increase in PG - by 1.5 and 1.8
times and an increase in seminal vesicles - by 1.8
and 2.2 times on the 15th and 22nd days of the study,
which indicates the development of BPH (Table 1).
The use of RMDE and the comparison drug for 21
days to correct the PG damage caused a statistical-
ly significant decrease in the relative weight of PG
and SV in both terms of the study compared to CP
group. RMDE and prostatophyte showed similar ef-
fectiveness, under their influence the relative mass
of androgen-dependent organs approached the indi-
cators of the control group.

The next stage of our research was to study the ac-
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tect prostate carcinoma in men. A high activity of AP
in macrophages and osteoclasts is also noted. As for
the activity of the enzyme in the prostate gland, it is
not detected until puberty?.

Alkaline phosphatase (ALP) is an enzyme that af-
fects lipid metabolism and the process of calcium
deposition in bone tissue. Under the influence of
the enzyme, reactions related to the release and free
movement of phosphorus in the blood are carried
out, ALP catalyzes the separation of phosphoric acid
from its organic compounds. LF is extremely com-
mon in the body. It is found in the intestinal mucosa,
osteoblasts, walls of bile ducts of the liver, placenta,
lactating mammary gland, prostate gland®.

The development of inflammatory processes in the
prostate under the influence of testosterone is evi-
denced by an increase in the activity of acid and alka-
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Table 2: Effect of reishi mushrooms extract on serum biochemical indicators of rats under conditions of
testosterone-induced hyperplasia of the PG, day 15 (M+m; n=56)

Index/Group of C Cp CP+RMDE CP+Prostatophyt
animals
AP, nmol/I*hour 6.70+0.38 12.84+0.63* 7.50+£0.28** 7.18+0.36**
ALP, nmol/I*hour 10.45+0.36 18.05+0.55* 12.03+£0.56** 11.21+0.39**
AP/ALP 0.64+0.02 0.72+0.05* 0.64+0.05 0.64+0.03
TBA-AP, pmol/1 2.06%0.11 3.37+0.16* 2.78+0.12** 2.55+0.14**
GSH, mmol/1 1.75+0.06 0.96+0.05* 1.54+0.03** 1.61+0.03**

Table 3: Effect of reishi mushrooms extract on serum biochemical indicators of rats under conditions of
testosterone-induced hyperplasia of the PG, day 22 (M+m; n=56)

Index/Group of ani- C CP CP+RMDE CP+Prostatophyt
mals
AP, nmol/1*hour 6.70+0.38 19.07+0.66* 8.69+0.51** 7.70£0.32**
ALP, nmol/I*hour 10.45+0.36 25.27+£1.10* 12.88+0.77** 11.45+0.35**
AP/ALP 0.64+0.02 0.76+0.03* 0.68+0.01** 0.67+0.02**
TBA-AP, pmol/1 2.06+0.11 4.55+0.24* 2.84+0.15%* 2.30+0.10**
GSH, mmol/1 1.75+0.06 0.73+0.04* 1.39£0.09** 1.53+£0.07**

line phosphatases in the blood serum of animals with
simulated hyperplasia of the prostate gland. Thus, AP
activity increased by 1.9 and 2.8 times, and ALP in-
creased by 1.7 and 2.4 times relative to the control on
the 15th and 22nd days of the experiment (Tables 2, 3).
In the CP group, the AP/ALP ratio in the blood se-
rum increased by 1.2 times by the end of the experi-
ment, which indicates an increase in the permeabili-
ty of the membranes of the acini, which are the final
branches of the ducts. Acini are surrounded by se-
cretory cells in the prostate gland and stimulate the
flow of prostate-specific enzyme into the blood [6].
Administration of the dry reishi mushroom extract
to animals in parallel with testosterone propionate
contributed to the normalization of phosphatases
activity already on the 15th day of the experiment.
By the end of the study, the activity of AP in the
blood serum of rats under the influence of RMDE
decreased by 2.2 times, the activity of ALP - by 2.0

times compared to the group of control pathology.
The use of the reference drug also reduced the ac-
tivity of AP and ALP by 2.5 times and 2.2 times, re-
spectively, in affected animals on the 22nd day of the
experiment. The use of RMDE and prostatophyte led
to a probable decrease in the ratio of phosphatases
(AP/ALP) on the 22nd day of the study compared to
the control pathology group (Table 3).

When studying the activity of AP in the homoge-
nate of the prostate of animals, it was established
that under the influence of testosterone there was
a probable decrease in the activity of the enzyme by
1.5 and 2.2 times compared to the control group on
the 15th and 22nd days of the experiment. This in-
dicates a violation of the functional state of the PG.
ALP activity in the prostate homogenate of white
rats increased by 1.6 and 1.9 times on the 15th and
22nd days of the study compared to the control (Ta-
bles 4, 5).
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Table 4: Effect of reishi mushrooms extract on biochemical indicators in rat prostate homogenate under

conditions of testosterone-induced prostate hyperplasia, day 15 (M+m; n=56)

Index/Group of ani- C Cp CP+RMDE CP+Prostatophyt
mals
AP, nmol/kg*hour 20.20£0.34 13.83+0.46* 17.67+0.31** 18.69+0.35**
ALP, nmol/kg*hour 23.59+0.89 36.75+1.26* 26.25+1.16** 25.38+0.86**
AP/ALP 0.87+0.04 0.38+0.02* 0.68+0.04** 0.74+0.04**
TBA-AP, pmol/kg 13.44+0.82 22.41+1.12* 16.25+0.92** 15.26+0.60**
GSH, mmol/kg 1.26+0.06 0.77+0.03* 1.09£0.03** 1.16+£0.03**

Table 5: Effect of reishi mushrooms extract on biochemical indicators in rat prostate homogenate under

conditions of testosterone-induced prostate hyperplasia, day 22 (M+m; n=56)

Index/Group of ani- C Cp CP+RMDE CP+Prostatophyt
mals
AP, nmol/kg*hour 20.20+0.34 9.10+0.37* 17.17+0.59** 18.98+0.27**
ALP, nmol/kg*hour 23.59+0.89 44.75+2.23* 28.97+£1.01** 25.27+£1.11**
AP/ALP 0.87+0.04 0.21+0.01* 0.60+0.03** 0.76x0.03**
TBA-AP, pmol/kg 13.44+0.82 27.96+0.97* 16.42+0.78** 14.58+0.62**
GSH, mmol/kg 1.26+0.06 0.55+0.05* 1.03+£0.09** 1.17+£0.05**

In the prostate homogenate of the affected ani-
mals, the AP/ALP ratio was also determined, which
decreased by 4.1 times compared to the control by
the end of the experiment.

After the use of RMDE, AP activity in rat prostate
homogenate increased by 1.9 times, ALP activity de-
creased by 1.5 times on the 22nd day of the study
compared to the control pathology group. Under
the influence of the prostatophyte, the activity of
AP in the examined tissue probably increased by 2.1
times by the end of the experiment, the activity of
ALP decreased by 1.8 times compared to CP. Under
the influence of RMDE and the reference drug, the
AP/ALP ratio in the animal prostate homogenate in-
creased by 2.9 and 3.7 times, respectively, relative to
the affected rats on the 22nd day of the study. This
testifies to the ability of the studied extract and pros-
tatophyte to stabilize acinus membranes.
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The development of hyperplasia of the prostate
gland under the influence of testosterone was ac-
companied by an increase in the processes of free
radical oxidation. Thus, in the blood serum of the
affected animals, a probable increase in the content
of TBA-AP was observed by 1.6 and 2.2 times on
the 15th and 22nd days of the experiment, which,
in turn, caused corresponding changes in the an-
tioxidant system of rats - a decrease in the level of
reduced glutathione (GSH) by 1.8 and 2.4 times (Ta-
bles 2, 3). The administration of RMDE and the refer-
ence drug in parallel with testosterone contributed
to a probable decrease in the content of TBA-AP, and
most significantly on the 22nd day of the study in
the blood serum of rats by 1.6 and 2.0 times and an
increase in the level of GSH by 1.9 and 2.1 times, re-
spectively, relative to the group of affected animals.

The content of TBA-AP in the prostate homogenate
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Photo 1: Prostate gland of a control group rat. The
glands are lined with prismatic epithelium and form
numerous folds (1). Vessels full of blood (2). Staining
with hematoxylin and eosin. x100.

of the group of animals with control pathology in-
creased by 1.7 and 2.1 times, the content of GSH de-
creased by 1.6 and 2.3 times compared to the control
on the 15th and 22nd days after the start of testoster-
one administration (tables 4, 5). The use of RMDE and
prostatophyte probably reduced the content of TBA-
AP in the prostate homogenate throughout the study,
and most of all on the 22nd day of the experiment
- by 1.7 and 1.9 times compared to CP. The content
of GSH in the homogenate of the prostate of animals
probably increased under the influence of the studied
extract by 1.4 and 1.9 times, and under the influence
of the comparison drug - by 1.5 and 2.1 times on the
15th and 22nd days of the experiment compared to
the affected animals (Tables 4, 5).

3.2.  Histopathology study

Histologically, the parenchymal component of the
prostate gland of rats is represented by numerous
alveolar-tubular glands. The basement membrane is
lined with a layer of secretory cells - high prismatic
epithelium, which together form folds protruding
into the lumen of the glands. Peeled epitheliocytes

Photo 2: Prostate gland of a rat with simulated
BPH. Cystic transformation of the glands (1), flatten-
ing of the epithelial lining (2) and uneven distribu-
tion of the secretion (3). Staining with hematoxylin
and eosin. x200.

are often found in the lumen of the glands, which is
considered a normal process of cell removal. There
are also characteristic morphological signs of high
functional activity of the glands - the lumens are
filled with a secret of various tinctorial properties.
In addition to secretory cells, there are small basal
cells with signs of mitotic activity.

The stroma of the gland is represented by connec-
tive tissue cords that depart from the capsule of the
organ and smooth myocytes with a large number of
blood microvessels. Venules, as a rule, are full-blood-
ed (Photo 1).

Histological analysis of prostate tissues of affect-
ed animals revealed significantly different structural
changes compared to the control group. First of all,
they concerned the glandular component. The lu-
mens of the glands are significantly expanded and
deformed. The epithelium located on the basement
membrane is represented by cubic or flattened cells.
Nuclei reversion from the basal part of the cells to
the apical part is often observed. A decrease in the
number of basal cells is characteristic. At the same
time, binucleated epitheliocytes appear. The num-
ber of folds, as well as the height of the preserved
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Photo 3: Prostate gland of the rat after correction
of BPH by prostatophyte. Some of the glands are
identical to control glands (1), others - with signs of
cystic transformation (2). The discharge is distribut-
ed evenly. Staining with hematoxylin and eosin. x100.

ones, has been drastically reduced. The secretion is
unevenly distributed, there are many lumens of the
glands that do not contain secretion (Photo 2).

During the histological examination of the tissues
of the prostate gland of animals that received the
comparison drug, we observed a sufficiently clear
positive dynamics. The parenchymal component
in many areas was represented by alveolar-tubular
glands similar to the control group. The secretory
cells that cover the basement membrane have a high
prismatic shape. Together with the underlying thin
stroma, they form papilla-like growths in the lumen
of the glands, the discharge of which is distributed
evenly. Proliferative activity of basal cells was oc-
casionally noted. The stroma is dominated by ve-
nous full blood of the microcirculatory channel. At
the same time, often, next to the described changes,
cells of various sizes typical for the prostate gland
of affected animals were adjacent - deformed, cystic
enlarged glands with flattened or cubical epitheli-
um, which formed single short folds. The discharge
is mostly evenly distributed (Photo 3).

Histological analysis of the tissues of the prostate
gland of experimental animals, which were injected
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Photo 4: Rat prostate after correction of BPH with
reishi mushroom extract. Glands of tubular-alveolar
structure with papillary folds inside (1). Staining with
hematoxylin and eosin. x100.

with RMDE, showed significant positive changes in
the structure of the organ. The glandular component
in most of the studied cases was similar to the con-
trol manifestations and was represented by typical
glands of alveolar-tubular structure. A high prismatic,
functionally active epithelium is located on the basal
membrane, and folds and papilla-like outgrowths pro-
trude into the lumen. The gaps are filled with a secret.
However, a similar picture was not regularly observed
everywhere. Changes typical for BPH with glandular
ectasia, atrophied and partially exfoliated epithelium,
and atrophied folds were also observed (Photo 4).

The intermediate tissue of the gland is almost
evenly distributed between the glands and is repre-
sented by collagen fibers and smooth myocytes. The
microcirculatory channel was characterized by full
blood of its venous link.

4., Discussion

According to scientific research, up to 35% of pa-
tients with chronic prostatitis and up to 25% of pa-
tients with BPH receive drugs of natural origin. Thus,
in many randomized placebo-controlled studies, the
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high effectiveness of medicinal products containing
biologically active substances of natural origin (ex-
tracts of sabal palm fruits, African plum bark, net-
tle roots, slangy grass, etc.) has been proven. These
agents are able to reduce inflammatory processes
and slow down the proliferation of PG tissues, nor-
malize the level of androgens, exhibit angioprotec-
tive, antioxidant, antihypoxic effects, increase poten-
cy and libido® %20,

Evaluation of the development of the simulated
pathology of PG and the effectiveness of the reishi
mushroom extract was carried out by biochemical
parameters of blood serum and PG homogenate,
changes in the mass of PG and SV. To confirm the re-
sults of the experiment, a histological examination of
the prostate gland of rats with testosterone-induced
BPH and after the use of RMDE and the reference
drug was performed.

Administration of testosterone propionate to male
rats for 3 weeks led to the development of the ani-
mals prostate gland pathology, which was indicated
by a significant increase in the relative mass of PG
and SV compared to the control.

Under the influence of RMDE, the normalization
of the mass of the PG and SV was noted almost to
the values of the control group, which indicates a de-
crease in proliferative processes, and therefore the
restoration of the structural and functional state of
the PG and androgen sensitivity in the organ, dis-
turbed by testosterone-induced BPH in rats.

The course of the simulated pathology was char-
acterized by a probable, relative to the values of the
control group, an increase in the level of ALP and AP
in blood serum. According to the literature, an in-
crease in the activity of these enzymes, especially acid
phosphatase, which is a prostate-specific enzyme, in-
dicates an increase in proliferative processes and the
development of hyperplasia of the organ®. In the pros-
tate homogenate of animals of the CP group, a signif-
icant decrease in AP activity and an increase in ALP
activity were observed relative to the control.

The introduction of testosterone into male rats
leads to the activation of the processes of peroxida-
tion, primarily lipoperoxidation. Lipid peroxidation
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(LPO) is a physiological process that ensures the nor-
mal functioning of cells. However, its deviation from
the norm causes damage and death of cells*°. TBA-
AP are the primary products of LPO, which in further
transformations cause membrane destabilization,
destruction and cell death®. Testosterone propionate
caused a probable increase in the content of TBA-AP
in blood serum and prostate homogenate of animals.

The main role in the neutralization of hydroper-
oxides, formed during the activation of free radical
oxidation processes, is played by the system glu-
tathione peroxidase - glutathione reductase - re-
duced glutathione. Restored glutathione partici-
pates in the protection of cells from oxidative stress
and supports the functioning of the body’s detoxifi-
cation system®. Exposure of albino rats to testoster-
one resulted in a significant decrease in GSH in both
tissues tested.

The results of our experimental work correlate
with the data of other researchers, who highlight the
important role of the antioxidant/prooxidant balance
in the pathogenesis of chronic prostatitis* . Activa-
tion of lipid peroxidation against the background of
reduced antioxidant protection causes a violation of
the permeability of biological membranes, leads to an
increase in destructive and dystrophic processes in
the prostate gland and causes cell death..

RMDE effectively affected the indicators of the ox-
idative status of rats under conditions of testoster-
one-induced BPH, minimizing the disruption of AP
and ALP activities, reducing the content of TBA-active
products, and increasing the content of reduced glu-
tathione in blood serum and prostate homogenate of
affected animals almost to the control level. This con-
firms the presence of antioxidant properties in reishi
mushrooms. Prostatophyte also had a positive effect
on the investigated biochemical indicators.

5. Conclusions
It was experimentally proven that the subcuta-
neous administration of testosterone propionate

to white male rats ata dose of 3 mg/kg body weight
of the animals for 21 days led to a violation of the
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functional state of the prostate gland, which was
characterized by an increase in the mass of pros-
tate and seminal vesicles of the affected animals.
Activation of LPO processes and imbalance in the
antioxidant protection system were observed. The
results of the conducted studies showed the pro-
nounced effectiveness of the dry extract from rei-
shi mushrooms, the introduction of which to male
rats almost completely restored the balance in the
peroxidation system/antioxidant system. In terms
of effectiveness, the studied extract was close to
the comparison drug «Prostatophyte».

The prostate-protective effect of reishi mushrooms
extract is probably due to its antioxidant properties,
which are associated with the presence of polysac-
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*« NOVEMBER 16-18,2023 | BASEL, SWITZERLAND.
International Symposium on Chemical Biology (EFMC-ISCB)

https://www.efmc-isch.org/

«DECEMBER 8,2023 BRUSSELS, BELGIUM
MedChem 2023

https://www.medchem.be/

* JANUARY 28-FEBRUARY 1, 2024 ST. ANTON, AUSTRIA
4th Alpine Winter Conference on Medicinal and Synthetic Chemistry

https://www.alpinewinterconference.org/

*APRIL 8-11,2024 UTRECHT, THE NETHERLANDS
EFMC-ACSMEDI Medicinal Chemistry Frontiers

+ APRIL 8-11,2024 UTRECHT, THE NETHERLANDS
EFMC | ACSMEDI Medicinal Chemistry Frontiers 2024
Joint Symposium on Medicinal Chemistry

https://www.medchemfrontiers.org/

23-25MAY 2024 DEBRECEN, HUNGARY
Joint Congress of the Hungarian Society for Pharmaceutical Sciences and EUFEPS Annual Meeting ‘“Tradition
and Innovation in Pharmaceutical Sciences’

https://cph2024en.clubservice-event.hu/

+18-21JUNE 2024 MONTPELLIER, FRANCE
Tetrahedron Symposium i

https://www.elsevier.com/events/conferences/all /tetrahedron-symposium

+23-26 JUNE 2024 ATHENS, GREECE
9th European Congress of Pharmacology (EPHAR2024)
Megaron Athens International Conference Center

https://ephar2024.org/

*SEPTEMBER 1-5,2024 ROME ITALY
XXVIII EFMC International Symposium on Medicinal Chemistry
https://www.efmc-ismc.org/

+22-26 SEPTEMBER, 2024 BARCELONA, SPAIN
24th European Symposium on Quantitative Structure-Activity
Relationships: Synergizing Al and Multiscale Modeling for Drug Discovery"

https://www.eurogsar.org/
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