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1. General Format

All manuscripts can only be submitted
electronically via DergiPark.
Manuscripts should be 1,5 lines spaced
and justified.

Use 2.5 cm margins, Times New Roman
and format for A4 paper.

Number all pages, starting with the title
page.

Spell out all acronyms in full at first use.
Make sub-headings if necessary.

Follow internationally accepted rules
and conventions: use the international
system of units (SI).

2. Before main text

A. Title page

The first page of the manuscript is a title
page containing the  following
information:

The manuscript’s full title (Font: Times
New Roman Font Size: 13). The title
must be concise and informative.

All authors’ full names (Font: Times
New Roman Font Size: 11).

The affiliation of the author(s) should be
linked by superscript numbers, and
listed beneath the title.

Corresponding author (Font: Times New
Roman Font Size: 10). E-mail,
telephone and fax number (with country
and area code) of the corresponding
author should be provided.

Ethical approval should be attached for
manuscripts involving studies with
human/laboratory animals participants.

B. Abstract

The abstract appears on its own page.
The abstract should be written in Times
New Roman and font size 11.

The maximum length of the abstract is
200 words.

The abstract should contain the
objectives, methods, results and
conclusions.

3- 6 key words must be provided in
alphabetical order (Font: Times New
Roman Font Size: 10). Separate the
keywords with colon.

3. Main text

A. Introduction

(Font: Times New Roman Font Size: 12)
State the objectives of the work and
provide a brief background of the
literature related with the topic. The
novelty and the aim of the study should
be clearly stated.

B. Materials and Methods

(Font: Times New Roman Font Size: 12)
Give a brief and clear description of the
materials and methods used. Subtitles
can be given as appropriate.

For plant materials, herbarium name (or
acronym), number, name and surname of
the person who identified the plant
materials should be indicated in this part
of the manuscript.

Statistical analysis must be provided
when necessary.
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C. Results/ Discussion

(Font: Times New Roman Font Size: 12)

A combined Results and Discussion section
is often appropriate. Results should be
concise.

Discussion should explore the significance
of the results of the work.

Discussion should not repeat the results.
The main conclusions of the study should
be presented.

D. Acknowledgement
(Font: Times New Roman Font Size: 10)
Supporting institutions or individuals
should be briefly acknowledged just before
the reference list.
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i.Citation in text
(Font: Times New Roman Font Size: 12)
> Please ensure that every reference cited
in the text is also present in the reference
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» Unpublished results and personal
communications are not recommended
in the reference list.

» References in the text should be cited
as: the author(s) surname and the
publication date.
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(Sahin and Kosar, 2000) — Two authors
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author (s)

(Ozhatay and Avci, 2000; Ozhatay et al.,

2001; Ozhatay, 2005) — listed by the earliest

year first for multiple citations.

ii. Reference style
(Font: Times New Roman Font Size: 10)
The list of references should be single-
spaced.

» List the references in alphabetical order
under section of “references”.

» For references up to 5 authors, write the
names of all authors.

» For references more than 5 authors,
write the names of the first 5 and add et.
al.

» The title of journal should be
abbreviated in italics according to the
style used in the National Library of
Medicine’s Journals in  NCBI
Databases.

» Volume numbers should be indicated in
bold letters.
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4. After main text

Figures / Tables captions

» Use figures and tables when information cannot easily be stated or summarized in the
manuscript itself.

» All the figures and tables must be referred to in the main body of the text.

» Tables and Figures should be numbered consequently in the order of appearance within
the text, referred as “Table 1” and “Figure 1”.

> Descriptive titles should be given at the top of the tables and at the bottom of the figures.

> Figures should be prepared with the highest resolution and should be provided as a
separate page following references.

Submission checklist

Check the following submission list before submit your manuscript:

» Full E-mail address, full postal address, telephone and fax number of the corresponding

author.

All necessary files have been uploaded.

References are in the correct format for this journal.

All references mentioned in the Reference list are cited in the text.

All figure captions.

All tables (including title, description, footnotes).

For any further information please e-mail:
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Technique Using Statistical Process Control
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Abstract

To guarantee that patients receive safe therapy with predictable and acceptable medicinal properties,
monitoring the quality standards in the healthcare sector and the pharmaceutical business, in particular,
is essential. Medicinal products are no exception from these crucial characteristics and hence mitigation
of the sources of microbial contamination is a mandatory strategy to avoid harming already-ill
populations. Machines, equipment and tools that are used in the industry must be appropriately cleaned
to ensure that they will not contaminate the product under processing. The study herein aimed to
establish an evaluation system for cleaning efficiency through the rinse technique using Statistical
Process Control (SPC) methodologies. A database was established and created for the recorded cleaning
process over 20 months of the monitoring period. The control charts were constructed and evaluated
from processed data using SPC software. A rare event control chart was used to track the cleaning
process intervals with event probability estimated to be 0.080. Concerning the monitoring of the
bioburden of rinse samples, the most appropriate fitting attribute chart is U type with Laney
modification of over-dispersion to correct for tight control limits that increase alarming false points.

Understanding the inspection property is inevitable for the right interpretation of trends.
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INTRODUCTION

The establishment and dissemination of the
quality concept are crucial for any reputable
organization that strives to survive and
grows in the modern competitive world
(Kanji et al., 1999; Zakuan et al., 2012).
Total Quality Management (TQM) is a
vision and perspective of management that
focuses on long-term success through
customer  satisfaction  (Mehra  and
Ranganathan, 2008). In a TQM initiative,
every employee of a firm takes part in
enhancing their workplace's processes,
goods, and services. One of the important
statistical tools is the process-behavior
diagram which is used in the control and
monitoring of a specific process and/or
certain inspection characteristic.

One of the critical quality aspects in the
healthcare industry, specifically the
pharmaceutical field is the consistent safety
of the delivered service or product to the
final customer (Marucheck et al., 2011).

Microbiological quality and safety are

among the hot topics, especially when
considering that medicinal goods are
intended to be administered to populations
that are sick and with health problems in
most situations. This is a critical aspect to
avoid any adverse events that could be
stemmed from inappropriate product
handling and processing.

During manufacturing and processing,
medicinal products may be getting exposed
to microbial contamination through the
processing machines, equipment and tools
themselves. Thus, it will be crucial to
monitor and control their bioburden quality
to ensure stability, predictability and
diminishing level of contamination. The
investigation herein  focuses on the
examination of the microbiological
cleanliness of the machine/equipment that
is used in the preparation of non-sterile
medicinal products through rinse samples
using Statistical Process Control (SPC).

MATERIALS AND METHODS

The establishment of a measurable
monitoring and control system for the
assessment of the  microbiological
cleanliness of the machines and/or
equipment that are used in the medicinal
sector would be crucial for microbial safety

of the manufactured products to be safe for

Essam Eissa M et al. EMUJPharmSci 2023; 6(1):1-12.

consumption by minimization of the
product risk of contamination. The Total
Viable Count (TVC) was used as an
estimate for microbiological cleanliness
which was determined following the path of
previous works (Eissa, 2018; Eissa et al.,
2022).



Study principle and goal

Evaluation of cleaning quality for specific
items is usually conducted through
swabbing and/or rinse methods to monitor
and control the efficacy of the standard
practice established in the firm chemically
and microbiologically  (Schmitt and
Moerman, 2016). Herein, the present
investigation will focus on the method used
to investigate a segment of this practice
which is the microbiological quality of the
rinse samples that were collected from
equipment/machines after cleaning
according to Standard Operating Procedure
(SOP). Since bioburden count is examined
in this case, the monitoring was performed
using an attribute control chart (Eissa et al.,
2021). The microbial count is expressed as
Colony Forming Unit (CFU) which belongs
to a discrete type of dataset and
quantification is usually stated as CFU/mL
or CFU/100 mL and the maximum
allowable limit was set at 100 CFU/100 mL
(Walters, 2008; Eissa et al., 2022). There
should be an appropriate surveillance
procedure over machinery and tools to
maintain control over the TVC of microbes
and hence protect the processed product
from exposure to high microbial
populations that could be transferred to the
patients or terminal users (Roesti, 2019).
Control charts selection

From this perspective, C or U charts may

deem the most appropriate types for this

type of analysis (Eissa, 2018).
Nevertheless, previous experience in the
trending and collection of this type of data
rarely follows the prerequisite of Poisson
distribution for proper interpretation of
these types of trending charts (Laney,
2002). This challenge could lead to
misleading reading and interpretation of
data due to incorrect control limits with
subsequent false out-of-control alarms.
Thus, if the initial diagnostic probability
plot test failed, a correction procedure
might be necessary to adjust for data
dispersion (Rinaman, 2018). With this
respect, Laney's approach was sought as a
reasonable means to solve this issue based
on previous experience. It will be plausible
to conduct a preliminary examination and
visualization of the process rate by using
time-interval type of chart i.e. G chart
which is known as a rare event process
behavior chart to determine the frequency
of the cleaning operation.

Programs and software application
Bioburden data of Equipment/Machine
rinse was collected and processed in the
Microsoft Excel database after
chronological arrangement based on dates.
The study coverage period embraces 20
months which is equivalent to about 91
weeks or 635 days. The generated dataset
was then analyzed using Minitab version
17.1.0 (Ryan et al., 2013; Rinaman, 2018).

G control chart was drawn from the “Stat”

Essam Eissa M et al. EMUJPharmSci 2023; 6(1):1-12.



tab then going to “Control Charts” and
selecting “Rare Events Charts”. The chart
that illustrates the number of opportunities
or days between events i.e. G chart was
selected. Since the sample sizes (rinses)
were variable and greater than unity, the U
chart was the option of choice in this case
and was selected from the same tab till
reaching “Attribute Charts”. The first step
here is to run a diagnostic test to determine

whether to use an ordinary U or Laney

trending chart. The second step is to
execute the run of the most appropriate
chart based on the fit to the Poisson
probability plot (Ryan et al., 2013;
Rinaman, 2018). The U chart monitors the
average defects per unit which are herein
corresponding to the TVC per 100 mL rinse
or microbial count per mL may be
equivalent to a Defect per Unit (DPU) using
the “Assistant” tab help scheme for
“Control Charts”.

RESULTS AND DISCUSSION

This study was established with the aim to
disseminate the concept of the
implementation of SPC techniques and
methodologies to monitor, investigate,
correct and improve the bioburden quality
— and hence safety — in the healthcare field
with a specific scope that focused on the
rinse as a marker for the efficacy in the
cleaning process from the microbiological
point of view. The examination of
microbial count data did not return any sign

of out-of-specifications results with none of

Essam Eissa M et al. EMUJPharmSci 2023; 6(1):1-12.

the rinse samples exceeding 100 CFU/mL
(Steyaert, 2021). The details of the usability
and the outcome of the Shewhart charts will
be discussed in the following sections based
on the software analysis results.

G process behavior chart output

The average interval between machine and
equipment rinses is about one week. Figure
1 shows a rare event control chart that
demonstrates an interval timeline of
chronologically arranged machines' rinse
record.



G Chart of Rinsing Date
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Figure 1: Rare event control chart illustrating the intervals and frequency of the machine and equipment cleaning

process.

The event probability is 0.080. The event
probability is the chance of an event
occurring on any given day. For the
machine and equipment cleaning data, the
rinse process occurring on a given day is
8.0% (Park and Wang, 2022). Two points
failed the Benneyan “B” test (three points
in a row are equal to zero), which indicates
that three or more cleaning and rinsing
procedures were recorded on the same day.
Alarm points “1” are showing higher than
usual intervals between event dates with a
“K” wvalue greater than three standard
deviations (g) from the center line. In the
same line, the red dots “2” indicate nine
points on the same side of the mean line.

Checklist for reporting U trending chart
Assessment of the fulfillment of the Laney

U (prime) attribute process behavior chart

criteria were subjected for brief screening
as the following (Minitab® Statistical
Software: The Assistant, 2022):

Stability

The number of CFUs per 100 mL of rinse
might not be stable. Ten (27%) subgroups
are out of control (0.7% of out-of-control
subgroups might be observed by chance,
even when the process is stable). Out-of-
control subgroups should be investigated to
decide whether to omit those with special
causes from the calculations.

Number of subgroups

The precision of the control limits would
not be of concern because more than seven

subgroups are included in the calculations.

Essam Eissa M et al. EMUJPharmSci 2023; 6(1):1-11.



Subgroup size

The accuracy of the investigated control
limits would be acceptable because all
subgroups have at least one unit.

Expected variation

The present data have more variation than
expected, a condition known as over-
dispersion. This causes the control limits on
a U chart to be too narrow for the examined
data, resulting in an increased number of
false alarms (Figure 2). The Laney U’ chart
corrects the control limits to account for the

U Chart

Essam Eissa M et al. EMUJPharmSci 2023; 6(1):1-12.

over-dispersion. The ratio of observed
variation to the expected variation was
found to be 2711.3%. 95% upper limit for
ratio if the process mean is constant and its
value is 140.2%. Using a U chart might
result in an elevated false alarm rate. Thus,
the use of the Laney U’ chart could be
considered instead of the conventional one.
It should be noted that the upper limit
depends on the number of subgroups and

the process mean.

Laney " Chart (correction factor = 34.514)




Laney U’ Chart of Count by Date
Sigma Z = 34.5141
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Figure 2: Analysis of the deviation of the dataset scattering from the assumed Poisson distribution and the effect

on the extrapolation of the control chart.

The statistical process software assesses the
observed variation as a percentage of
expected variation to determine which chart
should be use wused. The current
microbiological rinse data  have
considerably more variation than expected
(over-dispersion), which can result in an
increased number of false alarms.
Accordingly, the Laney U’ chart was used,
which corrects this condition (Pharma
Focus Asia (FPA), 2022). The use of an
ordinary U chart would lead to excess

variation which results in control limits that

are too narrow for the existing data, which
can cause an elevated false alarm rate.
Implementation of Laney U’ (prime)
control chart

Laney U’ Chart imposes modification for
adjustment of the excessive variations due
to over-dispersion of the dataset results
(correction factor (X Z) = 34.514). The
Laney U’ chart corrects the control limits to
account for the excess variation. Hence, the
chart should signal appropriately (Minitab®
20 Support, 2022). Assessing the stability
of the defects per unit in the investigated

process and looking for patterns could help

Essam Eissa M et al. EMUJPharmSci 2023; 6(1):1-12.



quality officer investigators to distinguish
between common and special causes.
Typically, a process that exhibits only
common causes has a constant defect rate.
However, global trends or cyclical patterns
may also be common causes. Other
patterns, such as shifts and drifts, might be
due to special causes. This chart has
variable sample sizes which are reflected on
the Upper Control Limit (UCL) as could be
found in Figure 3 where it is not a fixed
straight line as that for the C chart.

The stability of the microbial count in the
rinse samples showed that the number of
CFUs per 100 mL of the rinse may not be
stable. Ten (27.0%) subgroups are out of

control. Keeping in mind that 0.7% out-of-

control subgroups might be found by
chance, even when the process is stable.
Nevertheless, the microbial count data has
a single-side specification criterion towards
the UCL. Hence, there is no specific lower
limit as the bioburden level devolves to
zero, it becomes better (Vargas et al.,
2022). Accordingly, the reported shift in the
TVC below the average line was found to
be insignificant with a minor shift - as could
be found from the trending chart - and a
decision was made to cancel these alarms
that have been spotted by the program.
Thus, the significant excursions were
actually two and the rate of the out-of-
control bioburden level would be 5.4%.

U Chart Diagnostic for Count by Date

Poisson Probability Plot

Essam Eissa M et al. EMUJPharmSci 2023; 6(1):1-12.



Showld you use a Laney U chart?
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Figure 3: Laney corrected attribute chart showing the trending chart (with control limits), correction factor for
over-dispersion, detected out-of-control rinse points and the defect rate.

Defects and bioburden concept in control sequences from the time series order
charts number. Benneyan alarm is unique for the
Table 1 summarizes the outcome of Figures G chart and showed two successive points.

1 and 3 by showing the number of failed

Table 1: Comparison between two types of the trending charts implemented in the rinse study.
Process Behavior Chart

Comparison G Chart Laney U (Prime)
Chart
Chart Type Rare event Attribute
Failed Test Points:
1- One Point >3 o from CL: “1” 32,42 2,30
2- Three points in a row equal to zero: “Benneyan” 54,55 NA
. o . e 11, 12, 13, 25, 26,
3- Nine points in a row on same side of CL: “2 26, 27 27 2829
o: Standard deviation CL: Control Limit NA: Not Applicable U (Prime) = U’
On the other hand, the type 1 and 2 excursion while the second one is related to
warnings were found in both kinds of the drift in the monitored means of the
graphs. The first one indicates abnormal inspection characteristics. Logically, the

Essam Eissa M et al. EMUJPharmSci 2023; 6(1):1-12.
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attention should only be drawn to the
aberrant high level of the microbial count
while the very low alarming values could
provide an opportunity for improvements in
the present study. In the current case, two
out-of-control points — (i.e. number “1”
alarms) are present in each graph with an
indication of unusually extended time
intervals and excessive microbial count,
respectively (JMP Statistical Discovery,
2022). While the frequency of cleaning
might be more related to the usage of
machines or equipment (and obviously can
be adjusted when needed, the abnormally
high microbial density could be attributed
to the goodness of the cleaning process.
With this respect, an investigation would be
executed to determine the source of the
abnormally high TVCs, even if there are no
Out-Of-Specification (OOS) to avoid any

adverse outcome in the future as they

provide early warning signs for underlying
problem(s) to be corrected and prevented
through CAPA plan. Table 2 centralizes the
main conceptual difference between the
industrial and non-industrial inspection
characteristics. By common sense, the
industrial use of the U chart primarily
focuses on the number of Defects per Unit
(DPU) and hence the Defect per Million
Opportunity (DPMO). The story is different
in microbiology as there is an appreciably
permissible level of the microbial count
which has a specification criterion of 20000
CFU/100 mL (Moharram et al., 2014).
Although the aim is to maintain bioburden
density as low as possible, yet the concept
of industrial defect would not apply and this
could be exemplified by analogous
parameters Count per Milliliter (CPM) and
Count per Million Opportunity (CPMO)
that correspond to DPU and DPMO (PPM).

Table 2: Evaluation summary of the Laney U prime chart for the equipment and machine rinse.

Subgroup Parameters

Record of

Rinse Bioburden Level

Number of subgroups: 37

Total Rinses: 63

CFUE per mL (CPM¥): 4

Average subgroup size: 1.703

Total CFUE: 26239

PPMS (CPMO®): 4164921

£ Colony Forming Unit, § Part Per Million, ¥ Count Per Milliliter, € Count Per Million Opportunity

CONCLUSION

The present work showed the applicability
of the trending charts in the control and
monitoring of the  microbiological
cleanliness of the machines using the rinse
technique. The pattern and excursions
could be spotted and identified within the

investigated time series of the process-
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behavior charts. While the implementation
of the rare event (G) and attribute (Laney-
corrected U) charts seems to be convenient
for the present study, the classical
understanding of the industrial defects
cannot be applied herein when considering

microbial bioburden data in the non-sterile



applications in the medical field. A solid
comprehension is  mandatory  for
understanding and interpretation of the
trending charts by quality experts and this
could be projected in the consideration of
the alarming points. In the present case,
Laney U’ Chart is related to the quality of
cleaning microbiologically while the G
chart is more likely to be linked to the

operation practice in the plant which is
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associated with the activity and workload.
The present work opens the gates for a
further investigation that includes Pareto
analysis to spot the major contributors in
this microbial load in terms of products and
machines with the possible development of
a quantitative risk analysis tool that is based
on the bioburden density and the frequency
of the occurrence that could be extracted

from the Pareto investigation.
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Abstract
Increasing antibiotic resistance is an important problem for public health therefore new antimicrobial

compounds are needed. In this study, the antimicrobial effects of 3-Substituted Indole-2-one and -thione
derivatives were investigated. Antimicrobial effects of previously synthesized 18 different 3-substituted
indole-2-one and 2-thione derivatives against 5 different microorganisms were investigated and the
structure-activity relationships and drug-like properties of compounds were analyzed by molecular
docking and in silico prediction studies. The in vitro antimicrobial activities of compounds were tested
by microdilution method. The most active compounds were found as 2, 3, 4, 5, 6, 7, 8 at 125 pg/mL of
MIC value. Compounds 2 and 3 were found to be active against S. enterica and compounds 4, 5, 6, 7,
and 8 were found to be active against methicillin-resistant S. aureus. According to molecular docking
studies, all compounds presented weaker binding properties than ciprofloxacin, ampicillin and
gentamicin. The predicted values for molecular weight, log P, PSA, crossing the BBB, Gl absorption
properties and type of CYPP450 inhibition data of compounds were found promising for drug-like
properties. 3-Substituted Indole-2-one and -thione derivatives can proivide an important contribution to
develop alternative antimicrobial agents.
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INTRODUCTION

Indole is an important scaffold that shows a
variety of biological activities. Among the
indole derivatives, oxoindole, thioindole,
isatine and spiro oxoindole frameworks
containing derivatives especially cover
important pharmacological activities such
as antimicrobial, antifungal, anti-tumor,
antiproliferative and tyrosine kinase
activities useful for the treatment of cancer
(Bhaskar et al.,2012). Isatin derivatives
were found that antimicrobial activity
against a variety of pathogens (Khan and
Maalik, 2015). According to study of
thiosemicarbazone and dispiro pyrrolidine
derivatives of isatin showed that these
compounds inhibit the growth of
Mycobacterium tuberculosis (Kumar et al.,
2010; Banerjee et al., 2011). In the another
study found that isatin-3- phenylhydrazone
showed antimicrobial activity compared to
amoxicillin and norfloxacin against Proteus
vulgaris, Escherichia coli, Pseudomonas
aeruginosa and Staphylococcus aureus
(Konstantinovi¢ et al., 2008). Lanthanide
complexes with isatin bis hydrazones
derivatives were found to have antifungal
properties depending on the lipophilicity of
the molecules (Mohanan et al., 2008). New
isatin derivatives condensed with benzoyl
hydrazides were found active against some
bacterial strains including M. tuberculosis

and fungi. In the another study it was found
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that 5,5-Disubstituted-1,2,4-Triazolidin-3-
one showed good antimicrobial activity
against Gram positive bacteria (Sudhaet al.,
bis-[3,3-
di(indolyl)indolinone] derivatives were

2015). Some mono and

assayed for in-vitro antimicrobial activity.
Although they were active against S.
aureus, they were not found active against
E. coli, P. aeruginosa and Candida albicans
(Karimi et al., 2015). According to another
study it is showed that Schiff bases of 1H-
indole-2,3-dione derivatives with 4-amino-
N-(5,6-dimethoxypyrimidine-4-yl)

benzenesulfonamides has considerable
antimicrobial activities in comparison to
reference drug sulfadoxine (Singh et al.,
2010). Other types of Schiff bases of isatin
were studied by the same research group. It
was reported that these compounds have
higher activity against several bacteria and
fungi in comparison to norfloxacin
(Pandeya et al., 2008). Sixteen substituted
indole-2,3-diones hydrazones were tested
for antimicrobial activity. Some compounds
exhibited good inhibitory activity against
Salmonella Typhi, Staphylococcus
haemolyticus, Mycobacterium
paratuberculosis 607, Aspergillus niger, C.
albicans, and Saccharomyces cerevisiae
(Piscopo et al., 1986; Piscopo et al., 1987).
A series of spirooxoindoles obtained from

isatin  showed moderate to good



antimicrobial activity against several
bacterial and fungal strains (Nandakumar et
al., 2010). 5-Fluoro and 5-iodo indole-2,3-
dione derived from spiro-4-thiazolidinones
were reported to be potent compounds
against bacteria and fungi (Hussain et al.,
2016).

All the above findings of indole-2- one
derivatives  obtained from literature
prompted us to test our previously
synthesized 18 compounds against 5

different bacterial strains. The activity
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results were evaluated based on their
structure by using computer-assisted
methods. A docking study was run to
explain the interaction of indole-2-one
derivatives with the binding site of DNA
gyrase enzymes of microorganisms. Swiss
Absorption, distribution, metabolism, and
excretion (ADME) (http://swissadme.ch/)

prediction was also used to calculate

physicochemical properties of compounds
to explain drug-like properties.

MATERIALS AND METHODS

Methanol (Sigma-Aldrich) and Mueller-
Hinton broth (MHB) (Difco, Detroit, USA)
were used for biological assays. Autodock
vina 4.2.6 was used for the calculation of
receptor-ligand interactions and the 3D
compound-protein docking posses were
analyzed by using Pymol 4.2.6 software.
The Physico-chemical data were calculated
using Swiss ADME (http://swissadme.ch/)

online prediction program.

In Vitro Antimicrobial Assay

Test Microorganisms

Gram-negative bacteria  (Acinetobacter
baumannii ATCC 19606, Salmonella Typhi
clinical isolate ve Salmonella enterica —
clinical isolate) and Gram-positive bacteria
(Staphylococcus  haemolyticus  ATCC
43252, Methicillin-resistant
Staphylococcus aureus ATCC 43300) were

used to determine the antimicrobial activity
of eighteen previously synthesized indole
derivatives.

Determination of the  minimum
inhibitory concentration (MIC) by
microdilution tests

MIC values of the compounds on the
bacteria cultures used in the study were
determined according to the Dbroth
microdilution method (Sanli-Yurudu et al.,
2012). 24-hour fresh cultures of all bacteria
were prepared in Mueller Hinton Broth
(MHB), and the bacterial concentration was
adjusted as 0.5 McFarland (CLSI, 2018).
The all compounds are dissolved in
methanol. The dilutions of the compounds
and standards in the test medium were
prepared using Muller Hinton Broth at the
required quantities of 1000, 500, 250, 125,
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62.5, 31.25, 15.7, 7.8, 3.9, 1.95, 0.98, and
0.5 pg/mL and added onto the tested
microorganisms in 96 microcell plate and
incubated at 37+0.1 °C for 24 hours. In
addition, a mixture containing only
methanol and microorganisms was added to
the  microplates to examine the
antimicrobial effect of methanol on
microorganisms. Then 50 pL of 2,3,5-
triphenyl tetrazolium chloride from a 2
mg/mL stock solution was added to each

cell and MIC values of compounds were

m HZNNHZ mo sti S

Plperldme/EtOH

R
—K S
Y, CCQN]
O (S) N
N H
H
1-18

determined by colorimetric measurement.
Streptomycin, gentamicin, ampicillin and
ciprofloxacin (1000 pg/mL -0.5 pg/mL
dilution range) were used for controls
(Kang et al., 2008).

Chemistry

3-Substituted benzylidene indolin-2-one
and 2-thione derivatives (1-18) were
previously synthesized in two steps starting
from indole-2-one and indole-2-thione
(Figure 1).
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Figure 1: 3-Substituted benzylidene indolin-2-one and 2-thione derivatives tested for antimicrobial activity.

Oxoindole was synthesized by Wolff-
Kishner like reduction of isatin and indole-
2-thione was derived from indole-2-one by
using P2Ss. The tested compounds were
synthesized by condensation of oxoindole
and thioindole with several aldehydes in the
presence of piperidine as a basic catalyst
(Olgen et al., 2005).
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Molecular Docking

The crystal structures of the DNA gyrases
of related microorganisms were taken from
the Protein Databank (PDB, http://
www.rcsb.org). The PDB ID for studied
microorganisms was used as follows: S.
haemolyticus: 2RHS, S. thypi: 6J90, S.
aureus: 5CDQ, A. baumannii: 2XKJ, S.
enterica: 6AEP).



After drawing the three-dimensional
structure of the compounds by using
ChemDraw Ultra 15.9, the energy
minimizations of compounds were done by
ChemBio Ultra 15.9. Then all water
molecules were discarded and the polar
hydrogens were added. The grid box was
adjusted with a volumetric space of
30x30x30 for corresponding DNA gyrases
of microorganisms. The docking study was
run in AutoDock vina 4.2.6 software and the
3D compound-protein interactions were

analyzed by using Pymol 4.2.6.
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Calculation of molecular properties
To evaluate the  structure-activity
relationships of compounds,
physicochemical features such as polar
surface area (PSA), type of metabolizing
enzymes, Blood-Brain Barrier (BBB)
parameter, Lipinski’s rule of five and Log P
values were calculated by using Swiss
ADME  (http://swissadme.ch/)  online
software ADMET

Prediction) (Lipinski et al., 2012).

program  (Swiss

RESULTS AND DISCUSSION

Determination of in vitro Antimicrobial
Activities of Compounds

In this study, 18 different compounds were
tested against 5 different microorganisms in
comparison to reference drugs ampicillin,
streptomycin, gentamicin and ciprofloxacin
for determining antibacterial activities. The
in vitro antimicrobial activities of
compounds were determined by the
microdilution method (CLSI, 2018) and the
results were shown in Table 1. Accordingly,
the activity data of the tested 18 compounds
presented different profiles against the

microorganisms. Compounds showed slight
activity against Gram (+) bacteria of S.
haemolyticus ATCC 43252 strain at 250-
1000 pg/mL and Methicillin-resistant

Staphylococcus aureus ATCC 43300
(MRSA ATCC 43300) strain at 125-500
pug/mL  concentrations. They were also
found active against Gram (-) bacteria of A.
baumannii ATCC 19606 strains at 125-500
pug/mL, S. Typhi clinical isolate at 250-
1000 pg/mL and against S. enterica clinical

isolate at 125-250 pug/mL concentrations.

Table 1: MIC (pg/ml) values of tested compounds and standard drugs.

Results MIC  S. haemolyticus MRSA A. baumannii S. enterica S. Typhi
(ng/ml) ATCC 43252 ATCC 43300 ATCC 19606 (clinical isolate)  (clinical isolate)
1 500 500 500 250 500
2 250 250 125 125 250
3 250 250 250 125 250
4 250 125 250 250 250
5 250 125 250 250 250
6 250 125 250 250 250
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7 250 125 250 250 500
8 500 125 500 250 250
9 250 500 250 250 500
10 250 500 250 250 500
11 250 250 250 250 500
12 250 250 250 250 500
13 250 250 250 250 500
14 250 250 250 250 500
15 250 250 250 250 500
16 250 250 250 250 500
17 1000 500 500 250 500
18 1000 500 500 250 1000
Ampicillin >1000 125 125 3,2 500
Gentamycin 31,25 <0,5 3,9 125 1,9
Streptomycin 500 0,9 125 62,5 31,25
Ciprofloxacin 0,48 0,97 31,25 0,48 0,48
*ND: Non Determined
As seen in Table 1 , the most active values of compounds

compounds showed their activities at 125
ug/mL of MIC value. Among them,
compounds 2 and 3 were found to have
activities against S. enterica and
compounds 4, 5, 6, 7, and 8 were found to
be active against MRSA. The reference
compound ampicillin was found effective
against MRSA and A. baumannii at 125
pg/mL and S. enterica at 3.2 pg/mL
concentrations.  Ciprofloxacin  showed
activity at 0.48 pug/mL of MIC value against
S. haemolyticus, S. enterica, and S. Typhi.
According to these results, it can be
concluded that compounds are more active
against S. enterica with a value of 125- 250
pg/mL than other bacteria tested in this
study. In addition, the MIC values of
compounds 4, 5, 6, 7 and 8 were determined
in 125 pg/mL against MRSA ATCC 43300,
which represented more effective than other
compounds against all tested

microorganisms in the study. The MIC
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2,3,45,6,7,9,10,11,12,13,14,15,16 were
determined 250 pg/ml against
Staphylococcus  haemolyticus  ATCC
43252.  Similarly, the MIC values of
compounds 2,3,4,5,6,8 were determined
250 pg/ml MIC against S. Typhi. The MIC
value of compound 2 was determined 125
pg/ml against Acinetobacter baumannii
ATCC 19606. When the tested all
compound was compared with reference
drugs gentamicin and ciprofloxacin, they
showed a weaker antimicrobial effect. In
generally, it has seen that all compound
showed a weaker antimicrobial effect
compared with reference drugs gentamicin
and ciprofloxacin. However, compound 2
showed similar antimicrobial effect againist
S. enterica compared with gentamicin

The antibacterial activity of compounds
was observed better with 3-substituted
benzylidene indol-2-thione derivatives than



with 3-substituted benzylidene indol-2-one

derivatives.

Molecular Docking Studies

Antimicrobial efficacies of compounds
were determined with molecular docking
studies and the obtained best-docked poses
were evaluated. To evaluate the
effectiveness of compounds by molecular
docking studies, the lowest binding
energies, hydrogen bond capabilities, root-

mean- square deviation (RMSD) value and
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MIC values of compounds were assessed.

Since ciprofloxacin shows its effect via

binding DNA gyrase, the docking studies of
compounds were evaluated based on the
data of biological and molecular interaction
studies in comparison to ciprofloxacin. The
best binding affinity and receptor-ligand
interactions of each compound were
assessed and  well-established good
interactions in the receptor’s active pocket
of the target receptor DNA gyrase of related

microorganisms were shown in Table 2.

Table 2: Results of Docklng Study of 3-substituted benzylidene indole-2-one and thione derivatives.

:/| HN/> Q\;\

NH2
2
NH2 a
OH

/ 0 (S) |
NH HO%;I HN
1-8 C=5 16 Amp1c1llm " on Gentamicin Ciprofloxacin
9-18 C=0
CompNo R Energy RMSD H-bond (distance A) Microorganisms
score value
1 2-Cl -7.00 0.11 NH of indole with e of GLU216 (2.054)  S. heamolyticus
2 4-COOH -8.55 1.25  C=0 with g'of LYS103 (2.107) S. enterica
-6.42 0.26 NH of indole with d of TYR1051 (1.900) A. baumanii
C=0 with m of GLY1143 (1.795)
4 2-OH -6.90 0.14  Ph-OH with O-l of ASP437 (2.108) S. aureus
6 3-F -7.13 0.12 - S. aureus
7 4-OCH3 -7.08 0.06 - S. aureus
8 3-NO2 -9.42 0.25 Ph-NO2 with H-a’ of GLN177 (1.842) S. heamolyticus
-9.33 0.32  Ph-NO2 with H-c' of ASN46 (2.003) S. enterica
12 3,4-DiCl -9.02 0.22  C=0 with H-h of SER174 (1.755) S. heamolyticus
Amp -12.11 0.70  O-1with g of LYS103 (2.088) S. enterica
H-1 with i of ALA100 (2.095)
Gn -10.88 1.99  H-1 withiof ALAL100 (1.858) S. typhi
H-1 with e of GLU50 (2.143)
Cp -7.00 0.44  0O-2 withd of TYR1051 (2.155) A. baumanii
O-2 with g' of LYS1156 (2.148)
Cp -10.54 0.09  O-2 with H-f' of ARG122 (1.761) S. aureus
O-2 with H-n of SER84 (2.176)
Cp 11.48 0.88 H-4 with O-i of ALA100 (2.151) S. enterica
Cp 11.10 0.80  O-1 with H-h of SER174 (1.677) S. heamolyticus

Amp.: Ampicillin; Gn: Gentamicin; Cp: Ciprofloxacin
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The binding energy and RMSD value of mutually  supportive. The  reference

most of the compounds were found to be
very close to reference compounds
ciprofloxacin. According to docking
results, compounds showed better binding
properties with the receptor active site of
MRSA and S.

effectiveness of compounds was evaluated

haemolyticus.  The

based on the lowest binding energy
capabilities and MIC values of compounds.
The most active compounds (2, 3, 4,5, 6, 7,
and 8) were found effective at 125 ug/L
concentration against A. baumanii, S.
enterica, and MRSA. To confirm these
results, docking studies were done and
remarkable binding affinity values were
found for compound 8 as interaction with S.
haemolyticus at -9.42 kcal/mol and
interaction with S. enterica at -9.33
kcal/mol.

Compound 2 showed good interaction with
the receptor active site of A. baumanii, and
S. enterica, with values at -6.42 kcal/mol
and -8.55 kcal/mol, respectively. Good
binding properties and biological activity
showing compounds also presented good
hydrogen-bonding ability and RMSD

values and these findings were found to be
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compound ampicillin also showed good
binding interaction with receptors of S.
enterica, at -12.11 kcal/mol. This result
confirms the good activity result of
ampicillin with 3.2 pg/mL of MIC value
against S. enterica. Gentamycin showed
good binding property with the receptor of
S. Typhi at -10.88 kcal/mol and also
presented good activity at 1.9 pg/mL
concentration. Although streptomycin did
not show any interaction with the tested
receptors in docking studies, it was found
very active against all microorganisms in
the range of 0.9-500 pg/mL concentrations.
Although streptomycine is not a DNA
gyrase inhibitor and does not interact with
DNA gyrase active sites, it was used as a
reference compound because of its strong
and variety of antimicrobial spectrum.
Ciprofloxacin  showed good binding
energies against all tested bacterial gyrase
enzymes and was found as the most active
compound in the range of 0.48-31.25
pug/mL. In terms of the way it binds to the
receptor active site, some other compounds
showed good binding properties. Figure 2

depicts the 3D structural interaction details



of the most active compounds 4, 5, 6, 7, and
8 with DNA gyrase of MRSA against S.
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aureus comparison to the reference

compound ciprofloxacin.

Ciprofloxacin

Figure 2: Three dimensional structural interaction of the most active compounds 4, 5, 6, 7, 8 and reference

compound ciprofloxacin (orange) with DNA gyrase of MRSA.

As seen from the figures, compounds
bonded to the active site by overlapping
with reference compounds. These results
proved that compounds presented the
parallel results due to ligand-receptor
binding interactions and therapeutic
potence in in-vitro studies.

Drug-like properties

Swiss ADME online prediction program

was used to calculate physicochemical
features and drug-likeness properties of
tested compounds to clarify the structure-
activity relationships. The predicted values
such as molecular weight, log P, PSA,
crossing the BBB, Gl absorption properties
and type of CYPP450 inhibition of

compounds were shown in Table 3.

Doganay D et al. EMUJPharmSci 2023; 6(1):13-26.
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Table 3: Drug-like properties of 1-18 calculated by Swiss ADME online software program.

MW . . ] Gl . Rule of
Comp. No (g/mol)a LogP TPSA BBB Abs.® Type of CYP Inh. Five 8
. CYP1A2, CYP2C109,
1 273.78 4.37 54.59 A Yes High CYP2CO, CYP3A4 Yes
. CYP1A2, CYP2C19
2 ' '
2 28334 334  9189A No High CYP2CO CYP3A Yes
. CYP1A2, CYP2C19
2 ' '
3 308.23 488 5459 A Yes High CYP2CY, CYP3A Yes
. CYP1A2, CYP2C19,
4 255.33 3.41 74.82 A Yes High CYP2C9, CYP3A ves
. CYP1A2, CYP2C19,
5 273.78 4.37 54.59 A Yes High CYP2C9, CYP3A ves
. CYP1A2, CYP2C19,
6 257.33 4.15 54.59 A Yes High CYP2C9, CYP3A Yes
_ CYP1A2, CYP2C19,
7 269.36 380  6382A  Yes  High CYP2C9, CYP2D6 Yes
. CYP1A2, CYP2C19
2 ! '
8 28433 322  10041A>  No  High CYP2C9, CYP3A4 ves
. CYP1A2, CYP2C19
2 ' '
9 257.71 3.86 36.02 A Yes High CYP2D6 ,CYP3A4 ves
. CYP1A2, CYP2D6
2 ! '
10 239.27 2.84 56.25 A Yes High CYP3A4 Yes
. CYP1A2, CYP2C19,
11 302.71 3.23 81.84 A No High CYP2CY Yes
_ CYP1A2, CYP2DS,
12 292.16 4.34 36.02 A Yes High CYP3A4 Yes
. CYP1A2, CYP2C19
2 ' '
13 241.26 3.60 36.02 A Yes High CYP2D6 ,CYP3A4 ves
. CYP1A2, CYP2C19
2 ! '
14 268.27 2.68 81.84 A No High CYP2C9, CYP2D6 ves
_ CYP1A2, CYP2C19,
15 25771 382  36.02A  Yes  High CYP2D6 ,CYP3A4 ves
16 213.24 1.78 64.70 A2 Yes High CYP1A2, CYP2D6 Yes
. CYP1A2, CYP2C19
2 ! '
17 308.23 487 5459 A Yes High CYP2CO, CYP3A4 Yes
. CYP1A2, CYP2C19
2 ! '
18 282.40 381  57.83A Yes High CYP2C9, CYP2D6 Yes
Ampicillin 349.40 0.88  138.03 Az No Low CYP3A4 Yes
Gentamycin 477.60 -1.6 199.73 Az No Low - No
Streptomycin 581.57 586  33643A2  No Low - No
Ciprofloxacin 331.34 1.10 7457 A No High CYP3A4 Yes

aMolecular weight (recommended value <500)

® Logarithm of the partition coefficient of the compound between n-octanol and water (recommended value <5)

¢ Polar surface area (recommended value <140A2)

9 Indicates whether the compound pass blod Brain Barrier or not
¢ Degree of Gastrointestinal Absorption

f Represent the mhibition of CYP450 subtypes

9 Indicates whether the compound obeys Lipinski’s Rule of Five or not.
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Except for compounds 2, 8, 11 and 14, the
other compounds showed good
hydrophobic properties to pass lipid barrier.

Lipophilicity values of compounds were

determined lower than the recommended
value of 5 which obey Lipinski’s Rules
(Lipinski et al., 2012). Compounds also

exhibited good pharmacokinetic features

such as high gastrointestinal absorption
(GI), Partition
Molecular weight (MW) and PSA which all

obeys Lipinski’s rule of five. Similar to our

coefficient  (LogP),

study, Mendoza-Figueroa et al. investigated
the antibacterial activity of fluorine-
substituted

indole-based  imidazolines

against Escherichia coli, Staphylococcus

aureus, Pseudomonas aeruginosa and
Listeria monocytogenes strains by broth
dilution method and they found that one
substance showed the highest antibacterial
effect on S. aureus strain with a MIC value
of 80 pg/ml (Mendoza-Figueroa et al.,
2018). Shirinzadeh et al. investigated the
antibacterial  effect of new indole
derivatives containing 1,2,4-Triazole, 1,3,4-
Thiadiazole and carbothioamide on S.
aureus, Bacillus subtilis, E. coli and MRSA
and they reported that they had an
antibacterial effect with a MIC value of 6.25

pg/ml (Shirinzadeh et al., 2018). In another

study, Chodvadiya et al. investigated the
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antibacterial effect of N-methyl indole
derivatives on E. coli, S. Typhi, Bacillus
megaterium, Micrococcus spp. by agar
diffusion method and they showed that 3
substances had high antibacterial effects
against S. Typhi (Chodvadiya et al., 2019).
Shaker et al. investigated the antibacterial
effects of 2-(4-methylsulfonyl phenyl)
indole derivatives on MRSA, E. coli, P.
aeruginosa and A. baumanni and they
reported that MIC values of 3 substances
were found 8, 1, 2 pg/ml against MRSA
strain and MIC value of 3 substances were
found 16.44 pg/ml against A. baumannii
(Shaker et al., 2020). Doganay et al.
investigated the antibacterial effect of 16
different indole amide derivatives on 14
different bacteria by agar diffusion and
broth dilution method and found that the
tested compounds were most effective (25
pug/ml) against S. aureus and Aeromonas
hydrophila (Doganay et al., 2022). Olgen et
al. investigated the antibacterial effect of 3-
substituted benzylidene-1,3-dihydro-
indoline derivatives against K. pneumoniae,
P. aeruginosa, E. coli, B. subtilis, S. aureus
by broth dilution method. As a result of their
studies, a high activity was observed (15.62
— 62.5 pg/ml) against B. subtilis and S.
aureus strains (Olgen and Ozkan 2009).
According to the results of the study, it was
determined that the examined substances
had antibacterial effects against the test

bacteria, albeit in low amounts. In the

Doganay D et al. EMUJPharmSci 2023; 6(1):13-26.
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literature, it was observed that the indole
derivatives tested on different bacterial
strains were more effective than the indole
derivatives tested in the study. In order to
evaluate the structure-activity relationship
of compounds, it was evaluated that the
electron-withdrawing or electron-giving
substituent effects might not play a role in
the potency of compounds. The overall
evaluation of the molecular docking and
activity results indicates that the results are
parallel with activity results and show that
most compounds have activity against the S.
aureus. The docking results also supported
that most compounds bind the related active
site with the expected properties in terms of
binding energy, hydrogen bond capability,
Van Der Waals interactions, and RMSD
values. Since antimicrobial activity studies
have not been performed on many
compounds with 3-substituted benzylidene

indole-2-one and thion structure in

literature, it was not possible to make a
comparative structure-activity
interpretation of the compounds. However,
the findings obtained in this study give clues
about the possibility of obtaining more
effective molecules when modifications
with further substitutions are made on these
main structures.

Several predicted descriptors such as the
molecular weight, percent human oral
absorption, PSA and logarithm octanol-
water partition coefficient (QPlogPo/w)
showed that all compounds have drug-
likeness properties and good oral absorption
values. As a result, it can be concluded that
compounds might have good bioavailability
and  drug-likeness  properties.  All
compounds tested in the study were found
to exhibit less, equivalent, or greater
antibacterial activities than the reference

drugs used in the study.

CONCLUSION

None of indole-2-one and indole-2-thion
compounds showed strong inhibitor effects
against used microorganisms in this study.
The presence of antimicrobial effects of
structurally similar compounds in the
literature and the lack of antibacterial
activity in our compounds showed that
small changes in the structure significantly

affect the activity results. These results

Doganay D et al. EMUJPharmSci 2023; 6(1):13-26.

suggest that further studies of receptor
interaction such as molecular dynamic are
required to design rational novel
compounds. However, it can be considered
to test some of the compounds against other
microorganisms in in-vitro studies. It is
thought that the results of the study will
contribute significantly to the development
of antimicrobial drugs related to indole
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derivatives.
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INTRODUCTION

Despite the fact that Alzheimer's disease
(AD) was initially identified and diagnosed
more than a century ago, many questions
still  persist, especially regarding its
pathophysiological mechanisms. Dementia
is @ common symptom of many diseases
(Gulcan and Orhan, 2021). Unfortunately,
the most common type of dementia is AD-
related dementia, resulting in cognitive
impairment.  With  respect to the
progressive nature of AD, dementia
symptoms worsen in time as it is
categorized as mild, moderate, and final
stages of the disease (Pillai and Cummings,
2013).

Although the pathophysiology of the
disease is too complex to fully understand,
many validated and non-validated targets
have been offered so far for the treatment
of AD (Erdogan et al., 2021). Enzymes
involved in beta-amyloid cascade, kinases
having function in tau-protein
phosphorylation, oxidative stress
mechanisms are just some of them. None
of these targets studies so far ended up
with  promising molecules possessing
disease modifying feature to stop the
progression of the disease (Gulcan et al.,
2019). Furthermore, they have not been
shown to be involved in the reconstruction
of cognitive disabilities. From this

perspective, cholinesterase inhibitors are
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still important and they are the only drugs
used in the treatment of AD, beside
memantine, the single representative of
NMDA receptor antagonism (Pepeu, and
Giovannini, 2009).

Many studies have pointed out the
significance of cholinergic system in the
maintenance of cognitive functions.
Therefore, since 1980s, four cholinesterase
inhibitors have been introduced to the
clinic for the treatment of AD-related
dementia. Beside the withdrawal story of
tacrine, the rest three of them display
diverse properties in terms of source,
target, dose, pharmacokinetic  and
pharmacodynamic perspectives (Wilkinson
et al., 2004). Therefore, there has been a
continuous interest on the screening of
diverse structures.

In this study, the design of a previous work
of our research group has been adapted on
more simple molecules (Shukur et al.,
2021). Briefly,  the
substituted-acetamide motif has been

2-aryloxy-N-

successfully applied in the design of
multiple-target acting urolithin analogues
in our previous works. This scaffold has
been assessed in simple compounds, 2-
phenoxy-N-substituted-acetamides.  The
structure of the title molecules are

presented in Figure 1.
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MATERIALS AND METHODS

All reagents and organic solvents were
purchased from Sigma Aldrich through the
aid of local vendors. Using ethyl
acetate/cyclohexane as the mobile phase
(1:1, 2:1, and 1:2 ratios) thin-layer
chromatography (TLC) was used to
monitor the reactions on Merck aluminum-
packed silica gel plates. In order to get the
compounds' IR spectra, a Shimadzu FT-IR
Prestige  model spectrophotometer was
used. 1H NMR (at 400 MHz) spectra were
recorded on a Bruker-400 NMR
spectrometer using tetramethylsilane as an
internal standard and dimethyl sulfoxide
(DMSO; d6) as a solvent; all chemical
shifts were reported in parts per million
(ppm, o). The elemental analysis was
performed on a Thermo Fisher Scientific
Model Flash Smart CHNS elemental
analyzer.

Synthesis of the ethyl 2-(2,4-
dichlorophenoxy)acetate: 25mmol of 2,4-
dichlorophenol was dissolved in 40mL of
DMF. The solution was added 31mmol of
NaH and stirred for 5 min at rt. The
reaction was started through the addition of
30mmol of ethyl 2-chloroacetate into the

solution prepared. At the end of 1h stirring
at rt, the reaction mixture was added 50mL
of distilled water. The product was
extracted into the organic solution through
3 times extraction with ethyl acetate. The
product was obtained via the evaporation
of organic solvent at reduced pressure.
Synthesis of 2-(2,4-
dichlorophenoxy)acetic acid: Ethyl 2-
(2,4-dichlorophenoxy)acetate obtained in
the previous step was hydrolyzed to yield
out 2-(2,4-dichlorophenoxy)acetic acid.
Accordingly, 20mmol of ethyl 2-(2,4-
dichlorophenoxy)acetate was mixed in
5%KOH containing methanol solution.
The mixture was refluxed for 3h. At the
end of the reaction the organic solvent was
evaporated and the residue left was added
30mL 1IN HCI aqueous solution. The
product was obtained through extraction
with ethyl acetate (25mL x 3) and the
evaporation of ethyl acetate combined
fractions under reduced pressure.
Synthesis of the title molecules: In situ
two steps were achieved to synthesize the
final compounds. Accordingly, 20mmol of
2-(2,4-dichlorophenoxy)acetic acid was

Harati K et al. EMUJPharmSci 2023; 6(1):27-33.
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dissolved in 25mL of dichloromethane.
3ML of thionyl chloride was added into
this solution and the reaction was refluxed
for 5h. At the end of the reaction time, the
acyl halide (ie., 2-(2,4-
dichlorophenoxy)acetyl chloride) obtained
was directly used for title molecule
synthesis without further purification.
Mainly, 18mmol of the appropriate amine
was dissolved in 20mL of
dichloromethane. Into this solution at 0°C
was added dropwise the acyl halide
solution obtained in dichloromethane. The
total addition was achieved in 10 min. At
the end of this time, dichloromethane was
evaporated. The residue was added 25mL
of aqueous. The aqueous solution was
further extracted with ethyl acetate (25mL)
for three times. The combined organic
fractions were evaporated under reduced
pressure. The final compounds were
obtained with column chromatography
employing n-hexane/ethyl acetate (2:1)
mobile phase mixture.

Comp 1 [2-(2,4-dichlorophenoxy)-1-(3,4-
dihydroisoquinolin-2(1H)-yl)ethanone]:
Mp: 167.3 °C. FT-IR (major peaks) cm™™:
3403, 2983, 1734, 1639. 1H-NMR
(DMSO-d6) & 7.14-6.97 (m, 6H), 6.63 (s,
1H), 4.91 (s, 2H), 4.69 (s, 2H), 3.35-2.80
(m, 4H). Anal. calc. for C17H15CI2NO2:
C, 60.73; H, 4.50; N, 4.17. Found C, 60.81,;
H, 4.58; N, 4.21.
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Comp 2 [2-(2,4-dichlorophenoxy)-N-
phenylacetamide]: Mp: 174.8 °C. FT-IR
(major peaks) cm™: 3395, 3041, 1651. 1H-
NMR (DMSO-d6) & 8.9 (bs, 1H), 7.18-
6.99 (m, 7H), 6.65 (s, 1H), 4.87 (s, 2H).
Anal. calc. for C14H11CI2NO2: C, 56.78;
H, 3.74; N, 4.73. Found C, 57.12; H, 3.82;
N, 4.69.

Comp 3 [2-(2,4-dichlorophenoxy)-1-
morpholinoethanone]: Mp: 181.0 °C. FT-
IR (major peaks) cm™: 3404, 2978, 1737,
1639. 1H-NMR (DMSO-d6) & 7.18 (s,
1H), 7.00 (s, 1H), 6.63 (s, 1H), 4.84 (s,
2H), 3.75-3.59 (m, 4H). Anal. calc. for
C12H13CI2NO3: C, 49.68; H, 4.52; N,
4.83. Found C, 50.01; H, 4.50; N, 4.87.
Comp 4 [2-(2,4-dichlorophenoxy)-N-
benzyl-N-methylacetamide]: Mp: 160.5
°C. FT-IR (major peaks) cm™: 3412, 2928,
1737, 1637. 1H-NMR (DMSO-d6) & 7.20-
6.99 (m, 7H), 6.62 (s, 1H), 4.84 (s, 2H),
4.55 (s, 2H), 2.95 (s, 3H). Anal. calc. for
C16H15CI2NO2: C, 59.28; H, 4.66; N,
4.32. Found C, 59.65; H, 4.57; N, 4.44,
Enzyme assays

The title compounds' ability to inhibit
cholinesterases was measured using a
modified Ellmann's method (AChE, and
BuChE) (Ellman 1958). Accordingly, each
combination comprised 200 L total volume
of 168 L of 50 mM Tris HCI buffer (pH
8.0), 10 L of 6.8 mM DTNB solution (0.34
mM final), 20 mM MgCI2, and 100 mM
NaCl, 10 L of AChE or BuChE solution



(0.4 U/mL from Human recombinant
AChE or 1.64 U/mL from Human 10 mL
of either 10 mM acetylthiocholine iodide
or 10 mL of 1.5 mM butyrylthiocholine
iodide were added to start the reactions.
Using a 96-well microplate reader,
readings were taken at 412 nm following
incubation for 15 minutes at 27°C
(Varioskan Flash, Thermo Scientific,
USA). By comparing the rates of reaction
of samples relative to blank samples
(DMSO and methanol) and using the
formula (E S)/E100, where E is the activity
of the enzyme without the test sample and
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S is the activity of the enzyme with the test
sample, the percentage of inhibition of
AChE and BuChE was calculated. Plotting
the percent inhibition against the
concentration of test materials allowed us
to identify the concentration of test
compounds and reference materials (1C50)
that determined 50% inhibition of the
AChE or BUChE activities. To acquire
three IC50s under the experimental
conditions, each concentration was
evaluated in triplicate using each
measurement.  The mean = standard

deviation of IC50s were represented.

RESULTS AND DISCUSSION

The title compounds have been synthesized
via the synthesis of 2-(2,4-
dichlorophenoxy)acetyl chloride and its

employment in a Schotten Bauman

OH 0
JO IS
Cl Cl DMF ¢

1) SOCI, / DCM

Title molecules

2) App. amine /DCM, 0,C ¢

Figure 2: The synthetic scheme.

The yields of each step were in parallel
with the literature findings or similar
reactions. The overall (total) yields for
final molecules were found higher than
40% (Gulcan et al., 2003). The structures

of the final molecules were identified

reaction application (Blanke, and Blanke,
1984). The general synthetic scheme is

shown in Figure 2.

Odoko/\
AL,

j KOH/MeOH
o)

-
AL,

employing IR and 1H NMR techniques.
Following the synthesis work, the title
molecules were assessed for their potential
to inhibit cholinesterase enzymes. The
results obtained are shown in Table 1.
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Table 1: The potential of compounds to inhibit cholinesterase.

Compound IC50 (AChE) (UM) IC50 (BUChE) (UM)
Comp 1 245+0.1 > 40
Comp 2 20.7+0.8 > 40
Comp 3 22.3+0.5 > 40
Comp 4 16.1+0.2 29.2+0.6
Donepezil 0.021 + 0.001 89+0.1
Rivastigmine 19.8+0.3 13.4+05
Accordingly, the title compounds were butyrylcholinesterase, implying the

found to possess particularly
acetylcholinesterase inhibitory potential.
The most active compound among them
was found compound 4. The N-benzyl
moiety has been found an important
scaffold in many cholinesterase inhibitor
molecule designs. Moreover, beside
compound 4, the title compounds

displayed no activity against

acetylcholinesterase selectivity of the
molecules. Donepezil, one of the current
cholinesterase inhibitor drugs, displayed
the superior activity among the compounds
tested. However, the activities of the title
molecules were found comparable to the
activity of rivastigmine, particularly

against acetylcholinesterase enzyme.

CONCLUSION

Within this limited research work, four 2-
phenoxy-N-substituted-acetamide

derivatives were synthesized and their
activities were assessed in cholinesterase
inhibition assays. In parallel to the
previous findings, the N-substituted

Harati K et al. EMUJPharmSci 2023; 6(1): 27-33.

acetamide function has been shown to be
an available scaffold for the design of
cholinesterase inhibitor molecules. The
research warrants further work for the
generation of full structure activity

relationship outcomes.
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INTRODUCTION

Controlled drug delivery systems have
been introduced to overwhelm the
drawback of fluctuating drug levels
associated with conventional dosage
forms. Numerous technologies have been
used to control the systemic delivery of
drugs. Controlled-release (CR) tablet
formulations are much desirable and
preferred for long-term therapy (Adepu
and Ramakrishna, 2021).

The most commonly used method of
modulating the drug release is to include it
in a matrix system because they maintain
uniform drug levels, better patient
compliance, reduces the dose and side
effects, increases safety margin for high-
potency drugs, enhanced bioavailability,
and reduce inter-patient variability.
Matrix-type systems consist of drug
crystals homogeneously dispersed in a
matrix environment made up of cross-
linked polymer (Nish et al., 2012). Matrix
systems can be divided into three types:
Monolithic matrix, Gel forming the
Erodible
(hydrophobic) matrix. On the basis of the

hydrophilic ~ matrix, and

retardant material used: Matrix tablets can
be divided into 5 types; Hydrophobic
matrices (Plastic matrices), Lipid matrices,
Hydrophilic  matrices,  Biodegradable
matrices, and Mineral matrices (Harnish et

al., 2011).

Glibenclamide is an anti-diabetic drug that
belongs to the  second-generation
sulfonylurea oral hypoglycemic class. Itis
used to assist in the control of mild to
moderately severe type 2 diabetes mellitus.
Glibenclamide act by stimulating B cells of
the pancreas to release insulin.
Sulfonylurea increases both basal insulin
secretion and meal-stimulated insulin
release. Sulfonylurea also increases
peripheral glucose utilization, decreases
hepatic gluconeogenesis, and may increase
the number and sensitivity of insulin
receptors. Pharmacokinetic and
Pharmacodynamic profile of
Glibenclamide: duration of action; 18-
24h, metabolism; hepatic, absorption
(bioavailability); well absorbed, half-life;
4-6h, daily dose; 2.5 - 15mg (Brian,
2007). The main objective of the study is
to formulate controlled-release matrix
tablets of Glibenclamide.

The most prevalent and convenient to
develop on a commercial basis are matrix-
controlled release tablet formulations. As a
crucial component of oral controlled-
release dosage forms, matrix tablets are
used. This led to the resolution of issues
with traditional dose forms, such as patient
non-compliance, local adverse effects,
frequent administration, and variations in

blood concentration levels. For
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medications that are taken orally but have
a short half-life and a high dose frequency,

an oral controlled-release drug delivery

device becomes a very viable strategy
(Ajit Kulkarni et al., 2017).

MATERIALS AND METHOD

Glibenclamide was obtained as gift
samples  from Pharma,
Hyderabad. HPMC K 15 M, HPMC K

100 M, and EC were a sample from

Spectrum

Chemdyes Corporation, Rajkot.
Magnesium stearate was obtained from
Research Lab, Poona. Lactose
monohydrate was obtained from Merck
Limited, Mumbai. All other chemicals
such as talc, starch, potassium dihydrogen
Oorthophosphate, and sodium hydroxide
were obtained from Laboratory equipment
stores, Edappally.

Preformulation studies

A preformulation study is defined as an
investigation of the physical and chemical
properties of a drug substance alone and
when combined with the excipients
(Trevor, 2018).

Identification of drug

Drug identification was done by
performing IR spectra and compared with
standards.The IR
obtained drug sample was compared with

spectrum of the

the standard functional group frequencies
of glibenclamide and the drug sample was

identified as glibenclamide. (Equipment

used - Model: IRAFINITY-I,
Manufacturer: SHIMADZU, Japan).
Pressed pellet Technique

Sample and potassium bromide in the ratio
of 1:100 were placed in a clean agate
mortar and triturated well and the powder
mixture is compressed under 15 tonnes of
pressure in a hydraulic press to form a
transparent pellet. The pellet was placed in
the sampling area of the FTIR
spectrophotometer and scanned from 4000
to 400cm-1 and peaks obtained were
identified.

Physicochemical properties of the drug
The physicochemical properties of the
drug were evaluated as per the procedure
of Malan et al., 2002.

Physical appearance

The physical appearance of the drug was
observed and compared with
pharmacopoeial  specifications  (Indian
Pharmacopoeia. 2014, Vol. 2).

Melting point

The melting point of the drug was

determined using melting point apparatus.
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Solubility

The solubility of the drug in water, ether,
ethanol, methanol, chloroform, and alkali
hydroxide solutions was determined.
Evaluation of pre-compression
parameters of glibenclamide

The pre-compression  parameters of
glibenclamide like the angle of repose,
bulk density, tapped density, Carr's Index,
and Hausner'sratiowere evaluated.
Determination of drug-polymer
compatibility

By IR spectroscopy: IR spectroscopy was
carried out to check the compatibility
between the drug and polymers. IR
spectrum of drug and polymers  —
glibenclamide and HPMC K 15M, HPMC
K 100M, EC and mixtures of drug and
polymers glibenclamide- HPMC K 15M,
glibenclamide- HPMC K 100M,
glibenclamide- EC were recorded and
compared with individual reference
spectra for any spectral interferences.
Analytical methods
Determination of  Amax:Amax of
glibenclamide  was  determined in
phosphate buffer pH 7.4 by scanning 10
ug/ml solution of glibenclamide in
respective vehicles in the range of 200-400
nm on a UV-visible spectrophotometer.
The wavelength corresponding to the peak

of the spectrum was noted.
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Development of standard curve of
glibenclamide

Preparation of calibration curve of
glibenclamide in phosphate buffer pH 7.4,
10mg of glibenclamide was accurately
weighed and dissolved in a required
quantity of methanol and make up to
100ml with phosphate buffer pH 7.4
(100pg/ml). Aliquots equivalent to 0.2 ml,
0.4 ml, 0.6 ml, 0.8 ml, 1.0 ml, and 1.2 ml
were drawn from the stock solution and
made up to 10 ml using phosphate buffer
pH 7.4. All these solutions were analyzed
spectrophotometrically at 226 nm and
absorbance was noted. A plot of
absorbance Vs concentration was drawn.
Preparation of matrix tablets of
glibenclamide

Glibenclamide drugs with different
concentrations of hydrophilic (HPMC K
15M, HPMC K 100M) and lipophilic (EC)
polymer were prepared by wet granulation
technique (Shantveer et al., 2010).
Required quantities of all ingredients were
weighed individually on an electronic
balance. All ingredients were first sieved
and mixed for 5 min. Then the granulating
fluid was added drop by drop till a suitable
mass for granulation was obtained. The
wet mass granulated through sieve 164#.
The granules were dried at 60°C for 1 hour
in an oven. The dried granules were passed
through sieve 22# and fractions of

granules retained on the sieve were
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discarded and then blended with talc and
magnesium stearate for lubrication of
granules which were then compressed on
Cadmach eight station rotary tablet press
using a 4 mm cone cave punches the
weight of tablet adjusted to 450 mg, each
tablet containing 10 mg glibenclamide and
other excipients listed in table 1.
Evaluation of matrix tablets of
glibenclamide

The pre-compression parameters were
evaluated as per the procedure dictated by
Tanbir et al., 2011, Rajeshwar et al., 2013
and Shantveer et al., 2010. Evaluation of
precompression parameters of tablet
blends of controlled release matrix tablets
of glibenclamide.

Angle of repose

The angle of repose was determined by the
funnel method. The powders were allowed
to flow through the funnel fixed to a stand
at a definite height (h). The angle of repose
(0) was then calculated by measuring the
height (h) and radius (r) of the heap of
granules formed.
tand = h/r or 0 = tan-1(h/r) —
Equation 1

Bulk density

A quantity of 10 g of granules from each
formula, previously light Shaken for the
break of any agglomerates formed, was
introduced into the 100ml of measuring
cylinder.  After the initial volume was

observed, the cylinder was allowed to fall

its weight from the hard surface from a
height of 2.5cm at 2-sec intervals. The
tapping was continued until no further
change in the volume was noted.

Poured density

Apparent bulk density was determined by
pouring a weighed quantity of powder into
a graduated cylinder and measuring the
volume of packing.

Poured (fluff) density = Weight of the
powder / VVolume of the packing

Tapped density

Tapped density was determined by the
tapping method. Weighed quantity of
powder was placed in a graduated cylinder
and tapped until no further change in the
volume of powder was noted and the
volume of tapped packing was noted.
Tapped density = weight of the
powder/volume of the tapped packing
Compressibility index

The compressibility of the powder was
calculated by determining Carr's index and
Hausner's ratio.
Evaluation of post-compression
parameters of the prepared tablets.

The post-compression parameters of the
prepared tablets were evaluated as per the
guidelines of Sajid et al., 2013, Hindustan
etal., 2011 and Sarika et al., 2013.
Thickness and diameter
Physico-chemical properties of matrix
tablets such as thickness and diameter

(using a vernier caliper) were determined.
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Hardness

The hardness of the tablets was tested
using "Monsanto" hardness tester. In all
the cases, means of six replicate
determinations were taken.

Friability

Previously weighed 10 tablets were taken
in Roche friabilator and the friability was
checked at 25 rpm for 100 rotations. Then
the tablets were dusted and reweighed and
the percentage of powder eroded during
100 rotations was recorded. The resulting
tablets were weighed and the percentage
loss was calculated using the formula.
Initial weight — Final weight / Initial
weight X 100

Weight variation

To study the weight variation, 10 tablets of
each formulation were selected at random
and determine their average weight. Not
more than 2 of the individual weights may
deviate from the average weight by more
than the % deviation and none should
deviate by more than twice the percentage.
Drug content

Five tablets were powdered in a mortar.
From this, powder equivalent to 50 mg of
the drug was taken in a 100 ml round
bottom flask. It is extracted with 20 ml of
phosphate buffer (pH 7.4) for % hour,
filtered in a volumetric flask and the
filtrate was made up to the mark with

phosphate buffer. Further appropriate
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dilutions were made and the absorbance
was measured at 226 nm against blank.
In-vitro dissolution study

The release rate of glibenclamide from
matrix tablets was studied using USP
Dissolution Testing Apparatus type-I
(Basket method), (Ashok Kumar Narayana
et al.,, 2001). The dissolution test was
performed using 900 ml of pH 7.4
phosphate buffer, at 37 £ 0.5°C and 50
rpm. A sample (5 ml) of the solution was
withdrawn from the dissolution apparatus
at different time intervals and the samples
were replaced with a fresh dissolution
medium. The samples were filtered and
diluted to a suitable concentration with the
respective medium. The absorbance of
these solutions was measured at 226 nm
using a UV-Visible spectrophotometer.
Kinetics of in-vitro drug release

To study the release kinetics of in-vitro
drug release (Bhavani et al., 2012), data
obtained from in-vitro release study were
plotted in various Kinetic models: Zero
order as % drug released Vs time, First
order as log % drug retained Vs time,
Higuchi as % drug released Vs vtime,
Korsmeyer- Peppas as log % drug released
Vs log time and Hixson-Crowell as (%

drug retained) 1/3 Vs time.
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Zero-order
Q = Kot - Equation 2
Where, Q is the amount of drug released at
the time, tin hrs

Ko is the zero-order release rate
constant  expressed in  units  of
concentration/time
When the data were plotted as cumulative
% drug release versus time, if the plot is
linear then data obeys zero order kinetics
with a slope equal to Ko. This model
represents an ideal release profile to
achieve prolonged pharmacological action.
First order
Log Q = Kz t - Equation 3
Where Q is the percent of drug released at
atime, t

K1 is the release rate constant.
When data were plotted as log cumulative
% drug remaining versus time yielded a
straight line indicating that the release
follows first-order kinetics. The constant K
can be obtained by multiplying slope
values.
Higuchi
Drug release from the matrix device by
diffusion has been described by Higuchi's
Diffusion equation,
Q = Kz t Y2 - Equation 4
Where Q is the percentage of drug release
attime t

Kz is the diffusion rate constant.
When data were plotted according to this

equation, i.e., the cumulative drug released

versus square root of time, yields a straight
line, indicating that the drug was released
by diffusion mechanism.
Korsmeyer Peppas
Q = Kt" - Equation 5
Where, Q is the percent of drug released
atatime,t

K is the diffusion rate constant
and n is a diffusional exponent.
This is a simple, semi-empiric model
(Lisik and Musiat, 2019) when diffusion is
the main drug release mechanism, relating
exponentially the drug release to the
elapsed time (t). This is used when the
release mechanism is not well known or
when more than one type of release
phenomenon could be involved.
Hixson-Crowell
Drug release from the matrix device by
diffusion has been described by the Hixon-
Crowell diffusion equation;
Wol® — W2 = kt - Equation 6
where Wy is the initial amount of drug in
the pharmaceutical dosage form, Wt is the
remaining amount of drug in the
pharmaceutical dosage form at a time, and
t and k 1s a constant incorporating the
surface-volume relation.
This expression applies to pharmaceutical
dosage forms such as tablets where the
dissolution occurs in planes that are
parallel to the drug surface if tablet

dimensions diminish proportionally in
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such a manner that the initial geometrical
form keeps constant all the time.

Stability study protocol

Batch selection and batch size: Stability
studies were conducted for optimized
formulation with a batch size of 50 tablets.
Containers and closure: The tablets were
packed well in Aluminum foil and placed
on an HDPE bottle.

Sampling test time point and storage

conditions: The sampling plan and storage
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condition for the stability study were
described in the following:

Storage conditions: 40° £ 2°C /755 %
RH

Sampling point: 15, 30 days

Test parameters: The stability batch was
subjected to evaluation studies like
thickness, diameter, hardness, weight
variation, friability, drug content, and in—

vitro dissolution study.

RESULTS AND DISCUSSION

Preformulation study

Identification of drug

Drug identification was done by
performing IR spectra and compared with
standards.

Infra-red spectrum

The IR spectrum is a powerful analytical
tool for the identification and investigation
of the drug in formulation (Ouhaddouch et
al., 2019) and was compared with the
standard functional group frequencies of
glibenclamide and the drug sample was
identified as glibenclamide. The IR
spectrum of glibenclamide is shown in
Figure 2.

Physicochemical properties of the drug
Physical appearance

Glibenclamide was found to be a white,

crystalline  powder. The physical

appearance of the drug complied fully with
pharmacopoeial specifications.

Melting point

The melting point of the drug was found to
be in the range of 169-175°C, which
conforms with the reported value. It
indicates the purity of the drug sample,
(The International Pharmacopoeia - Sixth
Edition, 2016).

Solubility

The solubility of the drug in water, ether,
ethanol, and dilute solutions of alkali
hydroxides was examined and found to
conform with pharmacopoeial
specifications. The solubility of
glibenclamide in various solvents is shown
in Table 2.
Evaluation of precompression

parameters of glibenclamide
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The angle of repose for the pure drug was
very less and hence the poor flow of the
pure drug was exhibited. The Hausner
ratio and compressibility index of the pure
drug was found to be high, confirming that
the drug has poor flow properties and
compressibility; hence blends should be
done before compression. The physical
characteristics of Glibenclamide are shown
in Table 3.

A good flow of powders/ granules is
essential in  tableting because the
compressibility and flow properties of the
drugs are likely to influence the
compression process in the preparation of
sustained-release tablets (Morin and
Briens, 2013). Hence to improve the flow
property the formulations were prepared
by wet granulation technique to improve
the flow as well as compressibility.

Drug polymer compatibility studies

IR spectroscopy was carried out to check
the compatibility between drug and
polymers (Adriana 2019). IR spectrum of
glibenclamide, HPMC K 15M, HPMC K
100M, EC and mixtures of drug and
polymers glibenclamide- HPMC K 15M,
glibenclamide- HPMC K 100M,
glibenclamide- EC were taken and it was
found that there were no signicant change
in the major functional  group
frequencies of glibenclamide in these
combinations and values were found to be

within the range. The study confirmed the

compatibility of the drug with polymers.
The spectra were shown in Figure 2 - 8.
Analytical methods

The analytical method development
recommends the quality, purity, and
specificity of the drug during the
manufacturing process and hence the
standard of the drug may not vary, which
produces the desired therapeutic effect
(Grish KT et al., 2013). Hence, the Amax
of glibenclamide was evaluated in the
present study.

Determination of Amax of glibenclamide
The spectrum of 10pg/mL solution of
glibenclamide in phosphate buffer pH 7.4
showed the peak as given in Table 4. The
results showed that glibenclamide shows
maximum absorbance at 226 nm therefore
226 nm was taken as Amax.

Preparation of calibration curve of
glibenclamide in phosphate buffer pH
7.4.

Table 5 shows the absorbances of
glibenclamide standard solutions (2-12
pg/ml) and Figure 1 shows the calibration
curve at 226 nm in phosphate buffer pH
7.4. The curve was found to be linear in
the concentration range of 2-12 pg/ml at
226 nm.

Evaluation of matrix tablets of
glibenclamide
Evaluation of pre-compression

parameters of tablet blends of
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controlled release matrix tablets of
glibenclamide.

The drug was blended along with other
excipients and evaluated for the pre-
compression characteristics such as Angle
of repose, Bulk density, Tapped density,
Carr’s Index, Hausner’s ratio. The results
are shown in Table 6 and 7. The results
showed that the powder blends have
required flow properties for compression
into tablets.
Evaluation of post-compression
parameters of the prepared tablets

Post compression parameters of matrix
tablets such as thickness and diameter,
hardness, friability, weight variation, and
drug content were determined (Sirisolla J
and Ramanamurthy KV; 2015), and the
results tabulated are shown in Table 8.
Physico-chemical parameters of all matrix
tablet formulations were found to be
within acceptable limits. The tablets
were uniform in  size and shape,
friable, and with acceptable hardness. In
determinations of tablet weights, all
formulations weights were found to be
within  pharmacopoeia limits  (Indian
Pharmacopoeia. 2014, Vol. 2). Friability of
the tablet was well within the acceptable
range of 1% and indicates that tablet
surfaces are strong enough to withstand
mechanical shock or attrition during
storage and transportation and until they

are consumed. The average percentage
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deviation of all tablet formulations was
found to be within the limits, and hence all
formulations passed the uniformity of
weight as per official Pharmacopeia. The
manufactured  tablets showed low
weight variations and a high degree of
drug content uniformity among different
batches of the tablets. The drug content of
all batches was found to be within 90-
110%.

In-vitro drug release study

Drug release is dependent on polymer
properties, thus the application of these
properties can produce well-characterized
and reproducible dosage forms
(Nokhodchi A, 2012). The in vitro drug
release study of all formulations of matrix
tablets was carried out. The results of 6
formulations were shown in Table 9 and a
comparison of the In-vitro dissolution
graph of formulations F1-F6 is shown in
Figure 9. An In-vitro drug release study
indicated that EC was more effective in
sustaining the drug release, followed by
HPMC K 100 and HPMC K 15, release
rate  is decreased with increasing
concentration  of  polymer. The
formulation F6 which contained EC in
50mg and F5 with EC in 30mg sustained
the drug release for 24 hours and 19 hours
respectively. The formulation F4 and F3
which contained HPMC K 100 120mg and
60mg sustained the drug release for 12

hours. The formulation F2 which
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contained HPMC K 15 in 120mg and F1
with HPMC K 15 in 60mg sustained the
drug release for 8 hours and 6 hours
respectively.

Kinetics of in-vitro drug release

The formulation F6 was selected as the
best formulation based on the dissolution
study. The in-vitro release data was fit into
various kinetic models like Zero order,
First order, Higuchi plot, Peppas model,
and Hixson-Crowell model. The R? values
obtained in various kinetic models are
given in Table 10. The drug release
kinetics and mechanism of drug release
were  studied for the  optimized
formulation, among the different models
data of in-vitro release of best fit into Zero
order kinetic model because R? values in
this model were more close to unity. The
release patterns of glibenclamide from
controlled release matrix tablets in the
Zero order kinetic model are shown in
Figure 10. Among the different model’s
data of in-vitro release formulation best fit
into the Higuchi kinetic model, because R?
values in this model were closer to unity. It
indicated that drug release from the
prepared matrix tablets occurs via a
diffusion process. To explore more about
the kinetic behavior, in vitro release results
were further fitted into the Peppasequation
and the result indicates that the drug
release is controlled by more than one

process. The release patterns of

glibenclamide from controlled release
matrix tablets in the Higuchi model are
shown in Figure 11 and Korsmeyer-
Peppas in Figure 12.

Stability study

Stability studies of a pharmaceutical
formulation were done to determine
whether environmental factors such as
temperature, and humidity light affect the
physiochemical and therapeutic properties
of the formulation. The stability study
confirms that the formulation meets its
specification during the shelf life. Test
parameters for optimized formulation F6
and stability study data results are given in
Table 11- 13 and Figure 13. As per the in —
vitro dissolution study the optimized
formulation F6 was found to be more
desirable than other formulations and
chosen for the stability study. The
formulation F6 was subjected to
accelerated stability conditions at 400 +
20° C /75 £ 5 % RH for 30 days in a
humidity cabinet (environmental test
chamber — Rotek). At the time intervals of
15 and 30 days tablets were withdrawn,
and evaluated for various test parameters
like thickness, diameter, hardness, weight
variation, friability, drug content and in —
vitro dissolution study. The tablets did not
show any variation in the tested
parameters and the results were within the
limits but showed slight variation in the

dissolution profile.
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Table 1. Composition of different batches of matrix tablets.
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SI.No Ingredients (mg) Formulation Code
F1 F2 F3 F4 F5 F6
1 Glibenclamide 10 10 10 10 10 10
2 HPMCK 15 M 60 120
3 HPMC K 100 M 60 120
4 EC 30 50
5 Magnesiumstearate 1.5 1.5 15 15 15 15
6 Talc 15 15 1.5 1.5 1.5 1.5
7 Lactose 377 317 377 317 407 387
Table 2: Solubility of glibenclamide in various solvents.
Solvent Solubility
Water Practically insoluble
Ether Practically insoluble
Ethanol Slightly soluble
Methanol Slightly soluble
Chloroform Slightly soluble
Dilute solutions of alkali hydroxides Soluble
Table 3: Physical characteristics of Glibenclamide.
SI.No TESTS* RESULTS
1. Bulk Density 0.4312g/cm?®
2. Tapped Density 0.5434 g/ cm3
3. Compressibility Index 20.64%
4, Hausner Ratio 1.26
5. Angle of Repose 30.24

*Average of three determinations + Standard deviation

Table 4: Absorption maxima of glibenclamide.

nm Absorption maxima (pH 7.4 buffer)

226 0.845

Table 5: Standard calibration table for glibenclamide in pH 7.4 phosphate buffer

Concentration (ng/ml)

Absorbance (226 nm)

0
0.142
0.286
0.423
0.569
0.705
0.845

=
BBeoornvoO

Table 6: Bulk density and Tapped density.

Sl No: Formulations Bulk density* (g/ cc) Tapped density* (g/ cc)
1 F1 0.4166+0.20 0.4587+0.17
2 F2 0.4000+0.10 0.4424+0.17
3 F3 0.3802+0.01 0.4310+0.10
4 F4 0.3602+0.45 0.4000+0.19
5 F5 0.370+0.62 0.4201+0.18
6 F6 0.390+0.48 0.4401+0.16

*Average of three determinations + Standard deviation
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Table 7: Carr’s Index, Hausner’s ratio and Angle of repose.

Sl. No Formulations Carr’s Index (%)* Hausner’s ratio* Angle of repose(®)*
1 F1 09.17+0.72 1.1040.01 23.12+0.48
2 F2 09.09+0.90 1.1040.01 23.26+0.42
3 F3 11.62+0.42 1.1340.06 22.29+0.19
4 F4 10.00+0.53 1.1140.05 24.22+0.24
5 F5 11.90+0.64 1.13+0.04 24.70+0.43
6 F6 11.36+0.53 1.12+0.06 24.89+0.18
*Average of three determinations + Standard deviation
Table 8: Physico-chemical properties of matrix tablets.
Formulation Thickness*  Diameter* Hardness* Friability* Drug Weight
(mm) (mm) (kg/cm?) (%) Content*(%) variation
F1 4.1+0.15 11.5+0.05 8.2+0.24 0.20£0.02 99.98+0.05 pass
F2 4.0+0.18 11.6+0.08 7.4+0.34 0.38+0.08 98.62+0.06 pass
F3 4.2+0.19 11.3+0.02 7.9+0.35 0.28+0.03 100.08+0.08 pass
F4 3.9+0.17 11.4+0.06 8.2+0.48 0.42+0.05 100.02+0.07 pass
F5 4.2+0.15 11.5+0.08 7.8+0.48 0.36+0.06 98.71+0.08 pass
F6 4.1+0.17 11.2+0.04 8.1+0.24 0.41+0.02 99.16+0.04 pass
*Average of three determinations + Standard deviation
Table 9: In-vitro dissolution studies of formulation F1- F6.
Time (hr) % CDR*-F1 % CDR-F2 % CDR-F3 % CDR-F4 % CDR-F5 % CDR-F6
0 0 0 0 0 0 0
1 18.45 15.32 09.90 07.65 05.85 03.15
2 40.97 30.52 20.26 16.20 10.80 06.75
3 58.54 55.54 31.75 26.11 16.66 10.35
4 77.46 71.57 41.43 33.32 22.60 14.41
5 90.08 77.48 52.47 42.78 28.37 18.46
6 99.10 86.98 64.40 49.09 33.78 23.42
7 90.99 72.16 59.00 39.98 28.37
8 97.30 81.99 66.21 44.59 31.76
9 91.07 75.67 48.64 36.48
10 94.69 84.68 54.95 40.99
11 97.33 93.24 61.71 44.59
12 98.24 98.65 66.66 48.64
13 72.97 52.48
14 78.83 55.40
15 84.23 59.46
16 91.44 64.41
17 94.15 69.37
18 96.85 75.67
19 98.65 79.28
20 84.23
21 89.64
22 93.24
23 96.85
24 99.28
CDR*- Controlled Drug Release
Table 10: Release kinetics of Formulation 6.
Formulation Zero First Higuchi Korsmeyer- Hixson-
Order order Peppas Crowell
R? R? R? R? R?
F6 0.997 0.739 0.925 0.805 0.899

Palatty Anthony B et al. EMUJPharmSci 2023; 6(1):34-55.



47

Table 11: Test parameters for optimized formulation F6 and stability study data.

SI. No Test Parameters At the end of 15 days At the end of 30 days
40°+2°C/75+5%RH 40°+2°C/75+5%RH
1 Thickness 04.1+0.17 04.1+0.17
2 Diameter 11.240.04 11.240.04
3 Hardness 06.1+0.24 06.1+0.24
4 Weight variation pass pass
5 Friability 00.41+0.02 00.4140.02
6 Drug content 99.16+0.04 99.16+0.04
Table 12: In-vitro dissolution studies of formulation F6 (After 15 days in 40°+ 2°C /75 +5 % RH).
Time Absorbance Amount of drug % drug Cumulative %
(hrs) release (mg) release drug release
0 0 0 0 0
4 0.12 1.53 15.32 15.32
8 0.26 3.33 33.34 33.35
12 0.40 5.04 50.42 50.45
16 0.52 6.66 66.67 66.72
20 0.68 8.69 86.91 86.98
24 0.76 9.85 98.55 98.64
Table 13: In- vitro dissolution studies of formulation F6 (After 30 days in 40°+2°C /75 £ 5 % RH).
Time Absorbance Amount of drug % drug Cumulative %
(hrs) release (mg) release drug release
0 0 0 0 0
4 0.13 1.66 16.65 16.65
8 0.26 3.37 33.75 33.76
12 0.38 4.90 49.05 49.08
16 0.53 6.61 66.15 66.20
20 0.69 8.82 88.25 88.32
24 0.76 9.85 98.55 98.64
4 N
y = 0.0706x
A R?=0.9999
b
S
0
r
b
a
n
c
e
Concentration ( pg/ml)

o J
Figure 1: Calibration curve of glibenclamide in pH 7.4 phosphate buffer.
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Figure 2: IR spectrum of Glibenclamide.

Figure 3: IR spectrum of HPMC K 15M.
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Figure 4: IR spectrum of HPMC K 100M.
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Figure 5: IR spectrum of Ethyl Cellulose.

Palatty Anthony B et al. EMUJPharmSci 2023; 6(1):34-55.



50

i i
4500 <000 500 000 2500 000 1740 1500 1250 1000 7O 500
14

Figure6: IR spectrum of Glibenclamide - HPMC K 15M.
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Figure 8: IR spectrum of Glibenclamide - Ethyl Cellulose.
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Figure 9: Comparison of In-vitro dissolution graph of formulation F1-F6.
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Figure 10: Zero-order plot of — Formulation 6.
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Figure 12: Korsmeyer-Peppas plot — Formulation 6.
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Figure 13: In-vitro dissolution graph of formulation F6 (After 15 & 30 days in 40°+ 2°C /

75+ 5 % RH).

CONCLUSION

The objective of the present study was to
formulate and evaluate the controlled
release

matrix tablets of glibenclamide. The
results generated in this study lead to the
following conclusions: - In- vitro drug
release study indicated that, from the
selected three polymers for this study, ie;
HPMC K 15, HPMC K 100, and EC- the
formulation F6 which contained EC in
50mg showed a maximum release of
99.28% in 24 hrs and revealed that EC was
more effective in sustaining the drug
release. The formulation F6 showed better
results when compared to all other
formulations and was therefore selected as
the optimized formulation. The pre-
compression and post-compression
parameters of all formulations were found
to be within acceptable Ilimits. FTIR

studies showed that there was no

significant interaction between drugs and
excipients. The drug release kinetics and
mechanism of drug release were studied
for the optimized formulation, among the
different model’s data of in-vitro release of
best fit into Zero-order kinetic model
because R? values in this model was more
close to unity. The release kinetics of the
formulation best fit to Higuchi model,
because R? values in this model were more
close to unity. It indicated that drug release
from the prepared matrix tablets occurs via
a diffusion process. To explore more about
the Kkinetic behavior, in-vitro release
results were further fitted into the
Peppasequation and the result indicates
that the drug release is controlled by more
than one process. Stability studies of
optimized formulation had not shown any
variation in the tested parameters and the

results were within the limits.
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Abstract

In spite of being a non-life-threatening condition, hair loss (alopecia) severely impacts the quality of
life of individuals who experience it. Recent studies indicate that the number of patients suffering from
alopecia globally is on the rise. Androgenic alopecia (AGA) affects both genders at all ages. Genetic
factors and family history are found to greatly impact the likelihood of experiencing hair loss. Statistics
reveal that during the course of their lives, 80% of men experience alopecia, while 40 to 50% of women
are likely to face some form of hair shedding. AGA is characterized by frontal-temporal hair shedding
in men and hair thinning of the midline part of the scalp for women. A variety of herbal formulations
are available on the market to combat AGA, while only two FDA-approved medications exist at the
moment: oral finasteride and topical minoxidil. Topical formulations of finasteride are still under
clinical trials. Minoxidil and finasteride formulations provide effective AGA treatment for both genders.
Recent concerns regarding potential side effects of these two medications have drawn interest in
providing new innovative alternative formulations (nutrients, minerals and vitamins) to provide a safer
treatment against AGA. This article provides a brief overview of the current and alternative AGA
formulations.
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INTRODUCTION

Hair is the mirror of human health. It is an
integrated system with unique physical and
chemical characteristics that reflects human
well-being (Aradjo et al., 2011). The
number of patients suffering from hair loss
(alopecia) and hair thinning has recently
increased globally. Alopecia is a wide
spread issue that affects all genders from
infancy to old age. The most prevalent type
of non-scaring alopecia is androgenetic
alopecia (AGA) (DeVillez, 1994). The

difference between male AGA (referred to

Figure 1. Androgenetic alopecia location in women (AGA).

as male pattern hair loss (MPHL)) and
female AGA (referred to as female pattern
hair loss (FPHL) is the location of hair
shedding on the scalp (Al Aboud et al.,
2020). Figures 1 and 2 present the
difference between MPHL and FPHL.
Scientific data show that 80% of men get
noticeable hair loss (AGA) by the age of 80,
and nearly 40-50% of women suffer from
alopecia during their life course. These
numbers may increase by aging (Guo et al.,
1998; Sadick, 2018; York et al., 2020).

none frontal only

Figure 2. Androgenetic alopecia (AGA) location in men.

Although AGA is an age-race-dependent
genetic condition (Kelly et al., 2016;
Volker et al.,, 2020), scientists have
developed several approaches to address
these issues, such as pharmacotherapy,

surgery, and cosmetics. However, only two

vertex only frontal and vertex

medications (oral finasteride and topical
minoxidil) are approved by the Food and
Drug Administration (FDA) for the
treatment of reversible androgenetic
alopecia (AGA). Currently two drugs are

available in the market under various names
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and formulations (Lee et al., 2018). The
main goal of AGA treatment is to arrest hair
shedding progress, preventing any future
miniaturization, and reversing the process if
possible. Topical minoxidil is favored
instead of oral finasteride due to its
noticeable outcome and more minor side
effects. Topically administered minoxidil is
currently available as an OTC drug in
solution form at a concentration of 2% or
5% and, foam and shampoo forms at 5%
concentration. Finasteride is available in 1
mg oral dosage form, and clinical trials
have been performed for 0.25% and 0.5%
of the topical solution as a promising
topical form (Ashique et al., 2020; Kelly et
al., 2016; Lee et al, 2018). The
effectiveness of the FDA-approved drugs
is, however, shown to be suboptimal,
giving rise to greater interest for
complementary therapies with reduced side
effects, such as natural medications with
potential medicinal constituents like
vitamins, minerals, and oils (Kelly et al.,
2016; York et al., 2020).

Common Causes of AGA

The main reason causing androgenetic
alopecia (AGA) is heredity. However,
improper lifestyle habits, hair styling abuse,
oily scalp, the side effect of some
medication, vitamin deficiency, hormonal
changes (female pattern  alopecia),
chemotherapy, and pregnancy may cause
alopecia (Nabahin et al., 2017).
Treatment Strategies

Significant indicators for the etiology of
various hair loss patterns and hair loss
forms are presented in Table 1. The most
common type of alopecia is androgenetic
alopecia (AGA) which is a cumulative
patterned hair loss attributed primarily to
heredity and\or hormonal (androgen,
estrogen, testosterone) disorders affecting
almost 50% of the population in different
severity levels (DeVillez, 1994; Kelly et
al., 2016; Yip et al., 2011).
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Type Considerable feature Comments Source
Heredity (family history) and hormonal The most common type of
Androgenetic disorders are related _factors leading to hair loss, af_fecting 50% of
alopecia complete baldness starting from the frontal the population. (Kelly et
area of the scalp in both genders. al., 2016)
It causes reduction of the hair thickness and
length plus loss of hair pigmentation.
Hair loss in small patches on the scalp may Study shows 1.7% of the (Phillips
Alopecia areata  prevent future hair regrowth in the affected American population have etal.,
areas. Alopecia areata happens due to the risk by the age of 50. 2017)
immune system reaction against hair follicles.
Iron deficiency Scalp hair shedding starts to be noticeable This case |5_afrequently seen (Almoha
alopecia when the ferritin levels go under 40 mg/mL especially in women during  nna et
" their life course. al., 2019)
Telogen Stress and. psy(_:hological\emotion.al state A pervasive case that may N
effluvium causes a 5|g_n|f|cant amount of hair to fall affect eac_h one of us can be (Whiting,
while brushing the hair or in the shower. resolved in 2-6 months to a 1999)
normal state.
Anaggn 65% of the hair starts to fall after few days of It is a common side effect of (Phillips
effluvium etal.,
chemotherapy exposure. chemotherapy treatment. 2017)

Pharmacological Treatment

Only two FDA-approved therapeutic agents
demonstrated a significant effect in the
treatment of AGA. The first drug launched
on the market for the treatment of AGA was
minoxidil. This drug was initially used as a
hypertension medication for its potent
vasodilator effect. The fact that balding
patients  experienced  hair  regrowth
prompted the idea of a topical minoxidil
formulation for treating androgenetic
alopecia (AGA) in both male and female
patients. Minoxidil is a prodrug that the hair
follicle root converts to minoxidil sulfate;
thus, the scientists proposed using this
conversion topically to achieve more direct
benefit while minimizing the drug's
The

mechanism of action of minoxidil is not

systemic potential side effects.

fully understood, but the fundamental

mechanism on hair growth is due to its
vasodilating and K+ channel opening
properties, which provide more oxygen and
higher blood flow to the region. The FDA
has approved the 2% and 5% solution and
5% foam for long-term use, daily applied
on a dry scalp once or twice a day, having
The

procedure causes a substantial rise in

visible results after 4-8 months.

existing hair diameter as well as an increase
in hair weight. The drug's main side effects
are demonstrated as scalp dryness, itching,
and a burning sensation. Over 56 products
have been introduced to the market under
different brand names and application
forms such as spray, liquid solutions,
shampoos, and foam (Ashique et al., 2020;
Levy and Emer, 2013; Lolli et al., 2017,
Messenger and Rundegren, 2004; Varothai

Al-Jubouri JWH et al. EMUJPharmSci 2023; 6(1):56-63.



60

and Bergfeld, 2014; York et al., 2020; Zins,
1988).

The second FDA-approved drug is oral
finasteride which is a selective type Il 5-
alpha reductase inhibitor with limited use to
its systemic side effect, 5 mg dose is
prescribed for prostate enlargement, and 1
mg is (oral dose) suggested to treat male
pattern hair loss (MPHL). It is a life-long
use medication, showing several side
effects such as male feminization,
especially in pregnant women with male
gender fetuses, reduced libido, and erectile
dysfunction. These side effects may be
normalized when discontinued. Only the 1
mg dose oral Finasteride is FDA approved
for AGA treatment; finasteride topical form
is a potential future medication currently
being tested in clinical trials (Kelly et al.,
2016; Varothai and Bergfeld, 2014; York et
al., 2020).

Other  Common Pharmacological
Alternatives for AGA Treatment
Dutasteride: A second-generation 5-alpha
reductase inhibitor and is more potent than
finasteride due to its dual- effect. It inhibits
both type 1 and 2 of the 5-alpha reductase
enzymes. It is a selective inhibitor which is
considered an alternative for AGA
treatment for the patients who did not show
any response using finasteride for
minimum of 8 months. Although

dutasteride showed a significant increase in

hair growth compared to finasteride, it is
not an FDA approved drug (Gubelin
Harcha et al., 2014; York et al., 2020).
Moreover, the main molecule
causing androgenic alopecia is
dihydrotestosterone (Olszewska et al.,
2005). Dutasteride is the only dual selective
type | & Il 5-alpha reductase enzyme
(which converts testosterone to 5-alpha
dihydrotestosterone) available in the
market as an OTC drug (Nickel et al.,
2004).

Prostaglandins: The key function of
prostaglandins is regulating the hair follicle
cycle by normalizing PGD?2 levels. There is
an increase in the PGD2 levels in AGA,
which has a considerable impact on hair
loss. A previously made study showed that
0.03% bimatoprost (prostaglandin analog)
lotion applied continuously for 12-16
weeks gives a tremendous increase in
diameter & number of the hair. There is
significant number of clinical trials to
confirm this activity (Kelly et al., 2016;
Levy and Emer, 2013).

Physical Treatment Method

New therapies emerged with a positive result
in the last decades to treat hair loss and AGA,
having a vast population due to its direct
effect on the desired area and less time
consuming. Table 2 presents the available
physical treatment options.
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Treatment Type Description
Platelet-rich-plasma Taken from the patient's blood then go through a centrifuge machine; this
(PRP) concentrated number of platelets are injected intradermally to the affected.

Micro-Needling

Tiny little needles injected directly to the stratum corneum consist of a
combination of drugs like minoxidil and some vitamins and growth factors.

Introduced to the AGA treatment list is very similar to the PRP in terms of

Cytokines

the low number of side effects; it focuses on injecting growth factors like
KGF into the skin.

Low-level-laser therapy

(LLLT) alopecia.

The near-infrared laser works on enhancing and regenerating the tissues;
LLLT was proved in 2011 as a safe method for treating different types of

Other Alternatives for the
Treatment of AGA
Herbs, probiotics, minerals, and enzymes

are all examples of natural ingredients sold

as nutritional supplements which do not
require FDA approval (Hosking et al.,
2019). Table 3 summarizes the natural

source alternatives.

Table 3. Summary of natural source alternatives for AGA treatment.

Natural alternative

Comments

Reference

Vitamin A Vitamin A is essential for healthy hair. (Ashique et al., 2020)
Vitamin D Women with FPHL showed lower levels of vitamin D (Almohanna et al., 2019)
than usual.
Vitamin C V|_tam|n C def_|C|ency is commonly associated with body (Almohanna et al., 2019)
hair abnormality.
Vitamin E Vlyam!n E has an antioxidant effect that can minimize (Ashique et al., 2020)
oxidative stress throughout the scalp.
Iron deficiency is the most widespread nutritional
Iron deficiency in the world strongly associated with hair ~ (Almohanna et al., 2019)
loss, especially in MPHL patients.
Alopecia is an eminent indication of a zinc deficiency
Zinc significant ~ regrowth  occurring  with  zinc (Ashique et al., 2020)
supplementation therapy.
Selenium Selenium supplements improved dispersed hair growth. (Bates et al., 2000)
Onion ivice The entity of sulfur and phenolic compounds are (Sharquie and Al-Obaidi,
] responsible for hair regrowth. 2002)
. The procedure is quite similar to minoxidil in increasing
Rosemary oil blood circulation and the delivery of oxygen to the area. (Ezekwe, 2020)
Green tea Work as 5-alpha reductase. (Ashique et al., 2020)

Saw Palmetto

It is a non-selective 5-alpha reductase.

(Ashique et al., 2020)

CONCLUSION

AGA is a psycho-social condition, which
has a massive impact on psychological
health and social acceptance. The therapy
for AGA is determined by a variety of

factors, including effectiveness, concerns,

and costs. The goal is to limit and, if
possible, reverse the alopecia process.
Currently, only two synthetic drugs have
been approved by the FDA for androgenetic

alopecia treatment (oral finasteride, topical
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minoxidil). Some side effects have been
reported during the use of oral finasteride,
particularly sexual dysfunction; this may
cause significant worry and have a negative
influence on patients' quality of life.
Topical finasteride has been suggested of
being a possible alternate option for
minimizing systemic side effects. Although
dutasteride is the only dual-effect treatment
showing a significant increase in hair count
and hair quality compared to finasteride,
the lack of clinical trials on dutasteride

efficacy is the main reason for being not

FDA-approved  yet.  Besides  hair
transplantation, several new physical
treatment approaches were found to be
effective for the treatment of AGA.
Moreover, various natural supplements that
might also assist in preventing hair loss.
Treatment of AGA is essential, relying on
the fact that the number of patients
increases by almost 5% every year. This
mini-review  summarizes the  most
widespread causes of alopecia and their
chemical/physical treatment solutions and

the natural source alternatives for AGA.
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