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ABSTRACT

An additional important factor in the pathogenesis of multiple sclerosis ac-
cording to some recent studies is the role of microRNA, an unencoded RNA
consisting of approximately 22 nucleotides that is primarily involved in
the posttranscriptional regulation of gene expression'? This section lists
the miRNAs associated with the pathogenesis of Multiple Sclerosis (MS) in

Th1, Th2 and Treg cells.

1. Introduction

Multiple Sclerosis (MS) is an au-
toimmune disease that affects the
central nervous system (CNS). It is
the result of myelin alteration and is
found more specifically in peritone-
al white matter, the spinal cord, the
optic nerve, brain stem and cerebel-
lum!. Multiple Sclerosis (MS) occurs
mainly in young adults, preferably fe-
males, with the main symptom being
clinical seizures of neurological dys-
function lasting more than 24 hours.
The diagnosis of (MS) can be made
with a clinical evaluation supported
by relevant research. In fact, there is
no predetermined diagnostic test?.
The three types of multiple sclero-
sis that have been identified include
Relapse-Remitting MS (RRMS), Sec-
ondary Progressive MS (SPMS) and

Primary Progressive MS (PPMS).
RRMS occurs in 85% of young peo-
ple aged 20 years and then recurrent
episodes of the disease occur with
severe symptoms and remission in-
tervals. SPMS is a continuation of
RRMS and occurs between 10 and
20 years after the diagnosis of RRMS.
PPMS occurs in 10% of middle-aged
people 40 years of age with reduced
and undefined symptoms. Although
the pathogenesis of MS has not been
precisely elucidated, the cause con-
sists of both genetic predisposition
(heredity) and environmental fac-
tors. The result of the application of
these factors is the demyelination of
the nerves and the neuronal dysfunc-
tion3.

In patients with MS it has been ob-
served that T-cells through a mech-
anism of action contribute to the



Pavlos D. et al,, @apuakevtikn, 34,1V, 2022 | 144-149

formation of inflammatory responses mainly due to
the release of cytokines by immune cells*®. An addi-
tional important factor in the pathogenesis of multi-
ple sclerosis according to some recent studies is the
role of microRNA, an unencoded RNA consisting of
approximately 22 nucleotides that is primarily in-
volved in the posttranscriptional regulation of gene
expression®’.

Mir-155 RNA is a miRNA that plays a very import-
ant role in the regulation of the immune system.
More specifically, it is observed that its concentra-
tion increases in peripheral blood B cells in patients
with rheumatoid arthritis (RA) compared to in pe-
ripheral blood B cells in healthy people. It has also
been observed that antibody production is reduced
and PU.1 is restored (a protein that in humans is en-
coded by the SPI1 gene)®. In addition miR-29, miR-
15a and miR-16-1 as specific cell regulators are
involved in the pathogenesis of MS*™. It is notewor-
thy that the changes in the concentration of several
other miRNA species in body fluids such as plasma,
serum, etc. in patients with MS can be important bio-
markers in both the early diagnosis and treatment of
this disease!'%3,

This article seeks to highlight and analyze the role
of miRNAs in Th1, Th2 and Treg cells responsible for
the pathogenesis of MS.

2. Immune system and biological origin of miR-
NAs

Examining the biogenesis of miRNAs we find trans-
formations and stages such as: The pri-miRNA to a
miRNA precursor (pre-miRNA), transportation of
pre-miRNA into cytoplasm both catalyzed by spe-
cific enzymes such as Drosha and Exportin5 respec-
tively. A generation of a dual RNA structure has also
been identified with integration of miRNA into a
RNA-induced silencing complex (RISC) which recog-
nizes the strand with the weakest hydrogen bond at
its 5", 1416

The role of non-coding microRNAs as a class of
gene regulators associated with immune function
is mentioned here. For example, miR-155 is the
growth of inflammatory T-lymphocytes (Th17 and
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Th1) as well as the formation of Th17 cells in ex-
perimental autoimmune encephalomyelitis (EAE)
making it a promising therapeutic target ’. In addi-
tion, the decrease in the concentration of miR-326
resulted in the formation of fewer Th-17 cells associ-
ated with EAE, while on the contrary, an increase in
the concentration of miR-326 led to serious disease
1819 In contrast, miR26a reversed the effect of miR-
326 on Th-17 cytokines and EAE, while the Foxp3
transcription factor associated with Treg cells was
positively associated with miR26a, which was found
to eventually reduce Th-17 cells?’. The function of
miR-146a and miRNA-101 as effective biomarkers
for diagnosis and prognosis as well as their potential
use as therapeutic molecules is well established?"?2,

3. Involvement of miRNAs in the pathogenesis of
multiple sclerosis

It is now well established that in the various patho-
logical processes that take place during the period of
MS pathogenesis, there are lesions of Th1, Th2 and
Treg cells caused by specific known reasons that are
closely related to the dysregulation of the expression
of miRNA due to the fact that miRNA transcription
is differentiated into different subunits of immune
cells.

3.1. Dysregulation of miRNAs in Th1l and Th2
cells

The mir-29b belongs to the miR-29 family. It should
be mentioned that it plays an important role in the
development of abdominal aortic aneurysm, in the
development and progression of cancerous tumors,
in the pathogenesis of type 1 diabetes and is associ-
ated with irritable bowel syndrome . In this case the
increased expression of miR-29b in patients with
multiple sclerosis reflects the problem of regulating
the balance in Th1l cells and preventing T-bet and
IFN-y (a dimerized soluble cytokine that is the only
member of the type Il class of interferons) transcrip-
tion, thus contributing to the differentiation of Th1
cells *

It has also been observed that miR-27b and miR-

145
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Table 1. MiRNAs in immune cells from patients with multiple sclerosis.

MINI REVIEW

inflammatory
signaling systems

. Cells/tissues . Expression
miRNA Functions Target References
expressed change
Regulates Th1
cell Inhibits
miR-29b CD4" T cells T-bet IFN-y - 9
T-bet and IFN-y
transcription
Inhibits MS
miR-27b TCD4* BMI1 GATA3 Increased 23
development
miR-27b-2 CD4* T cells Th2 to Th1 shift | - - 24
miR-128 CD4* T cells Th2 to Th1 shift | - - 24
. Inhibits MS
miR-128 TCD4* BMI1 GATA3 Increased 24
development
miR-340 CD4* T cells Th2 to Th1 shift BMI1 IL-4 Decreased 9,24
S
. CD4* T cells uppl.'esses
miR-142-3p function of Treg Foxp3 Increased 25,26
and CD8* T
cells
. CD4* T cells, B
miR-25 Promote Treg - - 27
cells
Regulates of
miR-25 Treg TGF-f3 signaling CDKN1A/p21 | Decreased 27
pathway
. ) Modulates of
miR-146a MS lesions i i TLRs Increased 28
TLRs signaling
Regulates of
miR-146a Monocytes DC | TLR signaling TRAF6 IRAK1 Increased 29
pathway
Regulates of
. i immune and
miR-146a Murine tregs FADD AP-1 Increased 30

128 contribute to the inhibition of the expression
of BMI1 (Polycomb complex protein), GATA3 and while miR-340 that has a similar effect to BMI1 and
IL-4 genes and thus cause a change in the response

146

from Th2 to Th1 which leads to pathogenesis of MS?3

IL-4. MiR-24 also traps IFNy in Th1 cells and plays
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the regulatory pole for the development of autoim-
mune diseases including MS%?4.

3.2 Dysregulation of miRNAs in Treg cells.

The role of Treg cells in inhibiting T cell proliferation
and preventing the onset of autoimmune diseases
has been demonstrated. MiR-142-3p is shown to be
suppressed by Forkhead box P3 (Foxp3) and thus
increase the production of Cyclic adenosine mono-
phosphate (cAMP) thereby suppressing the activity
of Treg cells?>2°. The reduced expression of miR-25
based on the recording in Table 1 which regulates
of Transforming growth factor beta (TGF-f3) signal-
ing pathway is a result of the targeting against Cy-
clin Dependent Kinase Inhibitor 1A/ P21 (CDKN1 A/
P21)%.

MiR-146a also has an anti-apoptotic role and re-
duces the expression of cell death caused by Activa-
tion- Induced Cell Death (AICD) as well as has the
ability to reduce the production of interleukin 2
(IL2) which plays an essential role in T cell produc-
tion?62830 It is also proven to increase its expression
by fighting against TNF receptor-associated factor
6 and interleukin-1 receptor-associated kinase 1
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ABSTRACT

The current study aims to identify the antioxidant and antiangiogenic effects of
the ethanolic root extract of Abutilon indicum. Antioxidant activity was evaluat-
ed against a range of free radicals, including nitric oxide scavenging and hydroxyl
radicals tests, using ascorbic acid as a standard. The chorioallantoic membrane
of the chick embryo is the most popular in vivo assay for assessing antiangio-
genic effectiveness (CAM). The ethanolic root extract of Abutilon indicum has
a significant antioxidant status as evidenced by its IC50 values of 21.4 ug/mL
for nitric oxide radicals and 22.3 ug/mL for hydroxyl radicals. The results are
on par with ascorbic acid’s. The percentage of inhibition of antioxidant activity
was estimated by computing IC50 values. It prevents neovascularization, which
is probably connected to the dose-dependent decrease in the development of
capillary networks (50 to 150 g/egg). The investigation’s findings demonstrated
that the chorioallantoic membrane had a significant antiangiogenic effect. The
plant extract has shown effective free radical scavenging action, as indicated by
their percentage inhibition. It exhibits considerable antiangiogenic properties as
well, which may be the reason for its historical use as an anticancer medication.

Introduction:

The tiny herb Abutilon indicum is indig-
enous to tropical and subtropical areas.
The roots and leaves of this plant are
used to treat fevers, and it is also a valued
ornamental and medicinal plant. It has
been widely distributed and several trop-

ical islands consider it invasive. Tumor
angiogenesis is the outcome of an angio-
genic imbalance in which proangiogenic
factors exceed antiangiogenic factors'2
Angiogenesis is the process by which
new blood vessels form. All angiogenic
processes in adults are harmful, with the
exception of a few physiological process-
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es including menstruation, wound healing, and placental
development.®®. It is hoped that by preventing the crea-
tion of new blood vessels, the tumor’s supply of oxygen
and nutrients, as well as its ability to grow and spread
to other body parts, will be cut off®8, The plant could be
beneficial in malignancies at different degrees and with
different mechanisms, according to the present research,
which is still in progress®. The Abutilon indicum ethanolic
root extract was evaluated for its antioxidant and antian-
giogenic properties.

Materials and methods
Collection of plant

The roots of Abutilon indicum(L.) Sweet(Malvaceae) were
collected from Peddapuram area of East Godavari dt., of
Andhra Pradesh. Dr. T. RAGHURAM, a taxonomist at Maha-
rani College in Peddapuram, performed the plant authen-
tication and given specimen number 12564 .

Preparation of extract:

A. indicum plant roots that had just been harvested were
thoroughly cleaned, dried in the shade for around 30
days, then chopped into small pieces and powdered into
a coarse powder. Following a 72-hour maceration with 95
% ethanol, the dried powder material was extracted using
hot percolation. Desiccators were used to dry the concen-
trated product after it was acquired.

Chemicals and instruments:

Ascorbic acid, Hydrogen peroxide, Methanol, Sulphanila-
mide, ortho phosphoric acid, naphthylethylenediaminedi-
hydrochloride, Sodiumsalicylate, Ferrous sulphate, pred-
nisone.

Incubator, U.V Spectroscopy, Colorimeter, Hot air oven.

Preliminary phytochemical screening :

A. indicum extract underwent preliminary phytochemical
screening to see whether it contained any active chemical
components, such as alkaloids, flavonoids, tannins, phe-
nolic compounds, saponins, fixed oils, and lipids*.

Quantitative Phytochemical testing

Aliquots of extract was prepared by dissolving 10mg of in-
dividual extracts in 10 mL of methanol to get 1000pg/ml.
Estimation of Phenolic Contents

Using the Folin-Ciocalteu method, the phenolic content of
the ethanolic root extract of A. indicum (1 mg/ml, aliquots)
was ascertained!!. A mixture of 3ml of Folin-Ciocalteu re-
agent and 0.5ml of extract was diluted 1:10 v/v before be-
ing let to stand for 5Smin. The mixture tube was filled with
4ml of sodium carbonate solution that was 20% w/v. The
tubes were set aside for colour development for 15 min-
utes at 30°C. Using a spectrophotometer, the absorbance
was measured at 765 nm. Gallic acid standard in methanol
was used to assess the phenolic content, and the results
were represented as gallic acid equivalent mg/100mg dry
weight of extract.

Estimation of total Flavanoids

By using the aluminium chloride method, the total flavo-
noid content of the ethanolic root extract of A. indicum (1
mg/ml, aliquots) was identified'?. The following ingredi-
ents were added to 0.6 ml of aliquots of extract: 1.8 ml
methanol, 0.1 mL 10% aluminium chloride, 0.1 mL 1M
sodium acetate, and 3 ml distilled water. The mixture was
then kept at 30°C. After 30 minutes, each absorbance was
measured at 415 nm. Using standard quercetin in meth-
anol, total flavonoid was calculated from the calibration
curve, and the results were represented as quercetin
equivalent mg/100 mg dry weight of extract.

Estimation of alkaloids

The method developed was used to determine the ex-
tract’s alkaloid concentration®®. After being treated in 2N
hydrochloric acid, the ethanolic root extract of A. indicum
(1 mg/ml, aliquots) was filtered. 0.1 N NaOH was add-
ed to the filtrate, 1 ml of this solution was transferred to
a separating funnel, and then 5 ml of bromocresol green
solution and 5 ml of phosphate buffer were added. Chloro-
form was used to remove the mixture after shaking it. At
470 nm, the absorption was detected. The concentration
of alkaloid content in atropine equivalents was measured
using the units mg/100mg dry weight of extract. Alkaloid
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Tablel: Quantitative phytochemical determination of Ethanolic root extract of A. indicum

S.No Total Phenolics Total flavanoids Total alkaloids
; mg/g mg/g mg/g
Ethanolic root extract
o 10.04+0.19 38.06+0.28 32.12+0.38
of A.indicum

All the values are expresses as mean + SEM, n=3

Table 2: Effect of Ethanolic A. indicum root Extract against NO and hydroxyl radical

_ e T NO method Hydroxyl method
Tested Material
(ng/ml) %Inhibition  IC50 ug/ml)  %]Inhibition  IC50 (ug/ml)
50 50.71+0.001 44.8+0.06
A. indicum 100 62.22+0.005 62.76+0.16
Ethanolic root 44,77 57.27
300 75.41+ 0.004 80.52+ 0.04
extract
500 83.74+ 0.007 85.36+0.15
Ascorbic acid 50 55.36 +0.22 69.47+0.32
100 60.32+0.27 82.55+0.26
33.11 1.69
300 70.85+0.13 83.46+0.12
500 80.32+0.12 87.65+0.16

Values are indicated in terms of Mean + SEM; n=3 in each concentration;

content was determined from the calibration curve us-
ing standard atropine calibration curve.

Evaluation of In-vitro antioxidant activity:

Hydroxyl Radical Scavenging Assay

The sample extracts were tested for their capacity to
scavenge hydroxyl radicals using a modified version of
the procedure described by Smirnoff and Cumbes**. In-
dividual sample extracts (1 mL) were added to a reagent
comprising 1 mL 1.5 mM FeSO, 0.3 mL 20 mM sodium
salicylate, and 0.7 mL 6 mM H202 at varied concentra-
tions (50, 100, 300, and 500 ug/ml). Later, the sample
was incubated for 1 hour at a temperature of 37°C, and
the reaction mixture’s absorbance was measured at 562
nm.
Scavenging ability on hydroxyl radicals
(%) = [(Ao-A")/Ao] x100
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A! denotes the sample extract absorbance and Ao
denotes the absorbance of the control reaction, which
contains all reagents except the sample extract. Positive
controls included ascorbic acid in the study.

NO scavenging activity

The extract’s ability to scavenge NO was evaluated using
the Marcocci and colleagues’ approach®. In a nutshell,
different concentrations of the test sample (100-1000
g/ml) were combined with sodium nitroprusside (5
mM) in phosphate-buffered saline (PBS) (pH 7.4), and
incubated at 25°C for 150 minutes. After incubation, the
Griess reagent (1% sulfanilamide in 5% phosphoric acid
and 0.1% 1-naphthylethylenediamine dihydrochloride
in water) was used to determine the amount of nitrite
formed from sodium nitroprusside. At 570 nm, the ab-
sorbance was immediately measured. The positive con-
trol utilised was catechin.
NO scavenging activity (%) = [(Ao-A')/Ao] x100
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Table 3: Antiangiogenic activity of ethanolic extract of A. indicum root

Egg1l Egg2 Egg3 Average Eggl Egg2 Egg3 Average
Tested Material No. of No. of
No. of Vessel in Vessels No. of Vessel in Vessels
untreated CAM treated CAM
Normal control (0.9% NaCl ) 8 10 7 8.33 9 10 7 8.67
Positive control (Prednisone 12 9 10 1033 3 4 3 333
5mg/ml)
EEAI 25pg/egg 11 9 8 9.33 9 7 6 7.33
EEAI 50pg/egg 10 10 12 10.67 7 5 5 5.67
EEAI 75 pg/egg 8 7 9 8.00 5 4 4 4.33
EEAI 150 pg/egg 8 9 9 8.67 4 3 4 3.67

A' denotes the sample extract absorbance and Ao
denotes the absorbance of the control reaction, which
contains all reagents except the sample extract. Positive
controls included ascorbic acid in the study.

Chicken egg Chorioallantoic Membrane (CAM)
Assay!®

The evaluation of antiangiogenic activity was done using
this unique in ovo angiogenesis assay. At day ‘0, fertil-
ised leghorn chicken eggs were obtained from a nearby
hatchery and examined for damage. They were arranged
in groups of six eggs each at random. The eggs were
cleaned with 70% ethanol before being incubated at
370°C with continuous humidity.

A tiny hole was bored on the third day, and 2-3 ml of
albumin were removed. The specific window was later
sealed using clear tape and retained once more for in-
cubation. Once more on the seventh day, a little square
window in the shell was opened, and sterile gel foam
was inserted into the membrane.

Sterile normal saline was used to impregnate the ve-
hicle control group, while the standard and test groups
received their corresponding doses. The eggs were put
back in the incubator, where they remained unaltered
until day 14. On the fourteenth day of incubation, the
eggs were taken out of the incubator, and the CAM tis-
sues beneath each sponge in the control and treated

CAM samples were also taken out. Later, after being
stained with hematoxylin and eosin and put in formalin,
tissues were examined under a trinocular microscope.

Results from CAM preparations were examined for
each treatment group based on the number of vessel
branch points in the square region corresponding to the
area of each sponge.

Eggs were divided into the following groups -

e Group 1: Normal control (0.9% NaCl )

e Group 2: Positive control (Prednisone 5mg/ml)

¢ Group 3: EEAI25pg/egg (EECO - Ethanolic extract of
Abutilon indicum)

¢ Group 4: EEAI5Ong/egg

e Group 5: EEAI75ng/egg

e Group 6: EEAI150ug/egg

Results and Discussion

Preliminary and Quantitative Phytochemical screen-
ing:

The results implies that extract contains alkaloids, fla-
vonoids, saponins, carbohydrates, proteins and Amino
acids which are the main phytochemical groups with bi-
ological activities.The results of QuantitativePhytochem-
ical screening was tabulated (Table 1).

The optimal use of the natural resources is made pos-
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Table 4: Anti-angiogenic effect of of ethanolic extract of A. indicum root

Egg1
Tested Material

Egg 2

Egg 3
Average Percentage of

vessels inhibition (%)

Percentage of vessels inhibition (%)

Normal control (0.9% NaCl ) -12.5 0 0 4.17+4.17
Positive control (Prednisone 5mg/ml) | 75 55.55 70 66.85+5.83
EEAI 25ug/egg 18.18 22.22 25 21.8+1.98
EEAI 50ug/egg 30 50 58.33 46.11+£8.41
EEAI 75 ug/egg 42.8 28.5 55.55 42.28333+7.82
EEAI 150 ug/egg 50 66.66 55.55 57.40333+4.90

Values are expressed as mean + SEM, (n=3)

sible by phytochemical studies, which are particularly
helpful in identifying therapeutically beneficial new
sources of chemicals. The results indicate that the ex-
tract contains alkaloids, flavonoids, saponins, carbohy-
drates, proteins, and amino acids, which are the primary
phytochemical groups with biological activity. Table 1
contains a summary of the quantitative phytochemical
analyses’ findings.

Using several antioxidant techniques, the results of
antioxidant activity were expressed in terms of 1C50
values. For Abutilon indicum, the computed IC50 values
using the Nitric oxide and Hydroxyl radicals technique
are 44.77 g/ml and 57.27 g/ml, while for ascorbic acid,
they are 33.11 g/ml and 1.69 g/ml. Table 2 presents the
outcomes. Based on the findings, it may be hypothesised
that Abutilon indicum root extract reacts with the hydro-
gen donor in the antioxidant principles to convert radi-
cals into the matching hydrazine. The Abutilon indicum’s
capacity to scavenge free radicals is concentration-de-
pendent. Better protective activity is reflected by a lower
IC 50 value.

The compounds found in these plants may be respon-
sible for the angiogenic activities of Abutilon indicum
root extract.Angiogenesis is the formation of new blood
vessels from the vascular bed already present and is a
characteristic of cancer. They are prospective targets
for therapy in all types of cancer due to a variety of var-
iables, including genetic instability and the contrast be-
tween tumour blood arteries and normal vessels. Cancer
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appears to be fueled by persistently increased angiogen-
esis, as is the case in many other clinical disorders, such
as diabetic retinopathy, inflammation, hemangiomas, ar-
thritis, psoriasis, and atherosclerosis.'”!® In the healthy
human body, angiogenesis is a tightly regulated process
that is governed by a number of endogenous angiogenic
and angiostaticfactors'’.

The work is motivated by the need for more effective
natural antiangiogenic medicines to replace pharmaceu-
tical therapies. Realizing that the purpose of this work
was to assess the antiangiogenic potential of Abutilon
indicum root extract utilising a CAM model.

The new pharmacological actions of Abutilon indicum
root have been verified by the demonstrated suppres-
sion of angiogenesis in the chick CAM model. At all con-
centrations of treatment examined, Abutilon indicum
root extract exhibited considerable antiangiogenic ac-
tivity (Table 4); these extracts of Abutilon indicum root
lessen CAM neovascularization as well as deformation of
existing vasculature.

According to Folkman et al, the aim is to stop the cre-
ation of new blood vessels in order to stop the tumour
from receiving oxygen and nutrients, which would oth-
erwise cause it to expand and spread to other parts of
the body?*2. This might be as a result of the phytochem-
icals found in these plants inducing apoptosis?.

The findings of this study indicate that A. indicum root
extract demonstrate robust antiangiogenic activity in
a concentration-dependent manner and may have the
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potential to be an effective tumour inhibitor. This activ-
ity may be caused by the presence of active ingredients
such flavonoids. As a result, A. indicum is a powerful an-
tiangiogenic substance. Nevertheless, more research is
required.
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ABSTRACT

Nebulizer therapy is an effective and safe treatment for respiratory
diseases. Since the delivery of the pharmacologic agents to the lungs
depends on the correct use of the inhalation device, the pharmacist,
like the doctor must have all the skills in choosing a nebulizer, name-
ly to be informed about the modern range of nebulizers, know the
basic technical characteristics of these devices, their configuration,
features of use, caveats for their use, as well as labeling and storage.
Materials and methods. The following compressor devices were used
as materials: nebulizer “Turbo Flow”, trademark “Dr. Frei” (Great Brit-
ain), nebulizer “C102 TOTAL (NE-C102-E)” and “A3 Complete” of the
trademark “OMRON” (Japan), nebulizer “LD-221 C” of the trademark
“Little Doctor” (Singapore). Results and discussion. The article pres-
ents studies devoted to the research and analysis of the main techni-
cal parameters of modern compression nebulizers (nebulizer volume,
speed spraying, the ability to adjust the size of particles in the aerosol
cloud). The resulting knowledge will help working in tandem doctors
and pharmacists to choose the right device for the effective delivery of
the drug in the human the respiratory tract to achieve maximum ther-
apeutic effect. Conclusions. Commodity analysis of compressor nebu-
lizers available in Ukrainian pharmacies has been conducted. Analysis
concern the range of nebulizers, the basic technical characteristics of
these devices, their configuration, features of use, caveats for their use
and conditions of storage. A comparative analysis of nebulizer cham-
bers from different manufacturers was carried out and their main pa-
rameters were established. Labeling was studied and drew attention
was drawn to the special information symbols that relate exclusively
to nebulizers.
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Introduction.

Knowledge of information about the modern as-
sortment, technical requirements, purpose and
principles of nebulizers is the main and relevant
not only for pharmacists but also for consumers.
The Department of Commodity Science in the
National Pharmaceutical University has recent-
ly introduced the topic “Commodity analysis of
nebulizers” into the educational process of the
“Medical and Pharmaceutical Commodity Science”
course of study:.

Recently, the incidence of chronic obstructive
pulmonary disease has increased worldwide,
which in turn leads to the search for new effec-
tive treatments. Inhalation delivery of drugs to the
respiratory tract is traditionally used in patients
with broncho-pulmonary diseases. This allows di-
rect influence over the local pathological process,
reduction of the total dose of drugs and minimiza-
tion of side effects'?.

Nebulizer therapy is one of the most efficient
treatments for broncho-pulmonary diseases. How-
ever, due to the high cost and complexity of their
use, nebulizers were employed only in medical
institutions of the regional level. In recent years
though, they have become widely used in the ther-
apeutic department of city hospitals and even at
home. Therefore, the main task is to teach students
not only the theoretical part, but also to provide
basic practical skills when working with the assort-
ment of these products. To possess these skills, in
our opinion, is definitely useful for the practice of
future pharmacists. Therefore, a detailed and fo-
cused study of the assortment of nebulizers is one
of the main stages in teaching this topic®®.

The goal of our work was to study the assortment
of nebulizers which are presented on the Ukrainian
market; the main technical parameters that should
be considered when choosing a nebulizer, as well as
labeling and packaging of these products.

Materials and methods.

In the course of work there were used scientific

Kotvitska A. et al,, Pharmakeftiki, 34,1V, 2022 | 156-165

publications, as well as systematic, logical, ana-
lytical, retrospective methods. There were used
current standards, namely: EN 13544-1: 2007 +
A1: 2009 Respiratory therapy equipment - Part 1:
Nebulizing systems and their components, DSTU
EN 13544-1: 2015 Respiratory therapy equip-
ment. Part 1. Inhalation systems and their compo-
nents (EN 13544-1: 2007 + A1: 2009, IDT), DSTU
EN 980: 2007 “Graphical symbols for labeling of
medical devices” (EN 980: 2003, IDT). The anal-
ysis of manufacturers was carried out using the
State Register of Medical Equipment and Medical
Devices. The technical characteristics of nebuliz-
ers were studied with the help of Directive 93 /42
/ EEC “Medical Devices Directive”?.

The following compressor devices were used
as materials: nebulizer “Turbo Flow”, trademark
“Dr. Frei” (Great Britain), nebulizer “C102 TOTAL
(NE-C102-E)” and “A3 Complete” of the trademark
“OMRON” (Japan), nebulizer “LD-221 C” of the
trademark “Little Doctor” (Singapore).

Results and discussion.

Nebulizer (Latin nebula means fog, cloud) - a med-
ical device designed for inhalation with a number
of drugs in the form ofliquids powders by spraying
them into microparticles which are able to pene-
trate deep into the respiratory tracts and have a
therapeutic effect directly at the site of inflamma-
tion through delivery of high doses of drugs.

The term “nebulizer” (nebula means cloud, fog)
was used for the first time about 150 years ago,
when a device was invented for converting liquid
into steam. The invention of such a portable de-
vice is attributed to |. Sales-Girons (France, 1858).
A nebulizer was used for inhalation of resins and
antiseptics in patients with tuberculosis. To en-
sure a continuous supply of this drug substance,
the steam jet was used as an energy source. Over
time, the device has been improved?.

The main task of the nebulizer is to create an
aerosol cloud with a given size of particles, in
which the bulk of the drug for the treatment of the
respiratory tract is concentrated.
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According to the current standards of Ukraine
and the EU (DSTU EN 13544-1: 2015 and EN
13544-1: 2007 + A1: 2009) the following sizes of
aerosol particles are singled out and their distri-
bution in the respiratory tracts®!°,

¢ 8-10 um- they are usually accumulated upon
the oral cavity,

¢ 5-8 um - upon the throat and larynx,

e 3-5 um - upon the trachea and bronchi,

¢ 1-3 um - upon bronchioles,

¢ 0.5-2 pm - upon the alveoli

Modern nebulizers generate particles from 1 pm
to 5 um. The size of the aerosol particles can also
be determined using the indicator - “ Mass Median
Aerodynamic Diameter (MMAD)” and “Geometric
Standard Deviation (GSD)”>®.

MMAD - Mass Median Aerodynamic Diameter is
the aerodynamic diameter of a particle that divides
(by size range) the total mass of an aerosol cloud
into two equal parts. 50% of the aerosol mass is
concentrated in particles smaller than MMAD, the
other 50% of the aerosol mass is concentrated in
particles larger than MMAD. The practical value of
MMAD is determination of the respirable fraction
quality®.

Nebulizers are classified as: compressor (jet),
ultrasonic and membrane nebulizers (or “mesh
nebulizers”)?15,

Using the data obtained from the State Register
of Medical Equipment and Medical Devices, we
analyzed the current market of nebulizers. Ana-
lyzing the obtained data, we found that at present
the supply of nebulizers is carried out by a num-
ber of world-famous manufacturers. They are:
OMRON HEALTHCARE Co., Ltd. (Japan); Shenzen
Homed Medical Device Co. Ltd. (China); Rossmax
International Ltd. (Taiwan, R.0.C.); Microlife AG
(Switzerland); Vega Technologies Inc. (Taiwan);
3A HEALTH CARE S.R.L. (Italy); Vega Technologies
Inc. (Taiwan) and others.

As of today, compressor nebulizers have been
widely used in clinical treatment. In this nebu-
lization system there is a device consisting of
a container for the drug - nebulizer chamber,
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mouthpiece (mouthpiece) or mask, nasal cannula,
thin silicone tubes and a source of «working» gas
- compressor (device that produces an air flow)
(Figure 1).

Compressor nebulizers are designed for inhala-
tion treatment with the ability to adjust the size
of the aerosol particles. Due to the adjustment of
the aerosol particles size, it enters all parts of the
respiratory organs (upper, middle, lower). It is
successfully used for inhalation therapy for both
adult patients and children of the first year of life.

This device has its advantages: high speed of
spraying in comparison with other types (for ex-
ample, ultrasonic); greater versatility, compact-
ness. It also has disadvantages: the bulkiness and
weight of the device (from 1.2 to 2 kg), the need to
keep the nebulizer chamber only in a vertical po-
sition, which significantly complicates inhalation
for children and bedridden patients.

When choosing a nebulizer, consumers pay at-
tention to the following consumer characteristics,
namely the size, weight, noise during the compres-
sor operation. Modern manufacturers are trying
to make nebulizers with low noise, especially for
children. Many manufacturers have a wide range
of nebulizers for children. They differ from stand-
ard nebulizers by the design of the compressor
and can be in the form of toys (Figure. 2).

Also, modern manufacturers supply nebulizers
with nasal aspirators - (which work on the basis
of the Venturi effect) - they remove mucus from
the nasal cavity to facilitate breathing or with na-
sal shower (nozzle for washing the nasal cavity)
(Figure 3). Nasal shower is recommended to be
used for:

e prevention of allergic reactions (because not
only microparticles are removed but allergens as
well)

e general immune system reinforcement (it oc-
curs by the effect of improvement of cells func-
tioning and reinforcement of capillaries)

e prevention of inflammatory diseases (because
dust is removed)

e raise body tone.
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Operating instruction

Compressor
Nebulizer
chamber \
Sprayers \
g
Mouthpiece /i T__,

Storage
compartment

Mask for
adults

Mask for
children

Spare air
filters

Nosepiece

Air Tube

Figure 1. Complete set of the Little Doctor LD-221 C compressor inhaler, the Little Doctor trademark.

When choosing a compressor nebulizer, it is im-
portant to pay attention to the following technical
parameters:

Respirable fraction (RF) is the number of par-
ticles in an aerosol cloud, smaller than 5 pm, in
terms of percentage. The higher the rate of respir-
able fraction - the more the drug will get into the
respiratory tracks.

Tl idual vol RV) of tI buli
chamber is the amount of drug that cannot be
sprayed because some of the drug remains on the
walls of the nebulizer chamber. This figure should
not exceed 1.0 ml. The less the RV, the more phar-
macologic agent will be converted into an aerosol.
The residual of the liquid remains in the so-called
“dead” space of the nebulizer chamber (even if
the chamber is almost completely empty). RV de-
pends on the design of the nebulizer and does not
depend on the amount of filling, however based on
the value of RV, there are given recommendations
as far as the amount of solution that is added to
the nebulizer chamber.

Type of the nebulizer camera. The choice of de-

sign allows us to increase the ingress of the drug
into the respiratory tract, providing a mode of nat-
ural respiration.

Spraying rate (productivity) is the volume of
aerosol yield per time unit (ml / min.). It deter-
mines the rate of inhalation and affects the pa-
tient’s adherence to nebulizer therapy. It is calcu-
lated as the difference between the filling volume
and the residual volume during inhalation: Spray
rate (FV-RV) / t.

On the other hand, compressor nebulizers are
divided “according to the principle of the nebuliz-
er chamber operation” into 3 types!?!3:

e Convectional- they operate continuously, pro-
ducing an aerosol on both inhalation and exhala-
tion of the patient. Therefore, about 70% of the
pharmacologic agent is lost when the patient ex-
hales and only about 7% is deposited in the pa-
tient’s respiratory tracks.

e With manual control - it is possible to adjust
the pharmacologic agent flow. That is, the “inhale
button”, which is installed on advanced convection
nebulizers, it helps to regulate the supply of the

159



®APMAKEYTIKH, 34,1V, 2022 | 156-165

EPEYNHTIKH EPTAXIA

PHARMAKEFTIK]I, 34, 1V, 2022 | 156-165

4
fo N \
(-

RESEARCH ARTICLE

Figure 2. Nebulizers in the form of toys for children: 1 - "Panda" (trademark "Dr. Frei”), 2 - "Chu-Chu-Train" (trade-
mark "Dr. Frei"), 3 - "Nemo" (trademark "Dr. Frei »), 4 - Ne-c801 kd (trademark «OMRON»).

\\
-
| '
/ -
e ?
NS

Figure 3. Nebulizer with a nasal shower of the OMRON trademark (Japan).

pharmacologic agent. At the same time the patient
or the medical worker who provides him with
help, can switch the valve manually which stops
the aerosol supply at the moment of an exhalation.
e Respiratory-activated nebulizers - these nebu-
lizers are more convenient to use, the aerosol sup-
ply in them is adjusted by the patient’s breathing.
When inhaled through a special valve in the aer-
osol chamber an additional air flow is supplied;
when exhaling, there is no air flow, so there is no
spraying of the aerosol into the environment, as
it is in case with a simple convectional nebulizer.
¢ Dosimetric - the nebulizers like that are
equipped with air flow sensors that stop the for-
mation of aerosol on exhalation and activate on
inspiration with special valves. Thus it is possible
to control the dose of the pharmacologic agent en-
tered through the respiratory tract and to achieve
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the maximum therapeutic effect from its use.

It is also worthy to mention that today each
manufacturer has its own unique nebulizer cham-
bers in which the consumer can independently
adjust the size of the aerosol particles at home, i.e.
using only one nebulizer chamber to treat differ-
ent parts of the respiratory tracks. Examples are
shown in Table 1.

For these devices, there are some recommenda-
tions and caveats for their use.

> The components of the nebulizer must be
checked regularly and replaced in the event of any
defect. Use only the components (masks, tubes,
nebulizer, etc.) of the device that are supplied with
the nebulizer, others may affect the effectiveness
of treatment and make the device inoperable.

> It is forbidden to use decoctions of me-
dicinal herbs, essential oils, mineral waters for
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blel. Characteristics of the nebulizer chambers from modern manufactures

Ta

Ne

Manufacturer and nebulizer
name

Characteristics of the
nebulizer chamber

1

Compressor inhaler Little
Doctor LD-221 C, trademark
"Little Doctor"

It consists of 3 sprayers:
Sprayer A (yellow) is used
to treat the lower respiratory
tract

The particle size is 3.5 um,
The spray rate is 0.3 ml /
min.

Sprayer B (blue) is a
universal sprayer

The particle size is 4.0 um,
The spray rate is 0.4 ml /
min.

Sprayer C (red) is used for
the upper respiratory tract
The particle size is 5.0 pum,
Spraying speed - 0.5 ml /
min.

Compressor inhaler Omron A3
Complete (NE-C300-E),
trademark "OMRON"

The chamber volume is 2-12
ml, there are three positions
for adjusting the particle size:
Position 1: the particle size
is from + 7.5 um,

It is used to treat diseases of
the nasopharynx, larynx
(rhinitis, sinusitis, laryngitis,
etc.)

Spraying speed - 0.7 ml /
min.

Position 2: the particle size
is 4.5-7.5 um,

It is used to treat diseases of
the trachea and middle
bronchi (tracheitis,
tracheobronchitis, etc.)
Spraying speed - 0.5 ml / min
Position 3: the particle size
is 2-4.5 pm,

It is used to treat diseases of
the bronchi, lungs (asthma,
bronchitis, pneumonia, etc.)
Spray rate - 0.3 ml / min
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Tablel. Characteristics of the nebulizer chambers from modern manufactures

3 Compressor inhaler Turbo
Flow, trademark "Dr. Frei »

Chamber volume 2-12 ml.
This particle size control
technology allows you to
generate an aerosol with
different particle sizes for
efficient treatment of the
upper and lower respiratory
tracts.

MIN - to start in this position
it is necessary to return the
chamber lid to the mark MIN
I. In this position the size of
the aerosol particles will be 3

pm, i.e. for the treatment of
the lower respiratory tract
(e.g. bronchitis, bronchial
asthma)

MAX - to start in this position
it is necessary to return the
chamber lid to the MAX II
mark. In this position, the
particle size of the aerosol
will be 6 pm, ie for the
treatment of the upper
respiratory tract (eg,
pharyngitis, respiratory viral
infections, etc.).

The spray rate is 0.2-0.4 ml /
min

inhalation with this type of nebulizer

> Do not allow liquid to enter the compres-
sor and cover the compressor during operation.

> Each patient should have an individual
nebulizer chamber and mouthpiece / mask, which
is associated with a risk of microbial contami-
nation with pathogens that are not destroyed by
conventional disinfectant solutions when using
other people’s nebulizer chambers, mouthpieces
and masks. Therefore, it is recommended to use
disposable nebulizer sets or to have separate ones
for each person when providing treatment in hos-
pital or using it at home. Patients receiving long-
term nebulizer therapy should have their nebu-
lizer chamber and mouthpiece / mask replaced
every 3 months.
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> After inhalation, all parts of the nebuliz-
er should be thoroughly rinsed with clean water,
dried (frequent rinsing of the nebulizer is nec-
essary to prevent crystallization of pharmaco-
logic agents and bacterial contamination of the
device). They can also be sterilized by boiling for
5-10 minutes in water or immersing them in dis-
infectants. If several people use the nebulizer, the
instructions for clening and disinfecting the nebu-
lizer should be followed with the utmost care after
each use.

> The service life of the nebulizer chamber
from different manufacturers is from 3 months to
3 years..

> The air filter should be checked no more
often than once a month and replaced in a timely
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Ne Information sign

Meaning

double insulation

120 [

special disposal is required in accordance with
national legislation

3 P21 protection degree of the device case
4 Py BF type product
5 alternating voltage
N
6 O mode off
7 I mode on

manner as it becomes dirty.

> Monitor the operation of the compressor
(over time, the nebulizer may wear out, that can
cause a decrease of the air flow rate and increase
the particle size).

> It is recommended to store the nebuliz-
er in disassembled form in containers or primary
packaging (bag, case) 1618,

When these products are supplied to pharma-
cies, the pharmacists should pay attention to their
packaging and labeling. Nebulizers come in the
factory packaging (cardboard pack or box). A bag
(case) can be used as the primary packaging for
nebulizers. All nebulizer components are packed
in separate airtight plastic bags.

Labeling is also one of the main criteria. Labe-
ling is a set of text, symbols and images that are
on the secondary packaging and the product itself,
and serves to identify the product or its individual
properties and convey to the consumer some in-
formation about the product.

Marking of nebulizers is carried out according
to the requirements of GOST 20790-93 «Devices,
machinery and the medical equipment, the Law

of Ukraine» About protection of the consumers’
rights», article 15. On primary and / or secondary
packaging and / or the device the following infor-
mation is put:

e product name;

e name or designation of the type (tsort, model)
of the product;

e name of the manufacturing enterprise, ad-
dress, trademark;

e series;

e lot

e date of production;

e designation of standards for the product,

e other data depending on product requirements
(service symbols, rated system voltage, power
consumption at rated operating mode, etc.);

e bar code;

e compliance marks;

e operational information signs;

e information on storage conditions.

The application of operational and information-
al signs on the packaging is carried out in accord-
ance with DSTU EN 980: 2007 «Graphic symbols
for marking of medical devices» (EN 980: 2003,
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IDT). Technical characteristics for nebulizers are
prescribed in Directive 93/42 / EEC «Medical De-
vices Directive».

Since most nebulizers are electrical medical
devices, they contain additional information
and operational marks in accordance with DSTU
3798-98 «Eclectic medical devices. Part 1. Gener-
al safety requirements «(Table 2).
Conclusions:

A commodity analysis has been conducted for
compressor nebulizers, which are presented in
Ukrainian pharmacies. It was found that the lead-
ing positions on the Ukrainian market are occu-
pied by imported producers. The range of nebuliz-
ers has been analysed to know the basic technical
characteristics of these devices (nebulizer vol-
ume, speed spraying, the ability to adjust the size
of particles in the aerosol cloud), their configura-
tion, features of use, caveats for their use and con-
ditions of storage of devices. A comparative analy-
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At the stage of preformulation studies of the pharmaceutical development
of the transdermal therapeutic system (TTS) with antihypertensive action,
the in vitro permeability process of enalapril maleate was studied. Test-
ing was performed by dialysis through a semipermeable membrane using
side-by-side diffusion chambers. The effect of the initial concentration of
enalapril maleate on the steady-state flux rate Is was investigated. Four
donor concentrations 10 mg/mL, 20 mg/mL, 30 mg/mL and 40 mg/mL
of enalapril maleate were tested. Conducted analysis of the nature, de-
scription of the mathematical model and determination of the main kinetic
parameters of the permeability process of the studied enalapril maleate
allow assessing its potential for creating TTS and substantiate a further
algorithm for the development of TTS antihypertensive action according to
API data. Review articles, research papers, case reports and letters to the
editor may be submitted for publication.

Published on line: January 13, 2023
1. Introduction

The creation of innovative drugs in the form of transdermal therapeutic sys-
tems (TTS) is one of the most promising scientific directions of modern phar-

* CORRESPONDING AUTHOR: maceutical technology. Pharmaceutical development of such drugs involves a
Tetyana Shyteyeva, thorough study of all biopharmaceutical aspects. The initial stage of develop-
shyteyeva@gmail.com ment of TTS is the choice of drug substance, assessment of the acceptability

of its introduction in this dosage form. In order to determine a more rational
approach to the creation of TTSs, the pharmaceutical development of a trans-
dermal drug should be preceded by in vitro preformulation studies of the per-
meability of the active pharmaceutical ingredient (API) across the membrane.
The main advantage of these studies is the establishment at the initial stage
of the factors influencing this process, the ability to control the conditions of
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the experiment, and, therefore, the ability to control
changes in permeability based on certain kinetic pa-
rameters’=.

Hypertension, is one of the most common causes
of disability and mortality. Today there is a numer-
ical increase in the incidence of this type of pathol-
ogy. Pharmacotherapy of these pathological condi-
tions is usually long-term and requires an individual
approach and comprehensive correction, taking all
parts of the pathological process into account*.

The search for APIs promising to be used in
transdermal dosage forms continues intensively.
Among the group of antihypertensive drugs, angio-
tensin-converting enzyme (ACE) inhibitors occupy
one of the main places. Enalapril maleate has been
widely used in clinical practice for decades. Among
all ACE inhibitors, it has the widest list of indications
for use, including hypertension, chronic heart fail-
ure (CHF), coronary heart disease. Enalapril is the
gold standard among ACE inhibitors for its ability
to control blood pressure. Enalapril maleate has a
dose-dependent hypotensive effect, which is ob-
served within 24-36 hours after a single oral admin-
istration. The maximum reduction in blood pressure
is achieved after 6-8 hours®®.

In the last scientific publications, much attention
is paid to the development of transdermal delivery
of the enalapril maleate. The use of TTS provides
stability of concentration and long-term therapeutic
level of the substance in the bloodstream, which con-
tributes to the therapeutic effect prolongation. TTS,
in comparison with oral dosage forms, eliminates
the risk of gastrointestinal side effects, increasing
safety profile. When using transdermal patches, a
reduction in dosing frequency is achieved and high
systemic bioavailability of a drug is ensured. TTSs
are quite easy to use and can significantly increase
compliance with patients””.

To achieve the optimal therapeutic effect with
transdermal administration of the drug, it is nec-
essary to take into account both physico-chemi-
cal properties of the active substance and external
factors, in particular the effect of concentration,
composition of the diffusion medium and others.
In order to determine a more rational approach to
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the creation of TTS, in vitro preformulation stud-
ies of API permeability through membranes should
precede the pharmaceutical development of a trans-
dermal preparation. The main advantage of these
studies is the ability to control the conditions of the
experiment and, consequently, the ability to control
changes in permeability due to the influence of var-
ious factors.

In this regard, the aim of our work was to conduct
preformulation studies of the pharmaceutical de-
velopment of transdermal dosage form of TTS anti-
hypertensive action with enalapril maleate. During
the study, the nature and kinetic parameters of the
in vitro process of permeability of enalapril maleate
through a semipermeable membrane, as well as the
influence of the initial concentration of the selected
API on this process were determined.

2. Materials and methods

The target of the study was the enalapril maleate API
(Zhejiand Huahai Pharmaceutical Co., Ltd., CHINA).

Studies of the permeability of enalapril maleate
through a semipermeable membrane were per-
formed in vitro by dialysis using a modified diffu-
sion device of Valia-Chien design [10]. Different
concentrations of enalapril maleate were used as
donor solutions: 10 mg/mL, 20 mg/mL, 30 mg/mL
and 40 mg/mL. Phosphate buffer solution (pH 7.4)
was used as the diffusion medium. The experiment
was performed at a temperature of (37+0.5) 2C. At
defined intervals, with an interval of 1 hr, which cor-
responded to 1, 2, 3, 4, and 5 hr from the beginning
of the experiment, all the solution from the accep-
tor chamber was removed, replacing the sample of
acceptor solution with a new one, which was taken
into account. The content of enalapril maleate in the
dialysate sample was determined spectrophotomet-
rically.

3. Results and discussion

The results obtained (Table 1, Figure 1) show that
the amount of enalapril maleate passing through the
semipermeable membrane is proportional to its in-
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Table 1: Quantitative parameters of enalapril maleate permeability through a semipermeable
membrane in vitro

1 1 12.4910 3.0097
2 2 11.2952 5.7312
10 3 3 11.3724 8.4715
4 4 11.2642 11.1975
5 5 10.9343 13.8325
1 1 30.4608 7.3401
2 2 26.8024 13.7986
20 3 3 28.4838 20.6625
4 4 26.0577 26.9414
5 5 25.5105 33.0883
1 1 47.4724 11.4389
2 2 38.4113 20.6944
30 3 3 37.1823 29.6538
4 4 36.0529 38.3413
5 5 36.3799 47.1075
1 1 121.8189 29.3539
2 2 52.5146 42.0081
40 3 3 51.7826 54.4860
4 4 51.2530 66.8364
5 5 50.5682 79.0215

10 2.7112 -7.2 0.34 0.9999
20 6.4639 -9.0 0.43 0.9996
30 8.8984 -18.6 0.39 0.9998
40 12.4160 -82.8 0.44 0.9999
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Table 3: The results of the study of the convergence of the experimental values of the kinetic parameters

of the permeability of enalapril maleate depending on its initial concentration

Initial concentration in donor solution, C, mg/mL
10 | 20 | 30 40
Investigation of convergence of values of quantity of drug in a dialysate sample, X -107, g
10.9343 25.5105 36.0529 50.5682
Variants of 11.2642 26.0577 36.3799 51.2530
samples, x, 11.2952 26.8024 37.1823 51.7826
11.3724 28.4838 38.4113 52.5146
11.2165 26.7136 37.0066 51.5296
X, 10.3192 24.5765 34.0461 47.4072
X, iah 12.1138 28.8507 39.9671 55.6520
Investigation of the convergence of the values of the concentration of drug in the dialysate sample, C, mg/
mL
0.4050 0.9448 1.3353 1.8729
Variants of 0.4183 0.9651 1.3474 1.8983
samples, x, 0.4190 0.9927 1.3771 1.9179
0.4212 1.0550 1.4226 1.9450
0.4159 0.9894 1.3706 1.9085
o 0.3826 0.9102 1.2609 1.7558
high 0.4492 1.0686 1.4802 2.0612
Investigation of convergence of values of change of specific flux of drug, AQ(t), mg/cm?
2.6349 6.1469 8.6874 12.1851
Variants of 2.7215 6.2790 8.7662 12.3504
samples, x; 2.7260 6.4585 8.9596 12.4779
2.7403 6.8639 9.2557 12.6542
2.7057 6.4371 8.9172 12.4169
o 2.4892 5.9221 8.2038 11.4235
high 2.9222 6.9521 9.6306 13.4103

creasing initial drug concentration from 10 mg/mL
to 40 mg/L.

itial concentration in the donor solution according
to Fick’s law.

According to the obtained data on the amount of
enalapril maleate in dialysate Xi, there was an in-
crease in the indicators g, and the specific flux of the
drug through the membrane Q(t), mg/cm? with in-

Graphical interpretation of the in vitro permea-
bility of enalapril maleate for each concentration is
presented in Figures 2-5. In all experiments, the ob-
tained kinetic equations have the form of a general
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Figure 1. Dependence of the permeability of maleate enalapril on concentration.

linear regression Y=A+BxX.

The linear dependence of enalapril maleate on the
membrane over time is confirmed by linear regres-
sion parameters. The correlation coefficient for the
obtained kinetic equations, within the experiment
time, was not less than 0.999.

The coefficient of permeability of the studied API
through the membrane, Kp, cm/h, was calculated
taking into account the gradient of concentrations of
donor and acceptor solutions, based on Fick’s law:

Kp=Is x ACs (Equation 1)

where Is - the value of the steady-state flux of
drug through the unit area of the membrane per unit
time, mg/(cm?-hr);

ACs - concentration gradient of of drug between
the outer and inner surfaces of the membrane (or
stratum corneum), mg/mL.

The main quantitative characteristics of the de-
pendence of the enalapril maleate permeability on
its initial concentration through the semipermeable
membrane in vitro, calculated from the results of
statistical analysis, are shown in Table 2.

According to the results (Table 2), it was found
that with increase of the initial concentration of
enalapril maleate from 10 mg/mL to 40 mg/mL, the
steady-state flux of drug Is increases 4.6 times. The
obtained values of the steady-state flux of enalapril
maleate for all concentrations indicate the high po-
tential of this substance in overcoming membrane
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barriers, and predict, including good permeability
and human skin. But to determine the optimal con-
centration for the next stages of creating TTS, it is
necessary to take into account all the factors of the
permeability process together.

The diffusion delay time (@) determines the du-
ration of the non-stationary period of the process.
A negative value of this indicator indicates a lack of
membrane saturation. During the experiment, it was
found that the diffusion delay time for the concen-
tration of enalapril maleate in the donor solution of
10 mg/mL and 20 mg/mL varies slightly from 7.2
to 9 min. At a concentration of enalapril maleate in
the donor solution of 30 mg/mL, the diffusion delay
time increases more than twice to 18.6 min. Ata con-
centration of enalapril maleate in the donor solution
of 40 mg/mL, the duration of the non-stationary pe-
riod increases significantly, the diffusion delay time
being 1 hr 23 min. The permeability coefficient Kp
characterizes the properties of the membrane and
varies between 0.34 and 0.44 cm/hr.

Taking into account all the results of the experi-
ments, we consider the best initial concentration of
enalapril maleate 30 mg/mL, which provides the re-
quired level of the steady-state flux of drug in a short
non-stationary period.

Statistical equivalence of the obtained data was
assessed based on a study of samples of experimen-
tal values (starting from the second hour), arranged
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Figure 2. Kinetics of the in vitro membrane permeability process of enalapril maleate (initial concentration
10 mg/ml).
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Figure 3. Kinetics of the in vitro membrane permeability process of enalapril maleate (initial concentration
20 mg/ml).
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Figure 4. Kinetics of the in vitro membrane permeability process of enalapril maleate (initial concentration

30 mg/ml).
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Figure 5. Kinetics of the in vitro membrane permeability process of enalapril maleate (initial concentration

40 mg/ml).

in ascending order. Changing the variants of the ob-
tained samples can be considered insignificant if the
values of their extreme variants do not exceed the
confidence interval limit values calculated from the
value of the half-width of maximum allowable con-
fidence interval (maxAX). The value of maxAX was
determined on the basis of the maximum allowable
uncertainty of the method of analysis max44s, based
on the tolerances of the content of the substance for
transdermal drugs 75% - 125%, in accordance with
the requirements of Ph. Eur. Section 2.9.6'. Accord-
ing to the regulations of the State Pharmacopoeia
of Ukraine (SPU)? for methods of quantification,
the maximum uncertainty of max44s in percent, ex-
pressed as a one-way relative confidence interval for
a level of reliable probability of 95%, should corre-
spond to inequality 2:

maxA, <0.32xB [2]

where B is the half-width of the regulated concen-
tration limits.

According to these conditions, all the results of
the experiment should not exceed a certain value of
maxA, 8%.

The results of the study of the convergence of ex-
perimental values of kinetic parameters of perme-
ability of enalapril maleate depending on its initial
concentration are shown in Table 3.

see Table 3.
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According to the results given in Table 3, it can be
seen that the variant values of all samples do not
exceed the confidence interval limits X, and Ko
Therefore, all the obtained experimental values of
the studied parameters are within the confidence
interval and change slightly. Based on this, it can be
argued that the permeability of enalapril maleate
through the membrane in vitro within the studied
concentrations from the second hour is carried out
at a constant rate corresponding to zero-order ki-
netics.

4. Conclusions

The studies carried out to determine the nature and
quantitative characteristics of the enalapril maleate
permeability showed, first of all, the ability of the se-
lected substance molecules to overcome membrane
barriers and make it possible to give a positive as-
sessment of the acceptability of this API for use in
transdermal form and the creation of TTS.

As a result of the experiment, the main quantita-
tive parameters of the process of permeability of
enalapril maleate through a semipermeable mem-
brane in vitro (stationary flow of the drug Is, diffu-
sion delay time 0, permeability coefficient Kp) were
determined. With increasing initial concentration
of the substance in the donor chamber within con-
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centrations of 10 mg/mL - 40 mg/mL, there is an
increase in all studied parameters of the experi-
ment. The optimal initial concentration of enalapril
maleate 30 mg/mL was determined for further stag-
es of transdermal drug development.

The development of TTS for enalapril maleate is
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