ScienceRise: Pharmaceutical Science

Ne 4(44)2023

UDC 615.45.473:661.122:616.2-008.331.1
DOI: 10.15587/2519-4852.2023.286303

SUBSTANTIATION OF CREATION OF TRANSDERMAL FORMS OF DRUG DELIVERY
WITH ANTIHYPERTENSIVE ACTION

Tatyana Shyteyeva, Elena Bezchasnyuk, Oleg Kryskiv, Vasyl Grynenko

The article presents the theoretical justification for the choice of active pharmaceutical ingredients of antihyper-

tensive action for the creation of new forms of delivery — transdermal therapeutic systems.

The aim: monitoring of studies on the use of angiotensin-converting enzyme (ACE) inhibitors in the development
of transdermal drugs for the treatment of hypertension.

Materials: open access electronic resources of scientific periodicals from around the world: Google Scholar (https://
scholar.google.com/); PubMed (https://pubmed.ncbi.nlm.nih.gov/); Sciencedirect (https://www.sciencedirect.com/);

Pubchem (https.//pubchem.ncbi.nlm.nih.gov/); National Library of Ukraine named after V. I. Vernadskyi (http://
www.nbuv.gov.ua/); Ukrainian Institute of Intellectual Property (Ukrpatent) (https.//sis.ukrpatent.org/uk/); Industrial
Property (https://base.uipv.org/searchBul/); USPTO. The United States Patent and Trademark Office (https://www.

uspto.gov/patents/search); European Patent Office (EPO) (https://www.epo.org/).

Methods of the research: information search, theoretical analysis and systematization of data from scientific
sources, logical analysis.

Results: a review of scientific sources was carried out, and an analysis of ACE inhibitors as candidates for the

creation of transdermal forms for the treatment of arterial hypertension was carried out. The pharmacological and
physicochemical aspects of the possibility of their use for introduction through the skin are defined. It has been

established that the search and development of the latest means of treatment of arterial hypertension, which would
significantly increase the duration and quality of life of patients, are extremely relevant. Transdermal drug delivery
systems are one of the pharmaceutical products being developed on the world market, and their use allows over-
coming the associated disadvantages of other delivery routes.

Conclusions: the review of domestic and foreign literature confirmed the relevance of biopharmaceutical research
in the field of development of innovative dosage forms — transdermal therapeutic systems for the treatment of hy-

pertension.

The choice of promising antihypertensive active pharmaceutical ingredients of the ACE group (enalapril maleate,

lisinopril dihydrate, and captopril) is substantiated, taking into account their specific physicochemical properties
that are suitable for penetration through the skin.

The market for transdermal drug delivery is increasing, and there is a prospect of higher growth rates in this mar-
ket in the coming years
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1. Introduction
Hypertensive disease is one of the most frequent

adolescent boys, it reaches 25.1 % [5, 6]. According to the
results of the first stage of the implementation of the scien-

causes of disability and mortality in the population world-
wide. Today, there is a significant increase in the incidence
of this type of pathology [1, 2]. According to the WHO,
more than 1 billion people, every fourth man and every
fifth woman, suffer from hypertension today [3]. At the
same time, in recent years, not only the quantitative in-
crease of these diseases has been observed, but also the
impact of these types of pathology on younger population
groups [4]. It is noted that arterial hypertension (AH) is
one of the most urgent problems in modern paediatrics.
The prevalence of hypertension among children and ado-
lescents, according to data from population studies, varies
from 5 to 14 % in different countries. Moreover, among
high school students, this indicator is 18 %, and among
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tific and practical program “Study of the epidemiology of
primary arterial hypertension and metabolic syndrome in
children and adolescents”, initiated by the Association of
Pediatricians of Ukraine, elevated blood pressure (BP) is
observed in 10—15 % of children [7]. According to STEPS
data, a third of the population of Ukraine (34.8 % of those
surveyed) had high blood pressure or hypertension or were
taking antihypertensive drugs. The share of the population
with elevated blood pressure increased sharply with age.
In the age group of 18-29 years — approximately 12.7 %, in
the age group of 60—69 years — 71.1 % [8].

Thus, the ageing of the population, the increase in
the prevalence of chronic diseases, in particular, hyper-
tension, and the need for effective, painless delivery of
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drugs have led to the introduction of new technologies in
their delivery systems [9, 10]. The search and develop-
ment of the newest means of treatment of arterial hyper-
tension, which would significantly increase the duration
and quality of life of patients, are extremely rele-
vant [11, 12]. Transdermal drug delivery systems have
become an intriguing topic of research in the field of
pharmaceutical technology and one of the most frequent-
ly developed pharmaceutical products on the world mar-
ket [13, 14]. The use of these systems makes it possible to
overcome the accompanying disadvantages of other de-
livery routes — oral and parenteral [15-17].

2. Materials and methods

As materials in the research, open access electron-
ic resources of scientific periodicals from around the
world were used: Google Scholar (https:/scholar.google.
com/); PubMed (https:/pubmed.ncbi.nlm.nih.gov/); Sci-
encedirect (https://www.sciencedirect.com/); Pubchem
(https:/pubchem.ncbi.nlm.nih.gov/); National Library of
Ukraine named after V. I. Vernadskyi (http://www.nbuv.
gov.ua/); Ukrainian Institute of Intellectual Property
(Ukrpatent) (https://sis.ukrpatent.org/uk/); Industrial
Property (https:/base.uipv.org/searchBul/); USPTO. The
United States Patent and Trademark Office (https:/www.
uspto.gov/patents/search); European Patent Office (EPO)
(https://www.epo.org/).

Research methods: information search, theoretical
analysis and data systematization of scientific sources,
logical analysis.

3. Research results

Hypertensive disease or arterial hypertension is a
chronic disease manifested by a persistent increase in
blood pressure [18].

According to the European Society of Cardiolo-
gy (ESC) and the European Society of Hypertension
(ESH), there is a constant relationship between the fre-
quency of cardiovascular diseases and increased blood
pressure. Arterial hypertension increases the risk of de-
veloping heart, cerebral and kidney diseases. In turn,
uncontrolled hypertension can be associated with the
development of cardiovascular (CV) complications, such
as stroke and myocardial infarction, peripheral artery
disease, atrial fibrillation [19, 20].

Pharmacotherapy of these pathological conditions
is usually long-term, requires an individual approach and
complex correction, considering all links of the patholog-
ical process [21, 22]. According to the conclusions of the
WHO, non-compliance with the established regimen of
therapy, namely the dose, frequency, and regularity of
taking antihypertensive drugs, is an important cause of
uncontrolled blood pressure (i.e., cases when it is not
possible toreach the target level of blood pressure) [23, 24].

Angiotensin-converting enzyme (ACE) inhibitors
are one of the leading drugs in the therapy of cardiovas-
cular pathology, which are included in the group of first-
line drugs in the treatment of arterial hypertension and
are recommended for patients with these diseases [25, 26].
Most of the beneficial effect of ACE inhibitors in clinical

practice depends on their ability to inhibit the renin-an-
giotensin system [27, 28]. The mechanism of action of
ACE inhibitors is implied in their name — blockade of the
enzyme necessary for the conversion of angiotensin I (a
biologically inactive substance) into angiotensin II (the
effector hormone ofthe renin-angiotensin system) [29, 30].
In addition, when ACE inhibitors are prescribed, the
content of bradykinin increases, the breakdown of which
is catalyzed by ACE, which leads to vasodilation, im-
provement of endothelial function, and activation of
blood thrombolytic activity [31, 32].

Today, ACE inhibitors are recognized as the “gold
standard” in the treatment of patients with heart failure
syndrome [33, 34]. Research results showed that the ef-
fectiveness of ACE inhibitors in reducing cardiovascular
mortality and morbidity is equivalent to the effectiveness
of “old” antihypertensive drugs — diuretics and B-block-
ers (CAPPP, STOP-2, ALLHAT) [35, 36]. ACE inhibitors
have a proven renoprotective effect, which makes them
drugs of choice in the presence of kidney damage. This
especially applies to patients with diabetes. Under the
influence of therapy with ACE inhibitors for a long time,
the frequency of new cases of diabetes decreased (CAPPP,
HOPE). There is information about slowing down the
progression of atherosclerosis under the influence of
long-term use of ACE inhibitors (including the results of
the HOPE study) [25, 37]. Thus, today ACE inhibitors are
recommended for all patients with systolic chronic heart
failure (CHF), regardless of the presence of clinical
symptoms. Long-term use of ACE inhibitors reduces
mortality, reduces clinical symptoms, improves exercise
tolerance, and reduces the risk of repeated hospitaliza-
tions [38, 39].

Among the group of ACE inhibitors, enalapril,
lisinopril and captopril are widely used.

Enalapril is a compound that includes the amino
acids L-alanine and L-proline. Enalapril is a prodrug;
after oral administration, the drug is quickly absorbed
and transformed (by hydrolysis) into an active metabo-
lite — enalaprilat, which has the properties of a highly
specific ACE inhibitor [40]. It was established that enal-
april provides a statistically significant reduction in the
risk of a fatal outcome in patients with CHF. Like other
ACE inhibitors, enalapril is indicated for hypertension
combined with other pathologies, including CHF, left
ventricular dysfunction, diabetic and non-diabetic ne-
phropathy, proteinuria (including microalbuminuria),
metabolic syndrome, atherosclerosis of carotid arteries,
and is also recommended for patients after a myocardium
heart attack, with atrial fibrillation and left ventricular
hypertrophy (LVH) [41].

Enalapril provides a stable decrease in blood pres-
sure during the day when used 1-2 times a day. Character-
ized by a good tolerability profile. The drug is well ab-
sorbed when taken orally; food does not affect the rate of
absorption. About 60 % of the drug is absorbed. Binding
to blood proteins is 50—-60 %. The therapeutic effect devel-
ops after 1 hour, the pronounced therapeutic effect — after
4—6 hours. The maximum concentration in blood plasma
is reached after 1 hour [42]. Enalapril is the first represen-
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tative of the group of long-acting ACE inhibitors. The
duration of the effect of enalapril when taken orally is
about 24 hours, and when it is administered intravenously —
about 6 hours. The half-life of enalaprilat is 11-14 hours.
When administered intravenously, 94 % of the total dose
of enalaprilat is excreted unchanged in the urine [40].

Lisinopril is the active hydrophilic metabolite of
enalapril. Reduces blood pressure and total peripheral
vascular resistance without affecting heart rate. In addi-
tion to a direct decrease in blood pressure, lisinopril re-
duces albuminuria due to changes in the histology and
hemodynamics of the glomerular apparatus of the kid-
neys [43]. Lisinopril is a long-acting ACE inhibitor. The
hypotensive effect develops approximately 1 hour after
oral administration, reaches a maximum after 6 hours
and persists for 24 hours. The duration of the effect de-
pends on the dose. When taken internally, it is absorbed
unchanged; the simultaneous intake of food does not af-
fect the absorption of the drug. It is not metabolized in
the body; it is excreted in the urine. Slightly binds to
blood plasma proteins. The hypotensive effect of lisino-
pril persists with long-term use [44, 45].

Captopril is a highly specific competitive ACE in-
hibitor. Under the influence of captopril, as a result of a
decrease in the active concentration of angiotensin-II in
the blood, the peripheral resistance of blood vessels and
blood pressure decrease, and the pre- and afterload on the
myocardium decreases [46]. Captopril also reduces the
level of vasoconstrictor substances (endothelin-I, norepi-
nephrine) and increases the level of vasodilator substances
(bradykinin, nitric oxide, prostacyclin). Due to the pres-
ence of SH-rpyp in the chemical structure, the drug not
only quickly binds to the zinc atom in the angiotensin-con-
verting enzyme molecule but also provides a cardioprotec-
tive effect. The drug reduces heart hypertrophy. It has a
nephroprotective effect on the kidneys, normalizes intra-
glomerular hemodynamics, and reduces proteinuria in
glomerulonephritis [47]. Captopril is quickly absorbed af-
ter oral administration, has a short-term effect, and is
biotransformed into inactive metabolites. The bioavailabil-
ity of the drug is about 75 %. Simultaneous food intake
reduces absorption by 30-55 %. The maximum hypoten-
sive effect is observed after 60—90 minutes; the duration of
action is dose-dependent and is 6—12 hours [48].

The main task of treating patients with hyperten-
sion is to reduce blood pressure (BP) to target values and
maintain it at an optimal level for a long time [49, 50].
However, according to statistics, only 20 % of patients
effectively control blood pressure, and only half of the
patients with this pathological condition receive drug
therapy, and the main reason, in this case, is considered
to be non-compliance of the patient’s behaviour with the
recommendations given to him [51, 52]. Taking into ac-
count this fact, as well as the fact that even those patients
who follow all the recommendations often do not have
the desired result in relation to the target blood pressure
values, that is why to date, the unwavering work on clar-
ifying the mechanisms of development, principles of di-
agnosis and treatment of this disease continues [53, 54].
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Modern therapeutic strategies are aimed at in-
creasing adherence to therapy in hypertension and are
focused both on simplifying medication regimens and on
new methods of their delivery [15]. Creation of innova-
tive medicines in the form of transdermal therapeutic
systems (TSS) is one of the most promising scientific
directions of modern pharmaceutical technology [55, 56].

The use of TTS ensures the stability of the concen-
tration and long-term therapeutic level of the substance
in the bloodstream, which contributes to the prolongation
of the therapeutic effect [56, 57]. TTS, compared to oral
drug forms (DF), eliminate the risks of developing gas-
trointestinal adverse reactions, which increases their
safety profile. When using transdermal patches, a reduc-
tion in dosing frequency is achieved, and high systemic
bioavailability of substance is ensured. TTS are conve-
nient to use and significantly increase compliance with
the treatment regimen [58, 59].

Many APIs, including antihypertensive agents,
are being investigated by pharmaceutical companies for
systemic transdermal use [60, 61]. Advances in formula-
tion development continue to make transdermal patches
capable of delivering more complex drugs. Transdermal
patches can be tailored and designed according to the
physicochemical properties of the active and inactive in-
gredients, as well as suitability for long-term use. There-
fore, a number of chemical approaches and physical
methods are currently being investigated for the develop-
ment of transdermal patches [62, 63].

Successful delivery of the drug through the skin
depends on the physicochemical properties of the drug:
molecular weight (<500 Da), partition coefficient (log-
P, <5), melting temperature (<200 °C) and the potency of
the drug, which is recommended in small daily dos-
es [64—66]. But, in the case of developing a drug with an
API that falls outside these ranges, the key to obtaining a
successful TTS depends on a highly efficient drug deliv-
ery device. Effective TTS should be able to temporarily
reduce or bypass skin barrier inhibition as a result of
improved drug delivery to achieve therapeutic plasma
drug concentrations [67].

In view of the prospective use for the transdermal
route of administration of known antihypertensive drugs,
in particular, ACE inhibitors, we focused on the first-gen-
eration drugs — enalapril maleate, lisinopril dihydrate,
and captopril — which are the most studied according to
clinical data [27, 68].

According to the classification of ACE inhibitors
depending on the chemical structure (Fig. 1), captopril
belongs to the group of sulfhydryl-containing com-
pounds, and enalapril maleate and lisinopril belong to the
substances — derivatives of dicarboxylic acids [69, 70].
These functional groups are partly responsible for the
differences in the pharmacokinetic and safety profiles of
the mentioned drugs. Captopril and lisinopril are the only
ACE inhibitors that are not prodrugs that require activa-
tion by hepatic biotransformation. Lisinopril is the only
ACE inhibitor that does not undergo metabolism in the
liver [71, 72].
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Fig. 1. Structural and molecular formulas of ACE inhibitors

All compounds are APIs of synthetic origin and
have a crystalline structure. The selected molecules have
a number of different physicochemical properties: molec-
ular size, partition coefficient (LogP), acid dissociation
constant (pKa), melting point, and solubility in wa-
ter (Table 1) [73, 74].

sulfanylpropanoyl]-
pyrrolidine-2-carboxylic

C9H15NO3S, M.Mm.

Table 1
Physicochemical characteristics of API molecules ACE inhibitors

According to the literature, a num-
ber of authors investigated the relationship
between lipophilicity and pharmacologi-

HS\)\(o o cal activity of ACE inhibitors, duration of

action and absorption [84—86].

Lipophilic ACE inhibitors (capto-
pril, quinapril, perindopril, enalapril)
dissolve well in fats, penetrate cell mem-
branes and inhibit the renin-angiotensin
system tissue. As a result, they can have
a slightly greater activity than hydrophil-
ic ACE inhibitors in the low-renin form
of hypertension, in which mainly the tis-
sue of the renin-angiotensin system is
activated. On the other hand, lipophilic
drugs ecasily penetrate the blood-brain
barrier, which is manifested by a greater
number of side effects from the central
nervous system. Unlike lipophilic drugs,
the hydrophilic ACE inhibitor lisinopril
does not penetrate into tissues and cells,
and its greater concentration is stored in
the blood, which allows, on the one hand, to use it in small-
er doses, on the other hand, it does not penetrate into adi-
pose tissue, which is especially important for overweight
patients. In fact, lisinopril has advantages over other ACE
inhibitors in terms of effectiveness in patients with obesity
and metabolic syndrome [87].

ACE inhibitors and their metabolites mostly
have low lipophilicity. The lipophilic outer layer of

(28)-1-[(2S)-2-
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217,3
Captopril
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D ) point, °C deeper layers. This significantly limits the transder-
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C 20729 13 o8 04 108 160 mal delivery of high molecular weight compounds,
aptopr.l - - - but for selected low molecular weight substances, it

Enallaptrll 49252 | 245 3.0;5.4 143-147 will not be a determining factor [88].
I.nz_i ca e_ Selected molecules have advantageous starting
I;lslmé)pnl 4415 | _1220 | 2% fooi 07| 148 positions for transdermal delivery. This is confirmed
thydrate : by many studies of transdermal forms of these drugs.

Within these physicochemical properties of exist-
ing drugs, the selected molecules cover the entire range
of wvalues [75, 76]. Most ACE inhibitors contain both
proton acceptor and proton donor groups, which can be
ionized or protonated, respectively. Dicarboxylated ACE
inhibitors behave as strong acids at a physiological (7.4)
pH value [77]. Thiol-containing captopril is a weak
acid (pKa 9.8) [78]. Most ACE inhibitors are prodrugs
and are hydrolyzed to acidic active metabolites after ad-
ministration, with the exception of lisinopril, which is
already in an acidic form [79].

It is important to divide ACE inhibitors into lipo-
and hydrophilic, as the differences between these drugs
are fundamental and important. Lipophilicity is charac-
terized by the n-octanol/water partition coefficient (log-
P ). Lipophilicity is one of the most important proper-
ties of biologically active substances [80, 81] and affects
absorption, distribution, binding to blood plasma pro-
teins, and elimination of drugs [82, 83].

In the work (Darren R. Gullick et al.), for the
optimal release of the drug, a dosage form of a patch with
ethyl ether of captopril was developed using two com-
mercially available bioadhesive polymers. The results of
diffusion through the model membranes showed an in-
crease in the flow of the substance with an increase in the
thickness of the patch and its values reaching the thera-
peutic level. Captopril ethyl ether has been shown to
penetrate human skin better than the parent drug. This
study demonstrated that adhesion and drug loading are
important factors in optimizing topical patch formula-
tions for the delivery of captopril prodrugs [89].

A study of captopril as a possible candidate for
transdermal drug delivery was also conducted in the de-
velopment of transdermal patches using ethyl cellu-
lose (EC), polyvinyl alcohol (PVA), polyvinylpyrroli-
done (PVP), polyethylene glycol-6000 (PEG6000). In
vitro skin permeation studies showed that the matrix-type
film (PVA: PEG6000: DMF) was found to be an effective
system and showed the highest flux of 0.102 mg/cm?*/h [90].
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The aim of the work (Pravin Uttekar et al.) was the
development of matrix-type TTS containing the drug capto-
pril using hydroxypropylmethylcellulose E-15 (HPMC
E-15) and Eudragit RS 100 as polymers that control the re-
lease of captopril for a maximum period of time. The results
indicate that the captopril-containing transdermal patch is a
promising therapeutic approach to achieve maximum bio-
availability and prolong the release of the drug [91].

Evaluation of formulations of transdermal patches
made using another combination of HPMC K-15M with
PVPK30 and EC in different ratios in captopril release
experiments in vitro showed prolonged release of the drug
within 24 h. It was found that the penetration of captopril
from the developed transdermal patches occurs by the
diffusion mechanism and is subject to zero-order re-
lease [92]. The pharmacodynamic activity of these trans-
dermal patches containing captopril was evaluated in rats
by measuring systolic blood pressure over 24 hours using
the tail-cuff method. Blood pressure, heart rate, body and
heart weight, and body and heart weight ratio were deter-
mined. The content of lactate dehydrogenase (LDH), cre-
atine phosphokinase (CPK), glutathione (GSH), malondial-
dehyde (MDA), myeloperoxidase (MPO) and Na’,
K*-ATPase was determined in the blood serum of rats. A
histopathological evaluation of the heart tissue was carried
out to determine any tissue damage. Blood pressure indi-
cators in the arterial hypertension group, which received
TTS with captopril, significantly decreased and became
almost the same as the blood pressure indicators in the
control group. These results suggest that matrix-type
transdermal patches made of Eudragit RL 100 and RS 100
polymers containing captopril may be considered as trans-
dermal therapeutic systems for the chronic treatment of
arterial hypertension and congestive heart failure. Thus, it
can be concluded that the transdermal delivery system can
be used as a drug for captopril [93].

The patch with enalapril maleate based on hydroxy-
propylmethylcellulose was characterized by such physico-
chemical characteristics as thickness, mass change, drug
content, and resistance to bending. Ex vivo skin perme-
ation studies were performed using a Franz diffusion cell.
The obtained data showed that the release of the active
substance occurred according to the principle of diffusion
according to the kinetics of the zero-order equation.

The results of the study show that enalapril male-
ate can be administered transdermally with matrix-type
TTS for the effective control of arterial hypertension and
the treatment of congestive heart failure and angina pec-
toris [94].

Pravin Gavali et al. investigated the possibility of
using different concentrations and polymer grades of
hydroxypropylmethylcellulose (K4M, K15M and K100M)
for the development of transdermal delivery of enalapril
maleate. The matrix films were evaluated by physico-
chemical characteristics followed by in vitro evaluation.
In vitro drug release follows Higuchi kinetics, as the
correlation coefficient of the values prevails over first-or-
der kinetics. In vitro dissolution profiles using rat skin
and human skin showed a slow and controlled release,
indicating that it occurs by diffusion. The maximum re-
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lease of the drug from this composition is 108.13 % up to
24 hours [95].

M Agilet et al. developed a transdermal therapeutic
system (TTS) of enalapril maleate (EM) using Eudragit
E100 polymers, polyvinylpyrrolidone K-30 in various ra-
tios and a penetration enhancer — piperidine hydrochloride.
TTS EM evaluated drug release in vitro and skin perme-
ation ex vivo. The transdermal form of the drug showed
positive results of preclinical bioavailability and antihy-
pertensive efficacy using the white rat model. The opti-
mized composition provides enalapril maleate release
in vitro at the level of 87.3 % and a flux of 380 pg/cm?/h
for 48 h. No chemical interaction between the drug and
excipients and no signs of skin irritation were detected
when using the patch. The developed composition was
stable, with a preliminary shelf life of two years. In exper-
imental hypertensive rats, a significant decrease in blood
pressure was observed (p<0.001), which was maintained
for 2 days. A three-fold improvement in the bioavailability
of TTS was observed compared to commercially available
tablets (AUC (from 0 to t): 1253.9 ng-h/mL compared to
422.88 ng-h/mL). These preclinical studies indicate the
feasibility of EM matrix-type TTS for the two-day treat-
ment of hypertension [96].

Enalapril maleate transdermal patch made using
rosin and PVP in the form of a separate polymer film
showed a stable release rate for 16 h and a drug release
rate of 89.23 %. The data of in vitro studies, which were
entered into various kinetic models, allowed us to as-
sume that the release is subject to zero order. Thus, it was
concluded that enalapril maleate transdermal patch may
be a potential candidate for safe and effective controlled
drug delivery over a long period of time [97].

As a transdermal route for potential drug delivery,
proniosomal gel delivery has attracted attention because
both nonionic surfactants and phospholipids themselves
act as penetration enhancers. After applying proniosomes
to the skin, they hydrate to form niosomal vesicles, and a
high thermodynamic gradient of activity develops at the
point of contact, which increases the permeability of the
drug. The ratio of nonionic surfactants to cholesterol can
change both the release characteristics and the encapsula-
tion efficiency of entrapped drugs. It also improves the
release and penetration of active substances through the
skin and regulates the rate of the drug release mechanism.
Reducing the size of vesicles due to nanoproniosomal tech-
nology can be the reason for increasing the rate and degree
of drug diffusion. The main goal of the study (M. Saba-
reesh et al.) was to create a nanoproniosomal gel of enal-
april maleate for the effective treatment of arterial hyper-
tension by the transdermal route and to ensure better
bioavailability. The study of penetration through the skin
ex vivo showed that the highest percentage of penetration
of the active substance from the drug was about 89.72 %.

During in vivo antihypertensive studies, it was
established that the proniosomal gel composition of EM
significantly (»<0.001) reduced blood pressure within
limits close to normal values, and this level was main-
tained for 24 hours. This indicates that the drug penetrat-
ed and was constantly released into the systemic circula-
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tion for up to 24 hours in the body of rats. At the same
time, blood pressure indicators after treatment in the
main group (D) were comparable to the control group (A).
The drug was successful in returning the rats’ blood
pressure to normal values. The above results suggest that
the proniosomal gel formulation of enalapril maleate has
a promising future for the treatment of hypertension,
which needs to be confirmed by clinical trials [98].

The results obtained (Jitendra Banweer et al.) of the
study of the in vitro release of lisinopril dihydrate from a
matrix-type plaster based on hydroxylpropyl methylcellu-
lose (HPMC) and polyvinyl acetate (PVA) containing oleic
acid and isopropyl alcohol in a 1:1 ratio showed the most
promising flow of the medicinal substance in vitro and
possessing excellent physicochemical properties at normal
and accelerated temperature regimes [99].

The purpose of the work (Rajendra Messa, Srinivas
Ampati) is to obtain transdermal films for the treatment of
arterial hypertension with lisinopril dihydrate. The main
interest of the authors in such a dosage form was to direct
the drug to the site of its absorption, controlling the release
of the drug in the therapeutic range for a longer time.
Transdermal films of lisinopril dihydrate were obtained
using HPMC K4M, HPMC K15M, Eudragit RS 100 and
Eudragit RL 100 as polymers. Propylene glycol was used
as a plasticizer, and SPAN20 as a penetration enhancer.
The evaluation of their physicochemical properties and the
study of release kinetics gave satisfactory results. The
drug showed a high and controlled release activity both
according to the in vitro drug diffusion profile and accord-
ing to physicochemical parameters. In zero-order kinetics,
the regression value of the drug was 0.992. The maximum
diffusion of the medicinal product is achieved after 12 h
when using the drug [100].

A transdermal patch based on the transphenosomal
composition (Aparanjitha R. et al.)) of lisinopril dihydrate
was developed and evaluated. Lisinopril was encapsulated
in a vesicle by the method of film hydration using various
surfactants and characterized by transferase morphology,
particle size, drug capture and release efficiency. The opti-
mized transferase suspension was produced in the form of a
transdermal patch by solvent casting and evaluated in vitro.
Based on penetration studies, it was determined that the
flux is 26.72+0.23 (ug/cm?/h), and the cumulative amount of
penetrating substance is (Q24) 751+0.94 pg/cm?. The re-

lease of the substance from the patch was 84 %, which is
better compared to the oral bioavailability of lisinopril [101].

Study limitations. The analysis of research con-
ducted in the article on the development of transdermal
forms of delivery of antihypertensive drugs is limited to
the coverage of the use of only certain representatives of
one group of APIs, in particular, ACE inhibitors.

Prospects for further research. The expansion of
the scientific search for the development of transdermal
antihypertensive drugs of other groups will allow us to
analyze even greater future prospects for the introduc-
tion of transdermal technologies in the treatment of arte-
rial hypertension.

6. Conclusions

The review of domestic and foreign literature con-
firmed the relevance of biopharmaceutical research in the
field of development of innovative dosage forms — transder-
mal therapeutic systems for the treatment of hypertension.

The choice of promising antihypertensive APIs of
the ACE group (enalapril maleate, lisinopril dihydrate,
and captopril) is justified, considering their specific
physicochemical properties that are suitable for penetra-
tion through the skin.

The market for transdermal drug delivery is in-
creasing, and there is a prospect of higher growth rates in
this market in the coming years.
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