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Background and Objectives: Nanomedicine and drug delivery
systems are a relatively new but rapidly developing branch of science,
which investigate materials in the nano- and microscale range as
diagnostic tools or carrier for delivery of therapeutic agents to specific
targets within the body in a controlled manner. As far as the systemic
administration faces a range of problems that cannot be solved by
traditional approaches, it becomes extremely relevant to develop novel
therapeutic options. Results: In this paper we provided information
about the most interesting and promising strategies from our point of
view that optimize the drug delivery process using various composi-
tions of nano- and microcarriers of different nature and design, special
physicochemical amplifiers, various devices, and methods. The current
review briefly presents the latest advances in the field of nanomedicine
and drug delivery systems driven by impressive recent results in the
field of nanomaterials, drug carriers of different compositions, specific
physicochemical amplifiers, various devices and methods. Few basic
routes for drug delivery in vivo including injections, implantation and
transdermal delivery open up a new avenue for an improved topical
medical treatment which is considered and compared to each other in
the current review. All of these routes offer certain advantages of terms
drug absorption, targeting, prolongation, spatiotemporal accuracy,
reduction of dosage and many others that must be taken into account
to provide a correct approach for the treatment of a specific disease.
Conclusion: Invasive and non-invasive implantation of drug delivery
carriers and devices are reviewed together with transdermal routes
leading to effective absorption of drugs with minimal side effects. The
innovative approaches to drug delivery discussed here open venue
for effective treatment of a wide range of diseases, especially chronic
ones, that cannot be defeated by traditional approaches. Although
transdermal delivery offers a promising non-invasive way to treat a
variety of diseases, chronic illnesses can be treated more effectively
by implantation of drug delivery devices with a bidirectional connection
that in the future can drastically improve the quality of life. Diversity of
emerging technologies in microelectronics, sensors and biomaterials
leads to dramatic changes in the medical industry and appearance
of new systems providing medical treatment in theranostics fashion.
Key words: nanomedicine, drug delivery, theranostics, implantation,
transdermal system.
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Introduction

Currently, a great amount of highly effective
drugs is developed, however, the problem of their tar-
geted delivery to a specific organ or pathological site
remains challenging. In this regard, one of the main
trends in pharmaceutical industries along with the
development of novel active biological compounds is
the improvement of their delivery into the body. There
are several routes for drug delivery based on carriers,
which can be introduced into the body by means of
injections, implantation or transdermal delivery.

The problems associated with standard injections
are caused by difficulties in use by untrained users
as syringes can result in injuries and infections and
pains. Besides syringes can be reused by people with
drug addiction, if they are not disposed properly. A
large percentage of patients are afraid of syringes that
causes problems in therapy, regardless of the reasons
in pain and necessity of use. In order to overcome
issues associated with user compliance, a number of
needleless syringe designs have been proposed. Such
syringes deliver the drug to the subject by injecting the
drug through the skin of the subject under air pressure.

However, these techniques do not resolve a range
of problems associated with the systemic administra-
tion of drugs leading to side effects and the necessity
to repeat the procedure regularly. Novel technologies
in drug delivery systems offer a range of routes the
drug can be delivered in, accompanied by an oppor-
tunity to endow it with a bidirectional connection in
a theranostics fashion. These systems are based on
drug carriers and enable to control release profiles of
drugs with high spatiotemporal precision.

The current review is focused on recent advances
in the routes of drug delivery and biosensors incor-
poration into the body. Invasive and non-invasive
implantation of drug delivery carriers and devices are
reviewed together with transdermal routes leading to
effective absorption of drugs with minimal side effects.

1. Delivery of drug carriers

by subcutaneous injections

The subcutaneous fat layer is well supplied with
blood vessels, therefore, the effect of drugs can be
reached with subcutaneous injections are widely
employed. Subcutaneously administered drugs be-
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come absorbed quickly in comparison to the drugs
absorbed via oral administration. Subcutaneous
injections are made with a needle at the depth of 15
mm and can provide drug volume of up to 2 mL,
which are rapidly absorbed in loose subcutaneous
tissue and do not have a harmful effect on it.

Hydrogels

A variety of drug delivery carriers were shown
to exhibit therapeutic effect in the body upon
introduction via subcutaneous injections such as
liposomes [1, 2], magnetic iron oxide nanoparticles
[3], carbon nanoparticles [4], gold nanoparticles [5]

(Fig. 1).

Fig. 1. Different types of drug delivery carriers used in subcutaneous injections.
Reprinted with permission from [2]. Copyright Elsevier, 2018

However, it is known that the intravenous ad-
ministration of liposomes and various polymer-based
pharmaceuticals causes vegetative, mucocutaneous
and cardiopulmonary reactions in some cases [6].
Symptoms include fever, chills, shortness of breath,
hydrops, rash, cough, shortness of breath, polypnea,
hypertension/hypotension, and chest and back pains.
These symptoms range from mild to severe with
an unknown reaction in response to pre-existing
allergen-reactive immunoglobulins (e.g., IgE type
antibodies). However, modern pharmaceuticals used
in clinical practice are not designed to overcome
these problems.

The mechanism underlying the reactions to
pharmaceuticals in response to intravenous ad-
ministration is not well understood. It is assumed
that the unintentional activation of the complement
system, which is the first line of defense of the
body against extraneous intrusions, is a causative
factor [7].

The authors of [8] have observed an additional
problem in the difference of therapeutic effect in
dependence on the site of injection. The authors
studied the relationship between the left or right
ulnar veins and with intravenous contrast injection
sites and the quality of improved CT images of the
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chest. Interestingly, contrast images obtained by
injection into the right ulnar vein showed better
quality than images obtained by injection through
the left arm. An increase in the contrast improved
the image quality of a CT scan of the chest when
injected into the right ulnar vein, avoiding passage
through a possibly squeezed left brachiocephalic
vein, that is especially relevant for elderly patients.

2. Implantation of theranostics systems

Biomedical engineering in recent years has
made a breakthrough in the field of theranostics
materials and devices which are consisted of drug
delivery and biosensing systems [9]. These ap-
proaches enable tuning of therapeutic treatment
employing targeting drugs together with control
over release profiles into the body that can increase
efficiency in comparison to systemic administration.
The drug delivery process can also improve thera-
peutic affect by targeting a drug to a pathological
site. However, this approach demands a mechanism
to provide external control over the system at every
step of the process. To date, a variety of materials
and devices can offer a wide range of mechanisms
of drug delivery and release according to the clinical
requirements.
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Drug delivery approaches can be divided into
active and passive. Active systems are designed to
implement release in response to an external signal
which can be represented by electromagnetic waves,
radio waves, ultrasound and others. It means that the
system should be composed either of multifunctional
composite material or devices containing power bat-
teries and on-board electronics, usually accompanied
by sensors. Passive systems designed in a specific
way to provide release in response to the physical
properties of the medium in the body.

In this way, microfabrication techniques become
important in terms of miniaturization of implantable
systems to provide implantation of multifunctional
theranostics systems to different sites of the body. It
should be noted that passive devices are beneficial
in terms of size limitations as they are not equipped
with active electronic parts and can be introduced
to the body in a minimally invasive way [10]. Drug
release can be assisted by different types of stimuli
such as temperature [11, 12], pH [13, 14], and light
[15, 16]. Besides these parameters should be taken
into account to provide control over pharmacokinet-
ics and increase therapeutic efficiency although pas-
sive systems are unable to implement drug release
with complex release profile and dependency on
multiple parameters [17].

The drug delivery devices and sensors can be
implantable in an invasive and non-invasive way
[18] or introduced via the transdermal route [19].
Implantable systems can be represented by complex
micron-sized robots [20, 21] or capsules [22, 23].
Usually, implantable devices contain microreservoir
filled with a drug, actuator and other electronic com-
ponents to initialize release, sensors, and antenna to
provide bidirectional connection [24]. In the case of
active devices, the external transmitter wirelessly
receives information from the device and delivers
information if the actuating mechanism should be
triggered to release the drug. This approach has
benefits in comparison to systemic administration
as it helps to reduce side effects as released drugs
tend to accumulate near the site it was injected in.

In the other case, multifunctional carriers made
of composite materials are employed for delivery,
detection and release in response to physical and
chemical surroundings in the body or specific type
of external influence [25]. Biocompatible arrays
of free-standing micron-sized chambers made of
biodegradable polymers (polylactic acid or polyelec-
trolytes) were shown to provide either burst release
triggered by NIR light [26] or prolonged release in
response to enzyme treatment in vivo [27]. These
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chambers allow creating both independent drug
depot implants [27] or as functional coating for im-
plants [28]. Besides inorganic fillers, complex films
consisted of lipids and biopolymers such as DNA
[29] can find application as biosensors.

In dependence on medical indications, the
gastrointestinal route for the introduction of sensors
and drug delivery systems into the body can be used
[22,23]. This route is beneficial as it is a simple and
noninvasive way to introduce drugs, however it is
limited by a number of diseases that can be treated.
The therapeutic effect of the complex capsule con-
sisted of a camera, illumination, a drug delivery
channel and an ultrasound transducer was stud-
ied in vivo. Once swallowed the capsule provides
controllable release in response to pH or enzymatic
treatment or in response to an external signal that
makes it possible to tune the site of release. In other
case composite alginate-based microchambers were
studied in vivo and shown to be stable in the gastro-
intestinal tract of C.elegans and release the model
drug in response to NIR laser trigger [30].

A wide range of implantable multifunctional
systems with a drug depot is represented by compos-
ite scaffolds based on functionalized biocompatible
polymeric matrices. In combination with the sensing
and drug delivery approach, scaffolds are a promis-
ing candidate in the field of tissue regeneration [31,
32]. Usually, scaffolds consisted of hydrogels or
biopolymers functionalized by drug delivery carri-
ers such as calcium carbonate particles and gelatin
microspheres [31, 33]. The basic requirements for
tissue engineering implants are biocompatibility,
biodegradability, the possibility of cell coloniza-
tion over the scaffold and cell proliferation in
order to form new living tissue, the structure, and
functions of which are similar to the properties of
native tissue [34]. Along with the restoration of
structural defects in tissues, such materials also
enable restoration of the functions of the tissues
lost as a result of damage [35].

Together with hydrogels, nanofibers have found
application as an implantable drug delivery system
characterized by high flexibility and prolonged re-
lease of anti-glioma drug [36]. Alternatively, «drug
delivery» term can suggest also the delivery of light
energy as it was demonstrated with an implantable
micro-optical semiconductor device, which provides
both the delivery of light energy and the detection
of optical signals within the body [37].

In general, hydrogels are widely applied as
drug delivery carriers and sensors due to the great
possibility of functionalization by fillers of differ-
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ent nature. Hydrogels functionalized by graphene
were shown to have great stimuli-responsiveness
with high efficiency as an active component in
actuator systems [38]. This approach continues
the trend which started since the investigation of
the first glucose electrochemical sensor. Together
with new developments in the area of biocompat-
ible functional materials, wireless power supplies
and bioengineering, the latest advances in sensing
techniques allowed investigation of implantable
biosensors, that in some cases are accompanied by
drug delivery systems in a theranostics fashion.

Graphene applied as a functional component
in the hydrogel matrix contributes to the actuation
performance of the composite in terms of electri-
cal conductivity and mechanical properties, which
allows the resulted material to change shape and
dimensions in response to stimuli in a reversible
manner. Hydrogels doped with graphene were shown
to exhibit stimulus-responsive swelling that allowed
realizing signal transduction in biosensors and bio-
electronics [39]. In this way, composite hydrogels
found a wide range of applications as implantable
sensors [40]. Hydrogel based composites were dem-
onstrated to serve as a pH [41] electrical [42] and
photonic [43] responsive-actuator.

Along with advances in biocompatible com-
posite materials, new developments in microelec-
tronics, microfluidics, microsensors have led to
an increasing number of technologies focused on
implantable biodevices for continuous monitoring.
These devices can help to resolve many clinical tasks
including detecting or monitoring pathogens, ions,
diseases, etc. [44]. Progress in this area has led to
the development of a wireless implantable glucose/
lactate sensing biochip made on the basis of on-chip
potentiostats and new signal processing techniques
[45]. Implantable bio-micro-electro-mechanical
systems for the monitoring of blood flow in situ have
also been developed [46].

3. Transdermal delivery of hybrid carriers
and methods of stimulation

Various technologies and strategies for the
delivery of therapeutic agents into the body have
been widely investigated over the past decades. To
date, many studies have proven an increase in the
delivery efficiency of vaccines and various drugs,
that can reduce the dosage of the drug and provide
a minimally invasive alternative to traditional vac-
cination and dosage forms. Significant progress
has been made in the field of various vaccinations
and transdermal drug delivery among which are the
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following technologies: jet and powder injections,
microneedles, microporation technologies, elec-
troporation, sonoporation, as well as transdermal
and transfollicular drug delivery.

Most drugs employed today in clinical practice
are either injected or orally administered. Injec-
tions usually provide a quick, direct route to the
bloodstream, while oral administration involves
metabolization of the pharmaceutical agent in the
liver. Hepatic metabolism reduces the efficiency of
pharmaceutical agents up to 90% in some cases. As
a result, a significant amount of the drug does not
reach the rest of the body due to the detoxification
of the drug by the liver. Despite this drawback,
oral administration is still the most preferred route
of administration of pharmaceutical drugs due to
simple administration and the opportunity to avoid
invasive methods such as injections.

To date, sonophoresis becomes an increasingly
common method of drug administration. Thera-
peutics or model substances can penetrate through
the skin, hair follicles, and sweat glands by means
of vibration influence. The ultrasonic treatment
(sonophoresis) is one of the least invasive physical
stimulants. It is effectively employed in order to
enhance intra- and transdermal delivery of bioactive
molecules and solid particles. Ultrasound treatment
of the skin at frequencies over 0.7 MHz leads to an
increase in pressure in the medium and subsequent
formation of cavitation bubbles inside the inherent
cavities represented by hair follicle shafts and sweat
glands [47]. Vibrations of the bubbles within folli-
cles provokes movement of the particles’ suspension
down the follicle. Previously, ultrasound treatment
at the frequency of 1 MHz and a power density of
2 W/ecm? was shown to be safe for the skin of rats [48].

Ionophoretic delivery is another effective non-
invasive approach for therapeutic drug delivery [49].
Typically, transdermal iontophoresis generates a
small electric current (0.1-0.5 mA cm2) in the skin
to induce transdermal molecular transport, enhanc-
ing drug delivery by electro-repulsion and electroos-
mosis. At neutral pH, the skin is negatively charged
and has cationic selectivity [50]. Thus, the passage of
current causes a convective flow of solvent from the
anode to the cathode, leading in increased transfer of
cations and improved transdermal transfer of neutral
polar substances. The effects of electro-repulsion
and electroosmosis depend on the physicochemi-
cal and electrical characteristics of the membrane.
In addition, the negative charge of the skin can be
reduced, neutralized, or even completely altered by
the iontophoresis of some cationic, lipophilic species
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[51]. In addition, a combined strategy to improve
the permeability of the skin for drugs based on the
simultaneous use of sonophoresis and iontophoresis
was developed. This strategy showed a significantly
higher gain in comparison to using only one ap-
proach. A miniature device able to induce sonopho-
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resis and iontophoresis is a promising approach due
to the enhanced transdermal drug delivery and the
possibility of self-administration in the cosmetic and
therapeutic fields [52].

Various alternative methods for improved skin
penetration are presented in Fig. 2.
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Fig. 2. Different approaches towards subcutaneous drug delivery. Injection, microporation and local transport region (LTR)
techniques are displayed in representative dimensions relative to the epidermal layer of the skin

Technologies related to microporation for the
delivery of macromolecular drugs, biopharmaceuti-
cals and vaccines are developing rapidly [53].

Microneedle mediated drug delivery has been
proposed as a strategy for disrupting the barrier
function of the stratum corneum to provide effi-
cient transport of molecules through the skin. This
strategy suggests the employment of micron-sized
needles of different geometries, which penetrate
through the skin and create transitional water chan-
nels. Microneedles alone or in combination with
other enhancing strategies (chemical or physical)
have been shown to significantly increase skin
permeability for a variety of therapeutic molecules,
including in vitro, ex vivo or in vivo biopharma-
ceuticals [53].

A device with a microneedle matrix perforates
the stratum corneum of the skin, which provides
direct access of drugs to the underlying viable epi-
dermis in absence of contact with blood vessels and
nerve fibers located in the dermis. To date, there are
several different approaches for transdermal drug
delivery based on microneedles: solid microneedles
(to increase the permeability of drugs by means of
microholes created over the skin), microneedles with
a coating (to provide quick dissolution of the drug
together with the coating at underlying viable epider-
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mis), soluble microneedles (for quick or controlled
release of the drug trapped within microneedles),
hollow microneedles (used to penetrate through the
skin and provide release of liquid drug after infu-
sion or diffusion of the drug through the hole of the
needle) [54].

4. Application in medical practice

Currently, several microneedle products were
released on the market for cosmetic applications.
LiteClear® microneedles are used to treat acne and
other skin diseases, and MicroHyala® is used to
reduce the appearance of first wrinkles [54]. The
only microneedle system available on the market
for therapeutic use is the Becton-Dickinson Solu-
via® microinjection device, consisting of a 1.5 mm
hypodermic needle attached to a syringe pre-filled
with an influenza vaccine. Soluvia® is currently
marketed worldwide as IDflu®, Intanza®, and
Fluzone Intradermal® and applied for intradermal
vaccination. Micronjet® is used as an effective,
accurate, and almost painless intradermal delivery
of commercially available dosage forms, includ-
ing influenza vaccines, lidocaine, and insulin for
humans [55].

The most common and less invasive methods
to improve drug penetration through the skin barrier
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are based on either removing the outermost layer
of the skin by peeling off the tape or using various
chemical enhancers such as dimethyl sulfoxide,
ethylenediaminetetraacetic acid (EDTA), sodium
glycocholate and related cholates, Tween 20 (non-
ionic polysorbate surfactant), Brij 35 (polyoxyeth-
ylene lauryl ether), saponins, bile salts. Typically,
penetration enhancers are small molecules that tem-
porarily soften the bond between adjacent cells of the
corneal epithelium (EDTA) or increase the fluidity
of membranes (cholates) [55]. Oleic acid, the most
studied unsaturated fatty acid, is a component of the
transdermal composition Vivelle® estradiol, acting
as a permeability enhancer along with propylene
glycol [56] and peptides (both for macro molecules
and micromolecules) [57].

A few implantable sensors for continuous moni-
toring of body characteristics have been developed
and released [58]. The identification device RFID
tag developed by VeriChip Corporation is a great
example of a successful implantable device. This
device optionally can be implanted in the upper arm
where the medical professionals use the serial num-
ber emitted by the VeriChip in order to enable rapid
obtaining of the vital data regardless of people’s
availability [58, 59]. Recent advances in biosen-
sors offer novel solutions of a variety of tasks such
as control over glucose level, pregnancy and DNA
testing, microRNA detection, etc. [60].

Conclusion

Thus, emerging technologies in the field of
novel microelectronics, sensors, miniaturization
techniques, and biomaterials lead to an investigation
of implantable drug delivery and monitoring sys-
tems. Problems in traditional routes of drug absorp-
tion and dosage forms stimulate the development of
novel designs for drug delivery which in some cases
are accompanied by the bidirectional connection.
One of the most promising approaches based on
transdermal delivery of carriers loaded with drugst
as it helps to avoid unnecessary invasive interven-
tion. However, transdermal delivery is limited by a
number of diseases that can be treated in this way. In
this paper we provided information about the most
interesting and promising strategies from our point
of view that optimize the drug delivery process using
various compositions of nano- and microcarriers of
different nature and design, special physicochemical
amplifiers, various devices, and methods. We hope
to encourage other researchers to go beyond the
traditional methods of drug delivery and put into
practice new ones.
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CucTembl Ha OCHOBE MOAXOA0B HAHOMEAMUMHBI M [JOCTaBKW Ne-
KapCTB SIBASIOTCS OTHOCUTENBHO HOBOW, HO BLICTPO Pa3BUBAIOLLEH-
Csl OTPAC/bIO HAyKMW, KOTOpasi UCCNeayeT MaTepuabl B avanasoHe
HaHO- 1 MUKPOMACLLTA00B B KAYECTBE MHCTPYMEHTOB AMArHOCTUKM
WM HOCUTENEi NS I0CTABKM TEepaneBTUYecKNX CPeACTB K onpe-
JeNeHHbIM LieNeBbIM yyacTkaM B OpraHuame. B paHHoM 063ope
KpaTko npeacTaBneHbl [OCTUXEHUS MOCNedHUX NeT B 061acTyn
HaHOMEZMUMHLI U CUCTEM [OCTaBKW NIEKapCTB HAa OCHOBE HaHO-
MaTepuanoB W HOCWUTENE NEKapCTBEHHbIX CPEACTB PasfMYHOro
COCTaBa, CNeLUMPUYECKUX GUINKO-XUMUYECKUX YCUNUTENEN, pas-
JMYHBIX YCTPOIACTB M METOA0B. PaccMaTpuBaioTcs U CpaBHMBAIOTCS
HECKOJIbKO OCHOBHbIX CTPATEruii OCTABKM CUCTEM IS Tepanim 1
JVArHoCTUKM in vivo, BKIKOYAs MHBEKLMW, UMMIAHTALMI0 U TPaHC-
JepMaibHyio ocTaBky. Bce atv nytu 06nafaioT OnpeneneHHbl-
MW NPEVMYLLECTBAMW OTHOCUTENbHO abcopOLMM NEKAPCTBEHHBIX

CcpencTs, AOCTaBKU MX K 3a4aHHbIM y4aCTkaM OpraHu3ma, npo-
NIOHraUMU WX OEACTBUS, CHUXEHMS O3UPOBKNA M MHOMMX ApYrix
napameTpoB, KOTOpble HE0OX0AMMO YuMTbIBaTh 1S 0becneyeHus
MpaBuILHOTO NOAX0AA K JIeYeHnio KOHKPeTHOro 3abonesanus. 06-
CyXAaaemble 30eCb MHHOBALIMOHHbIE NOAX0Abl K I0CTABKE JIEKAPCTB
OTKPBIBAIOT BO3MOXHOCTM 719 3GPEKTUBHOTO JIEYEHUS LUIMPOKOTO
cnekTpa 3abonesaHuii, KOTOpbIE HEBO3MOXHO NOGEANTL TPaAULM-
OHHbIMK NOAXO4AAMWU, 0C00€EHHO XPOHUYECKUMU. Xotq TpaHcaep-
ManbHag [I0CTaBka npeanonaraeT nog coboi MHOroobeLaoLmii
HEWHBA3MBHbIA CMOCOO NeYeHNs pas3nuyHbiX 3ab0neBaHWin, OT-
HOCUTENbHO XPOHWUYECKMUX 3a00NeBaHUin UMNNaHTaLMs YCTPOICTB
ANA NOCTaBKKN IeKapCTB C JJ,ByHaI'IpaBﬂeHHOVI CBA3bi0 ABNIAeTCH 00-
nee Sd)d)eKTI/IBHbIM noaxoaom, 4To B 6yp,yu1,eM MOXET 3Ha4YuUTesIbHO
YNYYLWINTb KAYECTBO XMU3HW. PazHoobpasune nosBnsIolLMXCs TEXHO-
NIOTUiA B MUKPO3NEKTPOHMKE, CEHCOopax U GruomaTepuanax npueo-
AUT K KapAuHaNbHbIM U3MEHEHNSIM B Me,EI,VILI,VIHCKOVI NPOMBILLNEH-
HOCTU 1 NOABNEHUIO HOBbIX CUCTEM, oﬁecneqmaalou.unx JNieyeHue B
pamkax TepaHOCTUKM.

KnioyeBble cnoBa: HaHOMeOMLMHA, [I0CTABKA JIEKapCTB, TePaHo-
CTWKa, UMNNIAHTUPOBaHWe, TpaHCAepMalibHble CUCTEMbI.

MocTynuna B pepakumio; 05.03.2020 / Mpunsita: 24.03.2020 /
Onyb6nukoeata: 01.06.2020

Cratbs onybnukoBaHa Ha ycnosusix smueHsun Creative Commons
Attribution License (CC-BY 4.0)

BnaropgapHocTu

Paboma evinonnena npu ¢unancosou noo-
Oepoicke Munucmepcmea nayxku u evicuieco 00-
pazosanus Poccuiickoii @edepayuu 6 pamkax
BbINOIHEHUS 20CYOAPCMBEHHO20 3A0aHUS (NPOEKM
Ne FSRR-2020-0002). Anexceii Epmaxos 6aazo-
dapum cmunenouaivHyio npoepammy Ilpesuoenma
Poccuiickou @edepayuu (npoexm CII-1488.2019.4).

OO0pasen a1 UUTHPOBAHMSA:

Ermakov A. V., Lengert E. V., Venig S. B. Nanomedicine and Drug Delivery Strategies for Theranostics Applications
[Epmakos A. B., Jleneepm E. B., Benue C. b. Ctpareruu B 00JaCTH HAHOMEIUIIUHBI U TOCTABKH JIEKAPCTB ISl TIpUME-
HeHust B Tepanoctuke] / V3. Capar. yu-ta. Hos. cep. Cep. @usuka. 2020. T. 20, Boin. 2. C. 116-124. DOI: https://doi.

org/10.18500/1817-3020-2020-20-2-116-124

124

HayyHbifi otaen



