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Abstract - Our century is characterized by the introduction of innovative technologies that are used in all spheres of life, including
in pedagogy, which helps to familiarize students with modern medical and pharmaceutical technologies.

These drugs are obtained by using biological objects by means of special technological processes of cell engineering, hybrid
technologies, engineering enzymology, engineering immunology, and others. Biotechnological preparations include certain
antibiotics, hormonal and vitamin preparations, blood preparations, cytokines, immunomodulators, enzymes, lipids,
polysaccharides, monoclonal antibodies, and others. Biotechnological preparations differ from chemical synthesis drugs not only
in their production technology, but also in their significant molecular weight, complexity of the spatial structure of the protein, a
certain ratio of isoforms, instability of molecules, and other properties. At the same time, they have a significant cost due to the
complexity of the technological process: it is impossible to create analogues of biotechnological drugs by chemical synthesis. If
desired to reproduce biotechnological products, biosimilars are obtained which must be subjected to complete preclinical (in vitro
and in vivo) studies, taking into account the definition of pharmacokinetics and clinical trials. In Ukraine the exchange of
biosimilars is regulated by the pharmacovigilance system.

To improve the quality of teaching the pharmacology to students of medical and pharmaceutical faculties, it is necessary to
modernize educational technologies. For this purpose, biotechnological preparations are included in the pharmacology program for
students of medical and pharmaceutical faculties.
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faculties it is necessary to upgrade innovative

l. INTRODUCTION pedagogical technologies adjusted in

The 21% century is characterized by
the implementation of innovative
technologies that are used in all spheres of the
life, including pedagogy, biology, medicine,
clinic [1]. The development of medical
science, encourages lecturers to familiarize
students during lectures and workshops with
new achievements of pharmacology,
pharmacy, biology, which helps to develop a
new type of motivational sphere. To improve
the quality of pharmacology teaching for
students of medical and pharmaceutical

accordance with international standards. This
will contribute to the development of
creativity of future doctors and pharmacists,
professional competence, the creation of a
new position of a personality [2]. The
personal component of  professional
competence acquisition is closely related to
the development of new professional
knowledge of theoretical subjects that will
improve the implementation of new drugs in
the clinical environment. One of the modern
drugs whose representatives were included in
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the program of pharmacology for students of
both medical and pharmaceutical faculties
are biotechnological drugs which help to treat
rheumatoid arthritis, multiple sclerosis and
other serious diseases more successfully [3].

1. THE AIM

The aim of the work is to form a
system of teaching modern knowledge about
the pharmacology of biotechnological
preparations.

1. MATERIAL AND METHODS

Methods analysis of modern literature
data on the issues under the consideration, the
determination of practical aspects of teaching
the features of biotechnological preparations
in pharmaceutical universities and relevant
faculties of medical universities.

IV.  RESULTS AND DISCUSSION

Biotechnology as a science was born
in the 70s of the twentieth century, when the
transfer of genetic material from one
organism to another was carried out. Modern
biotechnology is a scientific discipline that
studies the possibility of using living
organisms, their systems or life products to
solve technological tasks and the possibility
of creating living organisms with the
necessary properties by genetic engineering
[4], and at the same time the methodology of
biologically active substances production
including drugs.

Biotechnological preparations
include medicines obtained using the
biological objects (microorganisms, human
cells and tissues, plants, animals, insect and
mammal cells, hybrid cells, yeast, genetically
engineered strains of microorganisms, DNA,
RNA) with the help of special technological
processes of cell engineering, hybrid
technologies, engineering  enzymology,
engineering immunology, etc.). Thanks to the
use of biotechnological preparations, positive
results were obtained in the treatment of such
serious diseases as bronchial asthma,
hepatitis C, diabetes mellitus, rheumatoid
arthritis, cancer, anemia, hemophilia and
others [5].

Among biotechnological preparations
are antibiotics, vitamins, hormone - like
substances, their synthetic substitutes,
insulin, growth  hormones, enzymes,
fibrinoleptics,  lipids,  polysaccharides,
monoclonal antibodies, organic acids, amino
acids, allergens, antigens, preparations from
human blood and plasma, as well as vaccines,
cytokines, immunomodulators, alpha - beta-
gamma interferons, immunosuppressants,
immune sera, immunoglobulins, interferons,
interleukins and others.

Biotechnological preparations differ
from chemical synthesis preparations in a
significant molecular weight and complexity
of the spatial structure of the protein. They
are characterized by the presence of the
quaternary structure, a certain ratio of
isoforms  and high heterogeneity.
Biotechnological preparations differ from
chemical ones by more complex structure in
combination of protein  with  high
heterogeneity and glycosylation degree. At
the same time the structural instability of the
molecule of biotechnological agents and
impurities was noted.

The living organisms are used for the
production of biotechnological agents and,
therefore, the active substances are very
dependent on the primary state of these living
organisms. Biotechnological preparations are
considered to be the medicine of the future as
they are more effective and safe and allow to
carry out targeted therapy for severe diseases,
whose success of treatment becomes possible
today thanks to biotechnological
preparations.  However, a significant
disadvantage of biotechnological
preparations is their high cost [5], which is
associated with complex algorithms of their
production. First, to solve the problem of
wider introduction of biotechnological
preparations it was proposed to synthesize
their analogues as it happens with the
majority of generic preparations. Meanwhile
by the usual synthesis of such a drug it was
impossible to create such a biotechnological
product. Therefore, with the help of modern
technologies, wishing to recreate a
biotechnological product a biosimilar is
obtained [6].



Biosimilar is a version of a registered
biotechnological drug but it is not an accurate
reflection of the biotechnological products
with which they were compared in the study.
They proved the similarity on the basis of a
comprehensive comparison of the similarity
of physical and chemical characteristics of
efficiency and safety [7]. To solve the issue
of the effectiveness and safety of
biotechnological drugs, individual
approaches were used in relation to clinical
studies, clinical trials, production, quality
control of drugs, prescribed in the treatment
process and pharmacological evaluation of
treatment results [7, 8].

It is paid attention to the fact that
biosimilars obtained during the production
may differ in a pharmacokinetic profile and
immunogenicity. The last may appear as
generalized reactions in the form of the
hypersensitivity reaction which is more
common. However, there is also
neutralization of endogenous protein in case
of loss of interferon efficiency or
neutralization of endogenous protein in case
of the erythrocyte aplasia [3].

Biosimilars are sometimes
characterized by heterogeneity of isoforms.
In connection with the above study of the
biosimilars effectiveness there are more
stages of comparison with generic drugs,
including comparative physico-chemical,
biological parameters, comparative to
clinical studies in vitro and in vivo, together
with pharmacokinetic tests, as well as
comparative studies of effectiveness in the
clinic. The effect on the immune system is
manifested in the form of a pathological
reaction of the immune system as the
hypersensitivity.

Telling in the lecture of the history of
the pharmacology, first it is remembered the
empirical period (the use of drugs in the form
they are met in the nature), for example, in
the form of plant materials. Then students are
focused on the etiological period (the second
half of the XIX century - the first 30 years of
the twentieth century) which was associated
with the research of the outstanding French
scientist and physician Louis Pasteur. It was
he who discovered the nature of
fermentation, proved the possibility of life in

the absence of oxygen, developed the
scientific basis of vaccination and vaccine
therapy, proposed a method of sterilization
(pasteurization, etc.).

The biotechnological period of the
development began in 1933 with the
publication of the work of A.Claver and
L.H.Z.Perkin “Methods of studying of
metabolism in fungi” which was the impetus
for the development of industrial sealing
equipment and mechanization of the
processes of creating conditions for the
production of antibiotics (1936-1945).
Genotechnical period of the biotechnology
began in 1953 and gets upgraded to the
present time.

Students should pay attention to the
fact that in Ukraine a significant element of
the biosimilar metabolism regulation is
pharmacovigilance and safety monitoring
because  biosimilars are more often
prescribed for the treatment of severe cancer
and immunodeficiency conditions [9]. These
remedies are more likely to cause adverse
effects on the immune system and other
organs and systems due to their mechanism
of action [3].

Biotechnological preparations are
included in the program of the pharmacology
for students of medical and pharmaceutical
faculties. At practical lessons and lectures on
the topic "hormones™ it is paid attention to
biosimilar analogues of insulin and growth
hormone. Insulin obtained by genetic
engineering has many biosimilars at the
pharmaceutical market such as insulin
aspartate, insulin lyspro, Insulin glargine.
Now the production of insulin biosimilars
continues and the requirements for their
quality are growing [10, 11, 12]

When analyzing the
pharmacodynamics of vitamin preparations,
attention is paid to alpha-tocopherol which is
obtained with the help of the biotechnology.
At classes and lectures whose topic is the
pharmacology of drugs that affect
hematopoiesis and hemostasis, we mention
blood factor drugs (factors VIII and 1X),

thrombolytic agents (dabigatran,
rivaroxaban, apixabsen), hematopoietic
growth  factor — erythropoietin and

granulocytic macrophage colony stimulating



factor. The latter increase the number of
leukocytes during chemotherapy and reduce
the risk of secondary infection of the patient
[13]. Considering the pharmacology of drugs
that affect the immune system, it is also
focused on hematopoietic germ factors,
which are natural cytokines prescribed
together with chemotherapy [14, 15]. In
addition to granulocyte-macrophage colony
stimulating  factor,  which  supports
leukopoiesis, it is necessary to recall
erythropoietin ~ which  stimulates  the
formation of red blood cells, and interleukin-
I, which contributes to the production of
platelets [16]. Cytokines as signal molecules
synthesized by leukocytes also include
interferons, interleukins, which  have
immunomodulatory effects and are therefore
included in the pharmacotherapy of
immunodeficiency states.

At practical lessons during the
analysis of antitumor pharmacological agents
we pay more attention to the drugs of
monoclonal antibodies which can be targeted
therapy in the treatment of malignant tumors
but they can also, unfortunately, show a
negative impact on the immune system.
Other biological products, such as vaccines,
also have antitumor effect but due to the
stimulating effect on the immune system.
Vaccines for cancer treatment contain
associated with tumor antigens to enhance
the activity of the immune system against
cancer cells. The antigens associated with the
tumor may be protein. They are located on
the surface or inside the tumor cell and,
therefore, can cause apoptosis or acquire the
properties of Killers. The BC6 vaccine
activates the overall immune response of the
body which can be directed both to the
activity of bacteria and tumor cells [17].

The largest group of biotechnological
drugs is monoclonal antibody preparations
[17]. Monoclonal antibodies are antibodies
that are produced by immune and other cells
cloned from a single B-ligocytosis precursor
cell that are specific to a certain antigen. The
producers of monoclonal antibodies are
hybridomas. They are proteins that bind to a
single site of an antigen and are produced by
single cells.

The range of the application of
monoclonal antibodies is extremely wide.
Students of the 3rd course mainly are given
examples  of  monoclonal  antibody
preparations and indications for their
prescription. For example, imizinum is
prescribed for the prevention of bleeding;
trastuzumab, rituximab - for cancer;
adalimumab, infliximab — for autoimmune
diseases. For diseases of the respiratory
system omalizumab, reslizumab are
prescribed; the cardiovascular system -
abciximab, hepatitis C — bavituximab.
Monoclonal antibodies can be classified
according to the technology of their
production and protein-chemical structure:
mouse, chimeric, humanized, completely
human antibodies [19-24].

There is a classification of
monoclonal antibodies by modification of the
structure, namely divided into
immunotoxins, conjugates with
radioisotopes, antibodies with  double
specificity. It is also possible to allocate
monoclonal antibodies by surface receptors
which are guided action of monoclonal
antibodies to CD markers, monoclonal
antibodies to receptors IL, monoclonal
antibodies to THF-a, monoclonal antibodies
to molecules of cellular adhesion. To
facilitate the recognition of the monoclonal
antibodies it was observed that they all end in
"mab"”, obtained from mice are "omab",
chimeric antibodies are "ximab", humanized
antibodies are "zumab™ fully human are
"umab” [21-23].

V. CONCLUSIONS

Thus, modern  biotechnological
preparations make up a significant part of the
world and domestic pharmaceutical market.
The use of biotechnological preparations is a
revolution in the treatment of such severe
chronic diseases as diabetes mellitus,
bronchial asthma, rheumatoid arthritis,
cancer, anemia, hemophilia.

Competence-based approach to the
structure of the pedagogical process for
students of medical and pharmaceutical
faculties aimed at improving the professional
orientation meets the needs of the health care



industry and will contribute to modernization
of creative and professional activities of
future professionals.

VI. PROSPECTS FOR FURTHER
RESEARCH

It is reasonable in the future to expose
more specifically the modern mechanisms of
action of monoclonal antibody preparations
for targeted therapy taking into account the
indications for the prescription and the
application peculiarities in every particular
case.
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HaumonaneHbI TEXHUYECKU YHUBEPCUTET Y KPauHbI
«KueBckuil MONUTUXHUYECKUH HHCTUTYT
nmenu Uropa Cuxopckoro», Kues, Ykpanna

Pedepar - Ham Bek xapakrepu3yercss BHEIPCHHEM HHHOBAIIMOHHBIX TEXHOJIOTHH, UCIIONB3yeMBIX BO BCEX chepax JKU3HU, B TOM
YUCIIe B MEAAroruke, CrocOOCTBYIOIMX O3HAKOMJICHHIO CTYJEHTOB C COBPEMEHHBIMU MEIMIMHCKHUMH U (apMaleBTHYECKUMHU
TEXHOJOrusAMHU. JlaHHbIE NpenapaThl MOIy4aloT ITyTeM MCIIOJIb30BAaHUS OMOIOTMYECKHX OOBEKTOB C IOMOIIBIO CIIEIUAIbHBIX
TEXHOJOTMYECKUX MPOLECCOB - KICTOYHOH WHXKEHEPUH, TMOPUIHBIX TEXHOJIOTHH, MH)KCHEPHOH SH3MMOJIOIMH, WHKEHEPHOH
UMMYHOJIOTMM U ApyruX. K OHOTEXHOIOrHYeCKHM IpenaparaM OTHOCSTCS OIpeJe]IeHHbIe aHTHOMOTHKM, TOPMOHAJbHBIC U
BUTAMMHHbBIC IIpEHaparbl, Ipernaparbl KpPOBH, LUTOKMHBI, WMMYHOMOIYJISTOPBI, (DEPMEHTHI, JMIUABI, IOJUCAXAPUIBL,
MOHOKJIOHAJIbHBIE aHTHTENA U JApyrue. BUOTeXHOIOrnyecKre rnpenaparbl OTIIMYA0TCs OT JIEKAPCTBEHHBIX CPEACTB XMMHYECKOr0
CHHTE3a HE TOJBKO TEXHOJOTHEH IONy4eHHUS, HO TaKKe MOJICKYJISPHOH MacCOH, CIOXKHOCTBIO IPOCTPAHCTBEHHOTO CTPOSHUS
0eJiKa, ONpeIeNICHHbIM COOTHOIICHHEM N30(opM, HECTAOMIBHOCTBIO MOJIEKYIT M IPYTMMH CBOMCTBaMU. BMecTe ¢ TeM, OHU HMEIOT
3HAYHUTENBHYI0 CTOMMOCTb, YTO CBSI3aHO CO CJIOXKHOCTBIO TEXHOJOIMYECKOro HpOLEcca — HEBO3MOXKHO IIyTEM XUMHYECKOro
CHHTE3a CO3aTh AHAJIOTM OMOTEXHOJIOIMYECKHX IpenaparoB. [Ipu jkenaHMM BOCCO3IaTh OMOTEXHOJIOIMYECKHE HPOIYKTHI
MONY4al0T OMOCHMUJISIPBI, KOTOpPbIE HEOOXOAMMO MOABEPraTh MOJIHBIM JAOKIMHHYECKUM (in Vitro ¥ in Vivo) HCCIEIOBaHHUSIM C
ydeToM onpenencHus (apMakoKuHeTUKH. B YkpanHe oOMeH OMOCHMHIIIPOB peryimupyer cucreMa (apmaxonanzopa. Jlis
YIy4IIEHHS KauecTBa NperofaBaHus hapMaKoIoruu CTYJEHTaM MEAMIMHCKUX U (hapMaleBTHYECKHUX (aKylIbTeTOB HEOOX0MMa
MOJICpHU3ALMS IEarornieckux TexHonaoruid. C 3Toi Lenbo B mporpaMmy 1o (hapMakoJIOruy BKIIOYEHbI OMOTEXHOJIOTHYECKUe
npernaparbl.

KimroueBble cj10Ba - 0MOTEXHOJIIOTMYHBIE TIPEapaThl, OHOCUMUIIAPBI, MOHOKJIOHAIbHBIC aHTUTEIIA, IIPO(ECCHOHAIBHOE 00y4YEHHUE .
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Peghepam - Haruie CTONITTS XapaKTepH3YEThCs BIPOBADKESHHSIM 1HHOBALIITHUX TEXHOJIOTIH, sIKi BAKOPHCTOBYIOTh Y BCIiX cdepax
JKUTTS, B TOMY YHCIi B MEJAroriui, W0 CIpUse O3HAMOMIICHHIO CTYACHTIB 3 CyYaCHUMH MEIUYHHMH Ta (hapMaleBTHIHHMU
TexHonorisiMu. Jlani mpemapatd OTPHMYIOTH IIUIIXOM BHKOPUCTaHHS OlOJIOTiYHHMX OO'€KTiB 3a JOMOMOrOIO CIIelialbHHUX
TEXHOJIOT'YHHX TPOLECIB - KIITHHHOI iHXKEHepii, FIOPUAHNX TEXHOJOTriH, 1HXKEHePHOI eH3MMOJIOTi], IHKeHepHOI iMyHoIorii Ta
iHmux. J{o 610TeXHOIOriYHUM penapariB HaleXaTh IeBHI aHTUOIOTHKU, TOPMOHAJIbHI Ta BITAMIHHI Npenapary, npernapaTi KpoBi,
LUTOKIHH, IMYHOMOIYJISITOPH, (PepMEHTH, JIITi/IH, MOoNicaxapyuan, MOHOKJIOHAIbHI aHTHUTINIA Ta iHIIi. bioTexHomoriuHi npenaparu
BiJ[3HAYAIOTHCSl BiJ JIIKAPCHKUX 3aCO0iB XiMIYHOrO CHHTE3y HE TLIBKM TEXHOJIOTI€I0 OTPHMAHHS, ale TaKOoX 3HAYHOIO
MOJICKYJISIPHOIO MacOI0, CKJIQ/IHICTIO IPOCTOPOBOi OYI0BH OiJiKa, IEBHUM CITiBBIIHOIIEHHSIM U30(OpM, HECTAOIIBHICTIO MOJIEKYIT
i IHIIMMH BIACTUBOCTSIMU. Pa3oM 3 THM, BOHM MalOTh 3HaYHY BapTiCTh, LIO MOB'SI3aHO 31 CKJIQJHICTIO TEXHOJIOIIYHOr0 Mporecy -
HEMOXITUBO [UISXOM XIMIYHOI'O CHHTE3y CTBOPUTH AaHAJOrM OiOTEXHOJIOriYHMX mpernapariB. [lpum OakaHHI BiqTBOpUTH
0i10TEeXHOJIOT1YHI MPOAYKTH OTPUMYIOTH OiOCIMINSpH, sIKi HEOOXITHO MijmaBaTH MOBHUM JOKTiHIYHHX (in vitro Ta in vivo)
JIOCITi[DKEHHSIM 3 ypaxXyBaHHSAM BU3HaUSHHs (apMaKOKiHETHKY 1 KIiHIYHUX BUIIPOoOYBaHb. B Ykpaini 0OMiH 6iociMUIIpOB peryroe
cucreMa (apMakoHaryisiny. [ MONMIMIIEHHsS SKOCTI BHKJIaJaHHsA (hapMakoyiorii CTyAeHTaM MEIMYHHUX Ta (apMaleBTHIYHUX
(daxkynbTeTiB HEOOXiIHA MOAEpHI3alis MeJarorivHuX TEXHOJOrii. 3 1€ METO B MHporpamy 1o (apMmakoiorii CTyaeHTam
MeIUYHHX Ta papMalleBTHIHUX (HaKyIbTETIB BKIIOYCHI 0i0TEXHONOrUHI Mpenapary.

Kniouosi cnosa - 6iorexHonorivyxi npemnapary, 0i0CiMilsipyu, MOHOKIIOHAJIbHI aHTHUTLNA, TpodeciiiHe HaBYaHHS
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