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Summary

The aim of the article. To study of the incidence of diabetes mellitus in Ukraine and to determine
the prospects for the use and pharmaceutical development of antidiabetic drugs.

Materials and methods. Data from the State Registers of Medicinal Products of Ukraine, of
Wholesale and Retail Prices for Medicinal Products declared in Ukraine under an international
non-proprietary or generic name (01.01.2024). Were used: systematic and comparative analysis,
processing and synthesis, and generalization to determine the forecasted prospects.

Results. In Ukraine the number of diabetes patients increased by 11 % in the group of children and
adolescents; in the group of elderly patients — by 12.5 %, among the adult working — 20 %, diabetes
of the II type predominates.

The trend of increase in the number of studies on the search for therapeutic alternatives for the
treatment of type Il diabetes and list of medicines on the pharmaceutical market has been revealed.
In Ukraine drugs for oral use include APIs of the following pharmacological groups: sulfonylureas;
meglitinides; biguanides; thiazolidinedione; o-glucosidase inhibitors; DPP-4 inhibitors; SGLT-2
inhibitors. Mechanism of action of the new class of oral hypoglycemic agents, approved by the FDA,
consists in blocking SGLT-2 proteins from the proximal convoluted tubule in the kidney, leads to the
prevention of reabsorption and excretion of the glucose molecule. This allows its use in combination
with insulin and other antidiabetic drugs for the treatment of type I and II diabetes in patients
of various age categories. According to the volume of clinical studies, SGLT-2 inhibitor SGLT-2
derivative gliflozin API drugs are the second largest group of antidiabetic drugs recommended for
use by FDA and EMA regulatory bodies.

Conclusions. The pharmaceutical development of mono and combined drugs with APIs SGLT-2
inhibitors gliflozin derivatives in combination with APIs with metformin, DPP-4 inhibitors, APIs
thiazolidinedione derivatives is promising for solving the problem of diabetes treatment and prevention
of complications for patients of different age groups including working population in Ukraine.

Keywords: diabetes, patients of different age groups, systematic and comparative analysis,
antidiabetic drugs, active pharmaceutical ingredients, sulfonylurea derivatives; meglitinide
derivatives; biguanide derivatives; thiazolidinedione derivatives; o-glucosidase inhibitors; DPP-4
inhibitors; SGLT-2 inhibitors; rational pharmacotherapy, therapeutic effectiveness; safety of use

INTRODUCTION

The problem of the increase in the number of diabetes
diseases is a medical and social problem that is becoming
global in the modern world and requires an effective
solution, first in medical supply based on rational
pharmacotherapy and support for patient safety.
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There is an observed trend of increasing R&D studies
on the development of drugs for the treatment of type
I diabetes, which is 23 %, and from 2020, the number
has increased to 33 %; type 11 — 57 %, from 2020 it will
increase to 77 %) and diabetes of the mixed type — 10 %
of the total number of drugs of leading pharmaceutical
companies on the global pharmaceutical market [1].
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The revealed trend is due to the fact that the number
of diabetes diseases in the modern world is increasing and
the number of patients with type 11 diabetes dominates [2].

FDA approved indications for oral hypoglycemic
agents focus primarily on the treatment of type II
diabetes. It should be noted that there are no FDA
approved indications for oral hypoglycemic drugs, such
as metformin, for the prevention of type II diabetes [3].

Most hypoglycemic drugs are designed to treat type
11 diabetes. It should be noted that a-glucosidase and
a-amylase inhibitors, aimed at inhibiting carbohydrate-
metabolizing enzymes, have been among the most
thoroughly studied hypoglycemic drugs.

Although a large list of natural and synthetic
substances have been investigated for their ability to
correct the dysregulation of specific enzymes involved in
the pathogenesis of type II diabetes, only a few of them
have been approved for clinical use [3].

Available evidence suggests that some of these
approved drugs may cause side effects, exacerbating health
complications in patients with diabetes.

Therefore, it is important to develop cost-effective
strategies for the production of new hypoglycemic
agents that minimize side effects while maximizing
efficacy, taking into account the molecular aspects of the
progression of type II diabetes.

THE AIM OF THE STUDY

To carry out a study of the state of solving the problem
of the spread of diabetes in Ukraine and to determine the
prospects for the use and pharmaceutical development of
antidiabetic drugs.
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MATERIALS AND METHODS

Research materials — data from the State Register
of Medicinal Products of Ukraine; information content
of the Central Health Service of the Ministry of Health
of Ukraine; data of the State Register of wholesale and
retail prices for medicinal products declared in Ukraine
under an international non-proprietary or generic name as
of January 1, 2024. Research methods: in the conducted
studies, methods of systematic and comparative analysis,
generalization, statistical processing and synthesis were
used in determining projected perspectives, design, tabular
and graphical means of presenting results. To implement
the goal and tasks of the research, software and electronic
resources of ATX (Anatomical-Therapeutical-Chemical),
ATC (Anatomical Therapeutically Chemical Classification
System), BCS (Biopharmaceutical Classification System),
Compendium, State Register of Medicinal Products
of Ukraine were used; statistical data and clinical trial
content data: https://www.wipo.int; https://www.dec.gov.
ua; https://www.clinicaltrials.gov; https://www. ncbi.nlm.
nih.gov; https://eacpt.org; https://bpspubs.onlinelibrary.
wiley.com, by keywords — names of antidiabetic
pharmaceuticals.

RESULTS

According to the official published data of the
Ministry of Health of Ukraine for the period 2021-2023,
as of January 1, 2024, in the group of children and
adolescents, the number of patients with diabetes reaches
about 10 thousand patients, according to the results of the
study, it increased by 11 %. The results of the study on the
prevalence of diabetes in the group of children of childhood
and youth in Ukraine are shown in the diagram in fig. 1.

pediatric patients and juniors
H2021 m2022 m2023

Fig. 1. Results of a study on the prevalence of diabetes in a group of children of childhood and youth in Ukraine
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In the group of elderly patients, the number of
diabetes patients is over 800,000, according to the results
of the study, it increased by 12.5 %.

The highest prevalence of diabetes mellitus for the
period 2021-2023 among the adult working population
of 1.2 million people has increased by 20 %, diabetes
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of the second type dominates, and in conditions of war
and exacerbation of the reaction to stress, the number of
complications also increases [4; 5].

The results of the study on the prevalence of diabetes
in groups of adult and elderly patients in Ukraine are
shown in the diagram in fig. 2.
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Fig. 2. The results of a study on the prevalence of diabetes mellitus in groups of adult and elderly patients in Ukraine

According to the results of the analysis, a trend of
steady growth in the number of studies on the search for
therapeutic alternatives for the treatment of type II diabetes
and an increase in the list of pharmaceuticals on the world
and Ukrainian pharmaceutical markets was noted.

On the pharmaceutical market of Ukraine as of January
1, 2024, oral preparations include active pharmaceutical
ingredients of the following pharmacological groups:

sulfonylurea derivatives; meglitinides; biguanides;
thiazolidinedione; a-glucosidase inhibitors; DPP-4
inhibitors; SGLT-2 inhibitors [6; 7].

Diagram of the ratio of the positioning of drugs of
certain pharmacological groups: sulfonylurea derivatives;
meglitinides; biguanides; thiazolidinedione; a-glucosidase
inhibitors; DPP-4 inhibitors; SGLT-2 inhibitors are
shown in fig. 3.

Inhibitors SGL T-2 |\ ——

Inhibitors DPP-4

|
Inhibitors a-glucosidase  p————————
Thiazolidinediones puu——
Biguanide derivatives g
Meglitinide derivatives puu—
Sulfonylurea derivatives g ——————
0 5 10 15 20 25 30 35 40

B The volume of positioning in the segment, %

Fig. 3. The scope of positioning of oral antidiabetic drugs from API pharmacological groups on the pharmaceutical market for the period 2022-2024
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According to the results of the research, the ratio
of drugs presented by manufacturers in the groups

Arterium UA

of sulfonylurea derivatives, meglitinides, biguanides,
a-glucosidase inhibitors is shown in the diagram in fig. 4.
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Fig. 4. The volume of supply of drugs with antidiabetic pharmacological drugs from API pharmacological groups of sulfonylurea, meglitinides,
biguanides, thiazolidinediones derivatives, o-glucosidase inhibitors by manufacturers to the pharmaceutical market of Ukraine for the period 2022-2024.

The ratio of drugs presented by manufacturers in
the group of DPP-4 inhibitors and SGLT-2 inhibitors is
shown in the diagram in fig. 5.

It should be noted that in modern industrial pharmacy,
the production of synthetic hypoglycemic drugs requires
specialized technological conditions at a pharmaceutical
enterprise and significant financial resources, since active
pharmaceutical ingredients are labile compounds.

However, gliflozin represents a new class of oral
hypoglycemic agents approved by the FDA for the
treatment of diabetes with a unique mechanism of action —
blocking SGLT-2 proteins from the proximal convoluted
tubule in the kidney, which leads to the prevention of
reabsorption and allows the glucose molecule to be
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excreted in the urine. Thanks to this mechanism of action,
drugs whose active pharmaceutical ingredient is gliflozin
derivatives reduce the level of blood glucose in the body
and belong to the group of SGLT-2 inhibitors [8].

SGLT-2 inhibitors are the newest class of antidiabetic
drugs, which are used in combination with insulin and
other antidiabetic drugs in the treatment of diabetes
mellitus I and II types in patients of various age
categories, the most effective is the use in the group of
adults to prevent complications and maintaining working
capacity.

The API group of SGLT-2 inhibitors gliflozin
derivatives is represented by the largest number of APIs
on the world pharmaceutical market.
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Fig. 5. The volume of supply of drugs from API pharmacological groups inhibitors DDP-4 and inhiditors SGLT-2 by manufacturers on the

pharmaceutical market

Based on evidence-based medicine, drugs from the
API of the pharmacological group of SGLT-2 inhibitors,
derivatives of gliflozin, are used in combination with
insulin and other antidiabetic drugs in the treatment
of diabetes mellitus types 1 and 2, in combined
regimens with metformin and DPP-4 inhibitors, as
well as in combinations of all three and preparations of
thiazolidinedione derivatives.

According to the volume of clinical studies,
inhibitors SGLT-2, derivative gliflozin API drugs are the
second largest group of antidiabetic drugs recommended
for use by FDA and EMA regulatory bodies.

The list of pharmaceuticals from API class SGLT-2
gliflozin derivatives presented on regulated markets and
approved by FDA and EMA includes: canagliflozin,
dapagliflozin, empagliflozin, ertugliflozin, ipragliflozin,
remogliflozin, luseogliflozin, tofogliflozin, sotagliflozin,
as well as pharmaceutically acceptable salts; remogliflozin
etabonate; sergliflozin etabonate [9; 10].

To determine the prospects for the development and
research of the therapeutic effectiveness of new mono and
combined drugs in the form of solid dosage forms for oral
use, it was necessary to carry out a systematic analysis
of the physico-chemical and pharmaco-technological
properties of API class SGLT-2 pharmaceutically
acceptable salts of gliflozin derivatives.

According to the results of the analysis, it was
established that SGLT-2 APIs of pharmaceutically
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acceptable salts of gliflozin derivatives, since they
have different solubility in water and differ in the
degree of permeability, belong to II-III classes of the
Biopharmaceutical Classification System (BSC), namely:
canagliflozin, ipragliflozin belong to the II class of BSC;
dapagliflozin, empagliflozin, ertugliflozin, remogliflozin,
luseogliflozin, tofogliflozin, sotagliflozin, as well as their
pharmaceutically acceptable salts belong to the III class
of BSC.

Among SGLT-2 inhibitors, the specificity of the
use of canagliflozin API drugs is that they are initially
prescribed at a dose of 100 mg per day, which is gradually
increased to 300 mg per day [9].

Whereas, the use of tablet forms with API — dapagliflozin
is 5 mg or 10 mg per day the use of tablet forms with API —
empagliflozin is 10 mg or 25 mg per day, depending on the
state of the body, features of the pathogenesis and medical
data of the patients.

DISCUSSION

Having analyzed the positioning on the pharmaceutical
market and the use of pharmaceuticals from the API list
of drugs of groups of biologically active substances that are
used to create effective pharmaceuticals for the treatment of
diabetes, it should be noted that gliflozin derivatives are new
active pharmaceutical ingredients, their solid dosage forms
for oral applications of urgent and prolonged action are just
entering the pharmaceutical market.
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However, according to the results of clinical studies,
the therapeutic effectiveness of the use of mono and
combined drugs with API derivatives of gliflozin for the
category of adult patients, in which the number of diabetes
diseases in the period 2021-2023, according to statistical
data, is the largest.

Considering the fact that in the conditions of the war
in Ukraine and the exacerbation of the patients’ reaction
to stress, type II diabetes mellitus dominates, the number
of complications is also increasing, the need to develop
and introduce new effective drugs to the pharmaceutical
market is gaining importance.

Especially important is the confirmed effective use
of mono and combined pharmaceutical preparations
with API derivatives of gliflozin for the treatment and
prevention of complications of diabetes in the group of
adult patients — the working population.

According to the results of the analysis, the therapeutic
effectiveness of the use of mono-pharmaceutical preparations
with API pharmaceutically acceptable salts and ethers
of dapagliflozin for all age groups of patients with
type II diabetes, complex treatment and prevention of
complications of diabetes I and mixed types was confirmed.

It is promising to develop and bring to the pharma-
ceutical market combined drugs with API derivatives of
gliflozin — dapagliflozin and empagliflozin in combination
with API of the pharmacological group of DPP-4 inhibi-
tors, in particular sitagliptin and vildagliptin.

API class SGLT-2 preparations of gliflozin derivatives
are the largest pharmacological group by the number of
positioning names in the wholesale and retail segments
of the global pharmaceutical market and the number of
sales on regulated markets — the total number of APIs is
11, drugs — 35 in the form of solid dosage forms for oral
use, while the number of registered pharmaceuticals in
Ukraine is only 4 mono and 2 combined drugs with API
dapagliflozin, empagliflozin and ipragliflozin.

The price level based on the results of the phar-
macoeconomic analysis and price comparison of other
antihyperglycemic drugs is not available for all categories of
patients in Ukraine who need systemic use of such drugs, es-
pecially for the elderly. Therefore, it is necessary to optimize
research on the development of new mono and combined
drugs to improve their quality, therapeutic effectiveness, safety
of use and availability of these drugs for the treatment of dia-
betes and prevention of complications in Ukrainian patients.

CONCLUSIONS

According to the results of research conducted in
Ukraine, the number of diabetes patients increased by
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11 % in the group of children and adolescents; in the group
of elderly patients, the number of patients with diabetes
increased by 12.5 %, the highest prevalence of diabetes
among the adult working population of 1.2 million
people increased by 20 %, diabetes of the second type
predominates, and in conditions of war and exacerbation
of the reaction to stress, the number of complications is
increasing.

Among antidiabetic drugs, drugs from the API of
the pharmacological group of SGLT-2 inhibitors derived
from gliflozin are promising for use in the treatment
of type I and II diabetes in patients of various age
categories, the most effective is the use in the group of
adults to prevent complications and maintain working
capacity. The use of drugs with API derivatives of
gliflozin is possible in combination with insulin and other
antidiabetic drugs in the treatment of diabetes mellitus
types 1 and 2, in combined schemes with metformin and
DPP-4 inhibitors, as well as in combinations with drugs
with API derivatives of thiazolidinedione, therapeutic
effectiveness is proven.

According to the volume of clinical studies, SGLT-2
inhibitor SGLT-2 derivative gliflozin API drugs are the
second largest group of antidiabetic drugs recommended
for use by FDA and EMA regulatory bodies.

Therefore, the pharmaceutical development of mono
and combined drugs with APIs SGLT-2 inhibitors gliflozin
derivatives in combination with APIs with metformin,
DPP-4 inhibitors, APIs thiazolidinedione derivatives is
promising for solving the problem of diabetes treatment
and prevention of complications for patients of different
age groups and the working category of the population in
Ukraine.

The prospects for further research. Prospects for
further research are the rationale for the organization of
the stages of pharmaceutical development of mono and
combined drugs with API SGLT-2 inhibitors derivatives
of gliflozin in combination with APIs with metformin,
DPP-4 inhibitors, API derivatives of thiazolidinedione to
solve the problem of diabetes treatment and prevention of
complications for patients of different age groups and the
working category of the population in Ukraine.
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Pestome

ACMNEKTU BUKOPUCTAHHS AHTUZIABETUYHUX 3ACOBIB Y ®APMALLEBTUYHIN NPAKTULLI HA OCHOBI
PALIOHANIbHOI ®APMAKOTEPARNI|

Fanuna J1. BockoGoiiHikoBa?, EreHiii 1. Borycnaecbkuii®, Biktopia B. loexyk', Jliogmuna B. KoHoBanoga',
Harena L. JoBxyk'

1 — HaujonanbHuii MeanyHmii yHisepeuteT imeHi 0. O. boromonbug, M. Kuis, Ykpaina
2 — KuiiBCbkuii MiXHApoZHWI yHiBepcUTET, M. KuiB, YkpaiHa
3 — KuiBCbKMiA HALOHANbHWIA YHIBEPCUTET TEXHONONII Ta An3anHy, M. Kuis, YkpaiHa

MeTa: AOCAIAKEHHSI 3aXBOPIOBAHOCTI Ha IIyKPOBUIi AlabeT B YKpaiHi Ta BUSHaUYeHH:I [TePCIIeKTHB 3aCTOCYBaH-
Hs 71 papMalleBTUIHOI po3pobKM MpelapaTiB IIPOTHAiabe TMIHOT Afi.

Marepiaau Ta MeTOAM: AaHi Aep>KaBHUX PeECTPiB AiKapchKuX 3acobiB YKpaiHNM; ONTOBO-BIAITYCKHMX I[iH Ha
Alkapcepki 3acoby, IO AeKAAPYIOTHCA B YKpaiHi IIiA Mi>XKHapOAHOIO HeITaTeHTOBAHOIO ab0 e HepUYHOIO Ha3BOIO
(2a 01.01.2024 p.). BuxopucraHo METOAY CHCTEMHOTIO Ta IIOPiBHAABHOTO aHAAI3Y, OOPOOKIM, CHHTE3Y i1 y3araAb-
HEHHsI AAs BUSHaUeHH:I IPOTHO30BaHNX IIepCIIeKTHUB.

PesyapTaTu: B YipaiHi cepea AiTeit Ta MAAITKIB UMceABHICTh XBOPMX Ha I[yKpOBMii AlabeT 3pocaa Ha 11 %,
cepea ocib rmoxmaoro Biky — 12,5 %, cepea mparie3paaTHOro HaceAeHHsI — 20 %, IIpy IbOMY ITepeBakae IyKpOBUii
Aiabert II Tuimy.

BusIBA€HO TEHAEHIIIIO AO 30iABIIIEHHS KiABKOCTI AOCAIAXKEHD 3 IIOIIY Ky TepalleBTUYHIX AABTEPHATIB AAS AiKy-
BaHHs IIyKpOBOTO Alabery Il Tmiry Ta mepeaixy Aikapcpkux 3acobiB Ha dpapMareBTMIHOMY pUHKY. B Ykpaini
AASL IIEpOPAABHOTO 3aCTOCYBaHHS BUKOPVICTOBYIOTD IIOXiAHI CyAB(OHIACEUOBMHY; METAITUHIAV; 6iryaHiau; Ti-
a30AiAMHAIOH; iHTibiTOpM 0-rAIOKO3MAA3Y; iHri6iTopy AIII-4; inribiTopu SGLT-2. MexaHi3M Aii HOBOro Kaacy
IIEpPOPAABHMX TilIOTAiKeMiuHMX 3acobiB, cxBareHoro FDA, noasrae B 6aokyBaHHi 6iakiB SGLT-2 i3 npoxkcn-
MaABHMX 3BUBVCTVX KaHAABI[B y HUpPKaX, IPU3BOAUTH AO 3allobiraHHs peabcopOIiii Ta BUBEACHHIO MOAEKY-
AM TAIOKO3U. Lle A0O3BOASIE BUKOPMCTOBYBATH JIOTO B KOMIIAEKCI 3 IHCYyAIHOM Ta IHIIMM IIpOTHAiabe THIHMMY
IperapaTaMit AAS AIKyBaHH ITyKPOBOIO AlabeTy MallieHTiB pisHUX BiKOBMX KaTeropiii. 3a obcsAarom KAiHigHMIX
Aocaiaxens npernapaty 3 A®I inribitopamm SGLT-2 — moxiaAHMMM I'AipAO3VHY € APYTOIO 3a YMCEABHICTIO IPy-
II0I0 aHTMAIabeTMYHIIX TIpellapaTiB, peKOMEHAOBaHUX peryasaropHumy opranamy FDA ta EMA.

BucHoskn: @apmarieBrnyHa po3pobka MOHO Ta KoMmbiHoBaHMX mpernaparis 3 A®I inribitopamm SGLT-2
IIOXiAHMMU TAiAO3VHY B ITOEAHAHHI 3 MeTdopMiHOM, iHribiTopamu AITI-4, moxiaAHMMM Tia30AIAMHAIOHY €
IIEPCIEKTVBHOIO AASL BUPIIIEHHS NMPOOAeMIU AiKyBaHHS IIyKPOBOTO AlabeTy Ta MpOiraKIMKMU yCKAAAHEHDb
y XBOPMX Pi3HMX BiKOBMX IPYII, 30KpeMa, IIparie3AaTHOrO HaCeAeHH: B YKpaiHi.

Kntouoei cnosa: nykposuii AlabeT, manieHTH pi3HMX BiKOBUX Py, CUCTEMHUII i IOPiBHSIABHMII aHaAI3,
nporuaiabeTnyHi 3acobm, Aiodi ¢apManeBTHMUYHI pedOBUMHM, IIOXiAHI CyAb(OHiACEYOBMHM; IIOXiAHI
MerAiTHMHIAY; NHOXxiAHI 6iryaHiaie; moxiaHi TiasoaiamHAIOHY; iHri6GiTOpM 0-rAIOKO3MAa3y; iHri6iTopm
AIIII-4; inri6itopu SGLT-2; pamioHarbHa ¢apMaxkoTepamisi, TepaneBTUYHa edeKTUBHICTH; Ge3meka
3aCTOCYBaHH
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