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1. Introduction
Diabetes mellitus (DM) is a serious medical and 

social problem in almost all countries of the world. The 
number of patients with DM in the world over the last 10 
years has increased more than 2 times, and by the end of 
2019 year exceeded 463 million people. According to the 
forecasts of the International Diabetic Federation by 
2030, the DM will suffer 578 million people and by 
2045 – 700 million [1, 2].

Metformin is a basic medicine in the treatment of 
type 2 diabetes mellitus (DM2), which has the most pow-
erful evidence base. It is a unique antidiabetic medicine, 
because it has a minimal risk of hypoglycemia, a pro-
nounced sugar-lowering effect and the potential to re-
duce the risk of cardiovascular complications. Metformin 

acts in three ways: reduces glucose production in the 
liver by inhibiting gluconeogenesis and glycogenolysis; 
increases insulin sensitivity in muscles, enhancing glu-
cose capture and disposal in peripheral tissues; reduces 
glucose absorption in the intestine [3, 4]. Research data 
suggest that metformin interacts with various intestinal 
bacteria [5, 6].

Metformin is one of the most widely used antidia-
betic medicines. Since 2005, it has been referred to the 
medicines of the first line of pharmacotherapy of DM2 in 
the recommendations of the International Diabetes Fed-
eration (IDF), since 2006 – first-line medicines together 
with non-pharmacological treatment of DM2 in the 
framework of the recommendations of American Diabe-
tes Association (ADA) and European Association for the 
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Study of Diabetes (EASD). Since 2007, metformin is the 
only medicine in the drug prevention of the development 
of DM2 in the recommendations of ADA. ADA Stan-
dards 2020 preserved metformin as a first-line medicine 
in DM2 therapy. Therefore, ADA in its updated guide-
lines continues to recommend metformin as the best 
medicine to start therapy DM2 [7, 8].

Metformin is included in the British National For-
mulary (2020–2021), British National Formulary for 
children (2019–2020), which contains the basic provi-
sions of the system for ensuring effective and safe phar-
macotherapy, as well as in the State Formulary of 
Ukraine (issue 13). Metformin is included in the 21st 
edition of the WHO prescribed list of essential medicines 
and the 7th edition of the WHO’s list of essential medi-
cines for children.

Even though metformin has been used in clinical 
practice for more than 60 years and has been well studied, 
studies of recent years have discovered its new facets, 
thereby confirming its exclusivity [9]. Metformin is 
called an old drug with new tricks in your pocket [10], 
which is incorporated into the modern strategy of profit-
ing existing drugs used to treat other diseases.

In order to optimize scientific research of medi-
cines, including metformin, the use of a logistic approach 
is promising. The specificity of scientific research is the 
predominance of the information component at all stages. 
The variety of circulating flows, as well as subjects of 
individual stages, causes the need for their systemic re-
search and further coordination. Implementation of the 
logistic approach will ensure the consistency of the 
study; allow considering objective and subjective uncer-
tainties, risks, to present scientific research not with a set 
of individual operations, but systematically [11].

In recent decades, studies have been conducted 
demonstrating the effect of metformin not only on carbo-
hydrate metabolism, but also on various organs and sys-
tems, an evidence base of its preventive impact on the 
development of many diseases has been formed. At the 
same time, several issues related to the peculiarities of 
efficacy and safety of medicines based on metformin and 
its dosage forms need to be clarified.

The aim of the work is analysis of the current state 
and trends in the metformin-based drug development 
with the subsequent formation of the logistics system of 
scientific research.

2. Planning (methodology) of research
The following research plan has developed:
– theoretical and scientific-practical approaches to 

the use of logistic approach during scientific research 
were analyzed and summarized.

There are the following main possibilities when 
using the logistics system of open type research in phar-
macy: reducing the cost of research and development of 
medicines; reduction of the development cycle and prepa-
ration for the introduction of science-intensive products 
into production; increasing differentiation in the market; 
creation of new sources of income for pharmaceutical 
companies;

– the composition, peculiarities of the model of the 
logistic system of scientific research of metformin was 
determined.

When creating high-tech products in pharmacy, 
scientists [12] are guided by the “funnel” model. The in-
put of the model is represented by many ideas that are 
further processed and evaluated, so that less information 
flow (the most promising ideas) reaches the next stage of 
development. There are two main tasks of logistics in 
managing the information flows of this model: the max-
imum expansion of the entrance of the “funnel” by in-
creasing the intensity and magnitude of the information 
flow to create science-intensive products (increasing the 
internal knowledge base of the pharmaceutical compa-
nies and expanding access to internal and external sourc-
es of information); narrowing the “base of the funnel”, 
that is, the magnitude and intensity of the information 
flow by optimizing the choice of ideas in conditions of 
limited resources;

– general analysis of controlled clinical trials of 
new pharmacological effects and indications for the use 
of metformin;

– data analysis of more than one study, including 
any complex analyses, meta-analyses, joint research 
analyses;

– general analysis of dosage forms of metformin, 
as well as its combined medicines registered in Ukraine 
and U.S. Food and Drug Administration, their patent 
protection;

– determination of the prospects for practical med-
ical application of systematic results and directed further 
research on the topic;

– formation of a logistic system of metformin sci-
entific research, analysis of its components and develop-
ment on its basis directions of improvement of research 
metformin using a logistic approach in order to increase 
the level of effectiveness of metformin promotion to the 
final consumer in the pharmaceutical market.

3. Materials and methods
Studies were conducted using databases on the In-

ternet (2015–2022): PubMed; U. S. Food and Drug Admin-
istration, European Medicines Agency, the State Expert 
Center of the Ministry of Health of Ukraine, scientific and 
metric databases – Scopus, Cochrane Database, US Patent 
Office. Search was conducted by key words: metformin, 
dipeptidyl peptidase-4 inhibitors, sodium-glucose cotrans-
porter (SGLT) 2 inhibitors, clinical trial/ trials, and their 
combinations. It has used retrospective, logical, graphic 
research methods, content analysis, modelling. The study 
of registration of domestic and foreign medicines contain-
ing metformin in Ukraine is given as of November 2021 
according to the website of the State Expert Center of the 
Ministry of Health of Ukraine.

The use of logistics models and information sup-
port allows you to model R&D processes, reflect the 
state and dynamics of development of the creating pro-
cess, identify potential difficulties and potential reserves 
in the development process, reducing the element of un-
certainty.
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The application of the system allows you to opti-
mize the research time, will contribute to maximum 
minimization of all necessary flows, reducing the cost of 
creating medicines.

Logistics of scientific research will also reduce the 
time of development and implementation of medicines in 
production, optimize the cost of work, including by ex-
cluding their duplication, improve the quality of forecast-
ing, planning, validity of solutions at all stages of R&D.

Effective managerial decision-making is possible 
only when the flows of information are optimized, stan-
dardized, which can be provided through the application 
of logistic approach and modern information technolo-
gies. With the help of information logistics, coordinated 
work of all links of the logistics system of scientific re-
search is ensured.

4. Results of the research
Covering the whole set of processes, logistics is a 

methodology for optimizing any flows, rationalizing, 
and harmonizing them, including information flows in 
scientific research.

The analysis of the studies shows that the experi-
ence of clinical use of metformin confirmed its high 
therapeutic effectiveness, a beneficial safety profile and 
the ability to significantly improve the quality of life of 
DM2 patients. Modern research reveals more and more 
pharmacological effects of metformin in clinical practice. 
A feature of this medicine is the presence of dosage forms 
with a variety of releases. In addition, in recent years, the 
effectiveness and safety of a combination of metformin 
with sulfonylureas, sodium-glucose co-transporter 2 in-
hibitors, glucagon-like peptide-1 agonists, etc.

The above-mentioned was a justification for the 
allocation of 4 components of the logistic information 
system of metformin scientific research: 1) evaluation of 
the effectiveness of diabetes treatment; 2) new pharma-
cological effects and indications for use; 3) new dosage 
forms; 4) new combinations. They, as follows from the 
literary review below, are relevant and priority for the 
current situation in the pharmaceutical sector of Ukraine.

The first component of metformin research, which 
is associated with the assessment of its effectiveness in 
patients with DM2, is thoroughly and fully presented in 
the United Kingdom Prospective Diabetes Study (UK-
PDS, n=5102). UKPDS has proven that metformin is as 
effective in controlling glycemia as sulfonyl derivatives 
and insulin, at a lower risk of developing hypoglyce-
mia [13]. The international, multi-center randomized 
double blind study ADAPT is a serious addition to the 
study UKPDS (n=4360) [14].

The second component of the logistic information 
system of metformin scientific research is associated 
with new pharmacological effects and new indications 
for its medical use. A number of experimental studies of 
metformin are devoted to various aspects of its effect on 
organs and tissues. Along with the well-known antihy-
perglycemic action, metformin has several favourable 
cardiovascular and metabolic effects, allowing a positive 
effect on various components of metabolic syndrome.

In patients with DM2 leading cause of death are 
cardiovascular diseases. In view of this, it is important 
that antidiabetic medicines not only reduce blood glucose 
levels, but also protect against cardiac and vascular 
events. In recent years, there is increasing evidence that 
this medicine is metformin [15].

It has been found that a significant initial decrease 
in HbA1c and achieving low HbA1c levels within 6 
months after the start of metformin administration are 
associated with a lower risk of cardiovascular events and 
death in patients (n=24752) with DM2 [16].

Data from 17 studies indicate that the use of met-
formin in patients with chronic kidney disease, congestive 
heart failure or chronic liver disease is associated with the 
improvement of basic clinical results (reduction of the risk 
of hospitalization by 13 %, total mortality by 22 %) [17].

Several meta-analyses state that metformin is 
largely associated with a lower risk of developing serious 
adverse cardiovascular events and generally, a lower 
mortality from all causes compared to placebo or other 
antihyperglycemic medicines [18, 19].

Analysis of 40 studies involving 1,066,408 patients 
found that metformin better reduces the rate of cardio-
vascular events than sulfonylureas medicines [20].

A recent analysis of observational studies involv-
ing 12,156 patients showed that the use of metformin was 
associated with a significantly lower mortality rate from 
all causes [21].

Against the background of treatment with met-
formin, there is a decrease in lipid spectrum disorders 
that are associated with insulin resistance [22].

There are studies on the effects of metformin on 
overweight and obesity. Thus, in a one-center prospective 
randomized placebo-controlled study of the use of met-
formin in patients with mental disorders receiving antipsy-
chotics, it is possible to achieve a decrease or stabilization of 
body weight in 80 % of cases, in 44 % of patients, a decrease 
in body weight is 5 % or more from the initial size [23].

The effectiveness of metformin to reduce body 
weight in patients with simple obesity (exclusion criteria: 
DM, polycystic ovary syndrome) is also shown, while the 
medicine does not cause hypoglycemia as a side effect [24].

It should be noted that in the elderly, additional 
unintentional weight loss could be considered as an ad-
verse treatment effect. A meta-analysis of 6 randomized 
placebo-controlled studies (n=1541) showed a slight de-
crease in body weight (by 2.23 kg) along with improved 
lipid blood profile in patients older than 60 years. The 
authors conclude that metformin is a safe remedy for 
patients older than 60 years [25].

Patients with obesity and DM2 have an increased 
risk of cancer. To date, metformin is the antidiabetic 
medicine, on the background of therapy, which has been 
demonstrated a decrease in mortality from cancer [26].

The study of the effectiveness of the use of met-
formin to reduce the risk of development and improve 
overall survival in certain types of cancer was conducted. 
The authors conclude that metformin can be a useful ad-
juvant agent, with the greatest benefits observed in col-
orectal cancer and prostate cancer [27, 28]. In case of 
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chest and urothelium oncopathology, there were no sig-
nificant advantages [29].

There are a few studies demonstrating the effect of 
metformin on the aging process, the action as a geropro-
tector. It is reported that additional metformin during 
progressive workouts with burdens can have a positive 
effect on aging-related metabolic pathways in the mus-
cles of the elderly [30].

The analysis of the effect of metformin on demen-
tia, Alzheimer’s disease or any indicator of cognitive 
impairment in 14 studies has carried out. A meta-analy-
sis of three studies showed that cognitive impairment 
was significantly less common in metformin diabetics, 
while six studies showed that dementia incidence also 
decreased significantly [31].

Diabetes is one of the most common concomitant 
diseases, and it is associated with worse outcomes in 
patients with Covid-19. A meta-analysis of 9 studies in-
volving 10233 people showed that metformin is associat-
ed with lower mortality [32]. Randomized controlled tri-
als are required to confirm this conclusion.

Studies in 2021 have shown a strong signal that met-
formin should be used to treat COVID-19 in patients with 
concomitant diabetes to reduce the risk of mortality [33].

It is assumed that metformin provides protection 
against COVID-19 in patients with DM using effects af-
fecting the level of FNF-alpha [34]. Prospective research 
is needed to understand the mechanisms and causal con-
nections of this impact.

Thus, the results of clinical studies indicate the 
possible expansion of the spectrum of pharmacological 
action of the drug.

The third component of the logistic information 
system of metformin scientific research is associated 
with the development of dosage forms on its basis.

According to the results of the studies, it has estab-
lished that in Ukraine registered metformin medicines 
for immediate release and extended-release; however, 
medicines with delayed-release are absent.

Available in the pharmaceutical market and regis-
tered in Ukraine metformin monotherapy medicines are 
film-coated tablets, immediate release, and extended-re-
lease tablets. Among film-coated tablets, immediate re-
lease, in the pharmaceutical market of Ukraine there are 
8 domestic (Arterium LTD, Farmak JSC, Kievmedprepa-
rat, Astrapharm LLC, Kusum Pharm LLC, Kyiv Vitamin 
Plant JSC, Private Joint-Stock Company “On the produc-
tion of insulin “Indar”, Universal Agency “Pro-Pharma” 
LLC) and 9 foreign (including Merck Sante, France; 
Sandoz Pharmaceuticals D.D., Slovenia; Berlin-Chemie 
AG, Germany; M. Biotech Limited, UK, etc.) medicines 
in doses 500, 850, 1000 mg. Extended-release tablets are 
represented by 3 medicines of domestic pharmaceutical 
companies (Farmak JSC, Arterium LTD, Kyiv Vitamin 
Plant JSC) and Glucophage XR (Merck Sante S.A., 
France) in doses of 500 or 1000 mg. Thus, Ukrainian 
metformin medicines mainly cover dosage forms with 
immediate release.

In accordance with the principles of DM2 treat-
ment outlined in the ADA/EASD Consensus (2018), 

treatment of primary patients must begin with metformin 
immediate release medicines [35].

According to the results of studies, the use of ex-
tended-release metformin tablets could increase compli-
ance and improve long-term effects [36, 37].

It has established the advantages of creating de-
layed-release metformin medicines, to enhance its intes-
tinal mechanisms of action while minimizing the system-
ic impact [38]. The prerequisites for the development of a 
dosage form with delayed release are publications that 
convincingly prove that the mechanism of action of met-
formin is manifested mainly in the lower intestine [3, 4].

The fourth important component of the logistics 
information system of metformin research is aimed at 
creating combined dosage forms based on it.

The global goal of treating patients with DM2 is to 
influence cardiovascular risks considering the assess-
ment of heart failure and renal function. The combina-
tion of metformin and sulfonylureas medicines has cardi-
ac and nephroprotective effects and is therefore the most 
frequent combination in the world, which is recommend-
ed for appointment as the first or second stage of treat-
ment of patients with DM2.

In Ukraine, medicines based on metformin and 
sulfonylureas are represented by 2 domestic drugs (met-
formin and glibenclamide, Farmak JSC; metformin and 
glimepiride, Kusum Pharm LLC) and 5 foreign medi-
cines (metformin and glibenclamide, Merck Sante, 
France, Laboratori Guidotti S.p.A., Italy; metformin and 
glimepiride, Sanofi-Aventis LLC, Ukraine; metformin 
and gliclazide, Micro Labs Limited, India; metformin 
and glipizide, Micro Labs Limited, India). It should be 
noted that patent protection of most of the combined 
forms of metformin with sulfonylureas has expired.

ESC and EASD recommended in case of high risk or 
presence of cardiovascular diseases, the prescription of so-
dium-glucose cotransporter 2 inhibitor (SGLT2: dapagli-
flozin, canagliflozin, empagliflozin) and glucagon-like 
peptide-1 agonists (GLP-1: liraglutide, lixisenatide etc.).

In Ukraine, medicines based on metformin and 
sodium-glucose cotransporter 2 inhibitors are represent-
ed by 2 foreign drugs (metformin and empagliflozin, 
Boehringer Ingelheim International GmbH, Germany; 
metformin and dapagliflozin, extended-release tablets, 
AstraZeneca AB, Sweden).

In recent years, the efficacy and safety of a combi-
nation of metformin with dipeptidyl peptidase 4 inhibitors 
(DPP-4: sitagliptin, vildagliptin, saxagliptin, alogliptin, 
linagliptin) has been studied. Thus, in the study VERIFY 
has established that early combined vildagliptin therapy 
with metformin by 49 % reduces the risk of loss of glyce-
mic control, exceeds the strategy of phased intensification, 
provides stable control of glycated hemoglobin (HbA1с) 
for 5 years, provides a stable lower level of HbA1c [39].

In Ukraine, medicines based on metformin with 
dipeptidyl peptidase 4 inhibitors are represented by 1 
domestic drug (metformin and vildagliptin, Farmak JSC) 
and 2 foreign medicines (metformin and saxagliptin, As-
traZeneca AB, Sweden; metformin and sitagliptin, Mer-
ck Sharpe & Dohme Idea, Switzerland).
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Considering the logistic approach in order to 
improve scientific and practical approaches to the 
management of scientific research in the process of 
creating combined forms of metformin (with dipepti-

dyl peptidase 4 inhibitors, sodium-glucose cotrans-
porter 2 inhibitors) and registration of the FDA, we 
analyzed and systematized the terms of their patent 
protection (Table 1).

Table 1
Analysis of the state of patent protection of registered combined forms of metformin with dipeptidyl peptidase 4 (DPP-

4) inhibitors, sodium-glucose cotransporter (SGLT) 2 inhibitors
Active ingredient Trademark Pharmaceutical company Patent No. Expiration date actions

Dipeptidyl peptidase 4 inhibitors (DPP-4)

Alogliptin, metformin Kazano Takeda Pharmaceuticals USA Inc.

7807689 
8173663 
8288539 
8900638

06/27/2028 
03/15/2025 
06/24/2025 
05/24/2029

Linagliptin; metformin Jentadueto Boehringer Ingelheim Pharma-
ceuticals Inc.

7407955 
8119648 
8178541 
8673927 
8846695 
8883805 
9155705 
9415016 

10022379 
10973827

05/02/2025 
08/12/2023 
08/12/2023 
05/04/2027 
06/04/2030 
11/26/2025 
05/21/2030 
04/02/2029 
04/02/2029 
04/02/2029

Saxagliptin, metformin Kombiglyze Xr Astrazeneca ab 8628799 
9339472

07/13/2025 
07/13/2025

Sitagliptin, metformin Janumet Merck Sharp and Dohme Corp.

6699871 
7125873 
7326708 
8414921

07/26/2022 
07/26/2022 
11/24/2026 
07/21/2028

Sodium-glucose cotransporter (SGLT) 2 inhibitors

Canagliflozin; metformin Invokamet Janssen pharmaceuticals Inc.

7943582 
7943788 
8222219 
8513202 
8785403

02/26/2029 
07/14/2027 
04/11/2025 
12/03/2027 
07/30/2024

Dapagliflozin; metformin Xigduo XR Astrazeneca ab

6515117 
7919598 
8501698 
8685934 
9616028

10/04/2025 
12/16/2029 
06/20/2027 
05/26/2030 
11/12/2030

Empagliflozin; metformin Synjardy Boehringer ingelheim pharma-
ceuticals Inc.

7579449 
7713938 

10258637 
10610489 
11090323

08/01/2028 
04/15/2027 
04/03/2034 
09/30/2030 
04/03/2034

Ertugliflozin; metformin Segluromet Merck Sharp and Dohme Corp.
8080580 
9308204 
9439902

07/13/2030 
10/21/2030 
10/21/2030

Sodium-glucose cotransporter (SGLT) 2 inhibitor +Dipeptidyl peptidase 4 inhibitor (DPP-4)

Empagliflozin; linaglip-
tin; metformin Trijardy XR Boehringer Ingelheim Pharma-

ceuticals Inc.

7407955
7579449
7713938
8119648
8178541
8551957
8883805
9155705
9415016
9949998

10022379
10258637
10406172
10596120
11090323

05/02/2025
08/01/2028
04/15/2027
08/12/2023
08/12/2023
10/14/2029
11/26/2025
05/21/2030
04/02/2029
06/11/2034
04/02/2029
04/03/2034
06/15/2030
03/07/2032
04/03/2034
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The obtained results indicate that combined medi-
cines of metformin with dipeptidyl peptidase 4 (DPP-4) 
inhibitors, sodium-glucose cotransporter (SGLT) 2 in-
hibitors are under patent protection up to 2030–2034 
years. Licensing, which provides information about the 
technological process, is one of the ways to scale and 
accelerate the global production of combined forms of 
metformin in the long term. At the same time, it is ex-
tremely important that patent holders could control the 
efficiency and quality of the medicines.

5. Discussion of the results
The global burden of disease is expected to change 

by 2030. A significant increase in the global mortality rate 
from non-infectious diseases, such as cancer and cardiovas-
cular diseases, DM, due to aging of the population, is pro-
jected. Their share by 2030 will account for 75 % of deaths.

According to the results of the analysis and systemati-
zation of data, it is proved that metformin currently occupies 
a leading position in the treatment of DM2. The accumulat-
ed experimental and clinical data revealed new aspects of 
the pharmacological action of metformin, enabled a wider 
assessment of its clinical significance. In many studies of 
the last decade, devoted to various aspects of the use of 
metformin, the uniqueness of the metformin demonstrates, 
its potential and new opportunities for medical use reveals. 
Along with the hypoglycemic action of metformin, addition-
al positive effects are established: normalization of the level 
of lipids, cardiac and geroprotective action, anticancerogen-
ic effect, influence on the level of TNF-alpha on the back-
ground of COVID-19. Metformin reduces the risk of general 
mortality and cardiovascular disease.

The state of metformin scientific research indi-
cates the need to strengthen the coordination of resource 
flows as a prerequisite for improving the quality of man-
agement, planning, forecasting, validity of solutions at all 
stages of R&D, as well as ensuring the production of 
high-quality and competitive domestic medicines.

Scientific research is associated with a certain risk 
due to the presence of the uncertainty factor. The lack of 
a rational approach to R&D leads to an unforeseen in-
crease in material, information, labor, financial flows, 
and in the worst case – to the futility of research results. 
In this regard, it is necessary to ensure the parallelity of 
the work performed.

The example of scientific research of metformin 
shows the peculiarity of information flows in the logistics 
system R&D when creating any medicine, which consists 
in the fact that the flows act as: a direct product of intellec-
tual activity; one of the types of resources; integrator of all 
stages of R&D; a link between the R&D system and the 
macro environment that contributes to the formation of the 
logistics chain: “research – production – sales”.

With the late arrival of information flows, the cy-
cle of “research – production” is lengthened, as a result, 
the cost of scientific research increases.

The analysis of inter-functional and interorganiza-
tion interactions of structural elements of scientific re-
search served as the basis for the development of a model 
of the logistic system of metformin scientific research as 

a set of complex modules, economic flows, subsystems, 
step-by-step R&D processes, modular and informational 
communications that ensure the implementation of the 
R&D process (Fig. 1).

The input information flow determines the promis-
ing directions of metformin R&D, namely, investigates the 
effectiveness in the treatment of diabetes mellitus, the ap-
pointment of new indications, and offers new dosages, new 
dosage forms, as well as new combinations with other med-
icines. It should be noted the prospects for the creation of 
delayed-release metformin medicines, in order to strength-
en its intestinal mechanisms of action while minimizing the 
systemic impact, which is absent in the Ukrainian market.

Internal material and financial flows connect with 
each other and allow to effectively interacting with all 
structural subdivisions of the organization – participants 
of the creation of metformin, should be formed as a sys-
tem of direct and feedback, the common goal of which is 
the registration and launch of a new medicine.

The effectiveness of the logistic system of met-
formin scientific research is ensured through resource, 
information, production and technological subsystems.

It should be noted the need for patent research at the 
stage of choosing a topic for establishing the possibility of 
developing and implementing the medicine without violat-
ing the rights of patents of third parties. The analysis 
shows patent protection of several combined forms of 
metformin. At the stages of pharmaceutical development, 
preclinical research, legal protection of development is 
necessary, namely the acquisition of exclusive property 
rights to inventions, utility models, trademarks. The result 
of the logistics system is the creation of a scientific devel-
opment product for the pharmaceutical market, which will 
allow pharmaceutical companies to expand the production 
of metformin based on one active substance, increase rev-
enues, and save finances for the promotion of the medicine, 
reduce the timing of its development.

Within the framework of the proposed system, the 
following main ways of optimization and rationalization 
of the logistic flow of scientific research of metformin 
medicines can be distinguished: finding new indications 
for the medical use of existing medicine, developing new 
modifications, and improving the existing science prod-
uct. This will improve the availability and effectiveness 
of medicinal supplies to the population of Ukraine of 
medicines for the treatment of DM2 with a wider spec-
trum of pharmacological action. The use of the proposed 
model allows identifying reserves of growth, develop-
ment and increase of competitiveness of the pharmaceu-
tical companies, as well as in the future to substantiate 
and timely implement appropriate measures to improve 
the efficiency of innovative activities of the companies.

In connection with this, the management of scien-
tific research in the field of drug development for the 
treatment of DM2 based on metformin should be aimed 
at the search and development of combined sugar-reduc-
ing medicines with mutually complementary mecha-
nisms of action, as well as the creation of new types of 
dosage forms, the expansion of the spectrum of pharma-
cological action of the medicine.
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Study limitations. The article does not consider 
the pharmacological effects of combined forms of met-
formin. This is the subject of further research.

Prospects for further development of this field. 
Perspective is the use of the proposed logistics informa-
tion system in scientific studies of medicines of different 
pharmacotherapeutic groups.

6. Conclusions 
1. Based on the analysis of clinical studies of met-

formin, its high efficacy, additional positive pharmaco-
logical effects of metformin were established: normaliza-
tion of lipid levels, cardioprotective and geroprotective 
action, anticancerogenic effect, influence on the level of 
TNF-alpha on the background of COVID-19. The possi-
bility of using three types of dosage forms is substantiat-
ed: immediate release, extended-release, delayed-release 
medicines. The prospect of creating new modern com-
bined medicines with an interoperable mechanism of 
action, as well as delayed-release medicines (these forms 
are not registered in Ukraine) is shown.

2. A logistic system of scientific research of met-
formin has established. It is representing a set of ele-
ments interconnected through information communica-
tion, defined its composition and features, which are due 
to the pharmacological action of metformin

2. Created logistic system of scientific research of 
metformin allows: 

– to demonstrate the uniqueness of the medicine, 
reveal its potential and new opportunities for medical use, 
prospects for the development of new types of dosage 
forms and new combined medicines;

– to identify the threat of patent infringement, to 
identify opportunities for establishing partnerships;

– to present scientific products in the form of the 
medicine on the pharmaceutical market, optimizing the 
research time, reducing the development stages due to 
the available information and documentation, ensuring 
the synchronization of innovative information flows; to 
optimize the total costs of scientific research and receiv-
ing at the expense of this profit.

3. The logistics system of scientific research of 
metformin is recommended for implementation in scien-
tific organizations and pharmaceutical companies that 
perform R&D to achieve concentration of information 
search when solving logistics tasks in the field of drug 
development based on metformin: “the required amount 
of information, necessary content, at the right time, with 
minimal cost”.

Conflicts of interest
The authors declare that they have no conflicts of 

interest.

Financing
The study was performed without financial support.

Fig. 1. Logistic system of metformin scientific research: ..... – information flow, — – material flow,--► – financial flow, 
_____ – modular communications, — • — – logistics system contour

References
1. International Diabetes Federation (IDF) (2019). IDF Diabetes Atlas 2019. Brussels, 178. 
2. Pankiv, V. I. (2020). Type 2 diabetes mellitus: Current international guidelines, personalized approach and real outpatient 

practice. International journal of endocrinology, 16 (6), 463–470. doi: http://doi.org/10.22141/2224-0721.16.6.2020.215384 



ScienceRise: Pharmaceutical Science	 № 2(36)2022

44 

3. Foretz, M., Guigas, B., Viollet, B. (2019). Understanding the glucoregulatory mechanisms of metformin in type 2 diabetes 
mellitus. Nature Reviews Endocrinology, 15 (10), 569–589. doi: http://doi.org/10.1038/s41574-019-0242-2 

4. Tkach, S. M. (2020). Metformin as a drug modifyinggut microbiota. Clinical Endocrinology and Endocrine Surgery, 1, 
72–76. doi: http://doi.org/10.30978/cees-2020-1-72 

5. De la Cuesta-Zuluaga, J., Mueller, N. T., Corrales-Agudelo, V., Velásquez-Mejía, E. P., Carmona, J. A., Abad, J. M., Es-
cobar, J. S. (2016). Metformin Is Associated With Higher Relative Abundance of Mucin-Degrading Akkermansia muciniphila and 
Several Short-Chain Fatty Acid–Producing Microbiota in the Gut. Diabetes Care, 40 (1), 54–62. doi: http://doi.org/10.2337/dc16-1324 

6. Wu, H., Esteve, E., Tremaroli, V., Khan, M. T., Caesar, R., Mannerås-Holm, L. et. al. (2017). Metformin alters the gut micro-
biome of individuals with treatment-naive type 2 diabetes, contributing to the therapeutic effects of the drug. Nature Medicine, 23 (7), 
850–858. doi: http://doi.org/10.1038/nm.4345 

7. Demidova, T. Yu., Drozdova, I. N. (2017) Metformin: review of current evidence and international recommendations. Ther-
apy, 2 (12), 95–100.

8. American Diabetes Association Standards of Medical Care in Diabetes 2020 (2020). Diabetes Care, 43 (1), 215.
9. Ruyatkina, L. A., Ruyatkin, D. S. (2017). Multidimensional effects of metformin in patients with type 2 diabetes. Diabetes 

Mellitus, 20 (3), 210–219. doi: http://doi.org/10.14341/dm2003458-64 
10. Pryor, R., Cabreiro, F. (2015). Repurposing metformin: an old drug with new tricks in its binding pockets. Biochemical 

Journal, 471 (3), 307–322. doi: http://doi.org/10.1042/bj20150497 
11. Novitckaia, V. D., Shcherbakov, V. V. (2018). Modelnoe obosnovanie sistemnykh reshenii v logistike NIOKR. Izvestiia 

SPbGEU, 3 (111), 92–98.
12. Promoting access to medical technologies and innovation – a WHO, WIPO, WTO executive course on the intersections 

between public health, intellectual property and trade (2020). World Health Organization and World Intellectual Property Organization. 
Available at: https://www.wto.org/english/res_e/publications_e/who-wipo-wto_2020_e.htm

13. Intensive blood-glucose control with sulphonylureas or insulin compared with conventional treatment and risk of compli-
cations in patients with type 2 diabetes (UKPDS 33). (1998). The Lancet, 352 (9131), 837–853. doi: http://doi.org/10.1016/s0140-
6736(98)07019-6 

14. Kahn, S. E., Haffner, S. M., Heise, M. A., Herman, W. H., Holman, R. R., Jones, N. P. et. al. (2006). Glycemic Durability 
of Rosiglitazone, Metformin, or Glyburide Monotherapy. New England Journal of Medicine, 355 (23), 2427–2443. doi: http://doi.org/ 
10.1056/nejmoa066224 

15. Sheng, Z., Cao, J.-Y., Pang, Y.-C., Xu, H.-C., Chen, J.-W., Yuan, J.-H. et. al. (2019). Effects of Lifestyle Modification and Anti-dia-
betic Medicine on Prediabetes Progress: A Systematic Review and Meta-Analysis. Frontiers in Endocrinology, 10. doi: http://doi.org/10.3389/
fendo.2019.00455 

16. Svensson, E., Baggesen, L. M., Johnsen, S. P., Pedersen, L., Nørrelund, H., Buhl, E. S. et. al. (2017). Early Glycemic 
Control and Magnitude of HbA1c Reduction Predict Cardiovascular Events and Mortality: Population-Based Cohort Study of 24,752 
Metformin Initiators. Diabetes Care, 40 (6), 800–807. doi: http://doi.org/10.2337/dc16-2271 

17. Crowley, M. J., Diamantidis, C. J., McDuffie, J. R., Cameron, C. B., Stanifer, J. W., Mock, C. K. et. al. (2017). Clinical 
Outcomes of Metformin Use in Populations With Chronic Kidney Disease, Congestive Heart Failure, or Chronic Liver Disease. Annals 
of Internal Medicine, 166 (3), 191–200. doi: http://doi.org/10.7326/m16-1901 

18. Monami, M., Candido, R., Pintaudi, B., Targher, G., Mannucci, E., Mannucci, E. et. al. (2021). Effect of metformin on all-
cause mortality and major adverse cardiovascular events: An updated meta-analysis of randomized controlled trials. Nutrition, Metab-
olism and Cardiovascular Diseases, 31 (3), 699–704. doi: http://doi.org/10.1016/j.numecd.2020.11.031 

19. Hu, Y., Lei, M., Ke, G., Huang, X., Peng, X., Zhong, L., Fu, P. (2020). Metformin Use and Risk of All-Cause Mortality and 
Cardiovascular Events in Patients With Chronic Kidney Disease – A Systematic Review and Meta-Analysis. Frontiers in Endocrinolo-
gy, 11. doi: http://doi.org/10.3389/fendo.2020.559446 

20. Han, Y., Xie, H., Liu, Y., Gao, P., Yang, X., Shen, Z. (2019). Effect of metformin on all-cause and cardiovascular mortality 
in patients with coronary artery diseases: a systematic review and an updated meta-analysis. Cardiovascular Diabetology, 18 (1). doi: 
http://doi.org/10.1186/s12933-019-0900-7 

21. Bergmark, B. A., Bhatt, D. L., McGuire, D. K., Cahn, A., Mosenzon, O. et. al. (2019). Metformin Use and Clinical Out-
comes Among Patients With Diabetes Mellitus With or Without Heart Failure or Kidney Dysfunction. Circulation, 140 (12), 1004–
1014. doi: http://doi.org/10.1161/circulationaha.119.040144 

22. Weng, S., Luo, Y., Zhang, Z., Su, X., Peng, D. (2020). Effects of metformin on blood lipid profiles in nondiabetic adults: a 
meta-analysis of randomized controlled trials. Endocrine, 67 (2), 305–317. doi: http://doi.org/10.1007/s12020-020-02190-y 

23. Yunilaynen, O. A., Oleichik, I. V., Sizov, S. V., Baranov, P. A., Starostina, E. G. (2021). Efficacy of metformin for treatment 
and prevention of antipsychotic-induced overweight and obesity in women: an open-label, randomized, prospective placebo-controlled 
study. Obesity and Metabolism, 18 (2), 198–209. doi: http://doi.org/10.14341/omet12684 

24. Ning, H.-H., Le, J., Wang, Q., Young, C. A., Deng, B., Gao, P.-X. et. al. (2018). The effects of metformin on simple obesity: 
a meta-analysis. Endocrine, 62 (3), 528–534. doi: http://doi.org/10.1007/s12020-018-1717-y 

25. Solymár, M., Ivic, I., Pótó, L., Hegyi, P., Garami, A., Hartmann, P. et. al. (2018). Metformin induces significant reduction 
of body weight, total cholesterol and LDL levels in the elderly – A meta-analysis. PLOS ONE, 13 (11), e0207947. doi: http://doi.org/ 
10.1371/journal.pone.0207947 



ScienceRise: Pharmaceutical Science	 № 2(36)2022

45 

26. Shestakov, A. V., Saprina, T. V., Anufrak, I. A., Gonchikova, O. E., Chernysheva, A. L. (2018). Metformin: new perspectives in che- 
moprevention and therapy of cancer. Russian Journal of Biotherapy, 17 (3), 12–19. doi: http://doi.org/10.17650/1726-9784-2018-17-3-12-19 

27. Yang, W.-T., Yang, H.-J., Zhou, J.-G., Liu, J.-L. (2020). Relationship between metformin therapy and risk of colorectal cancer in 
patients with diabetes mellitus: a meta-analysis. International Journal of Colorectal Disease, 35 (11), 2117–2131. doi: http://doi.org/10.1007/
s00384-020-03704-w 

28. Hou, Y.-C., Hu, Q., Huang, J., Fang, J.-Y., Xiong, H. (2016). Metformin therapy and the risk of colorectal adenoma in pa-
tients with type 2 diabetes: A meta-analysis. Oncotarget, 8 (5), 8843–8853. doi: http://doi.org/10.18632/oncotarget.13633 

29. Coyle, C., Cafferty, F. H., Vale, C., Langley, R. E. (2016). Metformin as an adjuvant treatment for cancer: a systematic 
review and meta-analysis. Annals of Oncology, 27 (12), 2184–2195. doi: http://doi.org/10.1093/annonc/mdw410 

30. Kulkarni, A. S., Peck, B. D., Walton, R. G., Kern, P. A., Mar, J. C., Windham, S. T. et. al. (2020). Metformin alters skeletal muscle 
transcriptome adaptations to resistance training in older adults. Aging, 12 (20), 19852–19866. doi: http://doi.org/10.18632/aging.104096 

31. Campbell, J. M., Stephenson, M. D., de Courten, B., Chapman, I., Bellman, S. M., Aromataris, E. (2018). Metformin Use 
Associated with Reduced Risk of Dementia in Patients with Diabetes: A Systematic Review and Meta-Analysis. Journal of Alzheimer’s 
Disease, 65 (4), 1225–1236. doi: http://doi.org/10.3233/jad-180263 

32. Lukito, A. A., Pranata, R., Henrina, J., Lim, M. A., Lawrensia, S., Suastika, K. (2020). The Effect of Metformin Consump-
tion on Mortality in Hospitalized COVID-19 patients: a systematic review and meta-analysis. Diabetes & Metabolic Syndrome: Clin-
ical Research & Reviews, 14 (6), 2177–2183. doi: http://doi.org/10.1016/j.dsx.2020.11.006 

33. Kow, C. S., Hasan, S. S. (2020). Mortality risk with preadmission metformin use in patients with COVID‐19 and diabetes: 
A meta‐analysis. Journal of Medical Virology, 93 (2), 695–697. doi: http://doi.org/10.1002/jmv.26498 

34. Bramante, C. T., Ingraham, N. E., Murray, T. A., Marmor, S., Hovertsen, S., Gronski, J. et. al. (2020). Observational Study of 
Metformin and Risk of Mortality in Patients Hospitalized with Covid-19. Intensive Care and Critical Care Medicine. doi: http://doi.org/ 
10.1101/2020.06.19.20135095 

35. Kamynskyi, A. V. (2020) Sakharnыi dyabet 2-ho typa: pervыi shah lechenyia. Liky Ukrainy, 3, 42–47.
36. Aggarwal, N., Singla, A., Mathieu, C., Montanya, E., Pfeiffer, A. F. H., Johnsson, E. et. al. (2018). Metformin extended-re-

lease versus immediate-release: An international, randomized, double-blind, head-to-head trial in pharmacotherapy-naïve patients with 
type 2 diabetes. Diabetes, Obesity & Metabolism, 20 (2), 463–467. doi: http://doi.org/10.1111/dom.13104 

37. Derosa, G., D’Angelo, A., Romano, D., Maffioli, P. (2017). Effects of metformin extended release compared to immediate 
release formula on glycemic control and glycemic variability in patients with type 2 diabetes. Drug Design, Development and Therapy, 
11, 1481–1488. doi: http://doi.org/10.2147/dddt.s131670 

38. Henry, R. R., Frias, J. P., Walsh, B., Skare, S., Hemming, J., Burns, C. et. al. (2018). Improved glycemic control with min-
imal systemic metformin exposure: Effects of Metformin Delayed-Release (Metformin DR) targeting the lower bowel over 16 weeks 
in a randomized trial in subjects with type 2 diabetes. PLOS ONE, 13 (9), e0203946. doi: http://doi.org/10.1371/journal.pone.0203946 

39. Matthews, D. R., Paldánius, P. M., Proot, P., Chiang, Y., Stumvoll, M., Del Prato, S. (2019). Glycaemic durability of an early com-
bination therapy with vildagliptin and metformin versus sequential metformin monotherapy in newly diagnosed type 2 diabetes (VERIFY): a 
5-year, multicentre, randomised, double-blind trial. The Lancet, 394 (10208), 1519–1529. doi: http://doi.org/10.1016/s0140-6736(19)32131-2

Received date 27.10.2021
Accepted date 10.02.2022

Published date 29.04.2022

Elena Litvinova*, Doctor of Pharmaceutical Sciences, Professor, Department of Management, Economy and 
Quality Assurance in Pharmacy, National University of Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002

Olga Posilkina, Doctor of Pharmaceutical Sciences, Professor, Department of Management, Economy and Quality 
Assurance in Pharmacy, National University of Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002

Svitlana Kovalenko, Doctor of Pharmaceutical Sciences, Professor, Department of Management, Economy and 
Quality Assurance in Pharmacy, National University of Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002

Rymma Yeromenko, Doctor of Biological Sciences, Professor, Department of Clinical Laboratory Diagnostics, 
National University of Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002

Yuliia Bratishko, Doctor of Pharmaceutical Sciences, Associate Professor, Department of Management, Economy 
and Quality Assurance in Pharmacy, National University of Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002

Anastasiya Lisna, PhD, Associate Professor, Department of Management, Economy and Quality Assurance in 
Pharmacy, National University of Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002

*Corresponding author: Elena Litvinova, e-mail: hlitvinova@gmail.com


