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Modern requirements for the treatment of type 2 diabetes mellitus (DM2) include not only achieving a glycemic control, but 
also reducing the risk of developing cardiovascular complications. Dipeptidyl peptidase 4 (DPP-4) inhibitors are inferior in the 
effectiveness to some other actively developing groups of hypoglycemic drugs (SGLT2 inhibitors and GLP-1 receptor agonists); 
however, they seem relevant at the present time.
The aim of the study is to analyze the literature data on the therapeutic potential and results of the of DPP-4 inhibitors 
research.
Materials and methods. When searching for the review article materials, the abstracting databases of PubMed, Google 
Scholar and e-Library were used. The search was carried out on the publications for the period from 2006 to 2022, using 
the following keywords: DPP-4 inhibitors; glucagonlike peptide-1 (GLP-1); glucose-dependent insulinotropic peptide (GIP); 
sitagliptin, and other drugs.
Results. DPP-4 belongs to the serine proteases family and is involved in the degradation of various chemokines and peptide 
hormones, including incretins secreted by intestinal L- and K-cells – GLP-1 and GIP. They regulate a postprandial insulin 
secretion and a β-cell function, modulate a fasting and postprandial glucagon secretion, regulate the eating behavior and 
have many pleiotropic (immunomodulatory, anti-inflammatory, antifibrotic, etc.) effects. DPP-4 inhibitors reduce an enzyme 
activity by 70–90%, increasing plasma incretin levels by 2–4 times and have been used to treat DM2 since 2006. Now there 
are 13 DPP-4 inhibitors on the market in different countries, differing primarily in pharmacokinetic parameters. They are 
actively used in the combination therapy for type 2 diabetes, increasing the glycemic control effectiveness without increasing 
the risk of hypoglycemia. The evidence is emerging about the therapeutic potential of DPP-4 inhibitors in COVID-19.
Conclusion. A peroral form, an ability to create effective combinations with other hypoglycemic drugs without increasing the 
risk of hypoglycemia, the pleiotropic effects of DPP-4 inhibitors, make this group relevant at the present time.
Keywords: diabetes mellitus; dipeptidyl peptidase 4; glucagonlike peptide-1; glucose-dependent insulinotropic peptide; 
sitagliptin; COVID-19
Abbreviations: FAP-α – fibroblast activator protein-α; FDA – Federal Food and Drug Administration of the USA; bFGF2 – basic 
fibroblast growth factor; GRP – gastrin-releasing peptide; MCP-1 – monocytic chemotactic protein-1; MDC – macrophage-
derived chemokine; MIP-1α – macrophage inflammatory protein 1α; NHE3 – subtype 3 sodium-hydrogen exchanger; NHE3 
NPY – neuropeptide Y; PAI-1 – type 1 plasminogen activation inhibitor; PYY – peptide YY; SDF-1a – Stromal Derived Factor-1α; 
TGFβ – transforming growth factor beta; ATE2 – angiotensine transforming enzyme 2; AD – Alzheimer’s disease; GIP – glucose-
dependent insulinotropic peptide; GM-CSF – granulocyte-macrophage colony-stimulating factor; GLP-1 – glu1cagonlike 
peptide-1; BBB – blood-brain barrier; DPP-4 – dipeptidyl peptidase 4; iDPP-4 – dipeptidyl peptidase-4 inhibitor; CTs – clinical 
trials; NAFLD – non-alcoholic fatty liver disease; ACS – acute coronary syndrome; DM – Diabetes mellitus; GFR – glomerular 
filtration rate; COPD – chronic obstructive pulmonary disease; CRF – chronic renal failure.
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Современные требования к терапии сахарного диабета 2 типа (СД 2) включают не только достижение гликемического 
контроля, но и снижение риска развития сердечно-сосудистых осложнений. Ингибиторы дипептидилпептидазы 4 (ДПП-4)  
уступают по эффективности некоторым другим активно развивающимся группам гипогликемических препаратов 
(ингибиторы SGLT2 и агонисты рецепторов ГПП-1), однако представляются актуальными и в настоящее время. 
Цель. Проанализировать данные литературы о терапевтическом потенциале и результатах исследований ингибиторов 
ДПП-4. 
Материалы и методы. При поиске материала для написания обзорной статьи использовали реферативные 
базы PubMed, Google Scholar и e-Library. Поиск осуществлялся по публикациям за период с 2006 по 2022 год, 
с использованием следующих ключевых слов: ингибиторы ДПП-4; глюкагоноподобный пептид-1 (ГПП-1); 
глюкозозависимый инсулинотропный пептид (ГИП); ситаглиптин и другие препараты. 
Результаты. ДПП-4 принадлежит к семейству сериновых протеаз и участвует в деградации некоторого количества 
хемокинов и пептидных гормонов, в том числе и инкретинов, секретируемых L- и K-клетками кишечника: ГПП-1 и 
ГИП, которые регулируют постпрандиальную секрецию инсулина и функцию β-клеток, модулируют тощаковую и 
постпрандиальную секрецию глюкагона, регулируют пищевое поведение и оказывают множество плейотропных 
эффектов (иммуномодулирующее, противовоспалительное, антифибротическое действие и др.). Ингибиторы ДПП-4  
снижают активность фермента на 70–90%, повышая уровень инкретинов в плазме в 2–4 раза и применяются для 
лечения СД 2 с 2006 года. Сейчас на рынке разных стран присутствуют 13 ингибиторов ДПП-4, различающихся прежде 
всего фармакокинетическими параметрами. Они активно используются в комбинированной терапии СД2, повышая 
эффективность гликемического контроля без увеличения риска развития гипогликемии. Появляются данные о 
терапевтическом потенциале ингибиторов ДПП-4 при COVID-19. 
Заключение. Пероральная форма, возможность создавать эффективные комбинации с другими гипогликемическими 
препаратами без увеличения риска гипогликемии, плейотропные эффекты ингибиторов ДПП-4 делают данную группу 
актуальной и в настоящее время.
Ключевые слова: сахарный диабет; дипептидилпептидаза 4; глюкагоноподобный пептид-1; глюкозозависимый 
инсулинотропный пептид; ситаглиптин; COVID-19
Список сокращений: FAP-α – фибробласт-активирующий белок альфа; FDA – Управление по санитарному надзору за 
качеством пищевых продуктов и медикаментов США; FGF2 – основной фактор роста фибробластов; GRP – гастрин-
рилизинг пептид; MCP-1 – моноцитарный хемотаксический протеин-1; MDC – макрофагальный хемокин; MIP-1α – 
макрофагальный воспалительный протеин 1α; NHE3 – натрий-водородный обменник 3 подтипа; NPY – нейропептид Y;  
PAI-1 – ингибитор активации плазминогена 1 типа; PYY – пептид YY; SDF-1a – фактор стромальных клеток 1 альфа;  
TGFβ – трансформирующий фактор роста бета; АПФ2 – ангиотензинпревращающий фермент 2; БА – болезнь 
Альцгеймера; ГИП – глюкозозависимый инсулинотропный пептид; ГМ-КСФ – гранулоцитарно-макрофагальный 
колониестимулирующий фактор; ГПП-1 – глюкагоноподобный пептид-1; ГЭБ – гематоэнцефалический барьер; 
ДПП-4 – дипептидилпептидаза 4; иДПП-4 – ингибитор дипептидилпептидазы-4; КИ – клинические исследования; 
НАЖБП – неалкогольная жировая болезнь печени; ОКС – острый коронарный синдром; СД – cахарный диабет; СКФ – 
скорость клубочковой фильтрации; ХОБЛ – хроническая обструктивная болезнь легких; ХПН – хроническая почечная 
недостаточность.

INTRODUCTION
Diabetes mellitus (DM) and related diseases will 

obviously remain a serious threat to the life and health 
of the population in almost all countries for many 
decades to come. In 2021, according to the estimates 

of the International Diabetes Federation, the number 
of diabetes patients in the world exceeded 536 million, 
and in 2045, it will amount to 783.2 million people. 
Modern guidelines for the treatment of DM indicate 
the feasibility of the early treatment using rational 
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combinations of drugs with a high safety profile, and 
notify the importance of preventing vascular DM 
complications [1, 2].

Enzyme dipeptidyl peptidase-4 inhibitors (iDPP-4s) 
have been developed all over the world for more than 
30 years and remain in demand nowadays. In 2019, the 
global market for DPP-4 inhibitors and their combinations 
exceeded $12 billion [3]. In Russia, this group is actively 
used in the treatment of diabetes. The characteristics of 
the domestic market for iDPP-4 are summarized in Fig. 1.

The DPP-4 enzyme was identified in 1966 by Hopsu-
Havu and Glenner as glycylproline naptylamidase. DPP-4 
was first obtained from the rat liver in 1967, and from 
the pig kidney – in 1968. DPP-4 is an intramembrane 
glycoprotein and serine exopeptidase of the S9B subfamily, 
consisting of 766 amino acids. The active enzyme in rats, 
mice and humans was found out in epithelial cells of 
the intestine, kidneys, liver, lungs, thymus, and spleen. 
In addition to DPP-4, the representatives of the S9B 
protease subfamily are a fibroblast activator protein-α 
(FAP-α), DPP-6, DPP-8, DPP-9. However, DPP-4 is the main 
enzyme responsible for the physiological degradation of 
incretin hormones [4].

The functions of all isoenzymes have not been 
ad finem understood; it is assumed that FAP is 
responsible for the cell growth, and their inhibition has 
a toxic effect, causing thrombocytopenia, splenomegaly, 
reticulocytopenia, pathology of various organs, which 
makes the selectivity of the inhibitory action important 
for the representatives of the drugs with a similar 
mechanism of action [5]. DPP-4 is a tetramer in which 
each subunit consists of two domains – an N-terminal 
β-helical (β-propeller) domain and a C-terminal catalytic 
domain, which enclose an internal cavity with the active 
site. This cavity is connected to the main part of the 
active site by means of an “open screw/propeller” and 
a “side hole”. Substrates and inhibitors of DPP-4 enter 
and leave the active site through this side opening [6]. 
The main parts for binding to DPP-4 ligands are the S1 
hydrophobic pocket, which determines the substrate 
specificity of DPP-4, the S2 hydrophobic pocket with 
ionic interaction sites, and the S3 pocket. The S1 region 
in DPP-4, DPP-8, and DPP-9 is almost identical, while S2 
in DPP-4 is smaller. The S1 and S1’ regions slightly differ 
in their composition and conformation: in contrast to 
DPP-8 and DPP-9, relatively negatively charged groups 
are attached to S1’ in DPP-4. The S3 region is the most 
variable for each isoenzyme; in DPP-4, the groups of 
ligands of a smaller size compared to DPP-8 and DPP-9, 
are attached to it [7].

The DPP-4 enzyme cleaves many physiologically 
active substances, including hormones secreted by L- 
and K-cells of the intestine – glucagon-like peptide-1 

(GLP-1) and glucose-dependent insulinotropic peptide 
(GIP), which regulate a postprandial insulin secretion and 
are involved in maintaining carbohydrate homeostasis. 
Besides, these incretins regulate insulin biosynthesis 
in a glucose-dependent manner, suppress a glucagon 
secretion, suppress glucogenesis in the liver, promote 
the regeneration and differentiation of islet β-cells, and 
play an important role in the regulation of the eating 
behavior: the formation of a satiety feeling and slowing 
gastric emptying [5].

Like GLP-1 receptor agonists, DPP-4 inhibitors are 
well tolerated and do not cause hypoglycemia. However, 
a few cases of acute pancreatitis were reported 
after incretin-based drugs had been introduced to 
the market, and in 2013, the Federal Food and Drug 
Administration of the USA (FDA) reported an increased 
risk of pancreatitis and precancerous cellular changes 
(metaplasia) of pancreatic ducts against the background 
of their application. In addition, the FDA warns that 
patients with a history of pancreatitis are at an increased 
risk of pancreatitis recurrence when treated with these 
drugs, so, they should be used with caution. Numerous 
subsequent studies over the past time have not been 
able to unambiguously prove a relationship between 
the use of incretin mimetics and the development of 
the notified pathologies. At the same time, all authors 
point out to the need for longer follow-up and additional 
studies to form conclusions [8–10].

It should be notified that the DPP-4 inhibition also 
affects the elimination of a large number of substrates: 
incretins (GLP-1, GLP-2, GIP, gastrin-releasing peptide 
(GRP), peptide YY (PYY)); cytokines (interleukin-3, a 
granulocyte-macrophage colony-stimulating factor (GM-
CSF), erythropoietin, a basic fibroblast growth factor 
(bFGF2), etc.); chemokines (monocyte chemotactic 
protein-1 (MCP-1), macrophage inflammatory protein 
1α. (MIP-1α), Stromal Derived Factor-1α, (SDF-1 α), 
macrophage-derived chemokine (MDC)), and others); 
neuropeptides (neuropeptide Y (NPY), substance P) [11].

DPP-4 (also referred to as CD26) is also expressed 
on the surface cells of the immune system (T- and 
B-lymphocytes, NK cells, dendritic cells and macrophages 
[11]. However, in relation to these cells, the regulatory 
function of DPP-4 (CD26) has not been ad finem 
disclosed. 8, 11 Thus, the pleiotropic potential of DPP-4 
inhibitors requires a further evaluation.

THE AIM of the study is to analyze the literature 
data on the therapeutic potential and results of the of 
DPP-4 inhibitors research.

MATERIALS AND METHODS
When searching for the review article materials, the 

abstracting databases of PubMed, Google Scholar and 

DOI: 10.19163/2307-9266-2023-11-1-19-47
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e-Library were used. The search was carried out on the 
publications for the period from 2006 to 2022, using the 
following keywords: DPP-4 inhibitors (DPP-4 inhibitors); 
GLP-1 (GLP-1); glucose-dependent insulinotropic peptide 
(GIP); sitagliptin (sitagliptin); vildagliptin (vildagliptin); 
dutogliptin (dutogliptin); saxagliptin (saxagliptin); 
linagliptin (linagliptin); alogliptin (alogliptin); gemigliptin 
(gemigliptin); teneligliptin (teneligliptin); anagliptin 
(anagliptin); omarigliptin (omarigliptin); gosogliptin 
(gosogliptin); denagliptin (denagliptin); melogliptin 
(melogliptin); trelagliptin (trelagliptin); retagliptin 
(retagliptin); evogliptin (evogliptin); carmegliptin 
(carmegliptin). 522 sources were analyzed; after the 
systematization, the literary sources with similar 
theoretical information, were removed.

RESULTS AND DISCUSSION
1. Physiology of DPP-4
Native GLP-1 has a short half-life (about 1-2 min) due 

to its destruction by the DPP-4 enzyme or excretion from 
the bloodstream by the kidneys. DPP-4 cleaves GLP-1 (7-
36 amide) and GLP-1 (7-37) at the N-terminal dipeptide 
with the formation of the corresponding inactive 
metabolites: GLP-1 (9-36 amide) or GLP-1 (9-37), which 
are also excreted by the kidneys. The clearance of GLP-1 
and its metabolites is slowed down in the patients with 
renal insufficiency [12, 13].

DPP-4 exists in two forms – a transmembrane 
protein and a soluble form that circulates in the blood. 
In the intestine, DPP-4 is highly expressed in the brush 
border of enterocytes and in endothelial cells, so most of 
the secreted GLP-1 is already degraded in the capillaries 
of the distal intestine. At the same time, approximately, 
only 25% of active GLP-1 reaches the liver and about 
10–15% is distributed in plasma [13].

The DPP-4 activity can change under the influence 
of various stimuli. Thus, dexamethasone-induced 
hyperglycemia is accompanied by hyperacetylation of 
histones in the promoter region of the DPP-4 gene with 
an increase in its expression, which may be an addition 
to the knowledge about the already known mechanisms 
for the development of steroid diabetes, as well as a 
new goal of pharmacotherapy [14].

2. iDPP-4 pharmacology
iDPP-4 inhibitors improve a glucose control in 

patients with type 2 diabetes. Thus, iDPP-4s have a large 
number of biological effects and, unlike other antidiabetic 
agents, do not cause such undesirable effects as a weight 
gain and the development of a hypoglycemia state. 
Therefore, these drugs are in the center of research 
and development of many pharmaceutical companies 
and scientific centers, which led to the appearance of 

such a large number of drugs of the DPP-4 group on 
the pharmaceutical market. 13 of these, are currently 
approved and used for the treatment of type 2 diabetes, 
while 6 others (carmegliptin, retagliptin, melogliptin, 
denagliptin and dutagliptin) are in the pre-registration/
phase 2,3 and/or awaiting the approval.

Based on international non-proprietary names, the 
common fragment of which is “gliptin”, the entire group 
of DPP-4 inhibitors is commonly called gliptins. The 
drugs of this group reduce the activity of the enzyme by 
70–90%, do not have a direct effect on the satiety feeling 
or on the rate of gastric emptying. In the absence of the 
data on the passage of DPP-4 inhibitors through the 
blood-brain barrier (BBB), they are able to enhance the 
central effect of GLP-1 increasing its plasma level by 2–4 
times [15, 16]. Despite the same action, various gliptins 
differ in their pharmacodynamic and pharmacokinetic 
properties, which may be clinically significant for certain 
categories of patients (with renal or hepatic insufficiency, 
pancreatitis, cardiovascular diseases, etc.).

The main advantages of the drugs over other 
hypoglycemic drugs with the DPP-4 inhibitory activity 
are a moderate efficacy, a higher safety: a low risk of 
hypoglycemia, cardiovascular complications; it does not 
cause edema and a weight gain. The drugs from the DPP-
4 group have a number of class-specific properties, which 
consist in a dual action mechanism (on the function of 
α- and β-cells). That leads to an improvement in the 
postprandial profile of glucagon and insulin secretion 
patterns. The inhibition of the GLP-1 degradation has 
a positive effect on glucose homeostasis by increasing 
insulin levels and suppressing a glucagon secretion, 
slowing gastric emptying and reducing the appetite. 
DPP-4 inhibitors are characterized by a neutral effect 
on the body weight and do not provoke hypoglycemia 
[17, 18]. In patients with type 2 diabetes, their use 
leads to a steady decrease in the concentration of 
HbA1c, blood glucose levels on an empty stomach and 
after a meal. In the work by Korbut A.I. and Klimontov 
V.V. [19], the data on the effect of GLP-1 and DPP-4 iD 
analogues on structural and functional changes in the 
kidneys in DM, have been summarized. In experimental 
and clinical nephropathy of a diabetic and non-diabetic 
origin, GLP-1 and DPP-4 iP analogues slow down the 
development of fibrosis and a decrease in the kidney 
function. Their nephroprotective effect is due to a 
decrease in hyperglycemia, an increase in sodium 
excretion, a suppression of inflammatory and fibrogenic 
signaling pathways, an oxidative stress and apoptosis  
in the kidneys.

It is important to note that the effect of incretins 
(GLP-1 and GIP) on the insulin and glucagon secretion 
depends on the level of glycemia. Under the conditions 
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of normoglycemia, an increase in GLP-1 and GIP does 
not affect the insulin secretion, while GIP stimulates 
a glucagon secretion during fasting glycemia and 
hypoglycemia [20]. An increase in the glucose levels 
above the physiological values leads to the stimulation 
of insulin secretion (GLP-1 and GIP) and suppression 
of the glucagon production (GLP-1). At the same time, 
under the conditions of hypoglycemia, GIP significantly 
increases a glucagon secretion, helps maintain glucose 
homeostasis and prevents a further development of 
hypoglycemia. By increasing the level of GLP-1 and GIP, 
which have a glucose-dependent mechanism of action, 
DPP-4 inhibitors can help normalize the insulin/glucagon 
balance and improve glucose homeostasis in the 
patients with type 2 diabetes without increasing the risk 
of hypoglycemia [18, 21]. Based on the foregoing, and 
taking into account the recommendations accepted in 
the world regarding the use of the combination therapy 
for type 2 diabetes, it can be assumed that the addition 
of iDPP-4 to the drugs that tend to cause hypoglycemia 
(sulfonylurea derivatives and thiazolidinediones) will 
reduce the likelihood of its development, which is often 
notified in clinical trials. (CTs).

2.1. Classification of iDPP-4s
Kushwaha R.N. et al. [22] divide gliptins into several 

groups based on their chemical skeleton:
– sitagliptin and related gliptins include retagliptin, 

gemigliptin, omarigliptin and evogliptin, which had 
been developed from triazolopiperazine derivatives. 
Sitagliptin is the first DPP-4 gliptin approved for the 
treatment of type 2 diabetes;

– cyanopyrrolidine gliptins include vildagliptin, 
saxagliptin, anagliptin, denagliptin and melogliptin. 
Vildagliptin is the first inhibitor of this class on the 
market;

– teneligliptin and gosogliptin are gliptins based on 
diprolyl;

– linagliptin belongs to the xanthine-based class of 
gliptins, while alogliptin and trelagliptin belong to the 
pyrimidinedione class;

– dutagliptin and carmegliptin are boric and tricyclic 
gliptins, respectively.

Nabeno M. et al. [6] classify iiDPP-4s nto three 
classes depending on their binding modes in the DPP-4 
active site:

Class 1 contains wilda- and saxagliptin, which bind 
to the S1 and S2 subsites and form a covalent bond with 
the nitrile group of their cyanopyrrolidine moiety to the 
Ser630 site of DPP-4. Saxagliptin is 5 times more potent 
than vildagliptin at inhibiting DPP-4.

Class 2 contains alo- and linagliptin, which interact 
with “daughter” S1’ subsites, and in the case of 

linagliptin with S1’ and S2’, in addition to S1 and S2. 
The uracil rings of both gliptins induce a conformational 
change in Tyr-547 in the daughter subsites at S1’. Due 
to the additional interaction of linagliptin with the 
daughter subsites S2’, it is 8 times more active than  
alogliptin.

Class 3 has the highest inhibitory activity against 
DPP-4, since sita- and teneligliptin interact not only with 
the S1 and S2 regions of DPP-4 (like Сlass 1), but also 
with the extensive S2 subsite. Teneligliptin has a unique 
J-shaped structure with an anchor lock domain, which 
explains its strong inhibitory activity and low IC value 
(0.37 nM). Binding to the extensive S2 subsite of some 
inhibitors also determines their high specificity for DPP-
4, since other related peptidases (DPP-8, DPP-9, and 
FAP) lack this site.

DPP-4i can be also divided according to the effect 
duration, highlighting the drugs with a prolonged action 
for the oral administration once a week: omarigliptin 
(MK-3102, Marizev®, Merck) and trelagliptin (SYR-472, 
Zafatec®, Takeda/Furiex), which had been approved for 
use in Japan [23, 24].

In 2006, the FDA approved the first DPP-4 inhibitor, 
sitagliptin. After that, the development of drugs in this 
group was continued, and today they are 17 in this group 
[22].

2.2. Pleiotropic properties of DPP-4 inhibitors
DPP-4 (CD26) is expressed by vascular endothelial 

cells, lungs, kidneys, liver, small intestine, and heart, 
as well as the cells of the immune system [11]. In the 
review article by Zou H. et al. [25], biological functions, 
key molecular pathways, interactions, and associations 
of DPP-4 in the context of developing new treatments 
for lung diseases such as asthma, chronic obstructive 
pulmonary disease (COPD), and cancer, are reviewed. The 
authors note out that DPP-4 may regulate the immune 
response through the T-cell activation and modulation of 
chemotaxis, and can be also involved in the development 
of asthma and COPD. The DPP-4 inhibition can slow 
down a smooth muscle cell proliferation and facilitate 
a pulmonary artery remodeling, as well as improve the 
overall survival of the lung cancer patients.

DPP-4 is constitutively expressed on lung 
fibroblasts and is involved in the regulation of their 
functional activity (collagen synthesis and a secretion 
of inflammatory cytokines). Under conditions of 
pulmonary hypertension, the inhibition of DPP-4 slows 
down the transition of vascular remodeling from the 
reversible to the irreversible stage due to the complex 
antioxidant, anti-inflammatory and antifibrotic effects, 
as well as slowing down the proliferation and migration 
of fibroblasts [26].
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In the study by Zhang S. et al. [27], anagliptin was 
shown to reduce a lung injury in the mice exposed to 
the chronic alternating stress for 2 weeks. The chronic 
stress induced the inflammation and an oxidative stress 
leading to the lung damage. This was accompanied by an 
increase in the plasma DPP-4 activity, an increase in the 
gene expression of several pro-inflammatory cytokines, 
the adhesion molecules, and a plasminogen activator 
inhibitor-1 (MCP-1, Vcam-1, Icam-1 and PAI-1), as well as 
a decrease in the expression of eNOS proteins, Sirt1 and 
Bcl-2. The inhibition of DPP-4 both by the administration 
of anagliptin and by generating genetic knockouts 
(DPP-4-/-) prevented a stress-induced lung injury 
associated with the inflammation, oxidative stress and  
apoptosis.

In the work by Patel P.M. et al. [28], a DPP-4 
role in the development of various skin diseases is 
discussed. Herewith, the following factors are taken 
into consideration: its expression, influence on the 
function of melanocytes, keratinocytes, and fibroblasts, 
as well as the participation in the formation of a balance 
between regulatory T-lymphocytes (Treg) and effector 
T-lymphocytes. In skin diseases, a DPP-4-mediated 
disruption of Treg immunosuppression is possible, 
contributing to the development of inflammation. 
The therapeutic potential of DPP-4 inhibitors in 
various inflammatory skin diseases (psoriasis, 
atopic dermatitis, fibrosing diseases, etc.) is being  
investigated.

The study published in 2011, noted an increase in 
the DPP-4/CD26 expression in the patients with atopic 
dermatitis. In the experimental part of the work, a skin 
inflammation was induced in the knockout animals  
(DPP-4-/-) with a predominance of T-helper 1 (Th1) or type 
2 (Th2), respectively, with a predominance of a cellular or 
humoral immune response. In the animals without DPP-4, 
a reduced cutaneous inflammatory response was found 
out in the Th2 inflammation model, which underlies the 
diseases such as atopic dermatitis, bronchial asthma, 
etc. On the other hand, in the animals without DPP-4 
in the Th1-dominated model, a cutaneous inflammatory 
response was increased [29]. It can be assumed that the 
DPP-4 inhibition in inflammatory skin diseases can have 
both potential benefits and harms, which requires taking 
into account the individual characteristics of the patient. 
At the time of writing this review, few publications have 
been published on the association of the use of DPP-4 
inhibitors with inflammatory skin diseases. However, 
one study showed that the use of DPP-4 inhibitors 
(vildagliptin and linagliptin) was associated with a 3-fold 
increase in the risk of bullous pemphigoid, and a therapy 
discontinuation was associated with improved clinical 
outcomes [30].

A significant number of cytokines among the 
substrates of degraded DPP-4 indicates the study 
prospects of iDPP-4 for the correction of the chronic 
inflammation in autoimmune rheumatic diseases [31]. 
However, currently, the information is insufficient and 
there are conflicting data on both positive [32] and 
negative [33] effects of DPP-4 inhibitors on the course of 
rheumatoid arthritis in the experiment.

To reduce potential negative DPP-4i effects 
associated with a slowdown in the elimination of certain 
cytokines, the possibility of using antagonists of the 
corresponding receptors, is being considered [34].

The possibility of using DPP-4i in the immune 
regulation and therapy of autoimmune rheumatic 
diseases is discussed.

In the progression of a renal failure, DPP-4 inhibitors 
can have a protective effect, including antifibrotic 
effects in diabetic nephropathy [35]. DPP-4 affects a 
sodium transport in the kidneys, since a 3-subtype 
sodium-hydrogen exchanger (NHE3) in the brush border 
membranes of the epithelium of the proximal tubule 
exists in combination with DPP-4, and the decrease/
suppression of the expression/signaling and/or activity of 
DPP-4 can lead to an increased excretion of sodium and 
water [36]. Investigating gemigliptin effects in the mice 
in the ureteral obstruction model, Min H.S. et al. [37]  
found out that in the animals receiving gemigliptin at the 
dose of 150 mg/kg p.s. with food, a decrease in proteinuria 
and kidneys structural changes was observed within 14 
days. Against the background of the administration of 
the drug, a urinary excretion of 8-isoprostane (a marker 
of the oxidative stress level) in the mice decreased. 
The authors note that the nephroprotective effect of 
gemigliptin is realized through several mechanisms 
associated with fibrosis, inflammation, and an oxidative 
damage, regardless of its hypoglycemic effects.

As mentioned above, colony-stimulating factors 
and various cytokines are also DPP-4 targets, which 
can have a significant potential in the organ and tissue 
transplantation (islet cells of the pancreas, lungs, skin, 
hematopoietic stem cells, etc.) [11, 38].

An increased DPP-4 expression in the liver 
contributes to the development of a non-alcoholic 
fatty liver disease (NAFLD) and insulin resistance. This 
is associated with a reduced level of GLP-1, as well as 
auto- and paracrine DPP-4effects. In the experimental 
studies, gemigliptin reduced the inflammation severity, 
an oxidative stress and alleviated the course of liver 
fibrosis. DPP-4 is considered as a promising target for the 
NAFLD treatment [39].

Jung E et al. [40] studied the effect of gemigliptin on 
retinal pericytes and the process of neovascularization 
in a model of ischemic proliferative retinopathy in the 
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mice prone to DM type 2 (db/db). The administration of 
gemigliptin for 12 weeks led to a significant decrease in 
the intensity of retinal pericyte apoptosis and improved 
the retinal neovascularization. The authors note a 
pronounced retinoprotective effect of gemigliptin due 
to the DPP-4 suppression and the suppression of the 
plasminogen activator-1 (PAI-1) expression.

The review paper [41] summarizes the research 
results studies that indicate the ability of DPP-4i 
to prevent the onset and progression of diabetic 
microangiopathy.

Some well-known drugs have an inhibitory activity 
against DPP-4, mitoxantrone has a significant inhibitory 
activity against DPP-4 both in vitro and in vivo [42]; being 
inhibitors of metalloaminopeptidases and bacterial 
proteases, bestatin and bacitracin also inhibit a DPP-4 
activity and, therefore, are considered as a structural 
element for creating new compounds [43]. Oxytocin is 
considered as a peptide endogenous inhibitor of the 
DPP-4 activity [44]. The inhibitory activity against DPP-4  
was found out in bovine α-lactalbumin hydrolysates [45].

Curcumin, syringic acid, resveratrol [46],  
berberine [47], garlic extract [48] have a high affinity 
for the DPP-4 enzyme, which increases interest in these 
natural products.

Currently, despite the discovery of a large number 
of substances that exhibit an inhibitory activity against 
DPP-4, medical chemistry continues to develop new 
compounds.

2.3. Potential for use of DPP-4 inhibitors 
in COVID-19
A potential use of DPP-4 inhibitors in the complex 

treatment of COVID-19 is of particular interest. It is 
hypothesized that DPP-4 inhibitors can play a role 
in reducing the COVID-19 severity by preventing 
the virus from entering the cells. This led to the 
hypothesis that the use of DPP-4 inhibitors can be the 
optimal strategy for the COVID-19 treatment in the 
diabetic patients, who are at a double risk of a severe  
infection [49, 50].

In silico modeling of the SARS-CoV-2 spike protein 
predicted its potential interaction with DPP-4 in addition 
to the angiotensine transforming enzyme 2 (ATE2, 
ACE2) [51]. These models suggest that DPP-4 can be 
a co-receptor for the SARS-CoV-2 virus entry. DPP-4 (a 
membrane and soluble form) is a target not only for 
SARS-CoV-2, but also for MERS-CoV [52]. In the literature, 
the possibility of using a monoclonal antibody to CD26 
(Begelomab) to block the interaction of SARS-CoV-2 with 
DPP-4 has been considered, but there are no data on any 
clinical studies of this approach [53].

The fact that DPP-4 exists in soluble and membrane 

forms complicates understanding of the iDPP-4 potential 
in COVID-19. The previous studies have shown that a 
soluble DPP-4 form acts as a decoy molecule for MERS-
CoV, as it does for SARS-CoV-2, blocking a viral S-protein 
binding to the cell surface [54, 55]. The research by 
Schlicht K. et al. [56] in the severe COVID-19 patients 
showed a reduced level of soluble DPP-4, which 
correlated with the severity of the disease. However, 
it is not clear whether a decrease in the soluble DPP-
4 was a consequence of the disease or an individual 
initial condition that causes an increased susceptibility 
to MERS-CoV or SARS-CoV-2. The level of soluble DPP-4 
in serum can also be reduced in various clinical diseases, 
such as diabetes, obesity and metabolic syndrome, 
which can lead to a severe course of an infectious disease 
[4]. Herewith, the administration of DPP-4 inhibitors can 
increase the level of soluble DPP-4 [57]. Thus, there is 
a hypothesis that DPP-4 inhibitors can help retain viral 
particles in the bloodstream by increasing the level of 
soluble DPP-4, which, in turn, can limit the reproduction 
of the virus in the human body.

DPP-4 is expressed by the immune system cells and 
is involved in the regulation of inflammatory processes. 
The anti-inflammatory effects of DPP-4 inhibitors can 
be useful in COVID-19 patients to prevent a “cytokine 
storm” in order to reduce the disease severity [49, 58]. 
DPP-4 also enhances a fibroblast activation by increasing 
transforming growth factor β (TGFβ), which indicates 
the antifibrotic potential of DPP-4 inhibitors, confirmed 
by experimental models of pulmonary and skin  
fibrosis [59].

3. Representatives of DPP-4 inhibitors group
Summarized information about the representatives 

of DPP-4 inhibitors is given in Table 1.

3.1. Sitagliptin (MK-0431, Januvia®, Merck) 
Sitagliptin was developed by the pharmaceutical 

company Merck (Germany) based on triazolopiperazine. 
Since 2006, it has been approved by the FDA for use 
in type 2 diabetes. It is highly active against DPP-4  
(IC50=18 nM) and selective (for DPP-8 – 48000 nM, for  
DPP-9 ‒ >100000 nM); it improves the function of 
pancreatic β-cells, as well as a glycemic control on an 
empty stomach and after a food intake in patients with 
type 2 diabetes. The presence of a trifluoromethyl 
group in the triazole ring improves its bioavailability 
[22]. Sitagliptin dose-dependently inhibits a DPP-4 
plasma activity up to 80 and 47% when measuring the 
enzyme activity at the 2nd and 24th h, respectively, after 
a single dose of 25 mg (in the type 2 diabetes patients) 
[60]. Only a small part of the drug is metabolized with 
the participation of CYP3A4 and CYP2C8 enzymes. 
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The metabolites are conjugates of N-sulfate and 
N-carbamoylglucuronic acid of the parent drug, a 
mixture of hydroxylated derivatives, a glucuronide ester 
of the hydroxylated metabolite, and two metabolites 
formed by an oxidative desaturation of the piperazine 
ring followed by the cyclization. All 6 metabolites lack a 
DPP-4 inhibitory activity. Sitagliptin is the most studied 
DPP-4 inhibitor and the effectiveness of its combinations 
with hypoglycemic drugs of other groups is being actively 
studied.

Hou L. et al. [61] conducted a meta-analysis of the 
studies published up to 2012, which evaluated the efficacy 
and safety of the combined therapy with metformin +  
sitagliptin and a combination of metformin  
(≥1500 mg) and sulfonylurea derivatives (glipizide, 
glibepiride, glibenclamide) in patients with type 2 
diabetes and an inadequate glycemic control. The authors 
showed that sitagliptin and sulfonylurea drugs are 
comparable in effectiveness (in reducing HbA1c) when 
the baseline metformin therapy is added. However, in the 
combination therapy with metformin and sulfonylurea 
drugs, the risk of developing hypoglycemia remained 
high, while the addition of sitagliptin to metformin 
did not increase the risk of developing a hypoglycemic  
state.

Hayes J. et al. [62] evaluated the efficacy and safety of 
the sitagliptin+metformin combination in the treatment 
of type 2 diabetes patients. The authors compared 
the results of 11 studies lasting from 24 to 104 weeks. 
This research included the studies where the following 
drugs had been used: sitagliptin and metformin in fixed 
doses separately or in the dual therapy; sitagliptin and 
metformin compared with other hypoglycemic drugs 
and metformin; sitagliptin and metformin as a part of 
a triple combination therapy (sitagliptin + metformin +  
sulfonylurea or insulin). The authors have found out that 
the combination of sitagliptin and metformin reduced 
HbA1c and other glycemic parameters better than 
either drug separately. This combination had a high 
safety profile and was well tolerated by patients. The 
risk of hypoglycemia was lower with the combination of 
metformin and sitagliptin than with the combination of 
metformin, glipizide, or gliperimide.

Fonseca V. et al. [63] evaluated the efficacy and 
safety of sitagliptin in the triple combination therapy with 
metformin (≥1500 mg per day) and pioglitazone (≥30 mg 
per day) in type 2 diabetes patients (HbA1c=7.5–11%) 
during a placebo controlled, double-blind study for 26 
weeks. The addition of sitagliptin resulted in significant 
(р <0.001) changes from the baseline compared to 
placebo in HbA1c (-0.7%), fasting plasma glucose  
(-1.0 mmol/L) and 2 h postprandial (-2.2 mmol/l). In 
patients with baseline HbA1c ≥9.0%, the mean changes 

from the baseline in HbA1c were -1.6 and -0.8% for the 
sitagliptin and placebo groups, respectively (between 
the groups the difference was -0.8%; р <0.001). The 
frequency of adverse events was generally comparable 
between the treatment groups, the episodes of 
hypoglycemia were observed in 4.5 and 3.8% in the 
sitagliptin and placebo groups, respectively (p=0.786). 
The authors conclude that the addition of sitagliptin 
to the combination therapy with metformin and 
pioglitazone resulted in the improved glycemic control 
and was generally well tolerated.

In the domestic multicenter observational program 
“Dia-Da”, in type 2 diabetes patients and the HbA1c 
concentration of 7–8%, who had received the sitagliptin 
therapy at the dosage of 100 mg per day in combination 
with metformin for 6 months, there was a decrease in 
HbA1c levels by 1.1%. In patients with a more pronounced 
violation of carbohydrate metabolism (HbA1c >10%), 
the decrease in this indicator was 4.1%. On average, over  
6 months of treatment, the level of HbA1c decreased by 
1.7%. In the combination of sitagliptin + metformin, the 
level of fasting plasma glucose also decreased from the 
initial level of 8.8 to 6.1 mmol/l after 6 months [64].

Sitagliptin helps to reduce the visceral fat depot 
in type 2 diabetes patients when added to metformin, 
which was noted in the study by Ametov A.S. et al. [65]. 
After 6 months of treatment, in addition to improving 
the glycemic parameters (glucose levels measured on 
an empty stomach and postprandial, as well as HbA1c), 
there was a decrease in the body mass index (BMI) by 
an average of 5.29% in the sitagliptin+metformin group, 
and in the group metformin monotherapy – by 1.96%. 
The area of the visceral fat decreased by an average 
of 7.52% in the combination therapy group (р <0.001), 
while in the metformin monotherapy group it decreased 
by an average of 1.76% 

The presented above results show that the inclusion 
of sitagliptin in the hypoglycemic therapy composition 
leads to a significant increase in the effectiveness of the 
glucose metabolism control and the safety of treatment 
in general. It should be notified that sitagliptin is the most 
studied representative of this pharmacotherapeutic 
group, and at the same time, the interest of researchers 
and doctors in it does not decrease.

3.2. Vildagliptin (LAF-237, Galvus®, Novartis)
Vildagliptin is a representative of the first generation 

of inhibitors and the first gliptin of the cyanopyrrolidine 
class, developed by Novartis (Switzerland), approved for 
the treatment of type 2 diabetes. This is active (IC50=3.5 nM)  
and moderately selective for DPP-4 against DPP-8  
(>250-fold) and DPP-9 (>23-fold), but much more 
selective for DPP-2 and FAP. The vildagliptin half-life is 
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1.5 h, its bioavailability is 85%; it improves a glycemic 
control (reduces HbA1c levels by 0.7%), causes the 
DPP-4 inhibition by 80% within 7 h and is maintained 
by 40% for 24 h after a single dose of 100 mg. 69% of 
the received drug dose undergoes a biotransformation, 
the main metabolite – LAY151 (57% of the dose) – is 
pharmacologically inactive; it is a hydrolysis product of 
the cyanocomponent. It improves a β-cell function and 
an insulin sensitivity. It is used in monotherapy and in 
combination with other antidiabetic drugs. The drug was 
approved by the European Medicines Agency in 2008 for 
use in the European Union [22].

Numerous trials have shown the efficacy of 
adding vildagliptin to metformin, insulin, sulfonylurea 
derivatives, and thiazolidinediones. The level of glycated 
hemoglobin decreased by an average of 0.6–1.1%. In 
most patients, the body weight remained stable, and 
in some cases, there was a tendency to decrease it, 
especially when the drugs had been combined with 
metformin [66].

Azuma K. et al. [67] investigated the effect of 
vildagliptin (100 mg per day) on the β-cell function in 
type 2 diabetes patients. Against the background of the 
vildagliptin use, the concentration of postprandial GLP-1  
and GIP increased by 3 times and bid, respectively. 
The insulin secretion increased by 50% (р <0.01), the 
concentration of glucose in the blood plasma measured 
on an empty stomach and after a meal, decreased by 
1.3±0.3 and 1.6±0.3 mmol/l (р <0.01), respectively, and 
glucagon postprandially – by 16% (р <0.01). The authors 
found out that against the background of the vildagliptin 
use, the postprandial concentration of glucagon was 
41% lower than in the placebo group. It was also found 
out that under the conditions of hypoglycemia, the 
difference between the level of glucagon and insulin 
was 38%, indicating an increase in the α-cells function. 
The authors conclude that vildagliptin enhanced the 
response of α-cells to both the inhibitory effect of 
glucagon under the conditions of hyperglycemia and its 
stimulatory effect under the conditions of hypoglycemia, 
indicating the efficacy and safety in DM 2.

Odawara M. et al. [68] reviewed two open-label 
studies in patients with a poorly controlled type 2 DM 
who were taking one of the oral hypoglycemic agents –  
sulfonylurea, metformin, thiazolidinedione, an 
α-glucosidase inhibitor, and glinide. After 52 weeks of 
treatment, the addition of vildagliptin (50 mg per day) to 
these drugs reduced HbA1c compared to monotherapy  
by -0.64, -0.75, -0.92, -0.94 and -0.64%, respectively. 
The episodes of hypoglycemia were rare, with a slight 
advantage in the sulfonylurea group. The decrease in the 
HbA1c concentration in the combined use of vildagliptin 

with insulin secretogens (sulfonylureas or glinides) was 
less compared with its combination with other drugs. 
In all combination therapy groups, mean fasting glucose 
concentrations decreased, as did triglyceride and 
cholesterol levels. The HOMA-β index increased only 
in the patients treated with vildagliptin/sulfonylurea, 
in the rest ones, this indicator decreased. The authors 
conclude that vildagliptin has a good tolerability profile 
in DM 2 patients.

Ametov A.S. [69] reported the results of several 
vildagliptin studies, one of which examined the efficacy 
and safety of adding vildagliptin to the basic therapy. 
The study identified three groups of patients who had 
received various types of therapy: group 1 – metformin 
at the dose of ≥1500 mg per day; group 2 – gliclazide 
MB at the dose of 90–120 mg per day; group 3 – a 
combined therapy with metformin + gliclazide MB at 
the maximum therapeutic doses. After 24 weeks of 
therapy in groups 1, 2 and 3, the reduction in HbA1c 
was -1.2, -1.32 and -1.26%, respectively, and the target 
values of HbA1c ≤7.0% were achieved in 54, 60 and  
32%. Even in the patients treated with gliclazide, the 
risk of hypoglycemia did not increase with vildagliptin. 
There was also a significant decrease in the glycemic 
variability in all three groups, which improves the long-
term prognosis of the disease.

Kosaraju J. et al. [70] studied the effect of vildagliptin 
on the rats with streptozotocin-modeled Alzheimer’s 
disease (AD): 3 months after the AD induction, 
vildagliptin was administered p.o. at the doses of 2.5, 
5, and 10 mg/kg/day for 30 days. The treatment of 
the animals with vildagliptin resulted in an increase in 
the concentration of GLP-1, a decrease in the severity 
of cognitive deficits, and a dose-dependent decrease 
in the tau-phosphorylation, Aß, and inflammatory 
markers. Based on the foregoing, the authors conclude 
that vildagliptin has pronounced neuroprotective  
properties.

Arruda-Junior D.F. et al. [71] investigated the 
effects of vildagliptin in the rats with a simulated 
heart failure. Six weeks after the surgery, vildagliptin  
(120 mg/kg/day) was administered p.o. to the rats for 
28 days. As evidenced by a fluid retention, the untreated 
rats had an impaired renal function, a low glomerular 
filtration rate (GFR), and a high urinary protein excretion. 
The treatment with vildagliptin restored the GFR, protein 
excretion, and Na+. A restoration of the kidney function 
in the rats was associated with increased levels of active 
GLP-1, suppression of the DPP-4 activity, and an increase 
in protein kinase A in the renal cortex. Based on this, 
the authors concluded that vildagliptin has a reno- and 
cardioprotective effect.
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Table 1 – DPP-4 inhibitors, general information

Drugs General information
Sitagliptin (MK-0431, Januvia®)

F

F

F

N

N
N

N

N

HH

F

F

F

O

IC50=18 nM; manufactured by Merck, registered in more than 40 
countries, including the US and EU countries; bioavailability is 87%; 
after a single dose of 25 mg its DPP-4 enzyme activity is inhibited 
by 80% and 47% at 2 and 24 h, respectively; selectivity for related 
enzymes: DPP-8 and DPP-9 >2 600 times; T1/2 – 12 h; it reduces 
the content of glycated hemoglobin at the dose of 100 mg per  
day 0.8%; a small part of the drug is metabolized; the enzymes 
CYP3A4 and CYP2C8 are involved in the process. 
There are six metabolites found out, they do not have any DPP-4 
inhibitory activity [22, 60].

Vildagliptin (LAF-237, Galvus®)

OH N

N

N

OH

IC50=3.5 nM; manufactured by Novartis, registered in more than 
78 countries, including the US and EU countries; bioavailability is 
85%; after taking a single dose of 100 mg, the activity of the DPP-4 
enzyme is inhibited by 80% within 7 h and retains 40% after 24 h;  
selectivity for natural enzymes: DPP-8 >250 times and DPP-9 by  
23 times; T1/2 – 3 h; it reduces the content of glycated hemoglobin 
at the dose of 25 mg per day – 0.6%; 69% of the drug dose 
undergoes biotransformation, the main metabolite, LAY151 
(57% of the dose), is pharmacologically inactive and is hydrolysis  
product of the cyanocomponent [22].

Dutagliptin (PHX1149)

N

B
O

H

O

H

H
O

N

NH

H

IC50=25 nM; manufactured by Phenomix Corp, passes the 3rd stage 
of CTs; the activity of the DPP-4 enzyme is inhibited by 90% when 
using the drug at the dose of 400 mg for 24 h, and by 50% – within 
24 h if the dose is 100 mg; its selectivity for related enzymes:  
DPP-8 and DPP-9 >400 times; T1/2 – 10–13 h; reduces the content of 
glycated hemoglobin at the dose of 400 mg after 12 weeks – 0.52%, 
at the dose of 200 mg – -0.35%; it is excreted unchanged through 
the kidneys [72, 73].

Saxagliptin (BMS-477118, Onglyza®)

N

NO

HO

H2N

H

H

IC50=26 nM; manufactured by Bristol-Myers Squibb, registered in 
56 countries including the US, Canada, Mexico, 30 EU countries, 
Chile, India, Brazil, Argentina and Switzerland; bioavailability 
is 67%; it inhibits DPP-4 activity by 80 and 57% for up to 90 min 
and 24 h, respectively, at a single dose of 10 mg. At a single 
dose of 100 mg, it inhibits the DPP-4 activity by more than 95%; 
selectivity for related enzymes: DPP-8 >390 times and DPP-9 >77 
times; it reduces the content of glycated hemoglobin at the dose 
of 2.5–10 mg ~ 1%; metabolized to the active metabolite M2.  
T1/2 – 2–4 h for saxagliptin and 3–7 h for the M2 metabolite [13].

Linagliptin (BI-1356, Tradjenta®)

N

N

N

N

O

O

N

N

N

H2N

IC50=1.0 nM; manufactured by Boehringer Ingelheim, registered in 
Austria, Australia, Brazil, Great Britain, Greece, Spain, India, Canada, 
Korea, Mexico, USA, Singapore, Japan, Russia; bioavailability is 
30%; at a single dose of 10.0 mg/kg, the inhibition of plasma DPP-
4 is ≥80% within 24 h; selectivity for related enzymes: DPP-8 and 
DPP-9 >10 000 times; T1/2 ‒ 113–131 h; it reduces the content of 
glycated hemoglobin at the dose of 5 mg after 24 weeks 0.69%; 
it is practically not metabolized in the body, one main metabolite 
of linagliptin which does not have a pharmacological activity, is 
known [83].
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Alogliptin (SYR-322, Nesina® in the US and Vipidia® in 
Europe)

 N

N

N

O

ON

H2N

IC50=7.0 nM; manufactured by Takeda, registered in the USA, EU 
countries, Russia, China, Japan, Korea; bioavailability is 100%; its 
application causes more than 90% inhibition of DPP-4 for 24 h at 
the dose of 25 mg per day; highly selective (>10 000 times) against 
DPP-4 compared with other isoenzymes (DPP-2, DPP-8, DPP-9, 
etc.; T1/2 – 21 h; at the dose of 25 mg after 26 weeks – 0.6%; it 
is not extensively metabolized, 60–71% of alogliptin is excreted 
unchanged by the kidneys. There are two minor metabolites – 
N-demethylated alogliptin (less than 1% of the original compound) 
and N-acetylated alogliptin (less than 6% of the original compound). 
N-demethylated metabolite is active, it is an inhibitor of DPP-4. 
About 10-20% of the dose of the drug is metabolized in the liver 
under the influence of cytochromes CYP3A4 and CYP2D6 [89].

Gemigliptin (LC15-0444, Zemiglo®)

N

O

F F

O

N

N

N

F F

F

F
F

F

NH2

IC50=6.3 nM; manufactured by LG Life Sciences, registered in 
Korea, India, Colombia, Costa Rica, Panama and Ecuador; its 
bioavailability is more than 63%; at the dose of 200 mg it inhibits 
the activity of DPP-4 in plasma by more than 80% within 24 h, at 
the dose of 400 mg – for 36 h, 600 mg for 48 h; a selectivity for 
related enzymes: DPP-8 >27 000 times, DPP-9 > by 23 000 times,  
FAP-α >41 000 times; T1/2 ‒ 17 h, for the active metabolite – 24 h; at 
the dose of 50 mg per day after 24 weeks, the decrease in glycated 
hemoglobin is 0.71%; about 10% of the dose is metabolized  
with the participation of cytochrome CYP3A4 to LC15-0636, 
hydroxylated gemigliptin [97].

Teneligliptin (MP-0513, Tenelia®)

O

SN

NH

NN

N
N

IC50=1.8 nM; manufactured by Mitsubishi Tanabe, registered 
in Japan, Korea, India; bioavailability is 63–85%; inhibits the 
activity of plasma DPP-4 by more than 50% within 24 h after 
a single dose of 1 mg/kg; the selectivity for related enzymes:  
DPP-8 >703 times and DPP-9 >1 460 times; T1/2 ‒ 8–16 h; the 
decrease in glycated hemoglobin is 0.9 at the doses of 10 and  
20 mg, by 1% at 40 mg after 12 weeks; about 65.6% of the dose is 
metabolized [100].

Anagliptin (SK-0403, Suiny®)

N

N
N

O

HNNH

O

N

N

IC50=3.8 nM; manufactured by Sanwa Kagaku Kenkyusho,  
registered in Japan, Korea; bioavailability is 73%; inhibits DPP-4 
activity by 95% at the dose of 3 mg/kg; the selectivity for related 
enzymes: DPP-8 and DPP-9 >10 000 times; at the dose of 100 mg 
after 24 weeks it causes a decrease in glycated hemoglobin by 0.5%; 
metabolite M1 (carboxylate) is 29.2% of the dose, the proportion 
of other metabolites is about 1%. The half-life of anagliptin is  
4.37 h, M1 is 9.88 h [108].

Omarigliptin (MK-3102, Marizev®)

O

NH2

N

N

NS

O

O

F

F

IC50=1.6 nM; manufactured by Merck, approved for use in 
Japan; bioavailability is 74%; causes inhibition of plasma  
DPP-4 by 77–89% up to 168 h;  highly specific for other proteases 
including DPP-8, DPP-9, QPP, FAP, PEP; T1/2 ‒ 68 h; at the dose  
of 25 mg/week after 54 weeks it causes a decrease in glycated 
hemoglobin by 0.3%; not metabolized, excreted unchanged mainly 
through the kidneys, through the intestine ‒ about 3% [113].
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Drugs General information
Gosogliptin (PF-00734200, Saterex®, SatRx® or Saterex®)

 

O

HN N

N
N

N

N

F

F

IC50=13 nM; developed by Pfizer, registered in Russia in 2016; 
bioavailability is over 99%; it causes inhibition of DPP-4 by 75% 
after 24 h; selectivity is more than 100-fold for DPP-2, DPP-3,  
DPP-8 and DPP-9; T1/2 ‒ 2.7 h; at the dose of 10 mg per day after 12 
weeks it causes a decrease in glycated hemoglobin by 0.7%. The 
main metabolic pathway of gosogliptin in humans it is associated 
with hydroxylation of the pyrimidine group (M5). Other metabolites 
are associated with amide hydrolysis, carbamoyl glucuronidation, 
formamide conjugation, glucose conjugation, and creatinine 
conjugation. Withdrawal: 48.5% ‒ unchanged. It has 8 metabolites, 
with 17.9% of the dose being metabolite M5 [117].

Denagliptin (GSK-823093, GW823093)

N

N

F
O

F

F

H2N

IC50=22 nM; manufactured by GlaxoSmithKline, undergoing stage 
3 of CTs; a maximum inhibition of DPP-4 is after 30 min and it is 
more than 85% after 24 h at the dose of 25 mg; at the dose of  
45 mg at week 12 of the treatment it causes a decrease in glycated 
hemoglobin by 0.84%; it has hepatic and extrahepatic metabolism; 
there are 13 metabolites [22].

Melogliptin (GRC 8200, EMD-675992)

N

N
O HN

N

N

N

F

IC50=1.61 nM; manufactured by Glenmark, passes the 3rd stage of 
CTs; bioavailability is 60, 90, and 94% in rats, dogs, and monkeys, 
respectively (5 mg/kg). Data on humans are not published; the drug 
causes more than 90% inhibition of DPP-4 within 1 h; selectivity for 
related enzymes: DPP-8 and DPP-9 >10 000 times; it reduces the 
content of glycated hemoglobin by 0.75 and 0.60% at the dose of 
50 mg bid and at the dose of 100 mg per day [22].

Trelagliptin (SYR-472, SYR111472, TAK-472, Zafatec®)

 

N

F

N

N

O O

N

H2N

IC50=4.2 nM; manufactured by Takeda/Furiex, approved for 
use in Japan and Korea; bioavailability in rats is 50.3%; taking  
100 mg causes a 70% inhibition of plasma DPP-4 activity, which 
persists after 168 h; selectivity for related enzymes: DPP-8 and  
DPP-9 >10 000 times; T1/2 ‒ 72–168 h; at the dose of 100 mg/week 
after 52 weeks it reduces the content of glycated hemoglobin 
by 0.57%; metabolized by cytochrome P450 (CYP2D6), excreted 
mainly through the kidneys [22].

Retagliptin (SP-2086)

N N

N

O
O

F

FF
O

F

F

F

NH2

IC50=8 nM; manufactured by Jiangsu Hengrui Medicine, passes the 
3rd stage of CTs; selectivity for related enzymes: DPP-8 >3 263 times 
and DPP-9 >9 438 times; T1/2 – 1.5 h [22].
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Evogliptin (DA-1229, Suganon®, Evodine® or Evodin®)

HN N

O O

O

F

F

F

NH2

IC50=0.98 nM; manufactured by Dong-A Pharmaceutical, registered 
in South Korea, the drug is sold in Russia; bioavailability is 50.2%; 
causes inhibition of DPP-4 by more than 80% after a single 
dose of 5 mg; its selectivity for related enzymes: DPP-8 and  
DPP-9 >6 000 times; T1/2 ‒ 30 h; reduces the level of HbA1c by 
0.56% at the dose of 2.5 mg and by 0.61% at the dose of 5 mg. It 
is metabolized by the processes of oxidation, glucuronization and 
sulfation. It has four metabolites [22].

Carmegliptin (R-1579)

N

O

FN

O

O

NH2

H

IC50=6.8 nM; manufactured by F. Hoffmann-La Roche Ltd, passes 
the 3rd stage of CTs; bioavailability is 33% at 1 mg/kg in  
monkeys, 28% in rats, there are no data on humans; it reduces 
the activity of plasma DPP-4 by 40 and 60% after 24 and 48 h, 
respectively, after a single oral dose of 3 mg/kg; its selectivity for 
related enzymes: DPP-8 and DPP-9 >10 000 times, DPP-2 >2 000 
times; T1/2 ‒ 6.8 h. It is not metabolized; it is excreted unchanged 
through the liver and kidneys [129].

Figure 1 – Some indicators of iDPP-4 domestic market (according to DSM Group)1

Note: the data are presented in Russian rubles, as of 1 Aug 2022, 1 US dollar (USD) corresponded to 61.3 Russian rubles (RUB).

1 The data was officially purchased from DSM Group. Calculations were made on their basis, diagrams were presented.
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69293 (1.77%)
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357402 (9.14%)

–

67604 (1.61%)
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67458 (1.61%)

43739 (1.04%)
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1494.12 (9.53%)

723.23 (4.61%)

1754.28 (11.19%)

2826.98 (18.03%)

1576.83 (10.06%)

1395.99 (8.90%)

2464.31 (15.72%)

–

1732.54 (10.38%)

719 (4.31%)

1799.83 (10.78%)

1669.22 (10.00%)

3037.6 (18.20%)

2291.16 (13.73%)

1355.08 (8.12%)

703.72 (4.22%)

Sales volume (packages, A) Sales volume (rubles, thousand, B) Average price (rubles, C)

344901 (10.39%) 386596 (10.28%) 415665 (10.63%) 468604 (11.17%) 1090.31 (6.95%) 1027 (6.15%)

824156 (24.82%) 814582 (21.67%) 1259694 (32.21%) 1214527 (28.95%) 1623.7 (10.36%) 1774.82 (10.64%)

812 (0.02%) 11675 (0.31%) 599 (0.02%) 8697 (0.21%) 729.67 (4.65%) 578.31 (3.47%)

3320020 (7.09%)
3759184 (8.12%)

3911285 thousand (21.79%)

4195393 thousand (21.92%)

Sales volume (rubles)

Sales volume (packages)

Alogliptin

Vildagliptin
Vildagliptin
+ metformin
Linagliptin
Saxagliptin
Saxagliptin
+ metformin
Sitagliptin
Sitagliptin
+ metformin
Gosogliptin
Evoligliptin

Alogliptin
+ metformin
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3.3. Dutogliptin (PHX1149, Phenomix Corp)
Dutogliptin is a derivative of boric acid and a 

representative of the second generation of iDPP-4s. 
It is active (IC50=25 nM) and highly selective for DPP-4  
(unlike DPP-8 and DPP-9 (400 times). It inhibits the 
enzyme action up to 50% and 80% in dogs and monkeys, 
respectively, even when measured after 24 h at a single 
dose of 9 mg/kg. In humans, at the dose of 400 mg, a 
90% inhibition of the enzyme is observed within 24 h; at 
the dose of 100 mg, a 50% inhibition is observed within 
24 h [72]. It is excreted unchanged through the kidneys; 
its half-life is 10–13 h [73]. Currently, it is in Phase III of 
the clinical trials (CTs).

Pattzi H.M. et al. [74] determined the efficacy and 
tolerability of dutogliptin in type 2 diabetes patients 
in a 12-week, multicenter, randomized, double-blind, 
placebo-controlled study. The patients with a body 
mass index of 25–48 kg/m2 and an initial HbA1c level of 
7.3–11.0% were randomized to the following groups: 
dutogliptin – 200 or 400 mg per day, or placebo in 
addition to taking metformin, thiazolidinedione, or their 
combinations. After 12 weeks, the use of dutogliptin at 
the both dosages made it possible to achieve a decrease 
in the level of HbA1c by 0.52 and 0.35% in the groups 
treated at the doses of 400 mg (p <0.001) and 200 mg 
(p=0.006, placebo-corrected values), respectively. The 
proportion of patients who additionally received 400 
and 200 mg of dutogliptin or placebo and achieved 
the target level of HbA1c <7%, was 27, 21 and 12%, 
respectively. The fasting plasma glucose levels were 
significantly lower in both the combination treatment 
groups compared with placebo: a placebo-adjusted 
difference of -1.00 mmol/l (p <0.001) for the 400 mg 
dutogliptin group and -0.88 mmol/ L (p=0.003) for the 
200 mg group. Dutogliptin caused a significant decrease 
in postprandial glucose AUC0-120 in both 400 and 200 
mg groups (the placebo-corrected values were -2.58 
and -1.63 mmol/l/h, respectively). The authors conclude 
that the treatment with dutogliptin in the combination 
therapy with metformin and/or thiazolidinedione for 
12 weeks improved a glycemic control in the type 2 
diabetes patients.

Garcia-Soria G. et al. [75] determined the efficacy 
and tolerability of dutogliptin (PHX1149) in the type 2 
diabetes patients in a multicenter, randomized, double-
blind, placebo-controlled 4-week study. The patients with 
a baseline HbA1c level of 7.3 to 11% were randomized 
into 4 groups: dutogliptin at the doses of 100, 200, or 
400 mg per day, or placebo against the background of a 
continuous metformin therapy, or metformin+glitazone. 
In all the groups treated with dutagliptin, there was a 
significant decrease in glucose AUC0-120 (approximately 
by 20%). Postprandialiy, there was an increase in AUC0–120  
GLP-1 by 3.90±2.83 pmol/l/h in the placebo 
group, 11.63±2.86 pmol/l/h in the 100 mg group,  

16.42±2,72 pmol/l/h in the 200 mg group and 15.75±2.71 
pmol/l/h in the 400 mg dutogliptin group. HbA1c levels 
were reduced in all the groups treated with dutogliptin; 
the placebo-corrected change in the 400 mg group 
was 0.28%. The frequency of adverse events did not 
differ between the dutogliptin and placebo groups. The 
authors conclude that the addition of dutogliptin to the 
chronic metformin or metformin+glitazone therapy in 
type 2 diabetes patients is well tolerated and improves 
a glycemic control.

Schenk R. and Nix D. [76] studied the effect of 
dutogliptin separately and in combination with a 
granulocyte colony-stimulating factor (G-CSF), which 
mobilizes stem cells from the bone marrow into the 
peripheral circulation. According to the authors, 
dutogliptin prevents the cleavage of the SDF-1 factor 
of stem cells. The administration of a high/low dose 
of dutogliptin (the exact doses of dutogliptin are not 
specified by the authors) in combination with G-CSF 
for 28 days after a simulated myocardial infarction 
significantly improved the animal survival and a 
myocardial remodeling reduced an infarct size compared 
with dutogliptin and G-CSF used separately. The authors 
report a planned CT to evaluate the effect of dutogliptin 
in combination with G-CSF in patients with myocardial 
infarction.

3.4. Saxagliptin (BMS-477118, Onglyza®, 
Bristol-Myers Squibb)
Saxagliptin is the first methanopyrrolidine-based 

iDPP-4. Compared to DPP-8 and DPP-9, saxagliptin is 
selective and highly active (IC50=26 nM). Saxagliptin 
inhibits a DPP-4 activity by 80% and 57% for up to 90 min 
and 24 h, respectively, when taken once at the dose of 10 
mg, and at a single dose of 100 mg, it reduces the DPP-
4 activity by more than 95%. A bioavailability is about 
67% [13]. It is metabolized to active metabolite (M2). 
The apparent elimination half-life (T1/2) for saxagliptin is  
2–4 h, and T1/2 for the M2 metabolite is 3–7 h. The use 
of the drug significantly reduces the concentration of 
HbA1c. The drug was approved by the US FDA in 2009.

Rosenstock J. et al. [77] conducted a 12-week, 
multicenter, randomized, double-blind, placebo-
controlled study in type 2 diabetes patients 
(HbA1c=6.8–9.7%). The patients received saxagliptin 
at the doses of 2.5, 5, 10, 20, or 40 mg once-daily for 
12 weeks (a low dose group). In the second group, the 
patients received saxagliptin at the dose of 100 mg  
once-daily for 6 weeks (a high dose group). In all the 
treatment groups, saxaglipin significantly reduced 
HbA1c by 0.7–0.9% from the mean baseline compared 
with placebo (-0.3%). The effect did not depend on the 
dose. Saxagliptin significantly reduced the concentration 
of glucose measured on an empty stomach  
(0.8–1.4 mmol/l). 60 minutes after a meal, the glucose 
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levels were lower than in the placebo group by  
1.33–1.28 mmol/l. Saxagliptin improved a β-cell function 
(HOMA) at all the doses. The side effects (hypoglycemia, 
headache, dyspepsia) were similar to placebo in all the 
treatment groups.

Matthaei S. et al. [78] studied the efficacy of the 
saxagliptin administration at the dose of 5 mg per day 
(compared with placebo) in type 2 diabetes patients (the 
mean HbA1c was 7.9%) treated with dapagliflozin 10 
mg per day and metformin for 52 weeks. The adjusted 
mean change in HbA1c from the baseline at week 52 
was greater in the saxagliptin group than in the placebo 
one (-0.38% vs. 0.05%). The number of patients who 
achieved the target HbA1c <7% in the group treated 
with saxagliptin compared with placebo (29% vs. 13%), 
was also higher. The weight loss (≤1.5 kg) was observed 
in the both groups. A comparable number of patients 
reported one or more adverse events (58%). The 
authors conclude that a triple therapy with saxagliptin 
in addition to dapagliflozin and metformin for 52 weeks 
improved a glycemic control without any weight gain or 
an increased risk of adverse events.

Chacra A.R. et al. [79] evaluated the efficacy and 
safety of saxagliptin in combination with glyburide 
versus monotherapy in type 2 diabetes patients. The 
patients received saxagliptin at the doses of 2.5 or 5 mg 
in combination with glyburide (7.5 mg), while the control 
group received only glyburide (10 mg) for 24 weeks. In 
the saxagliptin groups, a more pronounced decrease in 
the HbA1c concentration was observed (-0.54% in the 
2.5 mg group, -0.64% in the 5 mg group vs. +0.08% in the 
glyburide group; p <0.0001) and glucose measured on 
an empty stomach (-0.389, -0.556 vs. +0.056 mmol/L). 
The number of patients who achieved the target level 
of HbA1c <7% in the saxagliptin group (2.5 and 5 mg) 
was greater compared with the glyburide one (22.4 and 
22.8% vs. 9.1%; p <0.0001).

In a safety study of saxagliptin, in the patients who 
had taken it at the dose of 5 mg per day for 2 years, the 
number of patients who were hospitalized for a heart 
failure in the saxagliptin group was more than in the 
placebo group (3.5 vs. 2.8%). In the absence of an effect 
on the incidence of ishemia, the rate of hospitalization 
for a heart failure was not significantly higher. In 2016, 
the FDA, referring to this study, reported that saxagliptin 
may increase the risk of developing a heart failure, 
especially in the patients who had already had heart 
or kidney diseases. Therefore, the FDA recommends 
that healthcare professionals consider discontinuing 
saxagliptin-containing products in the patients who have 
developrd or are developing a heart failure [80].

In the review research on saxagliptin [81] by  
Petunina N.A. and Brashchenkova A.V., a number of 
foreign studies on this drug were summarized. The 
authors report not only the effectiveness of saxagliptin, 

but also its high safety. Thus, the subscription of 
saxagliptin to the patients with type 2 diabetes and a 
chronic kidney disorder is possible at any stage of the 
disease, including terminal. The use of saxagliptin is also 
justified in case of an impaired liver function, including 
any degree of a liver failure. A very important advantage 
of saxagliptin can be also considered its cardiovascular 
safety, confirmed by the results of a meta-analysis of  
8 clinical trials.

Kosaraju J. et al. [82] studied the effect of saxagliptin 
in rats with streptozocin-induced Alzheimer’s disease 
(AD). Three months after the induction of AD, the animals 
were administered with saxagliptin p.o. (0.25, 0.5 and 
1 mg/kg) for 60 days. Saxagliptin minimized cognitive 
deficits, which can be associated with a decrease in the 
amyloid concentration, tau protein phosphorylation and 
neuroinflammation, and also showed neuroprotective 
properties.

3.5. Linagliptin (BI-1356, Tradjenta®, 
Boehringer Ingelheim)
Linagliptin is a second-generation xanthine-

based DPP-4 inhibitor. One of the most highly active 
(IC50=1.0 nM) and selective for DPP-4 (compared to 
DPP-8 and DPP-9 by >10 000 times). A bioavailability is 
approximately 30%, a half-life is 113–131 h. At a single 
dose of 10 mg/kg, the inhibition of plasma DPP-4 is  
≥80% and it persists for 24 h. It was approved by the FDA 
in the USA in 2011. Unlike other inhibitors, it actively 
binds to plasma proteins (>80%) and is practically not 
metabolized. Linagliptin is excreted mainly in the bile 
(84.7% after the oral administration and 58.2% after the 
intravenous administration) and less through the kidneys 
(5.4% after the administration p.o. and 30.8% after the 
intravenous administration). Thus, a dose adjustment 
for a renal insufficiency is practically not required, which 
can be an important advantage for the patients with 
type 2 diabetes and nephropathy [83].

The study by del Prato S. et al. [84] reported the 
results of a phase 3 multicenter randomized trial of 
linagliptin. The dosage of the drug was 5 mg per day 
for the patients with type 2 diabetes who had received 
the drug for 24 weeks. The average decrease in the 
concentration of HbA1c, compared with the initial values, 
was -0.69% (p <0.0001). The severity of the hypoglycemic 
effect depended on the initial level of HbA1c. So, for the 
group with the initial level of HbA1c <7.5%, its decrease 
after the treatment was -0.57%, with HbA1c=7.5–8% –  
-0.55% (p <0.005), with HbA1c 8–9% –  
-0.71% (p <0.0001), and with HbA1c ≥9%, the decrease 
was 1.1% (p <0.0001). In the group treated with 
linagliptin, there was also a more significant decrease 
in the glucose concentration measured on an empty 
stomach (1.3 mmol/l; p <0.0001) and 2 h after a meal 
(3.2 mmol/l; p <0.0001). The proportion of the patients 
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achieving HbA1c <7% after 24 weeks of treatment was 
25.2% in the linagliptin group and only 11.6% in the 
placebo group (p=0.0006).

Taskinen M.R. et al. [85] studied the effect 
of lingaliptin (5 mg per day) in patients with the 
uncompensated type 2 diabetes treated with metformin 
at the dose of ≥1500 mg per day for 24 weeks. In the 
patients receiving linagliptin in addition to metformin, 
there was a greater decrease in HbA1c compared with 
placebo adjusted mean changes from the baseline 
(-0.49 vs. 0.15% placebo), fasting glucose (-0.59 vs.  
0.58 mmol/l placebo) and glucose levels 2 h after a meal 
(-2.7 vs. 1.0 mmol/l in the placebo group); p <0.0001. 
The episodes of hypoglycemia were observed in 3 
patients (0.6%) treated with linagliptin and 5 patients 
(2.8%) in the placebo group. The authors conclude that 
the addition of linagliptin 5 mg once-daily to the patients 
with type 2 diabetes resulted in a clinically significant 
improvement in the glycemic control without increasing 
the risk of hypoglycemia.

Forst T. et al. [86] compared the effects of linagliptin 
at the doses of 1, 5 and 10 mg once-daily, glimepiride 
(1–3 mg once-daily) and placebo in the type 2 
diabetes patients with an inadequate glycemic control  
(HbA1c ≥7.5–10%) with metformin monotherapy. After  
12 weeks of treatment, the placebo-corrected mean 
change in HbA1c levels in the group treated with linagliptin 
1 mg was -0.40%, 5 mg -0.73%, 10 mg -0.67%. For  
glimepiride, the change in mean placebo-adjusted HbA1c 
from the baseline was –0.9%. The frequency of adverse 
events was low and comparable in all groups. There were 
no episodes of hypoglycemia in the linagliptin or placebo 
groups, in contrast to the glimepiride group (5%).

Owens D.R. et al. [87] reported the results of a 
multicenter, 24-week, randomized, double-blind clinical 
trial conducted in type 2 diabetes patients treated 
with linagliptin at the dose of 5 mg per day or placebo 
when added to the main therapy with metformin 
or a sulfonylurea drug. At week 24, a change in the 
mean placebo-adjusted HbA1c from the baseline was  
-0.62% (p <0.0001). More patients with the baseline 
HbA1c ≥7.0% achieved HbA1c <7.0% in the linagliptin 
group compared with placebo (29.2% vs. 8.1%; 
p <0.0001). The fasting plasma glucose concentration 
was lower in the linagliptin group compared with 
placebo (p <0.0001). In addition to metformin or 
a sulfonylurea, linagliptin also showed significant 
improvements in the β-cell function (p <0.001). The 
proportion of patients with serious adverse effects was 
low in both groups (linagliptin 2.4%, placebo 1.5%). 
The episodes of hypoglycemia were observed in 16.7 
and 10.3% of patients in the linagliptin and placebo 
groups, respectively. Hypoglycemia was mostly mild 
to moderate; severe hypoglycemia was noted in 2.7 
and 4.8% of participants in the linagliptin and placebo 

groups, respectively. The authors note that in type 
2 diabetes patients, the addition of linagliptin to the 
combination therapy with metformin and sulfonylurea 
drugs significantly improved the glycemic control and 
was well tolerated.

In the course of a two-year study of the linagliptin 
efficacy (5 mg per day) and glimepiride (1–4 mg per 
day) in combination with metformin in patients with the 
uncompensated type 2 diabetes, the average reduction 
in HbA1c with linagliptin was -0.16%, and glimepiride 
-0.36%. HbA1c levels less than 7% at week 104 of the 
treatment were observed in 30% of patients in the 
linagliptin group and 35% in the glimepiride group. 
In the linagliptin group, there were fewer episodes of 
hypoglycemia compared with glimepiride (7 and 36%, 
respectively) [88].

Kosaraju J. et al. [15] studied the efficacy of 
linagliptin in 3xTg-AD mice (a transgenic line of mice 
with AD). The mice were administered with linagliptin 
p.o. (5, 10 and 20 mg/kg) for 8 weeks. The authors 
found out that the treatment with linagliptin for  
8 weeks dose-dependently reduced cognitive deficits, 
increased the concentration of incretins in the brain, and 
reduced the tau-phosphorylation, neuroinflammation, 
and β-amyloidization processes. The authors noted 
that linagliptin has nootropic properties, which can be 
explained by the passage of more GLP-1 and GIP through 
the BBB and an increase in the concentration of incretins 
in the brain.

3.6. Alogliptin (SYR-322, Nesina® in the US 
and Vipidia® in Europe, Takeda)
Alogliptin is a third generation DPP-4 inhibitor 

based on pyrimidinedione (IC50=7 nM) [89]. It is highly 
selective (>10 000 times) for DPP-4 (compared to other 
isoenzymes such as DPP-2, DPP-8, DPP-9, etc.), inhibits 
DPP-4 by more than 90%. The effect persists for 24 h 
when used at the dose of 25 mg per day. Alogliptin is 
not extensively metabolized: 60–71% of it is excreted 
unchanged by the kidneys. There are two minor 
metabolites, N-demethylated alogliptin (less than 1% of 
the parent compound) and N-acetylated alogliptin (less 
than 6% of the parent compound). The N-demethylated 
metabolite is active and is an inhibitor of DPP-4. About 
10–20% of the drug dose is metabolized in the liver under 
the influence of cytochromes CYP3A4 and CYP2D6. The 
bioavailability of alogliptin is approximately 100%. It has 
been approved by the FDA since 2013.

DeFronzo R.A. et al. [90] conducted a 26-week, 
double-blind, placebo-controlled study in patients with 
the uncompensated type 2 diabetes and an average 
initial level of HbA1c=7.9%. The authors found out that 
the use alogliptin at the doses of 12.5 mg, 25 mg, or 
placebo 1 once-daily, led to a significant decrease in the 
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concentration of HbA1c and glucose, measured on an 
empty stomach compared with placebo. In the patients 
receiving 25 mg of alogliptin, a decrease the in HbA1c 
concentration by 0.6% was observed. At the same time, 
at week 26 of the treatment, 44% of patients reached 
the level of HbA1c ≤7%. Significant changes in the fasting 
glucose concentration and HbA1c were noted as early as 
week 1. The incidence of side effects (67.4–70.3%) and 
hypoglycemia (1.5–3.0%) was similar in all the treatment 
groups. The authors concluded that monotherapy with 
alogliptin in patients with type 2 diabetes is well tolerated 
and significantly improves a glycemic control without 
increasing the incidence of hypoglycemic conditions.

Rosenstock J. et al. [91] also studied the effects 
of alogliptin in patients with the uncompensated 
type 2 diabetes with an HbA1c level of about 8.8% in 
a 26-week, double-blind study. The patients received 
alogliptin 25 mg per day, pioglitazone 30 mg per day, 
alogliptin/pioglitazone 12.5/30 mg, or alogliptin/
pioglitazone 25/30 mg per day. A combination 
therapy with alogliptin/pioglitazone (25/30 mg) 
caused a more significant decrease in the HbA1c 
concentration (-1.7±0.1%) compared with other groups 
(alogliptin 25 mg – -1.0±0.1%; p <0.001, pioglitazone 
30 mg – -1.2±0.1%, p <0.001 and fasting glucose  
(-2.8±0.2 mmol/l) vs. alogliptin 25 mg group  
(-1.4±0.2 mmol/l; p<0.001) or pioglitazone 30 mg 
(-2.1±0.2 mmol/l; p=0.006). The combination of 
alogliptin (25 mg) and pioglitazone (30 mg) when taken 
once a day led to a more significant (than monotherapy) 
decrease in the plasma HbA1c concentration (1.7%) 
and fasting glucose (-24 mg/dl, which corresponds to  
1.33 mmol/l).

Chen X.W. et al. [92] reported the results of a 
multicenter, randomized, double-blind, placebo-
controlled, 26-week use of alogliptin in patients with 
type 2 diabetes (the mean baseline HbA1c=8.4%). The 
patients were randomized to the following groups: 
placebo; metformin 500 or 1000 mg bid; alogliptin  
12.5 mg bid; alogliptin 25 mg once-daily; alogliptin  
12.5 mg with metformin 500 mg bid or alogliptin 12.5 mg 
with metformin 1000 mg bid. Both combination therapy 
options (alogliptin 12.5 mg and metformin 500 or  
1000 mg) produced statistically significant improvements 
in HbA1c and fasting glucose compared with 
monotherapy. In the groups receiving a combination 
therapy, the number of patients who achieved the 
target levels of HbA1c (compared with monotherapy) – 
47 and 59% vs. 20–34% – was also higher. The authors 
concluded that alogliptin in combination with metformin 
significantly improved a glycemic control in patients with 
type 2 diabetes.

Pratley R.E. et al. [93] presented the results of a 
26-week placebo-controlled study in patients with the 
uncompensated type 2 diabetes who had received 

pioglitazone separately or in combination with metformin 
or sulfonylurea (10 mg) (the baseline HbA1c=8%). The 
addition of alogliptin 25 mg per day to the pioglitazone 
therapy resulted in statistically significant improvements 
from the baseline HbA1c and decreased fasting glucose 
compared to placebo. A clinically significant decrease in 
HbA1c levels was observed in combination with alogliptin 
compared with placebo, regardless of the fact whether 
the subjects simultaneously received metformin or 
sulfonylurea (0.2% placebo vs. 0.9% alogliptin) or 
pioglitazone (0% placebo vs. 0.52% alogliptin).

The safety of alogliptin was studied in patients 
with type 2 diabetes associated with an acute coronary 
syndrome (ACS). The patients received alogliptin or 
placebo in addition to hypoglycemic therapy for 18 months.  
Mortality from cardiovascular diseases was 4.1% in 
the alogliptin group and 4.9% in the placebo group. 
Hospitalization for a heart failure was required in 
3.9% of the patients treated with alogliptin compared 
with 3.3% in the placebo group [94]. Referring to this 
study, the FDA reported in 2016 that alogliptin (as 
well as saxagliptin) can increase the risk of a heart 
failure, especially in the patients who had already 
had a heart or kidney disease. As a result, the FDA 
recommended that healthcare professionals consider 
discontinuing the use of the drugs containing alogliptin 
in the patients who have a risk of developing a heart  
failure.

Mkrtumyan A.M., the Head of the Department 
of Endocrinology and Diabetology, the Faculty of 
Medicine, Moscow State Medical and Dental University 
named after A.I. Evdokimov, published a number of 
review articles on the efficacy and safety of alogliptin, 
both in monotherapy and in combination with other 
antidiabetic drugs [95, 96]. It was concluded that the use 
of alogliptin in patients at a high risk of a cardiovascular 
failure is not associated with the development of new 
events, and after a recent ACS, the risk of death from 
cardiovascular complications during the treatment 
with alogliptin is not higher than in the patient’s taking  
placebo.

3.7. Gemigliptin (LC15-0444, Zemiglo®, 
LG Life Sciences)
Gemigliptin is a structural analog of sitagliptin, it has 

a long inhibitory effect on DPP-4 (IC50=6.3 nM), with a 
high selectivity against isoenzymes DPP-8 (more than 
27 000 times), DPP-9 (more than 23 000 times), FAP-α 
(over 41 000 times). After the oral administration, about 
10% of the dose is metabolized to the active metabolite 
LC15-0636, which is twice as potent as gemigliptin. Its 
absolute bioavailability is more than 63%, it inhibits 
the activity of DPP-4 by more than 80%, and the effect 
persists for 24 h. The drug has been approved for the 
treatment of type 2 diabetes in the South Korea [97].
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Rhee E.J. and co-authors studied the effect of 
different doses of gemigliptin (50, 100 and 200 mg per 
day) in a double blind, randomized study for 12 weeks 
[98]. All the three doses of gemigliptin significantly 
reduced HbA1c from the baseline (-0.06 in the placebo 
group vs. -0.98, -0.78, and -0.74% in the 50, 100, and 
200 mg groups, respectively), with no significant 
differences between the doses. The patients with higher 
baseline HbA1c levels (≥8.5%) experienced greater 
reductions. After 12 weeks of treatment, the insulin 
sensitivity and secretion improved significantly, and 
the concentrations of total cholesterol and low-density 
lipoprotein decreased in the 50 and 200 mg per day 
groups compared to the placebo group. The authors 
conclude that the treatment with gemigliptin (50 mg per 
day) for 12 weeks reduces HbA1c and fasting glucose, 
improves an insulin sensitivity and a β-cell function, and 
is well tolerated by patients.

A randomized, double-blind, phase III study 
evaluated the efficacy of gemigliptin in combination 
with metformin [99]. The patients had been randomized 
to receive gemigliptin 50 mg per day, metformin 
(long-acting) or a combination of the two once-daily. 
The mean daily dose of metformin at week 24 was  
1.7 mg in combination with gemigliptin and 1.9 mg in 
the metformin monotherapy group, respectively. The 
mean change in HbA1c from the baseline was -2.1% in 
the gemigliptin+metfomin group compared to -1.2% in 
the gemigliptin group and -1.5% in the metformin group, 
respectively (p <0.0001). The differences in achieving 
the target HbA1c level of 6–7% were also statistically 
significant (p <0.0001) between the groups receiving 
combined and monotherapy. The authors conclude that 
gemigliptin and metformin are effective treatments for 
type 2 diabetes.

3.8. Teneligliptin (MP-0513, Tenelia®, 
Mitsubishi Tanabe)
Teneligliptin is a bicyclic derivative of 

heteroarylpiperazine. It has high activity (IC50=1.8 nM) 
and selectivity for DPP-4 in comparison with DPP-8 more 
than 700 times, and DPP-9 – more than 1460 times. The 
half-life in rats is 8–16 h, a bioavailability at the dose of 
0.1–1.0 mg/kg p.o. is 63–85%. 65.6% of the drug dose 
is metabolized. It inhibits the activity of plasma DPP-
4 by more than 50% within 24 h after a single dose of  
1 mg/kg and significantly reduces the concentration of 
glucose in the blood in a dose-dependent manner [100]. 
Teneligliptin was approved for the treatment of type 2 
diabetes in Japan in 2012.

Kadowaki T. and Kondo K. [101] studied various 
doses of teneligliptin (10, 20 and 40 mg per day) vs. 
placebo in the patients with uncompensated type 2 
diabetes in monotherapy for 12 weeks. In all the groups, 
with the exception of placebo, there was a decrease in 

the concentration of HbA1c and fasting glucose. The 
difference in the HbA1c reduction was not significant 
between the groups receiving different doses of 
teneligliptin, and it was -0.9% for the doses of 10 and 
20 mg, and -1.0% for 40 mg. The difference in fasting 
glucose declines between placebo and teneligliptin 
10, 20, and 40 mg was -17.8 mg/dL (0.9 mmol/l),  
-16.9 mg/dl (0.9 mmol/l) and -20.0 mg/dl (1.1 mmol/l), 
respectively (p <0.001).

Otsuki H. et al. [102] studied the effects of 
teneligliptin at the dosage of 20 mg per day in patients 
with type 2 diabetes and a terminal stage of the renal 
disease. After 4 weeks of treatment, the plasma glucose 
concentration decreased by 36.7 mg/dL (2.0 mmol/l), 
and at week 24, the difference in HbA1c between the 
teneligliptin and control groups was -3.1% (p <0.05) and 
-0.57% (p=0.057), respectively. These parameters were 
also reduced in the patients who had started teneligliptin 
instead of voglibose 0.2 mg tid or vildagliptin 50 mg/day 
due to a poor glycemic control. The authors concluded 
that teneligliptin (20 mg per day) was well tolerated, 
safe, significantly improved a glycemic control, and was 
more effective than either voglibose or vildagliptin.

Hasikata T. et al. [103] studied the effect of 
teneligliptin on the endothelial and left ventricular 
function in patients with type 2 diabetes who had 
been taking the drug at the doses of 20 or 40 mg per 
day for 3 months. Compared to the baseline levels, 
HbA1c decreased (from 7.6±1.0 to 6.9±0.7%; p <0.01). 
3 months after the end of treatment, there was an 
improvement in the systolic and diastolic function of 
the left ventricle, an improvement in the endothelial 
function: RH-PAT index (Reactive Hyperemia Peripheral 
Arterial Tonometry) increased from 1.58±0.47 to 
2.01±0.72%; p <0.01). In addition, the concentration 
of circulating adiponectin increased from 27.0±38.5 to 
42.7±33.2 pg/mL, which corresponds to 0.09±0.13 and 
0.15±0.12 nmol/l, respectively (p <0.01) without changes 
in patients’ body weight. The authors conclude that 
the teneligliptin treatment improved a left ventricular 
and endothelial function and also increased serum 
adiponectin concentrations. These results confirm the 
cardioprotective effects of teneligliptin in patients with 
type 2 diabetes.

Kadowaki T. and Kondo K. [104] reported the results 
of a double-blind, placebo-controlled study in which 
patients with type 2 diabetes had received teneligliptin at 
the dose of 20 mg per day in combination with glimepiride 
(1–4 mg per day). After 12 weeks of treatment in the 
group receiving combination therapy, the concentration 
of HbA1c glucose measured on an empty stomach and 2 
h after a meal, decreased (the difference with the group 
receiving placebo and glimepiride was -1.0% HbA1c,  
-1.5 mmol/l glucose measured on an empty stomach 
and -2.7 mmol/l after a meal). The entire study lasted 52 
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weeks, by the end of this period there was a significant 
(p <0.001) decrease in HbA1c levels compared to the 
baseline, and the improvement in the glycemic control 
(p <0.05).

In another study, Kadowaki T. and Kondo K. [105] 
investigated the effectiveness of the combined use of 
teneligliptin 20 mg per day and pioglitazone (15–30 mg 
per day) in patients with type 2 diabetes for 12 weeks. 
In the group receiving a combination therapy, there 
was a decrease in the concentration of HbA1c, fasting 
glucose and 2 h after a meal (the difference with the 
placebo and pioglitazone group was -0.7% HbA1c, -16.4  
(or 0.911 mmol/l) and -51.3 mg/dl (or 2.85 mmol/l) for 
fasting and 2 h postprandial glucose, respectively).

When studying the combination therapy efficacy 
with teneligliptin (20 mg per day) and metformin 
(≥1000 mg per day) in patients with type 2 diabetes 
for 16 weeks, a difference was notified between the 
teneligliptin and placebo groups in terms of changes 
in the HbA1c concentration and glucose measured 
on an empty stomach (-0.78% and -1.24 mmol/l  
(22.42 mg/dl), respectively [106].

Tanaka K. et al. [107] studied the effects of 
teneligliptin (20 mg/day) and linagliptin (5 mg per day) 
in patients with type 2 diabetes and a chronic renal 
failure (CRF) in a 12-day crossover study. The patients 
took teneligliptin or linagliptin for 6 days, and then 
changed the drug. The average amplitude of changes 
in the glucose concentration was 83.8±34.0 mg/dl  
(4.7±1.9 mmol/l) in the linagliptin group and  
82.6±32.6 mg/dl (4.6±1.8 mmol/l) in the teneligliptin 
group. The both drugs reduced the average 24-hour 
glucose concentration comparablely; there was no 
significant difference in the maximum and minimum 
glucose concentrations between them. The authors 
concluded that in the patients with type 2 diabetes and 
a chronic renal failure, teneligliptin or linagliptin reduce 
blood glucose concentrations comparable, having the 
same safety profile.

3.9. Anagliptin (SK-0403, Suiny®, 
Sanwa Kagaku Kenkyusho)
Anagliptin is a 2-methyl-pyrazolopyrimidine 

derivative of cyanopyrrolidine, it has a high activity 
(IC50=3.8 nM) and a selectivity for DPP-4 compared 
to DPP-8 and DPP-9 (more than 10 000 times), its 
bioavailability is about 73%. Metabolite M1 (carboxylate) 
is 29.2% of the dose, the share of other metabolites is 
about 1%. The half-life of anagliptin is 4.4 h, for M1 it is  
9.9 h [108]. The drug dose-dependently inhibits the 
activity of DPP-4 by 95% at the dose of 3 mg/kg, increases 
the level of GLP-1 insulin and improves the glycemic 
control. Anagliptin was approved for the treatment of 
type 2 diabetes in Japan in 2013.

Kaku K. et al. [109] published the data on the results 
of a multicenter, randomized, double blind, and placebo-

controlled study of anagliptin in patients with type 2 
diabetes. The patients received anagliptin (25 to 200 mg 
bid) or placebo for 12 weeks. In the anagliptin groups, 
the HbA1c concentration was significantly and dose-
dependently lower (25–100 mg), and the difference 
between the 100 and 200 mg groups was only 0.07%. 
In the subgroup with the initial HbA1c level of 8.4% or 
more, the decrease in the HbA1c concentration was 
significantly greater in the 200 mg group than in the 100 
mg bid group. However, the authors conclude that the 
optimal dose is 100 mg bid, and in the patients with high 
HbA1c levels, a dose of 200 mg bid can be also used.

Yang H.K. et al. [110] reported the results of a double 
blind, randomized, placebo-controlled trial in which 
patients took anagliptin 100 or 200 mg bid or placebo 
for 24 weeks. At the end of the study, the concentration 
of HbA1c was significantly lower in the groups treated 
with anagliptin at the dose of 100 mg (-0.50±0.45%) 
and 200 mg (-0.51±0.55%). In the placebo group, the 
concentration of HbA1c increased over the same period 
(0.23±0.62%). Both doses of anagliptin significantly 
reduced both fasting plasma glucose (-0.53±1.25 and  
-0.72±1.25 mmol/l, respectively) and the proinsulin/
insulin ratio (-0.04±0.15 and -0.07±0.18 mmol/l, 
respectively) compared with placebo. No significant 
change in the body weight from the baseline was 
observed in all 3 groups. After 24 weeks of treatment with 
anagliptin, the plasma DPP-4 activity was significantly 
lower and it was >75% for 100 mg and >90% for  
200 mg. The authors concluded that anagliptin at the 
doses of 100 and 200 mg bid, effectively improves a 
glycemic control in patients with type 2 diabetes.

Kakuda H. et al. [111] studied the effect of 
anagliptin on glucose and lipid metabolism, as well as 
the development of the oxidative stress in patients with 
type 2 DM. The patients received 200 mg of anagliptin 
per day p.o. for 12 weeks; after that, they were 
observed for another 12 weeks (the total study lasted 
24 weeks). At week 12 of the study, an increase in the 
early phase insulin secretion, a decrease in HOMA-R 
and fasting glucose concentrations were found out, 
indicating a positive effect of anagliptin on the insulin 
resistance and insulin secretion. After 12 weeks of the 
treatment, anagliptin reduced the concentration of 
plasma glucose, triglycerides, atherogenic lipoproteins 
and LDL, which returned to the level at week 24 (after 
the drug withdrawal). The authors summarize that 
since postprandial (alimentary) lipidemia promotes 
the production of pro-inflammatory cytokines, the 
development of the oxidative stress and, as a result, 
the occurrence of the endothelial dysfunction, the use 
of anagliptin can slow down the development of these 
conditions.

Kaku K. et al. [112] studied the effects of anagliptin 
in the combination therapy with an α-glucosidase 
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inhibitor, metformin, sulfonylurea drugs (glimepiride, 
glibenclamide) or thiazolidinedione (pioglitazone) 
in patients with uncompensated type 2 diabetes  
(HbA1c=6.9–10.4%) for 52 weeks. An additional  
200 mg of anagliptin per day (100 mg bid) or placebo 
was added to the patients’ main therapy. The authors 
noted an improvement in glycemic parameters (HbA1c) 
comparable between the groups treated with anagliptin 
and significantly different from placebo as early as the 
12th week.

3.10. Omarigliptin (MK-3102, Marizev®, Merck)
Omarigliptin was developed by Merck and approved 

for use in Japan in 2015. The drug is an analogue of 
sitagliptin based on aminotetrahydropyran, in which 
the central basis of sitagliptin is changed to rigid 
cyclohexylamine. It is highly active (IC50=1.6 nM) and 
selective for DPP-4 isoenzymes. Omarigliptin has a 
unique pharmacokinetic profile with a half-life of about 
68 h, once-weekly dosing, and a bioavailability of about 
74% [113]. During a 12-week study, it was shown that 
its use at the dose of 25 mg reduces the concentration 
of blood glucose and HbA1c. It inhibits plasma DPP-4  
by 77–89% for up to 168 h after a single dose and 
increases the concentration of GLP-1 almost twice. 
The drug is highly specific for other proteases  
(IC50>67 μM), including DPP-8, DPP-9, QPP, FAP, PEP; 
it has a biphasic pharmacokinetic profile, phase I α  
(40–50 h) and phase I β (93-116 h). The drug is excreted 
mainly through the kidneys unchanged, through the 
intestines – about 3%. Сmax=750 nmol/l, the half-life is 
about 68 h, Тmax=0.75–4 h [113].

Sheu W. et al. [114] studied the effects of omarigliptin 
at the doses of 0.25, 1, 3, 10 and 25 mg per week for 
78 weeks compared with placebo in patients with 
type 2 diabetes. 12 weeks after starting the treatment, 
omarigliptin reduced HbA1c levels in a dose-dependent 
manner (the dose of 0.25 mg was minimally effective). 
Omarigliptin also reduced the concentration of glucose 
measured on an empty stomach (-1.3 mmol/l) and 2 h 
after a meal (-2.5 mmol/l). All doses of the drug were 
well tolerated, and the incidence of adverse effects did 
not depend on the dose. The authors note that the level 
of an inhibitory activity of omarigliptin at the dose of  
25 mg per week differed little from that of sitagliptin 
taken at the dose of 100 mg (the measurements were 
made 168 h after taking omarigliptin and 24 h after 
taking sitagliptin) and amounted to more than 90%.

Evans R. and Bain S. [115] showed that the use 
of omarigliptin at the doses of 10–100 mg in healthy 
volunteers led to a more than twofold increase in the 
level of GLP-1. At the same time, a comparable increase in 
GLP-1 was observed in individuals with obesity, diabetes 
or without it. The authors report that in a 24-week study 
in the patients with poorly controlled type 2 diabetes 

who received metformin, omarigliptin at the dose of  
25 mg per week, HbA1c reduced at the level comparable 
to sitagliptin (-0.47% omarigliptin and -0.43% sitagliptin). 
The authors also report a 54-week comparative study 
of omarigliptin (25 mg/weekly) and glimepiride (6 mg 
per day) in the patients with uncompensated type 2 
diabetes receiving metformin. Glimepiride was more 
effective at lowering HbA1c levels (omarigliptin -0.30%, 
glimepiride -0.48%), as well as fasting glucose levels 
(omarigliptin -0.15 mmol/l, glimepiride -0.46 mmol/l); 
however, hypoglycemia was significantly more common 
in patients in the glimepiride group (26.7 and 5%, 
respectively).

Tan X. [116] reports the result of a 12-week 
study of omarigliptin at the doses of 0.25, 1, 3, 10, or  
25 mg or placebo in patients with type 2 diabetes. The 
administration of omarigliptin at the dose of 25 mg per 
week p.o. demonstrated a significant reduction in HbA1c 
compared with placebo (p <0.001) as early as week 
12 of treatment. A significantly higher proportion of 
patients treated with omarigliptin at the dose of 25 mg 
achieved the target HbA1c levels compared with placebo  
(<7% 33.6% vs. 21.8% placebo and <6.5% 13.6% vs. 4.5% 
placebo), which is due to a decrease in the plasma DPP-4 
activity by 80.7% after 12 weeks of treatment.

3.11. Gosogliptin (PF-00734200, Saterex®, 
SatRx® or Saterex®, Pfizer)
The drug was developed by Pfizer, which 

subsequently transferred the exclusive molecule rights 
to the Russian Chemical Diversity Research Institute 
(CDRI) “Himrar”, which is currently registered (at the 
end of 2016) and approved for use in the Russian 
Federation as a hypoglycemic drug. Gosogliptin is a 
diprolyl-derivative of piperazine with a high activity 
(IC50=13 nM) and selectivity for DPP-4 in contrast 
to DPP-2 and DPP-8 (100 times), has a half-life of 
2.7 h, its bioavailability is more than 99 %. The drug 
inhibits DPP-4 by 75% after 24 h. The main metabolic 
pathway of gosogliptin in humans is associated with 
the hydroxylation of the pyrimidine group, with the 
formation of the M5 metabolite (17.9% of the dose). 
The other 8 metabolites [117] are associated with amide 
hydrolysis, carbamoyl glucuronization, formamide 
conjugation, glucose conjugation, and creatinine. After 
the administration p.o., about 77% of the gosogliptin 
dose is excreted by the kidneys, with 48.5% unchanged, 
another 10.5% is excreted through the intestines, 
with a significant proportion coming from gosogliptin 
metabolites. A half-life after the administration p.o. is  
about 20 h.

According to Muto S. et al. [118], in healthy 
volunteers, gosogliptin doubled the level of GLP-1 at the 
dose of 10 mg/kg and inhibited a DPP-4 activity by 75%, 
even after 24 h.
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Rosenstock J. et al. [119] investigated the effects 
of gosogliptin at the doses of 20 and 30 mg in patients 
with uncompensated type 2 diabetes who had already 
been treated with metformin for 12 weeks (a placebo-
controlled, double-blind, randomized, multicenter 
study). In the patients treated with gosogliptin, a 
glycemic control improved significantly: compared with 
placebo, the concentration of HbA1c decreased by 
-0.79% (corresponding to 8.6 mmol/mol) in the group 
of the patients taking gosogliptin at the dose of 20 mg, 
and by -0.92% (corresponding to 10.1 mmol/mol) in the 
30 mg group. The positive effects of gosogliptin did not 
depend on the dose, in contrast to the side ones. The 
authors conclude that the 20 mg dose of gosogliptin is 
preferred.

Terra S.G. et al. [120] studied a gosogliptin effect 
in patients with uncompensated type 2 diabetes 
(HbA1c=7–11%) in a multicenter, randomized, double-
blind, placebo-controlled study. For 12 weeks, patients 
received metformin and placebo or gosogliptin at 
the doses of 2, 5, 10, or 20 mg per day. At the dose of  
5 mg per day separately, gosogliptin caused a statistically 
significant decrease in HbA1c compared with placebo. 
Reductions in HbA1c were observed at -0.31% (2 mg), 
-0.74% (5 mg), -0.70% (10 mg), and -0.75% (20 mg). 
The authors note that the 20 mg per day dose provides 
a better glycemic control compared to the other doses 
and placebo.

In Russia, the efficacy and safety of gosogliptin was 
evaluated compared with vildagliptin as monotherapy 
in patients with type 2 diabetes in 26 clinical centers 
involving 299 patients [121]. The participants received 
gosogliptin 20 mg per day (titrated to 30 mg per day) or 
vildagliptin 50 mg per day (titrated to 100 mg per day) for 
36 weeks. After 12 weeks of gosogliptin monotherapy, a 
mean decrease in HbA1c was 0.93% (p <0.05) and 1.03% 
(p <0.05) in the vildagliptin group. Side effects and 
episodes of hypoglycemia were infrequent and differed 
little between the groups. The authors concluded that 
gosogliptin has a comparable efficacy and safety profile 
to vildagliptin.

3.12. Denagliptin (GSK-823093, GW823093C, 
GlaxoSmithKline)
Since 2010, GlaxoSmithKline (UK) has been 

conducting denagliptin clinical trials. This compound 
is a member of the cyanofluoropyrrolidine class, it 
significantly inhibits DPP-4 (IC50=22 nM), and is more 
than 100-fold selective to other DPP-4 isoforms. The 
maximum inhibition of DPP-4 is observed 30 minutes 
after thhhe administration at the dose of 25 mg and 
more than 85% persists after 24 h. It increases the 
levels of GLP-1/insulin and reduces the concentration 
of glucagon in the blood plasma. It has hepatic and 
extrahepatic metabolism and 13 metabolites [22].

As reported by Lotfy M. et al. [73], the 
pharmacokinetic profile, side effects and clinical effects 
of denagliptin are similar to those of vildagliptin and 
saxagliptin, but no study data (no reference sources) 
have been published. The clinical studies are ongoing.

3.13. Melogliptin (GRC 8200, GlenMark)
Melogliptin is a triazole-containing inhibitor of DPP-4  

(IC50=1.61 nM), it has a high selectivity for isoenzymes 
(10 000 times). Its half-life is 1.28, 4.31 and 2.15 h; a 
bioavailability (at the dose of 5 mg/kg) is 60, 90 and 94% 
in rats, dogs and monkeys, respectively [22].

According to Kushwaha R.N. et al. [22] when 
administered to mice db/db, melogliptin causes a 
decrease in the glucose concentration by 30% and 
increases insulin levels twice (in a single dose of 3 mg/kg 
administered p.o.). A single dose of 5 mg/kg completely 
inhibits a DPP-4 activity in dogs within 1 h and more 
than 90% when analyzed 6 h later. The clinical trials of 
melogliptin are ongoing.

3.14. Trelagliptin (SYR-472, Zafatec®, 
Takeda/Furiex)
Trelagliptin is a pyrimidinedione-based DPP-4 

inhibitor (IC50=4.2 nM), highly selective for isoenzymes 
(10 000 times). A bioavailability in rats is 50.3%, in  
dogs – 29.8%; the data on humans have not been 
published [22]. Like omarigliptin, trelagliptin is taken 
once a week and has a similar pharmacological profile. 
The drug has been approved for the type 2 diabetes 
treatment in Japan since 2015.

McKeage K. [122] reported that in healthy volunteers, 
7 days after a single dose of trelagliptin (100 mg,  
30 min before meals), the average maximum plasma 
concentration (Cmax) after 1.3 h was 619.4 ng/mL. A 
mean half-life is 72–168 h; trelagliptin binds to plasma 
proteins by 22–28%, it is metabolized by cytochrome 
P450 (CYP2D6) and excreted mainly through the kidneys.

Grimshaw S.E. et al. [123] report that after  
168 h of the 100 mg dose administration, the trelagliptin 
plasma concentration is sufficient to maintain its 
pharmacodynamic effect, the inhibition of the plasma 
DPP-4 activity occurs by 70%. The authors found out 
that trelagliptin has a slower dissociation rate compared 
to alogliptin (8 times), and also, unlike saxagliptin and 
vildagliptin (which are covalent inhibitors of DPP-4), 
trelagliptin binds to DPP-4 non-covalently.

In 2016, Inagaki N. et al. [124] studied the effects 
of trelagliptin 100 mg/weekly in patients with the 
uncompensated type 2 diabetes who had previously 
received hypoglycemic agents p.o. (a combination with 
sulfonylureas, glinide, α-glucosidase inhibitor, biguanide, 
or thiazolidinedione), and in monotherapy for 52 weeks. 
At the end of the treatment, the mean change in 
HbA1c from the baseline was -0.57% in the trelagliptin 
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monotherapy group and -0.37, -0.25, -0.67, -0.31, 
and -0.74% in the combination therapy groups with 
sulfonylurea, glinide, α-glucosidase inhibitor, biguanide 
and thiazolidinedione, respectively. The proportion of 
the patients achieving HbA1c <7.0% at the end of the 
treatment was 36% for the trelagliptin monotherapy, 
22.7, 34.4, 35.0, 46.9 and 44.6% for the combination 
therapy with sulfonylurea, glinide, α-glucosidase 
inhibitor, biguanide and thiazolidinedione, respectively. 
The inhibition of the DPP-4 activity was measured 7 days 
after the drug administration. It was found out that at 
the end of treatment, it persisted for 52 weeks and was 
76.48–79.6%. The authors conclude that trelagliptin is a 
highly effective drug for the treatment of type 2 diabetes 
in monotherapy and in combination with existing 
hypoglycemic drugs, and once a week the administration 
is effective and reasonable.

3.15. Retagliptin (SP-2086, 
Jiangsu Hengrui Medicine)
Retagliptin is a tetrahydroimidazolo derivative 

[1,5-a]pyrazine (IC50=8 nM), highly selective for DPP-4  
compared to DPP-8 (3 263 times) and DPP-9 (9 438 
times) [22]. Its half-life is 1.5 h. The drug reduces the 
concentration of glucose and its change during the oral 
glucose tolerance test. The clinical studies are ongoing.

Yong X. et al. studied a combined use of retagliptin 
and metformin in healthy volunteers (retagliptin 
100 mg, metformin 1500 mg or retagliptin 100 mg+ 
metformin 1500 mg). The authors found out that the 
combination of retagliptin + metformin did not lead to 
clinically significant changes in the pharmacokinetics 
of retagliptin or metformin, compared with their 
use separately. AUC0–∞ and Cmax of retagliptin used in 
combination, were 16.49% and 25.88% higher than for 
retagliptin in monotherapy; AUC0–∞ of metformin in 
combination with retagliptin was 22.06% more than in 
the metformin monotherapy. The authors conclude that 
the combined use of these drugs does not require a dose 
adjustment of any of them [125].

3.16. Evogliptin (DA-1229, Suganon®, Evodine® 
or Evodin®, Dong-A Pharmaceutical)
Evogliptin is a β-aminoamide derivative  

(IC50=0.98 nM) and is highly selective for isoenzymes 
(6000-fold). The adminisration of the drug inhibits 
DPP-4 by more than 80% after a single dose of 5 mg, 
significantly reduces the level of HbA1c by 0.56% at the 
dose of 2.5 mg and by 0.61% at the dose of 5 mg. Its 
half-life is about 30 h and it does not depend on food 
intake, the bioavailability is 50.2% [22]. It is metabolized 
by the processes of oxidation, glucuronization and 
sulfation and has 4 metabolites. The drug was approved 
for the treatment of type 2 diabetes in Korea in 2015. 
The Russian pharmaceutical company GeroPharm 

has received a permission to conduct an international 
multicenter clinical trial (phase III) and is selling this drug 
in Russia.

Chae Y.N. et al. [126] investigated the effect of 
evogliptin in the model of diet-induced obesity in mice. 
After 2 weeks of treatment at the doses of 20, 60 and 
200 mg/kg, it caused a dose-dependent decrease in fat 
mass and reduced the average size of adipocytes. The 
authors suggest that a part of the evogliptin-induced fat 
loss may be due to the acecelerated metabolism, which 
is not only associated with an increase in GLP-1.

Cho J.M. et al. [127] studied the effects of 
evogliptin with streptozotocin-induced diabetes  
(100 mg/kg streptozotocin ip) in C57BL/6 mice after  
1 week without treatment, the mice received evogliptin 
at the dose of 300 mg/kg. An intraperitoneal glucose 
tolerance test (IPGTT) was performed 10 weeks after 
the treatment with evoligliptin by intraperitoneal 
(rather than oral, unlike the oral test) administration of 
1 g/kg fasting glucose. In contrast to the control group, 
a significant decrease (p <0.05–0.005) in the blood 
glucose concentration was observed in the mice treated 
with evogliptin. Relatively low glucose concentrations 
were maintained in the animals even 6 weeks after 
the evogliptin treatment. Plasma insulin levels before 
(0 min) and 15 min after glucose administration were 
significantly higher in the mice treated with evogliptin 
compared to the controls (p <0.005). In addition, in the 
group treated with evogliptin, the mass of pancreatic 
β-cells, their proliferation and neogenesis was higher.

Gu N. et al. [128] studied evogliptin in healthy 
volunteers. At the dose of 5–20 mg, it inhibited a DPP-4  
activity by more than 80% for 24 h in all groups, 
regardless of the dose, and increased postprandial  
GLP-1 levels by 1.5–2.4 times compared with placebo.

3.17. Carmegliptin (R-1579, F. Hoffmann-La Roche)
Carmegliptin (IC50=6.8 nM) has a tricyclic base, its 

selectively inhibits DPP-4 compared to DPP-8, DPP-9  
(more than by 100 times) and DPP-2 (more than by  
2000 times). Its half-life is 6–8 h, and the bioavailability at  
1 mg/kg is 33% in monkeys and 28% in rats [134 Mattei]. 
The drug is not metabolized, excreted unchanged 
through the liver and kidneys. Its use (once p.o. at the 
dose of 3 mg/kg) significantly reduces the concentration 
of glucose in the blood, inhibits the activity of 
plasma DPP-4 by 40 and 60% after 24 and 48 hours,  
respectively.

After the administration of 10 mg/kg carmegliptin 
in ZFR rats, in the course of the oral glucose tolerance 
test, Mattei R. et al. [129] observed an improvement in 
the glucose tolerance (30% compared with the control). 
In the db/db mice, there was a significant (p ≤0.05) 
decrease in the glucose concentration measured on an 
empty stomach 2 h after its administration compared 
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with the control group. The authors also investigated 
the carmegliptin efficacy in the ZFR rats at the dose of 
20 mg/kg administered for 7 days in the euglycemia 
model (Euglycemic Hyperinsulinemic Clamp). In 
this experiment, carmegliptin increased the insulin 
sensitivity, which was manifested by the maintenance 
of the normal blood glucose concentration after 
the administration p. o., compared with the control  
group.

Kuhlmann O. et al. [130] noted that after the 
administration of carmegliptin in healthy volunteers, the 
plasma glucose concentration measured on an empty 
stomach and after a meal decreased, the secretion 
of GLP-1 and insulin increased, and the body weight 
decreased, lipid metabolism and the state of β-cells 
improved.

CONCLUSION
Despite a fairly large number of registered  

iDPP-4s, the interest of researchers in this therapeutic 
target does not fade away. The above DPP-4 ibids have 
different chemical structures, but they share a moderate 
hypoglycemic activity, which is expressed in a decrease 

in the level of HbA1c and AUC of glucose after a meal 
or an oral glucose tolerance test. For the drugs of this 
group, there is a high safety use, no effect on the body 
weight of patients and the possibility of the effective 
combination with other hypoglycemic drugs. Many 
of them are already used for the treatment of type 
2 diabetes; others are in different phases of clinical 
trials. The drugs differ in the DPP-4 isoform selectivity, 
metabolism and pharmacokinetic profile. These factors 
determine their individual advantages in specific clinical 
situations.

Serious obstacles, due to which new DPP-4 inhibitors 
under development can fail in clinical trials, are the 
pharmacokinetic profile, inhibition of cytochrome 
P450 enzymes, and selectivity for DPP-4 isoenzymes, 
which depend on the chemical structure of a particular 
compound. This class of drugs is promising both in 
monotherapy for type 2 diabetes and when combined 
with other hypoglycemic drugs. The interest in the 
development of such drugs is fueled by the results of 
the studies that reveal the breadth of their pleiotropic 
effects due to the spectrum of biological effects of this 
enzymes group.
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