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The aim of the investigation was to study the capabilities of combined use of metformin and vildagliptin, and its effect on glycemia and 
oxidative stress parameters in patients with newly diagnosed type 2 diabetes mellitus (DM 2).

Materials and Methods. The study involved 37 patients with DM 2, they were divided (after two-week metformin dose titration) into two 
groups by simple random sampling. Group 1 patients (n=18) were administered metformin at a dose of 1700 mg a day, group 2 patients 
(n=19) — the combination of metformin (1000 mg a day) with vildagliptin (50 mg a day). Group 3 — a control group (n=20) consisted of 
subjects without carbohydrate metabolism imbalance. We studied glycemia indices (fasting blood plasma glucose, glycosylated hemoglobin), 
the level of molecular products of lipid peroxidation (diene and triene conjugates, malon dialdehyde), intensity of oxidative protein modification 
by the level of carbonyl derivatives, syperoxide dismutase and catalase activity before and 3 months after therapy.

Results. Combined use of metformin (1000 mg a day) and vildagliptin (50 mg a day) in patients with newly diagnosed DM 2 showed 
the synergism of their antihyperglycemic and antioxidant effect. The mentioned combination of drugs compared to metformin monotherapy 
(1700 mg a day) enables to reduce side effect rate and significantly increase catalase activity.

Conclusion. The results of combined use of metformin and vildagliptin demonstrated the capability of DM 2 therapy based on rational 
choice of the combination of antihyperglycemic drugs relying on their synergistic properties. 
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Synergism in Combined Use of Oral Antihyperglycemic Drugs

Type 2 diabetes mellitus (Dm 2) needs early, timely and 
adequate therapy from the disease onset. metformin is 
deservedly considered to be an agent of choice to initiate 
the therapy. Its basic mechanism is in the increased 
glucose intake by mascular and adipose tissue cells due 
to insulin binding to receptors and increased activity of 
glucose transporters GLUT-1 and GLUT-4 [1]. Curently, 
both antihyperglycemic and antioxidant characteristics 
of the agent have been proved to have a significant 
pleiotropic effect since oxidative stress plays an 
important role in Dm 2 pathogenesis and progression. 
metformin molecule was found to be able to inhibit the 
formation of advanced glycation end products, known 
as AGEs, bind alpha-oxoaldehydes (methyl glyoxal and 
glyoxal) regardless of their antihyperglycemic effect. 
metformin molecule instead of the molecules of such 
amino acids as lysine, arginine, cysteine also binds to 
malone dialdehyde (mDA). Therefore, protein structures 
are prevented from damage by lipid peroxidation (LP) 
products, and there is no oxidative protein modification 
(OPm) [2].

The role of gastrointestinal tract in Dm 2 pathogenesis 
was considered as early as in XIX c., but only at the turn 

of XX c. there was discovered the so called disturbed 
incretin response in Dm 2 patients related to inadequate 
insulin secretion on oral glucose load [3]. Glucagon-like 
peptide-1 (GLP-1) is incretin stimulating insulin release 
in response to food glucose loading. It is reduced incretin 
response to glucose loading that has been proved [4] to 
underlie Dm 2 pathogenesis rather than the excess of 
dipeptidyl peptidase-4 (DPP-4) destroying it. And only in 
the process of a long-term hyperglycemia and insulin-
resistanse increase, DPP-4 starts to acumulate and 
destroy a small amount of GLP-1 that, in its turn, makes 
a certain contribution to Dm 2 progression.

Vildagliptin is one of the first preparations from 
dipeptidyl peptidase-4 (iDPP-4) inhibitors preventing from 
incretin breakdown in a patient`s body, the mechanism 
of antihyperglycemic effect of which is well studied [5].

Despite metformin and vildagliptin have different 
antihyperglycemic mechanisms, there is one general 
target — GLP-1. Experimental and clinical studies have 
showed that metformin is supposed to raise GLP-1 level 
by its synthesis growth having no effect on DPP-4 [6–8]. 
The preparation causes direct enhancement of secretory 
function of intestinal L-cells by increasing transcription of 
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gene-receptors to GLP-1 [9], as well as reduces renal 
excretion of GLP-1 [10].

Thus, all mentioned mechanisms indicate 
unidirectional antihyperglycemic effect of metformin and 
vildagliptin.

As discussed above, metformin is a first line drug in 
a long-term multi-stage transition from one combination 
to another in Dm 2 therapy. In practice, DPP-4 inhibitors 
are unreasonably administered a few years later, when 
the destruction process of the pancreas involves a 
considerable part of beta-cells, and pretective effect of 
iDPP-4 has no opportunity to approve oneself [11].

In addition, there still remain unstudied the problems 
of  synergism of metformin and iDPP-4 (vildagliptin, in 
particular) effect in their combined use in patients with 
a short period of the disease, as well as the effect of the 
mentioned combination on oxidative stress regardless of 
their antihyperglycemic effect.

The aim of the investigation was to study the 
capabilities of combined use of metformin and 
vildagliptin, and its effect on glycemia and oxidative 
stress parameters in patients with newly diagnosed type 
2 diabetes mellitus.

Materials and Methods. The study was carried out 
on the clinical site of N.A. semashko Regional Clinical 
Hospital and laboratory facilities of Nizhny Novgorod 
state medical Academy. 57 patients including 37 patients 
with Dm 2 and 20 patients without metabolic imbalance 
were examined.

The entry criteria for Dm 2 patients were the following: 
a proven Dm 2 case — not to exceed 2 years, age — 
from 40 to 70 years, glycosylated hemoglobin — from 6.5 
to 7.5%, body mass index (BmI) — up to 40. Exclusion 
criteria were the following: severe Dm 2 sequelae, 
hepatic, renal and cardiovascular abnormalities, the 
beginning of taking antihyperglycemic drugs later than 
3 months before the study initiation.

The study complies with the declaration of Helsinki 
(adopted in June, 1964 (Helsinki, Finland) and revised 
in October, 2000 (Edinburg, scotland)) and approved by 
the Ethics Committee of Nizhny Novgorod state medical 
Academy. Written informed consent was obtained from 
all patients.

The patients involved in the study (after two-week 
metformin dose titration) were divided into two groups 
by simple random sampling. Group 1 patients (n=18) 
were administered metformin (Glucophage) at a dose 
of 1700 mg a day, group 2 patients (n=19) — the 
combination of metformin, 1000 mg, and vildagliptin 
(Galvus), 50 mg a day. Group 3 — a control group 
(n=20) — consisted of subjects without carbohydrate 
metabolism imbalance (Table 1).

We studied glycemia indices: fasting blood glucose 
(FBG) level in capillary blood by glucose oxidase test 
on an analyzer Biosen 5030 (Russia), and glycosylated 
hemoglobin (HbA1c) by liquid chromatography on a 
chromatograph Bio-Rad 680 (Bio-Rad Laboratories, 
UsA) with standard kits (France).

The concentration of LP molecular products — diene 
(DC) and triene (TC) conjugates, mDA was studied 
spectrophotometrically on an analyzer Helios (Thermo 
spectronic, UsA).

moreover, we estimated OPm intensity by the 
level of carbonyl derivatives revealed in the reaction 
with 2,4-dinitrophenylhydrazine — aldehydedinitro-
phenylhydrazones (ADPH) and ketonedinitrophenyl-
hydrazones (KDPH), which are respectively early and 
late markers of oxidative protein destruction according to 
Е.Е. Dubinina (1995).

The activity of superoxide dismutase (sOD) was 
determined according to m. Nischikimi method (1972) 
modified by Е.Е. Dubinina et al. (1988), catalase 
(CAT) — according to Y. Aebi technique (1970) modified 
by М.А. Korolyuk et al. (1988), s. Chevari et al. (1991). 
Optical density was measured on a spectrophotometer 
СФ-2000 (Russia).

The object of the research was blood and plasma of 
patients and control subjects. The above mentioned 
indices were studied when the patients were involved 
in the study and 3 months after continued taking of the 
drugs.

The results were processed by conventional 
statistical techniques using statistica 10.0 (v10.0.228.8 
sTA999K347150-W, statsoft Inc., UsA). Distribution 
of samplings was assessed by shapiro–Wilk and 
Kolmogorov–smirnov tests. since all the samplings 

under study had distributions different from 
normal, we used nonparametric Wicoxon and 
mann–Whitney criteria to determine statistical 
significance of the differences between dependent 
and non-dependent samplings respectively. 
The data were presented as median, lower 
quartile (25th percentile) and upper quartile (75th 
percentile).

Results and Discussion. Dynamics of 
glycemia indices studied after 3-month treatment 
was unidirectional in both groups: a metformin 
monotherapy group and a combined therapy 
group. The patients of both groups had stable 
significant decrease of fasting plasma glucose 

T a b l e  1
characteristics of the subjects involved in the study (Me [25; 75])

Parameters Comparison group DM 2 patients

Sex (male/female) 10/10 19/18

Mass, kg 88.0 [82.0; 93.0] 88.15 [82.50; 97.75]

BMI 30.05 [29.37; 33.85] 32.65 [28.50; 34.50]

Age, years 57.0 [54.0; 69.0] 60.5 [56.5; 63.5]

FBG, mmol/L 4.45 [4.25; 4.80] 6.50 [6.10; 8.00]*

HbA1c, % 4.90 [4.10; 5.00] 7.20 [6.60; 7.50]*

N o t e: * — statistical difference in relation to a control group (p<0.05)
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and glycosylated hemoglobin levels 
in relation to the initial value (Table 2) 
that is consistent with literature data 
[1, 5].

It is worth mentioning that the 
degree of blood plasma glucose 
decrease in a combined therapy 
group did not significantly differ from 
that in a metformin monotherapy 
group. Antihyperglycemic effect 
similar to monotherapy is likely to be 
reached against a combined therapy 
at a lower dose of metformin that 
indicates not just unidirectional as 
shown by other researchers [5, 10] 
but a synergistic antyhyperglycemic 
action of metformin and vildagliptin. moreover, combined 
use of metformin and vildagliptin contributes to reduced 
rate of side effects (diarrhea, tympanitis) and increased 
patients’ treatment compliance (see Table 2).

The results of a examination indicated that even a 
short duration of the disease in Dm 2 patients triggers a 
“cascade” of oxidative stress reactions (Fig. 1) — other 
researchers have also found it [2]. The signs of oxidative 
stress are the following: the increment in LP activity, 
OPm intensification, a decreased activity of antioxidant 
system.

After 3 months of metformin administration, as well as 
the combination of metformin and vildagliptin we recorded 
a reduced level of LP molecular products (DC and TC) 
in relation to the initial level (DC: p=0.017 — in a group 
with metformin; p=0.006 — in a group with metformin 
and vildagliptin; TC: p=0.033 and p=0.02, respectively). 
However, there were no significant differences in the 
dynamics of the mentioned indices in the groups of 
mono- and combined therapy, despite different doses of 
metformin (Fig. 2).

mDA level also decreased in relation to the first 
examination data in patients of both groups (p=0.0004 — 
in a group with metformin; p=0.0007 — in a group with 
metformin and vildagliptin), there being no significant 
difference between the groups (see Fig. 2).

There was found the tendency towards a decreased 

formation of OPm products — аaldehyde- and ketone-
dinitrophenylhydrazones — in both groups, with no 
statistical difference between the groups.

moreover, both metformin monotherapy and its 
combination with vildagliptin promoted the activity of 
antioxidant enzyme system (sOD and CAT) concerning 
the initial level.

In particular, both groups demonstrated increased 
sOD activity (p=0.035 — in a group with metformin; 
p=0.01 — in a group with metformin and vildagliptin) 
(see Fig. 2). In addition, intergroup differences in the 
dynamics of the above-noted index were not statistically 
significant.

However, in a group of combined therapy (metformin 
and vildagliptin) there was a sharp increase of catalase 
activity (twofold) in relation to the initial level (p=0.03), 
while in a monotherapy (metformin) group such  changes 
appeared to be statistically  insignificant. This fact has 
been proved by the findings of other researchers [12].

Oxidative stress control is known to consist not only 
in LP and OPm activity decrease but also in antioxidant 
enzyme system stimulation. While an antioxidant effect 
of metformin is able to get out LP products directly of 
the body [2], the mechanism of vildagliptin effect on 
oxidative stress is not related to glycemia normalization, 
as was shown above [3], nor yet the increased activity of 
antioxidant enzymes, in particular, catalase, which in its 

T a b l e  2
Dynamics of glycemic indices, side effect rate and patients’ compliance (Me [25; 75])

Index
Metformin (n=18) Metformin with vildagliptin (n=19)

before treatment 3 months after therapy р before treatment 3 months after therapy р

FBG, mmol/L 6.50 [6.11; 8.00] 5.55 [4.95; 5.95] 0.023 6.55 [6.15; 7.55] 5.60 [5.33; 6.70] 0.018

HbA1c, % 7.00 [6.30; 7.50] 6.00 [4.90; 7.00] 0.009 7.1 [6.10; 7.40] 5.80 [4.50; 6.90] 0.005

Side effects In 6 subjects In 1 subject

Readiness to continue therapy 15 subjects 19 subjects

N o t e: p — the level of statistical significance of differences between the samplings ”before treatment” and “3 months after 
therapy”.

Fig. 1. The excess of LP, OPm molecular products content, and decreased activity 
of antioxidant enzymes in patients with newly diagnosed Dm 2 in relation to a control 
group in a pimary study

Synergism in Combined Use of Oral Antihyperglycemic Drugs
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turn, prevents from mDA appearance — one of integral 
markers of oxidative stress [13].

The findings indicate that both metformin and its 
combination with vildagliptin equally effectively reduce 
the intensity of LP and OPm processes increasing the 
activity of antioxidant enzymes. Therefore, a lower dose 
of metformin as a part of a combined therapy has the 
similar to monotherapy effect indicating the synergism of 
an antioxidant effect of the drugs under study. In addition, 
the combination of metformin and vildagliptin more 
significantly than metformin monotherapy increases 
the activity of the second stage of an antioxidant 
protection — catalase.

conclusion. Combined use of metformin, 1000 mg, 
and vildagliptin, 50 mg a day, in patients with newly 
diagnosed type 2 diabetes mellitus shows the synergism 
of their antihyperglycemic and antioxidant effect. The 
mentioned combination of drugs compared to metformin 
monotherapy (1700 mg a day) enables to reduce side 
effect rate and significantly increase the activity of the 
second stage of antioxidant protection — catalase.

The findings enable to optimize the therapy of patients 
with newly diagnosed type 2 Dm based on a rational 
choice of the combination of antihyperglycemic drugs 
taking into account their synergistic properties able to 
reduce a therapeutic dose and side effect rate, increase 
patients’ treatment compliance and prevent the disease 
progression in the examined cohort of patients.

Study Funding and conflict of Interests. The study 
was not supported by any financial sources, and the 
authors have no conflict of interest to disclose.
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