
ORIGINAL ARTICLE

Effects of metformin plus gliclazide compared with metformin
alone on circulating endothelial progenitor cell in type 2 diabetic
patients

Lu-lu Chen • Yun-fei Liao • Tian-shu Zeng •

Fan Yu • Hui-qing Li • Yong Feng

Received: 25 March 2010 / Accepted: 20 August 2010 / Published online: 23 October 2010

� Springer Science+Business Media, LLC 2010

Abstract Circulating endothelial progenitor cells (EPCs)

play an important role in the development and progression

of diabetic vascular complications. The aim of this study

was to investigate the effects of gliclazide plus metformin

(GLIMET) compared with metformin alone (MET) on

number and function of circulating EPCs in T2DM

patients. Patients with newly diagnosed T2DM were ran-

domly divided into two groups, receiving the following

treatments for 16 weeks: MET group (assuming metformin

500–2500 mg/day, n = 24) and GLIMET group [assuming

gliclazide (modified release, 30–60 mg/day) ? metformin

(250–1000 mg/day), n = 23]. Circulating EPCs were

quantified by flow cytometry, and the ability to uptake

LDL and stain for lectin were used as another method of

characterizing EPCs ex vivo. The functions of circulating

EPCs were evaluated by colony-forming units (CFU) and

migration. The status of oxidative stress was analyzed by

serum-free malonaldehyde (MDA) and superoxide dismu-

tase (SOD). There were no significant differences in clin-

ical characteristics and number and function of circulating

EPCs between two groups at baseline. Glycemic responses

were similar after treatments. Compared with MET group,

GLIMET group was associated with an increase in circu-

lating EPCs number, DiLDL–lectin-positive EPCs, and

migration. The mean improvements in MDA and SOD of

GLIMET group were more strongly upregulated than those

of MET group. This study demonstrated that both metfor-

min mono-treatment and metformin plus gliclazide com-

bination treatment provided with improvements in number

and function of circulating EPCs. Compared with metfor-

min mono-treatment, early use of combination therapy with

gliclazide plus metformin made more effective improve-

ments in circulating EPCs.
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Introduction

The main etiology for mortality and a great percent of

morbidity in patients with type 2 diabetes mellitus (T2DM)

is vascular complications. A growing amount of data has

become available indicating that alterations in circulating

endothelial progenitor cells (EPCs) may have a causative

role in the development and progression of all diabetes

complications [1, 2]. Derived from bone marrow, EPCs are

circulating immature cells that contribute to vascular

homeostasis and compensatory angiogenesis. Many studies

have demonstrated that the number of circulating EPCs is

decreased in T2DM and its vascular complications [3].

Moreover, diabetic EPCs display the impaired function,

such as reduced proliferation, adhesion, and migration into

tubular structures [4]. Recent data have shown that number

of circulating EPCs may be a marker of diabetic vascu-

lopathy [5]. Given the comprehensive role of circulating

EPCs alterations in diabetes vascular complications, mod-

ulation of the number and function of EPCs may be con-

sidered as a potential therapeutic strategy for diabetic

patients.
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Although some clinical studies of oral antidiabetic

agents on cardiovascular effects have been reported [6, 7],

the cardiovascular protective effects of metformin or sul-

fonylureas treatment remained controversial. In UKPDS,

metformin was found to decrease the macrovascular mor-

bidity and mortality only in overweight T2DM patients [8].

In ADVANCE trial, there were no significant effects of

gliclazide treatment on major macrovascular events or

death from cardiovascular causes in T2DM patients [9].

Since metformin mono-treatment and gliclazide plus

metformin combination treatment are the commonly pre-

scribed medications for T2DM and the medical therapies of

the ADA recommendation in diabetes standards [10], it is

necessary to identify the effects of these two kinds of

treatment on circulating EPCs, which would be good for

proving the evidence of cardiovascular protective effects

and supplying a reasonable clinical choice of drugs.

A common approach for the prevention and treatment of

diabetes vascular complications relies on the understanding

of their complex pathophysiology. Besides circulating

EPCs, a unifying biochemical theory suggests that oxida-

tive stress underlies subcellular damage pathways, which

leads to diabetes complications [11]. It is interesting to

point out that a close correlation between functional

capacity of EPCs and oxidative stress status has been

proposed [12]. In addition, metformin and gliclazide have

been shown to exert anti-oxidative effects on vascular beds

[13, 14]. Therefore, it is valuable to observe the role of

oxidative stress-mediated pathway in circulating EPCs

modulation by metformin or gliclazide.

With this background, we investigated the effects of

16 weeks metformin mono-treatment and gliclazide plus

metformin combination treatment on the number and

function of circulating EPCs in newly diagnosed patients

with T2DM. Furthermore, we evaluated the oxidative stress

status simultaneously so that the role of oxidative stress-

mediated pathway in circulating EPCs modulation by

metformin mono-treatment and metformin plus gliclazide

combination treatment can be discussed.

Materials and methods

Study subjects

This study was approved from the local ethics committee

and informed consent was obtained from all subjects. From

February 2008 to January 2009, a total of 47 Chinese newly

diagnosed T2DM patients (25 men and 22 women) were

enrolled. T2DM patients were recruited from the outpa-

tients and inpatients of the Endocrinology Department in

Wuhan Union Hospital. The diagnosis of T2DM was based

on the guidelines in the recent Expert Committee Report of

the American Diabetes Association [15]. In order to avoid

the drug interferences in the clinical characteristics, all

T2DM patients were newly diagnosed without any drug

treatments for at least 3 months before the beginning of

this study [with fasting blood glucose (FBG) C7.0 mmol/l

and B10.0 mmol/l; plasma glycosylated hemoglobin

(HbA1c) C6.0% and B8.0%]. Predefined exclusion criteria

were subject’s refusal, age over seventy or less than thirty,

acute illness or infection, neoplasm, recent surgery or

vascular intervention, hemodialysis, immunosuppression,

and immunological diseases. Females during the exami-

nation were not in menstrual phase in order to avoid the

intervention on circulating EPCs number and function.

All the subjects were randomized into two groups: MET

group (assuming metformin 500–2500 mg/day, n = 24)

and GLIMET group [assuming gliclazide (modified

release, 30–60 mg/day) ? metformin (250–1000 mg/day),

n = 23] in an open-label fashion for 16 weeks. Metformin

was started at the dose of 500 mg/day while gliclazide was

started at the dose of 30 mg/day. During the treatment,

all the patients were instructed to follow a moderately

hypocaloric diet (-20% of estimated daily energy

requirement) and to perform home blood glucose moni-

toring. Patients returned to visit in the clinic every 2 weeks

during the first month of treatment, and monthly thereafter.

At each visit, FBG and 2-h blood glucose (2hBG) were

assessed. Drugs were up-titrated as needed on the basis of

home-recorded blood glucose profiles, FBG and 2hBG

levels, so as to achieve good glycemic control (FBG

\6.1 mmol/l and 2hBG \7.8 mmol/l). None of these

patients were taking other drugs during the observation

period.

Anthropometric and biochemical measures

Anthropometric and biochemical measures were performed

in all subjects before and after treatment. Height and

weight were recorded without shoes in light clothing.

Taken after 15 min rest, blood pressure (SBP, DBP) were

recorded as the mean of three times. After a 10-h fasting, a

total of 30 ml of peripheral venous blood in sodium hep-

arin was collected from each subject. Four milliliter was

used for enumeration of circulating EPCs number. One

milliliter was used for identifying the absolute count of

lymphocytes per 1 ml whole blood simultaneously.

Another 20 ml was used for cell culture of circulating

EPCs. Rest of the blood sample was used for biochemical

assays. Measurement of FBG, 2hBG, total cholesterol

(TC), triglycerides (TG), high-density lipoprotein choles-

terol (HDL-C), and low-density lipoprotein cholesterol

(LDL-C) were performed with an autoanalyzer (Hitachi,

Japan). Measurement of HbA1c was performed with

another autoanalyzer (Biorad, American, California).
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Quantification of circulating EPCs by flow cytometry

Circulating EPCs were defined by the surface expression of

CD45low/CD34?/VEGFR2? as previously described [16–

18]. Peripheral blood mononuclear cells (MNCs) were

separated from other components of peripheral blood by

centrifugation on density gradient media, washed twice and

solved in 0.2 ml of phosphate buffered saline (PBS). The

solution was then labeled with a 10 ll panel of, Peridinin–

chlorophyll–protein complex (PerCP), fluorescein isothio-

cyanate (FITC), and R-phycoerythrin (R-PE) conjugated

antibodies anti-CD45 (Becton Dickinson, American, New

Jersey), anti-CD34 (Becton Dickinson), and anti-VEG-

FR2(R&D system), for 20 min at room temperature away

from light. After conjugation, red blood cells were lysed by

incubating in FACS lysing solution (Becton Dickinson) for

15 min. Cells stained with isotypic controls for IgG1-FITC

or R-PE were used as negative controls. After appropriate

gating with lymphocytes, CD45low/CD34?/VEGFR2? cells

were identified by the dual expression of CD34? and

VEGFR2? in the CD45low gates. The cytometer was set to

acquire 100,000 events, and analyses were performed within

the lymphocyte gate, in accordance with a technique used by

other investigators [19, 20]. Data were processed using the

Macintosh CellQuest software program (Becton Dickin-

son). The absolute count of individual human peripheral

blood lymphocytes was performed by 5DF blood cell

analysis apparatus testing. On the basis of the lymphocytes

count of the whole blood, the absolute number of circulating

EPCs was converted and expressed as the number of cells

per 1 ml of whole blood. Those assessments were executed

in all subjects by same well-trained operator who was una-

ware of the patients’ clinical status (Fig. 1a).

Cell culture and characterization of circulating EPCs

Endothelial progenitor cells (EPCs) were cultured according

to previously described techniques [16]. Briefly, MNCs were

isolated by ficoll density gradient centrifugation. Recovered

cells were washed once with PBS and once in growth

Fig. 1 a (A) Showing the gate used to label lymphocyte cells,

(B) showing the gate used to label CD45low cells, (C) showing the R1

and R2 gate used to identify the CD45low/CD34?/VEGFR2? cells.

Mononuclear cells were separated from other components of periph-

eral blood by centrifugation on density gradient media. The cytometer

was set to acquire 100,000 events, and analyses were performed

within the lymphocyte gate. On the basis of the lymphocyte counts,

the absolute number of circulating EPCs/ml was calculated. b MET

and GLIMET groups were comparable with respect to circulating

EPCs number at baseline. At week 16, there was an increase from

baseline both in MET group and in GLIMET group (P \ 0.01). After

adjusted for the baseline values, the mean improvements in circulat-

ing EPCs number of GLIMET group were significantly more obvious

than those of MET group (P = 0.003)
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medium consisting of Medium 199 (GIBCO BRL Life

Technologies, American, New York) supplemented with

10% fetal-calf serum (FCS), penicillin (100 U per milliliter),

and streptomycin (100 lg per milliliter). 1 9 107 MNCs

were plated onto fibronectin (Biocoat, Becton Dickinson

Labware)-coated 6-well plates. Cells were cultured in

Medium 199 supplemented with 10% FCS, vascular endo-

thelial growth factors (VEGF), fibroblast growth factor-2,

epidermal growth factor, and ascorbic acid. After 48 h,

1 9 106 non-adherent cells in the supernatant were trans-

ferred into 24-well plates to avoid contamination with

mature endothelial cells and non-progenitor cells. Growth

medium was changed every 2 or 3 days. At 7th day in cul-

ture, adherent cells were incubated with 1,10-dioctadecyl-

3,3,30,30-tetramethylindocarbocyanine-labeled acetylated

LDL (DiLDL, 2.4 lg/ml, Vector) and stained using FITC

labeled Ulex europaeus agglutinin I (lectin, 10 lg/ml,

Sigma). Double-positive cells were counted manually by

two independent observers blinded to the study (Olimpus,

FV-500) (Fig. 2a).

Colony-forming units of circulating EPCs

Another 1 9 107 MNCs were plated in a fibronectin-coated

6-well plate for 48 h, then, 1 9 106 non-adherent cells in

the supernatant were transferred into 24-well plates. After

7 days ex vivo, EPC colonies were counted by two inde-

pendent investigators. A colony of EPCs consisted of

multiple thin, flat cells emanating from a central cluster of

rounded cells. A central cluster alone without associated

Fig. 2 a, b Before treatment,

the number of DiLDL/lectin

double-positive cells per

microscopic field was similar

in both groups (MET, 8 ± 2;

GLIMET, 8 ± 2). After

treatment, double-positive cells

per microscopic field of

GLIMET group were

significantly improved in two

groups (MET, 11 ± 3,

P = 0.001; METGLI, 17 ± 4,

P \ 0.001). After adjusted for

the baseline values, the mean

improvements in circulating

EPCs number of GLIMET

group were significantly more

obvious than those of MET

group (6 ± 2, P = 0.003)
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emerging cells was not counted as a colony. CFU are

expressed as absolute numbers of colonies per well (in

triplicate) (Fig. 3a).

Migration assay

Polyvinylpyrrolidone-free polycarbonate filter Transwell

inserts (BD Biosciences, 8 lm pore size, in triplicate) were

incubated with 0.1% fibronectin and dried. Inserts were

placed in a 24-well plate containing 500 ll growth medium

with 50 ng/ml of VEGF as prepared above. After 7 days in

culture, isolated EPCs (1 9 105) were added to the upper

chamber of the inserts in the medium prepared above. Cells

were allowed to migrate from the upper to the lower

chamber for 24 h at 37�C. Cells that had migrated to the

lower side of the Transwell insert were fixed for 15 min

with 2% paraformaldehyde and incubated with 4,6-dia-

mino-2-phenylindole (DAPI). The number of cells that had

migrated was counted in three different representative high

power (9200) fields per insert. The data are presented as

number of cells migrating ± standard error (SE) of the

mean (Fig. 4a).

Measurement of oxidative stress status in plasma

Fasting plasma-free malonaldehyde (MDA) and superoxide

dismutase (SOD) were used for analyzing the status of oxi-

dative stress. Plasma-free MDA was assayed by thiobarbi-

turic acid adduct with colorimetric method. The activity of

SOD was measured by xanthine oxidase with colorimetric

method. Analyses above were performed with correspond-

ing assay kits (Nanjing Jiancheng Biochemical Reagent Co.,

China) according to the manufacturer’s instructions.

Statistical analysis

Data were expressed as means ± SE. All results from flow

cytometry were expressed as number of cell/ml. Values of

lipid profile were log transformed before statistical analy-

sis. Baseline data for the MET and GLIMET groups were

compared using 2-tailed Student t test. The Chi-square test

was used for dichotomous variables. Within-treatment

comparisons of the mean changes in variables from base-

line to week 16 were performed using a paired t-test. The

variables after treatment between two groups were com-

pared by the analysis of covariance (ANCOVA) test with

adjustment for baseline values. All the data analysis was

performed with the Statistical Package for the Social

Sciences (SPSS) 13.0 software package. P values less than

0.05 were considered significant.

Results

General clinical characteristics

The clinical characteristics of study participants in this

study before and after treatment were shown in Table 1.

Fig. 3 a, b At baseline, the

number of CFU in MET and

GLIMET groups were 49 ± 6

per well and 50 ± 6 per well,

respectively. After 16 weeks

of treatment, the development

of CFUs per number of EPC

was found both in MET group

(12 ± 4, P = 0.008) and in

GLIMET group (15 ± 5,

P = 0.003). After adjusted for

the baseline values, the mean

improvements of CFU in two

groups showed no significant

differences (3 ± 2, P = 0.067)
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There were no significant differences in baseline character-

istics between the two groups. Glycemic responses were

similar after 16 weeks of treatment: plasma HbA1c was 6.1 ±

0.5 mmol/l in MET group versus 6.0 ± 0.6 mmol/l in

GLIMET group (P = 0.792); FBG was 6.1 ± 1.0 mmol/l in

MET group versus 6.0 ± 1.1 mmol/l in GLIMET group

(P = 0.417); 2hBG was 7.4 ± 1.5 mmol/l in MET group

versus 7.2 ± 1.4 mmol/l in GLIMET group (P = 0.664).

Serum TC decreased significantly (5.17 ± 0.83 before treat-

ment versus 4.28 ± 0.63 mmol/l after treatment, P = 0.01)

in the GLIMET group but remained unchanged in the MET

group. There were no significant changes in BMI, TG, HDL,

Fig. 4 a, b Both two groups

had similar baseline of

migration capacity (20 ± 6 cell/

field in MET group; 20 ± 5cell/

field in GLIMET group). At

week 16, there was an increase

from baseline both in MET

group (15 ± 4 cell/field,

P = 0.005) and in GLIMET

group (28 ± 6 cell/field,

P = 0.001). After adjusted for

the baseline values, the mean

improvements in migratory

capacity of GLIMET group

were more obvious in GLIMET

group than in MET group

(12 ± 3 cell/field, P = 0.001)

Table 1 Clinical and biochemical characteristics in newly diagnosed patients with type 2 diabetes before and after treatment

MET GLIMET GLIMET vs. MET P value

Baseline After treatment Baseline After treatment

Sum 24 24 23 23 – –

Gender (M/F) 13/11 13/11 12/11 12/11 – –

Age (years) 48.4 ± 6.7 48.4 ± 6.7 48.7 ± 6.8 48.7 ± 6.8 – –

BMI (kg/m2) 25.3 ± 2.8 24.8 ± 2.6 25.3 ± 2.7 25.2 ± 2.8 0.3 ± 1.0 0.625

Sbp (mmHg) 120 ± 9 125 ± 9 121 ± 9 124 ± 11 -1 ± 3.4 0.857

Dbp (mmHg) 78 ± 8 80 ± 7 77 ± 8 77 ± 7 -1 ± 1.9 0.808

FBG (mmol/l) 8.4 ± 1.7 6.1 ± 1.0* 8.3 ± 1.7 6.0 ± 1.1* -0.1 ± 0.2 0.417

2Hbg (mmol/l) 10.4 ± 2.5 7.4 ± 1.5* 10.3 ± 2.4 7.2 ± 1.4* -0.1 ± 0.5 0.664

HbA1C (%) 7.6 ± 1.0 6.1 ± 0.5* 7.6 ± 1.0 6.0 ± 0.6* 0 ± 0.1 0.792

TC (mmol/l) 5.14 ± 0.88 4.65 ± 0.71 5.17 ± 0.83 4.28 ± 0.63* 0.36 ± 0.12 0.035

TG (mmol/L) 2.27 ± 0.46 2.06 ± 0.43 2.21 ± 0.48 1.93 ± 0.42 -0.10 ± 0.18 0.276

HDL-C (mmol/L) 1.02 ± 0.14 1.05 ± 0.11 1.06 ± 0.14 1.09 ± 0.13 0.00 ± 0.02 0.789

LDL-C (mmol/L) 3.32 ± 0.87 3.23 ± 0.71 3.25 ± 0.85 3.07 ± 0.74 -0.09 ± 0.21 0.372

MDA (mmol/l) 3.86 ± 0.61 3.29 ± 0.58* 3.97 ± 0.60 2.35 ± 0.51* -1.01 ± 0.24 0.002

SOD (U/ml) 24.21 ± 6.98 28.07 ± 7.25 25.80 ± 7.04 38.68 ± 7.42* 9.06 ± 2.02 0.003

An asterisk signified a statistically significant difference (P \ 0.05) before and after treatment

Endocr (2010) 38:266–275 271



LDL, SBP, and DBP neither in MET nor in GLIMET group

(P [ 0.05).

Circulating EPCs number

MET and GLIMET groups were comparable with respect

to circulating EPCs number at baseline (P [ 0.05). At

week 16, there was an increase from baseline both in MET

group (from 932 ± 96 cell/ml to 1449 ± 105 cell/ml,

P = 0.001) and in GLIMET group (from 919 ± 97 cell/ml

to 1581 ± 106 cell/ml, P \ 0.001). After adjusted for the

baseline values, the mean improvements in circulating

EPCs number of GLIMET group were significantly more

obvious than those of MET group (151 ± 21 cell/ml,

P = 0.003) (Fig. 1b).

Number of cultured DiLDL–lectin-positive EPCs

Before treatment, the number of DiLDL/lectin double-

positive cells per microscopic field was similar in both

groups (8 ± 2 cell/field in MET group; 8 ± 2cell/field in

GLIMET group). After treatment, double-positive cells per

microscopic field of GLIMET group were significantly

improved in two groups (MET, 11 ± 3 cell/field,

P = 0.001; METGLI, 17 ± 4 cell/field, P \ 0.001). After

adjusted for the baseline values, the mean improvements in

circulating EPCs number of GLIMET group were more

strongly upregulated than those of MET group (6 ± 2 cell/

field, P = 0.003) (Fig. 2b).

Counts of EPC colonies

At baseline, the number of CFU in MET and GLIMET

groups was 49 ± 6 unit/well and 50 ± 6 unit/well,

respectively, (P [ 0.05). After 16 weeks treatment, the

development of CFUs were found both in MET group

(12 ± 4 unit/well, P = 0.008) and in GLIMET group

(15 ± 5 unit/well, P = 0.003). After adjusted for the

baseline values, the mean improvements of CFU in two

groups showed no significant differences (3 ± 2 unit/well,

P = 0.067) (Fig. 3b).

Migratory capacity

Both two groups had similar baseline of migration capacity

(20 ± 6 cell/field in MET group; 20 ± 5 cell/field in

GLIMET group). At week 16, there was an increase from

baseline both in MET group (15 ± 4 cell/field, P = 0.005)

and in GLIMET group (28 ± 6 cell/field, P = 0.001).

After adjusted for the baseline values, the mean improve-

ments in migratory capacity of GLIMET group were more

obvious in GLIMET group than in MET group (12 ± 3

cell/field, P = 0.001) (Fig. 4b).

Plasma markers of oxidative stress

Gliclazide plus metformin-treated patients exhibited a

significant decrease in the plasma concentration of MDA

(from 3.97 ± 0.60 to 2.35 ± 0.51 mmol/l, P \ 0.001) and

an increase in SOD (25.80 ± 7.04 to 38.68 ± 7.42U/ml,

P \ 0.001) from the baseline measurements to those at

week 16. Metformin-treated patients show a significant

decrease in the plasma concentration of MDA (from

3.86 ± 0.61 to 3.29 ± 0.58 mmol/l, P = 0.042), but no

increase in SOD (24.21 ± 6.98 to 28.07 ± 7.25 U/ml,

P = 0.078) from the baseline measurements to those at

week 16. After adjusted for the baseline values, the mean

improvements in MDA and SOD of GLIMET group were

more strongly upregulated than those of MET group

(-1.01 ± 0.24, P = 0.002; 9.06 ± 2.02, P = 0.003)

(Table 1).

Discussion

The bone marrow-derived EPCs circulate in the blood and

play an important role in the formation of new blood

vessels as well as contribute to vascular homeostasis [21].

In this study, two independent methods were adopted to

study EPCs: flow cytometry for quantification and ex vivo

culture for functional testing. CD45low/CD34?/VEGFR2?

cells were quantified by FACS because CD34?/VEGFR2?

cells have been shown to predict cardiovascular outcomes

in patients with coronary artery disease [20] and CD45low

was used to exclude hematopoietic cells [16–18]. In addi-

tion to FACS analysis, the ability to uptake LDL and stain

for lectin were used as another established method of

characterizing EPCs ex vivo [14]. The functional properties

of EPCs were evaluated by migration and the ability of

CFU. Migration of EPCs through the extracellular matrix is

crucial for the growth of new vessels. And EPCs should

proliferate (form colonies) in response to growth factors

released locally after vascular damage or tissue ischemia.

Some large-scale clinical researches such as UKPDS,

PRESTO [22] have shown the beneficial effects of met-

formin on cardiovascular diseases in diabetic patients.

However, the mechanism underlying its cardiovascular

protective effects remains unclear. In addition, observa-

tional studies on the association between combination

therapy of sulfonylureas and metformin and the risk of

cardiovascular diseases have shown conflicting results.

Some studies have reported that this combination therapy

decreased the risk of mortality from all causes and car-

diovascular disease [23], while others have reported no

association [24, 25] or an increased risk of all-cause and

cardiovascular disease mortality [26]. In this study, the

change of circulating EPC function was nearly the same as
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the change of circulating number. Furthermore, all quan-

tification and functional testing showed the improvements

in patients taking both metformin mono-treatment and

gliclazide plus metformin combination treatment. Consid-

ering the fact that the number of circulating EPCs has been

considered as a surrogate biologic marker for vascular

endothelial function [16] and endothelial dysfunction is a

reflection of overall vascular health, the results above

indicated that for newly diagnosed patients with T2DM,

short-term hypoglycemic treatment (including metformin

mono-treatment and gliclazide plus metformin combina-

tion treatment) can bring the early cardiovascular benefit.

Similarly, several drugs showing beneficial effects on

cardiovascular risk factors, such as glitazones and statins,

have also been confirmed to stimulate circulating EPCs

level [27, 28]. Interestingly, it has been demonstrated that

early intensive blood glucose control by metformin or

sulfonylurea could bring a long-term cardiovascular benefit

after 10 years [29]. Therefore, it is reasonable to choose

these two kinds of treatments as the most commonly pre-

scribed medications for newly diagnosed patients with

T2DM.

In this study, the change of average blood glucose was

an independent determinant of circulating EPCs in both

two kinds of treatment. Several studies have showed that

inhibition of nitric oxide (NO) biology availability plays

an important role in EPCs mobilization and migration

from bone marrow in diabetes [30]. Meanwhile, several

studies suggested that high glucose might impair EPCs by

modifying NO-related mechanisms [31]. Therefore, the

improvement of circulating EPCs with some hypoglycemic

treatments could be partly explained by the improved

glucose control. Besides this, it has been widely accepted

that therapeutic effects of metformin might be mediated by

its activation on AMP-activated protein kinase (AMPK)

[32, 33]. Recent studies demonstrated that AMPK signaling

in endothelial cells is essential for angiogenesis, as acti-

vation of its activity in endothelial cells stimulate endo-

thelial nitric oxide synthesis (eNOS) and nitric oxide (NO)

production [22]. Thus, it may be assumed that activation of

the AMPK by metformin stimulates eNOS and NO pro-

duction which in turn increases NO-mediated EPC mobi-

lization and improves its biological function.

However, in this study, metformin plus gliclazide

combination treatment was found more effective than

metformin mono-treatment in improving number and

function of EPCs. It is obvious that only glucose control

and metformin treatment cannot explain the result above,

as the improvement of glucose control was similar and

metformin treatment participated in both two groups. The

advantages of early combination therapy may present some

implications, including reduction in side effects with the

submaximal doses of drugs, more rapid achievement of

therapeutic target, and the opportunity to combine oral

antiglycemic drugs with complementary modes of action.

For example, some studies have shown that gliclazide not

only lowers blood glucose but also confers beneficial

effects on diabetic vascular disease. Clinically, gliclazide

can improve endothelial function and ameliorate oxidative

stress [34]. As the causal role of oxidative stress in NO

metabolism in T2DM [35], gliclazide treatment might

increase the NO production by ameliorating oxidative

stress and subsequently increases NO-mediated EPC

mobilization and its biological function. In this study, the

findings that metformin and gliclazide-treated patients

exhibited a greater decrease in the plasma concentration of

MDA and a greater increase in SOD than in metformin

mono-treatment have confirmed this assumption. It should

be mentioned that although both metformin and gliclazide

have benefit effects on circulating EPCs, the mechanisms

underlying those effects may be completely different. The

free radical scavenging ability of gliclazide was related to

the unique aminoazabicyclo-octane ring grafted onto the

sulfonylurea [34]. Meanwhile, the benefit effects of met-

formin might mainly be mediated by its activation on

AMPK. Therefore, it is reasonable to show that metformin

plus gliclazide combination treatment has more significant

improvements on circulating EPCs than metformin mono-

treatment. In addition, gliclazide plus metformin combi-

nation treatment provided with greater number of improved

cardiovascular risk factors than metformin mono-treatment

might offer another important reason. The level of EPCs

has been reported to be inversely correlated with the

number of cardiovascular risk factors and might be a sur-

rogate biologic marker for cumulative cardiovascular risk.

In this study, it is conspicuous that with the similar short-

term glycemic control to metformin monotherapy, the

combined treatment could produce greater beneficial

effects on lipid metabolism and oxidative stress.

There were several limitations in this study. The first

limitation is represented by the relatively short term of the

study duration. Although reductions in HbA1c were

maintained in this study for 16 weeks, it is unknown

whether the effects on circulating EPCs would be main-

tained after long antidiabetic drugs treatment. The second

limitation derives from the limitations of research condi-

tions that direct effects of metformin or gliclazide on EPCs

ex vivo were not investigated. Finally, due to the financial

limitation, this manuscript details a rather small clinical

study. It remains undefined that the data might be mis-

leading. Therefore, further penetrating investigations with

longer and larger study are necessarily required.

In summary, this study provided new evidence of the

vascular protective function of metformin and gliclazide

for newly diagnosed patients with T2DM. Furthermore,

compared with metformin mono-treatment, early use of
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combination therapy with gliclazide plus metformin

was more effective in improving number and function of

circulating EPCs.
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