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                        ORIGINAL ARTICLE    

 Metformin reduces vascular endothelial dysfunction caused 
by an acute glucose load in patients with hypertension      

    TING-XING     ZHANG  1*  ,       JUN-XIA     XU  2 *   ,       FENG     PENG  3  ,       DA-JUN     CHAI  3     &         JIN-XIU     LIN  3 *     

  1 The First Clinical Medical College of Fujian Medical University, 20 Chazhong Road, Fuzhou, Fujian Province, 350005, 
China,  2 Department of Geriatrics, Fuzhou DongFang Hospital, Fuzhou General Hospital of Fujian Medical University, 
156 West Second Ring North Road, Fuzhou, Fujian Province, 350025, China, and  3  Department of Cardiology, The First 
Affi liated Hospital of Fujian Medical University, 20 Chazhong Road, Fuzhou, Fujian Province, 350005, China                             

  Abstract 
  Background.  To investigate the effects of a single dose of metformin (MF) on endothelium-dependent vasodilatation and 
serum antioxidant and free fatty acid levels in patients with primary hypertension (PH) after an acute glucose load. 
 Materials and methods.  Patients with untreated PH were randomized to a no-metformin group (PH,  n    �     34) and a metformin 
group (PH �    MF,  n    �     28) who received a single dose of 500 mg metformin before testing. Healthy volunteers ( n    �     31) served 
as a control group. Brachial artery endothelium-dependent fl ow-mediated vasodilatation (FMD) was determined at 0, 1, 
2 and 3 h after glucose load. Levels of serum superoxide dismutase (SOD), total antioxidant capacity (T-AOC), anti- 
superoxide anion free radical (AntiO2) and free fatty acids (FFA) were measured.  Results.  The FMD in the PH group 
decreased signifi cantly 1 h after glucose load (PH: 10.9    �    2.9% vs 13.67    �    3.42% before glucose load). Metformin inhibited 
the effects of glucose load on FMD. At 1 h after acute glucose load, the concentrations of SOD, T-AOC and AntiO2 in 
the PH group decreased signifi cantly compared with their fasting levels, and metformin inhibited the acute glucose load-
induced decline in SOD and T-AOC levels.  Conclusions.  Metformin can prevent transient endothelial dysfunction caused 
by acute glucose load in patients with PH.  

  Key Words:    Acute glucose load  ,   endothelium-dependent vasodilatation  ,   metformin  ,   primary hypertension   

  Introduction 

 Vascular endothelial dysfunction has been shown 
to be an underlying factor in the development of 
atherosclerosis (1,2). Hypertension (HTN), hyper-
glycemia and dyslipidemia are the three major risk 
factors of vascular endothelial dysfunction, and inter-
actions of these three factors expedite the occurrence 
and development of atherosclerosis (3). The post-
prandial phase has been shown to be important in 
the development of atherosclerosis (4,5), and numer-
ous studies have shown that dietary glycemic load is 
associated with coronary heart disease and risk of 
hemorrhagic stroke (6 – 9). Additionally, it has been 
shown that high postprandial triglyceride levels may 
lead to alterations of vascular endothelial function 
(10,11), and insulin resistance (IR) may be the primary 
mechanism (3,5). 

 Elevated blood glucose may damage vascular 
endothelial function through a number of different 
mechanisms (12,13): (i) increasing superoxide anions 
and glycosylated end products; (ii) auto-oxidation of 
glucose; (iii) abnormal metabolism of arachidonic 
acid; (iv) activation of protein kinase C; (v) reduction 
of NOS cofactor; and (vi) activation of the aldose 
reductase pathway. Increased production of intra-
cellular reactive oxygen species (ROS) in target cells 
is thought to function as the link between high blood 
glucose levels and the activation of all the aforemen-
tioned mechanisms. A study by Gallo et   al. (14) 
showed that high blood glucose levels increased ROS 
in endothelial cells, and that the effect was amelio-
rated by metformin. Increased ROS production and 
activity is thought to result from an alteration of the 
oxidation and anti-oxidation balance  in vivo  by high 
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blood glucose. This leads to decreased production of 
nitric oxide (NO) and reduction of biological activ-
ity, thereby impairing endothelial-dependent fl ow-
mediated vasodilatation (FMD). 

 Metformin, a drug widely used to treat type II 
diabetes, lowers glucose levels by increasing glucose 
uptake in muscles and by decreasing the production 
of glucose in the liver (15). While the exact mecha-
nism of action of metformin is not clearly under-
stood, studies have found that it prevents endothelial 
cell damage and death (16 – 18). However, it remains 
unclear whether metformin can alleviate acute glucose 
load-induced transient damage to endothelial cells 
in patients with HTN. Thus, the purpose of this 
study was to examine the effect of metformin in 
reducing the transient damage through monitoring 
the FMD and the levels of antioxidants and FFAs in 
the blood.   

 Patients and methods  

 Subjects 

 This study was approved by the ethics committee 
of the First Affi liated Hospital of Fujian Medical 
University and all the patients signed informed con-
sent. A total of 62 patients with untreated primary 
hypertension (PH; grade 1 – 2 based on the Chinese 
guidelines for hypertension diagnosis and treatment 
of 2005) (19) were enrolled. The diagnosis of PH was 
determined by blood pressure monitoring in the 
clinic and/or 24-h ambulatory blood pressure moni-
toring. Eligible patients were randomly divided into 
two groups: a non-treatment (PH) group that did not 
receive any antihypertension medications and a met-
formin group (PH �    MF group) who received a 
single 500 mg dose of metformin before testing. 
Normotensive healthy volunteers without a family 
history of HTN were recruited to serve as a control 
group (NT). 

 All the participants met the following conditions: 
(i) coronary heart disease was ruled out by Holter 
monitoring, treadmill exercise ECG, SPECT myo-
cardial perfusion imaging, or coronary angiography; 
diabetes mellitus and impaired glucose tolerance 
were ruled out by measurement of fasting and 2-h 
postprandial blood glucose; thyroid, liver, kidney, 
and pancreas diseases were ruled out by biochemical 
testing and imaging examinations; and left ventricu-
lar hypertrophy was ruled out by echocardiography; 
(ii) no chronic consumptive disease or malignancy; 
(iii) had never received any antihypertensive drugs, 
hypoglycemic drugs, or lipid-regulating drugs, and 
they stopped the use of any medications 5 – 7 daus 
before the study; (iv) were non-smokers and refrained 
from alcohol consumption and a high-fat diet within 
12 h before the study; (v) postmenopausal women 
did not take estrogen; and (vi) fasting serum total 
cholesterol (TC)  �    5.2 mmol/l, triglyceride (TG) 

 �    1.7 mmol/l, high-density lipoprotein cholesterol 
(HDL-C)  �    0.9 mmol/l and low-density lipoprotein 
cholesterol (LDL-C)  �    3.4 mmol/l.   

 Oral glucose tolerance test (OGTT) 

 All subjects fasted for 12 h. Seventy-fi ve grams of anhy-
drous glucose was dissolved in 250 ml of warm water, 
and subjects fi nished drinking the glucose solution 
within 5 min. Venous blood was drawn before drinking 
the glucose solution and 1, 2 and 3 h after drinking the 
glucose solution for the measurement of plasma glu-
cose level. A Hitachi 2170A automatic biochemical 
analyzer (Hitachi Tokyo Japan) was used to measure 
the plasma glucose level via the oxidase method.   

 Measurement of endothelium-dependent FMD 

 Endothelium-dependent FMD was detected using a 
previously described method (1,20). The test was 
carried out in the early morning after a 12-h fast 
using an Acuson 128X110 color Doppler ultrasound 
system (Acuson, Mountain View, CA, USA) and 
7.0-MHz linear array probe. The probing depth was 
4 cm, and the room temperature was controlled 
between 22 °  and 23 ° C. The examination was per-
formed with the patient in the supine position, and 
the target vessel was the 5-cm segment of the right 
brachial artery above the elbow. At the same time, a 
cuff with a width of 12.5 cm was wrapped around 
the arm with its lower edge 5 cm above the elbow 
and it was connected to a Hokanson E20 rapid cuff 
infl ator (Bellevue, WA, USA). After the subject rested 
for 10 min, the brachial artery diameter was mea-
sured twice during the resting state and the average 
of the two values was considered the baseline 
value. The cuff was rapidly infl ated to 200 mmHg 
(1 mmHg    �    0.133 kPa), the pressure was maintained 
for 5 min, and then the cuff was rapidly defl ated to 
0 mmHg. The brachial artery lumen diameter was 
measured immediately, and after 60 s. The percentage 
change in the lumen diameter was defi ned as: (lumen 
diameter 60 s after defl ation �    baseline lumen diameter)/
baseline lumen diameter, and was used to refl ect the 
endothelium-dependent vasodilatation. During the 
measurement process, when the arterial intima of the 
anterior and posterior walls were shown clearly, the gain 
was adjusted until the lumen interface could be identi-
fi ed to a satisfactory extent and then the images were 
magnifi ed until the line width on the screen was 
0.065 mm. The measurement was carried out at 
the end of diastole, i.e. when the R-wave appeared on 
the ECG. Measurements were taken three times, 
and the average value was calculated. The same expe-
rienced professional technician performed all of the 
measurements in the study. For determination of 
intra-observer variation, two examinations were carried 
out in 15 patients within 1 week. The test procedure 
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was single blind, i.e. the examiner was blinded to test 
results. The technical error was defi ned as: (measured 
value the fi rst time �    measured value the second time)/
(measured value the fi rst time �    measured value the 
second time)/2, and intra-observer variation    �    1.57%. 
For determination of inter-observer variation, two 
double-blind observers measured the same patient at 
different time points during the same day, and the 
inter-observer variation was 2.46%.   

 Detection of serum anti-oxidant levels 

 A 5-ml sample of peripheral venous blood was 
collected before subjects drank the 75 g glucose 
solution (0 h), and at 1, 2 and 3 h after drinking the 
glucose solution. The samples were placed in a water 
bath at 37 ° C for 45 min, and then centrifuged at 
3500 rpm at 4 ° C for 10 min to separate the serum. 
The serum was used for measuring the levels of 
superoxide dismutase (SOD), total antioxidant 
capacity (T-AOC), anti-superoxide anion free radical 
(AntiO2) and free fatty acid (FFA). All the samples 
were stored at 20 ° C, and measurements were per-
formed in batches. SOD (Cat# K-P169), T-AOC 
(Cat# A015), AntiO2 (Cat# A052) and FFA 
(Cat# A024) ELISA kits were purchased from 
Jiancheng Biological Engineering (Nanjing, China).   

 Statistical analysis 

 Baseline characteristic were expressed as mean and 
standard deviation (SD) for continuous variables and 
count for categorical variables. Comparability of 
baseline characteristic between the three groups was 
analyzed using one-way analysis of variance (ANOVA) 
for continuous variables and chi-square for categori-
cal variables. All fi ve variables (FMD, SOD, T-AOC, 
Anti-O2 and FFA) were analyzed using one-way 
ANOVA to identify the difference at baseline between 
the three groups. When a signifi cant difference among 
the three groups was apparent, multiple comparisons 

of means were performed using the Bonferroni 
procedure. Comparisons of differences of all fi ve 
variables before and after taking glucose among the 
three groups were analyzed using one-way ANOVA, 
and the Bonferroni procedure was used for multiple 
comparisons. Furthermore, differences over time 
in the fi ve variables among the three groups were 
analyzed by repeated measures ANOVA and the 
Bonferroni procedure was used in multiple compar-
isons of means between two groups. We excluded 
outliers in order to address their potential effect on 
the results. Outliers are defi ned as values that are 
three standard deviations away from the mean. All 
statistic assessments were evaluated at the 0.05 level 
of signifi cance. Statistic analyses were performed 
using SAS 9.2 statistics software (SAS Institute Inc., 
Cary, NC, USA).    

 Results  

 Participant characteristics 

 A total of 105 subjects were initially enrolled into this 
study, with 35 subjects in each group. However, only 
93 patients completed the study. In the PH group, 
one patient left the study due to intolerance to 
multiple venous punctures required by the measure-
ments of OGTT. In the PH �    MF groups, a total of 
seven patients left the study (three patients devel-
oped psychological resistance to taking metformin 
after performance of FMD, and were allowed to leave 
the study; two patients left the study due to into-
lerance to multiple venous punctures required by 
the measurements of OGTT; two patients failed to 
show up for the study and could not be contacted 
subsequently). In the NT group, four patients left the 
study due to intolerance to multiple venous punc-
tures required by the measurements of OGTT. The 
baseline characteristics of the groups are shown in 
Table I. The groups were comparable with respect 
to gender, age, fasting plasma glucose (FPG), lipid 

  Table I. Participant characteristics.  

Characteristic
Control group 

( n    �     31)
Hypertension 
group ( n    �     34)

Hypertension with 
metformin group ( n    �     28)  p 

Gender (male/female) 16/15 17/17 15/13 0.933
Age (years) 47.87    �    10.95 47.44    �    10.96 49.46    �    8.17 0.723
FPG (mmol/l) 4.84    �    1.13 4.65    �    0.61 4.77    �    0.51 0.623
BMI (kg/m 2 ) 23.88    �    2.06 24.73    �    3.48 24.02    �    2.22 0.403
Lipid profi le

TC (mmol/l) 4.68    �    0.43 4.68    �    0.45 4.68    �    0.48 0.999
TG (mmol/l) 1.34    �    0.26 1.33    �    0.28 1.37    �    0.26 0.776
HDL (mmol/l) 1.39    �    0.25 1.32    �    0.22 1.35    �    0.37 0.648
LDL (mmol/l) 2.90    �    0.42 2.98    �    0.40 2.86    �    0.47 0.564

Blood pressure
SBP (mmHg) 123.94    �    8.33 155.62    �    8.82 155.21    �    9.16  �    0.001 a 
DBP (mmHg) 79.35    �    5.23 96.35    �    8.22 96.43    �    5.85  �    0.001 a 

    FPG, fasting plasma glucose; BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure. Data were expressed as mean  �     SD for continuous 
data, and count for categorical data.  a Indicated there was signifi cant difference between hypertension groups and control group ( p    �     0.05).   
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profi le and body mass index (BMI). Systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) 
were comparable between the two PH groups, but 
were signifi cantly greater than in the normotensive 
control group (all,  p    �     0.001). Importantly, there was 
no signifi cant difference in FPG levels between the 
healthy controls and hypertensive patients.   

 Change in FMD after oral glucose load 

 To examine the effect of acute glucose load on the 
functions of endothelial cells, we fi rst measured the 
FMD of all three groups before and after glucose 
intake for 1, 2 and 3 h. The results are shown in 
Figure 1. These results indicate that baseline FMDs 
of patients with primary hypertension (PH and 
PH    �    MF) were signifi cantly reduced when com-
pared with control group (Control). We also showed 
that the FMD decreased 1 h after the glucose load, 
and it was restored 2 h after the glucose load for all 
three groups. This suggests that the endothelial effect 
of a glucose load occurs primarily during the fi rst 
hour after glucose intake. 

 Figure 2 shows a comparison of the changes in 
FMD, T-AOC, AntiO2, SOD and FFA values in fast-
ing samples and samples drawn 1 h after the oral 
glucose load. Subjects in the PH �    MF group took a 
single dose of metformin immediately before the test. 
The change of FMD, T-AOC, AntiO2 and FFA were 
found to be signifi cantly different between the control 
group and the PH �    MF group, as well as between 
the PH group and PH �    MF (all,  p    �     0.001). The 
change of AntiO2 was also found to be signifi cantly 
different between the control group and PH group 

( p    �     0.001). The results suggest that administration 
of metformin immediately before glucose intake was 
able to alleviate reduction in endothelial function, 
and metformin is associated with an increase of 
antioxidant activity in the blood.   

 Changes of SOD, T-AOC, AntiO2 and FFA with time 
after oral glucose load 

 Figure 3 shows a comparison of the serum levels SOD, 
T-AOC, AntiO2 and FFA immediately before and 1, 
2 and 3 h after the glucose load in the PH group and 
the PH �    MF group. The results show that both the 
serum level of T-AOC and AntiO2 returned to the 
pre-glucose load level 2 h after administration of 
the glucose load in the NT group. In the MF group, 
the serum level of AntiO2 increased signifi cantly 
in the fi rst hour then decreased to the pre-glucose load 
level in the hour, suggesting the effect of metformin 
on the level of AntiO2 is only transient. However, the 
level of FFA in the PH �    MF group remained low 
through the third hour, suggesting the mechanism of 
metformin on the reduction of FFA maybe different 
from that of increasing AntiO2 in the serum.    

 Discussion 

 In this study, we evaluated the effect of a single dose 
of metformin on endothelial function in non-diabetic, 
hypertensive subjects. We showed that a single dose 
of metformin prevented endothelial cell dysfunction 
resulting from a glucose load in hypertensive patients, 
and the mechanism of action may be related to 

  Figure 1.      Changes in fl ow-mediated vasodilatation (FMD) after high glucose intake at different time points in three groups The difference 
in FMD among the three groups were statistically signifi cant at each time point (all,  p    �     0.05). After adjustment using the Bonferroni 
method, control group vs primary hypertension (PH) and control group vs PH �  metformin (MF) were signifi cantly different at all four 
time points (all,  p    �     0.05). PH vs PH �    MF was statistically signifi cant at 1-h time point only ( p    �     0.05). Data were expressed as mean  �     SD. 
Outliers were excluded.  
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the recovery of antioxidant capacity and a decline 
in the levels of FFAs. Our results were consistent 
with previous studies showing reduced endothelium-
dependent relaxation in fructose-fed rats (21). Our 

data also agreed with previous results showing 
that metformin inhibits the blood pressure increase 
seen in fructose-fed rats (22 – 24), suggesting that 
metformin-mediated enhancement of insulin and 

  Figure 2.      The effects of metformin (MF) after glucose load. The changes in (A) fl ow-mediated vasodilatation (FMD) and the changes in 
the serum levels of (B) superoxide dismutase (SOD), (C) total antioxidant capacity (T-AOC), (D) anti-superoxide anion free radical 
(AntiO2), and (E) free fatty acids (FFA) before and 1 h after administration of the glucose load were compared among the three groups. 
(A) There were signifi cant differences in FMD between the control group and primary hypertension (PH) �    MF group, and the PH group 
and PH �    MF group (both,  p    �     0.001). (B) No signifi cant difference in SOD was found between any two groups (all,  p    �     0.05). (C) There 
were signifi cant differences in T-AOC between the control group and PH �    MF group, and between the PH group and the PH �    MF group 
(both,  p    �     0.001). (D) There were signifi cant differences in AntiO2 between any two groups (all,  p    �     0.001). (E) There were signifi cant 
differences in FFA between the control group and PH �    MF group, and between the PH group and PH �    MF group (both,  p    �     0.001). 
Data were expressed by mean  �     SD.  * Indicated there was signifi cant difference. Outliers were excluded.  
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decrease of the insulin-induced sympathetic tone by 
metformin may play a role in the response. It is 
important to note that our patient population was 
classifi ed as non-diabetic hypertensive, since there 
was no signifi cant difference in FPG between the 
healthy controls and hypertensive patients. The 
hypertensive patients in our study did not have the 
problems associated with hypoinsulinemia or IR seen 
in diabetic patients. 

 FMD was previously shown to be signifi cantly 
reduced in hypertensive patients when compared 
with normotensive patients (25,26). In this study, 
we also showed a decrease in baseline endothelial 
functions of patients with PH compared with 
normotensive controls. We suggest that this could be 
due to increased vascular wall tension as a result of 
long-term elevated blood pressure and increased 
blood fl ow shear stress. Vascular endothelial cell 
damage, resulting in reduced release of vasoactive 
substances especially NO, is thought to lead to 
impaired endothelial-dependent vasodilatation (13). 

 A number of reports have shown an association 
between increased glycemic load and coronary heart 

disease (6 – 8). Glycemic load has also been shown to 
be associated with endothelial cell injury (12,13,27), 
although the mechanism underlying the role of 
glucose on impairment of endothelial function was 
unclear. However, FMD was previously shown to 
correlate inversely with serum HbA1c levels in 
women (28). Pioglitazone was also previously shown 
to improve endothelial function in non-diabetic, 
hypertensive patients who were insulin-resistant. 
Pioglitazone-mediated improvement of FMD in 
these subjects was suggested to be via amelioration 
of their IR (29). Our data were in agreement with 
these studies, showing a signifi cant decrease in 
FMD of normal as well as hypertensive patients, 
within 1 h of glycemic load. 

 Metformin lowers glucose levels by increasing 
glucose uptake in muscles and by decreasing the 
production of glucose in the liver (15), presumably 
by stimulation of 5  -AMP-activated protein kinase 
(AMPK) and subsequent activation of atypical protein 
kinase C (aPKC) (30). Metformin is also thought to 
prevent endothelial cell damage and death (16,17). 
Hou et   al. (17) reported a metformin-mediated 

  Figure 3.      The effect of metformin (MF) on serum antioxidant and free fatty acids (FFA) levels over time in the patients with primary 
hypertension. The serum levels of (A) superoxide dismutase (SOD), (B) total antioxidant capacity (T-AOC), (C) anti-superoxide anion 
free radical (AntiO2), and (D) FFA at four time points before and after the oral glucose load were compared between primary hypertension 
(PH) and PH �    MF groups. Dashed line, PH �    MF group; solid line, PH group. There were signifi cant differences in SOD ( p    �     0.001), 
T-AOC ( p    �     0.005), AntiO2 ( p    �     0.001), and FFA ( p    �     0.001) between the two groups over four time points. Data were expressed by 
mean  �     SD. Outliers were excluded.  



112 T.-X. Zhang et al. 

reduction in intracellular ROS via upregulation of 
thioredoxin expression. Guigas et   al. (18) performed 
an  in vitro  study, which showed that metformin 
inhibited mitochondrial permeability transition and 
cell death. Detaille et   al. (16) also reported that 
metformin prevents glucose-induced cell death 
through a mitochondrial permeability transition 
dependent process. Our results show that metformin 
inhibited the glucose-induced damage to vascular 
endothelial function agreed with previous studies 
reporting the benefi cial effects of metformin on 
endothelial function in women with PCOS (31,32). 
The metformin-mediated effect on vascular endo-
thelial function in women with PCOS has been 
attributed to improve IR (32). 

 Metformin has previously been shown to reduce 
oxidative stress by inhibiting the generation of 
hyperglycemia-induced free radicals (33). A similar 
study showed that metformin attenuated diabetic 
nephropathy by modulating the expression of genes 
involved in oxidative stress (34). Our results were 
consistent with these studies and showed that a 
glucose load induced a signifi cant reduction in the 
levels of serum antioxidants including SOD, T-AOC 
and AntiO2. This suggested that high blood glucose-
induced oxidation activity resulted in a decreased 
antioxidant capacity  in vivo  and subsequent impair-
ment of vascular endothelial function. We also showed 
that metformin signifi cantly improved glucose-induced 
impairment of endothelial function via restoration of 
antioxidant capacity. 

 Our data were consistent with previous results 
showing that elevation of serum FFA levels impaired 
insulin-mediated vasodilatation and NO production 
(35). Endothelial dysfunction is an independent 
component of IR, and IR is closely related to the 
occurrence and development of HTN. PH compli-
cated with IR and endothelial cell dysfunction is one 
of the most important factors increasing the risk of 
cardiovascular disease (3), presumably via elevation of 
blood FFAs (35). Our results showed an increasing 
trend of serum FFA levels in patients with PH 
compared with normal controls. However, the level 
of FFAs was signifi cantly decreased after taking met-
formin, a result also noted in prior studies (16,36). 
This may in part be due to the effect of metformin 
on decreasing the uptake and oxidation of FFAs via 
increased phosphorylation of AMPK- α 1 in skeletal 
muscle cells (37), or via promoting AMPK activation 
in hepatocytes (38). To this end, it will be interesting 
to investigate the mechanisms underlying metformin-
induced decrease in FFA levels in PH patients in the 
future. 

 There are some limitations to this study that 
should be considered. First, glycemic load may cause 
dysfunction of cardiovascular endothelial cells. Also, 
based on previous research showing that oral intake of 
glucose had no effect on the nitroglycerin mediated 
vascular dilation, we did not measure endothelial 

independent vascular dilation, which is another 
limitation of this study. In this study, we did not 
measure the peak concentration of serum metformin 
after administration of a single 500-mg dose. We aim 
to address this issue in future studies. Importantly, 
since this is a single dose study, care must be exer-
cised in extrapolating our results to steady-state and 
chronic medication conditions.   

 Conclusions 

 A single dose of metformin prevented transient 
endothelial dysfunction caused by acute glucose load 
in patients with HTN. This effect might be related 
to restoration of antioxidant capacity and reduction 
of the free fatty acid levels. Thus, metformin may be 
a valuable option for treating endothelial dysfunction 
in patients with HTN.   
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