
  Introduction 
 Low levels of high density lipoprotein (HDL) cholesterol (HDL-C) 
are involved in the development of atherosclerosis, mainly 
impairing the reverse transport of cholesterol, disrupting normal 
endothelial function and increasing the oxidative processes in 
subendothelial trapped lipoproteins.  1   Hypoalphalipoproteinemia 
is the most common lipid disorder found in Mexico nowadays, 
isolated or associated to hypertrygliceridemia.  2   On the other 
hand, overweight and obesity aff ect more than 75% of the adult 
urban population of both genders in Mexico,  3   increasing the 
prevalence of diabetes mellitus type 2, high blood pressure, and 
cardiovascular diseases.  4   In a country with high prevalence of both 
diabetes and obesity,  5   is not surprising the great prevalence of the 
so-called metabolic syndrome (MS),  6   a cluster of cardiometabolic 
abnormalities, including lipid triad, the combination of increased 
levels of triglycerides and LDL cholesterol (LDL-C), as well as 
low levels of HDL-C.  7   

 Recently, we reported the results of the  me tformin, arterial 
 f unction,  i ntima-media thicknes s , and nitroxidation in the 
me t abolic syndr o me (MEFISTO) study, demonstrating the eff ects 
of a modest dose of metformin on several cardiometabolic and 
nitroxidation variables in patients with MS.  8   Contrary to many 
other previous observations, we did not fi nd any convincing 
eff ect of the drug on lipid profi le, including the level of HDL-C. 
However, the study showed a small but statistically signifi cant 
reduction of carotid intima-media thickness (c-IMT) along with 
a remarkable reduction of nitroxidation molecule markers.  8   It is 
already established that increasing the amount of HDL-C is not 
the only important therapeutic target, but also its functionality 
(its ability to induce reverse transport and antioxidation).  9   Th e 
latter function of HDL-C is mainly due to several antioxidant 
enzymes like paraoxonase 1 (PON1), platelet activating factor 
acetylhydrolase, and glutathione peroxidase.  1   All of them inhibit 
the oxidation of LDL-C, and its biodegradation and formation 
of molecules that activate endothelial cells, phenomenon 
which promotes the adhesion, recruiting and transmigration 

of monocytes in the vessel wall, the first step leading to 
atherosclerosis development.  10   Looking for an explanation of 
the reduction of IMT observed in the MEFISTO patients, in the 
absence of signifi cant lowering of LDL-C or major increases in 
HDL, we performed a subanalysis, measuring the PON1 activity 
in both the control and metformin-treated groups.   

 Materials and Methods 
 Th e characteristics of the MEFISTO study have been described 
elsewhere.  8   In summary, the study enrolled patients with at 
least three of the Adult Treatment Panel III (ATP III) criteria 
for the diagnosis of MS,  11   without clinical evidence of vascular 
diseases. Sixty patients were randomly assigned in two groups 
receiving the same dietary and exercise counseling as well as 
antihypertensive medication, if needed, with a modulator agent 
of the renin angiotensin system. One group, medicated in an 
open-label fashion, with 850 mg daily of metformin was the 
experimental one, whereas the other served as control. BMI, 
waist circumference, blood pressure, serum lipids, fasting glucose, 
nitroxidant metabolites (free carbonyls, malondialdehyde, 
dityrosines, and protein oxidation advanced products), nitrates, 
C reactive protein, and c-IMT and vascular stiffness were 
determined in all patients, at the beginning of the study and 
aft er 1 year of follow-up. Exploring the possibility that metformin 
could enhance the quality of HDL-C, we measured the activity 
of PON1 in 39 patients that fi nished the study (17 patients in 
the control group and 22 in the metformin-treated group), as 
follows: the rate of formation of p-nitrophenol was measured 
using 1 mmol/L paraoxon in 50 mmol/L glycine buff er, pH 10.5, 
with 1.0 mmol/L CaCl2, 1 mol/L NaCl. Th e reaction was initiated 
by 20 μL of diluted plasma (1:20 in 25 mmol/L triethanolamine-
hydrochloride, pH 7.4, 1.0 mmol/L CaCl2) to 360 μL working 
reagent. Th e rate of p-nitrophenol formation was measured at 405 
nm over 200 seconds with a 25 seconds lag time.  12   Th e activity was 
expressed in nmol/mg protein/min. Th ese results were correlated 
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 In a subanalysis on the  me tformin, arterial  f unction,  i ntima-media thicknes s , and nitroxidation in the me t abolic syndr o me (MEFISTO) 8  (an 
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Control group Metformin group

Base 1 year p Base 1 year p

Paraoxonase activity (nmol/mg protein/min)

5.528 ± 0.588 4.743 ± 0.619 NS 3.229 ± 0.403 5.135 ± 0.585 0.002

Paraoxonase activity/HDL

0.1110 ± 0.08369 0.1023 ± 0.08111 NS 0.08003 ± 0.05092 0.1216 ± 0.06705 0.028

Percentage of paraoxonase activity/HDL/control

100% 114.1 ± 105% NS 100% 196.7 ± 119% 0.028

HDL-C

41.9 ± 7.49 50.1 ± 9.3 0.004 41.17 ± 10.94 44.96 ± 11.5 NS

   Table 1.     Paraoxonase activity and HDL-C in patients with metabolic syndrome.   

   Figure 1.     Analysis of the relation PON1 activity/HDL. (A) Control group, (B) metformin group. Signifi cant differences (paired  t -test) were observed base versus after 1 year 
of treatment with metformin.     

with the HDL value of each patient (index PON1 activity/HDL) 
and fi nally, this index was in turn normalized by the basal PON1/
HDL value (control), to obtain the percent of change. Finally, to 
correlate the reduction of IMT with the PON1 activity, the values 
of the index IMT/PON1 activity were estimated at the beginning 
and at the end of the study.   

 Results 
 As previously described,  8   in both groups minor reductions in 
BMI, blood pressure, LDL-C, and triglycerides were noticed. 
Contrariwise, although in the intergroup comparison, HDL-C was 
similar in both groups at the end of the study, it increased more in 
the control than in the metformin group (basal vs. fi nal values). 
Metformin reduced signifi cantly nitroxidation marker molecules, 
mainly free carbonlys, reactive agents involved in the formation 
of advanced glycation end-products and, in protein oxidation 
and tissue damage and infl ammation.  13   Th e eff ect of metformin 
on carbonyls was one of the main fi ndings of this work, as well 
as a small but signifi cant reduction in c-IMT.  8   

 In   Table 1   are shown the data of HDL values, the comparative 
PON1 activity at the beginning and at the end of the study, as 
well as the individual normalized indices (PON1 activity/HDL) 
and the percentage of change (PON1 activity/HDL/basal values) 

at the beginning and at the end of the study.   Figure 1   shows 
the changes in the PON1 activity/HDL indices, comparing 
the basal versus fi nal values, in both control and metformin 
groups. Th is activity did not change signifi cantly in controls, 
but increased ostensibly and signifi cantly in metformin treated 
patients.   Figure 2   shows a modest and no signifi cant increase of 
14% in control group and a remarkable 96% ( p  � 0.02) increase 
in the metformin group. 

   Figure 3   shows the relationship between IMT/PON1 in both 
control and metformin treated groups at the base and at the 
end of the study. Although in controls no signifi cative change 
of this index was noticed, in metformin treated subjects, it was 
signifi cantly reduced ( p  � 0.002).   

 Discussion 
 The family of paraoxonases (PON1, PON2, and PON3) 
are lactonase enzymes involved in the inactivation of 
organophosphates (in fact, the enzyme took its name because 
its capacity to hydrolyze paraoxon, a toxic compound of the 
well-known insecticide parathion), but also play important roles 
in drug metabolism and on the inhibition of lipid oxidation.  14,15   
PON1 is the main antioxidant enzyme contained in the HDL 
structure.  14   In fact, it has been proposed that the functionality of 



267VOLUME 5 • ISSUE 3WWW.CTSJOURNAL.COM

 Meaney et al. � Paraoxonase and Metformin 

the enzyme is more important as an antiatherogenic mechanism 
than genotype characteristics.  14   Several concomitant factors 
can increase or decrease PON1 activity. Alcohol consumption, 
content of polyphenols and monounsaturated oils in the diet, 
and antioxidant vitamins can enhance PON status, whereas 
diabetes mellitus, advanced age, cigarette smoking, and great 
amount of saturated fat cause the opposite eff ect.  15   Recently, some 
reports have been published concerning the salutary eff ect of 
metformin in PON1 activity in VIH patients with lipodistrophy  16   
and polycystic ovary syndrome.  17   Our data showed a striking 
enhance of PON1 activity in patients with MS treated 1 year with 
metformin, although in them, the raise of HDL concentration 
was less than control patients, suggesting that the increase in 
quality (measured here as PON1 activity) could be at least as 
important as an increase in its concentration. On the other 
hand, our original data showed a reduction of carotideal IMT, 
a marker of subclinical atherosclerosis, which predicts the 
development not only of carotid atherosclerotique plaque, but 
also cerebrovascular and coronary outcomes.  18,19   Results from 
the present work point out that there is a relationship among 
PON1 activity and the reduction of IMT. We believe that this 
fact reinforces the possible explanation of the vascular protective 
eff ect of metformin, recently described by others.  20   Altogether, 
the striking eff ect on carbonyl stress (inhibiting the generation 
of proinfl ammatory and profi brotic AGEs) and the enhancement 
of PON1 activity observed in metformin treated patients can 
explain the eff ect of metformin on subclinical atherosclerosis.  

   Figure 2.     Analysis of the relation PON1 activity/HDL/Control values. In control and 
metformin group, each subject was normalized against basal values. Signifi cant dif-
ferences were observed base versus after 1 year of treatment with metformin.     

   Figure 3.     Analysis of the relation carotid Intima-media Thickness (IMT)/PON1 activity. 
(A) Control group, (B) metformin group. Signifi cant differences (paired  t -test) were 
observed base versus after 1 year of treatment with metformin.     
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