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b  Abstract
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Vascular disease accounts for the majority of the clinical complicationsin diabetes mellitus. . Abstract
As an exaggerated oxidative stress degree has been postulated as the link between diabetes « Introduction
mellitus and endothelial function, a possible positive effect of plasma vitamin E (Vit.E) + Materials and M ethods
administration on brachial reactivity could be postulated. Our study aims at investigating the « Results
possible effect of chronic Vit.E administration on brachial reactivity, oxidative stress - Discussion
indexes, and intracellular magnesium and calcium content in type 11 diabetic patients free of + References

diabetic complications. Forty adult, type 11 diabetic patientswere enrolled in the study, which
was deigned as a double blind, randomized vs. placebo trial. At baseline all patients underwent the
following tests: 1) anthropometric and metabolic examinations, 2) evaluation of oxidative stressindexes,
3) intracellular magnesium and cal cium measurements, and 4) determination of arterial compliance

and distensibility. Then, all patients were randomly assigned to Vit.E treatment at a dose of 600 mg/

day (Evion Forte; n = 20) or placebo (n = 20) over 8 weeks. At the end of thistreatment period, a

compl ete reevaluation of the patients was made. Vit.E treatment was associated with a

significant improvement in the percent change in brachial artery diameter (P < 0.03) and oxidative
stress indexes (P < 0.005). In the Vit.E group, the percent change in brachial artery diameter

correlated positively with the percent change in oxidative stress indexes (oxidized/reduced glutathione,
Trolox-equivalent antioxidant capacity, thiobarbituric acid reaction products, lipid peroxides) and
intracellular cation content (magnesium and calcium). After adjustment for age, sex, body mass index,
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and wait/hip ratio, all of these correlationsremained significant (P < 0.03 for all). Furthermore, adjusting
for glycosylated hemoglobin, plasmatotal cholesterol, and homeostatic model index, brachial artery

diameter was still correlated with the percent change in oxidative stress indexes (P < 0.04 for

al). Nevertheless, the relationship between the percent change in brachial artery diameter and oxidative
stress indexes was no longer significant after adjustment for intracellular Mg and Ca2*. In conclusion,
our study demonstrates that chronic administration of Vit.E improves brachia artery reactivity in patients
with type I diabetes mellitus. Such an effect seems mediated by areduction in oxidative stress and

aregulation of intracellular calcium and magnesium contents.

» Introduction

THE OCCURRENCE of vascular disease accounts for the mgjority of the clinical
complicationsin diabetes mellitus (1). Previous studies have demonstrated an exaggerated

oxidative stress degreein type Il diabetic patients (2); this condition leads to an inactivation
of nitric oxide (NO), thus resulting in endothelial dysfunction (3). The evaluation of flow-

mediated vasodilatation of the brachial artery has been previously suggested as an index of
endothelial dysfunction and early atherosclerosis (4). Antioxidant agents have been found to
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be useful in improving endothelial function, viaa reduction of oxidative stress degree, in
animal models of hypercholesterolemia(5) and diabetes (6). However, only the effect of acute

intraarterial vitamin C (Vit.C) administration has been evaluated in diabetic patients (7, 8).

Vitamin E (Vit.E) is a potent antioxidant acting as scavenger of superoxide and other reactive species
known to be decreased in diabetic tissue and blood (9). A possible positive effect of plasma Vit.E on

brachial reactivity could be postulated. Furthermore, increased oxygen free radical production lowers
the intracellular magnesium concentration (10), and this condition leads to an altered intracellular

calcium content, resulting in vasoconstriction (11). In light of such evidence, Vit.E administration might

also regulate the intracellular magnesium concentration.

Our study aims at investigating the possible effect of chronic Vit.E administration on brachial
reactivity, oxidative stressindexes, and intracel lular magnesium and calcium contentsintype |
diabetic patients free of diabetic complications.

b Materialsand Methods

Patients

Forty adult, type |1 diabetic patients were enrolled in the study. The mean duration of
diabetes was 7.8 yr. All patientswere free from micro- and macroangiopathy (evaluated by
routine laboratory analyses, fundus oculi, ergometric test, and ultrasound examination), had
normal renal function (microalbuminuria, <20 ug/24 h; plasma creatinine, <100 umol/L), and
the presence of diabetic neuropathy was excluded by Ewing’stests (12). All patients were
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treated by diet and glibenclamide (Gliben Abiogen Pharma, Pisa, Italy; 5 mg twice daily) and had
good metabolic control as demonstrated by hemoglobin A 4. levels. Neither diet nor glibenclamide

treatment was discontinued or changed in dosage throughout the study. More detailed characteristics of

the patients are given in Table 1&I.
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View thistable: Table 1. Clinical characteristics of the study
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The study was approved by the ethical committee of our institution after written consent was obtained
from each patient participating in the study.

Sudy design

The study was designed as a double blind, randomized vs. placebo trial. At baseline all patients underwent
the following tests: 1) anthropometric and metabolic examinations, 2) evaluation of oxidative stress
indexes, 3) intracellular magnesium and calcium measurements, and 4) determination of arterial
compliance and distensibility. Then, all patients were randomly assigned to Vit.E treatment at dose of 600
mg/day (Evion Forte, Bracco, Italy; n = 20) or placebo (n = 20). Each treatment lasted 8 weeks. At the end
of this treatment period, a complete reevaluation of the patients was made.

Anthropometric and metabolic examinations. Weight and height were measured by standard technique.
Body fat and fat-free mass were measured using a four-terminal bioimpedance analyzer (RJL

Spectrum Bioelectrical Impedance, BIA 101/SC Akern, RIL-System, Florence, Italy) (13). Body mass
index was calculated as body weight divided by height squared. Waist circumference was measured at

the midpoint between the lower rib margin and theiliac crest (normally the umbilical level), and

hip circumference was measured at the trochanter level. Both circumferenceswere measured at the nearest
0.5 cm with plastic tape, and theratio between them provided the waist/hip ratio.

Insulin sensitivity was derived by homeostatic model assessment (HOMA) according to Matthews et al.
(14). All tests were performed in the morning after an overnight fast (12 h at least).

Evaluation of oxidative stress indexes. The degree of oxidative stress was evaluated through determination
of thiobarbituric acid reaction products (TBARS), oxidized/reduced glutathione ratio (GSH/GSSG),

and hydrolipoperoxides (LPO) as reported previously (15). In addition, the total plasma antioxidant
capacity was assessed as Trolox equivalent antioxidant capacity (TEAC), according to the method

of Pellegrini et al. (16).

Intracellular magnesium and cal cium measurements. Blood samplesfor intracellular magnesium (Mgi)
and calcium (Ca2*) measurements were collected into tubes containing heparin. Intracellular Mgi and Ca2
+ were determined as previously reported (17). Briefly, erythrocytes were isolated by centrifugation
(5000 rpm for 15 min), and the precipitate was washed three times with an isotonic saline solution (150
mmol/L NaCl). Subsequently, cells wereincubated for 90 min in Krebs-Ringer buffer of the

following composition: 2.5 mmol/L NaCl,, 1.2 mmol/L Mg/Cl,, and 20 mmol/L NaHCOs. Solutions

were continuously gassed with amixture of 95% O, and 5% CO to a pH of 7.4, and the temperature was

kept at 37 C. Cells were counted to normalize samples, then werelysed osmotically by the addition
of deionized water, allowing the solution to stand for 30 min. Thus, the solution was centrifuged, and
the supernatant was kept at -20 C until magnesium and cal cium determinations were made by

atomic absorption spectrophotometry using a Perkin-Elmer Corp. apparatus (Perkin-Elmer Corp.,
Norwalk, CT). All assays were performed in duplicate.

Brachial reactivity. Brachia reactivity was detected using a high frequency ultrasound technique (4, 18).

For this purpose, al patients were kept at rest in the supine position in a temperature-controlled room (22
C). The électrocardiogram was continuously monitored. Heart rate and finger arterial blood pressure
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were measured by a noninvasive technique (Finapress, OMHEDA 2003, Englewood, CO) that uses

the unloaded principle and has been shown to be as accurate as intraarterial blood pressure
measurements (19). The left arm was immobilized in the extended position to alow consistent access to
the brachial artery for imaging. Brachial artery diameter and flow vel ocity were imaged using a 7.5-
MHz linear array transducer ultrasound system (Apogee CX 200, Interspec ATL, Ambler, PA).

Brachia arterial diameter and blood flow velocity were recorded twice at aninterval of 1 min. After that,
ablood pressure cuff was placed over theipsilateral upper arm just above the transducer, inflated for 5 min
at 200 mm Hg, and then suddenly deflated. Blood flow velocity was measured immediately after

cuff deflation (within 20 s), and brachial arterial diameter and flow were measured at 1-min intervalsfor
5 min. All images were recorded on videotape for subsequent off-line analysis on the same instrument by
asingle observer blinded to the conditions under which the ultrasonic images were obtained. Vit.E or
placebo treatment lasted 24 h before the brachial reactivity was detected.

Analytical techniques

All blood samples were drawn into dark test tubes to which lithium heparin (10 U/mL) was added and
were immediately centrifuged at 4 C. Plasma glucose and indexes of oxidative stress were
immediately determined. All other blood samples were frozen at -20 C for further metabolite and
hormone determinations.

Plasma glucose was determined by the glucose oxidase method (glucose autoanalyzer, Beckman Coulter,
Inc., Fullerton, CA). Plasmainsulin was determined by a commercial double antibody solid phase RIA
(Linco Research, Inc., St. Charles, MO; coefficient of variation, 4.8 £ 0.3%; cross-reactivity with
proinsulin, 0.2%). Plasmafree fatty acid concentrations were determined by spectrophotometric methods
(20). Plasma high density lipoprotein cholesterol concentrations were determined after precipitation of
low density lipoprotein (LDL) and very low density lipoprotein with dextran sulfate and magnesium
chloride (21). Commercia enzymatic methods were used in the determination of serum total

cholesterol (Monotest, Roche Molecular Biochemicals, Milan, Italy; coefficient of variation, 3.8 = 0.9%)
(22) and triglycerides (Peridecrome, Roche Molecular Biochemicals; coefficient of variation, 4.1 +

0.6%) (23). Serum LDL cholesterol levels were calculated using the Friedwald formula (24). Serum
oxidative stress was measured as the reaction products of malondialdehyde (TBARS) with thiobarbituric
acid (25). In thisreaction, to prevent artificial autooxidation, t-butyl-4-hydroxyanisole (Sigma, St. Louis,
MO) inafina concentration of 10 pumol/L was added to the specimens. The storage period of the
specimenswas no longer than 3 weeks before performing the assays. Each value was the result of the mean
of three samples each one assayed in triplicate. L PO were measured according to the method of Y agi (26)
and adjusted for plasmatotal cholesterol and triglycerides. Plasma GSH and GSSG concentrations

were determined in the fasting state and at the end of each test according to the method of Beutler et al.
(27). The plasmatotal antioxidant capacity was estimated by the 2,2-azinobis-3-ethylbenzothiazoline-
6-sulfonic acid radical cation decolorization assay, using Trolox as astandard (TEAC) (16). In this assay,
2,2-azinobis-3-ethylbenzothiazoline-6-sulfonic acid is made to react with potassium persulfate in the
absence or presence of standards and samples, and absorbanceisread at 734 nm. A value of 1 TEAC in
asampleis defined as a concentration that is equivalent to 1 mmol/L Trolox. Thetotal fasting plasmaVit.
E concentration was measured using the reverse phase high pressure liquid chromatography method (28).

Reproducibility of brachial reactivity indexes

Intraobserver variability for measuring brachial arterial diameter and flow was assessed by comparing
aminimum of three separate baseline measurements in each patient. The coefficient of variation for
baseline arterial diameter was 2.0%, and that for baseline arterial diameter was 9.7%. These values were
not dissimilar from those reported previously (17, 18).
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Calculation and statistical analyses

Statistical analyses were performed using SOLO (BMDP, Cork, Ireland) software package. Because

the distribution of plasmainsulin and tryglycerides concentrations and HOMA index are extremely
skewed, each value was |og-transformed to improve normality for statistical testing and back-transformed
for presentation in tables and figures. All values are presented as the mean + SD. The percent change

was cal culated with baseline values equal to 100%. ANOV A with Scheffe’s test was used to

calculate differences between the two study groups. Pearson product-moment correlations were made.
Partial correlation allowed investigating the relationships between brachial reactivity and degree of
oxidative stress (plasma GSH/GSSG ratio, TEAC, TBARS, and L PO concentrations) as well as plasma Vit.

E levels independently of other covariates.

P Reallts

All patients were adults, were slightly overweight with a prevalent central fat distribution,
and had good metabolic control (Table 1&). Both groups had similar baseline
anthropometric, metabolic, and cardiovascular variables, which were unaffected by placebo
and Vit.E treatments.

Asfar as oxidative stress indexes are concerned (Table 23), baseline GSH/GSSG, TBARS,
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LPO, and TEAC levels were not different between the two groups. Furthermore, all of these
indexes remained unchanged at the end of placebo treatment. In contrast, Vit.E treatment
significantly increased GSH/GSSG and TEAC and reduced TBARS and L PO levels (Table 2&).

View thistable: Table 2. Changesin oxidative stress indexes in the study
in thiswindow] groups

[in anew window]

At baseline, Mgi and Ca2* levels did not differ in the groups; at the end of the treatment period, Mgi
was significantly higher in the Vit.E than the placebo group, whereas Ca2* levels had opposite trend (Table

7.3))

Baseline hemodynamic data did not show any difference in brachial arterial diameter (3.52 £ 0.39 vs. 3.49
+ 0.43 mm; P =NS) and brachia arteria flow (81 + 24 vs. 86 £ 22 mm/min; P = NS) between placebo
and Vit.E groups. The percent change in brachial arterial flow and diameter was not different in the two
study groups at baseline (Fig. 1®). Vit.E treatment did not affect the percent change in brachial artery
flow, whereasa significant increase in the percent change in brachial diameter was found. In contrast,

placebo treatment was ineffective on brachia reactivity indexes (Fig. 1=).
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Figure 1. Percent change in brachial artery flow and diameter at baseline () and at
the end of the treatment period (¢) in both placebo and Vit.E groups. *, P < 0.03.

View larger version (18K):
[in this window]

[in a new window]

In the Vit.E group, the percent change in brachia arterial diameter correlated positively with the

percent increase in GSH/GSSG and TEAC and the percent decrease in TBARS and LPO (Fig. 2

&). Furthermore, significant positive correlations between the percent change in brachial arterial diameter
and either the percent increase in Mgi or the percent decrease in Ca2* were found (Fig. 3). The
relationship between brachia reactivity and oxidative stress indexes was independent of age, sex, body
mass index, and waist/hip ratio (P < 0.03 for all) as well asindependent of hemoglobin A;¢, plasma

LDL cholesteral, and HOMA index (P < 0.04 for all). Nevertheless, the relationship between percent
change in brachial artery diameter and oxidative stress indexes (GSH/GSSG, TEAC, TBARS, and LPO)
was no longer significant after adjustment for the percent change in Mgi and Ca2*.

Figure 2. Simple correlations between the percent change in diameter and the
percent change in GSH/GSSG, TBARS, LPO, TEAC, and intracellular
magnesium and cal cium concentrations at the end of Vit.E treatment (n = 20).

View larger version (22K):
[in this window]

[in a new window]
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Figure 3. Simple correlations between the percent change in diameter and
the percent change in intracellular magnesium and cal cium concentrations
at the end of Vit/E treatment (n = 20).

View larger version (11K):
in this window]

[in a new window]

p  Discussion
T
Our study demonstrates that chronic Vit.E administration improves brachial reactivity, “ ﬁ
a Abstract

reduces plasma oxidative stress indexes, and regul atesintracellular cation content in type 11

. . . 4 |ntroduction
diabetic patients. All of these phenomena were also correlated.

& Materialsand M ethods

Results
The evaluation of flow-mediated vasodilatation of the brachial artery has been previously ‘ Discussion

suggested to be an index of endothelial dysfunction and early atherosclerosis (4). Infact, this | « References

technique, using high frequency ultrasound and hyperemiainduced by a period of blood
pressure cuff arterial occlusion, allows accurately determining the flow and diameter of alarge artery in
anoninvasive manner (18). In thisway, impaired vascular reactivity has been found in many states
involving endothelial dysfunction, such as hypercholesterolemia (29), hypertriglyceridemia (30), and
diabetes mellitus (31).

It isimportant to point out that in diabetic patients, the presence of vascular disease is a problem
accounting for themagjority of the clinical complications leading to increased mortality (1). An
exaggerated oxidative stress degree has been postulated as the link between diabetes mellitus and
endothelial function (32). In fact, in these patients hyperglycemia (33), hyperinsulinemia (34, 35),

and hypertriglyceridemia (36) lead to increased oxidative stress, which, in turn, might be responsiblefor
an inactivation of NO. Asit is now widely demonstrated that flow-dependent changes in arterial diameter
are mediated by endothelium-dependent mechanisms, i.e. by the availability of NO (37, 38), the presence
of elevated oxidative stress in diabetic patients results in endothelial dysfunction (3).

Once this hypothesisis accepted, antioxidant agents could be able to restore endothelial function.
Actually, treatment with antioxidant has been found to improve endothelial function in animal models

of hypercholesterolemia (4) and diabetes (5). In contrast, there are few studiesin humans (6, 7, 39). Vit.
C administration has been found to improve endothelium-dependent vasodilatation in patients with either
typel (6) or typell (7) diabetes mellitus. Notwithstanding, these studies evaluated only the acute effect
of intraarterial administration of Vit.C on endothelial function, measured by strain gauge
plethysmography. From this point of view, our study was different from those previously reported,
because endothelial dysfunction was assessed by brachial reactivity, and the effect of chronic Vit.

E administration intype 11 diabetic patients was evaluated.

The favorable action of Vit.E on brachial reactivity shown inour study could be mainly due to two
different mechanisms. Firstly, Vit.E is a potent scavenger of superoxide and other reactive species. In
diabetes mellitus the presence of hyperglycemialeadsto an abnormal production of superoxide anion
and hydroxyl radicals and to a decreased VitE level in tissue and blood (8); in contrast, chronic Vit.

E administration restores plasma antioxidant defenses such as the GSH/GSSG ratio (40). Thus, chronic Vit.
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E administration may lower the quenching effect of free radicalson NO. Lastly, Vit.E may act

through intracellular cation content. An altered intracel lular steady state concentration of calcium

and magnesium ions has been postulated to act as afinal common pathway to regulate cellular

glucose homeostasis, insulin sensitivity, peripheral vascular tone, and blood pressure (41). Increased
oxygen freeradical production is associated with low intracellular magnesium concentrations (9), and
prior magnesium depletion makes cells more sensitive to oxidative damage (42). Vit.E has been
demonstrated to protect against magnesium deficiency-induced myocardia injury (43) and

magnesium deficiency-associated cerebral vascular damage (44). On the other hand, the effect of Vit.E
on intracel lular magnesium content leads to areduction in intracellular calcium content, thus resulting
in improved smooth vascular cell relaxation.

An unexpected finding of our study was that chronic Vit.E administration did not improve insulin
resistance in a significant manner. Such aresult might be in contrast with previous ones (45,

46) demonstrating a beneficial action of Vit.E. Nevertheless, differencesin Vit.E dose (900 vs. 600 mg/

day) and the technique used for assessing insulin action (clamp vs. HOMA) could account for
this discrepancy.

In conclusion, our study demonstrates that chronic administration of Vit.E improves brachial artery
reactivity in patients with type |1 diabetes mellitus. Such an effect seems to be mediated by areduction
in oxidative stress and a regulation of intracellular calcium and magnesium contents. Further studies
will clarify the molecular mechanism(s) of this effect.

Received July 19, 1999.

Revised September 15, 1999.

Accepted September 23, 1999.

b  References

a Top

& Abstract

4 Introduction

& Materialsand M ethods

1. Ruderman NB, Williamson JR, Brownlee M. 1992 Glucose and diabetic vascular
disease. FASEB J. 6:2905-2914.[Abstract]

2. Baynes JW. 1991 Role of oxidative stress in the development of complication in

Result
diabetes mellitus. Diabetes. 40:405-412.[Abstract] R Dicesion
3. Cohen RA. 1993 Dysfunction of vascular endothelium in diabetes mellitus. . References

Circulation. 87(Suppl. 5):67-76.

4. Celermajer DS, Sorensen DJ, Gooch DJ, et al. 1992 Non-invasive detection of endothelial dysfunction
in children and adults at risk of atherosclerosis. Lancet. 340:1111-15.[CrossRef][Medline]

5. Keaney JR Jr, Gaziano Jm, Xu A, et al. 1993 Dietary antioxidants preserves endothelium-dependent
vessel relaxation in cholesterol-fed rabbits. Proc Natl Acad Sci USA.

90:11880-11884.[ Abstract/Free Full Text]

6. Rosen P, Ballhausen T, Bloch W, Addicks K. 1995 Endothelia relaxation is disturbed by oxidative stress
in the diabetic rat heart: influence of tocopherol as antioxidant. Diabetologia. 38:1157-1168.
[CrossRef][Medling]

7. Timimi FK, TingHH, Haley EA, Roddy MA, Ganz P, Creager MA. 1998 Vitamin C
improves endothelium-dependent vasodilation in patients with insulin-dependent diabetes mellitus. JAm
Coll Cardiol. 31:552-557.[Abstract/Free Full Text]

8. TingHH, Timimi FK, BolesK S, Creager SJ, Ganz P, Creager MA. 1996 Vitamin C
improves endothelium-dependent vasodilation in patients with non-insulin-dependent diabetes mellitus. J



http://jcem.endojournals.org/cgi/content/full/85/1/109#R41
http://jcem.endojournals.org/cgi/content/full/85/1/109#R9
http://jcem.endojournals.org/cgi/content/full/85/1/109#R42
http://jcem.endojournals.org/cgi/content/full/85/1/109#R43
http://jcem.endojournals.org/cgi/content/full/85/1/109#R44
http://jcem.endojournals.org/cgi/content/full/85/1/109#R45
http://jcem.endojournals.org/cgi/content/full/85/1/109#R46
http://jcem.endojournals.org/cgi/content/full/85/1/109#top
http://jcem.endojournals.org/cgi/content/full/85/1/109#top
http://jcem.endojournals.org/cgi/content/full/85/1/109#ABS
http://jcem.endojournals.org/cgi/content/full/85/1/109#ABS
http://jcem.endojournals.org/cgi/content/full/85/1/109#BDY
http://jcem.endojournals.org/cgi/content/full/85/1/109#BDY
http://jcem.endojournals.org/cgi/content/full/85/1/109#SEC1
http://jcem.endojournals.org/cgi/content/full/85/1/109#SEC1
http://jcem.endojournals.org/cgi/content/full/85/1/109#SEC2
http://jcem.endojournals.org/cgi/content/full/85/1/109#SEC2
http://jcem.endojournals.org/cgi/content/full/85/1/109#SEC3
http://jcem.endojournals.org/cgi/content/full/85/1/109#SEC3
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=fasebj&resid=6/11/2905
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=diabetes&resid=40/4/405
http://jcem.endojournals.org/cgi/external_ref?access_num=10.1016/0140-6736(92)93147-F&link_type=DOI
http://jcem.endojournals.org/cgi/external_ref?access_num=1359209&link_type=MED
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=pnas&resid=90/24/11880
http://jcem.endojournals.org/cgi/external_ref?access_num=10.1007/s001250050407&link_type=DOI
http://jcem.endojournals.org/cgi/external_ref?access_num=8690167&link_type=MED
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=31/3/552

_ ENDOCRINOLOGY AND METABOLISM ’:l\. I [ F JOURNAL OF CLINICAL ENDOCRINOLOGY AND METABOLISM ﬂ

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

Clin Invest. 97:22-28.[ Abstract/Free Full Text]

Kerpen CW, Cataland S, O’Doriso TM, Panganamale RV. 1985 Production of 12 HETE and vitamin
E status in platelets from type | human diabetic subjects. Diabetes. 34:526-531.[ Abstract]

Rayssiguier Y, Durlach J, Gueux E, Rock, Mazur A. 1993 Magnesium and ageing. Experimental

data: importance of oxidative damage. Magnes Res. 6:369-378.[Medline]

Altura BM, Altura BT. 1974 Magnesium and contraction of arterial smooth muscle. Microvasc Res.
7:145-155.[CrossRef] [Medline]

Ewing DJ, Clarke BF. 1982 Diagnosis and menagement of diabetic autonomic neuropathy. Br Med

J. 285:916-918.

Deurenberg P, Van der Koij E, EversP, Hulshof T. 1990 Assessment of body composition by
bioelectrical impedance in a population aged > 60 years. Am J Clin Nutr. 51:3-6.[ Abstract]

Matthews DR, Hosker JP, Rudenski AS, Naylor BAS, Treacher DF, Turner RC. 1985

Homeostasis model assessment: insulin resistance and 3-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia. 28:412-419.[CrossRef][Medlin€]

Paolisso G, Tagliamonte MR, Rizzo MR, Manzella D, Gambardella A, Varricchio M. 1998
Oxidative stress and advancing age: resultsin healthy centenarians. J Am Geriatr Soc. 46:833-838.[Medline]
Paolisso G, Sgambato S, Giugliano D, et al. 1988 Impaired insulin-induced erythrocyte

magnesium accumulation is correlated to impaired insulin-mediated glucose disposal in type Il (non-
insulin-dependent) diabetic patients. Diabetologia. 31:910-915.[Medling]

Pellegrini N, Re R, Yang M, Rice-Evans C. 1998 Screening of dietary carotenoids and carotenoids-rich
fruit extracts for antioxidant activities applying 2,2'-azi nobis(3-ethylenebenzothiazoline-6-sulfonic

acid radical cation decolorization assay. Methods Enzymol. 299:379-389.

Corretti MC, Plotnick GD, and Vogel RA. 1995 Technical aspects of evaluating brachial

artery vasodilatation using high-frequency ultrasound. Am J Physiol. 268:H1397-H1404.

Parati G, Casadei R, Groppelli A, Di Rienzo M, Mancia G. 1989 Comparison of finger and intra-
arterial blood pressure monitoring at rest and during laboratory testing. Hypertension. 13:647-655.[ Abstract]
Dole VP, Meinertz HP. 1960 1960 Microdetermination of long-chain fatty acids in plasma and tissues. J
Biol Chem. 235:2595-2599.[Free Full Text]

Penttila |, Voutilainen E, Laitinen P, Juutilainen P. 1981 Comparison of different analytic

and precipitation methods for direct estimation of serum high-density lipoprotein cholesterol. Scand J
Clin Lab Invest. 41:353-360.[Medling]

Siedel J, Hagele EO, Ziegenhorn J, Wahlefeld AW. 1983 Reagent for enzymatic determination of
serum total cholesterol with improved lipolytic efficiency. Clin Chem.

29:1075-1080.[Abstract/Free Full Text]

Wahlefeld AN. 1974 Triglyceride determination after enzymatic hydrolysis. In: Bergmeyer HV,

eds. Methods of enzymatic analysis, 2nd Ed. New Y ork: Academic Press; 1831-1835.

Friedewald WT, Levy R, Fredrickson DS. 1972 Estimation of serum low density lipoprotein without
the use of a preparative ultracentrifuge. Clin Chem. 18:499-502.[ Abstract]

Griesmaker A., Kindhauser M., Andert SE, et al. 1995 Enhanced serum levels of thiobarbituric-

acid reactive substance in diabetes mellitus. Am JMed. 98:469-475.[CrossRef][Medline]

Yagi K. 1987 Lipid peroxide and human diseases. Chem Phys Lipids. 45:337-351.[ CrossRef][M edlin€]
Beutler E, Gelbert T. 1985 Plasma glutathione in healthy subjects and in patients with malignant diseases.
JLab Clin Med. 105:581-584.[Medline]

Baker H, Frank O. 1969 Clinical vitaminology. New Y ork: Academic Press; 169-73.

Megnien JL, Simon A, Andriani A, Segond P, Jeannin S, L evensoni J. 1996 Cholesterol

lowering theraphy inhibits the low-flow mediated vasoconstriction of the brachial artery

in hypercholesterolemic subjects. Br J Clin Pharmacol. 42:187-193.[ CrossRef][M edlin€]

Lundman P, Eriksson M, Schenck-Gustafsson K, KarpeF, Tornvall P. 1997 Transient
triglyceridemia decreases vascul ar reactivity in young, healthy men without risk factors for coronary
heart disease. Circulation. 18:3266-3268.

Johnstone M T, Creager SJ, ScalesKM, Cusco JA, Lee BK, Creager MA. 1993 Impaired
endothelium-dependent vasodilation in patients with insulin-dependent diabetes mellitus.

Circulation. 88:2510-2516.[ Abstract/Free Full Text]

Tesfamariam B. 1994 Free radicalsin diabetic endothelial cell dysfunction. Free Rad Biol Med. 16:383-
391.[CrossRef][Medline]



http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=jci&resid=97/1/22
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=diabetes&resid=34/6/526
http://jcem.endojournals.org/cgi/external_ref?access_num=8155489&link_type=MED
http://jcem.endojournals.org/cgi/external_ref?access_num=10.1016/0026-2862(74)90001-6&link_type=DOI
http://jcem.endojournals.org/cgi/external_ref?access_num=4363012&link_type=MED
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=ajcn&resid=51/1/3
http://jcem.endojournals.org/cgi/external_ref?access_num=10.1007/BF00280883&link_type=DOI
http://jcem.endojournals.org/cgi/external_ref?access_num=3899825&link_type=MED
http://jcem.endojournals.org/cgi/external_ref?access_num=9670869&link_type=MED
http://jcem.endojournals.org/cgi/external_ref?access_num=3071486&link_type=MED
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=hypertensionaha&resid=13/6/647
http://jcem.endojournals.org/cgi/ijlink?linkType=PDF&journalCode=jbc&resid=235/9/2595
http://jcem.endojournals.org/cgi/external_ref?access_num=6171860&link_type=MED
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=clinchem&resid=29/6/1075
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=clinchem&resid=18/6/499
http://jcem.endojournals.org/cgi/external_ref?access_num=10.1016/S0002-9343(99)80347-7&link_type=DOI
http://jcem.endojournals.org/cgi/external_ref?access_num=7733126&link_type=MED
http://jcem.endojournals.org/cgi/external_ref?access_num=10.1016/0009-3084(87)90071-5&link_type=DOI
http://jcem.endojournals.org/cgi/external_ref?access_num=3319232&link_type=MED
http://jcem.endojournals.org/cgi/external_ref?access_num=3989350&link_type=MED
http://jcem.endojournals.org/cgi/external_ref?access_num=10.1046/j.1365-2125.1996.04047.x&link_type=DOI
http://jcem.endojournals.org/cgi/external_ref?access_num=8864316&link_type=MED
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=circulationaha&resid=88/6/2510
http://jcem.endojournals.org/cgi/external_ref?access_num=10.1016/0891-5849(94)90040-X&link_type=DOI
http://jcem.endojournals.org/cgi/external_ref?access_num=8063201&link_type=MED

B HiF JOURNAL OF CLINICAL ENDOCRINOLOGY AND METABOLISM ’1!\. I 1t JOURNAL OF CLINICAL

33. Hunt JV, Dean RT, Wolff Sp. 1988 Hydroxy! radical production and autooxidative glycosilation.
Glucose outoxidation as the cause of protein damage in the experimental glycation model of diabetes
mellitus and ageing. Biochem J. 256:205-212.[Medline€]

34. Krieger-Brauer H, Kather H. 1992 Human fat cells possess a plasma membrane bound H,,

generating system that is activated by insulin via a mechanism bypassing the receptor kinase. J Clin
Invest. 89:1006-1013.[Medline€]

35. Habib MP, Dickerson FD, Mooradian AD. 1994 Effect of diabetes, insulin and glucose load on
lipid peroxidation in the rat. Metabolism. 43;1442-1445.[ CrossRef][M edling]

36. Toborek M, Henning B. 1994 Fatty acid-mediated effects on the glutathione redox cyclein
cultured endothelial cells. Am J Clin Nutr. 59:60-65.[ Abstract/Free Full Text]

37. Lowenstein CJ, Dinerman JL, Snyder SH. 1994 Nitric oxide: a physiologic messenger. Ann Intern
Med. 120:227-237.[Abstract/Free Full Text]

38. Joannides R, Haefeli WE, Lindner L, et al. 1995 Nitric oxide is responsible for flow-dependent
dilatation of human peripheral conduit arteries. Circulation. 91:1314-1319.[ Abstract/Free Full Text]

39. McDowell FW, Brennan GM, McEneny J, et al. 1994 The effect of probucol and vitamin E treatment
on the oxidation of low-density lipoprotein and forearm vascular responses in humans. Eur JClin
Invest. 24:759-765.[Medline

40. Costagliola C, Menzione M. 1990 Effect of vitamin E on the oxidative state of glutathionein the
plasma. Clin Physiol Biochem. 8:140-143.[Medline]

41. Barbagallo M, Resnick L M. 1996 Calcium and magnesium in the regulation of smooth muscle function
and blood pressure: the ionic hypothesis of cardiovascular and metabolic diseases and vascular ageing.
In: Sowers JR, ed. Endocrinology of the vasculature. Totown: The Humana Press; 283-300.

42. Freedman AM, Mak I T, Stafford RE, et al. 1992 Erythrocytes from magnesium-deficient hamsters
display an enhanced susceptibility to oxidative stress. Am J Physiol. 262:C1371-C1375.

43. Weglicki WB, Bloom S, Cassidy MM, Freedman AM, Atrackchi AH, Dickens BF. 1992 Antioxidant
and the cardiomyopathy of Mg-deficiency. Am J Cardiovasc Pathol. 4:210-215.[Medling]

44. Altura BM, Gebrewold A. a-Tocopherol attenuates alcohol-induced cerebral vascular damage in
rats. possible role of oxidantsin acohol brain pathology, and stroke. Neurosci L ett. 220:207-210.

45. Paolisso G, D’Amore A, Giugliano D, Ceriello A, Varricchio M, D’Onofrio F. 1993 Pharmacologic
doses of vitamin E improve insulin action in healthy subjects and non-insulin-dependent diabetic patients.
Am J Clin Nutr. 57:650-656.[ Abstract

46. Paolisso G, Di Maro G, Galzerano D., et al. 1994 Pharmacological doses of vitamin E and insulin action
in elderly subjects. Am J Clin Nutr. 59:1291-1296.[ Abstract]

Thisarticle has been cited by other articles: (Search Google Scholar for Other
Citing Articles)

FHOME

A. Stirban, M. Negrean, B. Stratmann, T. Gawlowski, T. Horstmann, C.
Gotting, K. Kleesiek, M. Mueller-Roesel, T. Koschinsky, J. Uribarri, H.
Vlassara, and D. Tschoepe

Benfotiamine Prevents Macro- and Microvascular Endothelial
Dysfunction and Oxidative Stress Following a Meal Rich in
Advanced Glycation End Products in Individuals With Type 2
Diabetes

Diabetes Care, September 1, 2006; 29(9): 2064 - 2071.

[Abstract] [Full Text] [PDF]



http://jcem.endojournals.org/cgi/external_ref?access_num=2851978&link_type=MED
http://jcem.endojournals.org/cgi/external_ref?access_num=1311714&link_type=MED
http://jcem.endojournals.org/cgi/external_ref?access_num=10.1016/0026-0495(94)90042-6&link_type=DOI
http://jcem.endojournals.org/cgi/external_ref?access_num=7968601&link_type=MED
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=ajcn&resid=59/1/60
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=annintmed&resid=120/3/227
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=circulationaha&resid=91/5/1314
http://jcem.endojournals.org/cgi/external_ref?access_num=7890014&link_type=MED
http://jcem.endojournals.org/cgi/external_ref?access_num=2225721&link_type=MED
http://jcem.endojournals.org/cgi/external_ref?access_num=1298297&link_type=MED
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=ajcn&resid=57/5/650
http://jcem.endojournals.org/cgi/ijlink?linkType=ABST&journalCode=ajcn&resid=59/6/1291
http://jcem.endojournals.org/cgi/external_ref?access_num=http://jcem.endojournals.org/cgi/content/abstract/85/1/109&link_type=GOOGLESCHOLAR
http://jcem.endojournals.org/cgi/external_ref?access_num=http://jcem.endojournals.org/cgi/content/abstract/85/1/109&link_type=GOOGLESCHOLAR
http://care.diabetesjournals.org/
http://care.diabetesjournals.org/
http://care.diabetesjournals.org/
http://care.diabetesjournals.org/cgi/content/abstract/29/9/2064
http://care.diabetesjournals.org/cgi/content/full/29/9/2064
http://care.diabetesjournals.org/cgi/reprint/29/9/2064

	Local Disk
	הודעה




