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Abstract: Aim of this study was to evaluate microvascular reactivity (MVR) by
laser Doppler flowmetry in Type 2 diabetes mellitus (T2DM) with hyperlipidemia
during three years of simvastatin treatment. Additionally, markers of endothelium
and fibrinolysis were evaluated. Twenty patients with T2DM and hyperlipidemia
were treated with 20 mg of simvastatin daily for 3 months, treatment was then
interrupted for 3 months (wash-out) and again started and maintained continually
up to total of 36 months of follow-up. Maximal perfusion (max), velocity of
perfusion increase (max/t) and percent increase of perfusion compared to baseline
(%) was measured during post-occlusive reactive hyperemia (PORH) and thermal
hyperemia (TH). VCAM-1, ICAM-1, E-selectin and P-selectin were used as markers
of endothelium, tissue plasminogen activator (tPA) and its inhibitor (PAI-1) as
markers of fibrinolysis. Baseline MVR in diabetic patients was comparable to
controls. MVR decreased at months 3, 12, and 36 compared to baseline (PORHmax
26*12, 35117, 2611 vs. 5630 PU, p<0.05, THmax 6719, 81+37, 58+24
vs. 134+70 PU, p<0.01, PORHmax/t 2.0+1.4, 2.8+1.7,1.9*+1.3 vs. 7.7x7.4
PU/s, p<0.05, THmax/t 1.1+0.6, 1.0+0.4, 0.7+0.4 vs. 1.5+0.7 PU/s, p<0.05,
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respectively). MVR in diabetic patients approached baseline values following

3 months of the wash-out period (PORHmax 40+18 PU, NS; THmax 10138
PU, NS). In T2DM, VCAM-1 and E-selectin concentrations were higher at
baseline (533+170 vs. 365+56 ug/l, p<0.01 and 66+27 vs. 40+12 ug/l, p<0.01,
respectively). VCAM-1 and ICAM-1 increased at months 3 and 36, concentrations
of selectins declined. Fibrinolysis was impaired in T2DM at baseline compared

to controls (tPA 6.3+1.9 vs. 4.9+2.0 ug/l, p<0.05; PAI-1 92+23 vs. 13276 ug/l,
p<0.001). PAI-1 increased at months 3 and 36 (109+37 and 13276 ug/l,
p<0.05). No relationship was found between MVR and lipid parameters,
endothelial activity, fibrinolysis or diabetes control. A reversible MVR decrease
was observed in T2DM following simvastatin treatment together with changes

in endothelial activity and fibrinolysis. Mechanisms of observed changes and their
significance in the vascular impairment are not clear and further research is needed.

Introduction

Hypercholesterolemia is an important independent cardiovascular risk factor [1].
Lipid-lowering therapy significantly reduces cardiovascular morbidity and mortality
and treatment with statins proved its efficacy in large clinical trials also in patients
with Type 2 diabetes [2—4]. Hyperlipidemia is associated with endothelial
dysfunction [5] and impaired vascular reactivity [6] in diabetic patients and
significant changes in biochemical markers of endothelial dysfunction are found in
these subjects [7-9]. Improved reactivity of large vessels was repeatedly described
in different studies after treatment with statins [10-12]. However, despite profound
lipid lowering, neutral effect of high dose of atorvastatin on serotonin-induced and
sodium nitroprusside-induced vasodilation was observed in Type 2 diabetic patients
using venous occlusion plethysmography [13].

It is not clear whether treatment with statins can modify the risk of development
of microvascular diabetic complications. The effect of statin treatment on
microvascular reactivity in non-diabetic hypercholesterolemic subjects has been
either positive [14, 15] or neutral [16]. It has been suggested that treatment with
cerivastatin decreases microalbuminuria [17] in Type 2 diabetes, however, no
changes were observed after cerivastatin in non-hyperlipidemic Type 2 diabetic
patients [18].

Mechanisms by which statins influence endothelial function are not clear yet and
are not limited only to cholesterol-lowering. Direct effect of statins on endothelium
includes changes in nitric oxide and prostaglandin synthesis and release in the vessel
wall [19-22]. Statins may also have direct effect via endothelium independent
mechanisms. These include inhibition of inflammation, decrease of oxidative stress
or pro-trombogenic response, and many other effects [23, 24]. Many of these
effects are mediated by inhibition of isoprenoids [25, 26].

VCAM-1, ICAM-1, E-selectin and E-selectin were used as markers of endothelial
function. These cytoadhesive molecules reflect the activity of endothelium and can
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also participate in development of vascular complications [27]. Their increase has
been described in Type 2 diabetic patients [28, 29]. PAI-1 and tPA were selected
for assessment of fibrinolysis. PAI-1 is a multifunctional protein that acts as a
physiologic regulator of fibrinolysis and cell migration [30]. Impaired fibrinolysis can
be observed in Type 2 diabetes, too [31, 32]. Laser Doppler flowmetry is an easy
and non-invasive method for testing the skin microvascular reactivity and can also
be used for clinical monitoring of drug effects on microvascular bed [33, 34, 15].
The aim of this study was to compare the microvascular reactivity in Type
2 diabetes with hyperlipidemia before and after short-term and long-term
treatment with simvastatin. The total period of follow-up was 36 months.
Three months wash-out period following three initial months of treatment was
designed to test the reversibility of any observed effects. Detected changes in
microvascular reactivity and endothelial function or fibrinolysis can contribute
to the understanding of vascular impairment in Type 2 diabetic patients with
hyperlipidemia.

Patients and Methods

Twenty Type 2 diabetic patients (10 men, 10 women) were selected for the
study. All of them were non-smokers with hyperlipidemia. Their characteristics
are shown in Table 1. Four of them had a history of coronary heart disease.
Concomitant medication consisted predominantly of beta-adrenergic blockers
(n=12), angiotensin-converting enzyme inhibitors (n=7), calcium channel blockers
(n=6), diuretics (n=6), and acetylsalicylic acid (n=11). Diabetes was treated with
metformin (n=14), sulphonylurea (n=5) and insulin (n=6). Antidiabetic drugs
were combined in 5 patients. Therapy and doses of drugs were not changed
during the experiment except of insulin therapy as well as the diet and exercise
recommendation. Insulin doses were increased in 4 cases to improve diabetes
control. All patients completed the visit at month 12, 17 patients completed the
36 months follow-up. All available data from all visits were included in statistical
evaluation. Control group consisted of 20 healthy persons (8 men, 12 women)

Table 1 — Baseline characteristics of patients and control group, and results
of BMI, HbA,, systolic and diastolic blood pressure during the follow-up.
Data are mean = SD

Type 2 diabetic patients (n=20)

simvastatin after simvastatin ~ simvastatin Controls
baseline 3 months wash-out 12 months 36 months (n=20)
Age (years) 5710 - - - - 527

BMI (kg/m?) 29.7+38 292+35 296+36 298+35 301+36 28135
HbA,. (%)  90+21 9.0x19 90+18 8923 93+24 4904
sBP (mmHg) 14119 145+17 143+21 142+18  144%20 135%10
dBP (mm Hg) 83 =11 85+5 85+5 84+8 85+ 10 81+8
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used for comparison of baseline values. The study was approved by local Ethics
committee and informed consent was obtained for all subjects.

Simvastatin was administered to the patients in one daily dose of 20 mg taken
in the evening (Simgal®, Merck). The treatment was discontinued after three
months from baseline and again started after three months of wash-out period.
Then the treatment continued without interruptions for next 31 months up to
total 36 months of follow-up. MVR was measured at baseline, after 3 months of
simvastatin treatment, then after 3 months of wash-out period and then at months
12 and 36. Blood samples were taken between 7:00 and 8:00 after an overnight
fast at baseline and after three months of treatment, 3 months of wash-out and at
months 12 and 36. VCAM-1, ICAM-1, E- and P-selectins, tPA, and PAI-1 were not
measured at month 12.

Skin microvascular reactivity (MVR) was measured by laser Doppler flowmetry
using a PeriFlux PF 4001 Master laser instrument and a PeriTemp 4001 Heater
thermostatic unit manufactured by Perimed (Sweden). Instrument settings were as
follows: time constant 0.02 s, sampling frequency 32 Hz, averaging from 2 samples.
Measurements were done at a room temperature of 22 °C in a sitting position,
and all subjects rested for at least 30 minutes in order to acclimatize before
examination. Post-occlusive reactive hyperemia (PORH) and thermal hyperemia
(TH) tests were performed for the assessment of microvascular reactivity. A single
thermostatic probe (type 455, 23 mm diameter, fibre separation 0.25 mm) was
used for both tests. Optical fibres in this probe are integrated into the heating plate
and thus the entire area of tissue under the probe is heated. The probe was fixed
with double-stick discs (3M, USA) to the forearm and its temperature was set to
32 °C for the purpose of skin thermal stabilization during PORH. A temperature
of 44 °C was used during TH as the thermal stimulus.

Basal perfusion (PORHb) was measured for 2 minutes before the PORH test.
The brachial artery was then occluded by a sphygmomanometer cuff inflated
to a suprasystolic pressure for 3.5 minutes. The cuff was applied around the
arm before the procedure started in order to avoid any extra manipulation with
the extremity during the test. PORH was recorded after 3.5 minutes of arterial
occlusion. Maximal perfusion during hyperemia was recorded (PORHmax) as well
as the time needed for reaching this maximal perfusion (PORHt). The velocity of
the perfusion increase (PORHmax/t) was calculated as PORHmax/PORHt. Relative
hyperemia (PORH%) was calculated as a percent increase above the baseline
(PORH% =(PORHmax/PORHb-1)*100). Thermal hyperemia was measured
10 minutes later than the PORH test, at the same location. The probe temperature
was set to 44 °C and parameters THmax, THt, and Thmax/t were recorded or
calculated similarly as those in the PORH test. TH% was calculated using formula
TH% =(THmax/PORHb-1)*100. Perfusion is given in arbitrary perfusion units (PU).
Perisoft for DOS 5.10C2 and Perisoft for Windows 2.5 software were used for
recording and evaluating perfusion data. Records were blinded and the evaluation
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was performed by a single operator. The intra-individual coefficient of variation
of the laser Doppler method in 5 healthy subjects measured ten times on ten
consecutive days varied from 17 to 24% in TH and 19 to 25% in PORH,
depending on the analyzed parameter.

We did not repeat the examination of MVR in control group because it was
demonstrated that the effect of time difference in healthy subjects is negligible —
about 0.55-0.88 flow units per year, i.e. estimated 0.4-0.7% decrease in both
resting and stimulated skin blood flow [35].

Total serum cholesterol (TC), HDL-cholesterol (HDL-C) and triglycerides
(TG) were measured by photometric enzymatic method on routine analyzer.
LDL-cholesterol (LDL-C) was calculated by Friedeman using equation (LDL =
TC — HDL - TG/2,2). Fasting blood glucose (FBG) was measured by routine
enzymatic method. Glycated hemoglobin HbA,- was analyzed by high-performance
liquid chromatography method on Variant Il analyzer (BioRad, USA).

Serum E-selectin and P-selectin concentrations were measured by ELISA
kits manufactured by RD System Europe Ltd (Abingdon, UK). Fibrinolysis was
characterized by plasma concentrations of tissue plasminogen activator tPA and its
inhibitor PAI-1 determined by ELISA method using Coalisa tPA and PAI-1 kits (KABI
Diagnostics, Sweden). Concentration of these parameters from baseline, month 3
and wash-out were measured in one assay to minimize the effect of variation.

Statistical evaluation was performed by Statistica for Windows 6.0 software. Basic
descriptive statistics was calculated for presented parameters. ANOVA, Student’s
t-test or Wilcoxon’s test, Mann-Whitney and Kolmogorov-Smirnov tests were used
for comparing data between groups. Tests were selected depending on normality
of data distribution. Pearson’s and Spearman’s correlations were used for analysis of
relationships between measured parameters. Data are expressed as mean = SD if
not stated otherwise.

Results

No statistically significant change in the long-term diabetes control assessed

by HbA,- was observed during the study. There was a non significant trend to
increase in blood pressure and BMI (results in Table 1). Significant decrease in total
and LDL-cholesterol was observed in all patients following statin administration
(Table 2).

Parameters of skin microvascular reactivity in diabetic patients were non-
significantly higher at baseline compared to the control group except for
PORHmax/t which was significantly lower in diabetic patients. Following three
months of treatment with simvastatin a statistically significant decrease in
microvascular reactivity was observed compared to baseline. Simvastatin treatment
was then interrupted for three months. MVR restored partially after the three
months of the wash-out period. Although it did not reach its baseline values except
for PORH%, the differences compared to baseline were not statistically significant.
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Treatment with simvastatin was then restarted and maintained up to the month 36.
At month 12 the statistically significant decrease in MVR was observed again and
persisted up to month 36 in almost all parameters (Table 2).

VCAM-1, ICAM-1, E- and P-selectins, tPA and PAI-1 concentration at baseline
were significantly higher than in the control group. Concentration of ICAM-1
and PAI-1 significantly increased at month 3. At the end of the wash-out period,
ICAM-1 was significantly lower compared to baseline and no significant change was
observed in other parameters of endothelium and fibrinolysis. Because of technical
reasons, no results of these parameters are available at month 12. Statistically
significant increase was observed at month 36 in VCAM-1 and PAI-1 concentration
compared to baseline values while E-selectin concentration was significantly
decreased (Table 2).

Despite the profound lipid lowering, no relationship between lipid levels and
MVR parameters was found either at baseline or during simvastatin therapy. MVR
was not related to cell adhesion molecules and fibrinolysis. Similarly, no relationship
was detected between the parameters of lipid metabolism and endothelial function
or fibrinolysis.

Table 2 - Lipid profile, skin microvascular reactivity during post-occlusive
reactive hyperemia (PORH), thermal hyperemia (TH), and endothelial
function in Type 2 diabetic patients at baseline, after 3 months of
treatment, after wash-out period and then after 12 and 36 months of
treatment with simvastatin and in the control group

Type 2 diabetic patients (n=20)
simvastatin after simvastatin  simvastatin ~ Controls
baseline 3 months  wash-out 12 months 36 months (n=20)

TC (mmol/l) 6.85+0.71* 499+0.71* 6.36+0.82 529+0.94* 512+1.09° 4.99+0.60
HDL-C (mmol/l) 1.33+0.24°> 1.26 =015 1.40+0.28 1.32+0.28 1.28+0.35 1.62+0.34
LDL-C (mmol/l) 4.42+1.02° 2.77+0.57 3.85+0.57 2.86+0.76" 2.98 £0.93* 2.87 +0.56
TG (mmol/l) 3.81+£268° 269+161 286+200 312+250 293+252 1.11+0.6

PORHmax (PU) 56 =30 26 £12* 40 +18 35£17% 26 =11* 51+20
PORHmax/t (PU/s) 7.7 £7.4 2014 47x37 2817 19%x13 40x23
PORH% (%) 476 £179 220127’ 538293 383+264 214x119* 564306

THmax (PU) 134 + 70 6719 101+38  81+37 5824 115 =41
THmax/t (PU/s)  15+0.7 11+06 14+05 1.0+04 07+04 15+07
TH% (%) 13124484 794 +396' 1484+541 1060+748 622+303% 1401 + 694
VCAM-1 (ug/ly ~ 533=170° 589+195 570112 - 658 £177 36556
ICAM-1 (ug/l) 257 +62*  306=90% 199 * 46* - 301106 214 +43
E-selectin (ug/l)  66+27°  70+27  51+18 - 33100  40+12
Pselectin (ug/l) 203+64> 205+64  174+35 - 178+51 140+ 48
tPA (ug/l) 63+19° 6826 56=21 - 56+23 4920
PAI-1 (ug/l) 92423 10937  87+28 - 132476 45+18

Data are mean *+ SD. Statistical significance between baseline values of control group and diabetic subjects: ®p<0.05,
p<0.01, ©p<0.001, and baseline vs. post treatment values in diabetic patients: p<0.05, ’p<0.01, 2p<0.001
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Discussion

In current study, maximal perfusion (expressed as absolute number) during heating
and after arterial occlusion in patients was non-significantly higher compared

to control group at baseline. Maximal perfusion expressed in percents of basal
perfusion (expressing vasodilatory reserve) was decreased nonsignificantly. The
microvascular reactivity in patients was comparable to control group at baseline.
A tendency to increased perfusion in maximal hyperemia in diabetic patients
probably reflects an increased blood flow through non-nutritive vessels due
functional and structural changes in microvascular bed. The maximal vasodilatory
capacity is slightly diminished as can be seen from parameters that are calculated
using basal, pre-provocation flow [36]. Significant decrease of MVR parameters
following simvastatin treatment can be hypothetically explained by decreased
blood flow through functional microvascular network. Partial reversibility of these
changes following the three months of simvastatin removal may show relatively
early abolishment of simvastatin effect after its discontinuation. After the next three
years of simvastatin therapy significantly lower values of several MVR parameters
still persisted, although a trend toward the increase could be observed. The

effect of simvastatin on microvascular reactivity persisted for at least three years
of treatment. However, we are not aware of mechanism(s) causing such a large
decrease in capillary blood flow. Statins increase the production and bioavailability
of NO in vessels [19, 20]. This should be reflected in increased maximal perfusion
during provocative tests. However, this was not observed in our study. Similarly,
increased production of vasoactive prostaglandins has been reported following
treatment with different statins [33, 37]. This should also probably lead to increased
maximal perfusion which was not present in our experiment.

PAI-1 is involved in the regulation of fibrinolysis by inhibiting the tissue
plasminogen activator (tPA). This prevents systemic plasmin generation and inhibits
fibrinolysis. In an experimental model, an increased fibrinolysis was observed after
simvastatin in human peritoneal mesothelial cells [38]. Similar effect of simvastatin
was observed in a clinical study in Type 2 diabetic patients [39]. However, in current
study, opposite effect of statin treatment on PAI-1 was observed in diabetic patients
while the tPA concentration did not changed significantly. Possible mechanism
contributing to these changes may be an interaction of fibrinolysis and oxidative
stress as was suggested in our previously published results [40].

Changes in concentration of ICAM-1, VCAM-1 and selectins indicate a different
degree of endothelial activation in different stages of treatment with simvastatin.
After three years of follow-up, significant increase in VCAM-1 and non significant
increase in ICAM-1 were present, contradictory to significant lowering of
E-selectin. Regarding to the effect of simvastatin on cell adhesion molecules (CAM),
literary data are inconclusive. Several studies have shown a decrease of CAM
after simvastatin in different settings [41, 42], however, no effect of simvastatin on
CAM was observed in two randomized studies [43, 44] with 6 and 3 months of
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simvastatin treatment, respectively. No conclusion regarding possible influence of
simvastatin on CAM can be drawn based on data observed in current study.

The limitation of the present study is the fact that it was not randomized
and placebo-controlled. However, the study was designed as descriptive and
exploratory, and all MVR records and all samples were blinded prior to the
assessment. The observed differences were large, and the reproducibility of the
laser Doppler method is acceptable. It should be mentioned that laser Doppler
flowmetry provides different information than methods used in examinations of
large vessels and macrovascular function like for example flow mediated dilation.
In microvasculature, this method can represent an easy and non-invasive test
available for large scale of experiments.

Conclusion

In conclusion, a significant decrease of microvascular reactivity was observed in
Type 2 diabetic patients with poor metabolic control and hyperlipidemia in both
post-occlusive and thermal hyperemia after simvastatin therapy. This effect was
reversible after discontinuation of simvastatin and persisted for three years of
simvastatin treatment. Changes in concentrations of some cell adhesion molecules
and PAI-1 were observed during the study, however, changes in MVR were not
associated with those in lipid concentrations and parameters of endothelial activity
or fibrinolysis. Attribution of these changes to pleiotropic effects of simvastatin

is questionable. No conclusion can be drawn on a possible relationship between
observed findings and their relevance to vascular impairment and prognosis of
patients and the results should be interpreted with caution. Further research in
that field is needed.

Acknowledgements: Authors are indebted to Lenka Vopdlkovd, Hana Homolkovd,
and Jana Pacnerovd for the excellent technical assistance.

References

1. RUBINS H. B., ROBINS S. J., COLLINS D., FYE C. L., ANDERSON J. W., ELAM M. B, FAAS F H.,
LINARES E., SCHAEFER E. J., SCHECTMAN G., WILT T. J., WITTES J.: The Veterans affairs high-
density lipoprotein cholesterol intervention trial study group: gemfibrozil for the secondary prevention
of coronary heart disease in men with low levels of high-density lipoprotein cholesterol. N. Engl. J. Med.
341: 410-418, 1999.

2. COLHOUN H. M., BETTERIDGE D. J., DURRINGTON P. N., HITMAN G. A, NEIL H. A,
LIVINGSTONE S. J., THOMASON M. J., MACKNESS M. I., CHARLTON-MENYS V., FULLER J. H.:
Primary prevention of cardiovascular disease with atorvastatin in Type 2 diabetes in the Collaborative
Atorvastatin Diabetes Study (CARDS): multicentre randomised placebo-controlled trial. Lancet 364:
685-696, 2004.

3. SEVER P S., DAHLOF B., POULTER N. R., WEDEL H., BEEVERS G., CAULFIELD M., COLLINS R.,
KJELDSEN S. E., KRISTINSSON A., MCINNES G. T.: Prevention of coronary and stroke events with
atorvastatin in hypertensive patients who have average or lower-than-average cholesterol concentrations,

Microvascular Reactivity after Simvastatin Treatment



298)  Prague Medical Report / Vol. 110 (2009) No. 4, p. 290-300

10.

1.

12.

13.

14.

15.

16.

17.

in the Anglo-Scandinavian Cardiac Outcomes Trial-Lipid Lowering Arm (ASCOT-LLA): a multicentre
randomised controlled trial. Lancet 361: 1149-1158, 2003.

. PYORALA K., PEDERSEN T. R., KJEKSHUS J., FAERGEMAN O., OLSSON A. G., THORGEIRSSON G.:

Cholesterol lowering with simvastatin improves prognosis of diabetic patients with coronary heart
disease. A subgroup analysis of the Scandinavian Simvastatin Survival Study (4S). Diabetes Care 20:
614-620, 1997.

. SCHOFIELD I., MALIK R., IZZARD A., AUSTIN C., HEAGERTY A.: Vascular structural and functional

changes in Type 2 diabetes mellitus: evidence for the roles of abnormal myogenic responsiveness and
dyslipidemia. Circulation 106: 3037-3043, 2002.

. PAPAIOANNOU G. I, SEIP R. L., GREY N. J., KATTEN D., TAYLOR A., INZUCCHI S. E.,

YOUNG L. H., CHYUN D. A., DAVEY ]. A, WACKERS F. J. T.: Brachial artery reactivity in
asymptomatic patients with Type 2 diabetes mellitus and microalbuminuria (from the detection of

ischemia in asymptomatic diabetics-brachial artery reactivity study). Am. J. Cardiol. 94: 294-299, 2004.

.LIMS. C., CABALLERO A. E., SMAKOWSKI P, LOGERFO F. W., HORTON E. S., VEVES A.: Soluble

intercellular adhesion molecule, vascular cell adhesion molecule, and impaired microvascular reactivity
are early markers of vasculopathy in Type 2 diabetic individuals without microalbuminuria. Diabetes Care
22: 1865-1870, 1999.

. STEHOUWER C. D. A,, GALL M. A,, TWISK J. W. R., KNUDSEN E., EMEIS J. ]J., PARVING H. H.:

Increased urinary albumin excretion, endothelial dysfunction, and chronic low-grade inflammation
in Type 2 diabetes: progressive, interrelated, and independently associated with risk of death. Diabetes
51: 1157-1165, 2002.

. SKRHA J., PRAZNY M., HAAS T., KVASNICKA J., KALVODOVA B.: Comparison of laser-Doppler

flowmetry with biochemical indicators of endothelial dysfunction related to early microangiopathy in
Type 1 diabetic patients. J. Diabetes Complications 15: 234-240, 2001.

JARVISALO M. J., TOIKKA J. O., VASANKARI T., MIKKOLA ]., VIIKARI J. S. A., HARTIALA J. ].,
RAITAKARI O. T.: HMG CoA reductase inhibitors are related to improved systemic endothelial function
in coronary artery disease. Atherosclerosis 147: 237-242, 1999.

DOGRA G. K., WATTS G. F, HERRMANN S., THOMAS M. A., IRISH A. B.: Statin therapy improves
brachial artery endothelial function in nephrotic syndrome. Kidney Int. 62: 550-557, 2002.
SONDERGAARD E., MOLLER J., EGSTRUP K.: Effect of dietary intervention and lipid-lowering
treatment on brachial vasoreactivity in patients with ischemic heart disease and hypercholesterolemia.
Am. Heart J. 145: E19, 2003.

VAN ETTEN R. W., DE KONING E. J. P, HONING M. L., STROES E. S., GAILLARD C. A,,
RABELINK T. J.: Intensive lipid lowering by statin therapy does not improve vasoreactivity in patients
with Type 2 diabetes. Arterioscler. Thromb. Vasc. Biol. 22: 799-804, 2002.

ASBERG A., HARTMANN A., FJELDSA E., HOLDAAS H.: Atorvastatin improves endothelial function
in renal-transplant recipients. Nephrol. Dial. Transplant. 16: 1920-1924, 2001.

BINGGELI C., SPIEKER L. E., CORTI R., SUDANO I., STOJANOVIC V., HAYOZ D., LUSCHER T. F,
NOLL G.: Statins enhance postischemic hyperemia in the skin circulation of hypercholesterolemic
patients: a monitoring test of endothelial dysfunction for clinical practice? J. Am. Coll. Cardiol. 42: 71-77,
2003.

STULC T., KASALOVA Z., PRAZNY M., VRABLIK M., SKRHA |., CESKA R.: Microvascular reactivity
in patients with hypercholesterolemia: effect of lipid lowering treatment. Physiol. Res. 52: 439445, 2003.
NAKAMURA T., USHIYAMA C., HIROKAWA K., OSADA S., SHIMADA N., KOIDE H.: Effect of
cerivastatin on urinary albumin excretion and plasma endothelin-1 concentrations in Type 2 diabetes
patients with microalbuminuria and dyslipidemia. Am. J. Nephrol. 21: 449-454, 2001.

Prazny M.; Kasalovéa Z.; Mazoch |.; Kvasni¢ka J.; Skrha J.



Prague Medical Report / Vol. 110 (2009) No. 4, p. 290-300 299)

18. FEGAN P. G., SHORE A. C., MAWSON D., TOOKE J. E., MACLEOD K. M.: Microvascular endothelial
function in subjects with Type 2 diabetes and the effect of lipid-lowering therapy. Diabet. Med. 22:
1670-1676, 2005.

19. DOBRUCKI L. W., KALINOWSKI L., DOBRUCKI I. T., MALINSKI T.: Statin-stimulated nitric oxide
release from endothelium. Med. Sci. Monit. 7: 622—-627, 2001.

20. LAUFS U., ENDRES M., CUSTODIS F, GERTZ K., NICKENIG G., LIAO J. K., BOHM M.:
Suppression of endothelial nitric oxide production after withdrawal of statin treatment is mediated by
negative feedback regulation of rho GTPase gene transcription. Circulation 102: 3104-3110, 2000.

21. HERNANDEZ-PERERA O., PEREZ-SALA D., NAVARRO-ANTOLIN J., SANCHEZ-PASCUALA R.,
HERNANDEZ G., DIAZ C., LAMAS S.: Effects of the 3-hydroxy-3-methylglutaryl-CoA reductase
inhibitors, atorvastatin and simvastatin, on the expression of endothelin-1 and endothelial nitric oxide
synthase in vascular endothelial cells. J. Clin. Invest. 101: 2711-2719, 1998.

22. MARTINEZ-GONZALEZ ., ESCUDERO I., BADIMON L.: Simvastatin potenciates PGI(2) release
induced by HDL in human VSMC: effect on Cox-2 up-regulation and MAPK signaling pathways activated
by HDL. Atherosclerosis 174: 305-313, 2004.

23. RIAD A., DU J., STIEHL S., WESTERMANN D., MOHR Z., SOBIREY M., DOEHNER W., ADAMS V.,
PAUSCHINGER M., SCHULTHEISS H. P, TSCHOPE C.: Low-dose treatment with atorvastatin leads
to anti-oxidative and anti-inflammatory effects in diabetes mellitus. Eur. J. Pharmacol. 569: 204-211, 2007.

24. SCHONBECK U., LIBBY P: Inflammation, immunity, and HMG-CoA reductase inhibitors: Statins as
antiinflammatory agents? Circulation 109(21 Suppl. 1): 1l 18-26, 2004.

25. RIKITAKE Y., LIAO J. K.: Rho GTPases, statins, and nitric oxide. Circ. Res. 97: 1232-1235, 2005.

26. VEILLARD N. R., BRAUNERSREUTHER V., ARNAUD C., BURGER F,, PELLI G., STEFFENS S.,
MACH F.: Simvastatin modulates chemokine and chemokine receptor expression by geranylgeranyl
isoprenoid pathway in human endothelial cells and macrophages. Atherosclerosis 188: 51-58, 2006.

27. MA J.,, MOLLSTEN A., PRAZNY M., FALHAMMAR H., BRISMAR K., DAHLQUIST G., EFENDIC S.,
GU H. F: Genetic influences of the intercellular adhesion molecule 1 (ICAM-1) gene polymorphisms in
development of Type 1 diabetes and diabetic nephropathy. Diabet. Med. 23: 1093-1099, 2006.

28. HARTGE M. M., UNGER T., KINTSCHER U.: The endothelium and vascular inflammation in diabetes.
Diab. Vasc. Dis. Res. 4: 84-88, 2007.

29. MATSUMOTO K., SERAY., ABE Y., UEKI Y., MIYAKE S.: Serum concentrations of soluble vascular
cell adhesion molecule-1 and E-selectin are elevated in insulin-resistant patients with Type 2 diabetes.
Diabetes Care 24: 1697-1698, 2001.

30. CALE J. M., LAWRENCE D. A.: Structure-function relationships of plasminogen activator inhibitor-1
and its potential as a therapeutic agent. Curr. Drug Targets 8: 971-981, 2007.

31. SOARES A. L., DE OLIVEIRA SOUSA M., DUSSE L. M., FERNANDES A. P S. M., LASMAR M. C,,
NOVELLI B. A., DE FATIMA G. L., DAS G.: Type 2 diabetes: Assessment of endothelial lesion and
fibrinolytic system markers. Blood Coagul. Fibrinolysis 18: 395-399, 2007.

32. GRANT P J.: Diabetes mellitus as a prothrombotic condition. J. Intern. Med. 262: 157-172, 2007.

33. MINSON C. T., WONG B. ].: Reactive hyperemia as a test of endothelial or microvascular function?

J. Am. Coll. Cardiol. 43: 2147, 2004.

34. CELERMAJER D. S.: Statins, skin, and the search for a test of endothelial function. J. Am. Coll. Cardiol.
42: 78-80, 2003.

35. PETROFSKY J., LEE S.: The effects of Type 2 diabetes and aging on vascular endothelial and autonomic
function. Med. Sci. Monit. 11: CR247-254, 2005.

36. TOOKE ). E.: Microvasculature in diabetes. Cardiovasc. Res. 32: 764-771, 1996.

37. NOON J. P, WALKER B. R., HAND M. F,, WEBB D. J.: Studies with iontophoretic administration of

Microvascular Reactivity after Simvastatin Treatment



300)  Prague Medical Report / Vol. 110 (2009) No. 4, p. 290-300

38.

39.

40.

41.

42.

43.

44

drugs to human dermal vessels in vivo: cholinergic vasodilatation is mediated by dilator prostanoids rather
than nitric oxide. Br. J. Clin. Pharmacol. 45: 545-550, 1998.
HASLINGER B., GOEDDE M. F, TOET K. H., KOOISTRA T.: Simvastatin increases fibrinolytic activity
in human peritoneal mesothelial cells independent of cholesterol lowering. Kidney Int. 62: 1611-1619,
2002.
LUDWIG S., DHARMALINGAM S., ERICKSON-NESMITH S., REN S., ZHU F, MA G. M.,
ZHAO R., FENTON Il J. W., OFOSU F. A., TE VELTHUIS H., VAN MIERLO G., SHEN G. X.: Impact
of simvastatin on hemostatic and fibrinolytic regulators in Type 2 diabetes mellitus. Diabetes Res. Clin.
Pract. 70: 110-118, 2005.
SKRHA ., STULC T., HILGERTOVA J., WEISEROVA H., KVASNICKA J., CESKA R.: Effect of
simvastatin and fenofibrate on endothelium in Type 2 diabetes. Eur. J. Pharmacol. 493: 183-189, 2004.
DIMITROVA Y., DUNOYER-GEINDRE S., REBER G., MACH F.,, KRUITHOF E. K.,
DE MOERLOOSE P: Effects of statins on adhesion molecule expression in endothelial cells. J. Thromb.
Haemost. 1: 2290-2299, 2003.
HACKMAN A., ABE Y., INSULL J.,, POWNALL H., SMITH L., DUNN K., GOTTO |J.,
BALLANTYNE C. M.: Levels of soluble cell adhesion molecules in patients with dyslipidemia. Circulation
93:1334-1338, 1996.
SARDO M. A., CASTALDO M., CINQUEGRANI M., BONAIUTO M., MAESANO A., SCHEPIS F,
ZEMA M. C., CAMPO G. M., SQUADRITO F, SAITTA A.: Effects of simvastatin treatment on sICAM-1
and sE-selectin levels in hypercholesterolemic subjects. Atherosclerosis 155: 143-147, 2001.
. JILMA B., JOUKHADAR C., DERHASCHNIG U., RASSOUL F, RICHTER V., WOLZT M.,

DORNER G. T., PETTERNEL V., WAGNER O. F.: Levels of adhesion molecules do not decrease after

3 months of statin therapy in moderate hypercholesterolaemia. Clin. Sci. 104: 189-193, 2003.

Prazny M.; Kasalovéa Z.; Mazoch |.; Kvasni¢ka J.; Skrha J.



