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Summary

The multiple lacunar lesion is one of the most common atherosclerotic vasculopathy in diabetics. However the
increased incidence of multiple lacunar lesions experienced by diabetics is not fully explained by conventional risk
factors for atherosclerosis. To determine if serum lipid peroxide levels are relevant to these observations, levels of
thiobarbituric acid reactive substances (TBARS), an accepted index of intravascular free radicals, were measured
in 335 type 2 diabetics in the employee who received screening examination by magnetic resonance imaging (MRI)
(excluding patients with symptomatic cerebral infarction, intracranial hemorrhage, recent brain trauma or known
demyelinating disease). Of these diabetics, 136 patients had multiple lacunar lesions, and 199 patients had no these
lesions. The TBARS Ievels of the patients with multiple lacunar lesions were significantly higher than those without
the lesions (4.0 + 1.4 vs 3.6 = 1.04 mol/ml, p<0.001). When serum TBARS Ievels (nmol/dl) were corrected to an ar-
bitrary reference level of 100 mg/dl for serum lipid and lipoprotein, TBARS: total-cholesterol (p<0.01), TBARS:
LDL-cholesterol (p<0.01), TBARS: HDL-cholesterol (p<0.01), TBARS: apoB (p<0.01), TBARS: apoAI (p<0.01) ra-
tios were higher in diabetics with multiple lacunar lesions than in those without these lesions (Table 3).

Multivariate regression analysis of continuous variables showed that serum TBARS Ievels were closely and in-
dependently associated with serum triglyceride (F-value=52.1, P=0.0001). Hemoglobin Alc, smoking years, fasting
blood glucose and insulin secretion after oral glucose load were not associated with lipid peroxide values.

In order to confirm the relationship between serum TBARS and serum lipids in diabetics with multiple lacunar
lesions, the 56 diabetics with hyperlipidemia received 400 mg of slow-release bezafibrate (2-[4-2-(4-chlorobenza-
mido) etyl] phenoxy-2-metylpropionic acid) daily for four weeks. Serum TBARS levels, serum triglyceride levels,
serum cholesterol levels tended to decrease significantly (p<0.0001). Overall the degree of the improvement of
serum TBARS and serum triglyceride levels were significantly intercorrelated (r=0.449, p<0.001). These studies in-
dicate that lipid peroxides may be important in the pathogenesis of the multiple lacunar lesions in diabetics and
also suggest that the strict control of lipid levels has a beneficial effect in the lowering of the lipid peroxide levels in
type 2 diabetics.

(JJOMT, 51 : 3—10, 2003)
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Introduction

Membrane damage of endothelial cell is thought to be an early event leading to atherosclerosis and thrombosis
and may be initiated by several factors including lipid peroxidation”” . Reactive oxygen species such as hydrogen
peroxide, superoxide and hydroxy radicals attack biomembrane, and induce peroxidation of lipids, leading to an in-
crease in cell permability and loss of endothelial integrity”. Our recent reports have shown an increased release of
lipid peroxide from the erythrocyte membranes of diabetic patients during conditions of increased oxidative stress
and a decreased erythrocyte content of reduced glutathione (GSH). The latter protects the cell against free radi-
cals, hydrogen peroxide and organic peroxides and depressed GSH Ievels have been associated with enhanced lipid
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»9 Other previous reports have shown that in-

peroxidation as a result of decreased scavenging of free radicals
creased levels of lipid peroxides (measured as thiobarbituric acid reactive substances (TBARS)) have been ob-
served in the serum of diabetic subjects, especially in the presense of an atherosclerotic vascular disease ”™'". Some
authers propesed the attractive hypothesis of a possible involvement of the oxidative stress in the development of
atherosclerosis in the diabetes™.

Recently new diagnostic devices such as magnetic resonance imaging (MRI) of the brain have become a rec-
ognized and increasingly popular diagnostic modality. Multiple lacunar lesions are frequently identified on MRI, and
increase with advancing age and with risk factors for strokes'. It has been suggested that multiple lacunar lesions

' However, predictive factors

especially in the cerebral white matter are important causes of stroke and dementia
for such lesions have not been definitely established.

In the present study, we adressed the question of whether the serum TBARS Ievel is usefull as an indicator of
multiple lacunar lesions in type 2 diabetes mellitus. Finally, we investigated the correlation between serum TBARS

Ievel and serum lipid levels.
Research design and methods

Clinical characteristics and laboratory data of subjects are shown in Table 1. We retrospectively evaluated 335
patients with type 2 diabetes mellitus in the employees who were seen in the Bibai Rosai Hospital from 1997 to
2000 and diagnosed as having multiple lacunar lesions from their clinical signs, symptoms and brain images. We ex-
cluded patients with recent brain trauma or known demyelinating disease. All patients received a neurological ex-
amination by the same neurologist on the same day as MRI examination. The ages ranged from 51 to 76 yr (mean +
SD, 63 + 10yr). The duration of diabetes was ranged from 5 to 28 yr (mean + SD, 13 = 9). 75 were controlled with
diet alone, 164 were controlled with oral hypoglycemic agents, and 96 were treated with insulin injection. None of
them had hepatic or autoimmune disease. The duration of diabetes denotes from the patient was diagnosed as dia-
betes.

Magnetic resonance imaging was performed by using 1.5-T MR imaging system (Magnetom SP, Siemens-Asahi
Medical, Japan). The imaging procedures were a T2-weighted spin-echo pulse sequence with TR=3500 ms, TE=93
ms and two acquisitions, and a T1-weighted gradient-echo pulse sequence with TR=640 ms, TE=15 ms, flip
angle=70 degrees and two acquisitions. Transaxial planes parallel to the orbitomeatal line covering almost the en-
tire brain were obtained with slice thickness of 5 mm. The lesions have increased multiple high intensity areas of
the T2W1 coincided with the low intensity areas of the TIW1, and are identified by two investigators. These lesions
were considered to be multiple lacunar lesions in this study.

Peripheral venous blood was collected after an overnight fast for measurement of concentration of serum
blood glucose, serum total cholesterol, triglyceride, high density lipoprotein (HDL) cholesterol, apolipoprotein Al
(apoAl) and B (apoB), hemoglobin Alc (HbAlc), and TBARS. Samples for the TBARS assay were allowed to clot
and separated within 1 hour and 1 ml of serum was treated with disodium EDTA, final concentrations 34 mmol 1,
respectively and stored at —70°C for up to one week until analysed.

TBARS were estimated by a modification of Yagi’s fluorometric method'”. Serum was mixed with 1 ml 12N sul-
phuric acid in an Eppendorf tube and 0.5 ml 10% phosphotungstric acid added. After standing at room temperature
for five minutes the mixture was centrifuged at 4000 rpm for five minutes. The supernatant was discarded and the
sediment thoroughly mixed with 1 ml 12N sulphuric acid and the centrifusion was repeated. The sediment was
then resuspended in fresh thiobarbituric acid reagent (1 ml of a solution of 0.67% acqueous thiobarbituric acid in
0.5 M trometamol (TRIS) buffer adjusted to pH 3.2-3.8 with glacial acetic acid); mixed thoroughly, and heated at
95°C for one hour in an boiled bath, cooled, and extracted with 4 ml n-butanol. After centrifugation at 2,000 x g for
20 minutes, supernatant was removed for fluorometric measurement (515 nm excitation, 5563 nm emission) in a
Perkin-Elmer luminescence spectometer. A standard was obtained by 0.5 nmol malondialdehyde bis (diethylac-
etal) 98% (Sigma) with thiobarbituric acid reagent. All serum samples were assessed in duplicate. Serum concen-
tration of TBARS being expressed in terms of malondialdehyde equivalents (U moll..). Fasting plasma glucose
(FPG) was assayed enzymatically using an autoanalyzer (Glucose Auto and Stat, GA-1122, Kyoto Daiichi Kagaku,
Co., Ltd. ). Serum HbAlc was determined using an autoanalyzer (HLC-723GHDb, Tokyo Soda Manufacturing Co.,
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Ltd.) coupled with high-performance liquid chromatography. Serum total cholesterol (TC) and triglyceride (TG)
were detemined enzymatically using an autoanalyzer (The Paralled, American Monitor Co., Ltd. ). High density
lipoprotein cholesterol (HDL-C) was measured using commercially available kit (HDL-C-2 DAIICHI, Daiichi Chem-
ical Co., Ltdf.). Serum Apo Al, Apo B and apo E were detemined using an autoanalyzer. The concentration of serum
low density lipoprotein cholesterol (LDL-C) was estimated by the formula: LDL-C 0 TC-HDL-C-TG/5'”. Response
of insulin after a glucose challenge was analysed according to the criteria for the 75g oral glucose tolerance test
(GTT) of the Japanese Diabetes Society. Body mass index was calculated as weight/height’kg/m?).

Blood pressure was measured with a standard clinical sphygmomanometer (cuff 25x 12 cm). Data are pre-
sented as means + SD. Statistical evaluation was performed by unpaired t test and by multiple regression analysis.
Since there were no significant sex-or age-related differences in the clinical and biochemical data used in the pre-
sent study, both male and female patients were treated as a single group.

Tablel O Clinical characteristics and laboratory data of diabetics with and without silent lacunar lesions

Diabetic patients
Total diabetic patients
Uncomplicated Silent lacunar lesions

N 335 199 136
M/F 146/189 73/126 73/63
Agell years[] 63+ 10 61+ 10 67+ 9
Diabetic durationl yearsO 13+ 9 11+ 7 19+ 90
Fasting blood glucose] mg/diC] 158+ 54 155+ 78 160+ 52
HbA1cO %0 83+ 7.3 8.0+ 1.8 83+ 14
Blood pressurel] mmHgO

Systolic 137+ 4 128+ 4 146+ 50

Diastolic 83t 5 82+ 4 84+ 6
Body Mass Index[] kg/m2[] 241+ 35 23.7+ 37 244+ 34
Ischemic heart disease] nOJ 49 18 31
Retinopathyd n(J 102 59 43
Neuropathy n(J 59 20 39
Proteinuriall nO 123 72 51
Mode of therapyl nOJ

Diet alone 75 45 30

Oral hypoglycemic agent 164 107 57

Insulin 96 47 49

Values are means+ SD
HbAlc reference range 4.0-6.0%
U p<0.001 vs uncomplicated diabetic patients

Tabled [0 Serum lipid, apolipoprotein, thiobarbituric acid
reactive substances

Diabetic patients

Uncomplicated Slle::ats::ﬁl;nar
N 199 136
Triglyceride mg/diC] 134+ 20 175+ 8140
Cholesterol mg/diO] 212+ 41 229+ 568
HDL-cholesterold mg/dIO 55+ 16 49+ 1500
LDL-cholesterold mg/dIi0 131+ 35 145+ 47800
Apo Al mg/di0 134+ 32 128+ 30
Apo B mg/dIO 107+ 30 121+ 31000
Apo EO mg/dIiD 6.6+ 2.9 74+ 28
Apo B Apo Al 09+ 03 1.1+ 03900
TBARSO nmol/mli0O 35+ 1.0 4.0+ 1.4800

Values are meanst SD
Statistical significance was determined by unpaired t test
U p<0.05, B9 p<0.01, B0 p<0.001 vs uncomplicated diabetic patients
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Table [ Ratio between thiobarbituric acid reactive sub-
stances] TBARSOand lipid, lipoprotein, and apolipoprotein
concentrations

Diabetic patients
Uncomplicated Silent lacunar
patients lesions

N 199 136

TBARS :apo B 0.26+ 0.05 0.28+ 0.077
TBARS : Apo Al 0.25+ 0.05 0.28+ 0.077
TBARS : HDL-cholesterol 0.31+ 0.07 0.35+ 0.097
TBARS : LDL-cholesterol 0.25+ 0.05 0.28+ 0.079
TBARS : triglycerides 0.25+ 0.06 0.25+ 0.06
TBARS : total cholesterol 0.23+ 0.05 0.24+ 0.06"

Values are mean + SD

U p<0.01 vs uncomplicated diabetic patients

TBARS, lipid, lipoprotein, and lipoprotein concentrations are log-
transformed.

TableO O Predictor continuous variables for thiobarbituric acid substances] dependent variables[]

Univariate
Variable Meant SD correlation F-value Probability
coefficient
Triglycerided) mg/dI] 143.3+ 105.3 0.430 521 0.0001
Total cholesterold mg/dIC] 2157+ 46.0 0.238 8.0 0.0002
BMI 241+ 34 0.147 ns.
Agel years oldO 63.2+ 10.2 0.129 ns.
Systolic blood pressurel) mmHgO 136.1+ 7.7 0.128 ns.
Sexd male=1, female=00C m: 146 f:189 [10.063 ns.
Cigarette years 132+ 58 [J0.033 ns.
Duration of diabetesO years( 134+ 87 0.029 ns.
HDL cholesterol mg/dIO 52+ 15 [J0.023 ns.
Diastolic blood pressuré] mmHgO 78.6+ 8.6 0.023 ns.
BG0'0 mg/dI0 152+ 49 0.100 ns.
BG30'0 mg/dI 249+ 71 0.090 ns.
BG60'0 mg/di] 313+ 84 0.100 ns.
BG120'0) mg/dIC] 329+ 104 0.018 ns.
IR10'0 p U/mID 8.0+ 54 0.081 ns.
IR130'0 p U/mIO 205+ 19.0 0.093 ns.
IRI60'0 p U/mIO 31.3+ 250 0.131 ns.
IR1120'0) p U/mIO 39.8+ 340 0.119 ns.

Multivariate analysis was done in diabetic patientsC] n=3350

Dependent variable=thiobarbituric acid reactive substancesl] TBARS[O

Multiple correlation R=0.4380 p<0.0010 R-square=0.192 Adjusted R-square=0.185
Abbreviations : BG, plasma blood glucose ; IRI, serum insulin ; BMI, body mass index

Results

HbAlc, fasting blood glucose, body mass index, sex had no significant influence on TBARS concentrations.
The median age and diabetic duration of patients with multiple lacunar lesion were higher than those without mul-
tiple lacunar lesions (67 + 9 vs 61 + 10y mol/ml, p<0.001). Systolic blood pressure was significantly higher in dia-
betics with multiple lacunar lesions than those without the lesions (146 + 5 vs 128 + 4 mmHg, p<0.001) (Table 1).
Serum TBARS level was significantly higher in the diabetics with multiple lacunar lesions than those without the le-
sions (4.0 = 1.4 vs 3.5 = 1.0 nmol/ml, p<0.001). Triglyceride (p<0.01), total cholesterol (p<0.05), and LDL-choles-
terol (p<0.001), apoB (p<0.001) concentrations and apoB: apoAl ratio (p<0.001) were significantly higher and
HDL cholesterol (p<0.01) were significantly lower in diabetics with multiple lacunar lesions than in those without
these lesions (Table 2).
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TableJ O Mean levels of thiobarbituric acid reactive
substances, lipid, lipoprotein, and apolipoprotein
concentrations in hyperlipidemic diabetics with
multiple lacunar lesions before and after 4 weeks of
bezafibrate administration.

bofore during

treatment treatment
TBARSO nmol/mli0 41+ 13 3.7+ 1.040
Triglycerided mg/dIO 202+ 50 111+ 25000
Total cholesterol] mg/di 230+ 39 202+ 37000
HDL-cholesterold mg/dI0 52+ 17 55+ 16"
LDL-cholesterold mg/diOd 156+ 46 150+ 52,000
Apo Al mg/dic] 139+ 39 142+ 40
Apo B mg/di0 123+ 35 103+ 23000
Apo E0 mg/di0 8.1+ 35 6.0+ 1.3000
Apo B : Apo Al ratio 09+ 0.3 0.8+ 0.3000

Abbreviations : Apo, apolipoproteins

Values are meant SD.

Up<0.01, B0p<0.001, OP98p<0.0001 vs serum levels before
bezafibrate administration.

improvement in SU[IJ

serum TBARS ]
level (nmol/ml) 400 . .
3004 y=46.64+68.79
200 £<0.001
1004
14
1004

-1 0 i 2 3
improvement in serum triglyceride level (mg/dl)

Fig. 1 Correlation between the degree of improvement in serum TBARS level and serum triglyceride level

To exclude the potential influence of serum lipids on serum lipid peroxidation products, TBARS levels
(nmol/dl) were corrected to an arbitrary reference level of 100 mg/dl for serum lipid and lipoprotein. The obtained
TBARS: HDL-cholesterol (p<0.01), TBARS: LDL-cholesterol (p<0.01), TBARS: total-cholesterol (p<0.01) ratio
were higher in diabetics with multiple lacunar lesions than in those without these lesions (p<0.01) (Table 3).

In the total 335 diabetic subjects, stepwise regression analysis of continuous variables with TBARS as depen-
dent variable showed positive associations between TBARS and triglyceride (F=52.1, p=0.0001), total cholesterol
(F=8.0, p=0.0002). Hemoglobin Alc, smoking years, fasting blood glucose and insulin secretion after oral glucose
load were not associated with lipid peroxide values.

In order to confirm the relationship between serum TBARS levels and serum triglyceride levels, the 56 diabet-
ics with hyperlipidemia received 400 mg of slow-release bezafibrate (2-[4-2-(4-chlorobenzamido) etyl] phenoxy-2-
metylpropionic acid) daily for four weeks. Bezefibrate is a homologue of clofibrate that has been shown to reduce
serum triglyceride levels and increase high density lipoprotein cholesterol levels in patients with various types of
hyerlipidermia'®*”. The levels of serum TBARS, serum triglyceride, serum cholesterol, serum LDL cholesterol,
apoB, apoE and apoB: Al ratio stended to decrease significantly (p<0.0001).

Overall the degree of the improvement of serum TBARS and serum triglyceride levels were significantly inter-
correlated (r=0.449, p<0.001). Overall the degree of the improvement of serum TBARS and serum triglyceride lev-
els were significantly intercorrelated (r=0.449, p<0.001) (Figure 1).
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Discussion

Estimation of lipid peroxidation is complicated by the large number of potential peroxidation products and by
the reactivity of these metabolites. The most common technique for measuring lipid peroxide involves the use of
thiobarbituric acid-reactive substances (TBARS) in serum. The assay has been discussed critically for lack of speci-
ficity and sensitivity, but many of these problems have been found to have inconsiderable effects when Yagi’s
method is used'”. Furthermore good correlation has been found between the results obtained by Yagi's method and
those determined with high performance liquid chromatography.

Increased levels of serum TBARS have been previously reported in patients with peripheral arterial disease,
ishchemic heart disease, hypertension, and diabetes mellitus'”.

In the present study, we demonstrated elevated TBARS levels in the plasma of diabetic patients with multiple
lacunar lesions, although these associations do not indicate whether the relationship is causal. It is suggested that
serum TBARS level is one of the indicators of multiple lacunar lesions seen in diabetic patients.

In diabetic patients the effect of blood glucose control on lipid peroxide concentration is controversial”*"*.
The interaction between glycosylation and oxidative changes is unclear. Some studies have suggested that glycosy-
lated proteins might themselves act as sources of free radicals, in which case a clear association between lipid per-
oxides and HbAlc might be expected™. High levels of serum TBARS have been found in patients with poor blood
glucose control in one study, although no correlation between HbAlc and free radical activity was recorded in an-
other. In the present study, there was no significant correlation between HbAlc and TBARS. In addition, there was
no independent association between HbAlc and TBARS on multiple regression analysis. This may be influenced by
the rapidly changing glucose levels in the diabetics, which are for the most part dependent on the time since their
last insulin action. Longitudinal studies are necessary in order to evaluate clearly whether there is any genuine ef-
fect of blood glucose control on serum lipid peroxide leveles in diabetes mellitus.

The relationship between lipids and TBARS concentrations still remains a matter of controversy. In the pre-
sent study serum total cholesterol and triglyceride were significantly increased in the diabetics with multiple lacu-
nar lesions as compared with those without the lesions (p<0.05 and p<0.01 respectively). However, when serum
TBARS were adjusted to those of serum lipid fractions, the obtained ratios for both serum TBARS: total cholesterol
resulted in still higher values in diabetics with multiple lacunar lesions than those without them, thus indicating
that the rise in serum TBARS in diabetic patients is not only the results of the hyperlipidemia, but may express the
enhanced oxidative stress as a result of depressed scavenging for free radicals.

Vascular disease remains the most common cause of mortality and morbidity in diabetics™. Although the
process leading to macroangiopathy in diabetes is poorly understood, it may be associated with increased free rad-
ical activity which produces atherosclerosis. Oxidized LDL-cholesterol has been involved in atherosclerosis by
means of its cytotoxicity on endothelial cells, its enhanced uptake in macrophages through the scavenger LDL re-
ceptor, favouring the generation of foam cells, and by inducing adhesion of monocytes to the arterial intima, their
differentiation into resident macrophages™*”. However, others believe that damage due to peroxidation occurs
within the arterial wall and serum peroxides are not involved™.

In the present study, stepwise regression analysis suggested that serum TBARS concentrations were closely
associated independently with triglyceride rather than total cholesterol. Serum triglyceride may be an important
risk factor for atherosclerotic disease such as cerebrovascular disease. An increased rate of superoxide anion pro-
duction in mononuclear cells has been demonstrated in patients with hypertriglyceridemia™. In turn, lipid peroxi-
dase inhibits lipoprotein lipase activity and, thereby, serum triglyceridehydrolysis™. The positive correlation be-
tween serum triglycerides and TBARS values proved in this study might provide a pathogenic relationship between
molecules containing both apoB and triglyceride and atherosclerosis. Increased unsaturation of triglyceride would
also promote lipid peroxide formation, but it is unlikely that diabetes would have different levels of unsaturated
lipids.

Serum lipid peroxide is involved in prostaglandin synthesis both stimulating cyclooxygenase in favor of throm-
boxane A. synthesis, and simultaneously inhibiting prostaglandin synthesis, thereby increasing platelet aggregabil-

ity’”?. In addition, TBARS can decrease thrombin-neutralizing activity of antithrombin III which may contribute to
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32)

thrombotic events™. Therefore, by these mechanisms, TBARS may affect as a potential vascular risk factor by the

relation with a thrombotic tendency. Accelerated production of lipid peroxide, along with enhanced synthesis of
thromboxane A. synthesis, might promote the advance of diabetic vasculopathy. Although attention has focused on
oxidized LDL-cholesterol, it is quite possible that oxidation of the proteins, especially very low density lipoprotein,
may be of importance in silent lacunar lesions in diabetes.

To conclude, this study suggests that lipid peroxides (measured by thiobarbituric acd-reactive substances) are
elevated in type 2 diabetics with multiple lacunar lesions, and related to the abnormal lipoprotein profile observed
in subjects with the lesions. Further studies are planned to investigate the oxidation of these specific lipoprotein
fractions and to determine if plasma lipid peroxidation correlates prospectively with cerebrovascular disease.
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