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Summary. Malondialdehyde, a marker of lipid peroxida-
tion, was measured as thiobarbituric acid-reactive sub-
stance in 78 non-insulin-dependent diabetic patients and
28 healthy subjects. Patients were divided into groups and
subgroups according to the presence of microalbuminuria
and other complications. Plasma and urine malondialde-
hyde concentrations were significantly higher in patients
with and without microalbuminuria than in controls. In
contrast to urine malondialdehyde, plasma malondialde-
hyde levels were significantly higher in microalbuminuric
diabetes than in the normoalbuminuric diabetic group.
There was no correlation between malondialdehyde con-
centration and glycemic control. This study confirmed the
existence of lipid peroxidation disorders in diabetic patients.
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Introduction

The shorter life expectancy of diabetic patients is due to
vascular complications [1]; lipid peroxidation may be in-
volved in the development of these complications. Free
radicals are reactive chemical species with unpaired elec-
trons which can react with virtually all cell components.
The potential consequences of these reactions include ox-
idation and peroxidation of membrane lipids, denaturation
of proteins, generation of chemotactic factors, impairment
of collagen synthesis, disruption of membrane permeabil-
ity, and increased inflammatory cell infiltration [2]. As a
consequence, free radical activity has been implicated in
inflammation, aging, malignant change, and vascular dam-
age [3, 4]. Diabetics are more prone to develop renal dis-
eases than the normal population [5]. An early marker for
the development of diabetic nephropathy is increased ex-
cretion of albumin, so called microalbuminuria [6-8]. Ex-
cretion of other proteins and sialic acid sometimes pre-
cedes the onset of microalbuminuria [9, 10]. Abnormal
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lipid peroxidation may be detected in diabetic patients [1,
2, 11-13]. However, the role of oxygenated free radicals
in long-term vascular complications is still hypothetical.
In this study, we measured malondialdehyde (MDA) con-
centrations as thiobarbituric acid-reactive substances
(TBARS) in diabetic patients with and without microal-
buminuria and compared these with a control group. The
results were analyzed in relation to the presence or absence
of vascular complications other than microalbuminuria.

Materials and methods

Subjects. Seventy-cight non-insulin-dependent diabetic patients (26
with normoalbuminuria, 52 with microalbuminuria) and 28 age- and
sex-matched controls were studied. Informed consent was obtained
from all subjects and the study was approved by the local medical
cthics committee. The diabetic group consisted of 33 males and 45
females (mean age £SD, 54.2 £9.9 years) and was classified accord-
ing to the criteria established by the National Diabetes Data Group
[14], 18 patients were maintained on insulin, 52 on oral hypoglyce-
mic agents, and 8 on diet alone; 45 microalbuminuric and 15 nor-
moalbuminuric diabetic patients had one or more complications,
such as hypertension. hyperlipidemia, retinopathy, cataract, or
neuropathy. The patients were in good or fair metabolic control on
examination. All patients had normal, sterile urines and normal re-
nal function, as evaluated by plasma creatinine and urea levels.

After an overnight fast, blood samples were drawn with an anti-
coagulant from an antecubital vein without stasis. and plasma was
either immediately analyzed or frozen at —20°C. All hemolyzed
specimens were discarded. Urine samples were collected from 8 a.m.
to 10 a.m. on 3 consecutive days and filtered through filter paper be-
fore analysis. In preliminary studies on 24-h and 2-h urine samples,
a satisfactory correlation {r=0.78. P<0.001) was found and thus
2-h samples were used.

Methods. Urine albumin concentration was measured by an immu-
nochemical technique. Patients with an albumin excretion rate be-
tween 20 ug/min and 200 pug/min were classified as microalbumi-
nuric. We modified the method of Ohkawa et al. [15] for the deter-
mination of urinary MDA levels. The plasma MDA level was deter-
mined by the method of Sato et al. [ 16]. The TBARS concentration
was derived from a standard MDA curve obtained by hydrolysis of
1,1,3,3-tetra-ethoxypropane. The recovery of MDA added to plasma
was 92% +3%. The coefficient of variation was 4.2%. Plasma fruc-
tosamine levels were measured by the method of Baker et al. {17] us-
ing a commercial kit from Boehringer-Mannheim (Germany).
Concentrations of fasting glucose, urea, creatinine, cholesterol,
triglyceride, and high-density lipoprotein (HDL)-cholesterol [after
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Table 1. Summary of data from control subjects and diabetic patients™
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Diabetic normo-
albuminuric patients

Diabetic micro- Control subjects

albuminuric patients

(n=126) (n=152) (n=28)
Duration of diabetes (months) 442 436 111.3 £95.9%* -
Urine
AER {pg/min) 16.5+6.6 781 £ 23 2% ** 1.1 208
MDA (nmol/mi) 5.3 £2.0% 5.9 +2.6* 4.0+£07
Creatinine (mmol/l) 124+ 82 124 %66 9.8+2.1
Glucose (mmol/l) 1.9 = 0.5* 6.5 + | Fiik -
Plasma
MDA (nmol/ml) 59+ 1.4% 7.0 22 3%*% 49 +0.8
Glucose (mmol/l) 92 £42% [1.5 & 4 Twkekk 4.6 0.5
Fructosamine (Lmol/l) 350.6 £ 12.8% 3799 x 11.3% 2725+ 138
Urea (mmol/l) 6.7+19 85+34 57+1.7
Creatinine {mmol/l) 796 +17.7 972+354 88.4+17.7
Cholesterol (mmol/l) 52+ 1.0 58x19 42 +£09
Triglyceride(mmol/l) 1.7+£0.7 22x07 1.1+0.5
HDL-cholesterol (mmol/l) 0.6+02 0.7+0.3 1.0+0.3
LDL-cholesterol (mmol/l) 3809 37+1.4 26+0.8
VLDL-cholesterol (mmol/l) 0.8 +0.3 1.5+0.2 0.5+0.2

* P < 0.001, Micro- and/or normoalbuminuric diabetic patients vs. control subjects; ** P < 0.001. *** P < 0.005. microalbuminuric vs. nor-

moalbuminuric diabetic patients

* All results are expressed as mean = SD; AER, Albumin excretion rate; MDA, malondialdehyde: HDL, high-density lipoprotein; LDL, low-

density lipoprotein; VLDL, very low-density lipoprotein

Table 2. Data from normo- and microalbuminuric diabetic patients in relation to the presence or absence of other complications

Duration of AER Urine Plasma Plasma Plasma

diabetes (ug/min) MDA MDA glucose fructosamine

(months) (W/min) {(nmol/ml)  (nmol/l) (mmol/l) (umol/Ty

(nmol/mi)

Normoalbuminuric diabetic patients (n = 26) 442 +£43.6 16.5+6.6 53£20 59=x 1.4 9.2+42 3506=+128
With complications (n = 15) 433 x335 163+74 55+2.1 6212 9.3+39 3529=x15.6
No complications (n = 11) 453 £56.4 {8.2x5.6 5318 5616 9.9+50 348.8x88
Microalbuminuric diabetic patients (n = 52) [11.3£959 78.1 £23.2 59+26 7.0+£23 11.5+£47 3799+ 11.3
With complications (n = 45) 113.1 £ 1004 80.2=23.1 5827 70x24 11.5+47 3639 £ 10.6*%
No complications (n =7) 994 + 64.1 71.4x£22.5 6.2+26 66=%=1.7 1.1 +53 4827x109

* P < 0.05, Microalbuminuric diabetic patients with complications vs. those without complications

precipitation of very low-density lipoprotein (VLDL)- and low-den-
sity lipoprotein (LDL)-cholesterol with phosphotungstic acid and
magnesium lons] in plasma were measured using Dart reagents on
the Dacos autoanalyzer (Coulter Electronics, Hialeah, USA). LDL-
cholesterol was calculated from the Friedewald formula: LDL-
cholesterol = Total cholesterol — (HDL-cholesterol + Triglyceride/S).
VLDL-cholesterol was calculated from the formula: VLDL-choles-
terol =Triglyceride/5 {18].

Statistical analysis. The means and standard deviations were calcu-
lated for each parameter. Comparisons between patient groups and
controls were made with the Newmann-Keul’s test. Correlations be-
tween variables were assessed by the linear regression method.

Results

Results are summarized in Table 1 and 2. In both diabetic
groups, plasma and urinary MDA levels were significantly
higher than in controls (P<0.001). In contrast to urine
MDA levels, plasma MDA levels were significantly higher
in microalbuminuric diabetics than in normoalbuminuric

diabetics (P <0.001). When both diabetic groups were di-
vided into two subgroups according to the presence or ab-
sence of complications, there were no significant differ-
ences in plasma and urine MDA levels between the sub-
groups. There was no correlation between plasma and
urine MDA levels in both patient groups and controls
(P>0.05). In addition, in both patient groups the plasma
MDA level did not correlate with other measured param-
eters, including plasma glucose, fructosamine, choles-
terol, triglyceride, HDL- and LDL-cholesterol, albumin
excretion rate, and duration of diabetes. There was a weak
correlation between plasma MDA and VLDL-cholesterol
levels only in microalbuminuric diabetic patients.

Discussion
Previous studies have shown elevated levels of MDA in

both type | and type 2 diabetic patients {1, 2, 16, 19, 20].
In our study we also observed significantly higher plasma
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and urine MDA levels in type 2 diabetic patients with or
without microalbuminuria than in controls. In microalbu-
minuric diabetics, the plasma MDA level was significantly
higher than in normoalbuminuric diabetics, but the urine
MDA level was similar. There have been no previous re-
ports of urine MDA levels in diabetic patients, so we were
unable to compare our results with others.

The presence of complications had no effect on plasma
and urine MDA levels in either diabetic group. Sato et al.
[16] reported a significant increase in MDA in type 2 di-
abetes with vascular disease. However, these authors did
not specify the type of complications. Kaji et al. {21] also
tailed to mention the presence or absence of vascular com-
plications in their diabetic population. Gallou et al. [1]
found no difference in TBARS concentration between type
I diabetics with microangiopathy and type | diabetic pa-
tients without vascular complications. These results are
consistent with ours.

The exact mechanism by which elevated blood glucose
leads to membrane lipid peroxidation in diabetic subjects
isnotknown. It can be explained by insulinopenia-induced
release of free radicals from metabolic pathways (hexose
monophosphate shunt, B-oxidation of free fatty acids)
[22-24] or by hyperglycemia-stimulated platelet aggrega-
tion which leads to lipoperoxide synthesis (thromboxane,
prostaglandins, and other molecules) [19, 24].

The decrease in activity of tissue antioxidant enzymes
reported in diabetes mellitus also explains an increase in
lipoperoxidation products in diabetic patients [21]. Recent
in vitro studies in a cell-free buffer have shown that glu-
cose can enolize and thereby reduce molecular oxygen
under physiological conditions, yielding o-keto-alde-
hydes, hydrogen peroxide, and free radical intermediates
[25, 26]. Oxygen radicals formed cause peroxidative
breakdown of phospholipid fatty acids and accumulation
of MDA [25, 27, 28]. Peroxidative lipid damage in the
membrane may have a role in the increased coagulability,
altered phospholipid organization, and cellular damage
known to occur in other tissues of diabetic patients. The
carbonyl groups of MDA may bind to the amino groups of
the proteins and phospholipids, forming Schiff’s bases and
causing their destabilization and rendering them more sus-
ceptible to various stress factors.

In conclusion, this study has shown an increase in
plasma and urinary MDA in diabetic patients with and
without microalbuminuria. Further research is required to
clarify this multifactorial process and to elucidate the role
of lipid peroxides in the pathogenesis of diabetic compli-
cations.
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