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Background and Objective: Observation shows diabetic patients to be more prone to oxidative stress be-
cause of hyperglycemia. The elevation of free radical production by this hyperglycemic production may
exacerbate cardiovascular complication in diabetes. This study aims to investigate the oxidative stress re-
lated parameters in type 2 DM. Since the effects of glycemic control and cardiovascular complications in DM
on these parameters has been not fully determined, the comparison between plasma MDA (malondialdehyde)
and antioxidant nutrients with their age-matched normal healthy group may be used to determine the suscep-
tibility of oxidative stress in this type of DM.

Material and Method: MDA and antioxidant nutrients (vitamin A, C, E and B-carotene) were analyzed in
plasma of 19 subjects with poorly controlled type 2 DM (fasting plasma glucose [FPG] >180 mg/dl), 26
subjects with fairly controlled type 2 DM (FPG < 180 mg/dl), and 20 subjects with type 2 DM complicated
coronary heart disease (CHD) who were matched for age and gender. Twenty healthy subjects with normal
plasma glucose level (FPG < 110 mg/dl) and matched for age and gender served as a control group. In all
groups of DM these oxidative stress parameters were compared to a normal group.

Results: The plasma MDA levels were significantly higher in all types of DM compared to age-matched normal
control. Plasma antioxidant vitamin C and E significantly lower only in poorly controlled and CHD compli-
cated type 2 DM, respectively. The mean of plasma vitamin E level was lowest in type 2 DM complicated with
CHD. No significant differences in both plasma vitamin A and [3-carotene were noted between any types of DM
and age-matched normal healthy group. The positive correlation between MDA and FPG was demonstrated
in most group of patients with their normal subjects except in fairly controlled type 2 DM and negative
correlation between vitamin E and FPG was also demonstrated in type 2 DM with CHD.

Conclusion: These findings suggested that diabetic patients were susceptible to oxidative stress and higher
plasma glucose level had an association with free radical-mediated lipid peroxidation. The lowest level of
vitamin E in type 2 DM complicated with CHD indicated that oxidative stress played an important role in
cardiovascular complication and vitamin E supplementation may be necessary for treatment and prevention
in this group of diabetics.
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Diabetes mellitus is a group of metabolic dis-
eases characterized by hyperglycemia resulting from
defects in insulin secretion, insulin action or both. The
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chronic hyperglycemia of diabetes is associated with
long-term damage, dysfunction, and failure of various
organs, especially eyes, kidneys, nerves, heart, and
blood vessels. However, the major mortality of diabetic
patients is often found in cardiovascular disease. The
data from Framingham study showed that diabetic men
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have a 50% increase in coronary heart disease (CHD)
compared to non-diabetic men and women have a two-
fold increase in the clinical expression of CHD com-
pared to non-diabetic women. The sudden death is
also 50 % more in diabetic men and in women and there
is a three-fold increase in sudden death compared to
non-diabetic women”. In addition to chronic hyperg-
lycemia resulting in progression of disease, oxidative
stress resulting from increased free radical formation
and/or decreased antioxidants in the body also has a
relation with long-term complications®?. In diabetes,
there are more mechanisms that induce oxidative stress
than in normal individuals; glucose autoxidation, non-
enzymatic glycation of protein, and polyol pathway.
These pathways enhance generation of reactive oxy-
gen species (ROS) that leading to tissue damage and
cause several complex syndromes in diabetic patients
such as cataracts, renal dysfunction, nerve damage,
and atherosclerosis. Especially, atherosclerosis lead-
ing to the coronary heart disease (CHD) is the major
cause of death among diabetics. Atherosclerosis is the
thickening and rigidity of the artery and arteriole. Its
pathogenesis begins with oxidation of low density li-
poproteins (LDLs) by ROS. Increased lipid peroxidation
(measured as levels of malondialdehyde or MDA)
caused crosslink formation between single molecules
of proteins and oxidation of LDL particles and led to
the oxidized LDL formation. The oxidized LDLs cannot
be recognized by LDL receptors and be scavenged by
macrophages to generate foam cells. After these foam
cells accumulation, fatty streak will form and progress
to a fibrous plaque and finally to the atherosclerosis.
Restriction of blood supply in the coronary arteries
causes myocardial infarction and sudden death®>.

It seems that the oxidative stress associates
with diabetes mellitus and its complications. In addi-
tion to lipid peroxidation, antioxidant nutrients such as
vitamin E, vitamin C, vitamin A, and (3-carotene are also
involve in detoxification of the ROS. Vitamin E, A, and
[-carotene are lipophilic antioxidants whereas vitamin
C is hydrophilic antioxidant. Vitamin E function as a
free radical chain breaker particularly it interferes with
the propagation step of lipid peroxidation, whereas vi-
tamin C can regenerate vitamin E and can act as antioxi-
dant in its own right. The vitamin A and f-carotene
have actions by quenching both singlet oxygen and
other free radicals generated by photochemical reac-
tions®. Both vitamin A and B-carotene are effective
antioxidant only at low oxygen concentration.

In patients with type 2 diabetes, increased
oxidative stress and lower concentrations of antioxi-

S148

dants have been reported but results were inconsis-
tent. MDA level was found significantly higher while
antioxidant defenses were reported significantly lower
in patients of diabetes with-'% and without complica-
tions!!1¥, Others have reported no change in indices
of oxidative stress'®!”. Data on oxidative stress in
patients of type 2 diabetes with and without complica-
tion is scant especially in Thai patients. Therefore, the
study of the oxidative stress status may be the knowl-
edge base for an understanding of the pathogenic
mechanisms of cardiovascular complication in diabe-
tes and may have important implications regarding an-
tioxidant supplements in order to slow progression,
select optimal therapies and prevent plaque complica-
tions and their consequences. The aim of the present
study was undertaken to assess lipid peroxidation and
antioxidant status in type 2 diabetic patients with and
without CHD compared to normal controls.

Material and Method
1. Subjects
1.1. Control subjects

Twenty healthy subjects were a control group
with FPG < 110 mg/dl. They were 12 males and 8 fe-
males. The ages ranged from 35 to 70 years old. The
mean age average was 56.35 + 1.62 years.

1.2. Type 2 diabetic patients

Type 2 diabetic patients were divided into 3
groups as followings:

1.2.1. Fairly controlled type 2 diabetic patients
whose fasting plasma glucose is < 180 mg/dl. This group
contained 26 subjects included 13 males and 13 fe-
males. The ages ranged from 49 to 85 years old. The
mean age average was 63.96 + 1.69 years.

1.2.2. Poorly controlled type 2 diabetic patients
whose fasting plasma glucose is > 180 mg/dl. This group
had 19 subjects included 8 males and 11 females. The
ages ranged from 39 to 83 years old. The mean age
average was 62.37 +2.46 years.

1.2.3. Type 2 diabetes complicated with coro-
nary heart disease (CHD). There were 20 subjects. They
were 6 males and 14 females. The ages ranged from 31
to 76 years old. The mean age average was 60.50 +2.56
years.

All subjects who supplemented with antioxi-
dants or with any renal dysfunction (i.e. raised blood
urea and serum creatinine levels), with coexistent ill-
ness (i.e. infections), congestive heart failure, acute
myocardial infarction, proliferative retinopathy and
patients on insulin were excluded from the study.
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Informed consent was obtained from all par-
ticipants according to the ethical guidelines of the
Helsinki declaration. The work was carried out with the
approval of the ethical clearance committee of the Fac-
ulty of Medicine Siriraj Hospital, Mahidol University.

2. MDA assay in plasma

MDA in plasma was performed as described
by Satoh®. In brief, plasma was mixed with 20% TCA
and allowed to stand for 10 min. Then, 0.05 M H,SO,
and TBA were added. The mixture was mixed and place
in a boiling water bath for 30 min. The resulting chro-
mogen was extracted with n-butanol and centrifuged
at 1871 x g for 10 min and measured against butanol
blank at 532 nm excitation and 553 nm emission by
spectrofluorometer.

3. Vitamin C determination in plasma

Plasma vitamin C determined as described by
Mitacek!”. Briefly, plasma was added to 10% TCA to
precipitate protein. After centrifugation at 1871 x g for
10 min, clear supernatant was mixed with 4%
dinitrophenylhydrazine. The mixture was incubated at
60° C for 45 min and chilled for 10 min. 65% H,SO, was
slowly mixed with the mixture and stand for 30 min. The
absorbance was read at 520 nm against reagent blank.

4. Vitamin A, E, and B-carotene assay
These antioxidant vitamins were assay by
HPLC®9, In brief, plasma, a.-tocopheryl acetate as in-

ternal standard and ethanol was mixed for 15 sec. Then
hexane was added and mixed vigorously for 2 min. The
tube was centrifuged at 5198 x g, 4° C for 5 min. The
hexane layer was transferred and evaporated under a
stream of nitrogen gas. The lipid residue was dissolved
in ethanol and injected into the Sphere clone 5 u ODS,
250x4.60 mm of HPLC. The mobile phase was metha-
nol: acetonitrile: chloroform (25: 60: 15) ata flow rate 1.5
ml/min. Vitamin A, E and a-tocopheryl acetate were
detected at 290 nm and at 450 nm for 3-carotene.

5. Statistical analysis

Results are expressed as mean = SEM. Distri-
bution of variables was tested for approximation to
Gaussian distribution using kurtosis and skewness
test. Data were compared by one-way analysis of vari-
ance (one-way ANOVA) using scheffe test for four
matched groups. Pearson rank correlation test was used
for testing correlation between variables. Statistical
analysis was performed using SPSS 11.0 software
(SPSS. Inc., Chicago. IL, USA).

Results

Table 1 showed the data of age, fasting plasma
glucose, hematological data and lipid profile between
the normal healthy group and the type 2 diabetic pa-
tients. This table showed that all subgroups of type 2
DM were significantly higher of FPG than normal sub-
jects. The study of plasma lipid profile showed that the
total cholesterol, LDL-cholesterol were not significantly

Table 1. Database of age, FPG and lipid profile in normal healthy subject and type 2 diabetic patients (Values are mean +

SEM)

Parameter Normal Poorly controlled Fairly controlled Type 2 DM

(n=20) type 2 DM Type 2 DM with CHD
(n=19) (n=26) (n=19)

Age (years) 56.35 £1.62 63.96 + 1.69 62.3 +2.46 60.50 +2.56

FPG (mg/dl) 105.10 + 3.05 245.00 +22.52* 128.50 + 3.88° 167.26 +13.26°

Hb (g/dl) 14.2740.38 11.13+£.0.33¢ 12.61+0.51* 13.70+0.42

Het (%) 43.56+1.09 46.66+1.80 45.00+1.46 36.50+1.38°

Total cholesterol(mg/dl) 217.10 £9.57 255.65 £ 13.05 229.87+£9.02 225.56 £13.90

LDL-cholesterol 134.24 +£9.79 172.43 +£12.38 156.65 £ 8.01 143.59 £13.55

Triglyceride(mg/dl) 133.31 £ 12.66 180.28 + 22.59 153.58 £ 11.97 220.06 +20.32°

VLDL-cholesterol(mg/dl) 27.05 + 2.25 36.06 +4.51 30.44 +2.44 43.51 £3.78

HDL-cholesterol(mg/dl) 55.8£2.69 47.16 £3.15 42.79 +2.42¢ 4325+ 1.97°

a = significance at p < 0.001 vs. normal

b = significance at p <0.01 vs. normal

¢ = significance at p< 0.05 vs. normal
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different from the normal healthy group. This was due
to the treatment of cholesterol-lowering drug in these
diabetic subjects. However, the increasing of trigly-
ceride, VLDL-cholesterol and decreasing of HDL-
cholesterol also found in type 2 DM complicated with
CHD. The lower level of HDL may exacerbate the car-
diovascular complication in this group of diabetes.
For hematological data, hematocrit (Hct) was signifi-
cantly lower in type 2 DM complicated with CHD
whereas hemoglobin (Hb) was significantly lower in
both poorly controlled type 2 DM and fairly controlled
type 2 DM.

Plasma malondialdehyde level

Plasma malondialdehyde (p-MDA) levels in
these subgroups of type 2 DM (poorly controlled, fairly
controlled and type 2 DM complicated with CHD) were
significantly higher when compared to healthy normal
group (p<0.05) as indicated in Table 2. However, when
the comparisons were performed among these sub-
groups, significant difference was not found.

Plasma antioxidant nutrients level
Plasma vitamin C level

The vitamin C level only in poorly controlled
type 2 DM was significantly lower (p<0.05) as com-
pared with this normal group. However, no significant
differences was observed between normal subjects and
fairly controlled or type 2 DM with CHD (p=0.10 and
p=0.13, respectively). Among each of type 2 DM sub-
groups, significant differences were not found: poorly
controlled vs fairly controlled (p=0.89), poorly controlled
vs type 2 DM with CHD (p=0.91) and fairly controlled
vs type 2 DM with CHD (p=1.00) (Table 3).

Vitamin E status

Levels of plasma vitamin E in healthy normal
group had no significant difference as compared to
poorly controlled or fairly controlled DM patients
(p=1.00 and p=0.92 respectively). However, when the
plasma vitamin E levels were compared between this
normal group and type 2 DM complicated with CHD it
was found that the vitamin E level in normal group was
significantly higher (p<0.001) as shown in Table 4.
Among these subgroups of type 2 DM, the multiple
comparisons were performed. The results showed that
the vitamin E level in poorly controlled DM was not
significantly different from that in controlled DM group
(p=0.88) but there was significantly lower level of
plasma vitamin E in type 2 DM with CHD than in poorly
controlled or fairly controlled DM (p<0.001).
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Table 2. Plasma malondialdehyde (p-MDA) (umol/L) in
normal subjects and type 2 diabetic patients (Val-
ues are mean + SEM)

Subjects p-MDA (umol/L)
Normal (n=20) 2.29+0.08
Poorly controlled type 2 DM (n=19) 3.44+0.18¢
Fairly controlled type 2 DM (n=26) 3.30+0.18¢
Type 2 DM with CHD (n=20) 3.45+0.36¢

¢ = significance at p < 0.05 vs. normal

Table 4. Plasma vitamin E (ug/ml) in normal subjects and
type 2 diabetic patients (Values are mean + SEM)

Subjects Vitamin E (ug/ml)
Normal (n=20) 19.00 + 1.18
Poorly controlled type 2 DM (n=19) 19.23 +1.40
Fairly controlled type 2 DM (n=26) 17.86 + 1.15
Type 2 DM with CHD (n=20) 10.39+0.97°

a = significance at p <0.001 vs. normal

Table 3. Plasma vitamin C (ug/dl) in normal subjects and
type 2 diabetic patients (Values are mean + SEM)

Subjects Vitamin C (ng/dl)
Normal (n=20) 1.16 £0.05
Poorly controlled type 2 DM (n=19) 0.85+0.07¢
Fairly controlled type 2 DM (n=26) 0.93 +0.05
Type 2 DM with CHD (n=20) 0.93 £0.09

¢ = significance at p < 0.05 vs. normal

Table 5. Plasma vitamin A (ug/dl) in normal subjects and
type 2 diabetic patients (Values are mean + SEM)

Subjects Vitamin A (ug/dl)
Normal (n=20) 114.05+ 6.95
Poorly controlled type 2 DM (n=19) 131.25 + 8.46
Fairly controlled type 2 DM (n=26) 131.53 +5.57
Type 2 DM with CHD (n=20) 96.71 +7.27
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Plasma vitamin A level

The plasma vitamin A level of healthy normal
group showed no significant difference when compared
with poorly controlled DM (p=0.43), fairly controlled
DM (p=0.35) or type 2 DM with CHD (p=0.41). The
level of plasma vitamin A in poorly controlled DM was
also not significantly different from controlled DM
(p=1.00) but as compared the type 2 DM with CHD to
the poorly controlled or controlled DM, the CHD com-
plicated type 2 DM had significantly less amount of
vitamin A (p<0.05 and p<0.01, respectively) (Table 5).

Plasma B-carotene level

The plasma p-carotene level among normal
healthy group were compared with each of type 2 DM
subgroups (poorly controlled, fairly controlled and
type 2 DM with CHD) showed no significant differ-
ence (p=0.99, 0.85 and 1.00, respectively). When these
subgroups were compared to each others, they also

Table 6. Plasma (3-carotene (ug/dl) in normal subjects and
type 2 diabetic patients (Values are mean + SEM)

Subjects [-carotene (ng/dl)
Normal (n=20) 22.06 +4.54
Poorly controlled type 2 DM (n=19) 20.52 +4.01
Fairly controlled type 2 DM (n=26) 17.53 +2.17
Type 2 DM with CHD (n=20) 21.98 +4.27

showed no significant difference as shown in Table 6.

Correlation analysis

Results of Pearson correlation analysis
between FPG and other laboratory parameters in type 2
diabetic mellitus patients and control group appear
in Table 7. In correlation analysis of FPG to other pa-
rameters, no significant correlations were detected in
fairly controlled DM except HDL-cholesterol.

Discussion

Peroxidation of polyunsaturated fatty acids
in blood produces malondialdehyde (MDA), a second-
ary breakdown product of lipid peroxidation leading to
oxidative damage. Oxidative damage to polyunsatu-
rated lipids by free radical process is a widely accepted
mechanism for cellular and tissue injury. The rise in
MDA indicated that any oxidative stress incurred suf-
ficiently cause of free radical-mediated peroxidation of
lipid components in cell membrane®V. Therefore, MDA
is a good indicator for evaluating oxidative stress in
degenerative diseases like diabetes mellitus. The
present study showed that MDA was increased sig-
nificantly in plasma of all patients’ groups comparing
to their age-matched healthy subjects. However, the
plasma MDA levels were not different among all pa-
tients’ groups. These may be due to the enhancement
of the plasma lipid peroxide removal by aldehyde de-
hydrogenase enzyme in liver mitochondria. This en-
zyme has function to destroy toxic aldehyde and pro-

Table 7. Correlation analysis between FPG and other laboratory parameters in type 2 diabetic patients and control group

Parameters Poorly Fairly DM with CHD
controlled DM controlled DM (n=40)
(n=39) (n=46)

Total cholesterol 0.412 0.08 0.16
LDL-cholesterol 0.412 0.16 0.10
VLDL-cholesterol 0.38* 0.16 0.38
Triglyceride 0.39° 0.18 0.37*
HDL-cholesterol -0.44° -0.39° -0.35*
p-MDA 0.70¢ 0.28 0.41°
vitamin C -0.29 -0.27 -0.14
vitamin E 0.11 -0.19 -0.32¢
vitamin A 0.13 0.24 -0.28
p-carotene -0.09 -0.10 -0.004

a significantat p<0.05 vs. normal

b significantat p<0.01 vs. normal

¢ significantat p<0.001 vs. normal
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tects tissue aldehyde accumulation®®. In addition,
plasma MDA can be moderated by enhancement of the
degradation of excretion®. These results demonstrated
that diabetic patients were prone to accumulation of
potentially harmful oxidative stress. These findings are
consistent with the reports of the others”2%. The
determinations of antioxidant vitamins to prevent lipid
peroxidation were also performed in this study. Many
researchers reported the role of antioxidant vitamins
including vitamin C, vitamin E, vitamin A, and 3-caro-
tene to defense damage by ROS in human diseases
such as cancer, inflammation, and arthritis. Diabetes
mellitus is another interesting one and it is currently
under study. Our work was designed to investigate the
differences in these dietary vitamins among various
condition of diabetic patients and normal subjects. We
found that the antioxidant of plasma vitamin C level
was significantly reduced only in poorly controlled type
2 patients. The other type 2 DM subgroups in this
study also had lower vitamin C levels than in the nor-
mal group but failed to achieve significance at the 95%
confidence interval. The active transport of vitamin C
(ascorbic acid or AA) appears to be decreased by hy-
perglycemia® and insulin deficiency®. Hyperglyce-
mia has also been shown to inhibit uptake of dehy-
droascorbic acid (DHA), the oxidized species of AA. A
decreased ability of cells to take up and store AA would
result in an increased urinary loss of this important
antioxidant because extracellular AA could not be
stored. The chronic high glucose levels could down-
regulate and impair DHA uptake relevant in chronic
poorly controlled hyperglycemic patients. This caused
the decrement of AA®®. For the mean value of plasma
vitamin E, only type 2 DM with CHD of this study was
shown to be significantly lower than that in the normal
group whereas the other groups of patients were not.
This result corresponded to the deleterious effect on
vascular wall such as atherosclerosis in this group as
reported by Miwa et al®” and Diaz et al®®. Horwitt et
al® suggested that total lipid content has an influ-
ence on the plasma vitamin E level since vitamin E is
mainly found in LDL particles. There is evidence that
vitamin E : cholesterol ratio is a more reliable criterion
for vitamin E status than plasma vitamin E alone®?.
This is because the use of this ratio can correct for
conditions that result in increase plasma lipid levels©P.
Thus, vitamin E status should be observed and
compared again with this ratio. Nevertheless, the similar
result obtained from the investigation of plasma vitamin
E ratio that only CHD patient’s group had significantly
decreased in the vitamin E ratio comparing to the normal
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subjects (data was not shown). There are several re-
ports that have been considered in the effect of low
vitamin E level on sensitivity of red blood cells to
oxidative damage. The depletion of vitamin E on the
hematopoietic system of several species has shown
the changes in red cell mass, size and increase in
peroxidation of cell membrane®>*®, The lower levels of
vitamin E status and high levels of plasma MDA in
CHD complicated type 2 patients may be supported by
these evidences. In the observation of plasma vitamin
A and B-carotene levels, it was demonstrated that no
significant different in levels of these antioxidants were
noted between any patients’ groups and their normal
groups. It may be proposed that vitamin A and f3-
carotene was not deficient in these patients
corresponding to the other reports®+39,

To prove the hypothesis whether hypergly-
cemia can induce the oxidative damage in diabetes
mellitus, the association between fasting plasma glu-
cose and either plasma MDA or vitamin E were investi-
gated. The results in almost every patients’ groups
combined with their matched normal groups indicated
that there were fair correlations between FPG and plasma
MDA (r = 0.70; p<0.001 for poorly controlled type 2
DM, r=0.41; p<0.01 for type 2 DM with CHD) except in
the fairly controlled type 2 DM (r=0.28; p>0.05). This
correlation corresponded to the negative correlation
of FPG and vitamin E in type 2 DM with CHD (r=-0.32,
p< 0.05). The results of our study agree with the hy-
pothesis that chronic hyperglycemia induces
oxidative stress in diabetic patients®?.

In various studies, HbA  _level was noted as
showing positive correlations with total cholesterol,
LDL-cholesterol, VLDL-cholesterol, triglycerides and
negative correlation with HDL-cholesterol in DM pa-
tients®*4%. Similar correlations were detected in fast-
ing plasma glucose and total cholesterol, LDL-choles-
terol, VLDL-cholesterol, triglycerides, and HDL-cho-
lesterol in poorly controlled type 2 DM patients, as
reported in the literature.

Conclusion

In conclusion, our study supported the hy-
pothesis that hyperglycemia activated cellular and tis-
sue damage by oxidative stress. However, there were
compensatory mechanisms for defense against the
ROS. Normalization of oxidative stress was not achieved
in the diabetic patients, even in the fairly controllable
diabetics. Thus, supplementation of nutritional anti-
oxidants may be useful to reduce the oxidative damage
for treatment in diabetic patients.
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