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Abstract

Aims: Although it has been reported that angiotensin II receptor blocker inhibited the formation and accumulation of advanced
glycation endproducts (AGEs) in vitro and in vivo, whether it can do so clinically is unknown. We therefore examined the effect of
valsartan on markers of oxidation and glycation.

Methods: We started 40 mg/day valsartan treatment in 15 type 2 diabetic subjects with hypertension, and metabolic parameters,
lipid peroxide, paraoxonase activity, platelet-activating factor acethylhydrolase activity, AGEs and urine 8-isoprostane were
measured at baseline and after 3 and 6 months of treatment.

Results: Even after valsartan treatment, the blood pressure level of the patients did not change during the study. However, AGEs
and urine 8-isoprastane levels had decreased at 6 months (p < 0.05 and <0.01) as well as urine microalbumin level (p < 0.01),
although other oxidative stress markers were unchanged.

Conclusion: In this study, low-dose valsartan treatment decreased serum AGEs level, whereas blood pressure level was unchanged.
The effect of valsartan on AGEs might be a blood pressure-independent effect in type 2 diabetic subjects.

© 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction clinically is unknown. We therefore examined the effect
of valsartan on markers of oxidation and glycation in
Although it is thought that valsartan, an angiotensin type 2 diabetic subjects.

II receptor blocker (ARB), has renoprotective effects
independently of blood pressure [1], the mechanisms of
such effects remain unclear. Advanced glycation 2. Research design and methods
endproducts (AGEs) are increased in diabetes and
associated with diabetic microangiopathy [2]. Although
ARB inhibited the formation and accumulation of
AGEs in vitro [3] and in vivo [4-6], whether it can do so

Fifteen type 2 diabetic outpatients with hypertension par-
ticipated in this study. Informed consent was obtained from
each patient. The patients included 13 men and 2 women. The
mean age was 63 + 8 (S.D.) years and the mean duration of
diabetes was 8 + 4 years. Mean BMI was 24.7 + 4.0 kg/m>.
Five were being treated with a calcium channel blocker at
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Treatment with 40 mg/day of valsartan in the morning was
started, and metabolic parameters, lipid peroxide, paraoxo-
nase activity, platelet-activating factor acethylhydrolase activ-
ity (PAF-AH), AGEs and urine 8-isoprostane were checked at
baseline and 3 and 6 months after initiation of treatment. The
blood samples were collected in the morning after an over-
night fast. Serum lipid peroxide was measured as thiobarbi-
turic acid reactive substances (TBARS). Serum paraoxonase
activity was measured by colorimetric assay, as previously
described [7]. Plasma PAF-AH was measured by colorimetric
assay (PAF acetylhydrolase assay kit, Cayman, Ann Arbor,
MI). Serum AGEs was measured by ELISA as previously
described, and intra- and inter-assay CV values of this ELISA
system were 4.8-10.2% and 3.5-6.2%, respectively [8].
Urine-8-isoprostane was measured by ELISA (8-isoprostane
EIA kit, Cayman). Creatinine clearance (Ccr) was calculated
by the Cockcroft-Gault equation.

3. Results

The change in each parameter before to after the
treatment is shown in Table 1. Even after valsartan
treatment, the blood pressure level of the patients did not
change during the study. Body weight and HbAlc level
increased during the study, though not significantly. The
other medications taken by the patients were not changed
during the study. Lipid peroxide, paraoxonase activity
and PAF-AH levels were also unchanged after valsartan

Table 1
Changes in parameters before to after low-dose valsartan treatment
Baseline 3 months 6 months

Body weight (kg) 66.7£12.1 675+123 69.1+11.1

Systolic blood 149 + 19 145 +£22 148 £+ 20
pressure (mmHg)

Diastolic blood 85£13 86 £ 13 8+ 11
pressure (mmHg)

HbAlc (%) 6.8 £0.7 70+ 1.1 7.1x1.1

Lipid peroxide 3.0£0.38 2.7+0.6 3.0£0.8
(pmol/L)

Paraoxonase activity 245 £ 74 238 £92 232 +76
(unit/L)

PAF-AH (pmol/ 19.3 £5.1 19.5+4.7 18.1 £6.1
L/min)

AGEs (unit/L) 2.5+06 24405 22+04"

Urine 8-isoprostane 383 + 249 269 + 196 204 + 136*
(pg/mL)

Creatinine (Cr) 09 +0.1 - 09+4+0.2
(mg/dL)

Calculated Cer 84.4 +28.4 - 86.3 = 30.0
(mL/min)

Urine microalbumin 177 &+ 274 - 127 4+ 232*
(mg/gCr)

Values are the mean + S.D.
’ p < 0.05 vs. baseline (Wilcoxon signed-rank test).
* p < 0.01 vs. baseline (Wilcoxon signed-rank test).
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Fig. 1. Serum AGEs level before and after low-dose valsartan treat-
ment in each patient with (closed circles, n=8) or without (open
circles, n = 7) nephropathy.

treatment. In contrast, the AGEs level gradually
decreased, and at 6 months this decrease was significant
(p < 0.05). The change in AGE:s level in each patient is
shown in Fig. 1. Urine 8-isoprastane level was
significantly decreased at 6 months (p < 0.01). Serum
creatinine level and calculated Ccr did not change during
the study. Urine microalbumin level significantly
decreased after 6 months of valsartan treatment
(p < 0.01). There was no significant correlation of the
change in AGEs level with the change in urine
microalbumin level or the change in calculated Cer
(r=0.335, p>0.3 and r=-0.264, p > 0.3, respec-
tively).

4. Discussion

This study showed that low-dose valsartan therapy
decreased serum AGEs and urine 8-isoprostane levels as
well as urine microalbumin excretion in type 2 diabetic
patients, although it did not affect blood pressure.
Although the lack of change in blood pressure was
unexpected, these findings suggest a kind of blood
pressure-independent effect of valsartan therapy.

AGEs result from glycation and oxidation in the
Maillard reaction, both in vitro and in vivo, and are
increased in diabetic subjects [2,8]. The association of
the AGEs with diabetic microangiopathy has been
reported and intervention to reduce AGEs is con-
sidered an important strategy in treating diabetic
nephropathy [9]. Miyata et al. reported that ARB and
ACE-I decreased AGEs formation in vitro via radical
scavenging and transition metal chelation [3], and it
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has been shown that some ARBs reduced renal AGEs
accumulation and proteinuria in diabetic rodents in vivo
[4-6], as well as that of ACE-I [10]. Although Sebekova
et al. reported that treatment with ramipril, an ACE-I,
for 2 months significantly decreased fluorescent AGEs
level in 12 subjects with nondiabetic nephropathy [11],
the effects of ACE-I and ARB on AGEs in diabetic
subjects remain unclear. Recently, Odetti et al. reported
effects of valsartan on AGEs and oxidative stress
markers in type 2 diabetic subjects [12]. They found that
6-month valsartan treatment significantly decreased
plasma and urine pentosidine, one of the components of
AGEs, while other oxidative stress markers did not
change significantly [12]. In our study, valsartan
significantly decreased urine 8-isoprostane level as
well as AGEs, although other markers did not change
during the study. This discrepancy in findings may have
been due to differences in glycemic control of the
patients. Although the mechanisms of the effect of
valsartan on AGEs in vivo are still unclear, the anti-
oxidative effect of valsartan might be one of them. Also,
when the AGE levels were higher before treatment, they
tended to decrease more after 6 months of valsartan
treatment in this study. The reason of this phenomenon
was not clear. In our study, although the change in AGEs
level was not associated with the change in urine
microalbumin level or calculated Ccr, a significant
positive correlation between renal pentosidine content
and proteinuria has been reported in a rat model [4,5].
Further longitudinal studies are needed to clarify
whether the lowering of serum AGEs level affects
the clinical outcome of diabetic microangiopathy.

In our study, low-dose valsartan treatment did not
decrease mean blood pressure. JNC-7 [13] and JSH
2004 [14] both recommended that the target blood
pressure in the patients with diabetes should be below
130/80 mmHg. In our study, one of the reasons low-
dose valsartan treatment could not decrease mean blood
pressure might have been the increase in body weight
during treatment, though in diabetic subjects, low-dose
valsartan treatment might have been insufficient to
achieve the target blood pressure. Now, in accordance
with the guidlines, we are increasing the dose of
valsartan and/or adding other types of anti-hypertensive
drugs.

In conclusion, in this study, low-dose valsartan
treatment decreased serum AGEs level in type 2
diabetic subjects, whereas blood pressure level was
unchanged. The effect of valsartan on AGEs might be a
blood pressure-independent effect in type 2 diabetic
subjects.
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