Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/03/11
For personal use only

Free Radical Research, July 2008; 42(7): 613-617

informa

healthcare

Early lipoic acid intake protects retina of diabetic mice

SIV JOHNSEN-SORIANO!, MARIA GARCIA-POUS!, EMMA ARNAL?,
MARIA SANCHO-TELLO!, SALVADOR GARCIA-DELPECH?, MARIA MIRANDA?,
FRANCISCO BOSCH-MORELL!2?, MANUEL DIAZ-LLOPIS** AMPARO NAVEA!, &

FRANCISCO JAVIER ROMERO!-2

' Fundacion Oftalmolégica del Mediterraneo, Valencia, Spain, *Departamento de Fisiologia, Farmacologia & Toxicologia,
Universidad CEU Cardenal Herrera, Valencia, Spain, 3Servicio de Oftalmologia, Hospital General Universitario, Valencia,
Spain, and *Departament de Cirurgia, Universitat de Valéncia, Valencia, Spain

Accepted by Professor R. Brigelius-Flohe

(Received 4 Fanuary 2008; in revised form 7 May 2008)

Abstract

The aim of this study was to test the effect of lipoic acid treatment on the retina after a short diabetic insult. Diabetes was
induced by alloxan and mice were divided into sub-groups; control, diabetic, diabetic + insulin and all groups received =+ lipoic
acid (100 mg/kg body weight) for 3 weeks. GSH content, MDA concentration, GPx activity were measured and electroreti-
nograms (ERG) were recorded. Early administration of lipoic acid to diabetic mice prevented the statistically significant
decreases of GSH content and GPx activity and normalized MDA concentration. Moreover, lipoic acid restored elec-
troretinogram b-wave amplitude of diabetic animals to control values. Lipoic acid has a protective effect on the diabetic retina.
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Introduction

Diabetic eye disease is a group of eye problems that
may occur as a complication of diabetes. Diabetic eye
disease includes Diabetic retinopathy, Cataract and
Glaucoma. All can cause severe vision loss or even
blindness. Extensive research has been carried out in
order to find better ways to detect, treat and prevent
vision loss in people with diabetes. In spite of all this
research, diabetic retinopathy remains difficult to
prevent and treat. Therapeutic approaches in patients
with or at risk for diabetic retinopathy include drug
therapy to reduce modifiable risk factors, laser
photocoagulation and intraocular surgery [1], but
none of these therapeutic options are fully satisfac-
tory. Thus, the maintenance of a tight control of
blood sugar levels [1,2] and elevated blood pressure

[3,4] remains one of the most effective options to
slow the onset and progression of retinopathy.

The retina has high content of polyunsaturated
fatty acids and the highest oxygen uptake and glucose
oxidation rate of all tissues. This phenomenon makes
the retina highly susceptible to oxidative stress [5].
Correlations between hyperglycemia, changes in the
redox homeostasis and oxidative stress have been
suggested to be key events in the pathogenesis of
diabetic retinopathy [6]. Experimental [7,8] as well as
clinical studies [9,10] have demonstrated that oxida-
tive stress contributes to the development of diabetic
retinopathy. Oxidative stress has also been involved in
the resistance of retinopathy to reverse, once good
glycemic control is achieved, which is known as the
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‘metabolic memory phenomenon’ [11]. This phe-
nomenon is attributed to an accumulation of da-
maged molecules and reactive oxygen species (ROS)
that are not easily removed, even after good glycemic
control is re-established. Therefore it would be an
interesting therapeutic option to protect the diabetic
patients at risk for developing retinopathy, from
oxidative damage in a preventive manner. Thus, in
this report we studied the effect of the antioxidant
lipoic acid on early signs of diabetic retinopathy
related to oxidative stress such as diminished glu-
tathione (GSH) levels, decreased antioxidant defence
enzymes as glutathione peroxidase (GPx activity) and
increased membrane lipid peroxidation.

Lipoic acid is able to scavenge ROS and to interact
with metabolites such as GSH to maintain a healthy
cellular redox state [12]. It distributes to the mito-
chondria and serves as a critical cofactor for mito-
chondrial enzyme complexes and is regenerated via
glycolytic flux. It is known that lipoic acid supple-
mentation prevents diabetes-induced activation of
NF-xB and also decreases the number of apoptotic
capillary cells in experimental models of diabetic
retinopathy [13,14]. Lipoic acid has been used for
over 30 years in Germany for treatment of diabetes-
induced neuropathy [15].

In addition to its antioxidant properties, lipoic acid
has earlier been reported to increase tissue sensitivity
to insulin and lower blood glucose levels [16,17],
probably by increasing glucose uptake in muscle and
fat cells through the insulin-signalling cascade
[18,19]. Effects of lipoic acid on GSH metabolism
have also been reported, where its administration
increased in wvitro the de novo synthesis of cellular
GSH [20]. However, the effects of lipoic acid on early
changes of oxidative stress markers in diabetic retina
have not yet been studied. Since protecting the tissue
from oxidative stress has been showed to hinder
apoptosis and thereby ameliorating diabetic retino-
pathy [13], we decided to study the effect of this
antioxidant in a preventive manner. Therefore, our
aim was to assess the possible protective effect of
lipoic acid on the early signs of diabetic-induced
oxidative damage in mouse retina.

Materials and methods
Experimental design

Male albino mice weighing 25-30 g (Harlan Iberica
SL, Barcelona, Spain) were housed in a temperature-
and humidity-controlled room with a 12-h light/dark
cycle (less than 100 cds/m?® luminance during the
light phase) and were provided with food and water
ad hbitum. All animal manipulations were done
according to international regulations of European
Economic Community (directive 86/608/CEE) and
ARVO (Association for Research in Vision and
Ophthalmology). Mice were randomly assigned to

diabetic and control groups. Baseline random blood
glucose concentrations were measured with a gluc-
ometer (Precision PCx; Medisence, Cambridge,
UK). Diabetes was induced by a single subcutane-
ous injection of 200 mg alloxan/kg body weight
(66 mg/ml) in 0.1 m citrate buffer, pH 4.5 and the
control group received a subcutaneous injection of
citrate buffer alone. Mice were considered diabetic
with a blood glucose level higher than 16 mm, 4 days
after alloxan treatment. Then, animals were divided
into sub-groups (control, control+ lipoic acid, dia-
betic, diabetic+ lipoic acid, diabetic+ insulin, dia-
betic+ insulin+ lipoic acid) and maintained with
their respective treatment for 3 weeks. At least 20
animals were used in each group. Lipoic acid (Sigma,
St. Louis, MO) was administered ip daily at a dose of
100 mg/kg body weight and insulin at 500 mU/g body
weight. Blood samples were taken daily from the tail
vein to assay blood glucose levels and glycated
hemoglobin (HbA1lc) was determined in blood sam-
ples obtained by heart puncture immediately before
the animals were killed.

Electroretinogram (ERG)

After 3 weeks of treatment, mice adapted to darkness
overnight were anaesthetized with ketamine (100 mg/
kg body weight) and azepromazine (2.5 mg/kg body
weight). Anaaesthetic and midriatic colirium were
administered. An active wire loop electrode was used
to record responses and needle electrodes were placed
in the neck and tail of the mice, that served as the
reference and ground, respectively. The stimuli were
flashes with a maximum duration of 5 ms (mean 4;
range 100; intensity 1 (14 cds/m?)). In front of the
white standard flash a 2.5 logarithmic unit optical
density filter was placed. A 2-s interval was set
between the flash shots. The filter bandpass of the
amplifier and pre-amplifier was set to 350 Hz. Results
were recorded on a Maclab computer equipment
(Castle Hill, Australia).

Sacrifice and tissue sampling

Anaesthetized mice were decapitated and eyes were
immediately enucleated. Lenses were removed from
enucleated eyes due to their high GSH concentration.
Lenseless eyes were homogenized in pre-chilled 0.2 m
potassium phosphate buffer, pH 7.0. The homoge-
nate was used to assay GPx activity, GSH, malon-
dialdehyde (MDA) and protein concentrations.
Samples were kept frozen (— 80°C) until biochemical
assays were performed.

Biochemical assays

GPx activity was assayed as reported by Lawrence
et al. [21] towards hydrogen peroxide. MDA con-
centration was measured by liquid chromatography
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(HPLC) according to a modification of the method of
Richard et al. [22], as previously described [23]; the
GSH content was quantified by the method of Reed
et al. [24] on HPLC; and protein concentrations by
Lowry et al.’s [25] method.

Statistical analysis

The results are presented as mean values+ SEM.
Statistical significances were assessed by the Stu-
dent’s r-test. The level of significance was set at
»<0.05.

Results
Confirmation of experimental diabetes

Before treatment, there was no significant difference
between any group in weight or random glucose
levels. Three weeks after induction of diabetes by
injection of alloxan, random blood glucose concen-
tration in the diabetic and control groups were 29.5 +
1.3 and 5.3+0.4 mm, respectively (p<0.05) as
shown in Table I. No statistical differences in glycated
haemoglobin (HbAlc) were found between the
diabetic group and the diabetic group receiving lipoic
acid. As expected, weight in the diabetic animals was
somewhat lower than in the control group (Table I).

Effects of lipoic acid administration on antioxidants
defence enzymes

Oxidative stress, as assessed by the concentration of
GSH and GPx activity, was present in the retina of
diabetic mice after only 3 weeks of diabetic insult.
Thus, GSH concentration and GPx activity showed
significant decreases in the diabetic group with
respect to controls (p<0.05 vs control, for both
parameters, Figure 1). Lipoic acid administration had
a protective effect on the retina of diabetic mice, since
it prevented the decrease of GSH concentration (p <
0.05 with respect to all other groups, Figure 1A), as
well as of GPx activity (p <0.05 with respect to all
other groups, Figure 1B). No differences were
observed in insulin-treated animals with respect to
controls in any of the oxidative stress markers
analysed.

Early lipoic acid intake protects retina 615

Effect of lipoic acid administration on lipid peroxidation

After 3 weeks of alloxan injection, mice retina had
MDA contents significantly elevated when compared
to control animals (p <0.05, Figure 2). Lipoic acid
administration reduced MDA content in the retina of
diabetic mice so that it was not significantly different
from the control group (p<0.05). No differences
were observed between the insulin-treated animals
and the control ones.

Effects of lipoic acid administration on electroretinogram
recordings

The retinal function was tested by means of electro-
retinogram recordings. ERG b-wave amplitude was
significantly decreased in diabetic animals with re-
spect to all other groups (p<0.05, Figure 3),
suggesting an early impairment of the retinal function
due to the diabetic insult. Administration of lipoic
acid restored the b-wave amplitude to 77% of control
values and was significantly different from the dia-
betic group. No differences were observed in insulin-
treated diabetic mice with respect to controls.

Discussion

Herein we report the effect of lipoic acid treatment on
the early changes of the redox status in diabetic
retina. Retina is markedly sensitive to oxygen free
radical damage, due to its high levels of polyunsatu-
rated lipids. The results show that after 3 weeks of
diabetes, MDA levels in the retina were increased,
when compared to controls, and that lipoic acid was
able to prevent this effect. MDA is a well accepted
oxidative stress marker for pathological processes
[26]. Since oxidative stress represents an imbalance
between excess formation and/or impaired removal of
ROS, the antioxidant defence system of the cell is a
crucial part of the overall oxidative stress experienced
by cells. Our data showed that diabetes induces a
decrease of antioxidant defence systems (GSH con-
tent and GPx activity) and that lipoic acid prevented
these effects in mice retina.

Table I. General characteristics of the experimental groups.

Plasma glucose (mm)T

HbAlc (%)} Body weight (g)

Control (n=15) 5.34+0.4 3.3340.25 33.54+0.82
Control+LP (n=12) 5.4+0.5 2.924+0.26 32.11+1.39
Diabetic (n =14) 29.5+1.3* 6.80+0.27* 23.80+1.39%
Diabetic+LP (n=12) 24.8+1.3% 5.87+0.26 * 29.2940.85*
Diabetic+Ins (z=18) 12.9+1.2* 4.88+0.24* 33.16+0.89
Diabetic+Ins+LP (n=14) 13.5+0.8% 4.62+0.24* 32.91+0.40
LP: Lipoic acid. Ins: insulin. *p <0.05 vs Control.
HbAlc: Glycated haemoglobin.
Data are means +SEM or range of means. fthroughout study; fat the end of the study.
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Figure 1. GSH content (A) and GPx activity (B) of mouse retina
in the different groups studied. * p <0.05 vs all other groups (n >
8).

Increased oxidative stress in diabetes is considered
a contributing factor in the development of diabetic
complications, including retinopathy [7,27,28], and
reactive oxygen species have been reported to act as a
causal link between the elevated glucose levels and
the other relevant metabolic changes involved in the
development of diabetic complications [29]. Herein
we report that the alterations of oxidative stress
markers in the retina, that are already present after
just 3 weeks of diabetic condition, were completely
prevented when lipoic acid was administrated. Other
studies reported that administration of lipoic acid
prevented impairment of ion demand [30], as well as
retinal capillary cell death and microvascular damage
[13,14], however in both of these studies the lipoic
acid was administered from the first day of the
experiment and througout 11 months or 30 weeks,
respectively. Moreover, these studies postulated that
apoptosis of retinal capillary cells is mediated through
sequential events involving caspases and Nuclear
Factor kappa B (NFxB) and that inhibition of
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Figure 2. MDA concentration of mouse retina in the different
groups studied. * p <0.05 vs control group (n >8).

100+
90 A

s
= 807 §
o 70 A
E] 60 -
= * O - Lipoic acid
IS W + Lipoic acid
@ 40 n=20 0
2 30 AT n=20 n=25
2 20 A
2 49

0

Control Diabetic Diabetic +Insulin

Figure 3. Lipoic acid restores the b-wave amplitude in diabetic
animals to control values. * p <0.05 vs all other groups. § p <0.05
vs control+lipoic acid group (z >18).

superoxide accumulation prevents apoptosis. We
postulate that lipoic acid prevents the development
of diabetic retinopathy due to the prevention of
superoxide accumulation and thereby hindering the
following sequential events leading to apoptosis. In
support of this theory is the reported resistance of
diabetic retinopathy to reverse attributed to accumu-
lation of damaged molecules and reactive oxygen
species (ROS) [11]. The results of the present study
suggest that in order to protect the retina from
potential apoptosis and microvascular damage, lipoic
acid must be administrated as early as possible.

Changes in the redox status of neuronal tissue can
lead to various functional impairments, as we de-
scribed previously [8,31]. Impaired electroretinogram
recordings were observed after only 3 weeks of
diabetes, suggesting a fast acting deterioration of
retinal function possibly due to oxidative stress
damage. The administration of lipoic acid prevents
the decrease of the b-wave amplitude in electroreti-
nogram recordings of diabetic mice. Lipoic acid
thereby provides protection to the retina as a whole
and to ganglion cells in particular. Thus, our data
show that i wiwo administration of lipoic acid
provides a functional protection to the retina most
probably by protecting it from oxidative damage
induced by the diabetic condition.

As mentioned in the introduction, good glycemic
control remains one of the most effective options to
prevent or delay the worsening of diabetic retino-
pathy. However, good glycemic control is difficult to
achieve and maintain for long periods of time for a
number of patients. Lipoic acid is an interesting
therapeutic option for diabetic patients due to its
ability to increase tissue sensitivity to insulin and
lower glycemia level [16,17] and thereby help to
maintain glycemic control. Interactions of lipoic acid
with glucose metabolism have been previously de-
scribed to explain this lowering effect of glucose and
eventually lactate levels, as is the inhibition of the
pyruvate dehydrogenase kinase, thus increasing the
activity of the pyruvate dehydrogenase complex [32].
However, the mechanism of how lipoic acid prevents
diabetic retinopathy needs to be further clarified.
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In summary, we can conclude that lipoic acid has a
protective effect delaying the onset and eventually
slowing the progression of retinopathy and propose
that lipoic acid should be administered as early as
possible to the diabetic patients in order to reduce
and thus, at least partly, protect the diabetic retina.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.
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