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Summary

Objective: The aim of this study was to investigate the effects of N(G)-nitro-L-arginine-
metyl-ester (L-NAME) on visual evoked potentials (VEPs) and oxidative stress in
streptozotocin (STZ)—induced diabetic rats.

Methods: Wistar rats were assigned to one of four groups: control (C), diabetic (D), control +
L-NAME (CN) and diabetic + L-NAME (DN). Diabetes was induced by a single
intraperitoneal injection of STZ (60 mg/kg). Three days after the STZ injection, diabetes was
confirmed by measuring tail blood glucose concentration. L-NAME was injected
intraperitoneally to the CN and DN groups at a dose of 10 mg/kg/d for eight weeks. VEPs
were recorded by a photic stimulator. Thiobarbituric acid-reactive substance (TBARS) as an
index of oxidative stress, and nitrite levels were measured fluorometrically in the brain and
retina tissues.

Results: L-NAME treatment produced a significant decrease in nitrite levels with respect to
the control group, and body weight, water and food consumption and plasma glucose
concentrations of the diabetic rats. TBARS concentrations were increased in diabetic rats.
Although L-NAME treatment significantly increased the retina and brain TBARS levels in
CN group, decreased TBARS concentrations were found in diabetic rats. All VEP
components were significantly increased in diabetic rats. L-NAME caused a significant delay
in all VEP components in CN group.

Conclusion: Our results clearly showed that although L-NAME improved clinical
manifestations of diabetes such as polyphagia, polydipsia, and also plasma glucose and
TBARS concentrations in brain and retina tissues, it did not alter prolonged VEP latencies in
diabetic state.

Key words: Streptozocin diabetes, N(G)-Nitro-L-arginine Methyl Ester (L-NAME), evoked
potentials, oxidative stress, rats
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Kronik N(G)-Nitro-L-arginine Methyl Ester (L-NAME) Uygulamasinin, Diabetic
Sicanlarda Gorsel Uyarilmis Potansiyeller ve Oksidan Hasar Uzerine Etkisi
Ozet

Amag: Bu calismanin amaci, siganlarda olusturulan streptozotosin diabet modelinde kronik
L-NAME uygulamasinin, gorsel uyarilmig potansiyeller (GUP) ve oksidan hasar iizerine
etkisini arastirmaktir.

Gerec¢ ve Yontem: Wistar siganlar 4 gruba ayrilmistir: Kontrol (K), diabetik grup (D), L-
NAME verilen grup (L) ve L-NAME verilen diabetik (DL) grup. Diabet, periton icine
uygulanan tek doz (60 mg/kg) streptozotosin (STZ) ile olusturulmustur. STZ enjeksiyonundan
3 giin sonra, kuyruktan kan glukoz konsantrasyonu olgiilerek diyabet teyid edilmistir. L-
NAME, 8 hafta boyunca 10 mg/kg/giin periton i¢ine uygulanmistir. GUP, fotik stimiilator
kullanilarak kaydedilmistir. Beyin ve retina dokularinda, oksidan hasar gostergesi olarak
tiyobarbitiirik asit reaktif {iriinleri (TBARU), ve nitrit diizeyleri florometrik olarak
Olciilmiistiir.

Bulgular: L-NAME uygulamasi, L ve DL grubunda beyin ve retina nitrit diizeylerini,
diabetik grupta ise viicut agirligi, besin ve su tiiketimi ve plazma glukoz konsantrasyonunu
diisiirmiistiir. Diabetik gruplarda TBARU konsantrasyonlar1 yiiksek bulunmustur. L grubunda
L-NAME'in retina ve beyin TBARU diizeyini arttirdigi, buna karsihik diabetik grupta
diistirdiigii saptanmistir. Diabetik gruplarda tiim GUP latanslarinda uzama saptanmistir. L-
NAME, L grubunda tiim GUP latanslarinda uzamaya yol agmustir.

Sonug¢: Calismamizin sonuglart L-NAME uygulamasinin, poliiiri ve polifaji gibi diabete bagl
klinik bulgulari, kan glukoz ve TBARU konsantrasyonunu azaltmasma karsilik, diabette
ortaya ¢cikan GUP latanslarindaki uzamaya etkisiz oldugunu ortaya koymustur.

Anahtar Kelimeler: Streptozotosin diabeti, N(G)-Nitro-L-arginine Methyl Ester (L-NAME),
uyarilmis potansiyeller, oksidan hasar, si¢can

INTRODUCTION me'diated hyper'gly?gnia anc'1 thus affec;ts

retinal metabolism" ™. NO interacts with
Diabetes mellitus is a complex disease the superoxide anion and thiol compounds,
associated with hyperglycemia, which is generating reactive nitrogen  species
thought to cause complications such as (NOx), peroxynitrite (ONOO-) and S-
neuropathy and retinopathym. Retinopathy, nitroso thiols, including S-
one of the characteristic  retinal nitrosoglutathione. The lipid peroxidative
complications  of hyperglycemia, is effect of NO may be mediated via ONOO-
considered a significant cause of visual , as it is a potent oxidant with a long half-
deficits in diabetes mellitus®”. Although life®?. The brain is particularly sensitive to
the pathogenesis of retinopathy is not oxidative stress because of its high rate of
clearly understood, a growing body of oxygen consumption and the
evidence suggests that reactive oxygen nonregenerative nature of neurons®. The
derivatives play an important role in retina receives a rich supply of oxygen and
damaging the retina in diabetes®'*. contains a large quantity of
Accumulating evidence indicates that polyunsaturated fatty acids, especially in
hyperglycemia  stimulates ~ numerous the photoreceptor layer®?®. Therefore,
mechanisms that increase the production of retinal tissue may be very susceptible to

(19,25)

oxidative nonenzymatic glycosylation oxidative damage and subsequent lipid

peroxidation. Thus, it is likely that the
most severe consequences of lipid
peroxidation occur in the visual system.

Elevated nitric oxide (NO) production in
the retina enhances lipid peroxidation in
diabetes mellitus®”. NO participates in
excitatory amino acid- and free radical-
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NO is involved in the processing of vision
from the lowest level of retinal
transduction to the control of neuronal
excitability in the visual cortex''?. Thus,
diabetes-induced lipid peroxidation and
NO synthesis causes dysfunction of the
brain and retina*'”, resulting in changes
to the visual system. This study was
undertaken to investigate the effect of
diabetes on the visual system by assessing
visual evoked potentials (VEPs), which
consist of several components originating
from the retina, optic pathway, subcortex
and cortex. VEPs are sensitive and reliable
indicators of changes in the visual
system(g’ls).

We measured diabetes mellitus-induced
changes in VEPs and examined the effect
of NO on these changes using the nitric
oxide synthase (NOS) inhibitor, N(G)-nitro
L-arginine methyl ester (L-NAME). In
addition, we investigated the role of NO on
lipid peroxidation and examined the effect
of lipid peroxidation on the visual system.
The levels of thiobarbituric-acid reactive
substance (TBARS) were used as an
indicator of lipid peroxidation. Nitrite
levels in the retina and brain, which reflect
the level of NO that is produced or
released(36), were also measured.

MATERIAL AND METHODS
The Akdeniz University Animal Care and
Use Committee approved the study

protocol. Forty male Wistar rats aged 3
months were used in the study. Standard
rat chow and tap water were offered ad
libitum and the animals were housed in
groups of four to five in stainless steel
cages under standard environmental
conditions (24 + 2 °C, 50 £ 5% relative
humidity and a 12:12 h light : dark cycle).
The animals were randomly allocated to
one of four groups: control (C), control +
L-NAME (CN), diabetic (D), diabetic + L-
NAME (DN). After an overnight fast,
diabetes was induced by a single
intraperitoneal injection (60 mg/kg) of
streptozotocin (S-0130, Sigma, St. Louis,
MO, USA) in phosphate citrate buffer
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containing 2.30 g citrate monohydrate and
2.58 g dibasic anhydrous sodium
phosphate per 200 mL deionised water (pH
4.5)°Y. The control group received an
injection with an equivalent volume of
citrate buffer. Three days after the
streptozotocin injection, tail blood glucose
concentrations were determined using
Hypoguard Supreme petit strips and a
glucometemer. On the day of the
confirmation of diabetes, CN and DN
groups  started to  receive  daily
intraperitoneal injections of L-NAME (10
mg/kg) for eight weeks when the
respective solutions were administered to
the control and diabetic groups. Body
weight and daily food and water
consumption were recorded. After eight
weeks of treatment, VEPs were recorded

and the animals were sacrificed by
exsanguination.
Measurement of Visual Evoked

Potentials (VEPS)

VEPs were recorded under ether anesthesia
using stainless steel subdermal electrodes
(Nihon Kohden NE 223 S, Nihon Kohden
Corporation, Tokyo, Japan). The reference
and active electrodes were placed 0.5 cm
anterior and posterior to the bregma,
respectively. An earth electrode was placed
on the tail. After 5 min of dark adaptation,
a photic stimulator (Nova-Strobe AB
Biopac System, Santa Barbara, CA, USA)
at the lowest intensity setting was used to
provide a flash stimulus at a distance of 15
cm, which provided light over the entire
pupil. The repetition rate of the flash
stimulus was 1 Hz and the flash energy
was 0.1 J. VEPs recordings were obtained
from the right and left eyes, during which
the eye not under investigation was
covered with black carbon paper and
cotton. Body C using a
heating®temperature was maintained at
37.5-38.0 pad’®®.  One  hundred
responses were averaged using Biopac
MP100 data acquisition equipment (Biopac
System).
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Sample Collection

Animals were anesthetized with diethyl
ether and their abdomens were opened
using a midline incision. Blood samples
were taken for analysis of plasma glucose
concentration and the animals were
sacrificed by cardiac puncture. The brain
and retinas were then removed for analysis
of levels of TBARS, nitrite and protein.
The brains were washed in ice-cold
physiological saline. Tissues for analysis
of  nitrite, TBARS and  protein
concentrations were placed in 2 mL of ice-
cold 100 mmol/LL potassium phosphate
buffer (pH 7.5) containing 1 mmol/L
ethylene diamine tetraacetic acid (EDTA).
All tissue samples were rapidly sonicated
using a thermally regulated sonicator
(Bronson sonifier, 250) and were then
centrifuged at 14,000 rpm in a micro
centrifuge. The supernatant was used for
determination of levels of TBARS, nitrite
and protein.

Thiobarbituric Acid-Reactive Substance
(TBARS) Assay

TBARS levels were measured using a
fluorometric method and 1, 1, 3, 3-
tetramethoxypropane as a standard®”.
Tissue samples (50 pL) were placed in
tubes containing 1 mL distilled water.
After addition of 1 mL of a solution
containing 29 mmol/L 2-thiobarbituric acid
in acetic acid (8.75 mol/L), samples were
placed in a water bath and heated for 1 h at
95-100 °C. After the samples had cooled,
25 uL of 5 mol/L HCI was added and the
reaction mixture was extracted by agitation
for 5 min with 3.5 mL of n-butanol. After
centrifugation, the butanol phase was
separated and the fluorescence of the
butanol extract was measured using a
spectrofluorometer (Shimadzu RF-500;
Shimadzu  Kyoto, Japan) set at
wavelengths of 525 nm for excitation and
547 nm for emission.

Nitrite Assay

Nitrite levels were measured using the
fluorometric method of Ohta et al.?”.
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Brain and retina sonicates (1.5 mL) were
centrifuged at 14,000 rpm for 10 min at
4 °C, after which 1 mL of the supernatant
was used for nitrite analysis. The aliquots
were added to 0.5 mL of 0.04% (wt/vol) 4
hydroxycoumarin in  1:1  (vol/vol)
dimethylformamide: = 2N  HCl  and
incubated for 5 min at 0 °C. Then, 50 pL of
8% (wt/vol) sodium thiosulfate was added,
followed by a 5 min incubation at room
temperature. Next, 0.5 mL of 1.5 mol/L
NaOH was added and fluorescence was
determined at room temperature using a
spectrofluorometer (Shimadzu RF-500)
equipped with a 347 nm excitation filter
and a 453 nm emission filter. Relative
fluorescence was measured relative to a 1.0
mL aliquot of sonication buffer and
calibrated using internal and external
nitrite  standards. Nitrite levels are
expressed as picomoles per milligram
soluble protein. Protein levels were
determined using Lowry's method®”.

Statistical Analysis

Data are expressed as the mean + S.E. The
statistical ~ significance of differences
between means was assessed using
analysis of variance followed by Tukey's
HSD post hoc test. A probability level of <
0.05 was considered significant.

RESULTS

The mean initial and final body weights
and daily food intakes for the six treatment
groups are shown in Table 1. The final
daily food and water intakes of the diabetic
groups were significantly greater than the
respective final intakes than that of the
control group. As expected, the final body
weights of the diabetic groups were lower
than their respective pretreatment body
weights and that of the control group. L-
NAME resulted in a marked reduction in
the final body weight, water and food
consumption of the diabetic rats.

Plasma glucose concentrations in the
diabetic groups were significantly elevated
compared with that of the control group
(Table 2) and the diabetic groups exhibited
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polydipsia and polyphagia (Table 1).
Although L-NAME administration to the
diabetic rats decreased glucose levels
compared with that of the diabetic group
(group D), the glucose levels of DN group
were greater than that of the control group

(group C).

Brain and retinal TBARS and nitrite levels
are shown in Table 3. Brain and retina
TBARS concentrations were significantly
higher in CN and D groups than in control
rats. L-NAME exposure caused a
decrement on brain and retina TBARS
levels in diabetic rats compared with the C
group. Brain and retinal nitrite levels were
significantly elevated in the diabetic group
compared with the control group, but
found to be decreased in diabetic L-NAME
group than in the diabetic and control rats.

Differences  between visual evoked
potential (VEP) parameters were analyzed
by using ANOVA and Tukey's highest
significant difference test. No significant

difference was observed in VEP latencies
and amplitudes between right and left eyes.
Therefore, based on the analysis, the data
from stimulation of both eyes were
averaged. The means and standard
deviations of peak latencies and peak-to-
peak amplitudes of VEP components and
the results of statistical analysis are shown
in Tables 4 and 5. The mean latencies of
the Py, Ny, P», N, and P; components were
significantly prolonged in the CN and
diabetic groups compared with the control
group. Although L-NAME did not affect
Py, P,, N, and P; latencies in the DN group
compared with the D group, increased N;
latency was found in the DN group
compared with the C and D groups.

Diabetes mellitus and L-NAME had no
effect on the amplitude of VEP
components compared with the respective
control groups.

Tablel: Initial and final body weights and daily food and water consumption.

Initial water Final water Initial food Final food
Initial weight Final weight consumption consumption consumption consumption
(2) (2) (mL/100 g body (mL/100 g body (g/100 g body (g/100 g body
weight) weight) weight) weight)
C 249.18+4.82 360,20+ 11,00 8.99+0.55 9,24+0,52 5.610£1.46 4,92+0,21
CN 246.83+5.78 302,120i5,98*’# 9.09+0.78 8,76+0,93 5.5540.38 5,51i0,32#
D 245.2746.02 229,10+ 8,23* 9.17+0.63 48,2242,09* 5.71£0.16 16,44+0,59*
DN  239.66%+5.94 199,13£8,14%%* 8.49+1.00 30,7443,26%% ™ 5.70£1.58 12,65+0,99%%

Each value represents the mean £ S.E. (n = 10). Drugs were administered intraperitoneally. C; control, CN; control
+ L-NAME, D; diabetic and DN; diabetic + L-NAME groups. * Significantly different from the control group, *
Significantly different from the diabetes group, " Significantly different from the CN group.
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Table 2: Plasma glucose concentrations of the control and diabetic groups (mg/dL).

C CN D DN

112,2045,52 99.80+4,56 402,91 +17,62 " 280,63+16,10

Each value represents the mean = S.E. (n = 10). Drugs were administered intraperitoneally. C; control, CN;
control + L-NAME, D; diabetic and DN; diabetic + L-NAME groups. * Significantly different from the control
group. * Significantly different from the diabetes group, ~ Significantly different from the CN group.

Table 3: Brain and retina TBARS and nitrite levels of the control and diabetic groups (nmol per g
protein).

Brain TBARS Retinal TBARS Brain nitrite Retinal nitrite
C 1,89 £ 0,07 2.31£0.11 0,89 + 0,01 1.66 +0.08
CN 3,46 +0,08% * 3.89 £ 0.0 9** 0,94 + 0,05" 1.14 +0.03* "
D 2,89 + 0,28* 3.41£0.15% 1,64 + 0,06* 2.07 £ 0.08*
DN 2,61 0,06 1.68 +0.12 *#™ 0,61 + 0,06 *- 1.12+0.14%*

Each value represents the mean = S.E. (n = 10). Drugs were administered intraperitoneally. C; control, CN;
control + L-NAME, D; diabetic and DN; diabetic + L-NAME groups. TBARS: Thiobarbituric-acid reactive
substances. * Significantly different from the control group. * Significantly different from the diabetes group. =
Significantly different from the CN group.

Table 4: Means and standard errors of peak latencies for each VEP component (ms).

P, N, P, N, P;
C 18.05 + 0.44 31.40 £0.85 46.10 £ 1.49 65.70 + 1.35 91.60 + 1.29
CN 26.80 £ 1.21 * 42.95 £ 1.61 ** 63.60 £2.19 * 82.50 £2.32 % 120.90 +2.17 *
D 28.85+0.84 * 48.85+1.14 * 67.20£2.16* 88.60 + 1.80 * 122.50 + 1.83 *
DN 32,50 £ 1.55 * 54.20 £ 1.69 ** 70.60 + 1.86 * 87.60 £2.76* 122.90 +3.68 *

Each value represents the mean = S.E. (n = 10). Drugs were administered intraperitoneally. C; control, CN;
control + L-NAME, D; diabetic and DN; diabetic + L-NAME groups. VEP: visual evoked potential. *
Significantly different from the control group. * Significantly different from the diabetes group.
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DISCUSSION

The STZ-diabetic rat is a well-
characterized animal model of type I
diabetes mellitus for metabolic studies®™>®).
In streptozotocin—induced diabetes,
hyperglycemia is caused by damage to
pancreatic beta cells. In our study, diabetic
rats were characterized by marked body
weight loss and elevated food and water
intake. Plasma glucose concentration was
3.5-fold higher in the diabetic groups
compared with the control group,
indicating  that  hyperglycemia  was
sustained in the diabetic rats. These results
are in accordance with the results of
previously reported after treatment of
streptozotocin-diabetic rats®V. The
effectiveness of L-NAME treatment in this
animal model has been demonstrated
previously”, and it was confirmed in the
present study, since there was a significant
reduction in food and water consumption
and plasma glucose levels in diabetic rats
that received treatment with L-NAME.
Once the food and water intake of the DN
group was increased compared to the D
group, their energy expenditure and body
fat utilization might be increased due to L-
NAME administration, and the final result
was a reduction of body weight in these
animals. A previous study by Seven et al.
has been shown that L-NAME
administration suppresses streptozotocin-
induced diabetes in rats by inhibiting
oxidative stress®?, in our study the plasma
glucose concentration of the DN group was
higher than that of the control group.

The present study was undertaken to
investigate the effect of L-NAME on the
visual system by assessing VEPs.
Although it is known that changes in
neurotransmitters affect the latencies of
VEP, there is a lack of information on the
effects of  NO, an accepted
neurotransmitter, on VEPs"?, 1t is well
known that VEPs are sensitive indices of
early alterations in optic pathways in some
clinical entities and that they are useful for
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evaluating visual function®?”.  The

generators of the P1 peak have not been
determined, but it has been suggested that
this component corresponds to the upper
nasal portions of the visual field in areas
17 and 18a"'?. The P2 components of VEP
are believed to reflect the cortical response
to the initial afferent volley from the retina
through the lateral geniculate nucleus®'~?.
Thus, changes in this portion of the VEP
waveform are indicative of altered function
in the “front end” of the visual system.
However, N2 represents the initial
excitatory response in the middle laminae
to the visual stimulus, and the subsequent
positive peak, P3, is reported to reflect the
excitatory  postsynaptic  response  of
pyramidal cells in the upper laminae!'".
The P2 and N2 peaks may represent
hyperpolarization and  depolarization,
respectively, of stellate cells in lamina
V'Y In our study, diabetes was
associated  with  significant latency
prolongations of all VEP components,
which is consistent with many reports in
the literature!'*?. Early alterations in VEPs
were first observed in the optic pathways
of diabetic patients®”. In our study,
latencies of VEP components were
prolonged by L-NAME both in CN and
DN groups with respect to the control
group. Thus, our results indicate that the
latencies of VEPs are delayed by inhibition
of NOS in control animals, whereas L-
NAME has no additive effect on any of the
components of VEP in diabetic state.

The present study also showed that
diabetes mellitus caused an increase in the
lipid peroxidation process and this was
accompanied by changes in VEPs.
Furthermore, L-NAME produced a
significant increase in TBARS levels and
VEP latencies in CN group. Although L-
NAME caused a significant decrement in
brain and retina TBARS concentrations,
unaltered VEP latencies were found in the
DN group with respect to the D group. It is
noteworthy that, L-NAME treatment
resulted decreased concentrations of retina
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TBARS with respect to the control animals
in DN group. This finding suggests that
retina has greater sensitivity on L-NAME-
induced lipid peroxidation than the brain
tissue.

NO is known the main gaseous signaling
molecule in the visual system. Both
constitutive formation of NO and inducible
expression of iNOS have been reported to
occur in the brain and retina during
diabetes. In the present study, opposing
findings of L-NAME administration on
TBARS and VEPs in control and diabetic
rats, may be explained by the paradoxical
effect of NO under different conditions.
While under normal conditions NO plays a
physiological role as a neurotransmitter in
the central nervous system, but excessive
release of NO may be toxic to cells. First,
previous studies suggested that the NO
synthesized by eNOS is physiological but
NO synthesized by iNOS and nNOS is
pathologic'”. Second, the paradoxical
effect of NO has been explained by its
redox  state.  Under  physiological
conditions, NO is found in the forms of
nitrogen monoxide (NO.) and nitrozonium
cation (NO"). If the redox state of tissue is
convenient for the formation of NO., a
neurotoxic effect is seen. However, if the
environment 1is convenient for the
formation of NO", it suppresses the activity
of NMDA receptors and shows a
neuroprotective effect'**®. Third, some
results suggest that the lipid peroxidative
effect of NO is seen in pathological
conditions.  Thus, the radical or
antioxidant-like behaviour of NO varies
according to whether the superoxide
concentration is high or low. In the former
case, NO leads to lipid peroxidation,
whereas in the latter case, NO acts as an
antioxidant. This behaviour is said to be
dependent on the rate of NO and O,-. If
that rate is smaller than one, NO becomes
an oxidant, but if the rate exceeds one NO
becomes an antioxidant'*'¥. In
conclusion, parallel to previous studies, the
present study provides evidence of both
radical and antioxidant effects of NO in
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control and streptozotocin-induced diabetic
rats.

VEP-changing effect of diabetes mellitus
could also be caused by other mechanisms
associated  with alterations in the
electroconductive properties of the myelin
sheath such as metabolic disturbances and
impaired incorporation of acetate and
glucose into nerve lipids®'”.

Our results can be summarized as follows:

1. Although L-NAME did not affect
metabolic parameters in control animals,
improved plasma glucose concentrations
were found in DN group.

2. Latency prolongations in VEPs after L-
NAME administration may at least be
partially implicated in the enhancement of
lipid peroxidation in control animals.

3. Streptozotocin-induced diabetes caused
a significant enhancement of lipid
peroxidation in the brain and retina, and
prolonged VEP latencies, and that these
alterations did not improved by L-NAME
administration.

In conclusion, our results show that
although L-NAME administration resulted
improved plasma glucose and brain and
retina TBARS concentrations, the latencies
of all VEP components are prolonged in
diabetes and that L-NAME has no
restorative effect on any of the components
of VEP in diabetic rats. Further studies
may provide more details that could help in
solving the mechanism of visual system
impairment in diabetes mellitus.
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