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���������� s��� ������� *&� ��� ��s������	� �	�� ��/���8�� ������������� ���	��	
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���/����	��������	��� ������	����g8� ����	�	���s/	��
��	��	
�	�%� .��	�� ����s������ ������� ��s	����� ?������������ 	��� ��/����� 	����������
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���%�
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�	���s� ��Ds�� ����s� ����� ������	���� �//�	����s�� ���s������ A	�	�g�� ���� ��������	�g�
�������� ����� ����s�	ss	��� ���� �	s��	���	��� �	��s%� ������	�� �	���� s����g��� �������
�//�	����s�����������	�	���g������	�g�s���	��s��������	���������g�����!%&�����*,��'(���
��s/���	����%� 0���������� ��������� ��� ����s�	ss	��� �	��s�� ������	�� �	���� s����g��s�
�������*+��'(����/���	�g���������	s�����%�E�����s����	/	��/���@	���	���������������
���	�@	����� ������� ���	�	�	�s� ����� ����� s��A�� 	�� ����� �	ss��s� ���� /��s��� ������
�@/�s���� ��� &!� $�� ��� ������	�� �	���%� $�A������ s	�	���� s���	�s� 	���s�	g��	�g� ���	��
�	/	�� /���@	���	��� s����s� ���� �	�	���%� 2��������� ��� s����� �@��	�	�g� �	s������
��g��	�	��� �221�� 	�� ���s�� �����A	�g��@/�s���� ���&!�$�����������	�� �	������s������
�����������%�F���s������	�������	���s�	g����221��s�A�����s��/�/��s	s������@	���	���
���	������g��	�����s��@/�s������&!�$��������	���	���%�
� E�� ���� s������4	s���� ���	��� ���s�A���� �	�	���� 	���� ����� g���/s%� ?��� g���/s�
A���� �s� �����AsG� �������� g���/� ����� /�������� g���/� A���� �@/�s��� ��� �D� ���	�g�
/��g������ ���� #�A���s� �6���� 6�s�"������ g���/�A���� �@/�s��� ����D� ������ /��g������
���	�g�#������s��6����/��7/�s�������g���/�A�����@/�s�������D����	�g�/��g����������
����	������������@/�s�������D��6�76��%�?���/��g��������s��������/��������g���/�A����
�@/�s��� ��� �D� ���	�g� /��g������ ���� ���	�� ����� /�/s� ���@/�s��� ��� �D� ���	�g� #�
�����s%� ?��� /��g����� ���s� ��� ���� /�s������� g���/� A���� ���@/�s��� ��� �D� ���	�g�
/��g�������������	�������/�/s��@/�s�������D����	�g�#������s%�?���/��g��������s����
����/��7/�s�������g���/�A�����@/�s��� ����D����	�g�/��g���������� ���	�������/�/s�
����	������������@/�s�������D����	�g�#������s%��@/��	�������g���/s�A�����@/�s���
���&!�$���D����*+��'(��	����s	����*��(����%��������������������@/��	�������/��	����
����� ���s� A���� ���s����	����A	��� ��������� �*%+� g(�g��� ���� ����� ��� ���� ��	���� A�s�
��������� ��� ����s�������@	�� 	�s���������������������s�A����/�s	�	����� ��� ����s�������
��� ��������%� E�� ������������ ����	�	��� ����221�������	�gs�� ���B����	�s���� s��������
���� ���	���� ����s� A���� +!!!� $�� ���� +&!!� $��� ��s/���	����%� :��	���� ����s� A����
/s����������	���� ��� ������ ��� �� *!=�/�����	�	��� �<!!� s�������� ����s�� *!!� ���	����
����s��	����s�B���������s������������s�/��s�������������	����"s�	����s�	�����������&!!�
�s%�?��������	����������;&��.�����s�A�s�&!��s�������������s�A����/��s�����������g��
�� ����s/������ ��� �� �	s������ ��� *&� ��� ����� ���� �	g��� ���%� ������221� ������	�gs��
��	���s�A�����	���������@s��g�	���	����������	�����	���	ss��s��������������/�/���	��
������9"�����@�"+"���������9"$1��������/����	����������������s	s%�

6����	�� ��������� ���� 9"$1�� �����s� A���� ���� ����g��� 	�� ���� 6�� g���/� ����
������s���	������6�76��g���/�A�����s�9"$1�������s�A����	�����s���	������6��g���/�
	�� ���/��	s���A	��� ���� �� g���/%�$�A������ ?01�C"/�s	�	��� ����s� 	�� �@/��	�������
g���/s��	�������	����������������g���/%�E��221�������	�gs�����s	g�	�	������	���������
�����������s������	��������	�s�����������/�����s�������/�	����s����6*1*�����1*6+�
	�� ���� g���/s%� ?����� A���� �	��������s� 	�� ���� ��/�	����s� ��� 6+1+� ���A���� ����
��s/��s�s� ��� ���� s�������� ���� ���� ���	���� ����s� 	�� ���� g���/s%� ��s��� 	�� �	���������
A���s����/�	����s����6+1+�	�������@/��	�������g���/s�A����s	g�	�	�������������s���
���/����� A	��� ���� �� g���/%� E�� ������s	���� 	�� 	s� ������	���� ����� ������	�� �	����
������s���221���/�	����s��������������	�����������	/	������/����	���@	���	��%�E��
	s� ����g��� ����� �	/	�� /���@	���	��� ������ /���� �� ����� 	�� ��g�	�	��� �����	��� ��� ���s�
�@/�s�������D%��
�
�� ������� ������	�� �	����� 2	s������ ��g��	�	���� 9"�����@�"+"��������� /����	��
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The purpose of the study was to investigate the effect of aminoguanidine (AG) on visual

evokedpotentials (VEPs), thiobarbituric acid reactive substances (TBARS), the activities of Cu,

Zn superoxide dismutase (Cu,Zn-SOD), glutathione peroxidase (GSH-Px) and catalase (CAT),

and nitrite/nitrate levels. Forty healthy male Wistar rats, aged 3 months, were divided into

four equal groups: Control (C), the group treatedwith aminoguanidine (A), the group exposed

to restraint stress (S), the group exposed to restraint stress and treatedwith aminoguanidine

(AS). Chronic restraint stress was applied for 21 days (1 h/day) and aminoguanidine (50 mg/

kg/day) was injected intraperitonally to the A and AS groups for the same period.

Aminoguanidine treatment significantly decreased retina and brain TBARS levels in rats

exposed to restraint stress compared to rats exposed to restraint stress alone.

Aminoguanidine treatment produced a significant decrease in brain and retina nitrite and

nitrate levels with respect to the control groups. Aminoguanidine increased all antioxidant

enzyme activities in both brain and retina in rats exposed to restraint stress compared to rats

exposed to restraint stress alone. All VEP components were significantly decreased in AG

treated rats exposed to restraint stress compared to rats exposed to restraint stress alone.

Our study clearly showed that AG has the potential to prevent changes caused by stress.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Stress is conceived as any physical, psychological and/or

environmental stimulus which disturbs physiological homeo-

stasis and may result in widespread changes in a variety of

biological systems (Chrousos, 1998; Masood et al., 2003).

Restraint stress is an easy and well-known method to induce

chronic physical and emotional stress (Romanova et al., 1994).

Accumulating evidence indicates that stress can stimulate

numerous pathways leading to an increased production of

oxidants (Liu et al., 1996; Liu and Mori, 1999; Matsumoto et al.,

1999; Shaheen et al., 1993). Under normal conditions, there is

also a natural defense system provided by several enzymes

such as superoxide dismutase (SOD), catalase (CAT) and

glutathione peroxidase (GSH-Px) which performs a vital role

for detoxification of free radicals. However, stress has been

shown to cause depletion of the glutathione-based antioxi-

dant defense and a decrease in the level of vitamin C (Zaidi

et al., 2003; Zaidi and Banu, 2004). The deleterious effects of an

imbalance between free radical production and the available
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antioxidant defense capacity, termed oxidative stress, have

been implicated in stress pathogenesis (Yu, 1994). Considering

that the retina and brain tissues include a high content of

polyunsaturated fatty acids, increased production of oxidants

due to restraint stress can produce marked damage to the

structure and function of cell membranes in these tissues (Jain

et al., 1991; Matsumoto et al., 1999). Indeed, earlier studies (Liu

et al., 1996; Liu and Mori, 1999; Matsumoto et al., 1999;

Olivenza et al., 2000; Yargicoglu et al., 2003) have shown lipid

peroxidation as the major biochemical alteration underlying

stress-induced cell injury.

Previous studies suggested that stress increases rates of

reactive nitrogen-derived species production which also

mediates the oxidation of lipids (Matsumoto et al., 1999;

McCann, 1997). In this context, not only constitutive forma-

tion of NO, but also inducible expression of iNOS has been

found to occur in the brain during chronic stress (Leza et al.,

1998; Olivenza et al., 2000). This concept has been further

supported by our previous study (Yargicoglu et al., 2004),

which has shown the involvement of NO in stress-induced-

lipid peroxidation. Endogenous NO arises from the conver-

sion of L-arginine to L-citrulline by the enzyme nitric oxide

synthase (NOS). Three NOS isoforms, encoded by different

genes, have been found to date and are richly distributed

throughout the body (Moncada et al., 1993; Sanches et al.,

2003). Constitutive expression of two NOS isoforms (neuronal

and endothelial NOS) is responsible for low basal levels of NO

synthesis in neural and endothelial cells. In this regard, NO

has been shown to have an important role in neurotrans-

mission and vascular signaling. However, accelerated NO

production by inducible NOS results in cytotoxicity via direct

reactions of NO and the formation of secondary species

capable of oxidation and nitration reactions (Danielisova et

al., 2004). NO may interact with oxygen, superoxide anion

and thiol compounds, generating reactive nitrogen species

(NOx), peroxynitrite (ONOO−) and nitrosoglutathione (GSNO),

respectively. Lipid peroxidative effect of NO may be mediated

through ONOO− which is a potent and long-lived oxidant

(Chiueh, 1999; Rubbo et al., 2000; Siu et al., 1999). Thus, in the

central nervous system NO seems to be a ubiquitous

messenger that, under certain conditions, such as its

excessive release or the absence of antioxidant system,

may be toxic to cells while in others acts as a neuroprotective

agent (Chiueh, 1999). Nitric oxide (NO) plays an important

role in the processing of vision from the lowest level of

retinal transduction to the control of neuronal excitability in

the visual cortex (Cudeiro and Rivadulla, 1999). Thus, stress-

induced lipid peroxidation resulting from increased reactive

nitrogen species production can cause changes in brain and

retina functions. Consequently, it could be expected that

Fig. 1 – SOD, GSH-Px and catalase values of brain tissues. Values are means±standard deviations. *p<0.001 vs. control.
#
p<0.001 vs. restraint stress. ##p<0.01 vs. restraint stress. ###p<0.05 vs. restraint stress. §p<0.001 vs. aminoguanidine. §§§p<0.05

vs. aminoguanidine.

Fig. 2 – SOD, GSH-Px and catalase values of retina tissues. Values are means±standard deviations. *p<0.001 vs. control.
#
p<0.001 vs. restraint stress. ###p<0.05 vs. restraint stress. §p<0.001 vs. aminoguanidine. §§p<0.01 vs. aminoguanidine.
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stress results in visual system changes. Visual evoked

potentials (VEPs) are known to be sensitive and reliable

indicators of the visual system changes and consist of

several components arising from retina, optic pathway,

subcortex and cortex (Celesia, 1984; Halliday et al., 1972).

Therefore, in this study we tried to determine the changes

expected to occur in VEPs during stress and to clarify the

possible role of NO on these changes by using aminoguani-

dine (AG), a selective iNOS inhibitor. In this context,

thiobarbituric acid reactive substances (TBARS) were mea-

sured as an indicator of lipid peroxidation. Additionally, Cu,

Zn-SOD, GSH-Px and CAT activities were evaluated to

determine whether AG could improve antioxidant status

and oxidative stress. Furthermore, total levels of nitrates and

nitrites which are stable nitric oxide metabolites were

measured for corroborative purposes in the brain and retina.

2. Results

In the present study, body weight and food intake were not

significantly affected by exposure to stress and/or aminogua-

nidine (data not shown).

Mean values of brain and retina antioxidant enzyme

activities are given in Figs. 1 and 2, respectively. TBARS, nitrite

and nitrate levels of brain and retina tissues are shown in

Figs. 3 and 4, respectively. Statistically significant increments

in brain and retina TBARS levels were detected in the stress

group compared with the control group. Brain and retina

TBARS levels were significantly lower in aminoguanidine

treated rats exposed to restraint stress compared to rats

exposed to restraint stress alone.

Restraint stress significantly decreased brain and retina

GSH-Px and CAT activities compared to the control group. Cu,

Zn-SOD activity was also decreased in the brain, but not in the

retina, of rats exposed to restraint stress. Aminoguanidine

treatment alone, significantly reduced brain Cu,Zn-SOD, brain

and retina GSH-Px and CAT activities, whereas it had no effect

on retina Cu,Zn-SOD activity when compared to the C group.

Aminoguanidine treatment significantly increased antioxi-

dant enzyme activities in both brain and retina of rats exposed

to restraint stress compared to rats exposed to restraint stress

alone.

A marked increase was observed in brain and retina nitrite

and nitrate levels of rats exposed to stress when compared to

the C group. Aminoguanidine treatment significantly reduced

Fig. 3 – TBARS, nitrate and nitrite values of brain tissues. Values aremeans±standard deviations. **p<0.01 vs. control. ##p<0.01

vs. restraint stress.

Fig. 4 – TBARS, nitrate and nitrite values of retina tissues. Values are means±standard deviations. **p<0.01 vs. control.
##
p<0.01 vs. restraint stress.

89B R A I N R E S E A R C H 1 1 8 6 ( 2 0 0 7 ) 8 7 – 9 4



brain and retina nitrite and nitrate levels of A and AS groups

when compared to the C and S groups.

Representative waveforms of VEPs for the all groups are

presented in Fig. 5. Measurements were made on three

positive and two negative potentials which were seen in all

of the groups. Differences of VEP parameters were analyzed by

ANOVA. 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 of VEP components of all groups,

and the results of the statistical analysis are shown in Table 1.

The mean latencies of P1, N1, P2, N2 and P3 components

were significantly prolonged in rats exposed to restraint stress

compared to the C group. Aminoguanidine treatment signif-

icantly decreased all VEP components in rats exposed to

restraint stress compared to rats exposed to restraint stress

alone (Table 1).

When comparing the amplitudes of the groups, it was

observed that there were no significant differences in

amplitudes of VEP among experimental groups (data not

shown).

The correlation between biochemical parameters and VEP

latencies was also investigated (Table 2). We found a

significant correlation among VEP latencies and TBARS levels

of retina and brain (Table 2A). A significant correlation was

also observed among VEP latencies and nitrate/nitrite levels of

brain and retina (Table 2B and C). There was also a significant

correlation between TBARS and nitrite/nitrate levels of brain

and retina (Table 2D).

3. Discussion

In the current study, we recorded the visual evoked potentials

of rats that were exposed to restraint stress and treated with

AG. The amplitudes and latencies of VEP components found in

our laboratory are generally in agreement with those found in

other laboratories (Dyer et al., 1987; Sisson and Siegel, 1989).

The present study showed that stress exposure resulted in

prolongation of all components of VEPs. In view of the fact that

VEPs have been shown to be a sensitive and reliablemethod to

evaluate the earliest changes in the visual system (Chiappa

and Ropper, 1982; Halliday, 1976; Hudnell and Boyes, 1991;

Lehman and Harrison, 2002), these results probably indicate

that stress markedly affects the visual system. The changes in

the initial portion of the VEP waveform suggest altered

function in the “front end” of the visual system (Herr et al.,

1995; Schroeder et al., 1991). The prolongation of late

components (N2, P3) of VEPs may also reflect altered cortical

processing of the visual stimulus (Herr et al., 1995; Schroeder

et al., 1991). From our findings (Yargicoglu et al., 2004) together

with previous results (Herr et al., 1995; Schroeder et al., 1991), it

could be concluded that stress-induced increase in VEP

latencies may be due to delayed input to the visual cortex

and/or alterations at the cortical level.

Our results indicated that stress increased lipid peroxida-

tion and caused VEP changes. Moreover, there was a positive

correlation between TBARS levels and VEP latencies. There-

fore, it could be concluded that lipid peroxidationmight have a

role in the prolongation of all VEP components. The exact

mechanism of stress has not yet been clearly defined.

However, there have been many reports suggesting that free

radicals play an aberrant role in the mechanism of stress

(Kovacs et al., 1996; Liu and Mori, 1999; Olivenza et al., 2000;

Shaheen et al., 1993). Stress-induced lipid peroxidation

observed in brain and retina is also in agreement with

previous studies (Liu et al., 1996; Liu and Mori, 1999;

Matsumoto et al., 1999; Yargicoglu et al., 2003). Additionally,

restraint stress weakened antioxidative defense mechanisms

in accordance with earlier reports (Liu et al., 1994; Liu and

Mori, 1999; Zaidi et al., 2003). Therefore, it is reasonable to

Fig. 5 – Characteristic visual evoked potentials of the four

groups. Three positive (P1, P2, P3) and two negative (N1, N2)

potentials were seen in all groups.

Table 1 – The means and standard deviations of peak latencies for each VEP components (the mean value of each
component was determined by averaging the data of both eyes)

Groups P1 (ms) N1 (ms) P2 (ms) N2 (ms) P3 (ms)

Control 20.90±1.19 35.90±1.29 51.20±1.75 70.50±3.41 99.00±2.21

Aminoguanidine 20.20±0.91 37.70±1.05 53.00±1.69 71.80±3.91 98.10±3.28

Restraint stress 27.80±1.87 ⁎ 45.40±5.21 ⁎ 65.40±7.93 ⁎ 88.80±7.30 ⁎ 120.90±4.43 ⁎

Restraint stress+aminoguanidine 21.20±1.03# 36.50±1.08# 49.90±1.79# 70.20±3.35# 101.80±2.04#

⁎ p<0.001 vs. control group.
# p<0.001 vs. restraint stress.
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expect that the decrease of antioxidant enzymesmay be a risk

factor for enhancement of lipid peroxidation, because of their

protecting effect against free radical damage (Zaidi and Banu,

2004). The antioxidant mechanism fails either due to over-

production of free radicals or decreased activities of scaveng-

ing enzymes. Since lipid peroxidation is a self-propagating

chain reaction, the initial oxidation of only a few lipid

molecules leads to irreversible alterations in cellular metab-

olism and structure, especially so in polyunsaturated fatty

acid rich brain and retina tissues. Indeed, lipid peroxidation

has been identified as the major biochemical alteration

underlying stress-induced cell injury (Jain et al., 1991; Matsu-

moto et al., 1999). In agreement with the concept of lipid

peroxidation process that may ultimately result in alterations

in neural functions, it is conceivable to conclude that stress-

induced lipid peroxidation may play an important role in

changes of VEPs parameters (Yaras et al., 2003). This concept

has been further supported by the present study which

revealed a significant positive correlation between brain and

retina TBARS levels and VEP latencies.

One of the reasons for the stress-induced enhancement of

free radicals may be the elevation of nitric oxide (NO)

production (Matsumoto et al., 1999; McCann, 1997). This is

further supported by the present determination of nitrite and

nitrate levels, which revealed a significant increase in brain

and retina NO levels in restrained stressed rats. Both

constitutive formation of NO and inducible expression of

iNOS have been reported to occur in the brain and retina

during chronic stress. While under normal conditions NO

plays a physiological role as a neurotransmitter in the central

nervous system, excessive release of NO may be toxic to cells.

In fact, previous data (Madrigal et al., 2001; Olivenza et al.,

2000) have shown decreased lipid preoxidation in rats exposed

to stress that were treated with AG, an inhibitor of iNOS.

Since neuroprotection by AG has been ascribed primarily to

its inhibitory effect on the inducible isoform of NOS (Ally et al.,

2006; Wakita et al., 2001), our findings strongly suggest that

the iNOS-mediated elevation of NO production is at least

implicated in the enhancement of lipid peroxidation in

restraint stress. Thus, the neuroprotective effect of AG

suggests that NO formed through iNOS may play an injurious

role in stress and that iNOS may also contribute to neuronal

damage through the production of peroxynitrite (Danielisova

et al., 2004). Specially, it is shown that NO reacts rapidly with

superoxide anion leading to the formation of highly reactive

peroxynitrite (Kostic et al., 2000). This strong oxidative agent

causes protein fragmentation and thus alters enzyme activity

and in addition induces many injury processes associated

with oxidative biological damage (Asahi et al., 1995). There-

fore, previous studies suggested that elevated NO during

stress may trigger a lipid peroxidation reaction in the brain

and retina, probably via being converted to peroxynitrite

(Matsumoto et al., 1999; McCann et al., 1998). In the current

study, the alleviating effect of AG on the oxidative status

correlated well with previous studies.

A second approach for the protective action of AG is

through antioxidant property. Giardino et al. (1998) demon-

strated that AG can act as an antioxidant in vivo and its

mechanism of action appears to be primarily that of hydroxyl

radical quenching. They also found that preincubation with

AG prevented the twofold increase in oxidant-induced lipid

peroxides in rat retinal cells. Aminoguanidine also antago-

nized the stress-induced enhancement of lipid peroxidation in

the brain and retina by increasing antioxidant enzymes. These

data clearly indicate that NO mediates stress-induced inhibi-

tion of the antioxidant defense system. As reported previously

(Brown, 1995), CAT and GSH-Px were inhibited by the

increased production of NO and possibly peroxynitrite.

Depletion of glutathione (GSH) observed under conditions

of stress was shown to be the result of decreased activities of

free radical scavenging enzymes (Zaidi and Banu, 2004) and

the peroxynitrite radical (Radi et al., 1991). Decreased levels of

tissue GSH result in a significant decrease in GSH-Px activity

Table 2 – (A) Correlation values among brain and retina
TBARS levels and VEP latencies, (B) correlations values
among brain and retina nitrate levels and VEP latencies,
(C) correlations values among brain and retina nitrite
levels and VEP latencies, (D) correlations values between
TBARS and nitrate and nitrite levels in brain and retina

Pearson's R

A

Brain TBARS, P1 y=15.99+1.59x 0.863 ⁎

Brain TBARS, N1 y=30.90+1.94x 0.749 ⁎

Brain TBARS, P2 y=42.25+3.07x 0.748 ⁎

Brain TBARS, N2 y=59.05+396x 0.787 ⁎

Brain TBARS, P3 y=84.52+4.97x 0.912 ⁎

Retina TBARS, P1 y=15.57+1.92x 0.865 ⁎

Retina TBARS, N1 y=29.68+2.54x 0.814 ⁎

Retina TBARS, P2 y=40.06+4.09x 0.827 ⁎

Retina TBARS, N2 y=56.85+5.10x 0.842 ⁎

Retina TBARS, P3 y=84.15+5.75x 0.876 ⁎

B

Brain nitrate, P1 y=14.05+0.20x 0.748 ⁎

Brain nitrate, N1 y=29.79+0.22x 0.570 ⁎

Brain nitrate, P2 y=38.75+0.39x 0.638 ⁎

Brain nitrate, N2 y=54.42+0.50x 0.676 ⁎

Brain nitrate, P3 y=79.77+0.60x 0.752 ⁎

Retina nitrate, P1 y=17.51+0.43x 0.808 ⁎

Retina nitrate, N1 y=33.17+0.49x 0.655 ⁎

Retina nitrate, P2 y=44.96+0.86x 0.717 ⁎

Retina nitrate, N2 y=62.65+1.10x 0.749 ⁎

Retina nitrate, P3 y=90.26+1.27x 0.802 ⁎

C

Brain nitrite, P1 y=15.98+0.64x 0.806 ⁎

Brain nitrite, N1 y=32.01+0.67x 0.602 ⁎

Brain nitrite, P2 y=43.32+1.13x 0.639 ⁎

Brain nitrite, N2 y=60.03+1.49x 0.690 ⁎

Brain nitrite, P3 y=86.23+1.83x 0.780 ⁎

Retina nitrite, P1 y=17.59+2.14x 0.786 ⁎

Retina nitrite, N1 y=33.46+2.35x 0.614 ⁎

Retina nitrite, P2 y=45.85+3.91x 0.645

Retina nitrite, N2 y=63.81+4.99x 0.672 ⁎

Retina nitrite, P3 y=91.19+5.96x 0.742 ⁎

D

Brain TBARS, brain nitrate y=22.43+4.69x 0.691 ⁎

Brain TBARS, brain nitrite y=3.24+1.70x 0.732 ⁎

Retina TBARS, retina nitrate y=1.14+0.21x 0.888 ⁎

Retina TBARS, retina nitrite y=1.18+1.06x 0.864 ⁎

⁎ p<0.01.
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which can lead to a loss of protection against lipid peroxida-

tion, because GSH-Px can also interact directly with lipid

peroxides and is sensitive to lower concentrations of H2O2

(Kurata et al., 1993). Consequently, it could be concluded that

the depletion of GSH that occurs in stress (Liu et al., 1996) could

be an important factor for the enhancement of lipid peroxida-

tion. The decrease in brain GSH-Px, CAT and SOD activities

that occur during chronic stress exposure could be important

in induced lipid peroxidation.

In the present study, our results have indicated that the

latencies of VEP components were significantly prolonged in

the stressed rats and returned to control levels following AG

administration. These findings could be explained by stress-

induced lipid peroxidation, which is reduced by AG admin-

istration. On the other hand, AG increased all enzyme

activities in the stress group whereas it decreased brain

SOD and brain and retina GSH-Px and CAT activities in the A

group compared with their corresponding control groups.

This result could be interpreted as that AG treatment has

opposite effects on antioxidant enzymes in the stressed and

non-stressed animals. Since no comparable report is avail-

able in the literature concerning the effect of AG on anti-

oxidant enzymes in the control rats, we could not explain the

mechanism by which AG decreased antioxidant enzymes in

the non-stressed animals. But, in order to explain this

paradoxal effect of aminoguanidine, more comprehensive

studies requires.

In conclusion, the present study demonstrated that

restraint stress caused a significant enhancement of lipid

peroxidation in the brain and retina and that this enhance-

ment is, in part, due to an increase in NO production

mediated by iNOS. Our finding that AG administration

prevented VEP alterations caused by restraint stress also

confirms this idea.

4. Experimental procedure

4.1. Preparation of animals

Forty healthy male albino rats, aged 3 months, were used in

this study. They were randomly divided into four groups:

Control (C), the group exposed to restraint stress (S), the group

treated with aminoguanidine (A), the group exposed to

restraint stress and treated with aminoguanidine (AS). Ani-

mals were housed in groups of 10 rats in stainless steel cages

at standard conditions (24±2 °C and 50±5% humidity) with

12 h light–dark cycles. Aminoguanidine (50 mg/kg/day) was

injected intraperitonally to the A and AS groups for 21 days.

Distilled water was injected intraperitonally to the C and S

group for 21 days. All experimental protocols conducted on

rats were performed in accordance with the standards

established by the Institutional Animal Care and Use Com-

mittee at Akdeniz University Medical School. The experiments

were performed between 9:00 and 12:00.

4.2. Restraint stress

Restraint stress model was performed according to the

methods described by Gamaro et al. (1999). Rats were exposed

to 1 h of restraint stress daily for 21 days in which movement

was limited by placing the animal in a 25×7 cm plastic bottle,

fixed with plaster tape on the outside. Aeration, maintained

via a 1.5-cm hole at one end of the bottle, allowed animals to

breathe.

Daily food and water consumption of every cage and

weekly weight of each rat was recorded during the feeding

period. The mean daily food and water consumption was

estimated from the recorded values. At the end of the

experimental period, rats were deprived of food for 24 h and

then prepared for experimental procedure.

4.3. VEP recordings

Visual evoked potentials were recorded with stainless steel

subdermal electrodes (Nihon Kohden NE 223 S, Nihon Kohden

Corporation, Tokyo 161, Japan) under ether anesthesia. The

reference and active electrodes were placed 0.5 cm in front of

and behind bregma, respectively. The active electrode was

also placed 0.4 cm lateral to the midline over area 17 of visual

cortex. A ground electrode was placed on the tails of animals.

After 5 min of dark adaptation, a photic stimulator (Nova-

Strobe AB, Biopac System Inc., Santa Barbara, CA 93117, USA)

at the lowest intensity setting was used to provide the flash

stimulus at a distance of 15 cm, which allowed lighting of the

entire pupilla from the temporal visual field. Repetition rate of

flash stimulus was 1 Hz and flash energy was 0.1 J. VEP

recordings from both right and left were obtained, and

throughout the experiments the eye not under investigation

was occluded by appropriate black carbon paper and cotton.

Body temperature wasmaintained between 37.5 and 38 °C by a

heating pad (Hetzler et al., 1988).

The averaging of 100 responses was accomplished with the

averager of Biopac MP100 data acquisition equipment (Biopac

System Inc., Santa Barbara, CA 93117, USA). Analysis time was

300 ms. The frequency bandwidth of the amplifier was 1 Hz–

100 Hz. The gain was selected 20 μV/div. The microprocessor

was programmed to reject any sweeps contaminated with

larger artifacts, and at least two averages were obtained to

ensure response reproducibility. Peak latencies of the compo-

nents were measured from the stimulus artifact to the peak

in milliseconds. Amplitudes were measured as the voltage

between successive peaks.

4.4. Chemical analysis

After VEP recordings, animals were sacrificed by cardiac

puncture. The isolated retina and brain tissues were placed

in 2 ml and 4 ml of 50 mM potassium phosphate buffer, pH

7.4 at 0–4 °C. All tissues were rapidly sonicated in a

thermally regulated sonicator (Branson Sonifier 250, G.

Heinemann Ultraschall-und Labortechnik, Erwin-Rommel-

Str. 42, D-73525 Schwäbisch Gmünd, Germany) for 1 min. A

part of the tissue sonicates were centrifuged at 13,000×g for

10 min at 4 °C in an eppendorf microcentrifuge and the super-

natants were used for the assay of TBARS nitrite, nitrate and

protein.

TBARS levels were measured by a fluorometric method, as

described by Wasowicz et al. (1993) using 1,1,3,3-tetraethox-

ypropane as a standard. Results are given as nmol/g protein.
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Nitrite levels were measured by a fluorometric assay

defined by Misko et al. (1993). Nitrite values are expressed as

nanomoles per gram soluble protein.

Nitrate levels were measured by the method of Bories and

Bories (1995). Nitrate values are expressed as nanomoles per

gram soluble protein.

The protein levels were evaluated by Lowry's method

(Lowry et al., 1951).

Tissue sonicates were centrifuged at 20,000×g for 60 min at

0–4 °C and supernatants were employed for the enzymatic

assay of GSH-Px and SOD. SOD activity was assayed by the

method described by Misra and Fridovich (1972). Data were

expressed as U/g protein. GSH-Px activity was measured by

the method of Paglia and Valentine (1967). Data are expressed

as mU/mg protein.

A part of the sonicates were centrifuged at 700×g for 10min

and was used for the assay of catalase (CAT). Catalase activity

was assayed by the method of Aebi (1987), with hydrogen

peroxide as the substrate. Enzyme activity was expressed as k/

g protein (k: rate constant of the first order reaction as defined

by Aebi (1987)).

4.5. Statistical analysis

ANOVA was performed for all parameters of VEPs for the

factors of side (right and left) and groups. Differences of other

data were also analyzed by ANOVA. Post hoc comparisons of

the means were carried out using the Tukey's test. Number of

rats was 10 for all groups studied. Finally, for correlations,

Pearson's correlation was used. Significance levels were set at

p<0.05.
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