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Ischemia/Reperfusion-induced Oxidative Stress Causes
Structural Changes of Brain Membrane Proteins and Lipids

R. MURIN, A. DRGoVA, P. KAPLAN, D. DOBROTA AND J. LEHOTSKY

Department of Medical Biochemastry, Jessentus Faculty of Medicine,
Comenwus Unwersity, Martin, Slovakia

Abstract. Oxidative stress is a recognized factor of ischemia reperfusion injury. It
shares damage of lipids (LPO) and proteins (PPQ), and consequently might cause
changes in activity of transport systems.

Global 15 min ischemia followed by 2, 24 and 48 hour reperfusion was in-
duced by four-vessel occlusion in Wistar rats of both sexes. Levels of TBARS and
conjugated dienes as parameters of LPO were analyzed in forebrain homogenates.
Concentrations of total free sulfhydryl (SH) groups and emission spectra of tryp-
tophan were measured to quantify PPO.

Our results indicate that lipid peroxidation and protein oxidation occurs main-
ly during the period of reperfusion. However, significant increase in the level of con-
jugated dienes can be detected already after 15 min ischemia. Attack of proteins by
free radicals leads to modification in structure of proteins seen as a decrease of free
SH groups and tryptophan fluorescence. Ischemia/reperfusion induces formation of
lipid peroxidation products as well as protein modifications.
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Introduction

Ischemic brain injury is a result of a complex sequence of pathological events that
evolve over time and space. Major pathogenic mechanisms of this cascade include
also generation of free radicals with consequent damage of proteins, lipids and
DNA.

The possible roles of free radicals in ischemic cell damage have been extensively
studied since the early suggestions of Siesjo (1981). Several studies show increased
formation of free radicals during ischemia induced by vessel occlusion (VO). The
electron-spin resonance signal increases over 10-fold during 15 min of four-VO,
measured on extracellular fluid collected in a cortical cup (Phillis and Sen 1993).
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There 1s a sumilar increase during this period 1 the striatum (Zim et al 1992) and
in hippocampus (Piantados: and Zhang 1996), as measured with microprobes con-
tamning a spin trap or salicylate, respectively The increase in free radicals becomes
higher and unambiguous during the early reperfusion period (Oliver et al 1990,
Sakamoto et al 1991, Zim et al 1992, Phillis and Sen 1993, Dirnagl et al 1995,
Piantados: and Zhang 1996, Solensk: et al 1997)

Free radicals affect the structures of both lipids and proteins They mteract
strongly with unsaturated bonds in lipids, leading to a chain reaction formation
of peroxides, hydroperoxides, aldehydes (Ikeda and Long 1990) and conjugated di-
enes (Kaplan et al 1995) Probably as a result of the formation of aldehydes and
conjugated dienes, they markedly reduce membrane flmdity (Chen and Yu 1994,
Kaplan et al 2000) Free radicals oxidize protemn side chains, forming carbonyl
groups (Freeman and Crapo 1982, Stadtman and Ohliver 1991), disulfides (Freeman
and Crapo 1982), and bityrosines, or leading to the loss of tryptophan (Davies et
al 1987a,b) Davies et al (1987a,b) recognized oxidizing free radicals capable of
provoking aggregation or fragmentation and change 1n electric charge Oxidized
proteins show ncreased susceptibility to proteolytic enzymes (Davies et al 1987b)
but additional alterations could be responsible both for inhibition of removal mech-
anisms and consequent accumulation of damaged proteins

Even quite short exposures to free radicals n vitro strongly inhibit many 1m-
portant enzymes, including plasmalemmal Na™ pump (Elmoselhi et al 1994a,b)
and both types of Ca?t pumps (Racay et al 1994, 1997, 1998, Zaid1 and Michaels
1999) In case of the Nat-K*-ATPase, oxidation by free radicals changes enzyme
activity (Matejovicova et al 1996, Kaplan et al 1997, Kurella et al 1997, Dobrota
et al 1999, Lehotsky et al 1999, Rauchova et al 1999) and makes 1t susceptible to
calpamn-mediated proteolysis (Zolotarjova et al 1994)

To evaluate the role of lipid peroxidation and protemn oxidation mduced by
transient global 1schemia and reperfusion injury (IRI), the levels of conjugated
dienes, thiobarbituric acid reactive substances (TBARS), free total SH-groups and
fluorescence of tryptophan in forebrain homogenates were measured i the present
study

Materials and Methods

Animals

Adult Wistar rats of both sexes (weighting 250-350 g) were used for study (IEP
SAS Dobra Voda, Slovakia) The ammals were allowed free access to food and
water, and were maintained 1n air-conditioned room

Induction of 1schemia

Forebrain 1schemia was mduced by the four-vessel occlusion method as described
previously (Pulsinelli et al 1983) Brefly, rats were surgically prepared under
halothane anesthesia by permanently occluding the vertebral arteries The carotid
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arteries were exposed and loops of silastic tubing were placed loosely around them
to allow rapid subsequent exposure of these vessels. The next day, the carotid arter-
ies were located again and occluded with artery clamps. Ischemia was reversed after
15 min by removing the carotid artery clamps. Body temperature was monitored
with a rectal probe during ischemia. If necessary, temperature was maintained with
a heating lamp.

Following the given recirculation period, rats were sacrificed by decapitation.
The brains were first washed in ice-cold homogenizing solution containing 0.32
mol/1 sucrose, 10 mmol/l HEPES with pH 7.4. The forebrain without cerebellum
was dissected at 4°C and homogenized in Potter in ratio 1 g tissue in 10 ml ho-
mogenizing solution. Homogenate was centrifuged (1200 x g for 10 min) to remove
the debris. Protein concentration was determined by the Lowry method. Control
group was sham operated and homogenates were prepared as described above.

Measurements of conjugated dienes

Formation of conjugated dienes was estimated from absorbance ratio A23snm/A215nm
of homogenate dispersed in concentration 20 ug/ml protein in solution with 10
mmol/l phosphate buffer containing 1% (w/v) Lubrol (Kaplan et al. 2000).

Fluorescence measurements of tryptophan

Both steady-state fluorescence measurements were performed in solution containing
50 pg of homogenate protein per ml, 10 mmol/l KCl, pH = 7.0 at 25°C in a
Shimadzu RF 540 spectroflourimeter.

Fluorescence emission spectra (from 300 to 450 nm, slit width 5 nm) of tryp-

tophan were measured with excitation at 290 nm (2 nm slit width) (Dousset et al.
1994).

Free sulfhydryl groups measurement

Contents of free sulfhydryl groups in forebrain homogenate were measured by
DTNB assay (Hu 1994) in Tris buffer, pH 8.2; absorbance was read at 412 nm.

TBARS assay

Determination of TBARS formation was performed according to Das (1994).
TBARS concentration was determined from the absorbance at 532 nm and ex-
pressed in nmol/g protein.

Data analysis

The results were presented as mean + S.E.M. One-way analysis of variance with
post-hoc comparisons by Student-Newman-Keuls test was carried out to test for
differences among groups. Value of p < 0.05 was considered to be statistically
significant.



434 Murin et al

Results

Lipwd peroxidation

The extent of lipid peroxidation in brain homogenate was assessed by measurement
of conjugated dienes formation and changes in levels of TBARS (Tab. 1), respec-
tively. There was a significant increase in level of conjugated dienes in groups with
15 min ischemia and 2, 24 and 48 hour reperfusion against the control, with the
maximum at 24 hour reperfusion. Elevation of conjugated dienes formation during
the time of 24 and 48 hours reperfusion against 15 min ischemia was also statisti-
cally significant.

Table 1. Levels of TBARS, conjugated dienes and free SH groups 1n rat forebrain ho-
mogenate after ischemia and reperfusion injury

TBARS Conjugated dienes Free SH groups
nmol/g Azss/Azis mmol/g proten
Control 378 + 14 0253 + 0003 034004
15’ 1schemia, 409 + 24 0 264 + 0003~ 034+ 003
2 h reperfusion 493 £ 45**F 0271 £ 0003*** 023 +£001*t

24 h reperfusion 536 + §***++ 0284 + 0002 t*+ 017 £ 002~ F++
48 h reperfusion 550 + 23***+*+ 0277 + 0006***+ T 020+ 001"+t

Values represent mean + SEM of 7-12 experiments *p < 005, **p < 001, *"p <
0001, sigmificantly different as compared to control *p < 005, *Tp < 001, Tttp <
0 001, significantly different as compared to 1schemia

Ischemia in duration of 15 minutes causes no sigmficant changes in levels of
TBARS. Significant increase of TBARS was revealed in groups with 2, 24 and 48
hour reperfusion. These alterations were statistically significant compared to both
the control group and the group with 15 min ischemia

Protein modificatron and fluorescence

Modifications in protein structure were assayed by measurement of changes in levels
of sulfhydryl groups (Tab. 1) and alterations in tryptophan fluorescence (Fig 1)
Ischemia 1n 15 min duration causes no significant changes in levels of sulfhydryl
groups. But ischemia followed by 2, 24 and 48 hour reperfusion induced a significant
decrease of free total sulthydryl groups.

A significant change in fluorescence intensity of tryptophan was caused by
15 min ischemia with continuing decrease of fluorescence intensity during all the
periods of the reperfusion studied.
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Figure 1. Effect of 15 min 1schemia and various duration reperfusion on fluorescence
intensity of tryptophan The results are expressed as mean £ SEM of 7 12 experunents
**p < 0001, significantly different as compared to control Tp < 005, *Tp < 0001,
significantly different as compared to 1schemia

Discussion

In the present study, we investigated the effect of transient global ischemia and
reperfusion on structural properties and induction of peroxidation of lipids and
protein modifications in the brain.

Physiologically, the rates of free radical production and elimination are equal,
leading to a steady state that is presumably tolerated by the cell. Ischemia cre-
ates several conditions that could account for the increased net production of free
radicals (Freeman and Crapo 1982; Ikeda and Long 1990) or an impairment of
cellular defenses that normally protect against such damage (Sims et al 1998).
The presented findings demonstrate that accumulation of conjugated dienes and
degradation of tryptophan can be observed as soon as after 15 min ischemia with
a maximal level of conjugated dienes after reperfusion in duration of 24 hours and
the whole time of reperfusion decreasing fluorescence intensity of tryptophan. Af-
ter 2, 24 and 48 hours of reperfusion, when massive production of free radicals was
observed in other studies (Oliver et al. 1990; Sakamoto et al. 1991; Zini et al. 1992;
Phillis and Sen 1993; Dirnagl et al. 1995; Piantadosi and Zhang 1996; Solenski et
al 1997), levels of TBARS and free SH groups were significantly changed, too.

From the experiments performed in witro it is known that the effect of free
radicals is rather unspecific, however, radicals strongly inhibit important enzymes
regulating neuronal ion homeostasis (Matejovicova et al. 1996; Kaplan et al. 1997;
Kurella et al. 1997; Dobrota et al. 1999; Lehotsky et al. 1999; Rauchova et al
1999). Oxidative alterations seen after ischemia/reperfusion could contribute to
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disturbance of neuronal 1on including Ca?* homeostasis, which plays an important
role 1n neuronal signalling (Racay and Lehotsky 1996) and consequently might lead
to neuronal cell death (Lipton 1999)

In conclusion, our results suggest that 1schemic/reperfusion insult 1s associated
with both lipid peroxidation and protein modifications, which can be observed, in
some cases, immediately after 1schemia of 15 min duration and, with pronounced
mtensity, during time of reperfusion Ischemia/reperfusion induces formation of
lipid peroxidation products as well as protein modifications
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