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To examine the effects of lipid peroxidation on the protein conformation in the porcine intestinal brush.border 
membranes, a fluorogenic thiol reagent, N-(l-pyrene)maleimide (NPM) was employed. By treatment of NPM-labeled 
membranes with 100 /zM ascorbic acid/10 /zM Fe 2+ in the presence of various concentrations of tert-butyl 
hydroperoxidc (t-BuOOH), the fluorescence intensity of the complex decreased with the formation of conjugated 
diene, depending on the hydroperoxide concentration. The temperature dependence profile of the fluorescence 
intensity of NPM.labeled control membranes showed a thermal transition of the NPM fluorescence at 27-280C. 
The transition phenomenon of the NPM fluorescence in the membranes around this tentpcrature disappeared by 
treatment of the labeled membranes with 100/z M ascorbic acid/10/zM Fe 2 +/0.6 mM t-BuOOH. The difference in 
response of the fluorescence characteristics of the bound NPM for temperature variation between the conirol and 
peroxidized membranes was also observed in the quenching efficiency with acrylamide. Measurement of the 
fluorescence polarization revealed that the harmonic mean of the rotational relaxation times of the bound NPM 
molecules to the membrane proteins increased from 1.96 to 4.93/zs by lipid peroxidation of the membranes. This 
indicates that the movement of the region containing NPM.labeled SH groups in the membrane proteins is 
restricted by lipid peroxidation. Treatment of NPM.labeled peroxidized membranes with sodium dodecyl sulfate 
(SDS) resulted in a restoration of the intensity of the NPM fluorescence to the level of the control ones. In addition, 
the temperature dependence profile of the fluorescence intensity of NPM-labeled peroxidized membranes in the 
presence of SDS also showed an appearance of a transition phenomenon around 30 ° C. The result of SDS-poly- 
acrylamide gel electrophorcsis of the peroxidized membranes revealed that high-molecular.weight aggregates of the 
membrane proteins were not formed by lipid peroxidation. On the basis of these results, changes in the 
environmental properties around NPM-labeled SH groups in the membrane proteins by lipid peroxidation ace 
discussed. 

Introduction 

Lipid pcroxidation is a mixed chemical process of 
oxidative degradation of polyunsaturated fatty acids in 
the phospholipids of biological membranes, resulting in 

Abbreviations: NPM, N-(l-pyrene)maleimide; I-BuOOH, left.butyl 
hydroperoxide; BHA, 3(2).tert.butyl.4.hydro~anisole; SDS, sodium 
dodceyl sulfate. 
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a change in the chemical composition of membrane 
phospholipids [1-3]. 

it has been reported [4-6] that lipid-lipid interac- 
tions and/or molecular packing of lipid bilayers in 
biological membranes are strengthened as a result of 
lipid peroxidation, i.e. decrease of membrane lipid 
fluidity. We have previously reported that lipid peroxi- 
dation of the porcine intestinal brush-border mem- 
branes causes decrease of the membrane lipid fluidity 
[7] and membrane-bound Ca2+-ATPase activity [8], de- 
pending on the degree of lipid peroxidation. 

As is well known [9,10], lipid-lipid interactions in 
biological membranes play an important role in their 
functions, probably through modification of the protein 



161) 

conformation. A number of evidence supporting the 
importance of lipid fluidity on a variety of physiological 
functions of biological membranes have recently re- 
ported [11]. Therefore, it is of interest to study the 
effects of lipid peroxidation on the dynamic properties 
of membrane proteins in order to understand the 
molecular mechanisms of modification of membrane 
functions by lipid peroxidation. However, reports con- 
cerning the effects of lipid peroxidation on the dynamic 
features of the proteins in biological membranes are 
very few. 

In previous papers [12,13], we have reported that 
the reactivities of SH groups in the proteins of the 
porcine intestinal brush-border membranes for fluoro- 
genic thiol reagents, N-(7-dimethylamino-4-methyl- 
coumarinyl)maleimide and N-(1-pyrene)maleimidc, de- 
crease by lipid peroxidation of the membranes. 

In the present study, we examined the effects of 
aseorbic acid/Fea+/t-BuOOH-induced lipid peroxida- 
tion on susceptibility for temperature variation of the 
environmental properties around NPM-labeled SH 
groups in the membrane proteins to obtain further 
information about peroxidation-induced damage of the 
procine intestinal brush-border membranes. 

Materials and Methods 

Materials 
NPM, 2-thiobarbituric acid, t-BuOOH and 3(2)- 

tert-butyl-4-hydroxyanisole (BHA) were purchased from 
Wako Pure Chemical Co. NPM was dissolved in ace- 
tone to make a stock solution (1 mM) and stored at 
- 2 0  °C until use. EGSSX (20%)-Chromosorb WAW 
was obtained from Gasukuro Kogyo Co. Other chemi- 
cals were of the purest grade commercially obtainable. 

Preparation of membrane vesicles 
The brush-border membranes were prepared from 

the porcine small intestine according to the calcium- 
precipitation method as described in our previous pa- 
per [14] and the final pellets were suspended in 10 mM 
Tris-maleate buffer (pH 6.85). Protein concentration 
was assayed by the procedure of Lowry et al. [15] using 
bovine serum albumin as the standard. 

Preparation of NPM-labeled membranes 
A suspension of the membranes (2 mR protein/ml) 

was incubated with 10/~M NPM in 10 mM Tris-maleate 
buffer (pH 6.85) for 30 min at 0 ° C. The final concen- 
tration of acetone in the reaction medium was 0.33%. 
The reaction was terminated by dilution with a large 
volume of 10 mM Tris-maleate buffer (pH 6.85) and 
centrifugation at 25000 × g  for 20 min. The pellets 
obtained were washed twice with the same buffer and 
resuspended in 10 mM Tris-maleate buffer (pH 6.85). 

Under these conditions, NPM is mainly incorporated 
into 36 and 80 kDa proteins in the membranes [13]. 

Lipid peroxidation of membranes 
The NPM-labeled membranes (1 mg protein/ml) 

were incubated with 100 /tM ascorbic acid, 10 p.M 
FeSO4 and 0.6 mM t-BuOOH in 10 mM Tris-maleate 
buffer (pH 6.85) for 30 min at 37 ° C, unless otherwise 
specified. The reaction was terminated by dilution with 
a large volume of 10 mM Tris-maleate buffer (pH 6.85) 
and ccntrifugation at 25000 × g for 20 min. The pellets 
were washed twice with and resuspended in the same 
buffer. The control membranes were prepared by 
treatment of NPM-labeled membranes in the same 
manner but without oxidizing agents. The amount of 
conjugated diene was measured by monitoring the ab- 
sorbance at 233 nm as described in our previous paper 
[8]. 

Fluorescence measurements 
Fluorescence measurements were performed using a 

Hitachi spectrofluorometer MPF-4 equipped with a 
rhodamine B quantum counter. The excitation and 
emission wavelengths used were 340 and 392 rim, re- 
spectively. The error due to light scattering of the 
sample could be entirely prevented using a 350 nm 
cutoff filter. The degree of steady-state fluorescence 
polarization, P, was calculated as the value of ( Iv  - 
ln) / ( i  v + IH), where I v and Itl are the intensities of 
vertically and horizontally polarized emission with ver- 
tically polarized light, respectively. The harmonic mean 
of the rotational relaxation times, Oh, of labeled NPM 
was calculated from the slope of a 1/P versus T/~I 
plot using the following equation [16] which was ob- 
tained from Perrin [17] and Weber [18] equation, 

( ,  , )  3~ ,) 
)°h= P o - 3  (the~ope) 7" 

where Po is the limiting polarization at T/~ = 0, ~/the 
viscosity of the solvent, ~" the fluorescence lifetime and 
T the absolute temperature. The fluorescence lifetime 
was measured by the single photon counting method 
using an Ortec PRA-3000 nanosecond spectrofluorom- 
eter (Photochemical Research Associates Inc., Ontario, 
Canada) as described in our previous paper [19]. 

Quenching study 
Quenching study was performed by adding small 

amount of 5 M acrylamide in 10 mM Tris-maleate 
buffer (pH 6.85). The stock solution of the quencher 
was used within a few days after preparation. The 
quenching data were analyzed using the following 
equation given by Lehrer [20], because quenching of 
the fluorescence intensity of NPM-laheled membranes 



with acrylamide does not follow the simple Stern- 
Volmer law [13], 

I l 
t./(t.- I)= ~ + 

where 10, 1, K o, [Q] and fa denote the fluorescence 
intensities in the absence and presence of quencher, 
the quenching constant, the quencher concentration 
and the effective fraction of fluorophore that is 
quenchable, respectively. The quenching rate constant, 
kq, was calculated using the equation of kq = K o / % ,  
where r0 is the fluorescence lifetime in the absence of 
quencher. 

Lipid analysis 
Change in the content of unsaturated fatty acids 

during lipid peroxidation was determined by gas-liquid 
chromatography (Shimadzu Gas Chromatograph GC- 
6AM) according to the procedure described in Ref. 21. 

Polyacrylamide gel electrophoresis 
SDS-polyacrylamide gel electrophoresis was con- 

ducted in a 7.5% separating and a 5% stacking gel 
system in the presence of 0.1% SDS. Staining of the 
protein fractions in a gel was carried out using 
Coomassie brilliant blue. 

R e s u l t s  

Change in fluorescence intensity o f  NPM-labled mem- 
branes 

Fig. 1 shows relationship between the degree of 
change in the fluorescence intensity of NPM-labeled 
membranes and the amount of conjugated diene formed 
after incubation of the labeled membranes with 100 
p.M ascorbic acid/10 tzM Fe z+ in the presence of 
various concentrations of t-BuOOH. 

With increasing concentrations of t-BuOOH, the 
fluorescence intensity of the complex progressively de- 
creased and reached almost a constant level as about 
200 nmol of conjugated diene per mg protein were 
formed. On the other hand, the degree of decrease in 
the fluorescence intensity of NPM-labeled membranes 
by treatment with ascorbic ac id /Fe  z* was only 3% of 
the control membranes (without ascorbic ac id /Fe  2 +/t- 
BuOOH), indicating that ascorbic ac id /Fe  2+ treat- 
ment of the membranes does not induce an apprecia- 
ble change in the NPM fluorescence. 

Table ! shows change in the content of unsaturated 
fatty acids in the membrane phospholipids after treat- 
ment of the membranes with 100 ~,M ascorbic acid/10 
p,M FEZ+/0.6 mM t-BuOOH. 

After incubation for 30 rain at 37 ° C, the content of 
arachidonic acid markedly decreased and fell to about 
40% of the control membranes. On the other hand, the 
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Fig. 1. Relationship between conjugated diene formation and NPM 
fluorescence change. The procedure and eonditons of lipid peroxida- 
tion of NPM-labeled membranes were described in Materials and 
Methods. except variation of the t-BuOOH concentration (0, 0A, 0.3 
and 0.6 raM). The protein concentration of NPM-labeled m e m b r a n e s  
employed in the fluorescence measurement was 0.1 mg/mh T h e  
fluorescence intensity was measured in 10 mM Tris-maleate buffer 
(pH 6.85) at 25 °C and represented as relative to that of the system 
without t-BuOOH. Values are expressed as means±S.D, for tripli- 

cate determinations. 

contents of oleic, linoleic and linolenic acids did not 
show appreciable change during the incubation peri- 
ods. 

From these results, it is clear that change in the 
fluorescence intensity of the bound NPM to the mem- 
brane proteins by treatment with ascorbic a c id /Fe  z + /  
t -BuOOH are related to alteration in the environ- 
mental properties around NPM-labeled SH groups by 
lipid peroxidation. 

Temperature dependence o f  fluorescence intensity o f  
NPM-labeled membranes 

Fig. 2 shows the effects of  temperature variation on 
the fluorescence intensity of NPM-labled membranes. 

TABLE I 
Change ia content of unsaturated fatty acids in the membrane phospho. 
Iipids duriug lipid peroxidatimt 
The procedure and conditions of measurement of the content of 
fatty acids in the membrane phospholipids are described in Materials 
and Methods. The change in the content of fatty acids was expressed 
as a percentage of the original value in the control membranes for 
each fatty acid. Values are expressed as means of triplicate determi- 
nations. 

Fatty acids Content(%) 
18:1 9S.I 
18:2 90.8 
18:3 95.0 
20:4 66.2 
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The fluorescence intensity of the control mem- 
branes decreased with a bending point at 27-28 °C by 
increasing temperature. However, this temperature-in- 
duced bending phenomenon in the fluorescence inten- 
sity of the complex was not detected as the labeled 
membranes were treated with 100 #M aseorbic acid/10 _ 7 
/.tM Fe2~/0.6 mM t-BuOOH. This result suggests that "7 
the susceptibility for temperature variation of the envi- 
ronmental properties around NPM-labeled SH groups % 

in the peroxidized membranes is different from that of 
the control ones. This interpretation wa~ further sup- 5 
ported by the result of the fluorescence quenching ~-  
experiment with aerylamide. 

Quenching study 
As previously reported [13], the quenching rate con- 

stant ( k q ) o f  acrylamide at 25°C for NPM-labeled 
membranes markedly decreases by ascorbic acid/ 
Fe2+/t-BuOOH treatment of the membranes. This 
finding suggests that the rate of penetration of the 
quencher molecules into the vicinity of the region 
containing NPM-labeled SH groups in the membrane 
proteins is suppressed by lipid peroxidation. In the 
present study, we examined the effects of temperature 
variation on acrylamide quenching of the NPM fluores- 
cence to further ascertain this consideration. 

Temperoture (°C) 
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Fig. 3. Temperature dependence of quenching rate constant (k~) of 
aerylamide for NPM fluorescence in the membranes. The concentra- 
tion of acrylamide was varied from 65.8 to 400 raM. Other experi- 
mental conditions were the same as those described in the legend to 
Fig. I. except the temperature variation. Symbols: o, control mem- 
branes; o, peroxidized membranes (100 ~M aseorbie acid/10 #M 
Fe2+/0.6 mM t-BuOOH). Values arc expressed as means+S.D, for 

triplicate determinations. 
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Fig, 2. Temperature dependence of fluorescence intensity of NPM- 
labeled membranes. Temperature was varied from 19 to 47.5°C. 
Other experimental conditions were the same as those described in 
the legend to Fig. I. Symbols: o, control membranes; e, peroxidized 
membranes (100 #M aseorbie acid/10 /.tM Fe2+/0.6 mM t- 
BuOOH). Values are expressed as means__. S.D. for triplicate deter- 

minations. 

As can be seen in Fig. 3, the temperature depen- 
dence profile of the quenching reaction with acryl- 
amide of NPM-labeled membranes also showed a dis- 
appearance of temperature-induced bending phe- 
nomenon of the kq value in the temperature range 
from 20 to 37.5 °C by lipid peroxidation of the mem- 
branes. 

Fluorescence polarization measurement 
To elucidate the interanal freedom of the region 

containing NPM-labeled SH groups in the membrane 
proteins, the temperature dependence of the fluores- 
cence polarization of NPM-labeled membranes was 
examined. 

As shown in Fig. 4, the degrees of the fluorescence 
polarization of the control and peroxidized membranes 
decreased with increasing temperature of the medium. 
However, the slope in a I/P - T/T/ of the peroxidized 
membranes was definitely smaller than that of the 
control ones. This result suggests that the rotational 
freedom of the region containing labeled NPM in the 
membrane proteins turned to become small by lipid 
peroxidation. In fact, the harmonic means of the rota- 
tional relaxation tiems of the bound NPM molecules in 
the control and peroxidized membranes at 25 °C were 
estimated to be 1.96 and 4.93/~s, respectively. 
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Fig. 4. Temperature dependence of fluorescence polarization of 
NPM-labeled membranes with l0 mM Tris-maleate buffer (pH 6.85). 
The membrane protein concentration was 0,08 mg/ml. The tempera- 
ture was varied from 20 to 48 ° C. Symbols: o, control membranes; o, 
peroxidized membranes (100 tzM ascorbic acid/10 pM Fe2÷/0.6 
mM t-BuOOH). The fluorescence lifetimes of NPM-labeled control 
and peroxidized membranes at 25 °C are 54.7 and 49.2 ns, respec- 

tively [13]. 

Effects of SDS treatment of fluorescence intensity of 
NPM-labeled membranes 

Fig. 5 shows the effects of SDS concentra t ions  on 
the f luorescence intensity of NPM-labeled  membranes .  

The  fluorescence intensi t ies  of NPM-labeled  control  
and peroxidized membranes  were increased depending  
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Fig. 5. SDS concentration dependence of fluorescence intensity of 
NPM.labeled membranes. The membrane protein concentration was 
0.2 mg/ml. Symbols: o, control membranes; o, peroxidized mem- 
branes (100 F.M ascorbic acid/tO #M Fe2+/0.6 mM t-BuOOH). 
Other experimental conditions were the same as those described in 
the legend to Fig. 1. The inset figure shows change in the absorbance 
at 450 nm of the membrane suspension (0.2 mg protein/ml). Values 

are expressed as means + S.D. for triplicate determinations. 
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Fig. 6. Temperature dependence of fluorescence intensity of NPM- 
labeled membranes in the presence of SDS. Temperature was varied 
from 19 to 43°C. Other experimental conditions were the same as 
those described in the legend to Fig. 1. (A) control membranes; tB) 
peroxidized membranes (100 p.M aseorblc acid/ |0 p.M Fe2~'/0.6 
mM t.BuOOH). Symbols: o, in the absence of SDS; e, in the 
I- t,:sence of 0.05% SDS. The fluorescence intensity was expressed as 
relative to that at I9°C in each system, Values are expressed as 

means + S.D. for triplicate determinations. 

on the SDS concentra t ion in the medium.  In addit ion,  
the f luorescence intensity of  the peroxidized mem- 
branes  approached tha t  of  the control  ones  when  the 
SDS concentra t ion  was increased up to 0.05%. In this 
case, the emission maxima of  NPM-labeled  control  and 
peroxidized membranes  did not  change by addi t ion of  
SDS. 

On the o ther  hand,  the extent  of the absorbance at  
450 nm of the membrane  suspension decreased  de-  
pending  on the concentra t ions  of $DS (inset  in Fig. 5). 
A t  0,05% of SDS, the membrane  suspension became 
clear,  indicat ing that  the membranes  were almost  dis- 
solved at  this  concentra t ion  of SD$. Next, we examined 
the effects of t empera ture  var ia t ion on the fluores- 
cence intensity of  NPM-labeled  membranes  in the 
presence of 0.05% SDS (Fig. 6, A and B). In this  
figure, the results  from the control  and peroxidized 
membranes  wi thout  SDS are  also described as a refer- 
ence in each system. 

In the absence of SDS, the t empera ture  dependence  
profile of the f luorescence intensity of NPM-labeled  
peroxidized membranes  against  I /T  showed a l inear  
curve in the t empera tu re  range tes ted as descr ibed in 
Fig. 2. On the o ther  hand,  in the presence of  0,05% 
SDS, the plot of the f luorescence intensity against  I /T  
of the complex showed an appearance  of  a bending  
phenomenon  of the NPM fluorescence in the mem- 
branes  around 3 0 ° C  (Fig. 6B). This t empera ture  was 
very close to that  observed in the control  membranes  
(Figs. 2 and 6A). 
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Discussion 

The susceptibility of the fluorescence characteristics 
of bound NPM to the proteins in the porcine intestinal 
brush-border membranes were examined in relation to 
lipid peroxidation of the membranes. 

The temperature dependence profile of the NPM 
fluorescence in the control membranes indicated the 
existence of a bending point at 27-28°C (Fig. 2). Such 
a bending phenomenon in the fluorescence intensit3, 
may be interpreted as indicative of a temperature-in- 
duced transition of the environmental properties 
around NPM.labeled SH groups in the membrane pro- 
teins, because NPM is specifically binds to SH groups 
in macromolecules [22]. This critical temperature was 
very close to that reported previously using N-(7-di- 
methylamkio-4-methylcoumarinyl)maleimide [14]. The 
temperature-induced bending phenomenon of the 
NPM fluorescence in the membranes detected around 
30 °C completely disappeared by lipid peroxidation of 
the membranes. This result suggests that the suscepti- 

fi B 
Fig. 7. SDS-polyacrylamide gel electrophoresis of the membrane 
proteins. The procedure and conditions of lipid peroxidation are 
described in Materials and Methods. A, Control membranes; B, 

peroxldized membranes. 

bility for temperature variation of the NPM fluores- 
cence in the membranes is suppressed by peroxi- 
dation-induced changes in the environmental proper- 
ties around NPM-labeled SH groups. A disappearance 
of discontinuity in the temperature dependence profile 
of aerylamide quenching of NPM-labeled membranes 
by treatment with ascorbic acid/Fe2+/t-BuOOH (Fig. 
3) also supported this interpretation, because the rate 
constant of the quenching reaction with acrylamide is 
mainly dependent on the degree of penetration of the 
qnencher molecules into the region where the fluo- 
rophore is located [23-25]. In addition, the result of 
the fluorescence polarization measurement (Fig. 4) also 
suggested that the movement of the region containing 
NPM-labeled SH groups in the membrane proteins is 
restricted by lipid peroxidation of the membranes. 

As is well known [4-7], lipid peroxidation of biologi- 
cal membranes results in a decrease of their lipid 
fluidity. Such a modulation of the lipid organization 
may give an influence for the conformation and /o r  
mobility of protein molecules in biological membranes 
[26,27]. Benga and Holmes [28] and Shinitzky [11] have 
reported that the mobility of membrane-bound pro- 
teins is directly modulated by lipid fluidity. In addition, 
recently, several investigators have reported [29-31] 
that membrane lipid composition is also an important 
factor in the regulation of certain protein-mediated 
activities in biological membranes. 

As shown in Table !, the content of araehidonie acid 
in the membrane phospholipids markedly decreased by 
lipid peroxidation. This result suggests that the lipid 
environment surrounding the proteins in the peroxi- 
dized membranes is different from that of the control 
ones. A decrease of the content of unsaturated phos- 
pholipids in the membranes is expected to induce a 
decrease in the lipid fluidity, leading to modified con- 
formation or quaternary structure of the proteins em- 
bedded in the membranes [32,33]. Therefore, it is of 
interest to investigate whether changes in the NPM 
fluorescence in the membranes by lipid peroxidation 
are related to alteration in the lipid organization. 

To address this issue, the eontol and peroxidized 
membranes were exposed to a detergent, SDS. As 
shown in Fig. 5, the fluorescence intensity of NPM- 
labeled peroxidized membranes approached to that of 
the control membranes as the labeled membranes were 
dissolved in SDS. In addition, the temperature depen- 
dence profile of the fluorescence intensity of the perox- 
idized membranes with SDS also showed an appear- 
ance of temperature-induced bending phenomenon 
around 30 °C (Fig. 6B). These results suggest that the 
environmental properties around NPM-labeled SH 
groups in the membrane proteins approached to the 
level of the control membranes by SDS treatment of 
the peoxidized membranes, although the exact mecha- 
nism is unclear at present. 



It has  been known [3] that  the secondary products  of 
lipid peroxidation,  dialdehydes,  are capable  of interact-  
ing with the protein components  in biological  mem- 
branes, forming in termoleeular  protein cross-linking. 
Recently, Richter  et  al. [27] have demons t ra ted  that  
decrease of the mobility of cytochrome P-450 in rat 
liver mircosomes induced by lipid peroxidat ion is due 
to the formation of protein aggregates.  In the present  
study, the result  of SDS-polyacrylamide gel elec- 
t rophoresis  analysis did not show the formation of 
high-molecular-weight  aggreagtes  of the membrane  
proteins  by t rea tment  of the membranes  with 100 ~ M  
ascorbic a c i d / 1 0  p M  be~+/0 .6  mM t -BuOOH for 30 
min at 37 ° C (Fig. 7). Therefore ,  it seems that  changes  
in the f luorescence characteris t ics  of NPM-labeled  
membranes  by lipid peroxidat ion may be not re la ted to 
the formation of membrane  protein aggregates  by in- 
teract ion of the membrane  proteins  with the peroxida- 
tion products.  

On the basis of these results, it is suggested that  
differences in the response for t empera ture  var ia t ion 
of the f luorescence characteris t ics  of NPM-labeled  
membranes  observed in the control  and peroxidized 
membranes  may be due to differences in the environ- 
menta l  proper t ies  around NPM-labeled  SH groups in 
the membrane  proteins  induced by changes  in the lipid 
organization,  e.g., restr ict ion of the mobili ty of the 
labeled amino acid side chains a n d / o r  rigidification of 
the conformation around the labeled SH groups in the 
membrane  proteins.  To know the expect mechanisms of 
the contr ibut ion of the l ipid organizat ion to the physi- 
cal proper t ies  of the membrane  proteins,  fa r ther  exper- 
iments  including reconst i tut ion study are need after- 
here. 

It has been recently reported the possibili ty that an 
oxidative damage  of microvillus membranes  of entero-  
cytes induced by the adminis t ra t ion of high oral doses  
of iron is re la ted to l ipid peroxidat ion of  the mem- 
branes  [35]. However,  there have been f,~w lines of 
research concerning lipid peroxidat ion-indneed mem- 
brane damage  in the intest inal  brush-border  mem- 
branes. Therefore,  it seems that  the present  observa- 
t ions may give us an important  clue in the analysis of 
mechanisms of peroxidat ion-induced membrane  dam- 
age of enterocytes.  
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