
Proc. Estonian Acad. Sci. Chem., 1995,44, 1, 42-47

42

INHIBITION OF LIPID PEROXIDATION IN

ERYTHROCYTEMEMBRANES BY

N-PHENYL-l-NAPHTHYLAMINE

Toomas KÖÖP

Eesti Teaduste Akadeemia Eksperimentaalbioloogia Instituut (Institute of Experimental Biology,
Estonian Academy of Sciences), Instituudi tee 11, Harku, EE-3051 Harjumaa,Eesti (Estonia)

Presented by A. Aaviksaar

Received 5 January 1995, accepted 9 February 1995

Abstract It was shown that N-phenyl-1-naphthylamine appears in lipid peroxidation of erythrocyte
ghosts in two roles: as an antioxidant it leads to inhibition of lipid peroxidation, and as a fluorescent

probe it responds to the lipid peroxidation with a decrease in emission. N-phenyl-1-naphthylamine
was more effective as an inhibitor of lipid peroxidation than l-anilinonaphthalene-8-sulphonate.
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INTRODUCTION

l-Anilinonaphthalene-8-sulphonate (ANS) is well known as a

membranotropic fluorescent probe in biological studies. ANS has been
used to establish the influence of many different chemical and physical
factors on biological membranes including the changes of membrane

properties at lipid peroxidation f l,2]. The response of ANS to lipid
peroxidation consists in a decrease of fluorescence. It has also been shown

that ANS is an antioxidant and inhibits lipid peroxidation in biological
membranes [ 3 ].

N-Phenyl-1-naphthylamine (PNA-1) is a structural analogue of ANS.

Owing to their similarity it is likely that also PNA-1 inhibits lipid
peroxidation. Lipid peroxidation reactions proceed in the depth of
membranes and the action of lipid peroxidation inhibitors depends on their

accessibility to the radical forming centres. In membranes, PNA-1

penetrates deeper than ANS [4]. So it may be presumed that the inhibiting
activities of PNA-1 and ANS in lipid peroxidation are different due to

their different localization in membranes.

https://doi.org/10.3176/chem.1995.1.06

https://doi.org/10.3176/chem.1995.1.06


43

In this paper the data on the effect of PNA-1 on lipid peroxidation in

irradiated erythrocyte ghosts and the influence of lipid peroxidation on the

fluorescence of PNA-1 are presented. The effectiveness of PNA-1 and

ANS in the inhibition is compared.

EXPERIMENTAL

In the experiments, PNA-1 and ANS from Merck (Darmstadt, BD)
were used. The preparations were purified by recrystallization in cold

ethanol.

Erythrocyte ghosts were prepared according to the modification [s] of

the description by Dodge et al. [
6
] and suspended in isotonic phosphate

buffer (pH 7.4) at the concentration 2 mg protein/ml (protein was

determined by biuret reaction). The ghosts were irradiated with gamma-

rays (dose 60 Gy) and incubated 30 min at 37°C in the presence of FeSO
4

and ascorbic acid (12 pM and 0.8 mM, respectively).
The intensity of lipid peroxidation was determined by means of the

thiobarbituric acid (TBA) test. The components insoluble in 15%

trichloroacetic acid were removed, equal volumes of 0.5% TBA were

added to the supernatants and heated at 100°C 15 min. Extinction was

measured at 532 nm and the results were presented as nmoles of

malondialdehyde (MDA) per mg protein using the extinction coefficient

1.56 x 105 M’ 1
• cm’

1 for the MDA-TBA complex.
Stock solutions of PNA-1 and ANS were prepared in ethanol in

concentrations 4 and 40 mM, respectively. PNA-1 and ANS were added to

erythrocyte ghosts before or after the irradiation of the ghosts. The
concentration of PNA-1 added to the ghosts before the irradiation varied in

the range of 0.5-10 pM, that of ANS was in the range of 0.5-50 pM. The

concentrations of PNA-1 or ANS added after the irradiation of ghosts
were 10 and 50 pM, respectively.

The fluorescence of PNA-1 was measured with a fluorometer Analyz-1
at 411 nm by excitation at 366 nm. The concentration of PNA-1 in the

fluorescence measurements was 5 pM.

RESULTS AND DISCUSSION

Data characterizing the formation of MDA in irradiated and

nonirradiated erythrocyte ghosts in the presence of Fe2+
are presented in

Fig. 1. As it can be seen, MDA is not formed in nonirradiated ghosts. In
irradiated erythrocyte ghosts, the amount of MDA increased during the

whole time of incubation. The addition of PNA-1 to the ghosts before Fe2+

inhibited lipid peroxidation completely. PNA-1 when added after Fe2+
,

stopped further formation of MDA. A similar effect on the inhibition of

lipid peroxidation was observed by using 50 pM ANS (data not

presented).
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The effect of PNA-1 and ANS on lipid peroxidation depending on the

concentration of these probes is presented in the Table. PNA-1 and ANS

were added to the erythrocyte ghosts before irradiation. The postradiation
incubation was carried out with Fe 2+

.
Both PNA-1 and ANS inhibited the

formation of MDA completely in the concentrations of 10 and 50 pM,
respectively.

1 The data are the means of 3-5 measurements. The standard error does not exceed 15%.
2 The amount of MDA in the initial suspension of erythrocyte ghosts before irradiation was

0.26 nmoles/mg protein and it incresed to 1.38 nmol/mg protein after 30 min incubation of the

irradiated mixture at 37 °C in the presence of FeSC>4 and ascorbic acid (see Experimental).

Fig. 1. Effect of N-phenyl-l-naphthylamine on lipid peroxidation in erythrocyte ghosts. 1 -

nonirradiated ghosts, 2-5 - irradiated ghosts; 1,2- incubation without N-phenyl-l-naphthylamine,
3-5 - incubation in the presence of 10 pM N-phenyl-l-naphthylamine. Arrow points to N-phenyl-
l-naphthylamine addition.

Concentration of

PNA-1 or ANS,

pM

Concentration of MDA, nmoles/mg protein, after 30 min incubation
2

Irradiation in the presence of PNA-1 Irradiation in the presence of ANS

0.5 1.27 1.34

1 1.01 1.28

5 0.63 1.24

10 0.28 0.65

50 - 0.34

The formation of malondialdehyde (MDA) in erythrocyte ghosts irradiated in the presence of

N-phenyl-l-naphthylamine(PNA-1) or l-anilinonaphthalene-8-sulphonate(ANS) 1
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For initiating lipid peroxidation we used gamma-irradiation as a

producer of free radicals. The first stable products in this case are

hydroperoxides of lipids. To continue the lipid peroxidation reactions we

used Fe2+ which disrupted the hydroperoxides, promoted chain reactions

and the formation of end products, including MDA. Lipid peroxidation
was inhibited by PNA-1 and ANS both in the phase of initiation (Table)
and in the phase of chain reactions (Fig. 1). The formation of free radicals

was common for these phases. Thus, PNA-1 and ANS are involved in lipid
peroxidation at the level of inactivation of free radicals.

The antiradical actions of PNA-1 and ANS should evidently be

identical. Both contain an NH group that can easily exchange proton [ 7 ]
and therefore inactivate free radicals.

As shown, PNA-1 inhibited lipid peroxidation at lower concentrations

than ANS. Since ANS is electrically charged, it should be located in the

surface region of biological membranes. Hydrophilic PNA-1 should

penetrate deeply into the lipid phase of membranes [4]. Considering that
the reactions of lipid peroxidation proceed in the depth of the lipid phase,
it is understandable why PNA-1 is a more effective inhibitor of lipid
peroxidation in membranes than ANS.

PNA-1 as a fluorescent probe responds to lipid peroxidation with a

decrease of emission. Fig. 2 shows that the decrease of PNA-1

fluorescence in erythrocyte ghosts correlated well with the amount of the

formed MDA, i.e. with the intensity of lipid peroxidation. It must be

emphasized that the addition of PNA-1 to the membranes stopped the

progress of lipid peroxidation reactions immediately (Fig. 1). Therefore,
continuous testing of lipid peroxidation with PNA-1 is not possible and it

is necessary to carry out the measurements in the aliquots taken from the

incubation mixture at suitable time intervals.

Fig. 2. Dependence of N-phenyl-1-naphthylamine fluorescence on the formation of

malondialdehyde in erythrocyte ghosts. The erythrocyte ghosts were incubated without N-phenyl-
-1-naphthylamine.
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In conclusion, when studying membranes with PNA-1 or ANS one has
to consider the appearance of their antiradical effect at the concentrations

suitable for using them as fluorescent probes.
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LIPIIDIDE PEROKSÜDATSIOONIINHIBEERIMINE
ERÜTROTSÜÜTIDE VARJUDES N-FENÜÜL-l-NAFTÜÜLAMIINIGA

Toomas KÖÖP

On näidatud, et N-fenüül-l-naftüülamiin esineb erütrotsüütide varjudes
lipiidide peroksüdatsiooni puhul kahes rollis: antioksüdandina põhjustab
ta lipiidide peroksüdatsiooni inhibeerumise ning fluorestseeruva sondina
vastab lipiidide peroksüdatsioonile fluorestsentsi nõrgenemisega.
N-fenüül-l-naftüülamiin on efektiivsem lipiidide peroksüdatsiooni
inhibiitor kui tema struktuurne analoog l-aniliinonaftaliin-8-sulfonaat.
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HHTHEHPOBAHME ÜEPEKHCHOrO OKHCJIEHHM

JIHmmOB B TEHMX 3PHTPOIJHTOB
N-OEHHJI-l-HAOTHJIAMMHOM

Toomhc KE3II

lloKaaaHO, hto N-(J)eHHji-l-Ha(jyrnjiaMHH BbiCTynaeT npn nepeKHCHOM
OKHCJICHHH JIHnmiOB B TOHSIX SpHTpOUHTOB B flByX pOJIHX: B KaHCCTBC

aHTHOKHCJIHTeJM OH OÕyCJIOBJIHBaeT HHFHÕHpOBaHHC nepeKHCHoro
OKHCJieHHa jinnnaoß, b KanecTße (jriyopecueHTHoro 3omța OTBenaeT Ha

nepeKHCHoe okhcjichhc jihhhiiob noaasneHHeM (jjJiyopecițeHiiHH.
N-(f)eHHJI-l-Ha(J)THJiaMHH aBJWeTCa ÕOJiee 3(j)(|3eKTHBHbIM HHIHÕHTOpOM
nepeKHCHoro okhcjichhm jihhuhob no cpaßHennio c ero CTpyKTypnbiM
anajioroM 1 -aHHjiHHOHa(|)TajinH-8-cyjib(|)OHaTOM.
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