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Polyamines as Modulators of Lipoperoxidation 
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A b s t r a c t . The polyamines spermine and spermidine and the diamine putrescine 

inhibit lipid peroxidation in phospholipid liposome suspensions and rat liver ho-

mogenates. Using the chemiluminescence technique the antioxidant activity of 

polyamines was found to be due to reactions with the free radical intermediates 

of lipid peroxidation and /o r superoxide radicals. Also, the antioxidant action of 

polyamines correlated with the amount of their amino groups: the antioxidant 

activity increases from putrescine to spermine. 
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I n t r o d u c t i o n 

The polyamines spermine and spermidine and the diamine putrescine, which at 

physiological pH are polycationic, are widely distributed in biological material 

(Bachrach and Plesser 1986). The intracellular concentrations of these compounds 

are high (up to 1 mmol/1) and fluctuate according to the stage of the cell cycle 

(Raina 1963; Bachrach 1970; Tabor and Tabor 1976). Their role in the regulation 

of cell growth, cell differentiation, nucleic acid and protein synthesis and membrane 

metabolism (Tabor and Tabor 1972; Janne et al. 1978; Seiler and Lamberty 1973; 

Schuber 1989) have at t racted considerable attention during the last few decades. 

Numerous publications have indicated tha t polyamines influence the cell mem

brane properties and functions (Johnson and Nordiie 1980; Kossorotow et al. 1974; 

Heinrich-Hirsch et al. 1977; Fukuyama and Yamashita 1976). The exact mecha

nisms of this action, however, is not clear as yet. 
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Some authors suggested that the di- and polyamines have stabilizing properties 

which may be due to their interactions with the negative charged residues of the 

membrane-bound proteins (Johnson and Nordiie 1980; Kossorotow et al. 1974; 

Heinrich-Hirsch et al. 1977) or with the acid phospholipids resulting in relocation of 

the surface charge (Bachrach 1970). The polyamines-induced change of the surface 

charge obviously may influence some of the membrane-bound enzymes (Wojtczak 

and Nalecz 1979), as well as the biosynthesis of membrane lipids (Fukuyama and 

Yamashi ta 1976; Moller and Hough 1982) and glycoproteins (Navaratnam et al. 

1986), etc. 

Lipid peroxidation in tissues and in tissue fractions represents a degradation 

process which is the consequence of initiation and propagation of free radical reac

tions primarily involving membrane polyunsaturated fatty acids (Poli et al. 1987). 

It is interesting to note tha t there are some data in the literature (Kitada et al. 

1979; 1980; 1981; Tadolini et al. 1985; Tadolini 1988) indicating that the membrane 

stabilizing effect of di- and polyamines may be due to their antioxidant properties. 

On the other hand, the initiation of lipid peroxidation usually needs generation 

by some mechanism of activated oxygen species such as superoxide radical ( O ^ ) , 

H2O2, hydroxyl radical (• OH), singlet oxygen, etc. 

Therefore, it seemed stimulating to carry out an extended investigation con

cerning the ability of di- and polyamines to scavenge oxygen radicals and /or lipid 

radicals, i.e. their ability to inhibit lipid peroxidation, thus stabilizing the biomem-

branes against oxidative destruction. 

The present work is an a t tempt to shed some light on this problem. In part icu

lar, we studied the ability of the diamine putrescine and the polyamines spermine 

and spermidine to react with superoxide radical and lipid radical intermediates 

(mainly peroxy radical - L O 2 ) and to inhibit lipid peroxidation in different lipid-

containing systems. 

M a t e r i a l s a n d M e t h o d s 

Spermine tetrahydrochloride, spermidine trihydrochloride and putrescine dihydrochloride 
were obtained from Calbiochem (La Jolla, California), xanthine and xanthine oxidase 
from Sigma Chemical Company. The other reagents used were of finest grade purchased 
mainly from Fluka Chemical Company. The water employed was glass bidistilled. 

Male albino Wister rats (180-200 g) were used. The animals were killed by deca
pitation and their livers were quickly removed, washed in cold 0.9% NaCl, weighed and 
homogenized in 0.15 mol/1 NaCl (10% w/v) in Potter-Elvehjem type glass homogenizer 
with a Teflon pestle at 4°C. 

Free radical production and lipid peroxidation in vivo in rat liver is difficult to 
measure (Poli et al. 1987). Therefore, incubation studies were carried out at prooxidant 
conditions to determine the capacity of the tissue homogenates (or liposome suspension) 
to generate additional peroxides. For this purpose, to 1 ml homogenate and 0.8 ml of 50 
mmol/1 phosphate buffer, pH 7.4 (or 1.8 ml liposome suspension with a concentration of 
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5 mg total egg yolk phospholipides/ml phosphate buffer), 0.2 ml of 1 mmol/1 FeCb was 
added and the mixture was incubated at 37 °C for 30 min. The extent of lipid peroxidation 
was estimated by the malondialdehyde (MDA)-like products generated in the mixture, by 
the method of Asakawa and Matsushita (1980). In brief, 1 ml of 30% trichloroacetic acid 
was added to the reaction mixture, followed by centrifugation for 15 min at 10,000 x g. 
One ml of 0.67% thiobarbituric acid was added to 1 ml of the supernatant and the mixture 
was boiled at 97°C for 20 min. After cooling, 2 ml chloroform was added, the mixture 
was vigorously mixed and centrifuged, and the optical absorbance was measured at 532 
nm. 

The capacity of the Ever homogenates (or phospholipid liposomes) to undergo per
oxidation in the presence of di- and polyamines was determined by recording the Fe2 +-
induced chemiluminescence (Vladimírov et al. 1980). For this purpose, to 1 ml ho-
mogenate and 0.8 ml of 50 mmol/1 phosphate buffer (or 1.8 ml liposome suspension) 
containing di- and polyamines to concentrations as indicated in the Figures, 0.2 ml of 
1 mmol/1 FeCL; was added and the chemiluminescence kinetic curve was recorded. The 
integral chemiluminescence for 10 min after addition of Fe2+ to the reaction mixture was 
used as a measure of lipid peroxidation. 

The effect of polyamines on the luminol-dependent chemiluminescence was tested 
in a system consisting of 0.1 mmol/1 luminol, 0.1 mmol/1 xanthine, polyamines in final 
concentrations as indicated in the Figure legends, and 10 - 4 IU/ml xanthine oxidase, in 
50 mmol/1 phosphate buffer, pH 7.4. 

R e s u l t s a n d D i s c u s s i o n 

The initial objective of the present study was to determine the capacities of the 

diamine putrescine and the polyamines spermine and spermidine to influence Fe 2 + -

catalyzed peroxidation of phospholipid liposomes. The main results obtained are 

shown in Fig 1. As it is well seen all these compounds have antioxidant activity, 

which however depends on the compound concentration. The antioxidant activities 

of the polyamines tested at 1.5 mmol/1 did not differ significantly from each other, 

the inhibition being approximately 20-30%. At lower concentrations, spermine 

and spermidine have more expressed inhibitory effects on the lipid peroxidation in 

comparison with putrescine. These data show that at least in in vitro experiments 

the compounds tested are not very effective inhibitors of lipid peroxidation. Their 

moderate antioxidant activity increases from putrescine to spermine. On the other 

hand, the process of lipid peroxidation is rather complicated. Its characterization 

by measuring only the terminal malondialdehyde-like products seems inadequate. 

As it is well known (Vladimírov et al. 1980; Cadenas et al. 1981) lipid peroxidation 

is accompanied by light emission. The light emission, chemiluminescence, is mainly 

due to disproportionation of the peroxy radicals - L02-, which are responsible for 

a prolongation of the oxidation chains. Therefore, the measurement of chemilu

minescence represents a very convenient approach to the estimation of the level of 

lipid peroxidation, as well as to registration of peroxidation kinetics. However, the 

count rates for spontaneous chemiluminescence are extremely low, making its char-
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Figure 1. Inhibition by polyamines of the Fe2 +- induced generation of MDA in a phos
pholipid liposome suspension. Suspensions of phospholipid liposomes (5 mg lipids/ml) in 
50 mmol/1 phosphate buffer, pH 7.4, containing the tested polyamines ( in concentrations 
as indicated in the Figure) were exposed to lipid peroxidation by addition of Fe2+ to a 
concentration of 0.1 mmol/1. The MDA content was measured after 30 min of incubation 
of the mixture at 37 °C. 

acterization difficult (Cadenas et al. 1981). Therefore, efforts are usually made to 

enhance this spontaneous chemiluminescence by creating peroxidative conditions 

such as by adding Fe 2 + to reaction mixture. In this context, the capacity of phos

pholipid liposomes to undergo peroxidation in the presence of spermine, spermidine 

and putrescine was also determined by recording the Fe2 +-induced chemilumines

cence. The integral chemiluminescence for 10 min after addition of Fe 2 + to the 

reaction mixture was used as a measure of lipid peroxidation. The results ob

tained are shown in Fig 2. All the compounds tested were found to inhibit the 

Fe 2 +- induced chemiluminescence. The inhibitory effect of spermine at 1.5 mmol/1 

is significantly stronger than those of spermidine and putrescine (74, 35 and 27% 

respectively). All the compounds tested at concentration of 3 mmol/1 reduced the 

chemiluminescence by 80-90%. 

In other experiments the ability of spermine, spermidine and putrescine to 

inhibit Fe2 +- induced chemiluminescence of liver homogenates was checked. Fig. Z A 

presents the da ta obtained for polyamine concentrations of 0.1 mmol/1. It is evident 

that in such a system spermine is also a more potent inhibitor of the Fe2 +-induced 

o-P<0.05 
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Figure 2. Inhibition by polyamines of the Fe2+-induced chemiluminescence in a phos
pholipid suspension. To suspension of phospholipid liposomes (5 mg lipids/ml) in 50 
mmol/1 phosphate buffer, pH 7.4, containing the respective polyamine (in concentrations 
as indicated in the Figure), was added Fe2+ to a concentration of 0.1 mmol/1 and the 
chemiluminescence response was recorded. The integrated chemiluminescence for 10 min 
after the Fe2+ addition was plotted on the ordinate. 

chemiluminescence than the other amines tested. As is seen from the panel in 

Fig. 3 5 , spermine at 0.5 mmol/1 reduced the chemiluminescence by more than 

30%. 

All these da ta may suggest tha t di- and polyamines have antioxidant activity 

which is due, at least in part , to their interaction with the radical intermediates 

of lipid peroxidation. Nevertheless we wish to turn attention to the fact that at 

equal conditions spermine (and the other amines tested) inhibited the Fe2 +-induced 

chemiluminescence significantly more effectively than they did with lipid peroxi

dation as estimated by the MDA products generated. This effect may indicate 

tha t some part of the chemiluminescence inhibition was due to interaction of the 

polyamines with activated oxygen species (mainly superoxide radicals ( O J ) ) , pro

duced in every lipid system undergoing peroxidation. This assumption was checked 

using the traditional xanthine-xanthine oxidase system as the source of superoxide 

radicals. The OJJ" concentration was controlled by recording luminol-dependent 

chemiluminescence. As it is well seen from the results presented in Fig. AA, the 

polyamines spermine and spermidine at 1 mmol/1 reduced the luminol-dependent 
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Figure 3 . Inhibition by polyamines of the Fe2+-induced chemiluminescence in rat liver 
homogenates. A - Comparison of the inhibitory effects of spermine, spermidine and pu
trescine at 0.1 mmol/1, on the Fe2 + -induced chemiluminescence. The respective polyamine 
was added to mixture of 1 ml homogenate and 0.8 ml of 50 mmol/1 phosphate buffer to 
a concentration of 0.1 mmol/1. The chemiluminescence was initiated by addition 0.2 ml 
of 1 mmol/1 FeCb. As a measure of lipid peroxidation, the integral chemiluminescence 
for 10 min aftei addition of Fe2+ to the reaction mixture was used. B - Inhibition of 
the chemiluminescence by different concentrations of spermine. The experimental condi
tions, except the concentration of spermine, were the same as those described in legend 
to Fig. 3 A 

chemiluminescence, whereas putrescine did not. The 0^-scavenging property of 

spermine was significantly stronger than that of spermidine and depended on its 

concentration (Fig. AB). Spermine at 1 mmol/1 caused 50% inhibition of the 

chemiluminescence. Since the luminol-dependent chemiluminescence is indicative 

of O2 .concentration in the xanthine-xanthine oxidase system it seems likely tha t 

polyamines are able to scavenge O^ • This is in good agreement with the results 

reported by Drolet et al. (1986). Using xanthine-xanthine oxidase system as the 

source of O J , these authors showed polyamines to inhibit the reduction of both ni-

troblue tetrazolium and cytochrome c; i.e. that polyamines have superoxide radical 

scavenging property. 

The ability of polyamines to neutralize O J is very interesting. As mentioned 

above, O ^ is generated in any lipid system subjected to peroxidation. On the other 
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Figure 4. Inhibition of the luminol-dependent chemiluminescence in xanthine-xanthine 
oxidase system by polyamines. A - Comparison of the inhibitory effects of spermine, 
spermidine and putrescine at 1 mmol/1 on the luminol-dependent chemiluminescence. 
The respective polyamine was added to mixture of 0.1 mmol/1 luminol and 0.1 mmol/1 
xanthine in 50 mmol/1 phosphate buffer, pH 7.4, to a concentration of 1 mmol/1. Chemilu
minescence was iduced by addition of xanthine oxidase to a concentration of 10~ IU/ml. 
B - Inhibition of the luminol-dependent chemiluminescence by different concentrations of 
spermine. The experimental conditions, except the concentration of spermine, were the 
same as those described in legend to Fig. AA. 

hand, O J may take part in some reactions in which other reactive oxygen species 

such as hydroxyl radicals ( O H ) and / or singlet oxygen ( ^ 2 ) are produced. Both 

•OH and ^ 2 are powerful triggers of lipid peroxidation. Therefore, O j scavenging 

by polyamines in the lipid containing systems will result in decreased initiation of 

new oxidation chains. 

Taking into account all these findings it may be concluded tha t spermine, sper

midine and putrescine at concentrations similar to those found in some biological 

s tructures have some antioxidant activities. The antioxidant action of polyamines 

seems to be related to the number of amino groups on their molecules. Putrescine, 

spermidine and spermine have two, three and four amino groups, respectively. 

Therefore the antioxidant activity of spermine is the highest. On the other hand, 

in phospholipid liposome suspensions the polyamines inhibited Fe2 +-induced chemi

luminescence significantly stronglier than they did with Fe2 +-catalyzed production 
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of MDA products. This difference may suggest that the inhibition of Fe2 +- induced 
chemiluminescence is not due to reaction between the polyamine molecule and the 
lipid peroxy radical only: reaction between the polyamine and the superoxide radi
cal generated during Fe2 +-catalyzed lipid peroxidation seems to be involved as well. 
Therefore, it may be speculated that the antioxidant action of the polyamines is 
realized at the levels of initiation and propagation of the lipid peroxidation chains. 
The antioxidant action of polyamines at the level of initiation is due to their ability 
to scavenge O J . At the level of propagation of the oxidation chains the antioxi
dant action of polyamines is obviously due to their reactions with the lipid peroxy 
radicals. It is difficult to say which of the two-level antioxidant action of the 
polyamines is more important for biological structures. Possibly, it is different in 
different biomembranes and depends on the kind and location of the free radical 
generators within the cells. This problem is important from biological point of view 
and needs therefore further experimental investigations. 
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