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The effect of vKtmm fatty acids on lipid peroxidation of liver microsomes induced by different methods in vitro was 
studied asing oxygen uptake Jtnd nmlomddehyde (MDA) production, it was observed that fatty acids with a single 
double bond are effective inbibitors of peroxidatlon. Stereo qnd positional isomers of oleic acid were equally effective 
as oPelc acid. There was an absolute requb~uent for a free carboxyl group, since methyl esters of fatty acids and 
J o ~  sa~smted and umstumted hydrocarbons could not inhibit peroxidation. Saturated fatty acids with a chain 
Jenjth of 12-16 carbon atoms showed inhibition, whereas more than 18 carbon atoms reduced the inhibitory capacity. 
Fatty acids of iowor chain length such as eapd¢ and eaprylle acids did not show inhibition. Fatty acid inhibition was 

reversed by Inaeaslng the concentration of iron in the system. Peroxidation induced by methods which were 
Jndependmt of Iron was not inhibited by fatty acids, it was observed that intestinal microsomes which were resistant to 
p e r o x ~  due to the presence of nonesteflfied fatty acids in their membrane lipids were able to peroxidise by 
metbods which do not require iron. These results suggest that certain fatty acids inhibit peroxidation by chelating 
available free iron. In addition, they m y  also be involved in competing with the esterified fatty acids in the membrane 
Upids which are the substmtes for peroxidatic~ 

I n ~  

Our earlier work has shown that intestinal mucosal 
membranes are resistant to peroxidation in vitro. This 
was shown to be due to the presence of an endogenous 
inhibitor of peroxidation which on isolation and chem- 
ical characterisation was found to be a mixture of free 
t~onounMturated fatty acids; in fact, oleic and palmito- 
leic acids [1,2], Intestinal mucosal membranes contain 
considerable amount of nonesterified fatty acids 
(NEFA) in their membrane lipids [2]. In contrast, liver 
membranes are susceptible to peroxidation and they 
contain negl~'ble amount of NEFA. The mechanism by 
which the free fatty acids inhibit peroxidation is not 
known. 

Various methods have been used to stimulate micro- 
somal lipid pemxidation in vitro. The nonenzymatic 
a..-,~'orbate-iron.stimulated system uses ascorbate to 
maintain iron in the reduced form and the enzymatic 
NADPH/ADP- i ron-dependen t  system utilises 
NADPH:cytochrome.c reductase to maintain the pro- 
oxidant ADP-iron complex in the reduced state. There 

is an absolute requirement for iron in these system of 
lipid peroxidation. Cumene hydroperoxide-dependent 
and carbon tetrachloride (CCI4)-stimulated lipid per- 
oxidation require cytochrome P-450 to catalyse the 
peroxidation and peroxidation in these systems may 
also be stimulated by any adventitious non-haem iron 
present in the tissue components. In addition, two other 
methods which can induce peroxidation are those u61is- 
ing either azo compounds that generate free radicals by 
their unimolecular thermal decomposition or gamma- 
irradiation that generates free radicals by radiolysis of 
water. Although these two methods do not require iron 
for initiation, the presence of iron may enhance the 
reaction. 

In order to understand the mechanism of inhibition 
of peroxidation by fatty acids, we used all of these 
methods to peroxidise liver microsomes in vitro and 
measured peroxidation as both oxygen uptake and MDA 
production. 

Materials and Methods 

Cot~spc~demce: K.A. Balasubramanian, Welkome Research Unit, 
Christian Medical College Hospital, Veflore 632 004, India. 

Chemicals 
Authentic fatty acids and their methyl esters, ascorbic 

acid, 2-thiobarbituric acid and Tris were obtained from 
Sigma Chemical Co. ADP and NADPH were purchased 
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from Boehringer. 2'2'-Azobis (2-amidinopropane) hy- 
drochloride (ABAP) was obtained from Polysciences 
Inc, U.S.A. All other chenueals used were analytical 
grade reagents. 

Microsomal preparation 
Overnight-fasted rats of body weight 200-250 g were 

killed by decapitation and microsomes from the liver 
were prepared as previously described [3]. Intestine was 
also obtained from overnight-fasted rats, washed with 
cold 1.15~ KCI and the mueosa was scraped. Micro- 
somes were prepared from the intestinal macosa as 
described for liver. Microsomal pellets were stored at 
- 7 0 ° C .  When required, they were suspended in 0.15 
M KCI such that 1 ml of suspension corresponds to 
about 20 mg protein. 

Lipid peroxidation 
02 uptake at 25°C was measured for ascorbate- 

iron-dependent peroxidation as described [4] with 500 
/zM ascorbate and 5 /~M ferrous sulphate and for 
NADPH/ADP-iron-dependent peroxidation as de- 
scribed previously [5,6] except the final concentrations 
of NADPH, ADP and iron used were 100, 500 and 5 
pM, respectively. MDA production was also measured 
in these two systems using reactant concentration as for 
the 02 uptake with incubation at 37 °C for 15 rain and 
measurin~ *he MDA produced in the protein-free super- 
natant by the thiobarbituric acid assay. Lipid peroxida- 
tion wag measured in the following system only by 
MDA production. Carbon tetrachloride-stimulated lipid 
peroxidation was carried out with a source of NADPH 
aerobically at 37 °C for 15 min as previously described 

[7]. Cumene hydroperoxide-stimulated lipid peroxida- 
tion was estimated as described previously [8]. Peroxida- 
tion was initiated by gamma-irradiation according to 
the method of Garner et al. [9] using the ~°Co irradia- 
tion unit at Brunel University. Irradiation of micro- 
somes were performed in 0.05 M Tris HCI buffer (pH 
7.4) at a protein concentration of 1 mg/ml with con- 
tinuous bubbling of N20 /O  2 (4:1). Microsomes were 
irradiated for 105 min at a dose rate of 0.95 Gy. min- 
(final dose 100 Gy) following which they were assayed 
for MDA production. Peroxidation was also induced 
using ABAP as follows: approx. 1 mg/ml microsomal 
protein was incubated in 0.1 M Tris HCI buffer (pH 
7.4) containing 0.05 M ABAP for 30 min at 37 °C in a 
shaking water-bath. Reaction was stopped with TCA 
and MDA in the protein-free supernatant was measured 
as described above. Fatty acids were prepared as 100 
mM solution in ethanol which was added to the incuba- 
tion medium at the required concentration. To the 
control incubation, the same amount of alcohol was 
added. The inhibitory effects of fatty acids were calcu- 
lated from the initial rate of oxygen uptake. Protein was 
determined using bovine serum albumin as standard 
[10]. 

Results 

Table I shows the effect of various fatty acids and 
their analogues on ascorbate-iron-induced peroxidation 
of liver microsomes as measured by 02 uptake. Mono- 
unsaturated fatty acids oleic and paimitoleic acid showed 
strong inhibition of peroxidation at concentrations of 
0.25 mM and above. Various isomers of oleic acid, 

TABLE ! 

Effect of various fatty acids on azcorbate-iron-dependent liver microsmnai lipid peroxidation 

n.d., not done; ME, methyl ester; t, trans isomer. Values represent average of two experiments. Lipid peroxidation is measured by 0 2 uptake. The 
control value of oxygen uptake was 131.93 :l= 11.29 nmol oxygen consumed/rain per mg protein. 

Fatty acid Fatty acid Inhibition (%) 

concentration (mM): 0.25 0.5 1.0 0.5 4- 20 # M Fe 2 + 

Oleic acid (18 : 1) 78.85 87.45 94.54 65.10 
Oleic acid methyl ester (18 : 1, ME) n.d. 0 0 n.d. 
Elaidic acid O8:1, t) 72.13 85.24 89.08 62.70 
Petroselenic acid (18:1, All)  71.05 85.79 92.36 61.20 
Vaccenic acid (18:1, A6) 62.30 80.88 91.25 59.57 
Linoleic acid (18:2) 66.84 82.52 91.25 64.49 
Linoleic acid methyl ester (18:2, ME) n.d. 0 0 n.d. 
Paimitoleic acid (16:1) 82.69 92.64 n.d. 87.02 
Octadecane n.d. 0 0 n.d. 
1 -Octadecane n.d. 0 25.59 n .d. 
Arachidic acid (20: 0) n.d. 34.43 54.81 n.d. 
Stearic acid (18: 0) n.d. 9.06 30.29 n.d. 
Palmitic acid (16:0) 66.24 84.42 91.35 60.18 
Myristic acid (14: 0) 79.23 92.35 94.54 92.35 
Laurie acid (12:0) 70.50 85.71 95.76 91.24 
Capric acid (10:0) n.d. 13.42 39.40 ..d. 
Caprylic acid (8 : 0) n.d. 0 1.73 n.d. 
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T A B L E  Ii 

Effect of various fatty acids on liver microsomal lipid peroxidation induced by NADPH/ADP-Fe 

n.d., not done; ME, methyl ester; t, trans isomer. Values represent average of two experiments. Lipid peroxida:ion is measured by 0 2 uptake. 
Control value of oxygen uptake was 104.214-7.95 nmol oxygen consumed/rain per mg protein. 

Fatty acid Fatty acid Incubation (%) 
concentration (mM): 0.5 1.0 1.0 + 20 ~tM Fe 

Oleic acid (18:1) 51.65 87.00 67.00 
Olek acid methyl ester (18: I, ME) 0 0 n.d. 
Elaidic acid (18:1, t) 37.60 81.10 52.11 
Pelrmdeaic acid (18: I, A1 l) 70.45 83.1 ! 70.4~ 
V a n . n i t  acid (18:1, d6) 60.61 82.42 70.45 
Linold¢ acid (18: 2) 28.89 60.10 27.44 
Lino t~  acid methyl ~ter  (18: 2, M~) 4.20 2.72 n.d. 
Palmitoleic acid (16:!) 67.01 87.63 70.1 ! 
Ocladacano 1.5 1.5 n.d. 
I.Octadecene 0 0 n.d. 
Arachidig acid (20:0) 16.30 32.82 n.d. 
Slcuu~ acid (18:0) 25.11 44.03 10.02 
Palmitic acld (16:0) 69.08 75.78 10.38 
Myfi~ti¢ acid (14:0) 52.16 80.31 35.14 
Laurie acid (12:0) I !.36 61.30 17.00 
Ctpr i¢  acid (10:0)  0 0 n.d. 
Capryl i¢ acid (8: O) 0 7.22 n.d. 

namely the transisomer, elaidic acid and positional iso- 
mers, vaccenic and petroselenic acid were as effective as 
oleic acid in inhibiting liver microsomal peroxidation. 
Linoleic acid, which contains two double bonds, also 
showed inhibition. On the other hand, the methyl esters 
of oleic and linoleic acids and the saturated and mono- 
unsaturated long-chain aliphatic hydrocarbons, octade- 
cane and l-octadecene did not inhibit peroxidation. 
Saturated long-chain fatty acids, stcaric and arachidic 
acid, were much less inhibitory as compared to mono- 
unsaturated fatty acids over the same concentration 
raNte, Medium chain length saturated fatty acids, 
namely, laurie, myrisfic and palmific acids, also in- 
hibited peroxidafion. On the other hand, fatty acids of 
lower chain length, capric and caprylic acid, did not 
inhibit peroxidation. Most of the fatty acids tested 
showed inhibition even at 0.25 mM final concentration. 

Table Ii shows the inhibition of NADPH/ADP- 
iron-dependent liver microsomal peroxidation by vari- 
ous fatty acids. Although the pattern of inhibition was 
similar to that of ascorbate-iron-dependent peroxida- 
tion, as shown in Table I, the degree of inhibition was 
less and only 50-70~ inhibition was observed at 0.5 
mM concentration of fatty acids. Fig. 1 shows the 
concentration-dependent inhibition of peroxidation by 
oleic and linoleic acids. Although both these fatty acids 
showed a similar pattern of inhibition, oleic acid at 
lower concentrations was more effective than linoleic 
acid. Fig,. 2 shows the pattern of inhibition by various 
fatty acids on fiver microsomal peroxidation induced by 
ascorbate.imn and NADPH/ADP-iron as judged by 

MDA measurement. The results were similar to those 
observed with 02 uptake measurement. Lipid peroxida- 
tion induced by cumene hydroperoxide, carbon tetra- 
chloride, ABAP and gamma-radiolysis was not in- 
hibited by any of the fatty acids. 

It was observed that partial reversal oi i~hibittoi, by 
these fatty acids could be achieved by increasing the 
concentration of iron from 5 to 20/tM, although c~m- 
plete reversal was not obtained. Inhibition by oleic acid 
at 0.5 mM concentration wss reduced from 87 to 65% 
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Fig. 1. Effect of various concentration of oleic and linoleic acid on 
fiver microsomal peroxidation induced by iron ascorbate as measured 
by 02 uptake. The control value of oxygen uptake was as mentioned 

in Table 1. 
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Fig. 2. Effect of various fatty acids on liver microsomal peroxidation induced by iron-ascorbate and NADPH/A]DP-iron system as measured by 
MDA production. (A and B), with iron ascorbate system in which the control microsomai incubation gave 28.44+ 1.84 nmol M D A / m g  protein per 
15 min. (C), with NADPH/ADP-iron system in which tile control microsomal incubation gave 5.66 + 0.54 nmol MDA/mg protein per 15 rain. (A) 
e ,  oleic acid, 18:1; ×,  palmitoleic acid, 16: 1; ~, daidic acid, 18 : 1A9t; a, erucic acid, 22 : IAI3. (B) m palmitic acid, 16:0; o,  stearic acid, 18:0; 
&, oleic acid methyl ester; zx, linoleic acid methyl ester. (C) e,  oleic acid, 18 : 1 ; x ,  palmitoleic acid, 16 : 1; IL palmitic acid, 16 : O; o,  18 : 0; - ,  oleic 

acid methyl ester; D, linoleie acid, 18 : 2. 

when the iron concentration was raised from 5 to 20 
pM (Table I). At 0.25 mM oleic acid concentration, 
inhibition was reduced from 79 to 40% when the iron 
concentration was increased to 20 ~tM (data not shown). 
A similar decrease in inhibition was observed using 
NADPH/ADP-iron system in which 4-times the con- 
centration of ADP-iron was used. This suggests that 
possibly fatty acids chelate iron and make it unavailable 
for peroxidation. 

Since our earlier work showed that the intestinal 
membranes are resistant to ascorbate-iron and 
NADPH/ADP-iron induced peroxidation due to the 
presence of considerable amounts of NEFA in their 
membrane lipids, peroxidation of intestinal microsomes 
was induced with different methods and compared with 
liver microsomes. Table III gives the comparison of 
peroxidation of liver and intestinal microsomes induced 
by various methods. Intestinal microsomes were able to 
produce MDA when induced by ABAP or gamma- 

TABLE II! 

Comparison of microsomai peroxidation of lioer and intestine induced by 
various methods 

Data represent means of two experiments. 

Type of 
peroxidation 

MDA formed (nmol /mg 
protein per 15 min) 

liver intestine 

ABAP 1.54 ',. 10 
Radiolysis 0.30 0.21 
Cumene hydroperoxide 7.315 0.243 
CCI  4 3.433 0.382 

radiolysis although the amount of MDA produced was 
less in comparison to liver microsomes. Cumene hydro- 
peroxide and carbon tetrachloride were not able to 
induce peroxidation in intestinal microsomes. 

Discussion 

The present work has shown that a variety of NEFA are 
capable of itflfibiting peroxidation in vitro as measured 
by 02 uptake and MDA production. Fatty acids with 
one or more double bonds as well as saturated 
medium-chain fatty acids kaving a carbon chain of 
12-16 showed good inhibition. Positional and stereo 
isomers of monounsaturated fatty acids were also 
equally effective. It was clear from the data that a free 
carboxy! group in tb.e fatty acid is essential for inhibi- 
tion, since the methyl esters of fatty acids and saturated 
and monounsaturated long-chain hydrocarbons were in- 
effective. Saturated fatty acids with a chain length be- 
low 12 carbons, such as capric (10:0) and caprylic 
(8:0) acids, and above 16 carbon atoms, such as stearic 
(18 : 0) and arachidic acids (20 : 0), were less effective. A 
possible reason for the long-chain saturated fatty acids 
to be less effective may be due to the relative insolubil- 
ity of these fatty acids in the aqueous medium used for 
the peroxidation system. 

Fatty acid inhibition was partly reversed by increas- 
ing the concentration of iron, which suggests that prob- 
ably free iron, which is essential for peroxidation, was 
chelated by fatty acids. It is known that iron forms 
complexes with fatty acids and it has been recently 
shown that intestinal brush-border membrane contains 
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N EFA, which binds free iron and is involved in the 
transport of fatty acids [11-13]. Although there is a 
partial reversal of inhibition by increasing the con- 
centration of iron, complete reversal was not observed. 
This may be due to the fact that there is an excess of 
fatty acids present in the system as compared to iron. It 
has been suggested that one iron molecule binds four 
molecules of fatty acid [11]. Fatty acid inhibition was 
more pronounced in the ascorbate-iron system as com- 
pared to NADPH/ADP-iron system. This could possi- 
bly be due to the fact that the fatty acids form com- 
plexes more readily with free iron as against the iron 
complexed with some other compounds such as ADP. It 
was also observed that iron-independent peroxidation 
systems using ABAP, gamma-radiolysis cumene hydro- 
peroxide and CCI 4 were not inhibited by fatty acids. 

The possible reason for the differential effect of fatty 
acids in inhibiting peroxidation may be due to their 
different capacity to chelate iron. Although all fatty 
acids used contain a free carboxyl group, they differ in 
their solubility in aqueous medium used for peroxida- 
tion and in their hydrophobicity, with helps them to 
penetrate the membrane. Long-chain monounsaturated 
fatty acids and medium-chain saturated fatty acids are 
relatively soluble in aqueous media and also are suffi- 
ciently hydrophobic to penetrate the membrane where 
peroxidation takes place. On the other hand, long-chain 
saturated fatty acids are much less soluble in aqueous 
medium used for in vitro peroxidation and hence are 
not effective. Although short-chain fatty acids are solu- 
ble in aqueous medium, they lack the hydrophobic 
domain to penetrate the membrane to chelate the iron 
at the site of peroxidation. Po'~'unsaturated fatty acids 
may also chelate iron but they themselves are per- 
oxidised due to the presence of more double bonds. In 
addition to iron chelation, fatty acids may also compete 
with ¢tterified fatty acids in the membrane lipids, thus 
reducing the pero~dation. 

It has been shown that phospholipase can inhibit 
lipid pero~dation [14-15]. This may be due to the 
release of free fatty acids by phospholipase, which in 
turn can inhibit peroxidation. Albumin is known to 
have antioxidant activity which may be contributed by 
free fatty acids associated withit [16,17]. 

Intestinal membrane is resistant to peroxidation 
which is due to the: presence of large amounts of NEFA. 
If fatty acids inhibit pero~dation by chelating the avail- 
able iron, then iron-independent methods of peroxida- 
lion should take place in intestinal microsomes. We 
observed that intestinal microsomes can be peroxidised 
by both ABAP and gamma-radiolysis, which are inde- 
pendent of iron, but MDA production by intestinal 
microsomes was lower compared to liver. ABAP has 
been used earlier for peroxidation of red blood cells 
[18,19]. Intestinal microsomes were not peroxidised 
either by cumene hydroperoxide or CCI4, both of which 

require cytochrome P-450. it is known that intestinal 
microsome have a negligible amount of cytochrome 
P-450, hence its inability to peroxidise in presence of 
these compounds [20]. 

N EFA are an unusual component of membrane 
iipids, but we have observed an abundance of this in 
intestinal membranes. Mucosal cells are exposed to 
'free' iron from the diet, which makes it susceptible for 
peroxidation. Presence o~" large amounts of NEFA in 
mucosal membranes may be one of the mechanisms by 
which this tissue is protected from peroxidation damage, 
and this could possibly be by chelating the available 
iron. 
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