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ABSTRACT

Lipid peroxidation is one of the main events induced by oxidative stress
and is particularly active in those tissues whose membranes are rich in
polyunsaturated fatty acids. The aim of the present study was examine
fatty acid profiles and the susceptibility to lipid peroxidation in mitochon-
dria obtained from liver and heart of Gentoo penguin Pygoscelis papua.
When we analysed the fatty acid composition of Gentoo penguin we ob-
served that the amount of saturated and unsaturated fatty acids obtained
from liver mitochondria was 53% and 45%, whereas in heart mitochondria
was 40% and 60% respectively. In liver as in heart the predominant unsat-
urated fatty acid was C18:1n9. The polyunsaturated fatty acid percentages
of mitochondria obtained from liver was 16% whereas in heart was 18%.
The rate between C20:4n6/C18:2n6 in liver and heart mitochondria was 2.17
and 0.34 respectively. The mitochondria obtained from liver and heart is
not susceptible to lipid peroxidation. The most interesting finding of our
study is the low sensitivity to lipid peroxidation observed in both organs;
this fact may be involved in the protection to oxidative stress observed in
these organelles.  2012 Trade Science Inc. - INDIA
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INTRODUCTION

Birds are characterized by low free radical pro-
duction than mammals of similar body size and meta-
bolic rates[1]. Previous studies have shown that the de-
gree of unsaturation of fatty acids and the sensitivity to

lipid peroxidation of liver and heart mitochondria from
birds are lower when compared with mammals[2-5].
Therefore it has been shown that the heart lipids of ca-
naries (Serinus canarius Linnaeus, 1758) and para-
keets (Melopsittacus undulatus Shaw, 1805) have a
lower fatty acid double bond content than those of mice
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(Mus musculus Linnaeus, 1758)[4]. Recently, we re-
ported a relationship between tissue sensitivity to lipid
peroxidation in vitro and long chain polyunsaturated
fatty acid concentration in liver, heart and brain mito-
chondria from Goose (Anser anser Linnaeus, 1758)[6].

All cellular membranes are especially vulnerable to
oxidation due to their high concentration of polyunsatu-
rated fatty acids (PUFAs) which are abundant in nature
and are generated by action of desaturases on satu-
rated fatty acids[7].

Long chain polyunsaturated fatty acids such as
arachidonic acid (C20:4 n6) and docosahexaenoic acid
(C22:6 n3) play important roles in a variety of biologi-
cal functions[8]. PUFAs are essential components in
higher eukaryotes that confer fluidity, flexibility and se-
lective permeability to cellular membranes. PUFAs af-
fect many cellular and physiological processes in both
plants and animals. Animal biosynthesis of high
polyunsatutated fatty acids from linoleic, a-linolenic and
oleic acids is mainly modulated by the delta-6 and delta-
5 desaturases through dietary and hormonal stimulated
mechanisms[9].

Lipid peroxidation is generally thought to be a ma-
jor mechanism of cell injury in aerobic organism sub-
jected to oxidative stress. Non enzymatic lipid
peroxidation and formation of lipid-peroxides can be
initiated by adding ascorbate in the presence of oxygen
and Fe 2+ or Fe 3+ ions to various tissues preparations
such as homogenates, mitochondria, microsomes and
nuclei obtained from various tissues and species[10,11,12].
Among cellular macromolecules, PUFAs exhibit the
highest sensitivity to oxidative damage. It is accepted
that their sensitivity increases as a power function of the
number of double bonds per fatty acid molecule[13].
Membranes phospholipids are particularly susceptible
to oxidation not only because of their highly polyun-
saturated fatty acid content but also because of their
association in the cell membrane with non-enzymatic
and enzymatic systems capable of generating pro-oxi-
dative-free radical species. The measurement of lipid
peroxidation is one of the most commonly used assays
for radical induced damage[1,14].

A combination of ascorbate plus iron can trigger a
Fenton-reaction with formation of highly reactive hy-
droxyl radicals, which can cause chain-initiation reac-
tion of lipid peroxidation and secondary protein oxida-

tion[15]. Ascorbate may enhance the process by keep-
ing iron in the reduced state. In crude tissue fractions
iron in reduced form can degrade preformed lipid hy-
droperoxides forming radicals that can catalyze the chain
propagation phase of lipid peroxidation, without involv-
ing directly the hydroxyl radicals or other active oxygen
species[16]. Lipid peroxidation termination involves the
reaction of LOO·  to form non-radical products or the
reaction of one LOO·  with another terminating radical
to generate non-propagating radical species[17]. Some
lipid peroxidation products are light-emitting species and
their spontaneous chemiluminiscence can be used as an
internal marker of oxidative stress[18].

Penguins are capable of storing great reserves of
energy in their layer of subcutaneous fat, which means
that they can survive long periods without feeding at all.
The length of time a bird can go without food depends
basically on its weight at the beginning of the fasting
period; the fatter the bird, the longer it can survive[19].

Gentoo penguins Pygoscelis papua Forster, 1781
have a wide latitudinal distribution (46-65°S) compared

to other species of Antarctic and Subantarctic penguins.
It feeds mainly on euphausiid crustaceans and fish, with
large foraging trips[20].

In the present work we have studied the fatty acid
profiles and non enzymatic lipid peroxidation of mito-
chondria obtained from liver and heart of Gentoo pen-
guin. Therefore, the potential relationships between the
fatty acid composition of the food and any changes in
those of the tissues were examined.

Liver was selected because of its ability of high pro-
duction of free radicals and heart due to its high oxygen
partial pressure.

MATERIALS AND METHODS

Animals

The samples for this study were obtained from
three adults Gentoo penguin (Pygoscelis papua) from
Hope Bay (63°23´S 54°00´W), Antarctic Peninsula,

Antarctica. The organs were removed and the stom-
ach contents were collected and transferred to our
laboratory maintained at -20°C. Liver and heart were

analyzed, and the rest of the organs were distributed
in different laboratories for other scientific studies. The
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mean body weight of the birds was 5,287 ± 728.5 g.

Preparation liver and heart mitochondria

Mitochondria were prepared as described by
Schneider and Hogeboom[21]. The organs were cut into
small pieces and washed extensively with 0.15 M NaCl.
An homogenate of the tissue was prepared in solution
containing 0.25 M sucrose, 10 mM Tris-HCl pH 7.4,
PMSF 0.1 mM, 3 ml of solution per gram of tissue,
using the Potter-Elvejhem homogeneizer. The homo-
genate was spun at 1,000 x g, pellet was discarded,
and the supernatant was spun at 20,000 x g for 10 min
to obtain mitochondria. All operations were performed
at 4 °C. Mitochondria was stored at �83 °C and used

within a week of its preparation, after one cycle of freez-
ing and thawing.

Non-enzymatic lipid peroxidation of mitochondria

Chemiluminescence and lipid peroxidation were ini-
tiated by adding ascorbate-Fe2+ to mitochondrial prepa-
rations[22]. Mitochondria (1 mg of protein) were incu-
bated at 37°C with 0,01 M phosphate buffer (pH 7.4),

0.4 mM ascorbate, final volume 1 ml. Phosphate buffer
is contaminated with sufficient iron to provide the nec-
essary ferrous or ferric iron for lipid peroxidation, (final
concentration in the incubation mixture was 2.15
mM)[23]. Mitochondria preparations which lacked
ascorbate-Fe2+ (control) were carried out simulta-
neously. Chemiluminescence was measured as counts
per min in a liquid scintillation analyzer Packard 1900
TR. Membrane light emission was determined over 120
min period, and recorded as cpm every 10 min and the
sum of the total chemiluminescence was used to calcu-
late cpm/mg protein.

Measurement of fatty acid composition

Mitochondrial lipids were extracted with chloro-
form/methanol (2:1 v/v containing 0.01 % BHT as an-
tioxidant) from peroxidized membranes[24]. Fatty acids
were transmethylated with 10% F

3
B in methanol at 60

°C for 3 h. Fatty acid methyl esters were analyzed with

a GC-14A gas chromatograph (Shimadzu, Kyoto, Ja-
pan) equipped with a packed column (1.80 m x 4 mm
i.d.) GP 10% DEGS-PS on 80/100 Supelcoport. Ni-
trogen was used as a carrier gas. The injector and de-
tector temperatures were maintained at 250 °C, the

column temperature was held at 200 °C. Fatty acid

methyl ester peaks were identified by comparison of
the retention times with those of standards. All compo-
sitions were expressed as % by area of total fatty ac-
ids.

Unsaturation index (UI)

UI was calculated according to the formula, UI =
sum (fatty acid percent) x (number of double bonds)[25].

Protein determination

Proteins were determined by the method of Lowry
et al.[26] using BSA as standard.

Chemicals

Butylated hydroxytoluene (BHT) and phenyl-me-
thyl-susfonyl fluoride (PMSF) were from Sigma (St.
Louis, MO, USA). Bovine serum albumin (BSA) (Frac-
tion V) was obtained from Wako Pure Chemical In-
dustries, Japan. L(+) ascorbic acid and boron-
trifluoride- methanol complex were from Merck. Stan-
dards of fatty acids methyl esters were from Nu Check
Prep Inc, Elysian, MN, USA. All other reagents and
chemicals were of analytical grade from Sigma.

Statistical analysis

Data were expressed as means ± S.D. Statistical

analysis utilized was Student�s t-test. Statistical crite-

rion for significance was selected at different p values
and indicated in each case.

RESULTS

Fatty acid composition and chemiluminescence
of liver and heart mitochondria submitted to lipid
peroxidation

The saturated long chain fatty acids present in liver
and heart mitochondria obtained from Gentoo penguin
were mainly C16:0 and C18:0 in a percentage of ap-
proximately 50% and 40 % respectively. The concen-
tration of unsaturated fatty acids of liver and heart mi-
tochondria was approximately 50 % and 60 %, re-
spectively, with a prevalence of oleic acid C18:1 n9.

In liver mitochondria the content of polyunsaturated
long chain fatty acid decrease in the order C22:6 n3 >
C20:4 n6 > C18:2 n6. Whereas in heart mitochondria
were in the order C18:2 n6 > C20:4 n6 > C22:6 n3.
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The main polyunsaturated fatty acid profiles (C20:4 n6
and C22:6 n3) of heart and liver mitochondria were not
modified after lipid peroxidation process (TABLES 1
and 2).

The rate C20:4 n6 / C18:2 n6 in liver and heart
mitochondria was 2.17 and 0.34 respectively. There-
fore the unsaturation index was not similar.

Light emission equal to chemiluminescence origi-
nating from liver and heart was not statistically signifi-
cant when control and peroxidized samples were com-
pared (Figure 1).

Comparison of fatty acid composition of or-
ganelles with the diet

Fatty acid Control Ascorbate-Fe++ 

C16:0 24.40  4.64 30.32  0.25 

C18:0 28.72  0.66 29.56  1.56 

C18:1 n9 29.28  2.36 27.25  0.51 

C18:2 n6 2.84  0.22 2.56  0.77 

C20:4 n6 6.04  1.70 3.69  1.01 

C22:6 n3 7.26  0.82 6.51  0.94 

Saturated 53.12  5.02 59.88  1.32 

Monounsaturated 29.28  2.36 27.25  0.51 
Polyunsaturated 16.14  2.25 12.75  1.19 

Total unsaturated 45.42  4.59 40.00  1.37 

Saturated/unsaturated 1.19  0.23 1.50  0.09 

UI 102.68  13.34 86.15  8.28 

PUFA n3 7.26  0.82 6.51  0.94 

PUFA n6 8.87  1.50 6.24  0.31 

C20:4 n6/C18:2 n6 2.17  0.76 1.62  0.91 

TABLE 1 : Fatty acid composition of total lipids from liver
mitochondria of Gentoo penguin Pygoscelis papua.

Data are given as the mean ± S.D. of three independent

experiments.
UI= sum of the percentages of each fatty acid x number of
double bonds.

Fatty acid Control Ascorbate-Fe++ 

C16:0 19.35  0.52 18.47  0.76 

C18:0 22.83  1.35 25.92  1.52 
C18:1 n9 39.12  1.09 36.16  0.50 

C18:2 n6 12.33  0.32 13.26  1.20 

C20:4 n6 4.46  0.44 5.05  0.54 

C22:6 n3 1.44  0.18 1.30  0.29 

Saturated 42.17  1.85 43.69  1.82 

Monounsaturated 39.12  1.09 36.16  0.50 
Polyunsaturated 18.23  0.71 19.61  1.71 

Total unsaturated 57.36  1.79 55.77  2.21 

Saturated/unsaturated 0.74  0.05 0.79  0.06 

UI 90.26  3.94 90.69  5.81 

PUFA n3 1.44  0.18 1.30  0.29 
PUFA n6 17.46  0.92 20.68  0.55 

C20:4 n6/C18:2 n6 0.34  0.02 0.57  0.18 

TABLE 2 : Fatty acid composition of total lipids from heart
mitochondria of Gentoo penguin Pygoscelis papua.

Data are given as the mean  S.D. of three independent
experiments.
UI= sum of the percentages of each fatty acid x number of
double bonds.

Figure 1 : Total chemiluminescence produced by liver and
heart mitochondria obtained from Gentoo penguin (Pygoscelis
papua)  control and  peroxidized (in the presence of
ascorbate-Fe++). Results are expressed as mean ± S.D.

Fatty acid Area % 

C16:0 23.83  1.14 

C 16:1 n7 7.93  0.12 

C18:0 0.90  0.10 

C18:1 n9 20.53  1.37 
C18:2 n6 1.93  0.05 

C18:3 n3 0.63  0.06 

C20:4 n6 30.37  0.47 
C22:6 n3 14.58  1.49 

Saturated 24.73  1.21 

Monounsaturated 28.47  1.42 

Polyunsaturated 47.50  1.55 
Total unsaturated 75.96  0.21 

Saturated/unsaturated 0.33  0.02 

UI 243.13  7.62 
PUFA n3 15.00  1.85 

PUFA n6 32.29  0.52 

C20:4/ C18:2 15.76  0.15 

C22:6/ C18:3 23.31  1.85 

TABLE 3 : Fatty acid composition of total lipids from
stomach content of Gentoo penguin Pygoscelis papua

Data are given as the mean ± S.D. of three independent

experiments.
UI= sum of the percentages of each fatty acid x number of
double bonds.
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When we analyzed the penguin stomach content
we observed that this diet is very rich source of long
chain n3 and n6 polyunsaturated fatty acids such as
C22:6 n3 and C20:4 n6, and is also characterized by
high proportions of long chain monounsaturated like was
C18:1 n9 (TABLE 3).

Consequently the fatty acid profile is characterized
by a high percentage of polyunsaturated fatty acids. The
unsaturation index: UI, which is an indication of the num-
ber of double bonds present in lipids was higher in liver
than heart mitochondria, 102.68 ± 13.34 and 90.26 ±

3.94 respectively. Turn in stomach content the UI value
was 243.13 ± 7.62, a value that is 2.4 and 2.8 times

higher than that obtained in liver and heart, respectively.
The main reason for this difference was the higher C20:4
n6 and C22:6 n3 percentages found in the stomach
content compared to liver and heart mitochondria
(TABLES 1, 2 and 3).

DISCUSSION

Previous studies have shown that the degree of
unsaturation of fatty acids of mitochondria from birds is
lower when compared to mammals. Barja et al.[27] and
Ku and Sohal[28] have observed that free radical pro-
duction in Rock pigeon (Columba livia Gmelin, 1789)
mitochondria was lower than in rat (Rattus sp) mito-
chondria.

In this study we described for the first time the fatty
acids profiles and non enzymatic lipid peroxidation of
mitochondria obtained from liver and heart of Gentoo
penguin.

The Gentoo penguin inhabits the southern Antarc-
tic region and breeds during the summer in large colo-
nies on remotes islands. The adult feeds exclusively at
sea and their diet during the breeding season consist
almost enterily of Krill (Euphausia superba Dana, 1852
and E. crystalorophias)[29].

The simultaneous study of fatty acid profile in diet
and in liver and heart mitochondria obtained from grain-
eating birds like goose Anser anser Linnaeus, 1758
and quails Coturnix coturnix japonica Linnaeus, 1758
demonstrate that the fatty acid composition of the diet
is not responsible for the differences observed in the
double bond content of the organelles[6,30]. This analy-
sis is in concordance with the observations of Pamplona

et al.[3]. We also show that although the polyunsatu-
rated fatty acids were similar in all the tissues examined
the contribution of each fatty acid was different.

Liver mitochondria from Gentoo penguin possess
a higher content of polyunsaturated fatty acids, mainly
C20:4 n6 and C22:6 n3 and a lower content of C18:1
n9 and C18:2 n6, compared with heart mitochondria.
This distribution in the tissues analyzed was similar to
that observed in previous studies[2,5,11,6,30]. These au-
thors have also demonstrated that different bird spe-
cies show a low degree of unsaturation despite differ-
ences in their diet composition. Taking this observation
into account we considered that the low content of
double bonds observed in penguin organelles would be
independent of diet.

Docosahexaenoic C22:6 n3 and arachidonic
C20:4 n6 acids are synthesized from its dietary pre-
cursor 18:3 n3 and 18:2 n6, respectively[31] and its
content was different in the tissues studied. Liver mi-
tochondria exhibited a high C20:4/C18:2 ratios and a
higher content of PUFA n3 compared with heart mi-
tochondria. These results indicate that the level of un-
saturated fatty acids is homeostatically regulated in tis-
sues[32].

The control of membrane fatty acid unsaturation
has been attributed to negative feed-back regulation
of transcription of desaturase genes dependent on lipid
composition[32,33] and to the modulation of desaturases
by the metabolic-hormonal status[34].

Many studies have shown that free radical damage
and lipid peroxidation increase as a function of the de-
gree of unsaturation of fatty acids present in the phos-
pholipids of biological membranes. In this regard, it has
been demonstrated that the number of bis-allylic posi-
tions contained in the cellular lipids of intact cells deter-
mines their susceptibility, i.e. oxidizability, to free radi-
cal-mediated peroxidative events[13,35,36].

However, these observations cannot be taken as
a general rule. Previous results have demonstrated that
fatty acid profiles of mitochondria obtained from sev-
eral bovine tissues are not responsible for their differ-
ent susceptibility to free radical degradation[37].

Studies conducted over the last decade have
shown that birds � particularly long-lived species �

have better defenses against reactive oxygen species
(ROS) damage, and that they probably utilise a com-
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bination of cellular protective mechanisms[38,39]. These
defenses include lower mitochondrial ROS produc-
tion, inducible defenses, like antioxidant enzymes and
constitutive or structural defenses[40,41]. In the mito-
chondria of heart and liver of penguins dominate
monounsaturated fatty acids, mainly C18:1n9. High
values of those fatty acids were also detected in pi-
geon[2,5], canary and parakeet[4], duck, goose and
quail[11,6,30,42], all of them essentially unable of peroxi-
dase. C22:6n3 is 320-fold more susceptible to
peroxidation than18:1n9[43]. The low degree of
nonsaturation that these cellular membranes present,
is principally due to their lower content of highly un-
saturated fatty acids, such as C22:6n3, and higher
presence of less unsaturated fatty acids, as the C18:1n9
and C18:2n6. This redistribution of fatty acids with-
out changes in the total amount of polyunsaturated fatty
acids, leads to lower levels of lipid peroxidation.

The most interesting finding of our study is the low
sensitivity to lipid peroxidation detected in heart and liver
penguin organelles, especially liver that is an organ that in
mammals produces great quantity of radicals free. The
results obtained in heart and liver mitochondria contrib-
ute to the protection of that tissues against oxidative dam-
age and consequently to the preservation of its function.
These results together with those previously obtained in
other bird species suggest that a low degree of fatty acid
unsaturation is a general characteristic of birds.
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