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ABSTRACT KEYWORDS
Lipid peroxidation is one of the main events induced by oxidative stress Mitochondria;
and is particularly active in those tissues whose membranes are rich in Oxidative stress;
polyunsaturated fatty acids. The aim of the present study was examine Liver,
fatty acid profiles and the susceptibility to lipid peroxidation in mitochon- Heart;
dria obtained from liver and heart of Gentoo penguin Pygoscelis papua. Penguin;
When we analysed the fatty acid composition of Gentoo penguin we ob- Antarctica

served that the amount of saturated and unsaturated fatty acids obtained
from liver mitochondriawas 53% and 45%, whereasin heart mitochondria
was 40% and 60% respectively. In liver asin 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 mitochondriawas 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 isthe 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 Sciencelnc. - INDIA

INTRODUCTION lipid peroxidation of liver and heart mitochondriafrom

birds are lower when compared with mammal g2,

Birds are characterized by low freeradical pro- Thereforeit hasbeen shownthat theheart lipidsof ca-
duction than mammalsof smilar body szeandmeta-  naries (Serinus canarius Linnaeus, 1758) and para-
bolic rates!. Previousstudieshave shownthatthede-  keets (Melopsittacus undul atus Shaw, 1805) have a
greeof unsaturation of fatty acidsand thesengitivityto  lower fatty acid double bond content thanthose of mice
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(Mus musculus Linnaeus, 1758)14. Recently, were-
ported arel ationship betweentissue sengtivity tolipid
peroxidation in vitro and long chain pol yunsaturated
fatty acid concentrationin liver, heart and brain mito-
chondriafrom Goose (Anser anser Linnaeus, 1758)1©.

All cdlular membranesareespecidly vulnerableto
oxidation dueto their high concentration of polyunsatu-
rated fatty acids (PUFAS) which areabundant in nature
and are generated by action of desaturases on satu-
rated fatty acidg”.

Long chain polyunsaturated fatty acids such as
arachidonic acid (C20:4 n6) and docosahexaenoic acid
(C22:6 n3) play important rolesinavariety of biologi-
cal functiond®. PUFAs are essential componentsin
higher eukaryotesthat confer fluidity, flexibility and se-
lective permeability to cdllular membranes. PUFAs &f -
fect many cellular and physiological processesin both
plants and animals. Animal biosynthesis of high
polyunsatuteted faity acidsfromlinoleic, alinolenicand
olecacidsismanly modulated by theddta-6 and delta-
5 desaturasesthrough dietary and hormonal stimulated
mechanismg?.

Lipid peroxidationisgeneraly thought to beama-
jor mechanism of cell injury inaerobic organism sub-
jected to oxidative stress. Non enzymatic lipid
peroxidation and formation of |ipid-peroxides can be
initiated by adding ascorbatein the presence of oxygen
and Fe?* or Fe® ionsto varioustissues preparations
such ashomogenates, mitochondria, microsomesand
nuclel obtained from varioustissuesand specieg 101112,
Among cedllular macromolecules, PUFAs exhibit the
highest sensitivity to oxidative damage. It is accepted
that their sengitivity increasesasapower function of the
number of double bonds per fatty acid molecul&3.
Membranes phospholipidsare particularly susceptible
to oxidation not only because of their highly polyun-
saturated fatty acid content but also because of their
association inthe cell membrane with non-enzymatic
and enzymatic systems capabl e of generating pro-oxi-
dative-freeradical species. The measurement of lipid
peroxidationisoneof themost commonly used assays
for radical induced damage**4.

A combination of ascorbate plusironcantrigger a
Fenton-reaction with formation of highly reactive hy-
droxyl radicas, which can cause chain-initiation reac-
tion of lipid peroxidation and secondary protein oxida-
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tion*S. Ascorbate may enhance the process by keep-
ingironinthereduced state. In crudetissuefractions
ironinreduced form can degrade preformed lipid hy-
droperoxidesformingradicdsthat can caidyzethechan
propagation phaseof lipid peroxidation, without involv-
ingdirectly thehydroxyl radicasor other activeoxygen
specied?d, Lipid peroxidationterminationinvolvesthe
reaction of LOO" to form non-radica productsor the
reaction of oneLOO" with another terminating radical
to generate non-propagating radical species*”. Some
lipid peroxidation productsarelight-emitting speciesand
their spontaneouschemiluminiscence canbeused asan
interna marker of oxidative stresd*®.

Penguins are capabl e of storing great reserves of
energy intheir layer of subcutaneousfat, which means
that they can survivelong periodswithout feeding at al.
Thelength of timeabird can go without food depends
basically onitsweight at the beginning of thefasting
period; thefatter thebird, thelonger it can survived,

Gentoo penguins Pygoscelis papua Forster, 1781
haveawidelatitudind distribution (46-65°S) compared
to other speciesof Antarctic and Subantarctic penguins.
It feedsmainly on euphausid crustaceansandfish, with
largeforaging trips?.

In the present work we have studied thefatty acid
profilesand non enzymatic lipid peroxidation of mito-
chondriaobtained from liver and heart of Gentoo pen-
guin. Therefore, thepotentia relationshipsbetweenthe
fatty acid composition of thefood and any changesin
those of thetissueswere examined.

Liver wassd ected becauseof itsability of high pro-
duction of freeradica sand heart duetoitshigh oxygen
partial pressure.

MATERIALSAND METHODS

Animals

The samplesfor this study were obtained from
three adults Gentoo penguin (Pygoscelis papua) from
HopeBay (63°23°S 54°00°W), Antarctic Peninsula,
Antarctica. Theorganswereremoved and the stom-
ach contents were collected and transferred to our
laboratory maintained at -20°C. Liver and heart were
analyzed, and therest of the organswere distributed
indifferent laboratoriesfor other scientificstudies. The
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mean body weight of thebirdswas 5,287+ 728.5 g.
Preparation liver and heart mitochondria

Mitochondria were prepared as described by
Schneider and Hogeboom?, Theorganswerecut into
amal| piecesand washed extensvely with0.15M NaCl.
An homogenate of thetissuewasprepared in solution
containing 0.25M sucrose, 10 mM Tris-HCI pH 7.4,
PMSF 0.1 mM, 3 ml of solution per gram of tissue,
using the Potter-Elvejhem homogenei zer. The homo-
genate was spun at 1,000 x g, pellet was discarded,
and the supernatant was spun a 20,000 x gfor 10 min
to obtain mitochondria. All operationswere performed
at 4 °C. Mitochondria was stored at —83 °C and used
within aweek of itspreparation, after onecycleof freez-
ingand thawing.

Non-enzymaticlipid per oxidation of mitochondria

Chemiluminescenceand lipid peroxidation wereini-
tiated by adding ascorbate-Fe** to mitochondrid prepa-
rationg?. Mitochondria(1 mg of protein) wereincu-
bated at 37°C with 0,01 M phosphate buffer (pH 7.4),
0.4 mM ascorbate, find volume 1 ml. Phosphate buffer
iscontaminated with sufficient ironto providethenec-
essay ferrousor ferricironfor lipid peroxidation, (fina
concentration in the incubation mixture was 2.15
mM)[23, Mitochondria preparations which lacked
ascorbate-Fe?* (control) were carried out simulta-
neoudy. Chemiluminescence was measured as counts
per mininaliquid scintillation anayzer Packard 1900
TR. Membranelight emissonwasdetermined over 120
min period, and recorded ascpm every 10 minand the
sum of thetota chemiluminescencewasused to cacu-
late cpm/mg protein.

M easur ement of fatty acid composition

Mitochondrial lipidswereextracted with chloro-
form/methanol (2:1v/v containing 0.01 % BHT asan-
tioxidant) from peroxidized membranes?!. Fatty acids
weretransmethylated with 10% F_B in methanol at 60
°C for 3 h. Fatty acid methyl esters were analyzed with
aGC-14A gaschromatograph (Shimadzu, Kyoto, Ja-
pan) equipped with apacked column (1.80 mx 4 mm
i.d.) GP 10% DEGS-PS on 80/100 Supel coport. Ni-
trogen wasused asacarrier gas. Theinjector and de-
tector temperatures were maintained at 250 °C, the
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column temperature was held at 200 °C. Fatty acid
methyl ester peakswereidentified by comparison of
theretention timeswith those of standards. All compo-
sitionswere expressed as % by areaof total fatty ac-
ids.

Unsaturation index (Ul)

Ul was cal culated according to theformula, Ul =
sum (fatty acid percent) x (number of doublebonds)?.

Protain deter mination

Protelnswere determined by the method of Lowry
et a1 using BSA asstandard.

Chemicals

Butylated hydroxytoluene (BHT) and phenyl-me-
thyl-susfonyl fluoride (PM SF) werefrom Sigma(St.
Louis, MO, USA). Bovineserumdbumin (BSA) (Frac-
tion V) was obtained from Wako Pure Chemical In-
dustries, Japan. L(+) ascorbic acid and boron-
trifluoride- methanol complex werefromMerck. Stan-
dardsof fatty acids methyl esterswerefrom Nu Check
Prep Inc, Elysian, MN, USA. All other reagents and
chemica swereof andytica gradefrom Sigma.

Satistical analysis

Datawereexpressed asmeans+ S.D. Statistical
analysisutilized 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

Thesaturated long chainfatty acidspresent inliver
and heart mitochondriaobtained from Gentoo penguin
weremainly C16:0 and C18:0in apercentage of ap-
proximately 50% and 40 % respectively. The concen-
tration of unsaturated fatty acidsof liver and heart mi-
tochondria was approximately 50 % and 60 %, re-
spectively, withaprevalenceof oleicacid C18:1n9.

Inliver mitochondriathe content of polyunsaturated
long chainfatty acid decreasein theorder C22:6 n3>
C20:4 n6 > C18:2 n6. Whereasin heart mitochondria
werein the order C18:2 n6 > C20:4 n6 > C22:6 n3.
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TABLE 1: Fatty acid composition of total lipidsfrom liver
mitochondria of Gentoo penguin Pygoscelispapua.
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TABLE 2: Fatty acid composition of total lipidsfrom heart
mitochondria of Gentoo penguin Pygoscelis papua.

Fatty acid Contral Ascor bate-Fe™ Fatty acid Control Ascor bate-Fe™
C16:0 2440+ 4.64 30.32+0.25 C16:0 19.35+ 0.52 18.47+0.76
C18:.0 28.72+0.66 29.56+ 1.56 C18:0 22.83+1.35 25.92+1.52
C18:1n9 29.28+2.36 27.25+0.51 C18:1n9 39.12+ 1.09 36.16 + 0.50
C18:2n6 2.84+0.22 256+ 0.77 C18:2n6 12.33+£0.32 13.26 £ 1.20
C20:4n6 6.04+1.70 3.69+£1.01 C20:4n6 4,46+ 0.44 5.05+0.54
C22:6n3 7.26+0.82 6.51+0.94 C22:6n3 1.44+0.18 1.30+0.29
Saturated 53.12+5.02 59.88+1.32 Saturated 42.17+1.85 43.69+ 1.82
M onounsaturated 29.28+ 2.36 27.25+0.51 Monounsaturated 39.12+1.09 36.16 + 0.50
Polyunsaturated 16.14+ 2.25 12.75+£1.19 Polyunsaturated 18.23+0.71 19.61+1.71
Total unsaturated 45.42 + 4.59 40.00 + 1.37 Total unsaturated 57.36+ 1.79 55.77+2.21
Saturated/unsaturated 1.19+0.23 1.50+0.09 Saturated/unsaturated 0.74+0.05 0.79+0.06
ul 102.68+ 13.34  86.15+8.28 ul 90.26 + 3.94 90.69 + 5.81
PUFA n3 7.26+0.82 6.51+£0.94 PUFA n3 1.44+0.18 1.30+0.29
PUFA n6 8.87£1.50 6.24+£0.31 PUFA n6 17.46+0.92 20.68 £ 0.55
C20:4 n6/C18:2 n6 2.17+0.76 1.62+0.91 C20:4 n6/C18:2 n6 0.34+0.02 0.57+£0.18

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

Themain polyunsaturated fatty acid profiles(C20:4 n6

and C22:6 n3) of heart and liver mitochondriawerenot -

modified after lipid peroxidation process(TABLES 1
and 2).

Therate C20:4 n6/ C18:2 n6 in liver and heart
mitochondriawas 2.17 and 0.34 respectively. There-
foretheunsaturationindex wasnot Ssmilar.

Light emission equa to chemiluminescenceorigi-
nating from liver and heart wasnot statistically signifi-
cant when control and peroxidized sampleswere com-
pared (Figure 1).

Comparison of fatty acid composition of or-
ganelles with the diet
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Figure 1: Total chemiluminescence produced by liver and
heart mitochondriaobtained from Gentoo penguin (Pygoscelis
papua) ® control and O peroxidized (in the presence of
ascor bate-Fe™). Resultsar e expressed asmean + S.D.

Data are given as the mean + S.D. of three independent
experiments.
Ul= sum of the percentages of each fatty acid x humber of

double bonds.

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

Fatty acid Area%
C16:.0 23.83+1.14
c 16:1n7 7.93+0.12
C18:.0 0.90+0.10
C18:1n9 20.53+1.37
C18:2n6 1.93+0.05
C18:3n3 0.63+0.06
C20:4n6 30.37+£0.47
C22:6n3 14.58 + 1.49
Saturated 24.73+1.21
Monounsaturated 2847+ 1.42
Polyunsaturated 4750+ 1.55
Total unsaturated 75.96+0.21
Saturated/unsaturated 0.33+0.02
ul 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

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

experiments.

Ul= sum of the percentages of each fatty acid x humber of

double bonds.
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When we analyzed the penguin stomach content
we observed that thisdiet isvery rich source of long
chain n3 and n6 polyunsaturated fatty acids such as
C22:6 n3and C20:4 n6, and isa so characterized by
high proportionsof long chan monounsaturated likewas
C18:1n9(TABLE3).

Consequently thefatty acid profileischaracterized
by ahigh percentage of polyunsaturated faity acids. The
unsaturationindex: Ul, whichisanindicationof thenum-
ber of doublebondspresentinlipidswashigher inliver
than heart mitochondria, 102.68+ 13.34 and 90.26 +
3.H4 respectively. Turnin ssomach content the Ul value
was 243.13 + 7.62, a value that is 2.4 and 2.8 times
higher than that obtainedin liver and heart, respectively.
Themainreasonfor thisdifferencewasthehigher C20:4
n6 and C22:6 n3 percentages found in the stomach
content compared to liver and heart mitochondria
(TABLES1, 2and 3).

DISCUSSION

Previous studies have shown that the degree of
unsaturation of fatty acidsof mitochondriafrombirdsis
lower when compared to mammals. Barjaet d.? and
Kuand Soha®! have observed that freeradical pro-
ductionin Rock pigeon (Columba livia Gmelin, 1789)
mitochondriawas|ower thanin rat (Rattus sp) mito-
chondria

Inthisstudy wedescribed for thefirst timethefatty
acids profilesand non enzymatic lipid peroxidation of
mitochondriaobtained from liver and heart of Gentoo
penguin.

The Gentoo penguin inhabitsthe southern Antarc-
tic region and breeds during the summer in large colo-
niesonremotesidands. Theadult feedsexclusively at
seaand their diet during the breeding season consist
amogt enterily of Krill (Euphausia superba Dana, 1852
and E. crystal orophias).

Thesmultaneousstudy of fatty acid profilein diet
andinliver and heart mitochondriaobtained fromgrain-
eating birds like goose Anser anser Linnaeus, 1758
and quails Coturnix coturnix japonica Linnaeus, 1758
demongtrate that thefatty acid composition of thediet
isnot responsiblefor thedifferences observed inthe
doublebond content of the organelles®®. Thisanady-
g sisin concordancewith theobservationsof Pamplona
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et al.l¥. We also show that although the polyunsatu-
rated faty acidsweresimilarindl thetissuesexamined
the contribution of each fatty acid wasdifferent.

Liver mitochondriafrom Gentoo penguin possess
ahigher content of polyunsaturated fatty acids, mainly
C20:4 n6 and C22:6 n3 and alower content of C18:1
n9 and C18:2 n6, compared with heart mitochondria.
Thisdigtributioninthetissuesanalyzed wassimilar to
that observed in previous studies?51630, These au-
thors have al so demonstrated that different bird spe-
ciesshow alow degree of unsaturation despite differ-
encesinther diet compostion. Takingthisobservation
into account we considered that the low content of
doublebondsobserved in penguin organdleswould 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, respectivelytEY and its
content wasdifferent in thetissuesstudied. Liver mi-
tochondriaexhibited ahigh C20:4/C18:2ratiosand a
higher content of PUFA n3 compared with heart mi-
tochondria. Theseresultsindicatethat thelevel of un-
saturated fatty acidsishomeostaticaly regulatedintis-
sues®,

The control of membranefatty acid unsaturation
has been attributed to negative feed-back regulation
of transcription of desaturase genesdependent onlipid
composition®>33 and to themodul ation of desaturases
by themetabolic-hormona status®.

Many studieshave shown that freeradica damage
and lipid peroxidation increase asafunction of thede-
greeof unsaturation of fatty acids present inthe phos-
pholipidsof biologica membranes. Inthisregard, it has
been demonstrated that the number of bis-alylic pos-
tionscontainedinthecd lular lipidsof intact cellsdeter-
minestheir susceptibility, i.e. oxidizability, tofreeradi-
ca-mediated peroxidative eventg13%:3,

However, these observations cannot be taken as
agenera rule. Previousresultshave demonstrated that
fatty acid profiles of mitochondriaobtaned from sev-
eral bovinetissuesarenot responsiblefor their differ-
ent susceptibility tofreeradical degradation®.

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 utiliseacom-
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bination of cellular protective mechanismg®39. These
defensesincludelower mitochondrial ROS produc-
tion, inducible defenses, like antioxidant enzymesand
constitutive or structural defenses**44, In the mito-
chondria of heart and liver of penguins dominate
monounsaturated fatty acids, mainly C18:1n9. High
values of those fatty acids were al so detected in pi-
geon?¥, canary and parakeet!¥, duck, goose and
quai 1163042 g| of them essentially unable of peroxi-
dase. C22:6n3 is 320-fold more susceptible to
peroxidation than18:1n9“3, The low degree of
nonsaturation that these cellular membranes present,
isprincipally dueto their lower content of highly un-
saturated fatty acids, such as C22:6n3, and higher
presenceof lessunsaturated fatty acids, asthe C18:1n9
and C18:2n6. Thisredistribution of fatty acidswith-
out changesinthetota amount of polyunsaturated fatty
acids, leadsto lower levelsof lipid peroxidation.
Themost interesting finding of our study isthelow
sengtivity tolipid peroxidation detectedin heart and liver
penguinorgandles, especidly liver thatisanorgantha in
mammal s producesgreat quantity of radicasfree. The
resultsobtainedin heart and liver mitochondriacontrib-
utetotheprotection of that tissuesagaingt oxidetivedam-
age and consequently to the preservation of itsfunction.
Theseresultstogether with those previoudy obtainedin
other bird speciessuggest that alow degreeof fatty acid
unsaturationisagenera characterigtic of birds.
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