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Squalene: A natural antioxidant?
Squalene (see left) is a triterpene and an intermediate in the biosynthesis of sterols in the plant
and animal world [1]. The richest known source of squalene is shark liver oil. In vegetable oils,
squalene is found over broad ranges [2]. For example, in flaxseed, grape seed, and soybean oils
it is not detected, but is quite prominent in peanut (1.28 g/kg), pumpkin (3.53 g/kg), and olive
oils (5.99 g/kg). Squalene is the main component of skin surface polyunsaturated lipids and
shows some advantages for the skin as an emollient and antitumor compound [3]. The tri-
terpene has also been found to have protective activity against several carcinogens.

Conforti et al. [4] reported an antioxidant effect of squalene in a model of lipid peroxidation
of liposomes; the IC50 value for squalene was 0.023 mg/mL. An ethyl acetate extract of Amar-
anthus caudatus examined using the same method was 20-fold less active. The regeneration of
a-tocopherol by squalene in photo-oxidation studies was suggested by Psomiadou and Tsimi-
dou [5]. This is in line with the hypothesis of Kohno et al. [6].

Squalene showed slight antioxidant activity when assayed by the crocin bleaching method
[7]. In the same study, squalene demonstrated a synergistic effect with a-tocopherol and b-
sitosterol. The authors suggested that squalene could act as a competitive compound in the
crocin bleaching reaction, thereby reducing the rate of oxidation.

Results of Dessi et al. [8] showed that during temperature-dependent autoxidation and
UVA-mediated oxidation, squalene acts mainly as a peroxyl radical scavenger. Yet, no radical
scavenging activity was observed using the DPPH radical in 2-propanol [1]. Pure squalene
assayed by the L-ORACFL method exhibited an antioxidant activity of 0.74 mmol Trolox-
equivalents/g [9]. The rate constant (ko) of quenching of singlet oxygen by squalene is reported
to be similar to that of butylated hydroxytoluene (BHT) [6]. The electron donating character-
istics of the methyl groups of squalene are essential to the large observed ko.

Squalene, subjected to accelerated oxidation in a Rancimat apparatus at 1007C, showed a
negligible antioxidant effect [10]. From experiments of Psomiadou and Tsimidou [1], a con-
centration-dependent moderate antioxidant activity of squalene – when stored at 40 and 627C
in the dark – was evident, which was stronger then the case of olive oil compared to that found
for sunflower oil and lard. The authors concluded that the weak antioxidant efficacy of squalene
in olive oil may be explained by competitive oxidation of the various lipids present, which leads
to a reduction in the rate of oxidation. In the study of Dessi et al. [8], the oxidative stability of
polyunsaturated fatty acids was affected by squalene. This natural compound at a molar ratio to
PUFA as 1:7 inhibited the oxidation of arachidonic and docosahexaenoic acids by 50%. The
inhibition of oxidation of linoleic acid was determined to be 22%. Furthermore, squalene
exerted a significant antioxidant activity in mild UVA-mediated PUFA oxidation.

In experiments with rats, the combined administration of squalene and a PUFA concentrate
resulted in a significant (P ,0.05) reduction in the level of lipid peroxidation in the heart tissue
[11]. According to Hauß et al. [12] squalene – since being a highly lipophilic compound – can
readily pass across the PUFA-rich lipid bilayer into intracellular compartments; this is believed
to aid in its capabilities as a potent antioxidant. Squalene was found to be a much stronger
scavenger of hydroxyl radicals than endogenous reduced glutathione (GSH) [13].

During storage and in technological processes, squalene exhibited great stability. The losses
of squalene during 6 months of dark storage of virgin olive oils at room temperature ranged
from 26 to 47% [14]. However, contrasting findings were reported by Psomiadou and Tsimi-
dou [15]. In their study an insignificant decrease of squalene content was observed in virgin
olive oils stored in the dark at room temperature for 24 months. In photo-oxidation studies,
squalene loss has been confirmed (4-12%) [5]. Under accelerated storage conditions (607C),
squalene showed high stability in extra virgin olive oil. A loss of ,20% was observed within the
induction period [16]. The processing stability of squalene in amaranth was investigated by
Tikekar et al [9]. These authors reported that squalene was stable during all processing opera-
tions with a maximum loss of only 12% during roasting (20 min at 1507C). Squalene was also
stable during pan-frying of French fries in different edible oils [17].

Chemical structure of squalene
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In summary, squalene is a hydrophilic natural antioxidant. Its antiradical and antioxidant
properties depend on the model system employed for the study. Nevertheless, investigations of
the antioxidant properties in animal and human models are still required
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