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Alkylglycerols (alkyl-Gro) are ether lipids abundant in shark liver oil (SLO), and oral SLO or alkyl-Gro mix
from this source have several in vivo biological activities including stimulation of haematopoiesis an
immunological defences, or anti-tumour and anti-metastasis activities in vivo. Composition of natural
alkyl-Gro mix contains several alkyl-Gro varying by chain length and unsaturation, and individual anti-
tumour activity of each molecule present in natural mix remained unknown. We synthesized six
prominent constituents of natural alkyl-Gro mix, namely 12:0, 14:0 16:0, 18:0, 16:1 n-7, and 18:1 n-9
alkyl-Gro. Using an in vivomodel of grafted tumour in mice (3LL cells), we studied and compared the oral
anti-tumour and anti-metastasis activities of each of these 6 alkyl-Gro. 16:1 and 18:1 alkyl-Gro showed
strong activity in reducing lung metastasis number, while saturated alkyl-Gro had weaker (16:0) or no
(12:0, 14:0, 18:0) effect. Spleen weights at day 20 after graft were also measured and showed tremendous
variations depending on the treatment. Tumour graft resulted in a raise in spleen weight in control
group, this raise was nearly abolished in 16:1 and 18:1 alkyl-Gro-treated mice, and was reduced in 14:0
and 16:0 alkyl-Gro-treated mice. Conversely, 18:0 alkyl-Gro-treated mice showed spleen weigh raise as
compared with untreated grafted mice. These new data demonstrate a prominent role of unsaturation in
the anti-tumour activities of alkyl-Gro.

� 2009 Elsevier Masson SAS. All rights reserved.
1. Multiple biological activities of alkylglycerols

Natural 1-O-alkylglycerols (alkyl-Gro) are bioactive ether lipids
present in body cells and fluids. They are found in milk, and are
precursors of ether phospholipids which participate to structures
and functions of membranes in certain cells such as white blood
cells or macrophages. Alkyl-Gro are found as well in bone marrow
lipids and in milk [1].

Marine sources of alkyl-Gro such as shark liver oil (SLO) contain
high levels of these compounds as a mixture of few species varying
by length and unsaturation of the alkyl chain [2] (Fig. 1).

Usual composition of alkyl chains in alkyl-Gro from SLO is found
as follow: 12:0, 1e2%. 14:0, 1e3%; 16:0, 9e13%; 16:1 n-7, 11e13%;
18:0, 1e5%; 18:1 n-9, 54e68%; 18:1 n-7, 4e6%, and minor species
(<1%).

Beneficial effects of SLO on health have been recognized in
traditional medicine of northern counties involved in fishing, such
as Japan, Norway or Iceland. In these countries the ancestral use of
SLO was empirical as strengthening or wound heeling.
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Experimental studies were performed during the late century,
aiming to demonstrate whether alkyl-Gro from SLO, had biological
properties and beneficial effects. Indeed several studies did observe
interesting effects, such as haematopoiesis stimulation [3],
lowering radiotherapy-induced injuries [4], or improving vaccina-
tion efficiency [5,6]. However, mechanisms for those multiple
activities remained poorly understood.

Past few decades the family of bioactive lipids has grown
tremendously. Lipids and phospholipids have prominent roles in
cell-to-cell communications as well in intracellular signals.
Membrane phospholipids are precursors of bioactive lipids either
agonists of specific membrane receptors, or secondmessengers and
transcription regulators involved in intracellular signallings. Inter-
estingly lipids are the single biochemical class that allows vari-
ability in structure depending on the nutrition. Therefore one may
modify by nutritional supply the lipid composition of cell
membranes and as a result, the structures and functions of mem-
braneederived bioactive lipids.

We have demonstrated that alkyl-Gro can be incorporated into
the phospholipids of several cell types such as THP1 monocytes [7]
endothelial cells [8] or blood platelets [9]. Furthermore in THP1 and
endothelial cells, resulting 1-O-alkylglycerophospholipids partici-
pated to the production of Platelet-activating Factor (PAF) [7] and 1-
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Fig. 1. General structure of natural alkyl-Gro from shark liver oil.
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O-alkyl-2-acylglycerol [8], an analogue of diacylglycerol (DAG) with
inhibiting effect on protein kinase C [10], respectively. Since
PAF plays a key role in sperm functions an interesting hypothesis
was that alkyl-Gro could modify sperm physiology, and actually
we showed that alkyl-Gro improvedboar spermmotility and fertility
[11,12].

We have also demonstrated that oral alkyl-Gro from shark liver
oil increased vaccination-induced raise in specific immunoglob-
ulins in serum and colostrum of pregnant sows. Furthermore,
alkyl-Gro and specific immunoglobulins were also increased in
colostrum, and beneficial effects were observed on offspring
haematopoiesis, immunological defences, and growth [13].

2. Anti-tumour activities of natural alkylglycerols

Using a model of solid tumour grafted in mice (Lewis lung
carcinoma cells¼ LLC), we have evaluated the anti-tumour effects
of oral SLO and of natural alkyl-Gro purified from the same source.
We found that both treatments reduced significantly the growth of
grafted tumours [14]. Furthermore, both treatments also reduced
the number of pulmonary metastases. These data demonstrated
that alkyl-Gro are active molecules accounting for anti-tumour
activities of shark liver oil. The mechanisms by which alkyl-Gro
exert these anti-tumour properties may be multiple. To evaluate
anti-neoangiogenic activity we measured the density of an endo-
thelial marker in tumours. After an alkyl-Gro oral treatment as
short as 5 days, we established that density of von Willebrand
factor in grafted tumours was decreased by 26% as compared to
control group [14].

Anti-neoangiogenic activities might be one of the possible
mechanisms for anti-tumour activities of alkyl-Gro [15]. Since basic
Fibroblast Growth Factor (bFGF), is a major angiogenesis stimulator
[16], we studied the effect of natural mix of alkyl-Gro on endothelial
cell proliferation stimulated by bFGF and showed that alkyl-Gro
reduced the bFGF stimulating effect [17].

3. Which 1-O-alkylglycerols from shark liver
oil have anti-tumour activities?

Since most studies describing alkyl-Gro effects were obtained
using a mix of several natural compounds, it was of interest to
explore the activity of each single compound. We synthesized six of
the major of natural alkyl-Gro mix, namely: 1) AKG 12:0¼1-O-
Dodecyl-sn-glycerol, 2) AKG 14:0¼1-O-Tetradecyl-sn-glycerol, 3)
AKG 16:0¼1-O-Hexadecyl-sn-glycerol (chimyl alcohol), 4) AKG
Table 1
Effect of alkyl-Gro on tumour volume and lung metastasis number after Lung Lewis Carc
were treated orally (25 mg/day) with alkyl-Gro or with olive oil (control) for 20 days. Tum
metastases were counted. (2 separate experiments, 10 mice per group) Significance of th
Mann and Whitney was used to compare groups. **p< 0.01 and ***p< 0.001.

Alkyl-Gro None 12:0 14:0 16:0

Tumour volume (percent of control)
Mean
� SEM

100
2.13

81.15***
3.27

85.72
6.73

95.48
8.62

Lung metastases (percent of control)
Mean
� SEM

100
9.45

87.26
16.28

81.89
17.31

64.98**
15.42
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18:0¼1-O-Octadecyl-sn-glycérol (batyl alcohol), 5) AKG 16:1¼1-
O-(Z)-90-Hexadecenyl-sn-glycerol, 6) AKG 18:1¼1-O-(Z)-90-Octa-
decenyl-sn-glycerol (selachyl alcohol).

The activities of each of these compounds were compared on
the same in vivo model of solid tumour grafted in mice [14]. We
found that AKG 16:1 and 18:1 were the most potent compounds on
tumour growth and lung macrometastasis number, while other
compounds (AKG 16:0 and 12:0) had weaker activities. We
observed also that AKG 18:0 did not reduce but trended to increase
tumour growth and metastasis number (Table 1).

We also observed important variations in spleen weights at the
end of the experiment (day 20). In non-grafted mice, natural mix of
alkyl-Gro had no effect on spleen weights. Tumour graft induced
a strong increase in spleen weights of the control group. Alkyl-Gro
treatments resulted in a reduction of spleen weights in most
groups, with stronger effects observed in AKG 16:1 and 18:1 groups
inwhich spleenweights decreased to levels similar of those in non-
grafted groups. By contrast, spleen weight in AKG 18:0 group was
significantly increased as compared with olive group (Fig. 2).

4. Cytotoxic and cytostatic effects on endothelial cells

On Human umbilical vein endothelial cells (HUVEC), MTT test
[18] revealed absence of cytotoxicity after 72 h at concentrations
lower than 20 mM for any synthetic alkyl-Gro. We studied the effect
of 72 h incubation with synthetic alkyl-Gro on [3H]-thymidine
incorporation into HUVEC, andwe observed that AKG 18:1 and 16:1
again had the strongest effects at concentrations devoid of cyto-
toxic effects (Table 2).

5. Discussion

The anti-tumour and anti-metastasis activities of natural alkyl-
Gro from SLO are essentially supported by the unsaturated
compounds with 16 and 18 carbon alkyl chain. These activities are
associated with a strong reduction of tumour-induced increase in
spleen weight. These two compounds represent mainly 70e80% of
total alkyl-Gro from SLO, explaining activity of natural mix of alkyl-
Gro. However, the natural mix contains compounds without or
with weak activities, and a minor compound, AKG 18:0 which has
remarkable opposite effects on spleen weight. Therefore the use of
the two most active compounds could be of interest for improving
anti-tumour and anti-metastasis efficiency of alkyl-Gro. The
splenomegaly observed after 3LL cell graft reflects spleen invasion
by immature myeloid cells, proeminently neutrophil granulocytes
[19,20], and is associated with a decrease in blood B and T
lymphocytes [19], both events impairing efficient immune
responses to tumour cells. Spleen size reduction observed in graf-
ted mice treated with AKG 18:1 and 16:1 has poorly understood
mechanism, it could however contribute to restore immune
defences against tumour cells.
inoma (LLC) cell grafting in mice. LLC cells were grafted in the leg of the mice which
our volume was followed every other day. At day 20, lungs were collected and lung
e difference between groups was assessed by one-way ANOVA and the rank test of

18:0 16:1 18:1 Natural mix

103.05
8.93

26.92***
3.31

50.5**
2.37

78.09***
2.32

104.4
20.21

9.07***
3.53

25.14***
5.46

37.84***
7.01
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Fig. 2. Effects of alkyl-Gro on spleen weight (g) in mice grafted with Lewis lung
carcinoma cells (LLC). Alkyl-Gro were administered orally (25 mg/day) by incorpora-
tion in the food for 20 days. At day 0, mice receive intramuscular implantation of LLC
(106 cells/100 ml). Control groups received olive oil (25 mg/day). At day 20, spleens
were collected and weighed. Values are mean� SEM. (2 separate experiments, 10 mice
per group). NG¼ non-grafted mice. Significance of the difference between treated and
untreated groups in LLC grafted mice was assessed by the rank test of Mann and
Whitney, *p< 0.05 and ***p< 0.001.

Table 2
Inhibiting effect of alkyl-Gro on [3H]-thymidine incorporation into HUVEC. HUVEC
were incubated for 72 h without or with increasing concentrations (1e50 mM) of
alkyl-Gro. At t¼ 64 h, [3H]-thymidine was added and at t¼ 72 h incubation was
stopped by methanol. Labelled DNA was precipitated using 10 percent perchloric
acid (v/v), dissolved in 0.5 N NaOH, and incorporated radioactivity was quantified by
liquid scintillation counting. Concentrations inhibiting 50 percent of [3H]-thymidine
incorporation into control cells (IC 50) were established graphically.

Alkyl-Gro 18:1 16:1 12:0 16:0 14:0 18:0
IC 50 (mM) 9.2 9.6 13.8 15 27 e
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Alkyl-Gro have only weak in vitro cytotoxic effects on 3LL cells
[21] and cytotoxicity is not likely to be the major mechanism of
alkyl-Gro anti-tumour activity,

Mechanisms of anti-tumour effects also could be related to anti-
angiogenic activities, since both unsaturated alkyl-Gro reduced
endothelial proliferation which is involved in neo-angiogenesis.

Several biochemical mechanisms could explain the multiple
activities of alkyl-Gro. Their role in increasing PAF precursor and
amplifying PAF production could explain several effects related to
PAF activities such as immuno-stimulation or immuno-modulation.
Another interesting track is the interaction of 1-O-alkyl-2-acylgly-
cerol with protein kinase C. This compound which is produced
following cell stimulation after alkyl-Gro incorporation in
membrane phospholipids [8], is an analogue of DAG which inhibits
PKC [10]; 1-O-alkyl-2-acylglycerol binds to, but do not activates
PKC-3 and compete with DAG; this could result in cell growth arrest
[22] as observed in endothelial cells [17].

Finally the relation between unsaturation and anti-tumour
activities of alkyl-Gro remains uncertain and deserves to be studied
in the future.

Statistics

Data are presented as mean� SEM. Significance of the differ-
ence between treated and control groups was assessed by the
indicated statistical test. *p< 0.05, **p< 0.01, ***p< 0.001.
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