
Abstract. n3 polyunsaturated fatty acids have been reported
to have anti-carcinogenic effects on mammalian carcinomas.
n3 fatty acids occur in high concentrations in marine oils,
especially shark liver oils. Several reports have indicated an
extremely low incidence of cancer in sharks, although other
reports indicate carcinogenesis in some shark species. It has
been hypothesised that n3 fatty acids and other components of
shark liver oil may exert anti-carcinogenic effects. The aim of
this study was to assess whether shark liver oil, from four
Indian Ocean shark species, exerted anti-proliferative effects
on transformed and normal mammalian cells in culture, and
to assess whether the ratio of n3 to n6 polyunsaturates
influenced the results. Neither the shark liver oils themselves,
nor the ratio of n3 to n6, showed any consistently significant
effects with either transformed or normal cells. 

For several years polyunsaturated fatty acids, long chain
fatty acids with two or more double bonds and the first
double bond in either the n3 (omega-3) or n6 (omega-6)
position, have been suggested as anti-carcinogenic agents
(1-8). They not only form important components of cell
membrane phosphoglycerides (9), but are reported to have
a number of health benefits in humans (10). Anti-
inflammatory, anti-proliferative and anti-carcinogenic
effects have been demonstrated with n3 fatty acids and
their derivatives (11). Both in vivo and in vitro studies have
shown that n3 fatty acid supplementation inhibits the
promotion and progression stages of carcinogenesis (12),
increases the efficacy of various anticancer drugs,
chemotherapy and radiation, as well as aiding in the
correction of cachexia (13). In contrast, n6 fatty acids and
their derivatives have both anti- and pro-inflammatory

effects, and stimulate cell proliferation of some cell types,
as well as increasing the incidence of certain tumours,
particularly mammary (11). As a result of the differing
effects of n3 and n6 fatty acids on cell growth, the n3:n6
ratio is considered important for normal metabolic
functioning as well as in carcinogenesis (10), and
modulation of the n3:n6 ratio by increasing the amount of
n3 fatty acids has been reported to have a beneficial role in
anti-carcinogenesis of breast cancer (14). Most studies
indicate that a negative correlation exists between the
n3:n6 ratio and cancer mortality (15), thus suggesting that
the higher the n3:n6 ratio, the greater the anti-proliferative
and anti-carcinogenic effect. 

Neither n3 nor n6 fatty acids can be synthesised by
mammals and thus must be obtained from the diet. The
greatest concentration of n3 fatty acids found naturally
occurs in marine oils, such as shark liver oils (13). Shark
liver oil administered to humans has been shown to elevate
white blood cell counts thereby strengthening the immune
system (16), to reduce the side effects of radiation (10, 17),
as well as inhibiting tumour angiogenesis (18). 

Most shark liver oils examined to date contain a range of
lipid classes, including alkylglycerols, triacylglycerols,
squalene and fatty acids (mostly n3 polyunsaturated fatty
acids, but also saturated, monounsaturated and n6
polyunsaturated fatty acids) (16). However, the composition
of shark liver oils differ between shark species, and has been
shown to be dependant on shark size, sex, diet, growth rate,
swimming depth and reproductive status, as well as the
season (17, 19). Variation in lipid composition may also be
related to the rate limits of the biosynthesis of shark liver
oil components (17). 

Initially, several reports suggested that sharks did not
develop cancer (20, 21). However, others found malignant
and benign tumours in 42 sharks distributed across 21
species, although the number of individual sharks
examined, and, thus, the absolute incidence, was not
reported (22). Failure to induce tumours in shark tissues in
vitro has been taken as evidence of the resistance of sharks
to carcinogenesis (20, 21). In addition, some authors
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suggest that the high levels of polyunsaturates, especially
n3 polyunsaturates, in shark liver oils may be of benefit in
retarding the growth of cancers, not only in sharks
themselves, but also in mammals (18). The aim of this study
was to assess whether shark liver oils from different Indian
Ocean shark species exert anti-proliferative effects on both
transformed and normal mammalian cells in vitro, across a
range of oil concentrations reflecting fatty acid
concentrations that occur in mammalian circulation under
normal physiological conditions. 

Materials and Methods

The cancer cell lines used in the study were Caco2 (human colon
adenocarcinoma) and 653 (P3X63.Ag8.653 mouse myeloma).
Normal cell lines used in the study were 3T3 (immortalized mouse
fibroblasts), and MRC5 (human lung embryonic cells). The Caco2,
3T3 and MRC5 cell lines were obtained from Highveld Biologicals
(Pty) Ltd., South Africa. The 653 cell line was obtained from Dr.
W. Prinz of the University of the Witwatersrand, Johannesburg,
South Africa. The culture media used were modified Eagle's
medium (MEM) for the Caco2 cell line, Rosewell Park Memorial
Institute medium (RPMI) for the 653 cell line, Dulbecco's
modified Eagle's medium (DMEM) for the 3T3 cell line and
Leiberwitz medium for the MRC5 cell line. Each of the media
contained 10% foetal calf serum and 2% Penstrep (an antibiotic
mixture containing both penicillin and streptomycin). The foetal
calf serum, media and Penstrep were all obtained from Highveld
Biologicals (Pty) Ltd., South Africa.

The shark liver samples were obtained from the Natal Sharks
Board, KwaZulu Natal, South Africa. Each shark caught was
identified, sexed, measured and recorded. Live sharks were tagged
and released, whereas dead sharks were weighed and dissected.
Samples of liver tissue were removed and frozen at –20ÆC prior to
oil extraction at the University of the Witwatersrand. The shark
liver oil was extracted and purified according to the procedure of
Bligh and Dyer (1959) and stored at –20ÆC. Prior to dosing of the
cells, any contaminants were removed by microfiltration. Since the
fatty acid profiles of sharks differ, shark liver oils from four
different species of shark were used, namely: dusky (Carcharhinus
obscurus), spinner (Carcharhinus brevipinna), spotted raggedtooth
(Carcharias taurus) and great white (Carcharodon carcharias). The
shark liver oils were solublised with bovine serum albumin (BSA) -
fraction V. The albumin itself had no effect on cell viability (data
not shown). The shark liver oil/BSA solutions were prepared to
give final concentrations in the culture plate well of 0, 40, 80, 120,
160 and 200 mg oil/l culture medium.

Each cell line was grown in 75 cm2 or 150 cm2 flasks in the
appropriate culture medium and were incubated at 37ÆC. Cells
were removed from the flasks using brief trypsinisation where
necessary. Cells in medium were then seeded into 24 well tissue
culture plates at 2x105 cells per well in 1 ml of medium, and left
for 24 hours to recover prior to oil dosing. One hundred Ìl of the
shark liver oils were then individually dosed to each well over the
concentration range listed above. A sample size of six was obtained
for each cell line per shark where possible, however slow MRC5
cell growth meant insufficient numbers were obtained for a sample
size of six, and a sample size of four was used. Also, insufficient
numbers of the 3T3 cell line could be grown during the time

window available for this study, and only the ragged tooth and
spinner shark liver oils were used. After dosing culture plates were
incubated for 48 hours, which has previously been shown to be
optimal (1, 25). Cell viability was assessed by the Trypan Blue
Exclusion method (26).

Repeated measures analysis of variance (ANOVA) with
Dunnett's post hoc test was used to compare the various
concentrations of shark liver oils with each of the cell lines. In all
cases significance was assumed when p<0.05. 

Results

The fatty acid composition of the dusky, great white,
raggedtooth and spinner liver oils are shown in Table I. 

Figure 1 shows the impact of dusky liver oil on the cell
types used in this study. The growth of Caco2 cells showed
an overall trend to growth increase, but the scatter was
large, and the differences were not significant at p<0.05.
Similarly there were no significant differences with MRC5
cells, and only the 200 mg/l concentration of dusky liver
oil induced a slight, but significant (p<0.05), increase in
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Table I. The total lipid and fatty acid composition of the shark liver oils.

Fatty acid Dusky Great White Raggedtooth Spinner

12:0 - 0.03 0.05 0.04
14:0 9.35 4.86 6.69 5.13
16:0 13.05 15.61 16.45 16.70
18:0 3.04 4.12 3.36 9.32
TSFA 25.44 24.62 26.55 31.19
14:1n9 - 1.24 0.68 1.08
16:1n9 20.43 15.63 13.28 7.41
18:1n9 24.21 33.49 21.44 15.95
20:1n9 0.84 2.09 -
TMUFA 44.64 50.36 37.49 24.44
16:2n6 - 1.86 0.97 0.53
18:2n6 - - - 1.21
20:3n6 - - 0.03 0.85
20:4n6 1.17 1.29 3.20 5.59
22:4n6 - 0.41 0.58 1.28
22:5n6 0.12 0.33 0.86 1.88
Tn6PUFA 1.29 2.03 4.67 11.34
18:3n3 3.87 0.96 1.47 1.79
18:4n3 - - - 0.63
20:3n3 - - - 0.18
20:5n3 13.68 4.44 9.92 8.15
22:5n3 - 2.07 15.57 4.21
22:6n3 10.65 12.30 2.37 14.80
Tn3PUFA 28.20 19.77 29.33 29.76
TPUFA 29.49 21.80 34.00 41.10
n3:n6 21.86 9.74 6.28 2.62

TSFA = total saturated fatty acids; TMUFA = total monounsaturated
fatty acids; Tn6PUFA = total n6 polyunsaturated fatty acids; Tn3PUFA
= total n3 polyunsaturated fatty acids; TPUFA = total polyunsaturated
fatty acids; n3:n6 = ratio of n3 to n6 polyunsaturated fatty acids.



653 cell growth. 3T3 cells were not grown with this shark
liver oil.

Figure 2 shows the impact of great white liver oil on the
cell types used in this study. There were no significant
differences in cell growth with any of the shark oil
concentrations or any of the cell types used. 3T3 cells were
not grown with this shark liver oil. There was a trend
towards cell growth increase with Caco2 cells, especially at
40 mg/l, and for MRC5 cells with higher concentrations of
oil, but not significant. The 653 cells showed a trend
towards growth inhibition, but again this was not
significant.

Figure 3 shows the impact of raggedtooth liver oil on the
cell types used in this study. There were no significant
differences in cell growth with any of the shark oil
concentrations or any of the cell types used. 3T3cells showed
growth inhibition with lower concentrations of this oil, which
trend reversed with higher concentrations. 160 mg/l caused a
decrease in cell growth of Caco2 cells, but again not significant. 

Figure 4 shows the impact of spinner liver oil on the cell
types used in this study. There was a trend towards growth
inhibition with low concentrations with CacO2 cells. The
converse was true for 653 cells, and with oil concentrations
of 40 mg/l, 80 mg/l and 200 mg/l this growth stimulation was
significant (p<0.05).

Discussion

The objective of the study was to determine whether shark
liver oils exerted anti-proliferative effects on cancer versus
normal cells in culture. The results of the study were
inconsistent: all of the normal cell lines and most of the cancer
cell lines, showed no statistically significant effects on cell
growth in response to the various shark liver oils. However,
some of the cancer cell lines did exhibit either stimulation or
inhibition of cell growth with some oil concentrations. But
there was no overall significant trend in the influence of the
various shark liver oils on the cancer and normal cell lines. 
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Figures 1-4 show the impact of the four shark liver oils on the four cell types used in this study. Results are expressed percent cell viability versus shark
liver oil concentration in the culture medium. Error bars have been omitted for the sake of clarity. Significant differences are indicated in the text.

Figure 1.   Figure 3.   

Figure 2.   Figure 4.   



The dusky shark liver oil stimulated 653 cell growth
(Figure 1), but had no significant effect on any of the other
cell lines used in the study. The n3:n6 ratio of the dusky
shark liver oil and free fatty acid mixture was relatively high
(Table I), therefore it was expected for the oil to exert
inhibitory effects on cell growth, however this was not so.

The great white shark liver oil induced the greatest
inhibitory effect at all concentrations on the 653 cell line but
had no significant effect on the other cell lines used (Figure
2). The great white shark liver oil n3:n6 ratio was only
moderate, suggesting it should have exerted the minimal
effects, but the converse was the case.

The raggedtooth shark liver oil had no significant effect
on any of the cell lines (Figure 3). Because of its
intermediate n3:n6 ratio, the raggedtooth shark liver oil
(Table I) was expected to have only limited effects on cell
growth, and this was indeed the case.

The spinner shark liver oil exerted the greatest stimulatory
effect on the growth of the 653 cell line (Figure 4), but had no
significant effect on any of the other cell lines tested. As
previously stated, other studies have shown that the amount of
n3 and n6 fatty acids may have an influence on carcinogenesis
(10). As a result of the relatively low n3:n6 ratio (Table I) of
spinner shark liver oil, one would have expected the oil to have
the least anti-proliferative effects, and possibly proliferative
effects, on growth of the different cell lines, but with the one
exception noted above this was not the case. 

One possible explanation for the lack of impact of the oils
was the presence of other components of shark liver oil that
could have influenced cell proliferation, but given the highly
complex nature of a natural oil, this could not be assessed. 

The literature shows a high n3:n6 ratio to be associated
with tumour suppression (14), but overall our results do not
confirm this, and suggest that a high n3:n6 alone is not
sufficient to predict the efficacy of a shark liver oil in
suppressing tumour development. These findings also
concur with a study which showed that increasing the n3:n6
ratio from 0.01 to 7.80, resulted in tumour development
rather than tumour suppression in some instances (12).

Extensive literature reports on the beneficial effects of
alkylglycerols, a component of shark liver oils found in
species from colder waters (27). However, the shark liver
oils used in this study were from Indian Ocean shark
species, and exhibited only trace amounts of alkylglycerols.
This marked difference in composition may underly the
apparently contradictory results obtained, and motivate for
caution in extrapolation of data from different marine
environments, even if from the same species. 
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