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Summary. The capability of sharks to resist infection and the low incidence of tumors found in different 
species of sharks (e.g. spiny dogfish shark, tiger shark) suggested the presence into their tissues of active com-
pounds, provided of anticancer activities, such as Alkylglycerols (from the shark liver), Squalene (from the 
shark mesenchyme and skin), and Cartilage (from the shark skeleton). The Alkylglycerols, highly concentrat-
ed in the shark liver oil, have several biological activities: stimulation of hematopoiesis, immune-modulation, 
anti-tumors. The Squalene is an anticancer, antioxidant, detoxifier, skin hydrating, drug carrier and emollient 
agent. The Cartilage has anti-inflammatory properties commonly used in the folk medicine for the treatment 
of arthritis, osteoarthritis, diabetic retinopathy, psoriasis, and supposedly also anticancer.
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Reviews

1. Introduction

Several studies show a low incidence of cancer in 
sharks (1-3). Ostrander and colleagues (4) supposing 
a possible role of the cartilage components in tumor 
prevention, examined  the incidence  of cancers in the 
class of Chondrichthyes (e.g. sharks, skates, rays, and 
chimaeroids as a common phylogeny reputed by the 
experts the very first monophyletic groups (5), and all 
chondrichthyans) share at least 17 primary character-
istics, such as a cartilaginous endoskeleton devoid of 
bone-producing osteoblasts. Forty-two cases of ma-
lignant or benign chondrichthyan tumors were found 
in the literature and the Registry of Tumors in Lower 
Animals (6-11). Some shark-related compounds, such 
as cartilage and its extracts, e.g. urea, shark liver oil 
(SLO) have vascular effect, improving central arterial 
elasticity and peripheral microvascular function, and 
play also a protective  role in oncogenesis, inducing a 
resistant background (12, 13). 

The genotoxic effect of oil of three species of 
Mediterranean sharks: two benthic sharks, Centropho-
rus granulosus and Galeus melastomus, and one pelagic 
species, Prionace glauca, was examined by a in vitro 
micronucleus assay (MNvit) which detects simultane-
ously micronucleus induction by cytotoxic  agents (e.g. 
mitomycin C, bleomycin) that induce dose-response 
increases in micronuclei frequency and by aneugenic 
agents (e.g. colchicines, diethylstilbestrol, etoposide, 
griseofluvine) that increase the number of multinu-
cleated cells (14). The MNvit is an indicator for fixed 
genomic damage in cells: the accumulation of genetic 
changes causes a genetic instability, which may result 
in cancer. The micronuclei frequencies, besides chro-
mosome aberration frequencies are a cytogenetic end-
points, are the supposed link between chromosomal 
changes and cancer risk (15, 16).

The incubation of human cells with the hepatic 
crude oils of Centrophorus granulosus increases the rate 
of the binucleated micronucleated cell in a dose de-
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pendent manner. Similar results have been obtained 
with other crude hepatic oils, enclosing three geno-
toxic sharks species at carcinogenic risk.

The antiproliferative effect of Alkylglycerols 
(AKGs) was investigated in human ovarian carcino-
ma (OVP-10), mammary carcinoma (MCF-7), and 
prostate cancer (DU-145, PC-3 and PCa-2b) cell 
lines (17). The cells were exposed to Ecomer® (Ameri-
can Nutriceuticals Corp, Deland, USA), a commer-
cially available SLO containing 20% AKGs and 3% 
methoxy-derivates in a dose of 0.1 mg/ml. The re-
sults showed an increased percentage of apoptotic 
OVP-10 cells (24.9±12.2) and apoptotic DU-145 
cells (18.0±1.4), and increased percentage of necrotic 
MCF-7 cells (20.8±6.4) after exposure to shark liver 
oil (SLO). The OVP-10 cells displayed the least sensi-
tivity, MCF-7 cells a moderate sensitivity and all three 
lines of prostate cancer cells showed a high sensitiv-
ity to Ecomer®. The observed anti-proliferative ef-
fects of SLO could be both cytostatic and cytotoxic. 
In fact, the OVP-10 cells developed smaller colonies 
and displayed a higher percentage of apoptotic cells, 
supporting the cytostatic and apoptotic hypothesis at 
the same time. The remaining cell lines mainly showed 
a cytotoxic effect. The MCF-7 cells displayed mainly 
necrotic cell death, while DU-145 cells underwent 
simply apoptotic cell death. These effects of AKGs 
on different cell lines may be due to the differences in 
the affinity of AKGs to the cell membrane of differ-
ent neoplastic cells (18). Several studies showed that 
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 
anti-carcinogenic, anti-inflammatory and anti-prolif-
erative effects (19-24). The n3 fatty acid supplemen-
tation inhibits the progression stages of carcinogen-
esis (25), increases the efficacy of various anticancer 
drugs, chemotherapy and radiotherapy. In contrast, n6 
fatty acids has both anti and pro-inflammatory effects, 
stimulates cell proliferation of some cell types and in-
creases the incidence of some types of cancer, particu-
larly mammary (26). The majority of SLO contains a 
range of lipid classes, including AKGs, triacylglycerols, 
Squalene (SQ) and fatty acids (mostly n3 polyunsatu-
rated fatty acids, but also saturated, monounsaturated 
and n6 polyunsaturated fatty acids) (27). Their com-

position depends by shark species, shark size, sex, diet, 
growth rate, swimming depth and reproductive status, 
as well as the season (28, 29).

SLO extracted by different Indian Ocean shark 
species (Carcharhinus obscures, Carcharhinus brevipinna, 
Carcharias Taurus, Carcharodon carcharias) was exam-
ined in vitro on human colon Adenocarcinoma (Caco2) 
and P3X63.Ag8.653 mouse myeloma (653 cells) and 
on the normal cell lines, immortalized mouse fibro-
blasts (3T3) and human lung embryonic cells (MRC5), 
confirming an anti-proliferative effect. All the normal 
cell lines and most of the cancer cell lines, don’t stop 
growing with some SLO concentrations (0, 40, 80, 120, 
160 and 200 mg oil/l culture medium) and haven’t sig-
nificant effects on cell growth in response (1). Further 
studies are required to evaluate this hypothesis, given 
the highly complex nature of a natural oil.

Figure 1. AKGs are glyceryl lipids composed by an ether link-
age of a fatty acid attached to the chain length and by the num-
ber of double bonds. The principal AKGs are: chimyl (hexade-
cyl), batyl (octadecyl), and selachyl (octadecenyl) alcohols (30). 
The AKGs are present, in small quantity, in the living cells of 
hematopoietic organs (e.g. bone marrow, spleen, liver) and lym-
phatic tissues and blood (31) and, in highest content  in the liver 
oil of Greenland sharks, the gray dogfish, and the ratfish (25). 
Glyceryl ether lipids are also found in human colostrum, human 
milk, and sheep’s milk. An experimental study (32) showed that 
Human milk contains about 10 times more AKGs than cow’s 
milk. The common composition of alkyl chains in AKGs from 
SLO of Centrophorus squamosus is as follow: chain lengths of 12 
carbon atoms: 0 double chain, 1–2%; chain lengths of 14 carbon 
atoms: 0 double chain, 1–3%; chain lengths of 16 carbon atoms: 
0 double chain, 9–13%; chain lengths of 16 carbon atoms: 1 
double chain n-7, 11–13%; chain lengths of 18 carbon atoms: 0 
double chain, 1–5%; chain lengths of 18 carbon atoms: 1 double 
chain n-9, 54–68%; chain lengths of 18 carbon atoms: 1 double 
chain n-7, 4–6%, and minor species (<1%) (33).
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The aim of this review is to describe the experi-
mental (in vitro, in vivo) and clinical trials, published 
between 1962 and 2015, employing AKGs and deri-
vates for treatment of cancer. 

We searched Pubmed/Medline, Embase, Web 
of Science and Scopus search using the keywords 
“AKGs”, “cancer”, “squalene”, “shark cartilage”, “anti-
squalene antibodies”, “breast cancer”, “HCC carcino-
ma”, “chemotherapy”, “radiotherapy”. 

2. Anti-tumor effect of Alkylglycerols 

The anti-tumor effects of SLO and AKGs were 
evaluated in a model of solid tumor, Lewis lung car-
cinoma (3LL) murine tumor model, grafted in ten 
C57B1/6 mice (34). 3LL cells were  inoculated intra-
muscularly into the leg of mice, that later were treated 
orally with olive oil (as control) and AKGs (100 mg/die 
per mouse for 10 days). The results showed that both 
treatments reduced significantly the cancer growth 
and the number of pulmonary metastases. The authors 
observed also that the most active antitumor AKGs 
molecules were 18:1, 14:0, and 16:1, but  not the 16:0. 
The AKGs administration induced a significant reduc-
tion of the tumor blood vessel endothelial marker (–26 
± 9%) compared with olive oil–treated mice, with re-
duction of cancer neovascularization. Other possible 
mechanism for anti-tumor effect of AKGs is anti-ne-
oangiogenic activity. AKGs reduced also the major an-
giogenesis stimulator (35), Fibroblast Growth Factor 
(Bfgf ), on endothelial cell proliferation (36). 

Six constituents of natural AKGs’ mix, namely: 
1) AKG 12:0=1-O-Dodecyl-sn-glycerol, 2) AKG 
14:0=1-O-Tetradecyl-sn-glycerol, 3) AKG 16:0=1-O-
Hexadecyl-sn-glycerol (chimyl alcohol), 4) AKG 
18:0=1-O-Octadecyl-sn-glycérol (batyl alcohol), 5) 
AKG 16:1 =1-O-(Z)-90-Hexadecenyl-sn-glycerol, 
6) AKG 18:1=1-O-(Z)-90-Octadecenyl-sn-glycerol 
(selachyl alcohol) were synthesized and their activities 
were compared  with the in vivo model of solid tumors 
grafted in mice (37). The results showed that AKG 
16:1 and 18:1 were the most potent compounds on 
tumor growth and lung macrometastasis number, the 
AKG 18:0 did not reduce but increased tumor growth 
and metastasis number.

In the experimental study, 27 Wistar rats divid-
ed in 3 groups (9 rats per group), supplemented with 
SLO (1 g/kg body weight), fish oil (FO) (1 g/kg body 
weight), SLO+FO (1g/kg body weight), respectively, 
for 8 weeks and inoculated subcutaneously with 1 mL 
of a sterile suspension of  3× 107 Walker tumor cells 
(38). Later, the rats maintained the supplementation 
along additional 2 weeks. The biochemical and mo-
lecular assays (Serum glucose, lactate and triacylglyc-
erol tests, HPLC, annexin V-FITC) showed that the 
SLO Supplementation reduced tumor growth (40%), 
proportionately to the increase of lipid peroxidation, 
apoptosis, and reduction of cancer cell proliferative ca-
pacity (35%). The long-life exposure to SLO increased 
the nitrite production by the peritoneal macrophages. 
The nitrite production determines the NO produc-
tion, that could contribute to the reduction of cancer 
growth in SLO animals (39). The FO and FO-SLO 
supplementations reversed the cachexia parameters 
(anorexia, asthenia, anemia, weight loss, weakness, 
and intense peripheral catabolism with depletion of 
carbohydrate, lipid, and protein stores) to the con-
trol baseline. The levels of glycemia, triacylglycer-
olemia, lactatemia, and liver glycogen were similar in 
all the groups of non-tumor-bearing animals (p>0.05). 
While, the tumor-bearing rats presented a reduction 
of glycemia, hypertriacylglycerolemia, hyperlactatemia 
values and reduced liver glycogen content character-
izing cachexia state. 

The Association of SLO with FO showed results 
similar to those found in animals supplemented with 
FO alone, probably due to competition between n-3 
polyunsaturated fatty acids (n-3 PUFA) and AKGs for 
incorporation in the cancer cell membrane.

The n-3-PUFAs display protective effects against 
some common cancers in animal models, such as 
Walker 256-bearing rat, suitable to investigate meta-
bolic markers of anti-cancer activity against different 
histotypes (40). Female Wistar rats were fed with co-
conut oil (CO), oil composed by saturated fatty acids, 
or FO, at the value of 1g/kg body weight per day, and 
injected in the right flank with a sterile suspension of 
2 × 107 Walker 256 tumor cells. In FO-supplemented 
rats, the tumor growth decreased by 60%, with con-
sequent reduction of serum lactate, serum glucose, 
liver glycogen concentration at normal values. The 
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decrease of tumor growth might be due to enhanced 
lipid peroxidation and/or eicosanoid production with-
in the tumor and/or altered host immune responses. 
The FO supplement may reduce cachexia reducing the 
inflammatory mediators that cause cachexia (41), or 
decreasing the arachidonic acid levels in host tissues 
and cancer (42): this would decrease the formation of 
prostaglandin E2 (PGE2) and related eicosanoids (43, 
44). The n-3 PUFA concentration inhibits arachidonic 
acid metabolism (45, 46), and may suppress the PGE2 
production within the tumor. Further studies are need-
ed to analyze the antitumor and anticachectic effects 
of FO supplement. 

3. Anti-tumor effect of Alkylglycerols mediated by 
immune response 

The AKGs and non-adherent (B and T) cells have 
a crucial role of on the activation of macrophages (47). 
AKGs (10-100 ng) were injected intraperitoneally to 
Female BALB/c mice, 4-5 days before harvesting the 
peritoneal cells, whose Dodecylglycerol (DDG) was 
the AKG with the most potent effect of macrophage 
activation (48, 49), at the dose of 5 ng/mouse. In the 
same way, a similar dose range of a longer carbon 
chained AKGs, sn-3-octadecylglycerol (batyl alco-
hol), and BTA (10-100 ng/mouse) activated the mac-
rophages. No pathological functions in the animals fed 
with different doses of DDG and BTA (50, 51) were 
observed. Although high doses of DDG are immu-
nosuppressive (44), the animals were protected against 
infectious agents due to antibacterial activity of DDG. 
In the vitro study, however, Peritoneal cells are cultured 
and treated in vitro with a low concentration (50 ng/
ml) of DDG, with subsequent macrophages activation 
in 2-3 hours. These data suggest that DDG treatment 
of B-cells determines the development of macrophage 
ingestion capacity (47). The effect of SLO on DTH 
test, tumor volume, percentage of CD4+ and CD8+T of 
tumor infiltrating lymphocytes and cytokine profile is 
also increased accordingly with Hajimoradi and cow-
orkers  (52). 

Yamamoto et al (48) showed  macrophage stim-
ulation by lysophospholipids, and found  that alkyl-
analogues of lysophospholipids and neutral lipids for 

macrophage activation are potent macrophage-stim-
ulating agents. 35 normal female BALB/c mice were 
injected subcutaneously with 1×108  sheep red blood 
cells (sRBCs) and divided into 6 groups. Five groups 
were administered intraperitoneally with progressive 
concentrations (50, 10, 5, 2.5 and 0.1mg/kg/day) of 
SLO for 5 days, and the control group was injected 
with Tyrode buffer and cooking oil (sunflower) in the 
same volume and time to the SLO-groups. Signifi-
cant changes in immune function and tumor growth 
in SLO-groups were detected, suggesting a possible 
causal link between increased CD8+TILs and de-
creased tumor growth. The T-cell infiltration into the 
tumor usually decreases along  tumor progression (49). 
The SLO can strongly increase CD8+T cells infiltra-
tion, rather than than CD4+ TILs which reduced the T 
(CD4+/CD8+) ratio. The possible benefit of high dose 
SLO-supplement for prophylaxis and treatment of 
disease in immune-compromised patients is worth of 
further investigation. 

4. Protective effect of Alkylglycerols in patients who 
received radiation therapy 

The AKGs are structurally enclosed into 1-O-
alkyl-2-acyl-sn-glycero-3-phosphoethanolamine 
(RAcylGroPEtn) and 1-O-alkyl-2-acyl-sn-glycero-
3-phosphocholine (RAcylGroPCho) in rat intestinal 
mucosal cells and in several major organs (e.g. liver, 
kidney, lung tissues) (50, 51). The RAcylGroPCho is 
the precursor for biosynthesis of platelet-activating fac-
tor, 1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine 
(PAF), a mediator involved in human pathophysiology 
(e.g. septic shock, asthma and allergy) and in biologi-
cal activities (neuronal functions, circulation, inflam-
mation, reproduction and fetal development) (50, 51, 
53). The PAF is a modification of the ether-linkage of 
the fatty alkyl group at the sn-1 position of the glycerol 
backbone; the chain acyl residue (acetate) at the sn-2 
position, or the phosphocholine head group at the sn-3 
position reduces the biological activity of the molecules 
(54). It has been found in the plasma of rabbits under-
going an anaphylactic reaction (55), in rat (56, 57) and 
human (56, 58) blood. In addition to the activation 
of platelets, PAF is a potent agonist for the activation 
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of polymorphonuclear leukocytes (59) and monocytes 
(60), it has marked vasocostrinction effects (61), and 
it stimulates glycogenolysis in perfused rat liver (62). 
PAF is synthesized, by various cells (including plate-
lets, endothelial cells, neutrophils, monocytes, and 
macrophages), in two pathways: the remodeling and de 
novo: The first way is crucial in various inflammatory 
and allergic responses: an arachidonate-specific phos-
pholipase A2 (PLA2) hydrolyzes arachidonate from 
1-O-alkyl-2-arachidonoyl-sn-glycero-3-phosphocho-
line, producing lyso-PAF and free arachidonic acid. 
The latter is acetylated by acetyl coenzyme A (lyso-
PAF acetyltransferase) in PAF. In the second pathway, 
1-O-alkyl-sn-glycero-3-phosphate is acetylated by l-
O-alkyl-sn-glycero-3 phosphate (acetyl coenzyme A 
acetyltransferase). Then, 1-O-Alkyl-2-acetyl-sn-glyc-
ero-3-phosphate phosphohydrolase produces 1-O-
alkyl-2-acetyl-sn-glycerol that is converted to PAF 
by a dithiothreitol-insensitive CDP-cholinephospho-
transferase (Figure 2).

PAF is degraded, in whole human blood, by hy-
drolysis of the acetyl residue at the sn-2 position (54), 
being this reaction catalyzed by a specific phospholi-
pases, the Plasma PAF acetylhydrolases (PAF-AH). 

This enzyme, known also as LDL-PLA2, asso-
ciated mainly with low-density lipoprotein (LDL) 
and, to a lower amount, with high density lipoprotein 
(HDL) (63, 64), inhibits the proinflammatory activ-
ity of PAF. It might be crucial in atherosclerosis, since 

it is a Ca2+independent PLA2 belonging to group VII, 
which also degrades the short-chain sn-2-analogs 
of phosphatidylcholine generated upon oxidation of 
LDL (65). PAF-AH activity and a panel of inflam-
matory mediators were measured in plasma of 496 pa-
tients with coronary artery disease (CAD), whose 276 
patients suffering from stable angina pectoris (SAP) 
and 220 patients suffering from acute coronary syn-
drome (ACS), as well as in 477 healthy control pa-
tients, confirming the correlation of plasma PAF-AH 
activity with different markers of inflammation (e.g. 
acute phase reactants or proinflammatory cytokines) 
(66). The results showed that the plasma PAF-AH 
activity increased gradually (p<0.0001) in both SAP 
and ACS patients as compared with healthy controls. 
The CAD patients had a lower values of HDL, LDL 
and total cholesterol HDL, apolipoprotein A1 (apo 
A-I), tryglicerides, and elevated levels of inflamma-
tory markers, including C-reactive protein (CRP), in-
terleukin-6 (IL-6), and fibrinogen. The CAD patients 
with hypertension exhibited lower PAF-AH activity, a 
result that was unexplained, probably due to the type 
of  treatment (e.g. ACE inhibitors or other anti-hyper-
tensive drugs) or to the decrease in LDL values. The 
PAF-AH can be associated with various subclasses 
of LDL; however, it is more abundant in small, dense 
LDLs (64). This is probably the reason that in hyper-
cholesterolemia, the PAF-AH levels are elevated in 
LDLs, however, they show a normal value in HDLs 

Figure 2. Description of the pathways for synthesis of PAF: Remodelling pathway and De novo pathway
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(67). The association of PAF-AH with HDL is due to 
a glycosylation, which does not include its enzymatic 
activity, thus excluding the possibility that the altered 
activity of the enzyme is dependent on the transporting 
particle (64). Actually there are not trials supporting 
the hypothesis that PAF-AH associated with HDL 
would be more protective against atherosclerosis than 
that associated with LDL. Some studies (68-70) warn 
whether PAF-AH is simply a marker of risk or directly 
promotes atherosclerosis. In fact, in mild inflamma-
tory and oxidative condition, PAF-AH supposed to 
prevent enzymatically against lipid oxidation and, in 
severe stress, to be converted in a proatherogenic factor 
that by releasing excessive levels of fatty acids or their 
oxidative products, increasing the inflammatory reac-
tion. However, no association could be demonstrated 
between PAF-AH activity and inflammatory markers.

Further studies reported beneficial effects in can-
cer treatment, such as preventive action of  AKGs on 
radiotherapy side effects, including leukopenia and 
thrombocytopenia (71-73).

Hichami and coworkers (74) analyzed the effect 
of AKGs incorporated in human promonocyte leuke-
mia cell line THP-1 and its influence on PAF syn-
thesis. THP-1 cells (5x105 cells/ml) were incubated 
for 48h with AKGs (10 µM, 24.82 mCi/mmol) and 
for 24h with AKGs (10 µM, 92.13 mCi/mmol), con-
taining the C18:1 hydrocarbon chain, respectively. 
The cells were stimulated with the calcium ionophore 
A23187 (5Mm, 10 min) and treated with methanol 
C18:0 [14C]PAF (10 000 dpm, 55 mCi/mmol) and 50 
µg PAF were added as internal standard and carrier, 
respectively, to stop the stimulation. After 24h incuba-
tion and incorporation into phospholipids, the THP-1 
cells produced 1.85±0.54 pmol [3H]PAF/2x106 cells 
under resting conditions. After 10-min calcium iono-
phore, stimulation the [3H]PAF increased significantly 
(p<0.001) to 3.58±0.7 pmol [3H]PAF/2x106 cells. The 
AKGs incorporation induced the formation of three 
distinct [3H]PAF molecular species: C16:0, 16:1, and 
C18:1 PAF and represented 15.2, 12.5 and 72.3% in 
resting cells, and 16, 15.4 and 68.6% in stimulated 
cells. The results showed, after 48h, a valuable decrease 
(by 32%) in RAcylGroPCho-associated radiotherapy 
and an increase (by 15%) in RAcylGroPEtn-associat-
ed radiotherapy. An increase in C18:1 PAF represents 

the 9.07% of total PAF, and the fraction of C16:0 PAF 
drops to 88.3%. The authors suggest a conversion of 
RAcylGroPCho into RAcylGroPEtn, confirming that 
AKGs increase the biosynthesis of PAF produced by 
THP-1 cells under resting and stimulated conditions.  

The inadequate progress in chemotherapy of child-
hood brain tumors requires new approaches to over-
come the blood-brain barrier (75). Recently evidence 
has emerged showing that AKGs increase the perme-
ability of the blood-brain barrier (76). Antineoplastic 
agents, such as 4mg/kg of cisplatin (CDDP), 5mg/kg 
of  methotrexate (MTX) and antibiotics (10 mg/kg of 
vancomycin and 3 mg/kg of gentamicin) were injected 
into the right internal carotid artery of 138 male Wistar 
tumor-free rats and of 12 C6 astroglioma bearing rats, 
in the absence and presence of  1-O-pentylglycerol (0.3 
M) (77). The normal rats, showed, in the absence of 
AKGs, a low brain tissue concentration of each drug 
with no regional differences between the right hemi-
sphere, the left hemisphere and the cerebellum and an 
increase of the tissue concentration in the ipsilateral 
hemisphere: 230-fold (MTX), 125-fold (CDDP), 15-
fold (vancomycin) and 12-fold (gentamicin), after the 
administration of AKGs. In rats with C6 tumors, the 
1-O-pentylglycerol increased the MTX concentration 
(p<0.05): 18-fold in the tumor and in the contralateral 
brain , 28-fold in the surrounding brain, and 19-fold in 
the cerebellum compared to MTX controls in the ab-
sence of AKGs. Hematological and serum analyses (so-
dium, potassium, calcium, glucose, total protein, ami-
notransferases, lactate dehydrogenase, bilirubin, and 
creatinine) turned out no acute toxic side effects of the 
monoglycerol analogues up to 0.3 M. However, the in-
tracarotid administration of AKGs might be a new and 
very promising approach to increase drug delivery to 
brain tissue. AKGs are thus able in increasing cerebro-
vascular permeability in both normal and tumor tissues.

5. Cytotoxic and cytostatic effect of Alkylglycerols 

The cytotoxicity and cytostaticity of AKGs were 
investigated in vitro in  human OVP-10; MCF-7 and 
in DU-145, PC-3, and PCa-2b cell lines, propagated 
in Minimal Essential Medium (MEM) supplemented 
with 7% fetal calf serum (FCS) and antibiotics (17). 
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After 24 hours, the cells were exposed to Ecomer® 
(Natumin Pharma AB, Sandefjord, Norway): a SLO, 
with its standardized concentration of AKGs (20%) 
and methoxy-derivates (3%), for other 24h. The cells 
were also trypsynized to obtain a single-cell suspension, 
stained with Anexin V and propidium iodine (Apop-
tosis detection kit, Caltag Laboratories) for 20 min 
in darkness and subjected to cytometry (FACS VAN-
TAGE device, Becton-Dickinson, USA). All the pros-
tate cells showed a decrease in the colony number, even 
after low doses of Ecomer® (0.5 and 0.1 mg) per 1ml 
medium. The OVP-10 cells showed a minimal sensitiv-
ity, the MCF-7 displayed a moderate sensitivity, where-
as all three lines of prostate cancer cells showed a high 
sensitivity to Ecomer®. However, the Ecomer- treated 
OVP-10 cells indicated cytostatic and apoptotic effects: 
they developed smaller colonies and displayed a higher 
percentage of apoptotic cells. The remaining cell lines 
underwent cytotoxic effect. Necrotic death of MCF-7 
cells and apoptotic death of  DU-145 prostate cancer 
cells were observed. The SLO contains, in addition to 
AKGs, also methoxy-derivates of AKGs and SQ, pro-
vided of anticancer effect (36). Wang et al (78) showed 
a differentiation-promoting effect of methoxyalkylglyc-
erol (2 methoxyhexadecyl glycerol or MHG) in human 
colon cancer cells. These data asserted the therapeutic 
effect of AKGs, but additional studies are yet needed.

6. Different Alkylglycerols uptake in cancer cells 

The main features of the lipid composition of can-
cer cells are:  increase in AKGs and a difference in the 
composition of glycosphingolipids in  the cell mem-
branes  (79, 80). 

The lipid quality difference between cancerous 
and non cancerous cells form identical specimen re-
mains to be defined (81). Lin and coworkers (82) 
compared the AKGs concentration of human hepa-
tocellular carcinomas (HCC), with the corresponding 
composition of non-cancerous livers. They analyzed 
30 tissue obtained, surgically at autopsy and by par-
tial hepatectomy, from 18 specimens (9 cases of non-
cancerous liver and 9 cases of liver specimens with 
HCC). The results showed that all the 9 HCC-cases 
contain greater amounts of neutral O-AKGs than the 

normal tissues. The ratio of hexadecylglycerol, octade-
cylglycerol, and octadecenylglycerol was 1:2:2 in the 
non-cancerous livers and 2:1:1 in the tumor group. 
Compared to the noncancerous livers specimens, the 
main molecules found in the tumor group were: Hexa-
decylglycerol (16:0), octadecylglycerol (18:0), and oc-
tadecenylglycerol (18:1). HCC cells contained higher 
proportions of hexadecylglycerol (46.8±18.0) yet lower 
proportions of both C18 glyceryl ethers (26.0±10.9 and 
23.4±8.8). The accumulation of glyceryl ether lipids in 
neoplastic tissues may be due to the active synthesis 
within the tumor (83, 84). The increase in neutral O-
AKGs could be due to the loss of α-glycerol phosphate 
dehydrogenase activity in tumors (85), but it would not 
explain the observed change in their composition. 

7. Toxicity study in rats with high doses of Alkylg-
lycerols 

The first standard toxicology study (2010) on an 
AKGs extract from SLO (11.9% fatty acid ethyl es-
ters, 53.6% nonesterified alkoxyglycerols, 18.8% mo-
noesterified alkoxyglycerols, 6.7% triacylglycerols, and 
9.0% free fatty acids) evaluated 40 rats (20 males, 20 
females) divided into 2 groups (20 each group): 1) the 
control received distillate water orally, 2)  the treated 
group a single oral dose of  AKGs once a day (1000 
mg kg-1 of body weight), for 28 days (86). The rats of 
the second group were kept alive further 14 days for a 
follow up of the possible toxic effects. No treatment-
related changes of organ weight, macroscopic clinical 
findings, hematological and clinical test parameters 
and no changes in the general fitness and body appear-
ance in each group we were detected.

Further safety studies of AKGs in rats (e.g. a 
subchronic study, 91 days of daily oral gavage treat-
ment) will fulfill the requirements for dietary supple-
ment recommended dose in humans.

8. Squalene 

Squalene (SQ), or 2,6,10,15,19,23-hexamethyl-
2,6,10,14,18,20-tetracosahexane is a triterpenoid 
hydrocarbon oil (C30H50), a polyprenil compound 
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structurally similar to β-carotene. It is a symmetrical 
30-carbon polyprenyl compound containing six iso-
prene units. SLO (Squalus spp.) is the main source of 
SQ, but it is also found in olive oil, palm oil, wheat-
germ oil, amaranth oil, and rice bran oil (87). SQ, and 
essential fatty acids (88) have various pharmacological 
benefits, including chemoprotective properties against 
reactive oxygen species, anti-inflammatory, antibacte-
rial, antifungal, and anticancer activity (89). It is also 
synthesized in the human liver and skin, transported 
in the blood by very-low-density lipoproteins (VLDL) 
and low-density lipoproteins (LDL), and secreted by 
sebaceous glands (90, 91). It is a component of vaccine 
adjuvants, including MF59, an oil-in water emulsion 
developed by Chiron (92) and well-known to signifi-
cantly enhance the immune response to a various vac-
cine antigens. The results showed that vaccines with the 
SQ-containing MF59 adjuvant emulsion do not induce 
any increase either in the titer or in the proportion of 
subjects with anti-squalene antibodies (ASAs) (93). 

However, some studies focused on possible im-
munotoxic effects of squalene and reported that a sin-
gle i.p. administration of squalene, even in the absence 
of antigens, can induce chronic autoimmune arthri-
tis or lupus-like autoimmunity in non-autoimmune 
BALB/c mice and rats (94-98). Dupuis and cowork-
ers, using squalene-based adjuvant MF59, emphasized 
a key role of macrophage trafficking and apoptosis 
and suggested that dendritic cells acquire antigen and 
adjuvant by uptake of the apoptotic macrophages (99). 
Another study showed that adjuvant enhanced survival 
of bone marrow-derived macrophages and even in-
duced DNA synthesis (100). It could be supposed that 
squalene induces cytokine production via interactions 
with toll-like receptors (TLRs), monophosphoryl lipid 
A (MLA) and other lipid A mimetics via TLR4, poly 
I:C via TLR3, and CpG DNA via TLR9. The stimula-
tion of different TLRs leads to dendritic cell matura-
tion and induction of distinct Th responses (101).

Nevertheless, SQ’s antiproliferative capacity and 
oxidative DNA damage protection was investigat-
ed in human MCF7 (highly invasive, oestrogen and 
progesterone receptor-positive) and MDA-MB-231 
(minimally invasive, oestrogen and progesterone 
receptor-negative) cell lines, and an immortalized 
non-tumourigenic human mammalian epithelial cell 

line (MCF10A) (102). These cell lines were treated 
with different SQ-doses (0,3,6,12, 25, 50, 100, 200, 
400 µM) for 24 h. The radical assays (DPPH, ABTS 
and ORAC assays) showed no SQ antiradical activ-
ity without any crucial effect on MCF10A, MCF7 
and MDA-MB-231 cell turnover, except a slight not 
significant increase in MDA-MB-231 cell prolifera-
tion. The incubation of these cells for 24 h with SQ 
did not alter the cell cycle parameters, nor did it in-
duce cell apoptosis. The SQ acted as an antioxidant 
only on mammary epithelial cells. Its antioxidant sen-
sitivity can be due to an increase of glutathione (GSH) 
concentration in normal cells but not in breast cancer 
cells (103); or to differences in cellular uptake and ac-
cumulation of SQ (104); or to the variable regulation 
of antioxidant systems in normal cells (105). SQ can 
reduce oxidative stress by decreasing ROS levels and 
protect against oxidative DNA damage in mammary 
epithelial cells. However, it might be helpful in human 
breast cancer prevention. The SQ potentiates the cito-
toxicity and  antitumoral activity of anticancer agents, 
including adriamycin (ADM), 5-fluorouracil (5-FU), 
bleomycin (BLM) and cis-dichlorodiamminoplatinum 
(CDDP). Combinations of these anticancer agents 
and SQ showed synergistic antitumoral effect in sar-
coma 180 (S180) ascites cells (106).

The putative role of ASAs, found in high percent-
age in the Gulf War Syndrome (GWS) veterans and 
civilian personnel as an experimental immunological 
adjuvant, was analyzed (107). The GWS, unknown its 
origins, affected approximately 100,000 American and 
British individuals of the 700,000 veterans deployed in  
the Persian Gulf War (1990-1991). It is characterized by 
variable and non specific symptoms, including fatigue, 
emotional disorders, muscle and joint pains, headaches, 
memory loss, post-traumatic stress, recurrent fevers, 
allergies where none existed before (108, 109). Previ-
ous institutional studies run on Gulf War veterans have 
confirmed a strong link between Gulf War service and 
the occurrence of GW Syndrome (GWS) (110-114). 
152 GWS patients who worked in the USA or the 
UK military forces (48 blood donors, 40 systemic lu-
pus erythematosus patients, 34 silicone breast implant 
recipients, 30 chronic fatigue syndrome patients) were 
recruited. These patients had polymorphous autoim-
mune connective tissue, neurological symptoms and 
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arthritis (94%), fibromyalgia (94%), lymphadenopathy 
(94%), rashes (94%), weakness (86%), fatigue (81%), 
chronic headaches (78%), and memory loss (72%). 
The serum samples were treated with the ASA assay, 
which measures the binding of serum immunoglobulin 
(IgG) to SQ immobilized on nitrocellulose. The results 
showed that GWS patients had ASA responses in the 
range of intensity 1-4. The reactivity to SQ (range 2-3) 
was observed at a serum dilution of 1:400. The 95% of 
symptomatic deployed patients with GWS were posi-
tive on the ASA assay. The authors examined two vol-
unteers for a vaccine trial including the SQ as adjuvant 
and they observed that also two patients developed a 
similar multisystem disease. One received a single in-
jection and became sick within a few weeks with ar-
thritis, fibromyalgia, lymphadenopathy, photosensitive 
rashes, fatigue, headaches, and fasciculations. He was 
found positive to ASA assay. Another patient displayed 
similar signs and positivity for ASA (3+). These data 
confirmed that the ASA reactivity is a marker of GWS. 
The pathogenetic role of ASAs is still unclear. SQ is 
an adjuvant to induce autoimmune diseases in experi-
mental models (94, 115-119). It increases the levels of 
interleukin-5 (IL- 5), IL-6, and interferon-γ (120). The 
majority of SQ (60%) is absorbed naturally from food 
(121). It is synthesized as a precursor for cholesterol, 
myelin, and hormones within the hepatocytes and is 
processed into cholesterol in the endoplasmic reticulum 
(122). Further studies are required to define the role 
of ASAs. However, it is excluded any statistic mean-
ingful link between ASAs and chronic multisymptoms 
reported by 579 Navy mobile construction battalion 
personnel (Seabees) that have been among the most 
symptomatic GWS veterans. Statistically, there was 
no significant association (p=0.465) between SQ sta-
tus and chronic multisymptom illness status (123). Ac-
cording to the study of Asa and coworkers (107), SQ in 
pre-military vaccines probably induced an autoimmune 
disease that could explain many of the symptoms ex-
hibited by GWS veterans. 

9. Shark Cartilage 

Shark Cartilage (SC) is an anti-inflammatory 
folk medicine remedy, used mainly for treatment of 

arthritis, osteoarthritis (124, 125), diabetic retinopa-
thy and psoriasis (126). In a phase II open-label trial, 
49 psoriatic patients fed with high SC-dose (240-mL/
day) showed reduction of psoriatic plaques in a dose-
dependent manner and a decrease (26%) of mean 
psoriasis area and severity index score (PASI) (127). 
SC, chemically, encloses proteins (e.g. troponin-I) 
tetranectin-type protein, collagenases, cartilage-de-
rived inhibitor (CDI), tissue inhibitors of metallopro-
teinases (TIMPs); glycoproteins (shyrnastatin-1 and 
-2, galactosamine, glucosamine) and, glycosamino-
glycans (chondroitin sulfate-D, chondroitin-6-sulfate, 
keratan sulfate). SC is extracted from spiny dogfish 
and hammerhead sharks in the Pacific Ocean, cleaned, 
shredded, dried, pulverized and sterilized. SC dust can 
be mixed with water or fruit juice and taken orally or 
it can be administered rectally as a retention enema. 
Some manufacturers reduce the cost, combining the 
supplement with bovine cartilage, that is also claimed 
to be an effective cancer treatment (128) and other 
manufacturers supply a products, composed by a small 
amount SC-extract and a large amount of fillers (129, 
130).

A SC-fraction implanted between the V2 carci-
noma and the limbus of the eye in 53 corneas of Wistar 
rats with pain and inflammation, by intramuscular and 
subcutaneous injection of acetic acid and formalin, 
displayed a weak anti-inflammatory and significant 
analgesic activity (131). In vitro  the SC protects the 
cells pre-treated by hydrogen peroxide and carcinogens 
(e.g. 2-aminofulorene and sodium azide) against DNA 
damage and mutagenesis (132). Furthermore, the SC 
inhibits the cell migration, produces a dose-dependent 
decline in thymidine incorporation, the angiogenesis, 
and blocks collagenase-induced collagenolysis in hu-
man umbilical vein endothelial cell cultures (133, 134). 
The SC has also an anti-angiogenic effect and inhib-
its the tumor growth, such as carcinoma, sarcoma and 
melanoma (135-137). 

In the follow-up of 21 advanced cancer patients 
fed with SC: 17 patients reported improvements in 
quality of life, whose 6 became tumor free, 6 exhibited 
reductions in tumor size, and 7 patients with prostate 
cancer reported reductions in prostate specific antigen 
(PSA) levels (138). In other study by Lane et al (139): 
8 advanced cancer (stage III and IV) patients resistant 
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to previous treatments with life expectancies less than 
six months received SC (Cartilage Technologies Inc. 
Port Chester, NY)  dosages (30g/day) subdivided to 
two or three oral or rectal doses, for 7 weeks. The re-
sults showed that 6 patients had an 80% or greater re-
duction in tumor size within 11 weeks of treatment; 
and no evidenced significant toxicities. 

10. Potential toxicity of Shark Cartilage 

Some studies suggest SC as a potential cause of 
allergic occupational asthma (140, 141).  Ortega et al 
(141) reported the case of 38-year-old male workers 
died of asthma after 10 months of exposure to respir-
able dust. The co-workers, during shark industrial pro-
cessing, were exposed to high breath dust concentra-
tion (0.92-5.14 mg/m3) being ‘‘non-toxic’’ dust (limits: 
5 mg/m3). The symptoms of workers were: wheezing, 
coughing spells, and episodes of dyspnea during ex-
ertion at work. No immune imbalance or other toxic 
symptoms were detected  in blood analysis. 

In 2004, it was reported the first case of IgE-me-
diated occupational asthma induced by SC (140). A 
29-year-old man, without history of asthma or respira-
tory disorders, worked in a shark based dietetic prod-
uct industry for 7 years. After 2 years, he developed 
asthma, with chest tightness, cough, and dyspnea. 
These data suggest that SC dust is a potential asthma-
inducing agent but the results of tests, including skin 
prick test, bronchial challenge test, and specific IgE 
results were available in this clinical note (141). 

10.1 Putative anticancer effect of shark Cartilage extract: 
Urea

Several papers suggest a possible link between 
an high intracellular and extracellular level of urea in 
the sharks, and cancer immunization. The sharks use 
urea, in high intra and extracellular concentration, as 
osmotic adaptationin order to survive in hypertonic 
sea water; urea on the other side has an antimitotic 
effect: it disrupts DNA transcription and inactivates 
some proteins in marine elasmobranchs. Furthermore 
the sharks have higher amino-acid sequence preserva-
tion than the mammals (2). Some shark’s proteins need 

urea for adaptation to cellular stress. According to the 
comparison between rates and patterns of amino-acid 
replacement between sharks and mammals, the shark’s 
amino-acid replacement rates are 6 times slower than 
in mammals by sequencing mitochondrial cytochrome 
b gene (18). In elasmobranch fishes, the high level 
of urea (350-600 mM) is crucial in osmoregulation. 
Some reports have suggested that urea may be a novel 
and effective anti-tumor drug but without consistent 
demonstration (3, 4, 18).

Danopoulos and Danopoulou tried the urea treat-
ment for primary and metastatic human malignancies 
of the liver (142, 143), for skin (144) and eye epibulbar 
malignancies (145, 146). In the cases in which the tu-
mor has invaded the deeper layers of the bulbus oculi, 
urea was ineffective. The other drawback of this treat-
ment is an corneal opacity if not protected. Recovery 
of normal transparence occurs 2-4 weeks after the 
treatment. Danopoulos (145) treated 3 patients with 
malignant epibulbar tumours: the first patient with 27 
subconjunctival injections of 10% urea solution around 
the tumor, the second and the third with sterilized urea 
powder to the surface of the diseased eye, avoiding the 
cornea for 5-7 treatment sessions. He underscored that 
one of the main conditions for the hypothetical anti-
cancer action of urea is that the tissue surrounding the 
tumor must be healthy. In fact, the edema of conjunc-
tiva does not absorb urea, preventing any therapeutic 
effect. However, in all cases the regression of cancer 
decreased slightly after 2-3 urea treatment sessions.

On the other side, the urea and its derivatives (e.g. 
hydroxyurea, dimethylurea, and thiourea) are potential 
antioxidant cardioprotective agents against myocar-
dium oxidative stress-induced damage including the 
post-ischaemia reperfusion-induced injury (147). In 
the 1999, Wang et al (147) examined ex vivo a dog-
fish shark heart under oxidative stress, induced by 
electrolysis and post-ischaemia Reperfusion, and the 
data compared with those obtained from 20 isolated 
rat hearts. It was argued that urea protects both the tis-
sue homogenates and whole organ from the oxidative 
damage. This cardioprotective capacity of urea may be 
due to its activity to inhibit the production of the gase-
ous free radical nitric oxide (148, 149).
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11. Conclusions

In the last ten years a worldwide skyrocketing use 
of herbs, brewer’s yeast, algaes, bee pollen and royal 
jelly, fish oil, omega 3, essential fatty acid supplements, 
colost, psyllium seed husks, wheat germ, wheatgrass, 
and mushrooms (mainly shiitake and reishi varieties) 
was observed.

In the oncological setting, 56–73% of cancer pa-
tients regularly use multivitamin-multimineral, and 
herbal supplements (150-152). The most common 
claim of these herbal extracts and botanical products 
(including  Echinacea, cranberry, ginseng, milk this-
tle, Astragalus, Kombucha tea, Spilanthes Acmella, 
garlic extract and the medicinal mushrooms) is the 
immune system stimulation (153-158). Several clinical 
trials confirm the anti-cancer activity of natural prod-
ucts, e.g. Lycopene, carotenoids, green tea, Resvera-
trol, allium sativum (159-164). SLO, a well-known 
dietary supplement, and it’s main component AKGs, 
are further potentially useful nutraceuticals widely 
self prescribed, particularly in the Northern Europe-
an Regions with the claim of many clinical benefits 
in dermatology, immunology and oncology popular 
medicine area; the compounds are generally very safe, 
and even if the clinical evidence based is quite scanty, 
the biochemical and preclinical experimental investi-
gation are encouraging: anecdotal follow up of the self 
prescribing patients might be a further useful step  to 
verify  the treatment effectiveness.

References

1.  Davidson BC, Rottanburg D, Prinz W, Cliff G. The influence 
of shark liver oils on normal and transformed mammalian 
cells in culture. In Vivo 2007; 21(2): 333-7.

2.  Dosay-Akbulut M. The Determination of the Specific Char-
acteristics on the Immunosurveilance Against to Cancer For-
mation in Elasmobranchs. IJCR  2006; 2(2): 119-23.

3.  Loprinzi CL, Levitt R, Barton DL, et al. Evaluation of shark 
cartilage in patients with advanced cancer: a North Central 
Cancer Treatment Group trial. Cancer 2005;  104(1): 176-82.

4.  Ostrander GK, Cheng KC, Wolf JC, et al. Shark cartilage, 
cancer and the growing threat of pseudoscience. Cancer Res 
2004; 64(23): 8485-91.

5.  Compagno LJV. Systematics and body form. In: Sharks, 
skates and rays: the biology of elasmobranch fishes. WC 
Hamlett ed  1999; 1: 42.

  6.  Dawe CJ, Harshbarger JC. Neoplasms in feral fishes: their 
significance to cancer research. Ribelin WE Migaki G eds. 
1975;  871-94.

  7.  Dawe CJ, Berard CW. Workshop on comparative pathol-
ogy of hematopoietic and lymphoreticular neoplasms. J Natl 
Cancer Inst 1971;  47(6): 1365-70.

  8.  Harshbarger JC. Work of the Registry of Tumours in Lower 
Animals with emphasis on fish neoplasms. Symp Zool Soc 
Lond 1972; 30: 285-303.

  9.  Harshbarger JC. Epizootiology of leukemia and lymphoma 
in poikilotherms. Elsevier Biomedical 1981; 39-46.

10.  Ladreyt F. Unicitè èvolutive et pluralitè ètiologique des 
tumeurs cance´reuses chez quelques animaux marins (Rous-
settes, Raies, Tortues, Siponcles). Faits et thèories [in 
French]. Bull Inst Oceanogr (Monaco) 1922;  414: 1-16.

11.  Wolke RE, Murchelano RA. A case report of an epidermal 
papilloma in Mustelus canis. J Wildl Dis 1976; 12(2): 167-
71.

12.  Dosay-Akbulut M. The determination of the specific charac-
teristics on the immunosurveilance against to cancer forma-
tion in elasmobranches. Int. J. Cancer Res 2006; 2:  119-23.

13.  Hamadate N, Matsumoto Y, Seto K, Yamamoto T, Yama-
guchi H, Nakagawa T, Yamamoto E, Fukagawa M, Yazawa 
K. Vascular effects and safety of supplementation with shark 
liver oil in middle-aged and elderly males. Exp Ther Med 
2015; 10(2): 641-646.

14.  Bartfai  E, Orsière T, Duffaud F, Villani P, Pompili J, Botta 
A. Studies on the genotoxic effects of crude liver oils from 
3 species of Mediterranean sharks by means of in vitro mi-
cronucleus test using human lymphocyte. Ann Biol Clin 
(Paris) 2000;  58(5): 595-600.

15.  Mounetou E, Legault J, Lacroix J, C-Gaudreault R. Anti-
mitotic antitumor agents: synthesis, structure-activity rela-
tionships, and biological characterization of N-aryl-N’-(2-
chloroethyl)ureas as new selective alkylating agents. J Med 
Chem 2001;  44(5): 694-702.

16.  Rosen P, Woodhead AD. High ionic strength: its signifi-
cance in immunosurveillance against tumor cells in sharks 
and rays (elasmobranchs). Med Hypotheses 1980; 6(4): 
441-6.

17.  Krotkiewski M, Przybyszewska M, Janik P.  Cytostatic and 
cytotoxic effects of alkylglycerols (Ecomer). Med Sci Monit 
2003; 9(11): PI131-5.

18.  Martin AP, Palumbi SR. Protein evolution in different cel-
lular environments: cytochrome b in sharks and mammals. 
Mol Biol Evol 1993; 10(4): 873-91.

19.  Giangregorio A. The influence of fatty acids in vitro on 
mammalian cells from species differing in their fatty acyl 
desaturase capabilities. pH Thesis, University of the Witwa-
tersrand, Johannesburg, South Africa 1992.

20.  Cantrill RC, Katzeff DB, Booyens J. The effects of essential 
fatty acid supplementation on the fatty acid composition of 
cancer cells in culture. Prog Lipid Res 1986; 25: 547-550.

21.  Girao LA, Ruck AC, Cantrill R, Davidson BC. The effect 
of C18 fatty acids on cancer cells in culture. Anticancer Res 
1986; 6(2): 241-4.



M. Vadalà, C. Laurino, L. Palmieri, et al.16

22.  Davidson BC, Girao LAF, Giangregorio A, Murphy J.  
Polyunsaturated fatty acids modulate fibroblast growth in 
culture. Anticancer Res 1991; 11(1): 267-72.

23.  Davidson BC, Giangregorio A, Girao LA. The influence of 
fatty acids on normal and transformed human liver cells in 
culture. Anticancer Res 1998; 18(5A): 3533-8.

24.  Van der Merwe CF, Booyens J, Katzeff IE.  Oral gamma-
linolenic acid in 21 patients with untreatable malignancy. 
An ongoing pilot open clinical trial. Br J Clin Pract 1987;  
41(9): 907-15.

25.  Sasaki T, Kobayashi Y, Shimizu J. Effects of dietary n-3-to-
n-6 polyunsaturated fatty acid ratio on mammary carcino-
genesis in rats. Nutr Cancer 1998; 30(2): 137-43.

26.  Larsson SC, Kumlin M, Ingelman-Sundberg  M, Wolk A. 
Dietary long-chain n-3 fatty acids for the prevention of 
cancer: a review of potential mechanisms. Am J Clin Nutr 
2004; 79(6): 935-45.

27.  Solomon N, Passwater R, Joelsson E, Haimes L, Buono AJ. 
Shark liver oil and cancer. Shark Liver Oil-natures Amazing 
Healer, Kensington publishing company, New York 1997;  
49-54.

28.  Wetherbee BM, Nichols PD.  Lipid composition of the liver 
oil of deep-sea sharks from the Chatham Rise, New Zea-
land. Comp Biochem Physiol B Biochem Mol Biol  2000; 
125(4): 511-21.

29.  Navarro-Garcia  G, Pacheco-Aquilar R, Vallejo-Cordova B, 
Ramirez-Suarez JC and Bolanos A. Lipid composition of 
the liver oil of shark species from the Caribbean and Gulf of 
California waters. J Food Compos Anal 2000; 13: 791-798.

30.  Hallgren BO, Larsson S. The glyceryl ethers in the liver oils 
of elasmobranch fish. J Lipid Res 1962; 3: 31-38.

31.  Hallgren BO, Larsson S. The glyceryl ethers in man and 
cow. J Lipid Res 1962; 3:39-43.

32.  Hallgren B, Niklasson A, Stallberg G, Thorin H. On the 
occurrence of 1-O-alkylglycerols and 1-O-(2-methoxy-
alkyl)glycerols in human colostrum, human milk, cow’s 
milk, sheep’s milk, human red bone marrow, red cells, blood 
plasma and a uterine carcinoma. Acta Chem Scand B 1974; 
28(9): 1029-34.

33.  Deniau AL, Mosset P, Pèdrono F, Mitre R, Le Bot D, 
Legrand AB. Multiple beneficial health effects of natural 
alkylglycerols from shark liver oil. Mar Drugs 2010;  8(7): 
2175-84.

34.  Pedrono F, Martin B, Leduc C, Le Lan J, Saiag B, Legrand 
P, Moulinoux JP, Legrand AB. Natural alkylglycerols re-
strain growth and metastasis of grafted tumors in mice. 
Nutr Cancer 2004; 48(1):  64-9.

35.  Presta M, Dell’Era P, Mitola S, Moroni E, Ronca R, Rus-
nati M. Fibroblast growth factor/fibroblast growth factor 
receptor system in angiogenesis. Cytokine Growth Factor 
Rev 2005; 16(2): 159-78.

36.  Skopinska-Rozewska E, Krotkiewski  M, Sommer E, Skur-
zak H. Inhibitory effect of shark liver oil on cutaneous angi-
ogenesis induced in Balb/c mice by syngeneic sarcoma L-1, 
human urinary bladder and human kidney tumour cells. 
Oncol Rep 1999;  6(6): 1341-4.

37.  Deniau AL, Mosset P, Le Bot D, Legrand AB. Which alky-
lglycerols from shark liver oil have anti-tumour activities? 
Biochimie 2011;  93(1): 1-3.

38.  Iagher F, De Brito Belo SR, Souza WM, Nunes JR et al.  
Antitumor and anti-cachectic effects of shark liver oil and 
fish oil: comparison between independent or associative 
chronic supplementation in Walker 256 tumor-bearing rats. 
Lipids Health Dis 2013; 12: 146.

39.  Belo SR, Iagher F, Bonatto SJ, Naliwaiko K, Calder PC, et 
al. Walker-256 tumor growth is inhibited by the independ-
ent or associative chronic ingestion of shark liver and fish 
oil: a response linked by the increment of peritoneal mac-
rophages nitrite production in Wistar rats. Nutr Res 2010; 
30(11): 770-6.

40.  Togni V, Ota CC, Folador A, et al. Cancer cachexia and 
tumor growth reduction in Walker 256 tumor-bearing rats 
supplemented with N-3 polyunsaturated fatty acids for one 
generation. Nutr Cancer 2003; 46(1): 52-8.

41.  Tisdale MJ. Wasting in cancer. J Nutr 1999; 129(1S Suppl): 
243S-246S.

42.  Calder PC, Davis J, Yaqoob P, Pala H, Thies F. Dietary fish 
oil suppresses human colon tumour growth in athymic mice. 
Clin Sci (Lond) 1998;  94(3): 303-11.

43.  Connolly JM, Liu XH, Rose DP.  Effects of dietary menha-
den oil, soy, and a cyclooxygenase inhibitor on human breast 
cancer cell growth and metastasis in nude mice. Nutr Can-
cer 1997;  29(1): 48-54.

44.  Tapiero H, Ba GN, Couvreur P, Tew KD. Polyunsaturated 
fatty acids (PUFA) and eicosanoids in human health and 
pathologies. Biomed Pharmacother 2002; 56(5): 215-22.

45.  Obata T, Nagakura T, Masaki T, Maekawa K, Yamashita K. 
Eicosapentaenoic acid inhibits prostaglandin D2 generation 
by inhibiting cyclo-oxygenase-2 in cultured human mast 
cells. Clin Exp Allergy 1999. 29(8): 1129-35.

46.  Narayanan BA, Narayanan NK, and Reddy BS. Docosahex-
aenoic acid regulated genes and transcription factors induc-
ing apoptosis in human colon cancer cells. Int J Oncol 2001; 
19(6): 1255-62.

47.  Yamamoto N, Clare DA, Homma S, Ngwenya BZ. Activa-
tion of mouse macrophages by alkylglycerols, inflammation 
products of cancerous tissues. Cancer Res 1988; 48(21): 
6044-9.

48.  Yamamoto N, Ngwenya BZ. Activation of mouse peritoneal 
macrophages by lysophospholipids and ether derivatives of 
neutral lipids and phospholipids. Cancer Res 1987; 47(8): 
2008-13.

49.  Yamamoto N, Ngwenya BZ, Sery TW, and Pieringer  PA.  
Activation of macrophages by ether analogs of lysophos-
pholipids. Cancer Immunol. Immunotherapy 1987; 25: 
185-192.

50.  Weber N. Metabolism of orally administered rac-1-O-[1’-
14C]dodecylglycerol and nutritional effects of dietary rac-
1-O-dodecylglycerol in mice. J Lipid Res 1985; 26(12): 
1412-20.

51.  Mangold HK. Biological effects and biomedical applica-
tions of alkoxylipids. Ether Lipids 1972; 158-76.



Shark derivatives as putative nutraceuticals in oncology 17

52.  Hajimoradi M, Hassan ZM, Pourfathollah AA, Danesh-
mandi S, Pkravan N. The effect of shark liver oil on the tu-
mor infiltrating lymphocytes and cytokine pattern in mice. J 
Ethnopharmacol 2009; 126(3): 565-70.

53.  Braquet  P, Touqui L, Shen TY, Vargaftig BB. Perspectives 
in platelet-activating factor research. Pharmacol Rev 1987; 
39(2): 97-145.

54.  Venable ME, Zimmerman GA, Mcintyre TM, Prescott S. 
Platelet-activating factor: a phospholipid autacoid with di-
verse actions. J Lipid Res 1993; 34(5): 691-702.

55.  Ito S, Camussi G, Tetta C, Milgrom F, and Andres G. Hy-
peracute renal allograft rejection in the rabbit. Lab. Znuest  
1984; 51: 148-161.

56.  Caramelo C, Fernandez-Gallardo S, Marin-Cao D, Inar-
rea P, Santos JC, Lopez-Novoa JM, Sanchez Crespo M. 
Presence of platelet-activating factor in blood from humans 
and experimental animals. Its absence in anephric indivi-
duals. Biochem Biophys Res Commun 1984; 120(3): 789-
96.

57.  Croft KD, Sturm MJ, Codde JP, Vandongen R, Beilin LJ. 
Dietary fish oils reduce plasma levels of platelet activating 
factor precursor (lyso-PAF) in rats. Life Sci 1986; 38(20): 
1875-82.

58.  Grandel KE, Farr RS, Wanderer AA. Association of plate-
let-activating factor with primary acquired cold urticaria. N 
Engl J Med 1985; 313(7): 405-9.

59.  O’Flaherty JT, Wykle RL, Miller CH, Lewis JC, Waite M, 
Bass DA. 1-O-Alkyl-sn-glyceryl-3-phosphorylcholines: 
a novel class of neutrophil stimulants. Am J Pathol 1981; 
103(1): 70-8.

60.  Yasaka T, Boxer LA, Baehner RL.  Monocyte aggregation 
and superoxide anion release in response to formyl-meth-
ionyl-leucyl-phenylalanine (FMLP) and platelet-activating 
factor (PAF). J Immunol  1982; 128(5): 1939-44.

61.  Kenzora JL, Pèrez JE, Bergmann SR, Lange LG. Effects of 
acetyl glyceryl ether of phosphorylcholine (platelet activat-
ing factor) on ventricular preload, afterload, and contractil-
ity in dogs. J Clin Invest 1984; 74(4): 1193-203.

62.  Buxton DB, Fishers RA, Hanahan DJ, Olson MS.  Platelet-
activating factor-mediated vasoconstriction and glycogen-
olysis in the perfused rat liver. J Biol Chem 1986; 261(2): 
644-9.

63.  Stafforini DM, McIntyre TM, Carter ME, Prescott SM. 
Human plasma platelet-activating factor acetylhydrolase. 
Association with lipoprotein particles and role in the deg-
radation of platelet-activating factor. J Biol Chem 1987; 
262(9): 4215-22.

64.  Tselepis  AD, Karabina SAP, Stengel D, Pièdagnel R, 
Chapman MJ, Ninio E. N-linked glycosylation of mac-
rophage-derived PAF-AH is a major determinant of en-
zyme association with plasma HDL. J Lipid Res 2001; 
42(10):1645-54.

65.  Heery JM, Kozak M, Stafforini DM, Jones DA, Zimmer-
man GA, McIntyre TM, Prescott SM. Oxidatively modi-
fied LDL contains phospholipids with platelet-activating 
factor-like activity and stimulates the growth of smooth 

muscle cells. J Clin Invest 1995; 96(5):2322-30.
66.  Blankenberg  S, Stengel D, Rupprecht HJ, Bickel C, Meyer 

J, et al. Plasma PAF-acetylhydrolase in patients with coro-
nary artery disease: results of a cross-sectional analysis. J Li-
pid Res 2003;  44(7): 1381-6.

67.  Tsimihodimos V, Karabina SA, Tambaki AP, Bairaktari E, 
Miltiadous G, Goudevenos J. Altered distribution of plate-
let-activating factor- acetylhydrolase activity between LDL 
and HDL as a function of the severity of hypercholester-
olemia. J Lipid Res 2002; 43(2): 256-63.

68.  Packard CJ, O’Reilly DS, Caslake MJ, et al. Lipoprotein-
associated phospholipase A2 as an independent predictor of 
coronary heart disease. West of Scotland Coronary Preven-
tion Study Group. N Engl J Med 2000; 343(16):1148-55.

69.  Blake GJ, Dada N, Fox JC, Manson JE, Ridker PM. A pro-
spective evaluation of lipoprotein-associated phospholipase 
A(2) levels and the risk of future cardiovascular events in 
women. J Am Coll Cardiol 2001; 38(5): 1302-6.

70.  Caslake MJ, Packard CJ, Suckling KE, Holmes SD, et al. 
Lipoprotein-associated phospholipase A(2), platelet-ac-
tivating factor acetylhydrolase: a potential new risk factor 
for coronary artery disease. Atherosclerosis 2000; 150(2): 
413-9.

71.  Brohult A. Alkoxyglycerols and Their Use in Radiation 
Treatment. An Experimental and Clinical Study. Acta Ra-
diol Ther Phys Biol 1963;  223:1-99.

72.  Brohult A, Brohult J, Brohult S. Regression of tumour 
growth after administration of alkoxyglycerols. Acta Obstet 
Gynecol Scand 1978; 57(1): 79-83.

73.  Brohult A, Brohult J, Brohult S, Joelsson I. Reduced mortal-
ity in cancer patients after administration of alkoxyglycerols. 
Acta Obstet Gynecol Scand 1986; 65(7): 779-85.

74.  Hichami A, Duroudier V, Lebrais V, Vernhet L, et al. Mod-
ulation of platelet-activating-factor production by incorpo-
ration of naturally occurring 1-O-alkylglycerols in phos-
pholipids of human leukemic monocyte-like THP-1 cells. 
Eur J Biochem 1997; 250(2): 242-8.

75.  Packer RJ. Childhood tumors. Curr Opin Neurol 1997; 
10(6): 464-70.

76.  Erdlenbruch B, Jendrossek V, Marx M, Hunold A, et al. An-
titumor effects of erucylphosphocholine on brain tumor cells 
in vitro and in vivo. Anticancer Res 1998; 18(4A):2551-7.

77.  Erdlenbruch B, Jendrossek V, Eibl H, Lakomek M. Tran-
sient and controllable opening of the blood-brain barrier to 
cytostatic and antibiotic agents by alkylglycerols in rats. Exp 
Brain Res 2000;  135(3): 417-22.

78.  Wang H, Rajagopal S, Reynolds S, Cederberg H, Chakra-
barty S. Differentiation-promoting effect of 1-O (2 meth-
oxy) hexadecyl glycerol in human colon cancer cells. J Cell 
Physiol 1999; 178(2): 173-8.

79.  Snyder F. Glycerolipids in the Neoplastic Cell: Methodol-
ogy, Metabolism and Composition. Methods Cancer Res 
1971; 6: 399-436.

80.  Steele W, Jenkin H M. Lipids and Lipid Metabolism of 
Novikoff Rat Hepatoma Cells. Biochemistry and Metabo-
lism 1973; 215-224.



M. Vadalà, C. Laurino, L. Palmieri, et al.18

81.  Snyder F. Ether-linked Lipids and Fatty Alcohol Precursors 
in Neoplasms. Ether Lipids 1972; 273-295.

82.  Lin HJ, Ho FC, Lee CL. Abnormal distribution of O-alkyl 
groups in the neutral glycerolipids from human hepatocel-
lular carcinomas. Cancer Res 1978; 38(4): 946-9.

83.  Snyder F, Wykle RL, Malone B. A new metabolic path-
way: biosynthesis of alkyl ether bonds from glyceraldehyde-
3-phosphate and fatty alcohols by microsomal enzymes. 
Biochem Biophys Res Commun 1969; 34(3):315-21.

84.  Soodsma JF, Piantadosi C, Snyder F. The biocleavage of 
alkyl glyceryl ethers in Morris hepatomas and other trans-
plantable neoplasms. Cancer Res 1970; 30(2): 309-11.

85.  Howard BV, Morris HP, Bailey JM. Ether-lipids, -glycerol 
phosphate dehydrogenase, and growth rate in tumors and 
cultured cells. Cancer Res 1972; 32(7):1533-8.

86.  Anadon A, Martinez MA, Ares I, et al.  Acute and repeated 
dose (28 days) oral safety studies of an alkoxyglycerol extract 
from shark liver oil in rats. J Agric Food Chem 2010; 58(3): 
2040-6.

87.  Kelly GS. Squalene and its potential clinical uses. Altern 
Med Rev 1999;  4(1): 29-36.

88.  Bordier CG, Sellier N, Foucault AP, et al. Purification and 
characterization of deep sea shark Centrophorus squamosus 
liver oil 1-O-alkylglycerol ether lipids. Lipids 1996; 31(5): 
521-8.

89.  Iannitti T, Palmieri P. An update on the therapeutic role of 
alkylglycerols. Mar Drugs 2010; 8(8):  2267-300.

90.  Koivisto PV, and Miettinen TA. Increased amounts of cho-
lesterol precursors in lipoproteins after ileal exclusion. Li-
pids 1988; 23(10): 993-6.

91.  Stewart ME. Sebaceous gland lipids. Semin. Dermatol 
1992; 11: 100-105.

92.  Ott G, Radhakrishnan R, Fant J, Hora M. The adjuvant 
MF59: a perspective. D. T. O’Hagan (ed.) 2000; 42: 211-28.

93.  Podda A, Del Giudice G. MF59-adjuvanted vaccines: in-
creased immunogenicity with an optimal safety profile. Ex-
pert Rev Vaccines 2003; 2(2): 197-203.

94.  Whitehouse MW, Orr KJ, Beck FWJ. Freund’s adjuvants: 
relationship of arthritogenicity and adjuvanticity in rats to 
vehicle composition. Immunology 1974;  27(2): 311-30.

95.  Potter M, and Maccardle RC. Histology of Developing 
Plasma Cell Neoplasia Induced by Mineral Oil in Balb/C 
Mice. J Natl Cancer Inst 1964; 33: 497-515.

96.  Cannon GW, Wood ML, Clayton F, Griffiths MM. Induc-
tion of arthritis in DA rats by incomplete Freund’s adjuvant. 
J Rheumatol 1993; 20(1): 7-11.

97.  Satoh  M, Kuroda Y, Yoshida H, Behney KM, et al.  In-
duction of lupus autoantibodies by adjuvants. J Autoimmun 
2003; 21(1): 1-9.

98.  Kuroda Y, Akaogi J, Nacionales DC, et al. Distinctive pat-
terns of autoimmune response induced by different types of 
mineral oil. Toxicol Sci 2004; 78(2): 222-8.

99.  Dupuis M, Denis-Mize K, LaBarbara A, Peters W, et al. 
Immunization with the adjuvant MF59 induces mac-
rophage trafficking and apoptosis. Eur J Immunol 2001; 
31(10): 2910-8.

100.  Hamilton JA, Byrne R, Whitty G. Particulate adjuvants 
can induce macrophage survival, DNA synthesis, and a 
synergistic proliferative response to GM-CSF and CSF-1. 
J Leukoc Biol 2000;  67(2):  226-32.

101.  Takeda K, Kaisho T, Akira S. Toll-like receptors. Annu 
Rev Immunol 2003; 21: 335-76.

102.  Warleta F, Campos M, Allouche Y, Sànchez-Quesada C, 
Ruiz-mora J, Beltràn G, et al. Squalene protects against ox-
idative DNA damage in MCF10A human mammary epi-
thelial cells but not in MCF7 and MDA-MB-231 human 
breast cancer cells. Food Chem Toxicol 2010; 48(4):1092-
100.

103.  Das B, Antoon R, Tsuchida R, Lofti S, et al. In vitro cy-
toprotective activity of squalene on a bone marrow versus 
neuroblastoma model of cisplatin-induced toxicity. im-
plications in cancer chemotherapy. Eur J Cancer 2003. 
39(17): 2556-65.

104.  Das B, Antoon R, Tsuchida R, Lotfi S, et al. Squalene se-
lectively protects mouse bone marrow progenitors against 
cisplatin and carboplatin-induced cytotoxicity in vivo 
without protecting tumor growth. Neoplasia 2008; 10(10): 
1105-19.

105.  Klauning JE, Kamendulis LM. The role of oxidative stress 
in carcinogenesis. Annu. Rev. Pharmacol. Toxicol. 2004; 
44: 239-267.

106.  Nakagawa M, Yamaguchi T, Fukawa H, Ogata J, et al. 
Potentiation by squalene of the cytotoxicity of anticancer 
agents against cultured mammalian cells and murine tu-
mor. Jpn J Cancer Res 1985; 76(4): 315-20.

107.  Asa PB, Cao Y, and Garry RF. Antibodies to squalene in 
Gulf War syndrome. Exp Mol Pathol  2000; 68(1): 55-64.

108.  Haley RW, Kurt TL, and Hom J. Is there a Gulf War 
Syndrome? Searching for syndromes by factor analysis of 
symptoms. JAMA 1997; 277(3): 215-22.

109.  Fukuda K, Nisenbaum R, Stewart G, et al. Chronic mul-
tisymptom illness affecting Air Force veterans of the Gulf 
War. JAMA 1998; 280(11): 981-8.

110.  Hom J, Haley RW, and Kurt TL. Neuropsychological cor-
relates of Gulf War syndrome. Arch Clin Neuropsychol 
1997; 12(6): 531-44.

111.  Unwin C, Blatchley N, Coker W, et al. Health of UK ser-
vicemen who served in Persian Gulf War. Lancet 1999; 
353(9148): 169-78.

112.  Kang HK, Simmens SJ, Mahan CM, et al. Evidence for a 
deployment-related Gulf War syndrome by factor analysis. 
Arch Environ Health 2002; 57(1): 61-8.

113.  Wolfe J, Proctor S, Erickson D, et al. Risk factors for mul-
tisymptom illness in US Army veterans of the Gulf War. J 
Occup Environ Med 2002;  44(3): 271-81.

114.  Dyer O. Inquiry finds that Gulf war veterans face extra 
burden of disease. BMJ 2004; 329(7477):  1257.

115.  Lorentzen  JC. Identification of arthritogenic adjuvants 
of self and foreign origin. Scand J Immunol 1999; 49(1): 
45-50.

116.  Beck FW, and Whitehouse MW, Modifications in the 
establishment of allergic encephalomyelitis (EAE) in rats; 



Shark derivatives as putative nutraceuticals in oncology 19

an imporved assay for immunosuppressant drugs. Agents 
Actions 1976; 6(4): 460-7.

117.  Haynes DR, Garrett  IR, Whitehouse MW, Vernon-Rob-
erts B.  Ambivalent properties of gold drugs in adjuvant 
induced polyarthritis in rats. J Rheumatol 1985; 12(6): 
1079-82.

118.  Kohashi O, Pearson M, Beck FJ, Alexander M. Effect of 
oil composition on both adjuvant-induced arthritis and 
delayed hypersensitivity to purified protein derivative and 
peptidoglycans in various rat strains. Infect Immun, 1977. 
17(2): p. 244-9.

119.  Yoshino S, and Yoshino J. Recruitment of pathogenic T 
cells to synovial tissues of rats injected intraarticularly with 
nonspecific agents. Cell Immunol 1994; 158(2): 305-13.

120.  Valensi JP, J.R. Carlson JR, and Van Nest GA. Systemic 
cytokine profiles in BALB/c mice immunized with triva-
lent influenza vaccine containing MF59 oil emulsion and 
other advanced adjuvants. J Immunol 1994; 153(9): 4029-
39.

121.  Strandberg TE, Tilvis RS, and Miettinen TA. Metabolic 
variables of cholesterol during squalene feeding in humans: 
comparison with cholestyramine treatment. J Lipid Res 
1990; 31(9):1637-43.

122.  Stamellos KD, Shackelford JE, Shechter I, Jiang G, et al.  
Subcellular localization of squalene synthase in rat hepatic 
cells. Biochemical and immunochemical evidence. J Biol 
Chem 1993; 268(17): 12825-36.

123.  Phillips CJ, Matyas GR, Hansen CJ, et al. Antibodies 
to squalene in US Navy Persian Gulf War veterans with 
chronic multisymptom illness. Vaccine 2009;  27(29):  
3921-6.

124.  Solly F, Fish R, Simard B, et al. Tissue-type plasminogen 
activator has antiangiogenic properties without effect on 
tumor growth in a rat C6 glioma model. Cancer Gene Ther 
2008; 15(10):685-92.

125.  Pearson W, Orth MV, Karrow NA, Maclusky NJ, et al. 
Anti-inflammatory and chondroprotective effects of nu-
traceuticals from Sasha’s Blend in a cartilage explant model 
of inflammation. Mol Nutr Food Res 2007; 51(8):1020-
30.

126.  Dupont E, Savard PE, Jourdain C, Juneau C, Thibodeau 
A, et al. Antiangiogenic properties of a novel shark carti-
lage extract: potential role in the treatment of psoriasis. J 
Cutan Med Surg 1998; 2(3):  146-52.

127.  Goldman E.Shark cartilage extract tried as novel psoriasis 
treatment.Skin &Allergy News 1998; (29): 14.

128.  Seno N, Anno K, Yaegashi Y, Okuyama T. Microheteroge-
neity of chondroitin sulfates from various cartilages. Con-
nect Tissue Res 1975; 3(1): 87-96.

129.  Ernst E. Shark cartilage for cancer?  Lancet 1998; 
351(9098):298.

130.  Markman M. Shark cartilage: the Laetrile of the 1990s. 
Cleve Clin J Med  1996; 63(3): 179-80.

131.  Brem H, Folkman J. Inhibition of tumor angiogenesis me-
diated by cartilage. J Exp Med 1975; 141(2): 427-39.

132.  Gomes EM, Souto PR,  Felzenszwalb I. Shark-cartilage 

containing preparation protects cells against hydrogen per-
oxide induced damage and mutagenesis. Mutat Res 1996; 
367(4): 204-8.

133.  Sheu JR, Fu CC, Tsai ML, Chung WJ. Effect of U-995, 
a potent shark cartilage-derived angiogenesis inhibitor, on 
anti-angiogenesis and anti-tumor activities. Anticancer 
Res 1998; 18(6A): 4435-41.

134.  McGuire TR, Kazakoff PW, Hoie EB, et al. Antiprolifera-
tive activity of shark cartilage with and without tumor ne-
crosis factor-alpha in human umbilical vein endothelium. 
Pharmacotherapy 1996; 16(2):237-44.

135.  Davis PF, He Y, Furneaux RH, Johnston PS, Ruger BM, 
Slim GC. Inhibition of angiogenesis by oral ingestion of 
powdered shark cartilage in a rat model. Microvasc Res  
1997; 54: 178-82.

136.  Oikawa T, Ashino-Fuse H, Shimamura M, Koide U, 
Iwaguchi T.  A novel angiogenic inhibitor derived from 
Japanese shark cartilage (I). Extraction and estimation of 
inhibitory activities toward tumor and embryonic angio-
genesis. Cancer Lett 1990; 51(3): 181-6.

137.  Lee A, and Langer R. Shark cartilage contains inhibitors 
of tumor angiogenesis. Science 1983; 221(4616): 1185-7.

138.  Milner M. Follow-up of cancer patients using shark car-
tilage. Alternative & Complementary therapies 1996; 99-
109.

139.  Lane I, Contreras E. High rate of bioactivity (reduction 
in gross tumor size) observed in advanced cancer patients 
treated with shark cartilage material. J. Naturopath. Med 
1992; 3: 86-88.

140.  San-Juan S, Garces M, Caballero ML, et al. Occupational 
asthma caused by shark cartilage dust. J Allergy Clin Im-
munol 2004; 114(5): 1227-8.

141.  Ortega, HG, Kreiss K, Schill DP, et al. Fatal asthma from 
powdering shark cartilage and review of fatal occupational 
asthma literature. Am J Ind Med 2002; 42(1): 50-4.

142.  Danopoulos ED, and Danopoulou IE. The results of urea-
treatment in liver maligancies. Clin Oncol 1975; 1(4): 341-
50.

143.  Danopoulos ED, and Danopoulou IE. Urea-treatment of 
liver metastases. Clin Oncol 1981; 7(4):  385-7.

144.  Danopoulos ED, and Danopoulos IE. Letter: Urea treat-
ment of skin malignancies. Lancet 1974; 1(7867): 1161.

145.  Danopoulos ED, Chilaris GA, Danopoulou IE, Liaricos 
SB. Urea in the treatment of epibulbar malignancies. Br J 
Ophthalmol 1975; 59(5): 282-7.

146.  Danopoulos ED, Danopoulou IE, Liaricos SB , Merkuris 
KM. Effects of urea treatment in malignancies of the con-
junctiva and cornea. Ophthalmologica 1979;  178(4):198-
203.

147.  Wang X, Wu L, Aouffen M, Mateescu MA. Novel cardiac 
protective effects of urea: from shark to rat. Br J Pharmacol 
1999; 128(7):1477-84.

148.  Zweier JL, Wang P, Kuppusamy P. Direct measurement of 
nitric oxide generation in the ischemic heart using electron 
paramagnetic resonance spectroscopy. J Biol Chem 1995; 
270(1): 304-7.



M. Vadalà, C. Laurino, L. Palmieri, et al.20

149.  Wang P, and Zweier JL. Measurement of nitric oxide and 
peroxynitrite generation in the postischemic heart. Evi-
dence for peroxynitrite-mediated reperfusion injury. J Biol 
Chem 1996; 271(46): 29223-30.

150.  Burstein HJ, Gelber S, Guadagnoli E, Weeks JC. Use of 
alternative medicine by women with early-stage breast 
cancer. N Engl J Med 1999; 340(22):1733-9.

151.  Grainger EM, Kim HS, Monk JP, et al. Consumption of 
dietary supplements and over-the-counter and prescrip-
tion medications in men participating in the Prostate 
Cancer Prevention Trial at an academic center. Urol Oncol 
2008;  26(2): 125-32.

152.  Rock CL. Multivitamin-multimineral supplements: who 
uses them? Am J Clin Nutr 2007; 85(1): 277S-279S.

153.  Swisher EM, Cohn DE, Goff BA, et al. Use of comple-
mentary and alternative medicine among women with gy-
necologic cancers. Gynecol Oncol 2002; 84(3): 363-7.

154.  Ren S, Zhang H, Mu Y, Sun M. Pharmacological effects 
of Astragaloside IV: a literature review. J Tradit Chin Med 
2013;  33(3): 413-6.

155.  Clement-Kruzel S, Hwang SA, Kruzel MC, Dasgupta A, 
et al. Immune modulation of macrophage pro-inflamma-
tory response by goldenseal and Astragalus extracts. J Med 
Food 2008;  11(3): 493-8.

156.  Dipti P, Yogesh B, Kain AK, Pauline T, et al. Lead in-
duced oxidative stress: beneficial effects of Kombucha tea. 
Biomed Environ Sci 2003; 16(3):276-82.

157.  Willems PM, Kuipers AW, Meijerink JP,et al. Sporadic 
mutations of the p53 gene in multiple myeloma and no 
evidence for germline mutations in three familial multiple 
myeloma pedigrees. Leukemia 1993; 7(7): 986-91.

158.  Nantz MP. Supplementation with aged garlic extract im-

proves both NK and gammadelta-T cell function and re-
duces the severity of cold and flu symptoms: a randomized, 
double-blind, placebo-controlled nutrition intervention. 
Clin Nutr 2012; 31(3): 337-44.

159.  Heber D. Colorful cancer prevention: alpha-carotene, 
lycopene, and lung cancer. Am J Clin Nutr 2000; 72(4): 
901-2.

160.  Kotake-Nara E, Kushiro M, Zhang H, et al. Carotenoids 
affect proliferation of human prostate cancer cells. J Nutr 
2001; 131(12): 3303-6.

161.  Sueoka N, Suganuma M, Sueoka E, et al. A new function 
of green tea: prevention of lifestyle-related diseases. Ann 
N Y Acad Sci 2001; 928: 274-80.

162.  Tang L, Jin T, Zeng X, Wang JS. Lycopene inhibits the 
growth of human androgen-independent prostate can-
cer cells in vitro and in BALB/c nude mice. J Nutr, 2005. 
135(2): p. 287-90.

163.  Savouret JF, and Quesne M. Resveratrol and cancer: a re-
view. Biomed Pharmacother 2002; 56(2): 84-7.

164.  Thomson M, and Ali M. Garlic [Allium sativum]: a review 
of its potential use as an anti-cancer agent. Curr Cancer 
Drug Targets 2003; 3(1): 67-81.

Received: 12.2.2016
Accepted: 9.5.2017
Address: Vadalà Maria, 
Department of General Surgery and Surgical Specialties, 
University of Modena and Reggio Emilia Medical School, 
Via Del Pozzo, 71 - 41124 Modena, Italy
E-mail: mary.vadala@gmail.com


