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Introduction! .
Chemical Diversity
and Evolution

The sea represents the
most promising source of medicinel and nutritional natural
produets of the future. Traditional peoples have used natural
products from the sea for medicinal and nutritional purposes
for thousande of years, Natural products from the oceans are
promising in part because of the incredible diversity of chemical

compounds created by marine organisms. Since conditions in -

the marine environment are so different from those on land
most classes of marine organism show molecules with unique
gtructural features. Also, since many marine organisms are
sessile they have evolved a wide variety of chemicals for defense,
as well as communication and reproduetion.

These unique molecular structures are precisely what are
needed to help make new drugs and nutritional supplements.
Terrestrial sources of drugs and nutritional products have been

well explored, but less than one percent of marine species have
. been screened for organisms that contain or excrete novel

compounda. Of the 27 diverse phyla of life, only 17 occur on
land, yet 27 of the 27 oceur in the ocean and so the largest
proportion of kindiversity is in the ccean. As disease resistance
to antibiotics and other drugs continues to increase, chemistry
may not be able to meet the ever-increasing need for more
efficient and more effective eompounds. The oceans represent

an untapped source of new medicines. (Pomponi 1599.)

Pharmaceuticals from the Sea
Despite the promise of marine natural products the

pharmaceutical industry has been slow to explore this resource.

However, smaller natural produets firms, biotech companies

and the National Cancer Institute (NCI) have begun exploring

the oceans as a source of medical natural products in more
depth and some products from this research are now in the
clinical pipeline, with more in pre-clinical development. For
more information see NCT's Naturel Products Branch at http:/

/dtp.neinih.gov. Some examples of compounds currently under

study include:

« Bryostatin 1, isolated from the bryozoan Bugula neriting,
an organism that attaches itself to the bottoms of boats off
the coast of California, primarily for use as a treatment of
melanoma, non-Hodgkin's lymphoma, and renal cancer.

s Dolostatin 10, a linear peptide derivative isolated from the
sea hare Dolabella curicularia from the Indian Ocean, for
use in the treatment of breast and liver cancers, solid
tumors, and leukemia.

¢ AF041, a shark cartilage preparation, for use in treatment
of varigus tumors.

Natural Products from the Sea:
Ethnopharmacology, Nutrition and

' Eeteinascidin-743 (ET743) (Rinehart et al. 1981), &

tunicate, One ton will treat hundreds of people but this amount

Conservation

compound isolated from a Caribbean tunicate, has shown
activity against ovarian (Valoti et al. 1998) and other
tumaors. .

s Dehydrodidemnin B, isolated from Mediterranean tunicate
Aplidium albicans, is being tested for its anticancer
properties.

* An anti-inflammatory, manoalide, isolated from the Palauan
sponge Luffariella varichilis and patented by the University -
of California for psoriasia. (Rinehart et al. 1981) ¢+

s Diascodermalide, a metabolite of the deep-sea sponge

Discodermia, which is immunocsuppressive and cytotoxie; |

‘(Longley 1991) has potent antiproliferative activity due to
ita ability to stabilize microtubules, (Haar et al. 1996; and
Kowalsld et al. 1997). Movartia licensed it as a cancer -
treatment.

s Halichondrin B, isolated from the Japanese sponge
Halichondria okadai, for melanoma and leukemia.

« Isogranulatimide, derived from a Brazilian tunicate, iz a

G2 checlkpoint inhibitor that is shown to Iill p53-tumor calls. ‘

It is also easy to synthesize which' allows researchers to -
make enalogues. (Roberge et al. 1998; Berlinek et al. 1998.)
o Debromchymenialdisina (DBH), one of several constituents -
of the common Palauan shallow-water sponge Stylotelle |
- gurantium,(Williams, Feulkner 1996) is easily synthesized -
and is heing developed for treatment of csteoarthritis.
¢ An anti-inflammatory compound, Pzeudopterogorgic
elisabethae, extracted from the sea fan, is being used inan |
Estée Lauder sldn care product, Resilience. .

Production Methods ]

One major limitation to acquiring natural products from
the sea versua land is the reduced accessibility of ocean
environments. Bristol-Myers Squibb, one of the few major -
pharmaceutical companies to lock into marine-derived ;
compounds, recently returned licenses for eleutherobin, a
compound isolated from a small Australian soft coral of the -
genus Bleutherobia, because they couldn't get enough of it. It |
is often difficult to obtain enough of a marine natural produet
to do a clinical trial, let alone produce it commercially.
Pharmacological research in oceanic sources is slower and more
difficnit than land-hased research. Property rights alse continue
to be a prohlem, following the Rio Convention, Diseoveries made
in another country’s waters cannot be used. Some countries
nowadays are controlling all research in their waters which 4
prevents other researchers from gaining access. For exampls,
the yield for [Ecteinascidin] ET743 is one gram per ton of |

iz hard to harvest due o conservation restrictions. (Valoti e_t
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1998) The cost of research is alse limited by the remote
.ocation of many marine resources. It sometimes takes
researchers years to gain the funds and equipment to return
to a remote ocean location which might harbor important
_natural products. For example, a ship and submersible costs
$14,500 per day typically (Fomponi 1999).

Other methods being explored to produce marine drugs and
natural products inelude aguacnlture and chemical synthesis
(Tsujii et al. 1988). The vast majority of compounds from the
sea, however, are not easily synthesized. Many take 100 steps
n maore, compared to an average of 1010 15 steps for medicinal
ompounds. And many of the marine bacteria are not
ulturable, These realities have marine researchers now looling
» hiotechnology’s symbiosis and gene transfer (fransferring
gnes into easily culturable organisms.) For many marine
wertebrates the host itself isn’t actually producing these
¢gmpounds but instead relies on microbes (symbiogis) that can

¢ easily cultured. (Harrigan et al. 1998, Bewley and Faullmer
998.) Scripps Institute of Oceanography Center for Marine
iotechnology and Biomedicine http:/www.sio.ucad.edn/
asearch/cmbb has just licensed a microbial anticancer agent
ith powerful effects on prostate cancer, as well as very potent
nti-inflammatory and antiviral agents for use againat herpes.
. In contrast to drug companies, nutritional supplement
ompanies do not face the need to exiract active compounds
om marine natural products since they generally sell them
 their whole state. Ag a result, few are presently looking into
hemical synthesis or bictechnology to increase production,
lthough many are performing biochemical analysis of their
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products to determine which compounds are bioactive.
Currently, a controversial topic in nutritional natural product
- research is the insue of standardization, the process of ensuring
that a product has certain amounis of a marker compound that

is active medicinally.

Marine nutritional supplements such as sea vegetables are

also sometimes difficult and expensive to harvest in the wild.
Yet, since they are harvested in their whole, unrefined state
and usually from near-shore environments, the cost of
harvesting and producing these products is much less than
pharmaceuticals. Ecologically there is much less waste since
the entire organism is used, instead of just extracting active
compounds as occurs in the pharmaceutical induatry.
Nutritional supplements are also increasingly being derived
from marine microorganisme. Anstralian microalgae, presently
used throughout Australia in the formulation of erucial live
feeds for young aquaculture species such as oysters, prawns
and abalone, is now being cultured for nutracentical production
internationally, supplying large markets in Asia and America.
Australian manufacturers are currently supplying the
nutraceutical market with betacarotene and other compounda
such as omega 3 fatty acids derived from mieroalgae. (For more
information on marine natural products research in Australia

Bee www.marine.csiro.au)
»

Few or poor resuylis with what you are presently
using? Have you been told not too much can be
done or that you just have to put up with the pain?

‘Find it in over 400 Pharmacies in Canada.

Mail order to U.S. cities.

Sales: (604) 231-9916 fFax: (604) 272-3309
Mail Order 1-800-390-4984 Morth America

Web: http//www.sproutingheaith.com
Emall: shealth@sproutinghealth.com

#3140 - 21331 Gordon Way, Richmond, BC V6W 1J9

SPROUTING
\HEALTE_

“First Aid Kit in a Bottle.”

It's spray-on Triticum Aestivum, an extract of germinated
Sprung Wheat that can be applied topleally, This praduct
provides a homeopathic response to any need.
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Sea Vegetables

Besides drugs, the oceans are potential resources for a wide
variety of non-drug nutritional natural products. These
products are not regulated as drugs by the FDA but rather as
dietary supplements and thus the cost of researching and
developing them is much less. In general they are much less
toxic than diugs, being consumed largely as they occur in nature
rather than in refined or synthesized form, On the other hand

-they are less potent than drugs and thus are largely designed
to promote health rather than for particular medical conditions.
The following brief consumer guides to nutritional natural
products were derived from wwwmothernature.com and
written in part by Cralg Weatherby, myself and other content
gtaff there,

Sea vegetables are perhaps the best lmown of these oceanic
nutritional products. They have been used as human and
animal food, medicines, and fertilizers for thousands of years
by- coastal peoples of Greece, China, Eurape, and North
America, Research has shown than many =ea vegetables are
in fact powerful promoters of health,

Sen vegetables are powerfully antiviral ‘and antlparadltlc.
Digenea (Ceramiales; Rhodophycota) produces an effective
vermifuge (kainic acid). Aqueous extracts from two red algae
belongitg to the Dumontiaceae have been found to inhibit the

protein (a lectin) which preferentially agglutinates human B-
type erythrocytes in vitro, Fucus contains fucoidin, a chemical

" proliferation and is strongly antiviral. Cultures that use it have
a low incidence of viral diseases. (Stein and Borden 1984)
Sea vegetables are a source of many important minerals,

“only indedine but various other nutneuts including enzymes,
fiber, amino acids, vitamins including niacin and B12, and the,
mmerals»potasamm, ealcium, iron, and magnesium., i

_Bea vegetables are found to help prevent certain cancers.
I.nh.lbltmn of cancerous tumoers in animals seems to be caused
by long-chamed polysaccharides, Laminaria and Sargassum

. Bpecies have heen used in China for the treatment of cancer,”

:-suhstancas from the body; (Wung 2000, Maruyama 1992)Itis .-
the alginates foundm kelps and other sea vegetables thathelp”

 for example, and may help prevent cancers. Kelps. a.nd other
seaweeds, nch in iodine were shown in an animal expériment
“to suppress the- thyrmd’s ability to absorb radioactive'iodine,
thus potentially preventing the organ ﬁ‘om bemg mjured by
the harmful effects of radiation, - T

: Laminaric snpea ‘have long heen used in obstetrics to.dilate-

slowly takes. up’ ‘water and expanda Such stipes ara used in
China for théa mserhon of mtrauterme devices. (Stem an

Borden 1.984)
- Thyroid dysfunction is often treated with marine algae suc:h

.

herpes simplex virus. Another red alga (Ptilota} produces a-

{technically a short chained polysaccharide) that prevents cell -

In fact, 3-8 pounds of sea vegetables will fully mjnaraliza ‘
. (provide all essential minerals) an adult human for one year -
" (Ryan Dtumh PhD, personal communication). Kelp is rich not .~

'| “to eliminate toxins in the body by binding with heavy metals, --
. Sea. vegete\bles are useful in reproductwe mechcm Dry ’
the cervix and were known as “Lammana terits.”The dry stlpe |

. and may need to be taken with caution by anyone following
ae kelp, (Fucus vesiculosus) which was used in China nearly

5000 years ago for thyroid dysfunction. Scientists suspect thare
might be actual thyroid-hormone-like molecules present in
marine algae. Kelp is also commonly used to counter goiter
{enlargement of the thyroid gland, which is located on the neclk)

and underactive thyreid (hypothyroidism). The scientific.

rationale for these uses began in 1812 with the discovery in
kelp of iodine, a mineral necessary for the body to produce
thyroid hormones. A number of countries since the 19208 have
added iodine to salt. This can effectively reduce poiter and other
diseases associated with iodine deficiencies, but in some parts
of the world these conditions remain serious public health
problems that could be alleviated by consumption of kelp and
other seaweeds, Because an underactive thyroid can lead to

lethargy and weight gain, some people talke kelp to boost energy

and promote weight loss. Scientists in Hong Kong determined
that, contrary to the eommon assumption that iodine
deficiencies are rare in coastal cities, approximately 50% of
both children and adults in Hong Kong had insufficient iodine
levels. A dietary survey showed that seafoods and kelp were
not commonly consumed. {(Kung 1996)

Sea vepetahles such as kelp have also been used topically
as a folk remedy for minor burns, by moistening the strips in
cool water and applying them to the skin. Alginates may help
to promote the healing of burns and wounds. Alginate fibers in
surgical gauze and bandages can help stop bleeding.

Sea vegetables such as kelp, along with green beans and
common rue, contains substances that have a direct effect on
the cardiovascular system and may be helpful in lowering blood
pressure. (Chiu 1997)

Sea vegetables such ag kelp are a source of mucilage, which

can have a soothing effect on mucous membranes, Kelp may |
~help to prevent or treat digestive disorders and bronchial’

congestion. Polysaccharide alginates found in kelp and other
brown seaweeds have been widely used by the cosmetic and
- food industriea for decades as emulsuﬁers, suapendmg agents,
and stabilizers..
Sea vegetahles can be eaten fresh or d.nad Some people
‘“gonsume them as a side dish while. they can also be used to
ﬂavnr soups, stews, and salads. Sea vegetables are available

. in tablets, capsules, and liguids. The quality of sea vegetable

products varies widely. Commerciaily available extracts are
often deficient in the active compounds found in sea vegetables

_ so they are best consumed in their whole state. Tinctures
" extract only 5% of the active compounds in Fucus; for example
- {Ryan Drum PhD, personal communication 1889), Drying does
“Japanese. seientists have shown that kelp may inhibit the - ¥
"development of breast cancer. Kelp-may help remuveheavy_
metals, radioactive’ partlcles, and ‘other’ potentlally to:uc__

not demage sea vegetables (they are naturally dried every day

. on the beach.) Many cultures, particularly in Asia, have used :
sea vegetables both as food and medicine for much of history.:
" Bacidl science researchers have documented fluctuations in the.
' “harvest quantity and quality of sea vegetables in various’

cultures and pointed out ways to maintain sustainable usag
patterns, From example, in the kombu harvest in Japan, thi

‘can include regulating harvesting by communal lawg_f“'
determined by the harvesters themselves, which often works :

hetter than bureaucratic regulation hy guvernment agencxes
(Lida: 1998).

Toxicity of sea vegetablea is low. However, long—tarm.

consumption of large doses of kelp may deliver excess levelso
iodine to the thyroid, resulting in hyperthyreidism (over-active
thyroid). Check labels of kelp supplements for iodine conten
since it can vary considerably depending upon species, growin
conditions, and other factors. Kelp can aleo be high in sodium

-alt-restricted diet, e
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~ Chitin and chitosan are fibers derived from marine animals.
Chitin is a polysaccharide, a string of sugar molecules, that
naturally occurs in the hard outer shell of insects, shellfish
such as crab, lobster, and shrimp, and marine coral, Chitin is
chemically similar to cellulose and starch, the abundant plant
fibers, It is used to malte various other substances, including
chitosan, which is derived from chitin by heating it with a
chemieal splntion, Chitosan, has the advantage of being more

their derivatives. Collectively they are the subjects of

~ Most of this attention originated in Asia but in recent decades

Westerners have begun to take chitin and chitosan as
nutritional supplements and major corporations have jumpead
on the ressarch handwagon.

Chitosan has the unique ability to dissolve and bind fats
and cholesterol in the stomach, Becanse chitosan is mostly
indigestible, it can then prevent these lipids from being
absorbed in the dipestive tract. This can ultimatsly promote
safe weight-loss and a reduction in cholesterol levels. Chitin
and chitosan are also now being taken like acidophilus, FOS,
end other supplements to speed the transit of foods throngh
the digestive system and to promote the growth of beneficial
live bacteria in the.intestines. They can thereby improve
digestion, cleanse the colon, and prevent diarrhea and
constipation. More speculatively, chitin and chitosan may
protect the liver, prevent or reduce tumaors, heal ulcers, regulate
blood pressure, and boost immune reasponse. Chitin and

soluble in water compared to chitin. Scientists have intensively.
investigated the properties and uses of chitin, chitosan, and

approximately 1,000 scientific studies and hundreds of patents.

I LYLCUIUAL AL LI U PULUR Y

chitosan have numerous industrial uses, in wastewater
treatment; surgical sutures, wound dressings, and other
medieal applications; ag a fertilizer and in animal feed; and in
moisturizers, bath lotions, and other body care products.

Japanese researchers found that four weeks of chitosan
supplementation reduced total blood cholesterol and catised a
number of other beneficial effects on peatients with kidney
failure. (Jing, 1997) Chinese researchers recently confirmed
antioxidant properties in chitin and chitosan compounds,
Another recent study determined that a biological dressing
made from chitosan was comfortable and efficient; and
promoted the process of healing, (Drenda 1997)

Chitesan’s primary mechanism of action is well established,
Itis kmown to differ from other polysaccharides in that it has a
strong positive charge that lets it chemically bond with certain
compounds, especially fats and cholesterol. Other mechanisms
of action in the body are still being investigated. The ability to
bond with fats and ether substances is also the reason for many
of chitin and chitosan’s industrial uses. For example, spread
on water chitin absorbs grease and other potentially toxic
substances, which is why it is prominent in wastewater
tréatment processes. S

Small amounts of chitin are found in mushrooms (where
the substance was first identified in 1811) and yeast. The chitin
and chitosan used to make nutritional supplementa are derived
from sources lilte crab shells and lobster shells, that are not

»>
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»
eaten as foods. The most popular products are capsules and
tablets ranging in size from 500 to 1,000 mg.

Chitin and chitosan are nontoxic and free of side effecis,
although they share the same precautions for safe use that
apply to other types of fiber. Thus, to prevent intestinal blackage
they should always be taken with plenty of water. Also, these

stipplements can hind with fat-based vitamins, such as vitamin,

E, and caertain drugs, thus reducing these substancss’
absorption and effectiveness.

Shark Cartilage
Cartilage is a tough, elastic tissue found in the joints and
other parts of the bodies of various organisms, including sharks
and cows (bovine cartilage). Cartilage has a complex chemieal
" maleup, including caleium, protein substances, carhohydrate
mucopolysaccharides such as chondroitin, and collagen. Sharks
are one of'the prime natural sources of cartilage becauss their
skeletons are made entirely of cartilage rather than bone.
Shark cartilage is taken to ease the pain and inflammation
of arthritis, osteoarthritis, and other bone and joint ailments,
Intestinal inflammations such as enteritis may respond to
shark eartilage supplementation. Sharl cartilage is also a
popular alternative treatment for cancer, talten both to slow
. the growth of existing tumors and in smaller daily doses to
prevent new cancers.
Canadian researchers found that a topical sharlk certilage
preparation had an anti-inflammatory effect when applied to
- the forearms of suhjects, suggesting a potential role in the
treatment of the common inflammatory skin condition psoriasis
: (Dupont 1998). Brazilian researchers using mice for subjects
demonstrated a dose-dependent pain-relieving effect for shark
cartllage '
. Aseries of stndies in 1998 have produced mixed results on
. the use of shark cartilage as an anti-cancer supplemént. At
" high doses of as much as 1 g of shark cartilage supplement per

kilogram of bodyweight, talten orally in three divided doses for |
six weeks, some studiez have not found beneficial effects: .

Howevar, this may be due to the low life expectancy of the study

- population. (Horsman 1998, Miller 1998)

. Bhark cartilage is kmown to contain glycoprotem compounds
" that strongly inhibit the process of angiogenesis, which:is the
- growth of new blood vessels, Anti-angiogenic compounds have
“garnered increasing scientific attention among cancer

researchers becausde these substances can potentislly retard

* the growth of existing cancerous tumors by denying them the
, necessary blood-derived nutrients and oxygen. Inhibiting the

. devélopment of new blood véssels may alse account for shark -

. cartilage's healing actions on joint, bone, and skin conditions.
(Sheu 1998) Shark cartilage’s effects may also be due to the
mmune-boustmg ‘action of its polyaacchande components,
(Fontenele 1997)

Capsules and tablets range from approximately 250 to 800

. mg. Sharlk cartilage is also available as a powder and “liquivial”

“extract. Prominent shark cartilage companiea use cartilage

" from sharks caught for food, or from nonendangered shark

: gpecies such as spiny dogfish. Shark steaks are a popular

- seafood but do not contain gignificant levels of cartilage.

Squalene

Squalene is an unsaturated hydrogen/carbon compuund (a
terpene) that is widely distributed in nature. It occurs in high
concentrations in the oil derived from the livers of certain deep-
gea sharks and in olive oil. Squalene is widely distributed in
htman tissues, mest prominently in human sebum, the oily
lubricant secreted by the skin's tiny sebaceous glands. Squalene
supplements taken orally are a'promising anti-cancer agent,’
although human trials have yet.to be performed that could
verify its usefulness in cancer therapy As an ingredient in
bodycare products squelene is an affective moisturizer, wrinkle
remover, and wound healer. (see Kelly 1999 for a review of the
clinical uge of squalene.)

People talke squalene to enhance the function of the immune

- gystem and to promote resigtance to cancer. Researchers believe |-

that squalene may be the constituent of olive oil that is
responsible for the reduced cancer and mortality rates among
populations, such as some traditional Mediterranean societies,
that consume lots of clive oil. (Newmark 1897) Animal studies
suggest that squalene can lower blood levels of fats and
cholestercl, and a recent human study found that squalens
promoted the effectiveness of a statin-type cholesterol-lowering
drug. (Chan: 1996) Topically sgualene is used to soothe and
soften rough and dry skin and td promote the healing of wounds
and sores.

A study found that mice fed diets rich in olive cil and
squalene had significantly fewer lung tumors than those fed a
corn oil control diet. (Smith 1998) Another recent animal study
determined that squalene helps to protect against colon cancer.
(Rao 1888) A recent review article noted that squalene appears
to function on the surface of the skin as an antioxidant, capable
of quenching singlet oxygen and protecting the skin from
damage due to exposure to ultraviolet and other sources of
ionizing radiation. (Kelly 1999) .

Taken orally, squalene is thought to increase the oxygen

supply to cells, It may also have hormone-regulating effeets,” |; ¥

Squalene is an intermediate.in the body’s synthesis of

" cholesterol. Anitnal studies suggest that squalene can prevent

the spread of cancer by reducing the growth of blood vessels
that supply solid tumors with the nutrients they need to grow.
Sebum that is deficient in squalene allows skin to become yough
and dry, and squalene that is applied to the skin is known to -

- be quickly absorbed. Its effectiveness for wounds and sores -may
be due in part to its proven anti-bacterial action. ‘

* Bupplemental sgualene is available as a component of sha.rk
liver oil. Squalene is a popular ingredient in slkin moisturizers
and hand and body ereams. Shark liver oil iz the most
concentrated source of sgualene, although high amounts
compared to other foods are alep found in olive oil, wheat germ .

oil, and rice bran oil. Squalene is thought to be safe when taken . )

at average doses.

Summary

The oceans represent the last frontier for humankind in 8o
many ways, not the least of which is as a huge natural
pharmacy. In this article I have shown how all types of -
researchers from chemists to biologists to anthropologists are .
helping to bring these oceanic natural products to our attention
by discovering their mechanisms of action and methods of

ecological use. Bath pharmaceutical and nutraceutical products” |
are available from the sea, While drugs are often more potent |

than nutraceuticals, they are often more expensive, more toxic;
-and lers ecological than nutritionsl supplements. By examining

the usage of oceanie products by traditional cultures we can |
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