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Health & Welfare

Flatworms potential harvesters of
antitumor compounds
Monday, 1 August 2005

By John Scarpa, Ph.D.  and Amy Wright, Ph.D.

Ecteinascidins in nature and for human use may act as a feeding
deterrent
Tiger �atworms (Maritigrella crozierii) forage speci�cally upon the mangrove tunicate (Ecteinascidia turbinata), which
produces a class of antitumor compounds known as ecteinascidins that are currently in clinical trials for human
cancer treatment. At less than 0.002 percent dry weight, the ecteinascidin concentration within the tunicates is
extremely low. However, the �atworms sequester the compounds up to 200-fold. 

Tiger �atworms may therefore be useful for grazing and harvesting E. turbinata for ecteinascidins if the life cycle of
the worms can be controlled. Tiger �atworms are simultaneous hermaphrodites, but they cross-fertilize by
hypodermic insemination and lay adhesive eggs near or on the tunicates. 
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Flatworm study
Tiger �atworm culture studies were carried out at the Harbor Branch Oceanographic Institution in Fort Pierce, Florida
USA, on the culture of tiger �atworms. Flatworms and mangrove tunicates were collected from the wild in the U.S.
Florida Keys and Puerto Rico, and placed into aerated glass aquariums or jars with �ltered sea water. Flatworm pairs
were allowed to feed without restriction upon the tunicates and maintained in culture for one to two years. 

Egg production
The �atworms repeatedly produced adhesive eggs in single-layer clusters approximately 1 cm in diameter on the
walls of the containers during two protracted egg-laying periods. During the �rst summer, one pair produced
approximately 40 egg masses, whereas in summer 2, three pairs produced about 60 egg masses. Egg laying slowed
below 25 degrees-C. 

The eggs hatched in six or seven days, releasing free-swimming, transluscent Müller’s larvae of approximately 240 μ.
High-performance liquid chromatography analysis of the eggs and larvae indicated the presence of ecteinascidins.
However, the ecteinscidin content could not be expressed on a per-egg basis due to the small egg size and number.
Therefore, larvae were collected as they hatched and found to contain approximately 17 ng ecteinascidin/larva.

Larval rearing
A series of experiments were conducted to rear the tiger �atworm larvae to metamorphosis and beyond. Initial trials
examined water type (0.2 μ �lter-sterilized vs. untreated sea water), feed (microalgae vs. no feed), and antibiotic
treatment. Larvae reared in sterile sea water with 25,000 cells each of T-ISO and Nannochlropsis sp. microalgae and
pen/strep antibiotic treatment had the longest survival at 14 days, although none metamorphosed. 

It was hypothesized that a chemical cue may be needed for larvae to metamorphose, as they are speci�c feeders on
the mangrove tunicates. A series of experiments continually exposed 3-day-old larvae to an ethanol extract of the
mangrove tunicates, gamma-aminobutyric acid, potassium chloride, or hydrogen peroxide (chemicals used for the
metamorphosis of abalones) during their culture. None of the treatments induced metamorphosis, although the
tunicate extract led to the longest survival at 11 days.

The tiger �atworms were found amenable to culture on a diet of mangrove tunicates. Flatworm pairs mated and laid
eggs that hatched into larva. However, efforts to date have not been successful in rearing the larvae through
metamorphosis to the juvenile stage. 

Ongoing roles
Although controlled reproduction of tiger �atworms has not been accomplished, the roles of ecteinascidins in nature
and for human use are still under investigation. In nature, they may act as a feeding deterrent, as �sh reject E.
turbinata larvae after ingestion, although coloration, other compounds, or pH might be the cause.

Flatworms concentrate ecteinascidins but not other compounds present in the tunicates, thus providing an enriched
ecteinascidin source. In addition, the worms produce an exudate of highly enriched ecteinascidin that could allow
nonlethal harvesting of the compound. If clinical trials of the ecteinascidins prove fruitful for cancer treatment, and
the compound can not be synthesized economically, controlled harvest of tiger �atworms feeding on cultured
mangrove tunicates may allow easier compound isolation.

(Editor’s Note: This article was originally published in the August 2005 print edition of the Global Aquaculture
Advocate.)

A tiger �atworm grazes on the mangrove tunicates that comprise its food source. Photo by Tom
Smoyer. Above left: Researchers have only been able to raise tiger �atworms to 14-day-old larvae
(enlarged photo).
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