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ABSTRACT

Marine resources have been attracting the atteofioesearchers as they provide healthy foods andprovide
new drugs. Of more than a hundred Ulva (Enteron@rgpecies found in the world, three (known as tBfplex) have
been identified in Japan, where they are used@s 1dlva linza, Ulva clathrata (procera) and Ulvalifera. This review
paper reports on main compounds found in thosengreer algae (Aonori in Japanese) and highlightsrt potential
prophylactic and therapeutic health effects. Sdierapers and reports on Ulva marine algae, theiactive compounds
and properties were collected using major scientifiatabases. Ulva species contain mainly ulvandfated
polysaccharides), phenolic compounds and flavonwidsse amount depends on species and the locatiorsldition,
terpenes and carotenoids have also been foundtiacex from Ulva prolifera. A number of experimdnstudies have
shown that extracts and ulvans from Ulva specie® latioxidant, anti-inflammatory, anticoagulanttieancer, antiviral
effects. In particular, Ulva proliferaMuller, aldmown as ‘Shimanto-nori’ in Japan, exerts LDL-clstdzol lowering
activity and increases adiponectin production. €heealth effects suggest that, apart from theiitranial value, Ulva bio
materials may serve as source of natural prophglactd therapeutic agents for cardiovascular anthimadic disorders.

Further research is needed to confirm their beizfiealth effects in humans.
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INTRODUCTION

Recently, marine resources have been attractiegtath in regard to the search for healthy foods$ kieactive
natural materials that may serve in the developraénew drugs®. Considering the rapidly growing human population
the planet earth and the increasing demand of fandsne environment could play an important rolesalving problems

related to shortage of nutritional resources.

Nowadays, marine algae have been marketed worldasdeonstituents of dietary supplements due ta thei
antimutagenic, anticoagulant, and antitumor prageras well as their high content of dietary ffein Japan, marine
algae (known as ‘nori’) have been extensively usebod since emperor Daigo’s era in the firstemitlium (897-936)".
Currently, tons of alga-based food products areufsatured and even exported annually, and Japamoisn as one of the
countries where the dietary intake of algal progdustcommon. The first report on river Ulva spegieswing in Japan
came from Nakura (192%)based on alga collected in Aichi prefecture. Sateeades later, Shimada and colleagues

conducted the first study that provided the gengifierences between Ulva species found in Jap&nh&®130 or more

www.iaset.us anli@iaset.us



2 Nlandu Roger NgatMitsunori Ikeda, Sakiko Kanbara, Takasaka Inoue,Makiko Suzuki,
Hiroki Watanabe, Makoto Umebara& Sayumi Nojima

Ulva species found in the world, currently threeaps, known as the LPP complex, have already lesttified in Japan:
Ulva linza, Ulva clathrata (varprocera) and Ulvelijera. U. prolifera can be found in rivers lodhten Shizuoka,
Okayama, Tokushima, Ehime and Kochi prefecturéoalgh the distribution of U. Linza and U. clathrétar procera)in
the country is not yet well-knownAccording to the work of Hayden and colleaguasteEbmorpha and Ulva represent the

same genera and both terms are Used

Ulva proliferaMiiller, ‘Shimanto-nori’ in Japaness,an edible green alga that grows from the estt@mry km

upstrearfi (Aosanori) and elsewhere (Aonori) in the Shimariter, Kochi prefectureRigure 1).

Figure 1: Ulva (Enteromorpha) Prolifera, Shimanto-Nori, Being Harvested in Shimanto-River (A) and Driel (B) for
its Commercialization in Kochi Prefecture, Japan (Wth the Courtesy of M. Kadota & U. Makoto)

It is said that water from the Shimanto River i® @i the cleanest in Japan; thus, food resources this river
are regarded as of great value. Ulva prolifera Btilan also be found in some northern Europeantgesirsuch as
Denmark. However, the first report on Ulva species fronpala came from Nakurain the year 1921, based on alga
collected in the prefecture of Aichi. Ulva clattahas been previously considered as synonymousltoZd'®, and the first
scientific report to provide genetic differencesviien Ulva species that grow in river in Japan cémmom the work of

Shimada and colleagifes
CHEMICAL COMPOUNDS

Seaweeds in general, and in particular green rgae, contain a number of bioactive compounds &nat
currently subject to research due to their potétitierapeutic use. Ulva species contain sulfatdgisaacharides, ulvans,
which resemble glycosaminoglycans and are solublgspccharides from the cell walls of these grelgae they are
composed of repeating disaccharides with sulfatachnose and uronic aéidpart from ulvans, U. prolifera, U. linza and
U. clathrata also contain other chemical compousuish as proteins, vitamins, minerals and polyplsnioicluding
flavonoids™™* In addition, terpenes and carotenoids have atsm bound in extracts of Ulva proliféra'® however,
though those chemical compounds may also be présehtlinza and U. clathrata. A number of bioaetsompounds that
are responsible of Ulva’s health effects have lmbsacted in algal biomaterials; however, their @amounts in each of

the above mentioned alga species are to be deimimat is one of the objectives of our ongoirgpagch.
MEDICINAL PROPERTIES OF ULVA SPECIES OF THE LPP COM PLEX

Algal sulfated polysaccharides such as fucansasacirom Aphanothece sacrum and ulvans from Ulexiep
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exert antioxidant, anti-inflammatory, antiviral aimdmunostimulatory effect§’?° Moreover, ulvans from U. prolifera
reduce a-amylase production, reduce LDL-cholesteral and increase adiponectin production in eixpental studies"
2 (Table 1). Through the reduction of alpha-amylase productiodecrease of the amount of food-contained sugakep

by the body may occur, given that some sugarsnwilbe divided into lighter sugar chains (disacicies).

Obesity is strongly associated with metabolic aadliovascular diseases. Previous studies founddhatevels
of adiponectin are associated conditions ischeraarthdiseases, atherosclerosis, and peripheray afiseas€ > Thus,
adiponectin plays an important role in protectirsgdéovascular tissues during stress, inhibiting-ipfammatory and
hypertrophic responses as well as the stimulati@ndothelial cell thanks to its modulatory effegtssignaling molecules
such as AMP-activated protein kind%é° Moreover, higher adiponectin levels are also @ased with lower risk of type-
2 diabete€" %

On the other hand, the reduction of triglycerid€&) and LDL-cholesterol intestinal uptake or adsiorp by
ulvans from U. prolifera might justify the increase HDL-cholesterol levef8 ?° This bioactive activity is to be
investigated to determine ulvan’s preferential effen lighter fat, as it provides new biotechnolgmsrspectives in the

field of nutrition and health.

Table 1: Bioactive Compounds and Health Effects dfllva Species of LPP Complex

Main Bioactive Compounds & LPP Complex (Ulva Species) Ulva Prolifera
Medicinal Properties Ulva Linza Ulva Clathrata (Procera)
Main Bioactive Compounds
e Ulvans yes yes yes
e Phenolic compounds yes yes yes
* Flavonoids yes yes yes
e Terpenoids yes yes yes
« Carotenoids yes NI NI
Main Medicinal Properties
¢ Reduction of alpha-amylase yes NI NI
* Increase of adiponectin yes NI NI
production yes NI NI
¢ Reduction of LDL-cholesterol
and increase of HDL-Cholesterpl
e Immunity improvement yes NI NI
e Antioxidant/anti-inflammatory yes yes yes
«  Anticoagulant activity NI yes yes
«  Anticancer activity NI yes NI
«  Antiviral activity yes NI yes

*Footnotes NI, No Information; LPP, Linza, Prolifera, Proaer

Considering U. linza, it is reported to have amima and anticoagulant properties, whereas U. relttprocera

has demonstrated both antiviral and anticoaguletities in experimental studigs**

The Japanese dietary pattern, in general, hasrepented to be associated with high serum adiponéstels™.
Considering the LDL-cholesterol lowering effect atig up regulation of adiponectin production by &Hio materials,
they possess a potential to reduce cardiovascathm@etabolic risks. Thus, dietary intake of specifiod that have the
above bioactive properties in combination with teduction dietary and lifestyle related cardiovdacand metabolic risk

factors would contribute to promoting a healthg.lif

Alga-based food products and biomaterials are otlyrattracting the attention of both researcherd &od
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manufacturers. Findings from a recent work by Geamand colleaguéson a novel alga-based product suggest that algae
may serve as a good source of dietary supplemastshey promote a well-balanced lipid profile. Marigreen
algae-derived sulfated polysaccharides or ulvarssgss a great potential for the development of Inbealthy food
products and preventive and therapeutic ad&fftsSuch health benefits will possibly contributeirgproving lives, and
possibly people’s income, in countries where graégal biomaterials are available but their impoctaris ignored,
especially in the developing world. For examples #imtioxidant, anti-inflammatory, antiviral and iaahcer potentials of
ulvans”*indicate that they are promising natural sourcasrédtly, we have launched an ongoing research diiate
determining the amounts of active molecules andimoriocal LPP algal species’ beneficial healtheets in humans.
Findings will culminate in new transitional resea#s would possibly put up additional value to margreen algae
growing in Japan as they might lead to new dietpharmacological and biotechnological applicatioespecially in

regard to the management of lifestyle and dietedlaisorders.
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