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Abstract Marine environment has been known as a rich source of chemical
structures with numerous health benefit effects. Among marine

organisms, marine algae have been identified as an underexploited

plant resource although they have long been recognized as

valuable sources of structurally diverse bioactive compounds. Pres-

ently, several lines of studies have provided insight into biological

activities of marine algae in promoting female health, beauty, and

longevity. Hence, marine algae have a great potential to be used as
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a part of pharmaceuticals, nutraceuticals, and functional foods.

This contribution presents an overview of marine algal potential

effect in promoting female health, beauty, and longevity.
I. INTRODUCTION

More than 70% of the Earth’s surface is covered by oceans with marine
species comprising approximately half of the total global biodiversity
(Kim and Wijesekara, 2010; Swing, 2003). Hence, marine organisms are
being recognized as rich sources of functional materials which
are elicited by marine organisms to help them survive in the hostile
ocean environment (Shahidi, 2008; Shahidi and Janak Kamil, 2001).
Among marine organisms, marine algae are still identified as an
underexploited plant resources; although they have been used as
food sources since ancient times (Heo et al., 2009b; Pangestuti and
Kim, 2011).

In Asian culture, marine algae have always been of particular interest
as marine food sources (Khan et al., 2010). Edible marine algae or some-
times referred as seaweeds or sea vegetables accounted for more than 10%
of Japanese diet with average consumption reaching an average of 1.4 kg/
person/year (Burtin, 2003). In Korea, 37 days after delivering their babies,
new mothers served with miyeok-guk which is a hot and spicy marine
algae soup (Dennis et al., 2007). Korean believes that miyeok-guk provide
nutrition and help the new mother to regain their energy. Marine algae
have been demonstrated as rich sources of structurally diverse biologi-
cally active compounds with great pharmaceutical and biomedical poten-
tial; therefore, it represents one of the most nutritious plant foods. Several
epidemiologic studies provided evidence that marine algae consumption
correlates with low breast cancer rates in East Asia. As an example, 1 year
prevalence case of breast cancer rates per 100,000 populations in Japan
and China are 42.2 and 13.1, respectively, versus 125.9 and 106.2 cases in
North America and Europe, respectively (Pisani et al., 2002; Yuan and
Walsh, 2006).

In recent years, biological activities, nutritional value, and potential
health benefits of marine algae have been intensively investigated and
reviewed. In spite of extensive studies and reviews on nutritional value
and potential health benefits of marine algae for human, there is little
available literature that focuses on potential benefits of marine algae for
female subject. Therefore, this chapter focuses on biological roles of
marine algae and presents an overview of their potential benefits for
female health and beauty.
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II. POTENTIAL ROLE OF MARINE ALGAE ON FEMALE
HEALTH, BEAUTY, AND LONGEVITY

A. Anticancer activity

Breast cancer is the leading cause of cancer-related death among females
worldwide (Geyer et al., 2006; Parkin, 2001). Globally, more than 1.1
million females are diagnosed each year, representing around 10% of all
newly diagnosed cancer cases (Anderson et al., 2006). The mortality rate
for premenopausal breast cancer is almost four times greater in the
Western world, compared with East Asia nation. In breast cancer etiology,
genetics are thought to play a smaller role compared to environmental
factors such as food diets. One important difference in the diet of East
Asian populations compared to Western populations is higher amount of
fish and marine algae consumption. As mentioned earlier, ancient tradi-
tion of marine algae consumption has made a large number of epidemio-
logical researches showing the health benefit in females linked to marine
algae consumption.

Three decades ago, Teas et al. investigated effect of Laminaria angustata
consumption and development of breast cancer in female Sprague-Dawley
rats inducedwith the carcinogen 7,12-dimethylbenz(a)anthracene (DMBA),
a widely used rat mammary cancer model (Huggins et al., 1961; Teas et al.,
1984). Diet containing 5% L. angustatawas found to be effective in delaying
the time of DMBA-induced tumor developments. Although themechanism
for L. angustata activity is not elucidated yet, the authors argue that bioac-
tivity of L. angustatamight bring by their nutrient content such as polyphe-
nols, sulfated polysaccharides, vitamins, minerals, carotenoids, etc. In
accordance, wakame (Undaria pinnatifida) and mekabu (sporophyll of
wakame) have been demonstrated to reduce the incidence, multiplicity,
and size of breast tumors in female Sprague-Dawley rats induced with
DMBA (Funahashi et al., 1999, 2001). Considering that wakame and mekabu
are particularly rich in iodine, the investigators suggested that the cancer
inhibition was brought about by the iodine. More recently, statistical corre-
lations between dietary intake of iodine and breast cancers have been
carried out; however, their exact mechanisms of action are not yet
completely understood (Ellerker, 1955; Majem et al., 1988).

Apoptosis or programmed cell death is a key process in cancer devel-
opment and progression which can be characterized through distinct set of
morphological and biochemical progresses. Inactivation of apoptosis has
been considered to be one of the six fundamental hallmarks of cancer;
therefore, apoptosis is a major target of cancer therapy development up
to present (Brown and Attardi, 2005). Dioxinodehydroeckol, a phloroglu-
cinol derivative from Ecklonia cava, has a potential inhibitory effect against
growth of human breast cancer cells MCF-7 via induction of apoptosis



44 Se-Kwon Kim and Ratih Pangestuti
(Kong et al., 2009). Further, 1 mg/ml mekabu strongly induced apoptosis in
three human breast cancer cell line (MCF-7, T-47D, and MDA-MB-231), the
induction of apoptosis even greater than 5-fluorouracil, a chemotherapeu-
tic agent frequently used in human breast cancer clinics. Hence, developing
of novel molecules derived frommarine algae which promote apoptosis in
breast cancer cells by targeting both the intrinsic and extrinsic apoptotic
pathways may lead to the development of effective breast cancer therapies.

Estrogen-dependent cancers such as breast, endometrial, and ovarian
cancer are among the leading causes of morbidity and mortality in Amer-
ican females (Kramer and Wells, 1996). Increased incidence of these
cancers is predicted in the future, and the need for primary prevention
is clear. Epidemiological studies demonstrated that incidence rates of
estrogen-dependent cancers are among the highest in Western, industria-
lized countries, while rates are much lower in China and Japan (Parkin
et al., 1999, 2002). Due to some research study, low estrogen-dependent
cancer rates have been attributed to the soy-rich and marine algae diets
inherent among Asian populations (Teas et al., 2009). As an example,
dietary intake of Alaria esculenta and soy protein has been reported to
modify estrogen and phytoestrogen metabolism in healthy postmeno-
pausal females (Teas et al., 2009). In another female pilot study, Skibola
(2004) demonstrated that intake of Fucus vesiculosus (bladderwrack) sig-
nificantly increased the total number of days of the menstrual cycle,
reduced circulating 17b-estradiol levels, and elevated serum progesterone
levels in premenopausal women with abnormal menstrual cycling his-
tories (Skibola, 2004). Moreover, F. vesiculosus have been demonstrated to
modulate endocrine hormones in female Sprague-Dawley rats and
human luteinized granulose cells (Skibola et al., 2005). Hence, it may
assumed that intake of marine algae may contribute to the lower estrogen
circulating level which may correlate to the lower incidence of hormone-
dependent cancers in females.

Cervical cancer is the second most common cancer in females world-
wide and more females die annually because of cervical cancer rather
than from AIDS (ElHage, 2005; Kaplan-Myrth and Dollin, 2007; Munoz
et al., 2003). It is the principal cancer of female in most developing
countries, where 80% cases occur (Munoz et al., 2003). Recent reports
demonstrated that several marine algae species: Palmaria palmate (dulse),
Laminaria setchellii, Macrocystis integrifolia, Nereocystis leutkeana, Udotea
flabellum, and Udotea conglutinate extracts were able to inhibit cervical
cancer cell proliferations in vitro (Moo-Puc et al., 2009; Yuan and Walsh,
2006; Yuan et al., 2005). The goal of most current cancer therapy is to
reduce the number of tumor cells and to prevent their further accumula-
tion. Hence, antiproliferative activity of marine algae in cervical cancer
cells demonstrated potential of marine algae as therapeutic agent for
cervical cancer treatment.
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In addition, formation of cancer cells in human body can be directly
induced by free radicals and natural anticancer drugs as chemopreven-
tive agents have gained a positive popularity in treatment of cancer.
Therefore, marine algal radical scavenging compounds such as phloro-
tannins, sulfated polysaccharides, carotenoids, carbamol derivatives can
be used indirectly to reduce cancer formation in the female body.

Taken together, marine algae and their secondary metabolites have
shown promising anticancer activities, and hence, marine algae have a
great potential to improve female health and longevity by being a part of
anticancer medicinal foods and nutraceuticals. However, future studies
are needed focusing on the synergistic benefits of consuming different
marine algae species, recommended doses, and timing of intake and
preparation methods for marine algae in order to maximize the desired
effect in the prevention of cancer, particularly cancer which occurs mainly
in female subject.
B. Antiviral activity

Infection by certain human papilloma virus (HPV) types in female genital
has been associated with cervical cancer, hence HPV prevention has
received great attention from scientific studies (Lehtinen and Dillner,
2002). The first generation of HPV vaccine is currently available on the
market to prevent HPV infection (Paczos et al., 2010). However, high cost
of vaccine has been a cause for concern and will be too expensive for use
in the developing world. Therefore, the search for potential anti-HPV
candidates containing higher inhibitory activity and fewer prices has
rise great interest in pharmaceutical industries. In this regard, natural
bioactive compounds and their derivatives are potential source for the
development of functional foods as new generation anti-HPV therapeu-
tics which is more effective, less side effects, and less expensive.

A large number of marine algae contain significant quantities of com-
plex structural sulfated polysaccharides which have been demonstrated
as potent inhibitors of wide variety of viruses, such as HPV (Campo et al.,
2009; Pujol et al., 2007; Witvrouw and De Clercq, 1997). Carrageenan, a
sulfated polysaccharides of D-galactose and 3,6-anhydro-D-galactose
extracted from the Rhodophyceae, has been used in food products for
centuries. Recently, carrageenan has been shown to bear anti-HPV activ-
ity in vitro (Campo et al., 2009). Buck et al. noted that carrageenan, partic-
ularly i-carrageenan, inhibits HPV three orders magnitude more potent
than heparin, a highly effective model for HPV inhibitor (Buck et al., 2006).
Carrageenan acts primarily by preventing the binding of HPV virions to
cells and blocks HPV infection through a second, postattachment heparin
sulfate-independent effect. Those mechanism is consistent by the fact that
carrageenan resembles heparin sulfate, which is known as HPV-cell
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attachment factor. Further, some of milk-based products which contain
carrageenan block HPV infectivity in vitro, even when diluted million-
fold (Buck et al., 2006). In another study, carrageenan has been reported to
inhibit genital transmission of HPV in female mouse model of cervicova-
ginal (Roberts et al., 2007; Schiller and Davies, 2004). In addition, carra-
geenan was able to generate antigen-specific immune responses and
antitumor effects in female (C57BL/6) mice vaccinated with HPV-16 E7
peptide vaccine (Zhang et al., 2010).

Based on these findings, carrageenan can be an alternative source of
novel therapeutic candidate for HPV by being a part of food additives.
There are numerous advantages of carrageenan over other classes of
antiviral agents, such as relatively low production costs, broad spectrum
of antiviral properties, low cytotoxicity, safety, wide acceptability, and
novel modes of action, suggesting that carrageenan are promising candi-
dates in the near future. However, further studies with clinical trials are
needed for their anti-HPV activity in female subject.
C. Antiobesity activity

Obesity may occur in any gender, however, it is more likely to occur in
females (Popkin and Doak, 1998; Rennie and Jebb, 2005). Obesity among
females (from teens and seniors) continues to increase in many industria-
lized and developing countries, which cause a worrying health trend
(Kelishadi, 2007). A detrimental effect of obesity on female reproductive
system has been demonstrated consistently (Pettigrew and Hamilton-
Fairley, 1997). Further, it is reported that media and sociocultural influ-
ence continue to pressure young female to be thin which promotes body
dissatisfaction, eating disturbance, depression, and negative effect in
young female (Stice et al., 2003). Therefore, female may pay a higher
health price for obesity than male. Accordingly, many categories of natu-
ral and synthetic compounds which demonstrated as antiobesity drugs
have been used by female to reduce their weight. However, synthetic
antiobesity agents are believed to have certain side effects such as unac-
ceptable tachycardia, hypertension, improve lipid blood levels, improve
glucose metabolism, disturbance of female reproductive system, etc.
(Bays, 2004). Hence, more scientific efforts have been dedicated to study
medicinal foods that can act as antiobesity agents.

In the past four decades, researchers have found that soluble dietary
fibers are negatively associated with obesity. Marine algae is particu-
larly rich in two different types of fiber, soluble and insoluble (Table 4.1;
Lahaye, 1991). Eisenia bicyclis, sometimes referred as Arame, contained
more than 50% soluble fiber of its dry weight; the other brown algae
species, F. vesiculosus, contained around 40% insoluble fiber per dry
weight (Lahaye, 1991; Ruperez and Saura-Calixto, 2001). In human



TABLE 4.1 Soluble, insoluble, and total fiber (% dry weight) in some edible marine algae

Marine algae Soluble fiber Insoluble fiber Total fiber References

Chlorophyceae

Ulva lactuca (Sea lettuces) 21.3 16.8 38.1 Burtin (2003)

Enteromorpha sp. (Ao nori) 17.2 16.2 33.4 Burtin (2003)

Rhodophyceae

Porphyra teneri (Nori) 14.56 19.22 33.78 Ruperez and Saura-Calixto (2001)

Chondrus crispus (Irish moss) 22.25 12.04 34.29 Ruperez and Saura-Calixto (2001)

Phaeophyceae

Hijiki fusiformis (Hijiki) 16.3 32.9 49.2 Lahaye (1991)

Himanthalia elongate (Sea spaghetti) 25.7 7.0 32.7 Lahaye (1991)

Eisenia bicyclis (Arame) 59.7 14.9 74.6 Lahaye (1991)

Undaria pinnatifida (Wakame) 17.31 16.26 33.58 Ruperez and Saura-Calixto (2001)

Laminaria digitata (Kombu) 9.15 26.98 36.12 Ruperez and Saura-Calixto (2001)

Fucus vesiculosus (Bladderwrack) 9.80 40.29 50.09 Ruperez and Saura-Calixto (2001)

Durvillaea antarctica 27.7 43.7 71.4 Ortiz et al. (2006)
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body, soluble and insoluble fiber acts in a very different way. Consump-
tion of marine algae soluble fiber such as carrageenan, agar, alginate are
primarily associated with hypocholesterolemic and hypoglycemic
effects (Panlasigui et al., 2003). In example, alginates have been shown
to modulate appetite and energy intake in models of acute feeding.
Upon reaction with gastric acid (acid-soluble calcium source), alginates
undergo ionic gelation to form an alginate gel that can slow gastric
emptying, stimulate gastric stretch receptors, reduce intestinal nutrient
uptake, and influence the glycaemic response (Dettmar et al., 2011). In
accordance, ingesting calcium-gelled, alginate-pectin twice per day has
been reported to reduce spontaneous food intake in overweight and
obese females (Pelkman et al., 2007). Further, insoluble fiber such as
cellulose, xylans, mannans are associated with excretion of bile acids,
increase fecal bulk, and decrease intestinal transit time (Burtin, 2003;
Moore et al., 1998).

More recently, Maeda et al. reported that dietary intake of fucoxanthin
significantly attenuates the weight gain of white adipose tissue (WAT)
and expressed Uncoupling Protein 1 (UCP1) in diabetic/obese KKAy

female mice (Maeda et al., 2005, 2007). The potential involvement of
fucoxanthin in attenuating the weight gain of WAT may correlate to the
presence of unusual double allenic bonds at C-70 position (Miyashita and
Hosokawa, 2009). WAT is the predominant type of adipose tissue and
commonly called ‘‘fat’’ in mammals (Trayhurn and Wood, 2005). Besides
its role in energy storage, WAT is now recognized as an endocrine
and active secretory organ through its production of biologically active
mediators termed adipokines (Curat et al., 2006). Excess production of
adipokines including proinflammatory factors and chemokines has been
linked with obesity and plays an important role in the development of
obesity-related disease (Trayhurn and Wood, 2005). Therefore, fucoxan-
thin activity to attenuate the weight gain of WAT in female mice demon-
strated potential of fucoxanthin for the prevention and treatment of
obesity and diabetes particularly in female subject. Dioxinodehydroeckol
and 1-(30,50-dihydroxyphenoxy)-7-(200,400,6-trihydroxyphenoxy)-2,4,9-tri-
hydroxydibenzo-1,4-dioxin, two phloroglucinol derivatives isolated
from E. cava, have significantly inhibits adipocyte differentiation in
3T3-L1 cells suggesting its potential use as a functional ingredient in
obesity management.

According to those findings, marine algae may serve as a potential
candidate for functional foodstuffs with health benefits, especially
for obesity management. Hence, negative effect in female subjects, partic-
ularly in young females, caused by pressures to be thin can be minimized
by the application of marine algae in foods, pharmaceuticals, etc. Addi-
tionally, marine algae would develop a new approach for the treatment of
obesity in addition to currently available antiobesity agents. Therefore,
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marine algae would be a potent natural source for the development of
foods and pharmaceuticals for the management of obesity.
D. Antiosteoporosis activity

Osteoporosis is a skeletal condition characterized by decreased bone
mineral density (BMD) (mass/volume unit) that leads to an increased
risk of fractures (Beikler and Flemmig, 2003). A number of studies have
identified that osteoporosis occurs much more frequently in females
compared to males (Cadarette et al., 2000; Hannan et al., 2000; Schuit
et al., 2004). There are a number of reasons for the high prevalence of
osteoporosis in females. First, at skeletal maturity, males have 30–50%
bone mass compared to females (Christiansen, 1993; Nieves et al., 2005).
Second, although decreased BMD occurs in both males and females with
age, the decreased of BMD is substantially greater in females after meno-
pause (Kanis et al., 1997; Riggs et al., 2004, 2008). Therefore, it is very
important to help postmenopausal females to prevent them from progres-
sing to osteoporosis.

Fujita et al. (1996) indicated that active absorbable algal calcium (AAA
Ca) was effective for improving BMD in elderly subject. AAA Ca is a
mixture of active absorbable calcium (AA Ca) and heated algal ingredi-
ents prepared by heating cleaned oyster and marine algae (Cystophyllum
fusiforme) submaximally under reduced pressure (Fujita et al., 1996).
Further, mineral-rich extract from red marine algae Lithothamnion calcar-
eum has been demonstrated to increased mineral content and bone
strength in female mice on a western-style diet (Aslam et al., 2010).
However, it is not clear yet by which minerals on the algal extracts act
to preserve bone structure and function in female mice. The algal extract
is currently available as a food supplement under the name Aquamin
(GRAS 000028) which currently used in various products for human
consumption in Europe, Asia, Australia, and North America.

In addition, Das et al. demonstrated the effects of fucoxanthin on
osteoclastogenesis. Treatment with 2.5 M fucoxanthin also induced apo-
ptosis accompanied by activation of caspase-3 in osteoclast-like cells.
Those in vitro studies suggest that fucoxanthin suppresses osteoclastogen-
esis via the inhibition of osteoclast differentiation and the induction of
apoptosis in osteoclasts (Das et al., 2010). Hence, dietary fucoxanthin may
be useful for the prevention of bone diseases such as osteoporosis and
rheumatoid arthritis, which are known to be related to bone resorption.

Collectively, it may assume that marine algae would be a potent natural
source for the development of functional foods and pharmaceuticals to
prevent osteoporosis. Moreover, it is important to evaluate other marine
algae species which may have a great potential as antiosteoporosis agent.
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E. Skin whitening activity

Skin whitening has been in practice around the world with Asia as the
largest market. As much Asian female preferred more fair skin tone, skin
whitening product has become and continues to be the best selling skin
care products in Asia (Wang et al., 1997). Tyrosinase inhibition is the most
common approach to achieve skin hypo-pigmentation as this enzyme
catalyzes the rate-limiting step of pigmentation. Despite the large number
of tyrosinase inhibitors in vitro, only a few are able to show induced effects
in clinical trials. In this chapter, we review some potential marine organ-
isms with its effects on pigmentation of skin focusing mainly on tyrosi-
nase inhibitors. Hence, development of novel tyrosinase inhibitors from
natural resources continues to arouse great attention, and in recent years,
marine algae have attracted great attention in the search of natural tyrosi-
nase inhibitor agents (Solano et al., 2006).

Recently, Cha et al. investigated 43 indigenous marine algae for tyrosi-
nase inhibiting activity (Cha et al., 2010). They reported that extracts from
Ecklonia cava and Sargassum silquastrum exhibited excellent inhibitory
effects on the pigmentation of zebra fish, which is due to their potential
tyrosinase inhibitory activity. Fucoxanthin isolated from Laminaria japon-
ica has been reported to suppress tyrosinase activity in UVB-irradiated
guinea pig and melanogenesis in UVB-irradiated mice. Oral treatment of
fucoxanthin significantly suppressed skin mRNA expression related to
melanogenesis, suggesting that fucoxanthin negatively regulated melano-
genesis factor at transcriptional level (Shimoda et al., 2010). Fucoxanthin
and astaxanthin have been demonstrated to possess photoprotective
properties in human fibroblast cells via inhibition of DNA damage and
enhance antioxidant activity (Heo and Jeon, 2009). Further, potential
whitening effects of diphlorethohydroxycarmalol isolated from Ishige
okamurae have been reported (Heo et al., 2009a, 2010). Phloroglucinol
derivatives, a common secondary metabolite constituents of brown
algae, possess tyrosinase inhibitory activity due to its ability to chelate
copper in this enzyme (Kang et al., 2004). Some phlorotannins such as
7-phloroeckol and dioxinodehydroeckol have been described to inhibit
tyrosinase activity stronger than arbutin and kojic acids (Yoon et al., 2009).
Flavonoid glycoside derived from Hizikia fusiformis has been reported as
potential tyrosinase inhibitor. H. fusiformis is one of the most common
edible brown macroalgae belonging to the Sargassaceae family
(Ranathunga et al., 2006).

These evidences suggest that bioactive compounds derived from
marine algae have a promising potential to be used as skin whitening
agents. There are numerous advantages of marine algae, such as rela-
tively low production costs, broad spectrum of skin whitening properties,
low cytotoxicity, safety, wide acceptability, and novel modes of action,



Effect of Marine Algae on Female Health 51
suggesting marine algae as nutritious food which can be used to restore
female beauty; however, further studies are needed with clinical trials for
their whitening effects.
III. CONCLUSIONS

The wide range of biological activities associated with natural com-
pounds derived from marine algae such as phlorotannins, alginates,
sulfated polysaccharides, and carotenoids have potential to expand its
nutritional and health beneficial values of marine algae in food industries.
Further, the wide diversity of marine algae and numerous undiscovered
unique metabolites present in marine algae are interesting sources to
increase numbers of novel functional foods, which is beneficial for female
health, beauty, and longevity. Accordingly, possibilities of designing new
medicinal foods or nutraceuticals and pharmaceuticals derived from
marine algae are promising. However, clinical trials are needed to con-
firm anticancer, antiviral, antiosteoporosis, and antiobesity activity of
marine algae. In addition, further research studies are needed in order
to investigate marine algae activities in female subjects.
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