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Abstract

The quest for the sources of effective yet affordable bioactive compounds for drug development has been
intensely done even nowadays. Experts in the field made many attempts by using various plant extracts. Aquatic
organisms like seaweeds became their least priority; although there are studies conducted by using several
species of algae. Hence, this study determined the anti-spasmodic, hypoglycemic and laxative activities of crude
ethanolic extracts of Sargassum oligosystum (CEESO). Extraction was done using the standard laboratory
protocols. Two pharmacological assays (antispasmodic and fasting blood sugar) were performed by following
the established laboratory procedures. The first one tested if the extract showed anti-spasmolytic or laxative
activity. The second one detected the ability of the extract to decrease fasting blood sugar level. Mice toxicity
test was done to determine the lethal dose of the extract. Findings revealed that CEESO possessed significant
anti-diabetic and laxative properties while it failed to demonstrate significant antispasmodic activity. The mice
toxicity assay showed that the extract was not toxic to the mice even at the highest dose (1000 ppm) tested.
These activities can be associated to the bioactive compounds present in the algal material, which were observed
by the previous reports. Seaweed S. oligocystum, therefore, can be a potential source of metabolites for laxative
and anti-diabetic drug development. Further investigation should be done on isolation, purification, structure
elucidation, and identification of the compounds responsible for laxative and anti-diabetic activities of S.
oligocystum.
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Introduction

Ocean is the home of rich biodiversity. Seaweeds are one of the dominant organisms found in this aquatic
community. They have greater economic value, which can be utilized for product development. One of the
abundant seaweeds in the marine environment is Sargassum (Family Sargassaceae, Order Fucales). In terms of
distribution, Sargassum represents the most common species of brown macroalgae that are widely distributed in
tropical to warm temperate waters (Guiry and Guiry, 2013). This organism has a wide variety of forms and
reproductive strategies (Mattio and Payri, 2011). These morphological characteristics and reproductive strategies
provide important ecological and economic benefits such as in nutrient cycling. Ecologically speaking, intertidal
and subtidal Sargassum beds serves as nursery grounds and habitats for various marine organisms. This bed also
provides food items and bioactive compounds for the people (Belleme and Belleme 2007; Zhao et al. 2008; Xie
et al. 2013).

Sargassum is rich in phycocolloids and bioactive compounds. One of the most common bioactive
compounds found in this alga are alginic acid and fucoidan. In addition, polyphenols are also dominantly
observed in this macro-alga, a substance which can be utilized for several nutraceutical uses and some medical
applications (Nishizawa 2002; Gupta and Abu-Ghannam 2011; Namvar et al. 2013). Hou and Jin (2005)
reported that Chinese medicinal practices used Sargassum as an expectorant for some upper respiratory tract
infections, hypertension, fever, and goiter.

One of the popular species belonging to genus Sargassum is S. oligocystum. Sargassum oligocystum
posseses a holdfast that appears small and discoid. In terms of leaf morphology, the leaves of this species are
large, linear-lanceolate to lanceolate or spatulate, simple, with an acute apex, margindentate with teeth or entire,
midrib distinct, reaching near apex. S. oligocystum has cryptostomata that is scattered or arranged in rows on
both sides of midrib (Noiraksar et al. 2006). When it comes to reproduction, this seaweed is inherently
monoecious; meaning both male and female reproductive organs are found in one thallus. Receptacles are
androgynous, terete to slightly compressed at upper portion, solitary or forked two to three times, warty, without
spines or with a few spines, and usually pseudozygocarpic with vesicle (Noiraksar et al., 2006).

Previous reports indicated thatSargassum oligocystum contains various bioactive compounds with potential
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pharmaceutical value (Nishizawa 2002; Namvar et al. 2013). Due to this popularity, it has been used as a subject
for natural product development studies. In fact, Zandi et al. (2011) revealed that Sargassum oligocystum
gathered from Persian Gulf seashore has an antitumor activity against K562 and Daudi human cancer cell lines.
In addition, the extracts of this organism have also been known to possess antibacterial activity. Baleta et al.
(2011) indicated that the methanol extract of this algal species showed strong antibacterial activity against three
species of bacteria such as V. harveyi, S. faecalis, and P. aeruginosa. On the other hand, Zandhi et al. (2011)
revealed that the hot water extract of S. oligocytum exhibited antibacterial activity against Staphylococcus aureus,
Staphylococcus epidermidis, and Pseudomonas aeruginosa while the coldwater extract and hot glycerin extract
did not show antibacterial activity on any of the four test bacteria in the investigation.

In spite of the aforementioned investigations, there are no studies, which have been focused on
antispasmodic, laxative, and hypoglycemic properties of Sargassumoligocystum. Hence, it is timely to evaluate
the potential biological activities of S. oligocystum from Guimaras Island, Western Philippines with emphasis on
its antispasmodic, laxative, and hypoglycemic activities.

Generally, this study sought to evaluate the pharmacological activities of the crude ethanolic extract of
Sargassum oligocystum. Specifically, it determined if the crude extract of Sargassum oligocystum has anti-
diabetic, anti-spasmodic, and laxative activities and determined the lethal dose of the crude ethanolic extract in
mice.

Materials and Methods

Collection, Washing and Transport of Sargassum oligocystum

Approximately 20 kg (wet weight) of Sargassum oligocystum was collected in the intertidal zone of Isla Nadulao,
Brgy. Igcawayan, San Lorenzo, Guimaras, Western Philippines. The organism was identified using the key to
species as suggested by Trono (1997). Collection was done in intertidal zone of the ocean by following the
method of Fantonalgo and Salubre (2016). This was carried using a motorized banca during low tide of the day.
Collected seaweeds were washed thoroughly using tap water to remove the epiphytes, debris, salts and other
unnecessary materials. The washed samples were later put in a clean table made of bamboo to drain excess water.
These samples were packed in the polyethylene plastic prior to transport in the laboratory for processing.

Drying and Pulverizing of the Samples

Drying was done in the Research Laboratory, College of Arts and Sciences,Western Institute of Technology
(WIT). Individual thallus was hanged in a wire to expose the algal body to the air. Semi-dried seaweeds were cut
into smaller pieces using the scissors. After cutting, the seaweeds were dried again at room temperature for one
week. Dried algae were pulverized using a blender (Osterizer Model 4172) at the Research Laboratory of the
same institution. Semi-pulverized materials were sieved using a strainer with very fine mesh size. The refined
materials were stored in a clean beaker (1 L) covered with aluminum foil.

Extraction of the Seaweeds

One (1) kg freeze-dried sample was soaked for 24 to 48 hours in 4 L 80 % analytical- reagent (AR) grade ethanol.
The soaking ratio of 1g dried Sargassum sp: 4mL ethanol was adopted from Jaya Prakash Goud et al (2007). The
algal material was filtered and the filtrate was collected. The entire process of filtration was repeatedly done until
the filtrate of the algae became colorless. Using a rotary evaporator (Eyela), the combined filtrate was
concentrated at the Freshwater Aquaculture Station (FAS) Laboratory, Institute of Aquaculture (IA), College of
Fisheries and Ocean Sciences (CFOS), University of Philippines Visayas, Miagao, Iloilo. The concentration was
done under reduced pressure of 60 mmHg (1.16 psi) and at temperature that ranges from 40°C to 50°C as
suggested by Fantonalgo et al. (2009). The ethanolic extract was collected from the surface of the flask when
around 5 mL mixture remained in the container. It was later transferred to watch glass for drying. The dried
extract was stored to sterilized container for future use.

Pharmacological Activity Assays

The two pharmacological assays performed were antispasmodic assay and fasting blood sugar assay. The first
one tested if the extract showed anti-spasmolytic or laxative activity. The second one detected the ability of the
extract to decrease the fasting blood sugar level.

Antispasmodic Assay

The mice weighing 20- 25 grams were divided into four treatments with thirty-six animals per treatment. The
experimental animals were reared by the investigator himself in Brgy. Ticud, La Paz, Iloilo City, Philippines.
That was done with help of the expert animal breeders. Crude methanolic extract of Sargassumoligocystum at a
dose of 300 mg kg'1 BW was applied orally to the first group of mice.Loperamide (Imodium) and Domperidone
(Motilium) were administered orally at a dose of 5 mg kg'BW to the second and third groups of mice,
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respectively. The dosage for the three treatments was based from the study of Anil Kumar et al. (2009). A
negative control, normal saline solution was given orally to the fourth group of mice at a dose of 10 mL kg BW
(Okunrobo et al. 2009).After an hour, the test animals were orally treated with 0.5 mL of 2 % charcoal
suspension and sacrificed by cervical dislocation 30 minutes after its administration. The peritoneal cavity was
opened and the propulsive movement of the intestine was observed and cut immediately. The entire length of the
intestine and the distance traveled by the charcoal suspension in it was measured using a ruler. The percent
traveled by charcoal suspension was calculated by using this formula;

) Length traveled by charcoal suspension
% traveled by charcoal suspension = Total length of the intestine x 100

Fasting Blood Sugar Assay

The mice were fasted 8 hours prior to the blood sample collection. A small drop of blood sample obtained from
mouse’s was placed on a disposable test strip and was used to determine the fasting blood sugar level (mg dL™h
using the glucometer (One Touch Horizon). The mice weighing 20- 25 grams were divided into three treatments
with thirty six (36) animals per treatment. The first group of mice was treated orally with the test extract at a
dose of 800 mg kg™ BW. A suspension of the oral hypoglycemic agent, Glipizide (Minidiab) in distilled water at
a dose of 15 mg kg”' BW was given orally to the positive control group. Distilled water, a negative control was
administered orally at a dose of 10 mL kg BW to the third group of mice. After 30 minutes, the glucose load
was given orally to all treatments at a dose of 3 g kg'1 BW. The blood (0.2 mL) was drawn from the mouse’s tail
90 minutes after the glucose load administration. Only 90 minutes post glucose blood sugar level was determined
according to WHO criteria since intermediate blood sampling is not necessary (Kumar and Clark, 1994). The %
reduction in fasting blood sugar (FBS) level was calculated using this formula;

FBS level initial — FBS level final

% Reduction in FBS level = FBS level initial x 100

Mouse Toxicity Assay

The Mouse toxicity assay was conducted following the protocol of Guevarra (2005) to determine the toxicity of
the test extract. Healthy and properly labeled adult male and female white mice (7-8 week-old) were selected at
random and maintained under standard laboratory conditions during the course of the assay. Five male and five
female test organisms were used in every treatment. The treatments include the five doses (0, 10, 100, 1,000, and
10,000 mg kg™ BW). All animals were starved for food and water for 16 hours prior to the test. Food and water
were given 12 hours after the administration of the test extract. The crude ethanolic extract of S. oligocystum of
different doses was administered to the test animals. The mortality and the occurrence of their death were
recorded after three days.

Statistical Analyses
One-Way Analysis of Variance (ANOVA) was used in comparing data among treatments set at alpha=0.01.
Duncan’s Multiple Range Test (DMRT) (alpha=0.01) was used as post-hoc test.

Ethical Issue

The experimental animals were handled with care following the suggestions of Guevarra (2005). They were
allowed to take in pain reliever (Mefenenic acid) after the experiment. Antibiotic (Amoxicillin) was applied to
the wounded area to prevent infection. The rights of the subject animals were respected by abiding to the articles
stipulated in Republic Act 8485, which is also known as “The Animal Welfare Act of 1998.”

Results

Recovery of Sargassum oligocystum

The present study was able to recovery 8.4 g of extract for every 1 Kg of dried powder of Sargassum
oligocystum. The ethanolic extract appeared greenish brown in color (Figure 1).

Activated Charcoal Suspension Assay

The distance traveled (%) by the activated charcoal suspension (2%) along the gastrointestinal tract of the mice
in four treatments Loperamide, crude ethanolic extract of S. oligocystum, normal saline solution, and
Domperidone is shown in Figure 3. Findings of the study indicated that the highest percent distance traveled
(94.52 %) by charcoal suspension were observed in Domperidone treatment while the lowest percent distance
traveled (49.83 %) were noticed in Loperamide, an anti-diarrheal drug. The activity of the crude ethanolic extract
of S. oligocystum is the same (p> 0.01) as that of the Domperidone but significantly lower from that of
Loperamide and normal saline solution (negative control) (p< 0.01).
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Figurel. Crude ethanolic extract of S. oligocystum
recovered after extraction proces

Fasting Blood Sugar Assay

The mean reduction in fasting blood sugar (FBS) level (%) of the glucose-induced hyperglycemic white mice
treated with Glipizide, crude ethanolic extract of S. oligocystum, and distilled water is displayed in Table 1.
Findings of the investigation showed that Glipizide group (positive control) exhibited the highest percent
decrease in fasting blood sugar level (25.52 %) after drug administration at a dose of 15 mg kg”' BW and glucose
loading at a dose of 3 g kg! BW. Using the Duncan’s Mutiple Range Test (p=0.01), the percent decrease in
fasting blood sugar level of the mice that orally received the crude ethanolic extract of S. oligocystum (21.83 %)
was found to be as effective as the positive control group. At a dose of 800 mg kg BW, the crude ethanolic
extract of S. oligocystum effectively reduced the fasting blood sugar level of the hyperglycemic mice the same
way Glipizide did at a dose of 15 mg kg BW. On the other hand, distilled water did show its capacity to lessen
the fasting blood sugar level of the diabetic mice as indicated by its negative decrease in blood glucose level (-
48.89 %).

Activated Charcoal Suspension Assay

The distance traveled (%) by the activated charcoal suspension (2%) along the gastrointestinal tract of the mice
in four treatments Loperamide, crude ethanolic extract of S. oligocystum, normal saline solution, and
Domperidone is shown in Figure 3. Findings of the study indicated that the highest percent distance traveled
(94.52 %) by charcoal suspension were observed in Domperidone treatment while the lowest percent distance
traveled (49.83 %) were noticed in Loperamide, an anti-diarrheal drug. The activity of the crude ethanolic extract
of S. oligocystum is the same (p> 0.01) as that of the Domperidone but significantly lower from that of
Loperamide and normal saline solution (negative control) (p< 0.01).
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Figure2.Percent distance traveled by activated charcoal suspension along the intestinal tract of the white mice
treated with crude ethanolic extract of S. oligocystum (CEESO), Loperamide, Domperidone, and Normal Saline
Solution (NSS) (p< 0.01).
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Values not sharing a common superscript letter differ significantly at p<0.01 (DMRT).
Tablel. Percent reduction in fasting blood sugar (FBS) level (%) of the glucose-induced hyperglycemic white
mice treated with crude ethanolicextract of S. oligocystum (CEESO), Glipizide, and distilled water (p< 0.01).

Treatment Dose Mean reduction in FBS level
(%)

CEESO 800 mg kg'1 BW 21.83 +4.43*

Glipizide (Minidiab) 15 mg kg'lBW 25.52+3.27%

Distilled water 10 mL kg BW -48.89+ 6.67°

Values not sharing a common superscript letter differ significantly at p<0.01 (DMRT).

Discussion

Prior to the emergence of modern sophisticated medicine, people were used to utilize plants as remedy for many
ailments. The use of extracts for curing or healing various diseases has been part of the history of humankind.
The old practice of using herbal plants for this purpose has been developed as the time goes by. In this light,
studies of the novel compounds in the quest for modern affordable drugs have drastically increased; however,
these are concentrated mostly on the terrestrial plants as manifested by the studies of Chandrika et al. (2006),
Pinent et al. (2004), Vessal et al. (2003) and Ahmed et al. (2010). Only few studies have been conducted using
marine organisms especially seaweeds such as the investigations of Lee et al. (2010) and Moon et al. (2011).

In the case of this investigation, findings revealed that at a dose of 800 mg kg' BW, CEESO effectively
reduced the blood sugar level (21.83 %) of the hyperglycemic mice in the same manner (p> 0.01) as Glipizide
(25.52 %) did at a dose of 15 mg kg'1 BW. The anti-diabetic property of the CEESO may be linked to its
insulogenic activity. The insulinogenic activity of the said extract may be associated to the hypoglycemic
mechanisms of the phytochemical fucoxanthin present in the Sargassum oligocystum.Maeda et al. (2009)
observed that fucoxanthin significantly reduced the blood glucose and plasma insulin levels among
diabetic/obese KK-Ay mice. Hosokawa et al. (2010) and Miyashita et al. (2010) provided mechanisms by which
the fucoxanthin improved insulin resistance and decreased blood glucose level. It performed the said biological
activity by down-regulating adipokines such as tumor necrosis factor-o, monocyte chemo-attractant protein-1,
interleukin-6, and plasminogen activator inhibitor-1 via down regulating their mRNA expression by directly
acting on adipocytes and macrophages in white adipose tissue and up-regulation of glucose transporter 4 in
skeletal muscle in KK-Ay mice (Hosokawa et al. 2010; Miyashita et al. 2010). Hosokawa et al. (2010) also
indicated that fucoxanthin attenuated hyperglycemia in KK-Ay mice, but did not affect blood glucose levels in
lean C57BL/6J mice. Maeda et al (2009) observed that fucoxanthin significantly lowered the fasting blood
glucose concentration, the plasma insulin level, and the insulin resistance index in diet-induced obese mice.
Fucoxanthin might improve alterations in lipid metabolism and insulin resistance induced by a high fat diet, at
least in part, through reducing visceral fat mass, hyperinsulinemia, hepatic glucose production, and hepatic
lipogenesis, and altering hepatic glucose-regulating enzymes activities (Park et al., 2011).

Table2. Survival rate of the mice treated with crude ethanolic extract of S. oligocystum in five treatments (0, 10,
100, 1000, and 1000 mg kg™ BW).

Treatment/Dose Number of mice treated  Number of mice died Survival rate
(%)

0 mg kg BW (distilled water) 10 0 100

10 mg kg' BW 10 0 100
100 mg kg' BW 10 0 100
1,000 mgkg' BW 10 0 100

10, 000 mg kg'1 BW 10 0 100

Apart from fucoxanthin, another potential substance that can account for anti-diabetic activity of the brown
seaweeds is phlorotannin. Recently, it was discovered that dieckol, a type of phlorotannin from Ecklonia cava
possesses hypoglycemic activity by performing some mechanisms. It has the capacity to inhibit a-Glucosidase
(Lee et al. 2009), show postprandial hyperglycemia-lowering effect (Lee et al. 2010), elevate glucose uptake
effect skeletal muscle (Guan 2011) and inhibit PTP 1B (Moon et al. 2011). Diphlorethohydroxycarmalol, another
type of phlorotannin derived from brown alga Ishige okamurae also showed hypoglycemic activity. It has the
ability to lower the blood sugar level by inhibiting the a-Glucosidase (Heo et al. 2009), demonstrating protective
effect against diabetes complication (Heo et al. 2010), and showing postprandial hyperglycemia-lowering effect
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(Heo et al. 2009).

This study also indicated that the activity of CEESO was the same as that of Domperidone but significantly
different from that of Loperamide and NSS. With this observation, it can be inferred that the crude ethanolic
extract of S. oligocystum does not possess antispasmodic property however, it shows laxative property. The
findings of Gutierrez and Solis (2009) are synonymous to the results of the present investigation. Their findings
showed that at doses of 50, 100, 200, and 300 ug mL™', methanolic extract of microalgae Blennothrix ganeshii
and Microcoleous lacustris failed to display a significant antispasmodic activity on the contraction of the rat
ileum induced by three spasmogens: acetylcholine, histamine, and barium chloride. On the other hand, it was
also observed that the hexane extract of the two microalgal species possessed a significant antispasmodic activity
in rats using the same spasmogens. Likewise, the findings of Fantonalgo et al. (2009) support the results of the
current study that the crude methanolic N. paleaceae did not show significant anti-spasmodic activity. The
laxative activity of the extract can be associated to the ability of the metabolites in promoting intestinal
contraction (Fantonalgo et al. 2009). The possible intestinal contraction may potentially allow the fast movement
of the substances along the intestinal tract of the mice.

It was established in the toxicity assay (current study) that the crude ethanolic extract of S. oligocystum was
not toxic even at highest dosage (10,000 mg kg BW) of the treatment because no single occurrence was
observed during the duration of the observation. The 100% survival rate in all mice treated with the said extracts
is a proof that CEESO does not contain substances that may possibly serve as threats to the physiological
processes of the mice. Despite with this inference, there is still a need to test the blood chemistry of the subject
animals and hepato-pancreatic parameters in order to ensure the safety of the extracts for animal and human
consumption. Further clinical trials need to be conducted intensely to assure public safety.

Conclusion and Recommendations

Current investigation revealed that crude ethanolic extract of S. oligocystum possessed a significant anti-diabetic
and laxative properties while it failed to demonstrate a significant antispasmodic activity. These activities can be
associated to the bioactive compounds present in the algal material. Seaweed S. oligocystum, therefore, can be a
potential source of metabolites for laxative and anti-diabetic drug development.

Present study suggests that further investigation will be done on the isolation, purification, structure
elucidation, and identification of the compounds responsible for the laxative and anti-diabetic activities of S.
oligocystum. The pharmacological properties of the extract couldfurther be evaluated by using various
concentrations and performing sequential extraction using solvents of different polarities.

Acknowledgement

The author would like to thank the University of the East Manila, Philippines for financing the publication
charge of this article; the Office of the Research Development, Western Institute of Technology, Iloilo City,
Philippines for financing this research project; Freshwater Aquaculture Station, U.P. Visayas , Miagao, Iloilo,
Philippines for allowing to perform the extraction activities; Jerlyn Escarpe, Edwin Anata, Mark Anthony
Basaiies, Merra Ann Geleen Baias, and Cyna Calfoforo (research aides) for the help extended in the collection
of seaweeds and in conducting the different assays; and Gerlyn Solatorio and Ana Pia Japitana for assisting the
researcher’s various laboratory needs.

References

Ahmed, MF, Kazim, SM, Ghori, SS, Mehjabeen, SS, Ahmed, SR, Ali, SM, and Ibrahim, M. (2010). Antidiabetic
activity of Vinca rosea extracts in alloxan-induced diabetic rats. International Journal of Endocrinology,
2010.

Anil Kumar KV, Lakshmana M, and Rama T. (2009). Pharmacological evaluation of SJ-200, a polyherbal
formulation for its antispasmodic activity. Pharmacologyonline, 1, 975-985.

Baleta, FN, Laureta, LV, Apines-Amar, MJS., Padilla, PIP, Quinitio, GF. (2011). Biological activity of extracts
of Sargassum oligocystum (Magnaye) against aquaculture pathogenic bacteria. The Israeli Journal of
Aquaculture - Bamidgeh, 63 (667), 1-5.

Belleme, J. and Belleme J. (2007). Japanese Foods that Heal: Using Traditional Japanese Ingredients to Promote

Health, Longevity and Well-Being. North Clarendon, VT: Tuttle Publishing.

Chandrika UG, Wedage WS, Wickramasinghe, SMDN, and Fernando WS. (2006). Hypoglycaemic action of the
flavonoid fraction of Artocarpus heterophyllus leaf. African Journal of Traditional, Complementary and
Alternative Medicines, 3(2), 42-50.

Fantonalgo, RN, De La Pefia, MR, Katalbas, MSFS, Seraspe, EB. (2009). Pharmacological activities of crude
methanolic extract of N. paleacea. Master’s Thesis. University of the Philippines Visayas. Miagao, Iloilo,
Philippines.

Fantonalgo, RN and Salubre J. (2016). Using Sargassum sp. and kitchen waste as substrates for vermicast

50



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) !J—.i.l
Vol.7, No.14, 2017 Ils E

production. Proceedings of the Sixth International Conference on Solid Waste Management. Jadavpur
University, Kolkota, West Bengal, India. November 23-26, 2016.

Guan J. (2011). Effect of dieckol from Ecklonia cava on glucose uptake in muscle cells and fat accumulation in
liver cells. Master thesis, Jeju National University, Jeju, Korea.

Guevarra, BG. (2005). Phytochemical, Microbiological, and Pharmacological Screening of Medicinal Plants.
Manila City, Philippines: University of Santo Tomas Printing Office.

Guiry, M.D., and G.M. Guiry. (2013). “AlgacBase. World-Wide Electronic Publication,” National University of
Ireland, Galway. http://www.algaebase.org.

Gupta, S., and N. Abu-Ghannam. (2011). Bioactive potential and possible health effects of edible brown
seaweeds. Trends in Food Science & Technology, 22,315-326.

Gutiérrez, RMP and Solis, RV. (2009). Antispasmodic and relaxant activity from the freshwater cyanobacteria
Blennothrix ganeshii and Microcoleous lacustris extracts. Journal of Medicinal Plants Research, 3(5), 403-
407.

Heo, S. J., Hwang, J. Y., Choi, J. L., Han, J. S., Kim, H. J., and Jeon, Y. J. (2009). Diphlorethohydroxy-carmalol
isolated from Ishige okamurae, a brown algae, a potent a-glucosidase and a-amylase inhibitor, alleviates
postprandial hyperglycemia in diabetic mice. Furopean journal of pharmacology, 615(1), 252-256.

Heo, S. J., Hwang, J. Y., Choi, J. I, Lee, S. H., Park, P. J., Kang, D. H., and Kim, H. J. (2010). Protective effect
of diphlorethohydroxycarmalol isolated from Ishige okamurae against high glucose-induced-oxidative
stress in human umbilical vein endothelial cells. Food and Chemical Toxicology, 48(6), 1448-1454.

Hosokawa M, Miyashita T, Nishikawa S, Emi S, Tsukui T, Beppu F, Okada T, Miyashita K. (2010).
Fucoxanthin regulates adipocytokine mRNA expression in white adipose tissue of diabetic/obese KK-Ay
mice.Arch. Biochem. Biophys., 504, 17-25.

Hou, J, and Y. Jin. (2005). The Healing Power of Chinese Herbs and Medicinal Recipes. New York: Haworth
Press, Inc.

Jaya Prakash Goud, M, Seshikala, D, and SingaraCharya, MA. (2007). Antibacterial Activity and Biomolecular
Composition of Certain Freshwater Microalgae from River Godavari. India’, Science World Journal, 2(3),
19-23.

Kumar P. and Clark M. (1994). Clinical Medicine. A test book for medical students and doctors. 3rd edition. W.
B. Saundern : London; 834.

Lee, S. H., Karadeniz, F., Kim, M. M., and Kim, S. K. (2009). a - Glucosidase and o - amylase inhibitory
activities of phloroglucinal derivatives from edible marine brown alga, Ecklonia cava. Journal of the
Science of Food and Agriculture, 89(9), 1552-1558.

Lee, S. H., Park, M. H., Heo, S. J., Kang, S. M., Ko, S. C., Han, J. S., and Jeon, Y. J. (2010). Dieckol isolated
from Ecklonia cava inhibits a-glucosidase and a-amylase in vitro and alleviates postprandial hyperglycemia
in streptozotocin-induced diabetic mice. Food and Chemical Toxicology, 48(10), 2633-2637.

Maeda H, Hosokawa M, Sashima T, Murakami-Funayama K, Miyashita K. (2009). Anti-obesity and anti-
diabetic effects of fucoxanthin on diet-induced obesity conditions in a murine model. Mol. Med. Rep.
(2):897-902.

Maeda H, Hosokawa M, Sashima T, Miyashita K. (2010). Dietary combination of fucoxanthin and fish oil
attenuates the weight gain of white adipose tissue and decreases blood glucose in obese/diabetic KK-Ay
mice. J.Agric. Food Chem, 55, 7701-7706.

Mai, H, Fotedar, R and Fewtrell, J. (2010). Evaluation of Sargassum sp. as a nutrient-sink in an integrated
seaweed-prawn (ISP) culture system. Aquaculture,310, 91-98.

Mattio, L and Payri, CE. (2011). 190 years of Sargassum taxonomy, facing the advent of DNA phylogenies.
Botanical Review, 77, 31-70.

Mesquita Vieira, D., da Costa, A., Carlos, A., Assump¢ao Henriques, C., Luiz Cardoso, V., & Pessoa de Franga,
F. (2007). Biosorption of lead by the brown seaweed Sargassum filipendula-batch and continuous pilot
studies. Electronic Journal of Biotechnology, 10(3), 368-375.

Miyashita, K, Maeda, H, Okada, T, Abe, M, and Hosokawa M. (2010). Anti-obesity and anti-diabetic effects of
allenic carotenoid, fucoxanthin. Agro. Food Ind. Hi Tech., 21, 24-27.

Moon, H. E., Islam, M. N., Ahn, B. R., Chowdhury, S. S., Sohn, H. S., Jung, H. A., and Choi, J. S. (2011).
Protein tyrosine phosphatase 1B and a-glucosidase inhibitory phlorotannins from edible brown algae,
Ecklonia stolonifera and FEisenia bicyclis. Bioscience, biotechnology, and biochemistry, 75(8), 1472-1480

Namvar, F., Mohamad, R., Baharara, J., Zafar-Balanejad, S., Fargahi, F., & Rahman, H. S. (2013). Antioxidant,
antiproliferative, and antiangiogenesis effects of polyphenol-rich seaweed (Sargassum muticum). BioMed
research international, 201 3.

Nishizawa, K. (2002). Seaweeds kaiso: bountiful harvest from the seas: sustenance for health & well being by
preventing common life-style related diseases. Japan Seaweed Association. pp.106.

Noiraksar, T, Ajisakab, T, and Kaewsuralikhitc, C. (2006). Species of Sargassum in the East Coast of the Gulf of

51



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) !J—.i.l
Vol.7, No.14, 2017 Ils E

Thailand. Science Asia 32 Supplement, 1, 99-106.

Okunrobo, LO, Ching, FP, and Ifijeh, F. (2009). Antinociceptive activity of methanol extract and aqueous
fraction of the stem bark of Pentaclethra macrophylla Benth (Mimosaceae). Journal of Medicinal Plants
Research, (3)3, 101-104.

Park, HJ, Lee, MK, Park, YB, Shin, YC, Choi, MS. (2011). Beneficial effects of Undaria pinnatifida ethanol
extract on diet-induced-insulin resistance in C57BL/6J mice. Food Chem. Toxicol.,, 49, 727-733.

Pinent, M., Blay, M., Blade, M. C., Salvado, M. J., Arola, L., and Ardevol, A. (2004). Grape seed-derived
procyanidins have an antihyperglycemic effect in streptozotocin-induced diabetic rats and insulinomimetic
activity in insulin-sensitive cell lines. Endocrinology, 145(11), 4985-4990.

Seraspe, EB, Tabanag, EQ, and Maeda, H. (2005). Biological and phytoscreening of extracts of Chaetoceros
calcitrans. UPV J. Nat. Sci., 12, 67-74.

Trono, G. C. (1997). Field guide and atlas of the seaweed resources of the Philippines. Bookmark.

Vessal, M, Hemmati,M, and Vasei, M. (2003). Anti-diabetic effects of quercetin in streptozocin-induced diabetic
rats’,Comp BiochemPhysiol, 135, 357-364.

Xie, E, Liu, D, Jia, C, Chen, XL, and Yang, B. (2013). Artificial seed production and cultivation of the edible
brown alga Sargassum naozhouense Tseng et Lu. Journal of Applied Phycology,, 25, 513-522.

Zandi K, Ahmadzadeh S, Tajbakhsh S, Rastian Z, Yousefi F, Farshadpour F, and Sartavi K. (2010). Anticancer
activity of Sargassum oligocystum water extract against human cancer cell lines. Eur Rev Med Pharmacol
Sci., 14(8),669-73.

Zhao, Z, Zhao, F, Yao, J, Lu, J, Ang Jr., P, and Duan. D. (2008). Early development of germlings of Sargassum
thunbergii (Fucales, Phacophyta) under laboratory conditions. Journal of Applied Phycology,, 20, 925-931.

52



