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Sea lettuce (Ulva lactuca) is a local food with high antioxidant activity. It exists as a green algae and
lives in shallow waters, especially on rocky beaches. Several studies have demonstrated Ulva's bioactive
compounds and their antioxidant effect on several health parameters. The plant is also known to contain
vitamin C, total phenolics, and Vitamin E (alpha-tocopherol), hence, it has anti-peroxidation and anti-
hyperlipidemic effects. In addition, Ulva lactuca also has anti-inflammatory effect due to its ability to
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Introduction

In Indonesia, sea lettuce is found on the east coast including the
Bali Region, namely Serangan Beach, Sanur, Nusa Penida, Sawangan
Beach, and Nusa Dua' Several studies have demonstrated Ulva's
bioactive compounds and its antioxidant activity effect on several
health parameters.”® Previous research reported that sea lettuce contains
vitamin C (35.64 mg / 100 g), total Ehenolic (694.57 mgGAE / 100 g), and
a-tocopherol (308.54 mg / 100 g),” and showed that Ulva lactuca crude
polysaccharide had anti-peroxidation and anti-hyperlipidemic effects in D-
Galactosamine induced rat. Meanwhile, D-Galactosamine is an agent
which induces inflammation in the liver. Previous studies have shown that
Ulva lactuca prevents an increase in levels of free fatty acids, triglycerides,
and total cholesterol in both tissue and serum.?
Ulva lactuca content which acts as anti-hyperlipidemic is vitamin E(or
alpha-tocopherol) and its polyphenols.2* Vitamin E is known to modify lipid
metabolism through activation of Peroxisome proliferator-activated receptor
alpha (PPAR«) which incite an increase in [-oxidation of fatty acids.®
Polyphenols demonstrate its anti-hyperlipidemic effect through Carnitine
Palmitoyltransferase (CPT1A1) activation which also induce p-oxidation
of fatty acids.” Besides, Ulva lactuca also possesses anti-inflammatory
effect due to its ability to inhibit free radicals hence, preventing the
activation of inflammatory cytokines and chemokines such as TNF-a,
IL-1, IL-2, IL-4, IL-6, and 1L-8.5%° Ulva lactuca has a hepatoprotective
effect on D-galactosamine induction, in addition, the plant possess a strong
inhibitory effect on superoxide formation and decreases intracellular ROS.*
This indicates that Ulva lactuca possesses antioxidant effect. Several
studies have also demonstrated the anti-oxidizing ability of Ulva
lipids using Malondialdehyde (MDA) marker. Meanwhile, Ulva
lactuca extract prevents MDA increase and intensify the activity of
antioxidant enzymes in vitro and in vivo.**?
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Materials and Methods

The review was conducted from the available literature on the internet
that discuss about discovery and development of Ulva lactuca as
antioxidant. The researchers used the search terms sea lettuce, Ulva
lactuca, Vitamin C, Vitamin E and antioxidant on Google Scholar,
PubMed, ScienceDirect, directory of Open Access Journal (DOAJ),
ResearchGate search engines. From the results, articles that have a
definite relationship with the subject matter were included in this
review and otherwise were excluded.

Dietary antioxidants

Antioxidants are compounds that counteract or reduce the negative effects of
an oxidant. This compound act by donating an electron to the oxidant
compound hence, inhibiting its oxidant effect. Furthermore, at certain levels,
these compounds are able to inhibit the damage caused by oxidation
processes and protect the body from free radicals.”®

The body contain antioxidants in small amounts and has no reserves.
Moreover, when the free radicals level increases, the body require additional
antioxidants to inhibit the resultant effects. These additional antioxidants are
obtained from exogenous antioxidants of food origin."***

Antioxidants possess several endogenous and exogenous components
which function synergistically to inhibit free radicals. These
antioxidants types include:*

Nutrient-derived antioxidants, such as ascorbic acid (vitamin C),
tocopherols and tocotrienols (vitamin E), carotenoids and other low
molecular weight compounds such as glutathione and lipoic acid.
Antioxidant enzymes, such as superoxide dismutase, glutathione
peroxidase and glutathione reductase, catalyzes free radical
reactions.

Metal-binding proteins, such as ferritin, lactoferrin, albumin and
ceruloplasmin are capable of trapping free iron, and copper ions
which also catalyzes oxidative reactions.

Phytonutrient antioxidants are present in large quantities in plants.

Dietary antioxidants are secondary metabolites, synthesized by plants
to protect themselves from oxidative stress. Based on the chemical
properties, dietary antioxidants are grouped into four namely, vitamin
C (ascorbic acid), vitamin E (tocopherol), carotenoids (o and B-
carotene, lycopene, lutein), and polyphenols. Meanwhile, each group
differs in the average antioxidant potential, absorption, and availability
to the environment. Phenols and flavonoids have with the highest
environmental availability and are found in almost all types of food.
These two compounds also have the highest antioxidant potential in
vitro, followed by carotenoids, vitamin E, and vitamin C.1%*%%
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The mechanism of action dietary antioxidant is to reduce oxidative stress by
scavenging free radicals through three major pathways depending on the
reactive species at play. Tocopherols and most polyphenols donate
hydrogen ions, while carotenoids act by deactivating singlet oxygen and
ascorbic acid by transferring electrons. Phenolic compounds inhibit free
radicals by transfer of a hydrogen atom, from its hydroxyl group. The
reaction mechanism of a phenolic compound with a peroxyl radical
involves a concerted transfer of the hydrogen cation from the phenol to the
radical, forming a transition state of an H-O bond with one electron.
Carotenoids are characterized as excellent peroxyl radical scavengers. The
polyunsaturated chains that make up the base structure of carotenoids give
these compounds a lipophilic character. Carotenoids play an important role
in the protection of cell membranes and lipoproteins against peroxyl
radicals. Vitamin C is chemically capable of reacting with most of the
physiologically important ROS and acts as a hydro soluble antioxidant. The
antioxidant reaction mechanisms of vitamin C are based on the hydrogen
atom transfer to peroxyl radicals, the inactivation of singlet oxygen, and the
elimination of molecular oxygen.™

Characteristics of Ulva lactuca

Sea lettuce or Ulva lactuca is a marine macroalga which belongs to
the phylum Chlorophyta. It thrives in shallow waters, especially on
rocky beaches in America, Europe, Africa, the Caribbean, Indian
Ocean, East and South Asia, Australia as well as Indonesia. Sea
lettuce is found on the eastside coast of Bali, including Serangan
Beach, Sanur, Nuda Penida, Sawangan Beach, and Nusa Dua.*®
Furthermore, sea lettuce is widely used globally as a food ingredient.
However, the Ulva lactuca species are not widely used despite its
abundance and it is easy to obtain. Sea lettuce is high in carbohydrates
(up to 60%), protein (10-47%), but low in fat content (1-3%). Several
bioactive compounds are also contained in their extracts including
vitamin C, phenol, and a-tocopherol.>*® Meanwhile, previous studies
have shown that Ulva lactuca possesses antioxidant, anti-
inflammatory, antihyperlipidemic and hepatoprotective effects.?***?
Ulva lactuca belongs to the Chlorophyta division with high
chlorophyll content which gives it the green color. It is found in
seawater and has the morphology of a thin and flat thallus like a sword
consisting of two cellular layers. All cells are identical in shapes,
except the basal cells which undergo elongation to form attached
rhizoids. In addition, each cell consists of a nucleus, cup-shaped
chloroplasts, and pyrenoids." Ulva lactuca often reaches 100 c¢m in
length and has an irregular round shape with smooth edges in form of
rope-shaped blades (folded sword) with a blade diameter of 30-65 cm.
The middle part is pale and it has darker edges (Figure 1). Generally,
Ulva lactuca is yellowish-green to dark green. Besides, in tropical
areas, this lettuce is usually found in shallow water (upper intertidal
zone to a depth of 10m) while the Ulva species thrives at a
temperature of 28-31°C.°

Nutritional value of ulva lactuca

Ulva lactuca has various nutritional composition depending on several
factors, including geographical origin, physiological factors, and
environmental variations. In example, Ulva lactuca in Indonesia
contains water, carbohydrates, protein, fiber, ash and vitamins. Several
studies conducted in different countries have produced varying results.
The difference composition of Ulva lactuca are shown in Table 1.% %
This plant also contains vitamins such as vitamin A, B1 and B2 (<0.5
1U / 100mg, 4.87 mg / kg and 0.86 mg / kg respectively) as well as
calcium (1828 mg / 100g).* Meanwhile, the qualitative and quantitative
phytochemical contents are presented in Table 2./

Bioactive compound of ulva lactuca

Ulva lactuca also contains a lot of bioactive compounds. In addition,
this sea lettuce is known to possess antioxidant, antimicrobial,
antiviral, antihyperlipidemic, anti-tumor and anti-inflammatory
effects.® Both original ingredients and chemical extracts have a fairly
high antioxidant activity. A research by Yu Qing showed that
chemically extracted U. lactuca has higher antioxidant activity
compared to the original ingredients. By measuring IC50, the
antioxidant potential was 16.5-18.7 pug / mL and about 34 bioactive
components were obtained through HPLC (High-Performance Liquid
Chromatography) and TLC (Thin Layer Chromatography)
examinations.” The major bioactive components are presented in Table
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A study in India showed that Ulva lactuca has a total antioxidant activity of
6.203% at a concentration of 1 mg/ml with ethanol extract (10 mg/ml) using
DPPH radical scavenging activity method. The highest total phenol content
was obtained using chloroform extract (26.53), ethanol extract (22.02) and
ethyl acetate extract (21.25) at 765 nm.*®

A study in Indonesia found that the antioxidant activity of Ulva lactuca with
gallic acid and ethanol extract was 0.912 ug/ml and 1426.616 ug/ml using
the ES50 value. Furthermore, in vivo test with malondialdehyde (MDA) as
lipid peroxidation marker in rats administered with ethanol extract of Ulva
lactuca at 200 mg/kg and 400 mg/kg doses were 2.57 and 4.76. Sea lettuce
ethanolic extract has several bioactive compounds including vitamin C, total
phenolic and o- tocopherol. At separate solvent concentrations, different
levels of active compounds were obtained. However, the best levels were
obtained at 90% solvent concentration.® In Table 4, the bioactive
compounds were presented based on countries namely, India
(methanol extract), Egypt (hot water extract) and Indonesia (ethanol
extract).>"

Potential utilization Ulva lactuca

Ulva lactuca is a local natural resource, it is easy to find and cultivate;
and it has various potential usages. In general, different types of
seaweed and sea lettuce are used as food ingredients. Furthermore, this
lettuce is used pharmacologically as anti-inflammatory, antibacterial,
antifungal, antiviral, cytotoxic, antioxidant, antihyperlipidemic and
anti-tumor.*® As a food ingredient, Ulva lactuca is processed into nori
or dried seaweed. The high fiber content facilitates the digestive
process. Furthermore, it contains high protein content hence, Ulva
lactuca is the source of healthy food with great benefits for humans.*
In addition, Ulva is used as a bioethanol material due to its high
mineral and polysaccharide content including cellulose and
hemicellulose. It is also an alternative biomass source for various
purposes in food and bicenergy fields.?

A study on Ulva lactuca extract taken from Iranian waters produced
the highest antioxidant as well as the best radical scavenging effect
compared to 3 other algae types namely, U. intestinalis, P. pavonica
and P. gymnospora.?® In addition, the solvent type also produces
different levels of antioxidant activity. Several studies found that the
methanol extract was the best, however, other studies found that the
ethanol extract showed better antioxidant activity.”* The high
antioxidant activity was detected in this lettuce indicates a potential
source of new marine supplements.?

Ulva lactuca contains high levels of vitamin C (35.64 mg / 100g), total
phenolic (694.57 mg / 100g) and a-tocopherol (308.54 mg / 100g).>
Meanwhile, the bioactive compounds in Ulva have antioxidant, anti-
inflammatory and anti-hyperlipidemic effects.”>° Ulva lactuca’s crude
polysaccharide has anti-peroxidation and anti-hyperlipidemic
effects in rats induced by D-Galactosamine, which triggers
inflammation in the liver. It was found that Ulva lactuca prevents
an increase in levels of free fatty acids, triglycerides and total
cholesterol in tissues and blood serum.?

Ulva lactuca also demonstrated antioxidant and hypolipidemic effects
in a study on hypercholesterolemic rat model. Extract administration
showed a decrease in serum fat (-61%), total cholesterol (-49.6%),
triglycerides (-66%) and LDL cholesterol (-93%) compared to the
control which was given atorvastatin as drug of choice for
hypercholesterolemia. In addition, treatment with Ulva extracts also
inhibited the increase in hepatic thiobarbituric acid reactive species
(TBARS), where TBARS indicated lipid oxidation in the liver.®

Vitamin E (a-tocopherol) in Ulva lactuca

Apart from the high fiber and amino acid content, Ulva lactuca also contains
high o-tocopherol. % Meanwhile, the antioxidant activity was found to be
related to the content of vitamin E (the major lipid soluble antioxidant).
10143 Inha-tocopherol is the most active form found in tissue and blood
plasma. It acts as a breaker of oxidant chains by donating hydrogen atoms
from its phenolic hydroxyl groups to bind lipid peroxyl radicals. Other
mechanisms of action sometimes interact with other cellular components
thereby increasing antioxidant coverage. Vitamin E increases superoxide
dismutase (SOD), the body's antioxidant enzyme, which works by
breaking down superoxide radicals into oxygen and hydrogen peroxide.
Moreover, Vitamin E also suppresses peroxidation and inhibits the
expression of transforming growth factor beta (TGF-B) associated with

604

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, April 2021; 5(4):603-608

hepatic fibrosis and apoptosis as well as hepatic stellate cell activation.’*®
Apart from the antioxidant properties, vitamin E has also exhibit anti-
inflammatory and anti-hyperlipidemic effects. Several studies have shown
that vitamin E is associated with increased levels of mRNA and adiponectin
protein. Meanwhile, adiponectin is an important molecule which suppresses
liver fatty acid synthesis and reduces inflammation in nonalcoholic
steatohepatitis (NASH) patients.2°® Vitamin E also prevents NF-kB nuclear
localization, suppresses COX-2 expression, as well as cytokines TNF-alpha,
IL-1, IL-2, IL-4, IL-6 and IL-8 to prevent inflammatory response to non-
alcoholic fatty liver disease (NAFLD).10%

Alpha-tocopherol execute its anti-hyperlipidemic effect through the
peroxisome proliferator-activated receptor (PPAR) alpha mechanism
which is also involved in the NAFLD pathogenesis. Furthermore, PPAR is
an intracellular transcription factor included in the nuclear hormone
receptor superfamily, it is activated by ligands and it consists of three
subtypes namely; PPARa, PPARy and PPAR. In general, PPAR plays a
role in energy homeostasis and metabolism. PPARa modifies free fatty
acids p-oxidation and regulates lipogenesis-related genes thereby,
triggering a decrease in serum TG lipid levels.®®

Administration of alpha-tocopherol was found to reduce serum and
liver malondialdehyde (MDA) levels, increase PPAR-a expression,
decrease PPAR- expression and also improve insulin resistance, serum
triglyceride (TG) levels as well as very-low-density lipoprotein-
cholesterol (VLDL-C) in rats treated with high-fat diet.> Increasing
the PPAR-o expression also lead a rise in 3-oxidation of fatty acids in the
liver, resulting to the up-regulation of uncoupling protein-2 (UCP2)
mRNA. In addition, activation of this factor causes rapid usage of liver
lipids hence, it is capable of reducing TG levels.

Meanwhile, PPAR-y expression decreases with alpha-tocopherol
administration. Figure 2 shows the role of PPAR in liver fat
metabolism.

Vitamin C in Ulva lactuca

Vitamin C is one of the bioactive compounds found in Ulva Lactuca and
broadly regarded as an antioxidant.>* It is a water-soluble dietary antioxidant
capable of neutralizing ROS in the aqueous phase before lipid oxidation. This
occurs by capturing free radicals and plays a role in several enzymatic
reactions as a reducing agent. Vitamin C decreases the formation of
mitochondrial ROS and increases the activity of manganese superoxide
dismutase (SOD) and glutathione peroxidase (GPx). It also influences
adiponectin which tends to reduce hepatic lipid accumulation, systemic insulin
resistance, inflammation and inhibit NAFLD. >

A study conducted with vitamin C supplements on NAFLD showed that
vitamin C reduce NAFLD especially in middle age and elderly.* Moreover,
other studies have also shown that the combination of vitamin C and E
tends to reduce inflammation and fibrosis in NASH patients.>*

Polyphenols in Ulva lactuca

Polyphenols are antioxidants with the highest environmental availability,
found in almost all types of food. Generally, the mechanism of action is to
donate hydrogen ions hence, to reduce oxidants.**" A study in Egypt
indicated high phenol content (0.75 + 0.05 mg / 100g) in Ulva lactuca
obtained from the Abu-Qir Bay during the summer.** It is confirmed
that Ulva as a potential antioxidant as well as a healthy food source
capable of being developed into food coloring and food
preservatives.

Ulva lactuca contains high levels of macromolecular anti-oxidants up
to about 42% of the total polyphenol content. Therefore, apart from
the high fiber content which is good for nutrition, it also exhibits
antioxidant activity which inhibits free radicals.*” It was supported by
a research which reported that beside of the high polyphenol levels,
Ulva lactuca also contains amino acids and fatty acids, which are
useful as anti-free radicals.®® A study on the benefits of Ulva lactuca in
rats administered with high doses of paracetamol indicate significant
results as a hepato-protector and an antioxidant, hence, it was
concluded that polyphenol act as an antioxidant which stimulates an
increase in the glutathione enzyme in the liver as well as the total
plasma protein.*

A research using a rat model for NAFLD reported that dietary
polyphenols inhibit intracellular steatosis with some polyphenols
(resveratrol, quercetin, catechin) and also protects against mitochondrial
dysfunction as well as anaerobic metabolic disorders. Furthermore,
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curomanin and berberine inhibit steatosis more specifically by
modulating lipid metabolism (lipogenesis and lipid oxidation).”

The antisteatotic effect of polyphenols is due to the increased
expression of the enzymes involved in fat oxidation, such as hepatic
mitochondrial enzyme CPT1AL (Carnitine Palmitoyl-transferase) and
decreased expression of the lipogenic enzyme, FAS (Fatty Acid
Synthase Complex). Furthermore, the increase in CPT1AL expression
was found to intensify -oxidation of mitochondrial fatty acids. This is
consistent with previous studies in which flavonoid-rich extracts were
found to induce dose-dependent CPT1 mRNA increase in samples of a
high-fat diet.”*

PPARa is a transcription control gene which plays an important role in
lipid metabolism, inflammation and fibrosis. When it is activated, it
induces fatty acid oxidation-related genes, such as CPT1ALl.
Polyphenols were reported to sufficiently trigger PPAR« expression.
Figure 3 below shows a mechanism of action polyphenol compounds,
tocopherols and other antioxidants.

Figure 1: Ulva lactuca *
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Table 1: Nutritional Composition of Ulva lactuca Found in
Indonesia, Tunisia and China

Table 3: Major Fractions of Ulva lactuca Bioactive
Components

Nutritional Indonesia Tunisia China
Composition Values (%)

Protein 15-16 27.2 8.46
Fat 0.1-0.7 0.3 7.87
Carbohydrate 46-51 61.50 59.10
Fiber 2-5 60.50 54.90
Ash 16-23 19.59 -

Bioactive Compounds

Content

Chlorophyll-a

Chlorophyll-b

a-carotene

p-carotene

a-tocopherol

Butylated hydroxyanosil (BHA)
Butylated hydroxytoluene

15.60-30.90%
12.20-14.89%
11.44-11.47%
6.16-29.70%
14.4 pg/ml
13.1 pg/ml
13.1 pg/ml

Table 2: Phytochemical Contents of Ulva lactuca

Compound Tested Qualitative Quantitative (mg/100g)
Alkaloids + 7558 +45
Tannins -

Plobatin -

Saponins + 0.03 £0.0002
Flavonoids + 2.36 +0.04
Terpenoids +

Cardiac glycosides +

Total phenol (mg/ml) + 14233 +1.2

Table 4: Bioactive Compounds of Ulva lactuca Extract >>*’
Country

Bioactive Compounds  India Egypt Indonesia

(mg/g) (mg/ml)  (mg/100g)
Vitamin C 4.29 - 35.64
Total Phenolic - 14.22 694.57
Vitamin E 1.73 308.54
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Conclusion

Based on the results, Ulva lactuca contains components such as
Vitamin C, alpha tocopherol, total phenol which have high
antioxidant, anti-oxidation, anti-hyperlipidemic and anti-inflammatory
effects. Apart from being a food source, it also acts as an antioxidant
hence, provides great health benefits. It is expected that the use of
Ulva lactuca as a source of antioxidant becomes widely known in the

future.
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