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1. Introduction

Denguefever isa mosquito-borne tropical disease caused
by the dengue virus, and since scouting is related to the
environment where mosquito lives, our project will investigate
and review some of the environmental research that investigated
natural protection techniques against mosquitos.

Dengue is the most important mosquito-borne viral disease
in the world. In the last 50 years, incidence has increased 30-fold
with increasing geographic expansion to new countries and, in
the present decade, from urban to rural settings. An estimated
50 million dengue infections occur annually and approximately
2.5 billion people live in dengue endemic countries (1). It is a
significant public health concern that transcends geographical
boundaries, being endemic in more than 100 countries within
tropical and subtropical regions of the world (2). It is believed
that two-fifth of the world’s population live in infection-risk
areas and that around 50 million new infections and 25 thousand
deaths occur annually (2,3). The total economic burden of
dengue illness in the Americas was estimated to cost US$ 2.1
billion per year on average (4). However, this value is most
likely underestimated due to a large number of non-reported
cases.

Dengue virus (DENV) belongs to the Flavivirus genus
in the Flaviviridae family, and is presently classified into four
different serotypes (DENV-1, -2, -3 and -4), and all of them are

capable of causing the disease. Mature virions present a positive
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single-stranded RNA genome enclosed by a nucleocapsid
exhibiting icosahedral symmetry, with the envelope and
membrane proteins protruding from the host lipid bi-layer
membrane (5).

Clinical manifestations of DENV infection vary from
an undifferentiated fever (dengue fever, DF) to more severe
forms like dengue hemorrhagic fever (DHF) and dengue shock
syndrome (DSS), which can lead to death. The severity of
disease might be related to strain virulence, host factors and/
or secondary infections with heterologous serotypes (6-8)
suggesting that immunopathological mechanisms are involved
with the disease progression (9,10).

Despite the important social and clinical impact of
the disease, dengue treatment is palliative. At present, there
is no FDA approved vaccine or specific antiviral therapy for
prevention and treatment of dengue. Considering the described
scenario, drug discovery research for dengue is of great
importance. To our knowledge, there are currently ten drug
discovery programs in the pre-clinical or discovery stages for
dengue, including RNAi therapeutics and natural products.
However there are still no antiviral drugs being tested against
dengue disease in any clinical trial (11).

Some reports demonstrate possible dengue viral
inhibitors to different targets as viral adsorption and entry
, NS3 protein , RNA replication and viral translation or
host processes (11) . Yin et al. (2009) (12) characterized an
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adenosine analog capable of reduce viremia, TNF-a and IL-6
production, preventing the death of infected mouse. Among
the compounds tested, there are thousands of synthetic small
molecules and natural products. Recently, the study of the
biological activity of seaweeds extracts became a growing field
of interest with the isolation and characterization of thousands
of novel compounds with pharmacological properties from
different marine organisms (13).

The antiviral activity screening of compounds is
accomplished using several approaches, a number of them are
low-throughput as the plaque reduction assay that is laborious,
time consuming and have a subjective measurement. On the other
hand, there are a number of high-throughput assays reported
for anti-dengue infection screening, which are quantitative and
can test a large number of compounds, however they often use
new technologies as equipment’s, robots and software that are
expensive and of restrict use (11).

To circumvent these issues, some researchers used an in
situ ELISA for the screening of antiviral agents for influenza A
virus; varicella-zoster virus and human cytomegalovirus. Based
on that, we propose a simple target-free approach for dengue
drug discovery using a cell based ELISA, which is adaptable
to automation and provides objective and rapid results, making
use of materials and reagents common to many laboratories. The
assay was standardized, validated and used to screen a panel of

chemical compounds present in seaweed extracts (11).
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2. Algae-Derived Polysaccharides

Polysaccharides, also known as glycans, are the most
abundant form of carbohydrate materials in the nature. Due
to marked biological activities, numerous studies have been
performed on different algae-derived polysaccharides, namely,
agar, alginate, fucoidan, carrageenan, laminaran, proteoglycans,
galactosyl glycerol, and rhamnan sulfate (14).

The algae polysaccharides are natural polymers that are
easily available in nature, nontoxic, cheap, safe, biodegradable,
andbiocompatible. Thesepolysaccharideshave gainedinteresting
and wide applications in the biomedical and pharmaceutical
industries. Depending on the source of isolation, structure of
some polysaccharides such as fucoidan can differ in the nature
of constituents and the amount and length of their branching
chains. However, new synthetic routes are aiming to modify the
biological activities of these polysaccharides through chemical

modification and combination with other polymers (15).

3. Antiviral Activity of Algal Polysaccharides

A study by Gerber and colleagues in 1958 which showed
inhibition of mumps and influenza B virus by polysaccharides
from marine algae has introduced algae-derived polysaccharides
as a potent source of antiviral agents. Subsequently, antiviral
activities of other polysaccharide fractions isolated from red
algae have been reported against HSV and other viruses in the
next two decades. Since then, numerous studies have published

antiviral potential of various algae-derived polysaccharides
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and their underlying mechanism of action. This review
tries to summarize the antiviral activities of algae-derived
polysaccharides and the mechanisms underlying these activities
(6) (see Table 1).

3.1. Carrageenan.

Carrageenans are naturally occurring anionic sulfated
polysaccharides (SPs), which appear as matrix material in great
quantities by certain red algae (Rhodophyta), such as Chondrus,
Gigartina, Hypnea,and Eucheuma, whereinthey serve astructural
function similarity to that of cellulose in plants. The existence
of 3,6-anhydrogalactopyranose and allocation of the sulfate
groups on the main structures naturally classify carrageenan into
three kinds, A-, k -, and (-carrageenan, and individually display
special antiviral effects on several viral agents. Carrageenans
are selective inhibitors of several enveloped and non-enveloped
viruses and act predominantly by inhibiting the binding or
internalization of virus into the host cells. Carrageenans are
exceptionally potent inhibitor of HPV in vitro by inhibiting
the initial stage of infection. Notably, they are also extremely
effective against a range of sexually transmitted HPV types that
lead to cervical cancer and genital warts. Carlucci and colleagues
found that A-type carrageenan is active against the replication
of HSV upon its firm interaction that leads to inactivation of
HSV virion. They also discovered that the A-carrageenan and
moderately cyclized p/i-carrageenan isolated from Gigartina

skottsbergii exert promising antiviral activities towards diverse
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strains of HSV-1 and HSV-2 during virus attachment stage.
Surprisingly, similar results were reported by different group of
researchers, who analysed the chemical structure and antiviral
activity of carrageenan (lambda, kappa, and iota) against HSV-
2 infection. A recent in vitro study conducted by Grassauer and
colleagues reported the inhibitory effects of i-carrageenan against
human rhinovirus (HRV) proliferation by preventing the primary
phases of virus replication. They have suggested that this effect
is possibly attributed to the suppression of the allosteric activity
of virus particles during their entry. Additionally, (-carrageenan
was proven to be effective against dengue virus replication in
mosquito and mammalian cells; however, themode of antiviral
action of (-carrageenan in both cell types was interestingly
distinctive. In Vero cell line, the inhibitory activity has been
exerted at early stage of virus adhesion probably due to some
primary receptors, whereas in mosquito cell it affected the cell
proliferation and protein synthesis (17).

A recent in vivo study in mice has revealed that the low
molecular weight carrageenans (3, 5, and 10 kDa), as well as
acetylated and sulfated derivatives, have substantial inhibitory
effects against influenza virus. Furthermore, the smallest
K-carrageenan with appropriate sulfation and acetylation degree
was the greatest antiviral candidate against influenza virus in
vivo. Yamada and colleagues remarked the fact that the antiviral
activities of carrageenans are extremely correlated with their

molecular weights and existence of sulfation groups, since
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different molecular weight Oacylated carrageenans reduced the

HIV activity by depolymerisation and sulfation process (18).
3.2. Galactan.

The main extracellular polysaccharides of red algae are
known as sulfated galactans. They are made up of linear chains
of galactoses with a few exceptions; a chain of alternating
3-B-D-galactopyranose (G units) and 4-a-Dgalactopyranose
residues or 4-3,6-anhydrogalactopyranose residues complete
their structural backbone with presence of D-series (D unit) in
carrageenans and L-series (L unit) in agarans (Figure 2). Another
exceptional collection of galactans also exists: the DL-hybrids
that enclose G unit attached to both D and L units (18).

The various structural types of these polysaccharides have
shown a vigorous antiviral potency against several enveloped
viruses, such as HSV-1 and HSV-2, DENV, HIV-1 and HIV-2,
and hepatitis A virus. Three galactan polysaccharide fractions
from the Argentinian marine alga Callophyllis variegate were
isolated and purified by Rodriguez and colleagues in 2005.
In addition to the structural illustration of main fractions, the
antiviral effect of these fractions was assessed against HSV-1
and HSV-2 and DENV-2, which surprisingly exhibited potent
inhibitory effects with low cytotoxicity together. Therefore, it
was suggested that these compounds might develop “promising
antiviral agents”. It was also reported that galactan sulfate (GS),
isolated from Agardhiella tenera, displays an effective control
against HIV-1 and HIV-2 (19).
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GS blocked the adhesion of virus to cell, in addition
to the attachment of gp120 on CD4+ T cell receptor to HIV-
1 gpl120. Consistently, GS at the concentration of >5 g/L
blocked syncytia emergence in Molt-4 cells and HIV-1 or HIV-
2 infected HUT-78 cells. Matsuhiro and Colleagues discovered
the antiviral property of a sulfated galactan isolated from the
marine red seaweed Schizymenia binderi by reviewing its
structural configuration. This sulfated galactan clearly presented
highly selective antiviral effect against HSV types 1 and 2 with
lowest cytotoxicity. Its inhibitory effects are suggested to be
involved in the attachment of virus to host cells. Moreover,
Talarico and colleagues examined the antiviral activity of
a D,L-galactan hybrid C2S-3, extracted from the Brazilian
marine alga Cryptonemia crenulata, in compound lacked any
cytotoxicity to Vero cell line, it is indicated that it is effective
against three clinical strains of DENV-2 (IC50 = 0.8-16ug/mL).
Further mechanistic work concluded that the compound affects
the initial steps of virus adsorption and entry into the host
cells; therefore C2S-3 is supported to be a “promisingDENV-2
antientry” as well (19).

3.3. Alginate.

Alginates are the principle cell wall acidic polysaccharides
widely distributed in brown algae (Phaecophyceae) including
Laminaria  hyperborea, Laminaria digitata, Laminaria
japonica, Ascophyllum nodosum, and Macrocystis pyrifera.

They aremostly extracted frombubble Zosteraceae, kelp, macro
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algae, and marjoram algae, respectively. Alginates are linear
anionic polysaccharides, composed of a main backbone of poly-
D-glucuronic acid (G blocks) and poly-D-mannuronic acid (M
blocks), together with Dguluronic acid and D-mannuronic acid
(GM blocks) usually alternating (Figure 3). Alginates have found
numerous applications in biomedical science and engineering
and have been particularly attractive for their antiviral activities.

A prominent marine polysaccharide drug named 911
derived fromalginatepolysaccharideexhibited promisingactivity
against HIV-1 at both chronic infection of H9 cells and acute
infection of M T4 cells in vitro and in vivo. These special effects
revealed that 911 drug inhibited the viral replication of HIV via
significantly decrementing the activity of reverse transcriptase
(RTase), discontinuing the virus adsorption, and improving the
defense mechanisms ofthe host cells. Alternative inhibitory result
was also reported later for hepatitis B virus (HBV) that 911 drug
could inhibit the virus replication by suppressing the activity
of DNA polymerase activity. Wang and colleagues discovered
that the sulfated polymannuroguluronate (SPMG) (Figure 4),
the sulfated form of alginate, is a characteristic anti-AIDS drug
candidate, as it caused the inhibition of HIV-1 infection mainly
through the robust attachment of virus gp120 protein with CD4
molecules on the surface of T cells. Moreover, there is huge
correlation between the size of SPMG oligosaccharides and
their inhibitory significance that the octasaccharide will be the

minimal active fragment preventing syncytium formation and
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reducing the P24 core antigen level in HIV-11IB-infected CEM
cells (20).

3.4. Fucan and Fucoidan.

Fucans are high molecular weight sulfated
polysaccharides, usually classified into three major groups:
glycuronogalactofucans, fucoidans, and xylofucoglycuronans.
These polymers occur in the intercellular tissues

or mucilaginous matrix of brown algae. They are widely
distributed in the cell walls of brown algae and regarded only
as a huge source of L-fucose with different portions of neutral
sugars such as galactose, glucose, mannose, and uronic acid
that can occur in the polymer. Fucose is attached to the central
backbone, mainly bound byl - 2 glycosidic linkages, forming
branching points at every 2-3 fucose residues within the
chain. The structure of algal fucans varies among species and
sometimes among different kinds of the seaweed. Fucans have
a broad spectrum of biological activities. However, the structure
of algal fucans varies among species and sometimes among
different parts of the seaweed.Thus, each new purified sulfated
fucan is a unique compound and thus a potential new drug.

Beside many other well-attested responsibilities, such
antiproliferative, antiadhesive effects on cells can especially
protect the cells from viral infections. Queiroz and colleagues
evidence that the sulfated fucans from such seaweed species
Dictyota mertensii, Lobophora variegata, Fucus vesiculosus,

and Spatoglossum schroederi could prevent HIV infection via
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blocking the activity of reverse transcriptase and notably their
results strongly indicated the necessity of sulfate and carboxyl
group in the inhibitory activity of these polysaccharides. A
fucan polysaccharide isolated from Cladosiphon okamuranus
with glucuronic acid and sulfated fucose units’ composition
inhibited DENV-2 infection in BHK-21 cell line.Conversely,
less effect was observed on three other serotypes of DENV
(DENV-1, DENV-3, and DENV- 4). Further investigation of
the envelope glycoprotein compositions from the existing
four serotypes of DENV revealed that arginine-323 in DENV-
2 plays an important role upon its interaction with the fucan
and content of sulfation of fucan was also vital for this
activity. Akamatsu and colleagues evaluated an effective anti-
influenza virus compound named MC26, a new type of fucose
polysaccharides isolated from marine brown algae species,
Sargassum piluliferum. It exhibited a stronger anti-influenza
virus activity with low cytotoxicity in vivo and in vitro as
compared with known active compounds. Furthermore,Mandal
and colleagues studied the sulfated fucans extracted from brown
seaweed Cystoseira indica,which exhibited a promising activity
against HSV-1 and HSV-2 deprived of any cytotoxicity for Vero
cell cultures; however no direct inactivating effect on virions in
a virucidal assay was detected. Hence, it was suggested that the
mode of action of these compounds could be possibly due to the
inhibition of virus adsorption (19, 20).

Fucoidan is a term used to define a polysaccharide
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based mainly on sulfated L-fucose and less than 10% on other
monosaccharides. The term sulfated fucan can be used to define
heterofucans containing sulfated fucose and neutral sugars.
However, fucans and fucoidans are often used interchangeably.
Fucoidan has a high proportion of fucose in the extracellular
matrix of several brown algae such as mozuku, komby, limu
moui, bladderwrack, wakame, hijiki, and sea cucumber. The
main skeleton of fucoidans involves a-1,3-linked sulfated
L-fucose, a repeating sequence of alternating a-(1-3)- with the
possible a-(1-4)-glycosidic bonds. The chemical structure and
composition of fucoidans are considerably diverse, depending
highly on the isolated species, which usually are sulfated and
acetylated and may also hold uronic acid (Figure 5).

Fucoidan possesses various biological activities such as
activity against many RNA and DNA viruses both in vivo and in
vitro, including important human pathogens such as HIV, HSV1-
2, dengue virus, and cytomegalovirus. Fucoidans demonstrated
their antiviral activities by mainly blocking the interaction of
viruses to the cells so as to inhibit viral-induced syncytium
formation. Isolated fucoidans fromseveral species, Adenocytis
utricularis, Undaria pinnatifida (Mekabu), Stoechospermum
marginatum, Undaria pinnatifida, and Cystoseira indica,
exhibited potential antiviral effects against HSV-1 and HSV-
2 deprived of cytotoxicity for Vero cell cultures. Elizondo-
Gonzalez and colleagues reported that the isolated fucoidan

from Cladosiphon okamuranus showed potent antiviral activity
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against Newcastle disease virus in the Vero cell line at the
initial stages of infection. The viral-inducedsyncytial formation
declined by exposure of fucoidan prior to cleavage of the fusion
protein, which led to attachment of fucoidan to the FO protein.
Consequently, fucoidan exhibited a better antiviral potency
than ribavirin. Moen and Clark, 1993, studied isolated fucoidan
from F. vesiculosus, which showed its potential to suppress
HIV RT in vitro. Unexpectedly, preincubation of cell-free virus
to 200mg/mL caused 100% diminution in the amount of HIV-
1 p24 antigen release. These studies showed that respective
activities are not because of dispatching of target cells. Indeed,
fucoidan induced no adverse effects on protein metabolism
and cell generation.HIV-1 infection of target cells is actually
protected after preincubation with fucoidan. Moreover,
fucoidan can effectively augment immune system health by
activating immunoreactions of the cellular and humoral types
and by increasing macrophage phagocytosis. In conclusion,
fucoidan directly affects the secretion of extracellular matrix
proteins, influences the proliferation of cells, and can activate
apoptosis (18).
3.5. Laminaran.

Laminaran,aglucan,is one ofthe commonpolysaccharides
abundant in a wide variety of brown algae such as F. vesiculosus,
Saccharina longicruris, and Ascophyllum nodosum. It is a
linear polysaccharide made up of f-(1 - 3)-linked glucose in
the central chain, with f-(1 - 6)-linked side-chain branching
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(Figure 6).Thus far, two kinds of laminaran are recognized:
one kind is made of glucose residues (G-series), whereas the
other kind is terminated by D-mannitol residues (M-series) (8).
Therefore,

the ratios of the two kinds of laminaran, together with
their structural configurations, are changeable according to the
isolated species, as well as environmental factors predicted
to directly affect the biological properties of laminaran.
Laminaran is created by photosynthesis and exhibits a great
antiviral activity and low toxicity in vivo. Muto and colleagues
reported that laminaran polysaccharides extracted from kelp
are proficient to prevent the activity of HIV by preventing the
adsorption of HIV on human-derived lymphocytes and the
ability of HIV reverse transcriptase, which play an important role
for the virus proliferation. This study suggested that laminaran
polysaccharides are effective inhibitors on HIV replication and
proliferation (17, 20).

3.6. Naviculan.

Naviculan is a sulfated polysaccharide from a diatom
called Navicula directa. This compound is made of several sugars
such galactose, xylose, rhamnose, fucose mannose, and sulphate
with a high molecular weight. Lee and colleagues reported that
naviculan has a potent antiviral activity against HSV-1 and
HSV-2 (IC50: 7-14ug/mL) and influenza virus by inhibiting
the initial stages of viral replication, possibly blocking viral

internalization into host cells. Moreover, naviculan displayed a
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notable inhibitory effect on fusion between the cells that express
CD4 receptor and HIV gp160-expressing HeLa cell line, which
was used as a model system of HIV infection.This study
proposed naviculan as a novel antiviral sulfated polysaccharide

with a wide range of activities against enveloped viruses (9).

3.7. p-KG03.

The marine microalga Gyrodinium impudicum strain
KGO3producesahighly sulfated exopolysaccharide p-KG03.The
p-KGO3 polysaccharide is unique compound with the molecular
weight of 1.87 x 107, categorized as a homopolysaccharide of
galactose conjugatedwith uronic acid and sulfate groups. P-KGO03
was the first reported marine compound to impressively suppress
tumor cell growth and infection by encephalomyocarditis virus
(EMCV) in vitro (EC50 = 26.9ug/mL). It was shown that the
development of cytopathic effects in HelLa cells infected by
EMCYV was either suppressed entirely or reduced by differing the
p-KGO3 concentration. Moreover, Kim and colleagues reported
that the p-KGO03 exhibits great inhibitory activity on influenza
A virus infection but not all influenza B viruses in vitro. This
study highlighted that the virus replication was declined when
p-KGO03 was added throughout the infection activity, meaning
that these compounds mainly target the viral adsorption and
internalization steps. Accordingly, the polysaccharide p-GO03
not only is capable of preventing the attachment of influenza
virus to host cells but also blocks the cellular internalization of

the virus and early stages of replication. Hence, the potential
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activities of p-KGO3 evidenced that the sulfated metabolites
frommarine systems could be a possible candidate for drug

development.

3.8. A1 and A2.

Extracellular sulfated polysaccharides Al and A2 are
found inmarine microalga, Cochlodinium polykrikoides.
These polysaccharides are constituted of glucose, galactose,
mannose, and uronic acid, with distribution of sulfate groups.
The cytopathogenic effects of HIV- 1 in MT-4 cells, influenza
virus types A and B in MDCK cells, and respiratory syncytial
virus types A and B in Hep-2 cells were inhibited by Al and
A2. It was approved that A1 polysaccharides are also effective
against HSV-1, whilst A2 polysaccharides are effective against
parainfluenza virus type 2, both in HMV-2 cell line. Both Al
and A2 polysaccharides are noncytotoxic at 100 ug/mL and
generate weak (10%) inhibitory effects on blood coagulation at

specific concentrations that cause viral inhibition.

3.9. Calcium Spirulan.

A novel sulfated polysaccharide, termed calciumspirulan
(Ca-SP), was isolated fromamarine blue-green alga, Arthrospira
platensis (previously called Spirulina platensis). This
polysaccharide is found to be composed of mannose, ribose,
fructose, glucose, xylose, galactose, rhamnose, galacturonic
acid, glucuronic acid, calcium, and sulfate. Hayashi and
colleagues in 1996 found Ca-SP to be the selective inhibitor of
various viruses, including HSV-1 (in HeLa cells), HCMV (in
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HEL cells), influenza A (in MDCK cells), Coxsackie virus (in
Vero cells), measles (in Vero cells), HIV-1 (in MT-4 cells), polio
(in Vero cells), and mumps (in Vero cells). This study revealed
that the antiviral activities of Ca-SP are attributed to inhibition
of virus entry into host cells and Ca-SP was also shown to have
a small anticoagulant activity. Lastly, Hayashi and colleagues
expanded their discoveries by comparing the anti-HIV-1 and
anti-HSP-1 activities of Ca-SP with antiviral effects of dextran
sulfate (DS) as a symbolic sulfated polysaccharide. Their
results indicated that Ca-SP is an applicable antiviral compound
against both HSV-1 and HIV-1. Therefore, Ca-SP became
known as a relatively promising anti-HIV polysaccharide since,
at low concentrations of Ca-SP, formation of virus-induced
syncytium did not happen. More importantly, presence of
calcium was found to be pivotal for dose-dependent suppression
of syncytium formation and cytopathic effect induced by HIV-1.
In conclusion, by overcoming the drawbacks reported for other
sulfated polysaccharides, Ca-SP can be a promising candidate

for development of new anti-HIV drugs.

3.10. Nostoflan.

Nostoflan (NSF) is an acidic polysaccharide found in
edible blue-green alga, Nositoc flagelliforme. The structural
analyses of NSF revealed that it is mainly made of sugar
sequences of (—4)-£-d-Glcp-(1 — 4)-d-Xylp-(1 and —4)-[S-d-
GlcAp-(1 — 6)-]-5-d-Glep-(1 — 4)-d-Galp-(1—). Kanekiyo

and colleagues identified that nostoflanhas a noble inhibitory
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effect on several enveloped viruses including HSV-1 and
HSV-2, human cytomegalovirus, and influenza A virus. The
most sensitive stage of viral replication to nostoflan in time of
addition during experimentwas assumed to be the initial stage
of infection covering the virus binding or/and internalization
processes. But further investigation confirmed that uniquely
the inhibition of virus binding to host cells was responsible for
the antiherpetic effect induced by nostoflan and their findings

recommended nostoflan as a great antiherpes candidate.

3.11. Sea Algae Extract._

Sea algae extract (SAE) is a sulfated polysaccharide
with the high molecular weight isolated from marine red alga
Schizymenia pacifica. SAE is a member of A-carrageenan,
which is composed of galactose (73%), sulfonate (20%), and
3,6-anhydrogalactose (0.65%), and it is known that SEA is a
selective inhibitor of HIV reverse transcriptase and replication
in vitro and has no adverse effect on cell proliferation. Similar
results are obtained once a cell-free system was employed
to examine the effect of SEA on reverse transcriptase from
avian retrovirus (avian myeloblastosis virus) and mammalian
retrovirus (Rauscher murine leukemia virus). The SEA exhibited
inhibitory effects on reverse transcriptase of both retroviruses
but elicited no effects on the function of cellular DNA
polymerase alpha and RNA polymerase Il in vitro. Accordingly,
it is unlikely to have an adverse effect on the proliferation of cell

culture. It is hypothesized that sulfate residues play a vital role
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Results and discussion
Optimization of the in situ ELISA Assay

Despite being the most important mosquito-borne viral
disease in the world, currently there is no specific antiviral
therapy available for dengue infection treatment. A safe and
efficient antidengue virus drug should ideally have the potential
to reduce the total number of people developing clinical
manifestations of the disease and provide protection for people
who travel to regions where DENV is endemic.

To accomplish this, there are a number of requirements
to be fulfilled. An anti-dengue drug should have an easy route
of administration, stability, a long shelf-life and be reasonably
priced. With respect to clinical efficacy, the drug must be active
against all four dengue serotypes in both primary and secondary
DENYV infections, with a good safety profile.

Therefore the development of DENV specific antiviral
drugsisofhighprioritytoimprovethediseasescenarioworldwide.
To identify inhibitors of DENV infection, a 96-well format cell-
based ELISA was adapted, which allows testing drug covering
a broad range of concentrations and rapid spectrophotometric
analysis using an automated plate reader. An in situ ELISA
method was described by Figueiredo & Shope (1987), and then
used with the objective of diagnosis, surveillance and serum-

epidemiological studies for the detection of IgM and IgG
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antibodies using infected mosquito cells as antigen. However
there are few reports using the in situ ELISA as an anti-dengue
drug screening technique. Ying Wang et al. (2009) named an
in situ ELISA as cell-based Flavivirus immunodetection (CFI)
assay, and it was used to screen the anti-dengue virus replication
activity of 111 compounds in A549 cell line. The same assay
was later used to assess the inhibition of DENV RNA synthesis
by an adenosine nucleoside and an ester prodrug of an adenosine
analog. To obtain better results, several aspects of the assay
were optimized. Initially, fixative reagents were evaluated. The
cell fixation procedure using the organic solvents methanol
and acetone showed better results when compared to fixation
with paraformaldehyde and permeabilization with triton X-100
(Figure 7A). Another advantage of the first fixation procedure
is that it precipitates proteins and dissolves lipids from cell
membranes making them permeable to antibodies at the same
time. Additionally, blocking unspecific reaction using 2% skim
milk or 5% FBS demonstrated similar efficiency, and 2% skim
milk was selected for its availability (21).

Next, the cell density per well was evaluated, and six
different concentrations of Huh7.5 cells in the range of 56103
and 1.66105 per well (two fold dilution) were seeded. After 16
h, cells were infected with DENV-1/FGA/89 with a multiplicity
of infection (MOI) of 4 for 1 h30 min, then the inoculum
was removed, complete medium was added and plates were

incubated for additional 72 h. The intermediate concentration
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tested (86104-26104) yielded the highest absorbance readings
(Figure 2B) and the cell density of 26104 showed the best signal
to background rate (S/B =5.8) and was used for further tests.
Cells at a concentration higher than 1.66105 per well-tended
to overgrow and detach from the wells during washes, giving
lower absorbance and higher background values.

The final steps for the in situ ELISA standardization
were to define the MOI for each DENV serotype and the time
of incubation after infection. For all DENV serotypes, with
exception of DENV-4/TVP360, the highest absorbance values
were observed with a MOI of 4 at 72 hours post infection.
DENV-4/TVP360 presented high optical density (OD) readings
for both time points and even for the lowest MOIs tested, then
the MOI of 0.1 at 72 h post infection was chosen (Figure 2C
and 2D); this might be related to the fact that this is a laboratory
strain adapted to cell culture. In relation to time of incubation
after the infection, a longer period of incubation as expected
showed higher OD values, probably because it allowed for more
cycles of virus replication.

The in situ ELISA assay described here constitutes a rapid
and reliable screening method for inhibitors of DENV infection
in mammalian cells, in which the DENV envelope (E) protein
was detected using the 4G2 antibody. Previous studies have
confirmed that the level of E protein is reflective of the level of
infectious virus production and that a reduced production of E

protein could potentially be an indication of reduced viral entry,
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genome replication, or protein translation and processing (23).

4. Antiviral Assay Validation

To validate the proposed in situ ELISA, it was compared to
the foci-forming assay commonly used to detect virus infection
inhibition. Both assays were performed in parallel using cells
and supernatant from the same culture. The comparison between
OD values and virus titer for DENV-1, -2 and -3 yielded linear
and highly correlated data (average r2 =0.95). However this
result was not observed for DENV-4 (Figure 8A), as it shows
high OD and titer values for all the MOls tested, maybe because
DENV-4/TVP360 is a laboratory strain adapted to cell culture,
different from the other low passage clinical isolates used in this
study. In addition the comparison of the dose response curve
(DRC) and the IC50 for IFN-a 2A and DENV-4 infection by
the foci-forming assay and a commercial NS1 antigen capture
ELISA assay (Figure 3B), confirmed that the in situ ELISA is
reliable to screen antiviral activities.

IFN-a is an antiviral drug used in the treatment of hepatitis
C infection, and proved to be an effective in vitro replication
inhibitor of several pathogenic flaviviruses, including dengue.
Based on that, interferon-a 7A was used as an reference control,
and showed a dose dependent virus inhibition with a mean IC50
of 2.94; 2.32; 2.64 and 5.70 IU/ml for DENV serotypes 1, 2, 3
and 4 respectively (Figure S1). The concentration of 100 [U/ml

was used as the IC90 and the positive control of the assay.
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5. Seaweed Extracts Cytotoxicity

A disadvantage of the in situ ELISA assay for the
screening of antiviral agents is that it does not give information
about compound cytotoxicity, thus prior to antiviral testing it is
important to apply a cell viability test. Several reports show that
some seaweed extracts or compound isolated from seaweeds
have cytotoxic effect in cancer cells. To ascertain the seaweed
extracts cytotoxicity in Huh7.5 cells we choose to use two
assays that assess cell viability through different mechanisms
(21). The MTT assay, which is based on the reduction of the
yellow tetrazolium salt MTT to purple formazan crystals by
living cells with active cellular reductases in the mitochondria
and the N-red uptake assay that is based on cell’s capacity to
maintain pH gradients in lysosomes, through the production
of ATP. A dose response curve was obtained for each seaweed
extract, the CC50 was calculated and the maximum non-toxic
dose (MNTD) was determined for the antiviral test based on both
assays (Table 2). We found similar results for CC50 between the
two assays, and Nred seems to be more sensitive than the MTT
assay, corroborating with a previous study that shows that the
N-red presents less interference, is more sensitive and does not
use unstable reagents as required for the viability tests using
tetrazolium salts (MTT, MTS, XTS). Seaweed extract A7 was

highly toxic and was not tested in the screening assay (24).

6. Seaweed Extracts Antiviral Screening
Natural products offer a privileged starting point in the
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search for specific and potent modulators of biomolecular
function as well as novel drugs. The marine environment is of
great importance to the global biodiversity. It is predicted that
there are, 8.7 million eukaryotic species globally, of which, 2.2
million are marine, offering an almost infinite resource for novel
compounds.

Marineorganismsareknownproducersofpharmacological
and antiviral agents and may provide unlimited biological
resources for the production of therapeutic drugs against viral
infections in humans. Extracted compounds from seaweeds have
in vitro and/or in vivo activity against a wide range of viruses,
including herpes viruses (HSV-1, HSV-2, HCMV), togaviruses
(Sindbis virus, Semliki Forest virus), paramyxoviruses (RSV),
rhabdoviruses (VSV), and both human and simian immune
deficiency viruses (HIV and SIV). In relation to dengue virus,
a sulfated polysaccharide named fucoidan showed a potent
inhibition when DENV-2 was pretreated with it, however none
effect was observed for other DENV serotypes(25).

The seaweed extract antiviral screening against all dengue
serotypes was performed in the 96-well format in situ ELISA.
The well-to-well variation was evaluated by the measurement
of standard statistical parameters, the average S/B was 7.2 and
Z factor was 0.62. Fifteen seaweed extracts were screened at
the MNTD, and extracts A1, A2, A3, A8, A9, All, A12 and
Al14 presented a statistical dengue infection inhibition when

compared to controls (Figure 9).

- RIYADH 2079



vas

A study with two sulfated polysaccharides obtained from
the red seaweeds Gymnogongrus griffithsiae and Cryptonemia
crenulata showed that the antiviral activity against dengue was
dependent on virus serotype and host cell. It was demonstrated
a considerable inhibition of DENV-2 multiplication in Vero
cells, lower antiviral effect against DENV-3 and DENV-4, and
no effect against DENV-1. In our study we also observed such
differences and in order to ascertain if it was serotype or strain
specific, four seaweed extracts were chosen among the hits for
DENV-1 and -3, being two from the Phaeophyta (A1l and A3),
one from the Rhodophyta (A8) and one from the Chlorophyta
Phylum (A12). These extracts were tested against other strains
from each serotype, except DEN'V-4 for its unavailability (Figure
10). The results demonstrate that the infection inhibition by

these extracts seems to be serotype and strain independent(26).
7. Seaweed Extracts A1, A3, A8 and A12 Act at an

Early Stage during Dengue Virus Infection

All the experiments up to here were performed as
post-infection treatment, in this way we might have missed
compounds with mechanism of action in early infection steps,
like virus adsorption and entry or even virucidal effect. Harden
et al. (2009) (27) evaluated the antiviral activity of extracts
from Undaria pinnatifida, Splachnidium rugosum, Gigartina
atropurpurea, and Plocamium cartilagineum against HSV-1
and HSV-2. These extracts exhibited good activity when added

during the first hour of viral infection, but were ineffective if
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added later and subsequent assays showed that the compounds
had potent virucidal activity and were active at very low
concentrations.

Time of addition experiments (Figure 11A) with the
previously chosen extracts and DENV-4 infection pointed
that these seaweed extracts might act at an early stage of the
virus infection cycle. These results were confirmed by the foci-
forming assay (Figure 11B).

Considering that the treatment during the infection (time
0 h) showed a high inhibition rate, DRC was performed using
this treatment and the IC50 and SI were obtained (Figure 12).
These four extracts showed promising SI values, and were
comparable to glycyrrhizin anti-DENV treatment in Vero cells
(28). A possible virucidal effect of the seaweed extracts A3, A8
and A12 was discarded by the virucidal assay (Figure S2), and
A1 might have a partial virucidal activity. These extracts were
further evaluated in binding and internalization assays (Figure
8). Taken together, the results show that the major inhibition
occurs during the binding process for seaweed extracts Al
and A3, with a lower inhibition during internalization. For the
extracts A8 and A12 it seems that both steps are being inhibited.

In regard to the seaweed extracts composition, a previous
study with similar dichloromethane/methanol extraction of
two populations of Canistrocarpus cervicornis (source of
Al) presented a total of fourteen diterpenes, among them

dolastanes, ecodolastanes and seco-dolastane were detected.
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The results revealed a typical pattern for C. cervicornis, which
did not vary according to the geographical region (29). From
Padina gymnospora (source of A3) only few metabolites classes
were isolated until now, such as fatty acids (30), and sulfated
polysaccharides (31). From Palisada perforada (source of AS8)
only two triquianes alcohols compounds were described (32).
And from genus Caulerpa (source of A12) was previously

isolated fatty acid, sterols, terpenes, and alkaloids (33).

8. Conclusions

A wvariety of biological activities are reported for
algal polysaccharides including the transcendent antiviral
effect. In the majority of cases, the antiviral activity of these
polysaccharides is exerted through suppression of virus
adhesion to the host cells. Throughout our literature review,
it was noticed that despite numerous investigations which
substantiated the antiviral potential of algal polysaccharides,
few aspects may have been neglected by researchers to date.
Many of the reported pharmacological studies were only limited
to in vitro investigation in a single host cells. However, in vivo
examination is pivotal for the development of pharmaceutical
drugs. In addition, further studies including clinical trials to
exploit the antiviral activity against viral infections in human are
another area for further research. To the best of our knowledge,
the synergistic activity of algal polysaccharides against viral
infections was not adequately covered in previous studies. It

is hoped that this review would be a source of enlightenment
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and motivation for the interested researchers and scouters to
conduct further in vitro, and clinical analyses on the antiviral
activity of algal polysaccharides with a view to developing new
simple antiviral drugs.

Data from our study demonstrated the standardization and
validation of an in situ ELISA assay in a human cell line (Huh7.5)
for the screening of antiviral compounds against all DENV
serotypes. The assay constitutes a reliable screening method for
inhibitors of DENV infection in mammalian cells and shows to be
reproducible with other dengue virus quantification techniques
like the traditional foci-forming assay and the NS1 antigen
capture ELISA. This standardized technique can be automated
making possible the screening of larger number of compounds
in a short period of time and with lower costs than other high-
throughput methods. Additionally, the technique proved to be
useful in the screening of 15 seaweed extracts isolated from the
Brazilian coast, and demonstrated that 8 seaweed extracts were
able to reduce DENV-antigen production in Huh7.5. Further
studies demonstrated that the seaweed extracts A3, A8 and A12
are not virucidal, but seems to act at an early stage of the virus
infection cycle, as shown by the time of addition experiment,
and that the antiviral activity is serotype independent. There is
an important inhibition of the binding process by Al and A3,
with lower suppression during internalization, and it seems that
both steps are inhibited by A8 and A12 seaweed extracts. These

extracts also presented a good selectivity index and will be
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further analyzed regarding the extract composition.

9. Supporting Information

Figure S1 Dose response curve for interferon-a 7A. (A)
Cells were seeded and infected with DENV-1, (B) DENV-2 and
(C) DENV-3 with an MOI of 4, and (D) DEN V-4 with an MOI of
0.1. After 1 h30 min the inoculum was removed and the culture
was treated with IFN-a 7A at a range of concentrations (1000 —
0.08 IU/ml). Values represent mean 6 SD of three independent
experiments and were analyzed by sigmoidal dose-response
curve (variable slope).

(TIF)

Figure S2 Virucidal Assay. DENV-4 was incubated with
the seaweed extracts A1, A3, A8 and A12 at the MNTD, in the
presence or absence of RNase. After 1 hincubation at 37uC, RNA
was isolated and subjected to RT-PCR and gel electrophoresis.

(TIF)
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Table 1: Antiviral activities of algae polysaccharides derived from marine sources.

Antiviral Organism Virus
polysaccharide g
Carrageenan Red alga, Gigartina skottsbergii | Influenza virus, DENYV,
HSV-1, HSV-2, HPV,
HRYV, HIV
Galactan Red algae, Callophyllis HSV-1, HSV-2, HIV-1,
variegate, Agardhiella HIV-2, DENV, HAV
tenera, Schizymenia binderi,
Cryptonemia crenulata
Alginate Brown algae, Laminaria HIV, IAV, HBV
hyperborea, Laminaria
digitata, Laminaria japonica,
Ascophyllum nodosum,
Macrocystis pyrifera
Fucan Brown algae, Adenocytis HSV-1, HSV-2, HCMYV,
utricularis, Undaria pinnatifida, | VSV, Sindbis virus, HIV-1
Stoechospermum marginatum,
Cysloseira indica, Cladosiphon
okamuranus, Fucus vesiculosus
Laminaran Brown algae, Fucus HIV
vesiculosus, Saccharina
longicruris, Ascophyllum
nodosum
Naviculan Diatom, Navicula directa HSV-1, HSV-2
p-KGO03 Microalga, Gyrodinium EMCY, influenza A virus
impudicum
Al and A2 Microalga, Cochlodinium Influenza A and B viruses,
polykrikoides RSV-A, RSV-B,
parainfluenza-2
Calcium Blue-green alga, Arthrospira HSV-1, measles, mumps,
spirulan platensis influenza, polio,
Coxsackie, HIV-1,
HCMV
Nostaflan Blue-green alga, Nostoc HSV-1, HSV-2, influenza
flagelliforme A virus, human
cytomegalovirus
Sea algae Red alga, Schizymenia pacifica | HIV, AMV, RMLV
extract




YaA

Table 2: Marine seaweeds selected for antiviral screening, location of

collection and cytotoxicity activity in Huh7.5 cells.

Kiitz.

34u56"W)

. Location (Latitude/ CC50 (mg/ MNTDb | Extract
Seaweed Species .
Longitude) ml)* (mg/ml) [ Code
Neutral Red| MTT
Phylum Phaeophyta®
Canistrocarpus cervicornis (Ku” Parai’so Beach
. 127.0 86.56 | 31.25 |[31.25Al1
tzing) De Paula & De Clerck (08u21’S; 34uS7°W)
. = . . Itapuama Beach
Dictyota mertensii (Martius) Kutzing 111.7 77.07 31.25 Al5
(08ul7’S; 34u57°W)
) ) ) Calhetas Beach
Dictyopteris delicatula J.V. Lamour >250 >250 125 A2
(08u20°S; 34u56°W)
. . Boa Viagem Beach
Padina gymnospora (Ku” tz.) Sond. >250 >250 125 A3
(08u07’S; 34u53°W)
Lobophora variegata (J. V. Lamour.) | Calhetas Beach
- >250 148.5 62.5 A4
Womersley ex E. C. Oliveira (08u20°S; 34u56°W)
Sagassum vulgare var. nanun E. de Parai’so Beach
L. 237.7 217.3 62.5 A5
Paula & E. C. Oliveira (08u21°S; 34u57°W)
Sargassum vulgare var. vulgari C. Paraiso Beach
224.1 233.2 62.5 A6
Agardh (08u21’S; 34u57°W)
Phylum Rhodophyta®
o Suape Beach (08u22’S;
Digenia simplex (Wulfen) C. Agardh >250 85.26 62.5 A9
34u56’W)
) . Suape Beach (08u22’S;
Laurencia dendroidea J. Agardh 1.069 0.6260 | <0.5 A7
34u56’W)
. . Suape Beach (08u22°S;
Palisada perforata (Bory) K.W. Nam >250 239.5 125 A8
34u56’W)
Hypnea musciformis (Wulfen in
K Parai’so Beach
Jacquin) >250 101.6 | 31.25 Al0
(08u21’S; 34u57°W)
J. V. Lamour.
o Viagem Beach
Gracilaria sp. >250 >250 125 All
(08u07°S; 34u53’W)
Phylum Chlorophyta*
Chaet h tennina (Bo Suape Beach (08u22’S;
aetomorpha antennina (Bory) uap. (08u 91.40 8438 3125 Al




Suape Beach (08u22’S;

Dictyosphaeria cavernosa (Forssk.) 34u56'W) 79.13 66.05 | 31.25 Al4
u

Caulerpa racemosa (Forssk.) J.
Suape Beach (08u22’S;
Agardh 178.6 121.8 62.5 Al2
34u56’W)
var. racemosa

*CC50:50% cytotoxic concentration (mg/ml).

"MNTD: maximum non- toxic dose based on MTT and Neutral Red assays.

‘Phacophyta = Brown seaweeds; Rhodophyta = Red ‘seaweeds; Chlorophyta = Green seaweeds.
doi:10.1371/journal.pone.0051089.t001
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Figure 1: Chemical structure of carrageenan units, namely, kappa, lambda, and iota, isolated from
red seaweeds.
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Figure 3: Chemical structure of alginate polysaccharide (GM blocks).
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Figure 4: Chemical structure of sulfated polymannuroguluronate (SPMQG).
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potential places for attachment of carbohydrate (a-L-fucopyranose and a-D-glucuronic acid) and
noncarbohydrate (sulfate and acetyl groups) substituents.
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Figure 7. In situ ELISA optimization. (A) Effect of different blocking buffers (skim milk and FBS)
and fixatives (methanol:acetone and paraformaldehyde followed by triton X-100) for the assay.
(B) Cells were seeded in a range of concentration and the influence for the assay performance
was evaluated. (C) The ideal MOI for all DENV serotypes was evaluated 48 hours post-infection
and (D) 72 hours post-infection. Values represent mean 6 SD of three independent experiments
performed in triplicate.

doi:10.1371/journal.pone.0051089.g002
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Figure 8. In situ ELISA assay validation. (A) Correlation between the in situ ELISA and the foci-
forming assay, where Huh7.5 was infected with DENV-1, DENV-2, DENV-3 and DENV-4 at a
range of MOI (4-0.01). After 72 hours of infection the supernatant was used for the foci-forming
assay and the cells submitted to the ELISA assay. Data from one representative experiment,
analyzed using Pearson correlation test. (B) Comparison of the DRC and the IC50 for IFN-a 2A
and DENV-4 infection, obtained with the in situ ELISA, foci-forming assay and a commercial NS1
antigen capture ELISA assay. Mean 6 SD of three independent experiments, analyzed by sigmoidal
dose-response curve (variable slope), the dashed line represents the detection limit of the foci-
forming assay.

doi:10.1371/journal.pone.0051089.g003
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Figure 9. Seaweed extracts antiviral screening. (A) Huh7.5 were seeded in a 96-well plate and
infected with DENV-1, (B) DENV-2 and (C) DENV-3 with an MOI of 4, and (D) DENV-4 with
an MOI of 0.1. Interferon-a 2A (100 IU/ml) was used as a positive control and after 72 hours
post-infection the ELISA was performed. Data were analyzed using one-way ANOVA followed by
Tukey test. Values are mean 6 SD of three independent experiments. *p,0.05.

doi:10.1371/journal.pone.0051089.g004
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Figure 10. DENV infection inhibition for different strains/serotypes. Huh7.5 was seeded in a 96-well plate and
infected with each strain with a MOI of 4 for 1 h30 min, then the seaweed extracts were added and after 72
hours the ELISA was performed. Data were analyzed using one-way ANOVA followed by Dunnett test. Values
are mean 6 SD of three independent experiments,*p,0.05.
doi:10.1371/journal.pone.0051089.g005
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Figure 11. Time of addition studies with seaweed extracts A1, A3, A8 and A12. (A) Huh 7.5 cells were infected
with DENV-4 with an MOI of 0.1 following each treatment (before the infection, 21.5 h; during the infection,
0 h; and after the infection, +1.5 h) at the MNTD, the cells were submitted to the ELISA assay (B) and the
.supernatant for the foci-forming assay. The dashed line represents the detection limit of the foci-forming assay

doi:10.1371/journal.pone.0051089.g006
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Figure 12. Dose response curve for the seaweed extracts A1, A3, A8 and A12. (A) Huh 7.5 cells were infected with DENV-4
and treated during the infection in a range of concentration for each seaweed extract. (B) CC50, IC50 and SI were calculated.
Mean 6 SD of three independent experiments, analyzed by sigmoidal dose response curve (variable slope).

doi:10.1371/journal. pone.0051089.2007
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Figure 13. Effect of the seaweed extracts Al, A3, A8 and A12 on DENV-4 entry process. (A) Binding inhibition assay. (B)
Internalization inhibition assay. Data were analyzed using one-way ANOVA followed by Dunnett test. Values are mean 6 SD of

three independent experiments,*p,0.05.

doi:10.1371/journal.pone.0051089.g008
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Abstract

Research Summary

Study on Scouting and Environmental Awareness Research
presented at the World Congress "Scouting and Environmental
Protection" Riyadh, 7-8 / 6 / 1440H 12-13 / 2/2019

Objectives of the study:

1. Explain the concept of scouting and its role in spreading
environmental awareness.

2.. The role of scouts in helping individuals and society
gain a set of values, principles and motivation in improving and
spreading environmental awareness

3.. To highlight the role of scouts to help individuals and
society to acquire the necessary skills to enable them to identify
and identify environmental problems and find appropriate
solutions.

4. Therole of scouts in developing the abilities of individuals
and the community to actively participate in solving problems
and environmental issues.

The importance of studying:
. This study draws on the importance of the topic discussed by

the two researchers, namely, the dissemination of environmental

o P
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awareness, which is a very important issue in all contemporary
societies in general and our Saudi society in particular on different
religious, cultural and social identities. In addition, next:1-.
Mainstreaming the concept of scouting and its role in spreading
environmental awareness. 2. Contributing to helping individuals
and society gain a set of values, principles and motivation in
improving and spreading environmental awareness. 3 - To
highlight the role of scouts to help individuals and society to
acquire the necessary skills to enable them to identify and identify
environmental problems and find appropriate solutions to them
4 - Explain the role of Scouts in developing the capabilities of
individuals and the community to participate actively in solving
problems and environmental issues.
Study Approach:

The researchers used the analytical descriptive descriptive
approach, which is based on the study of the role of scouting in
spreading environmental awareness and describing it accurately
and its relation to the individual, citizen and society supported
by the programs of scouting work and spreading environmental
awareness. The study included the following investigations:

The first topic: Conservation of the environment through

the view of Islam to the universe, life and human




ALA

The second topic: the Islamic Shari'a view of the environment
and the importance of preserving it through the Holy Quran and
the Sunnah of the Prophet,

The third topic: The most important international agreements
governing environmental issues.

First: The most important international agreements
governing environmental issues.

The second demand: the Islamic position of international
conventions

The study included the following results:

1- To highlight the role of scouts in educating members
of society about environmental values from the point of view
of scouting is to show the status of the environment in Islam
through the Quran and Sunnah.

2- To highlight the development of scouting programs for
environmental values that contribute to spreading environmental
awareness from the point of view of scouting is to encourage
scouting programs to undertake voluntary work to clean the
local environment.

3-To highlight the proposed mechanisms for the
development of environmental awareness among the members

of the community through the scouting programs represented in
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the establishment of workshops and training courses in the field
of environmental protection.
The recommendations of the study:

In the light of the findings, the study recommends that:

1. Establishment of workshops and training courses for
community members through scouting programs in the field of
environmental protection.

2- Holding meetings, camps and activities and establishing
websites to deepen the concept of environmental participation
on an ongoing basis.

3. Promote and disseminate scouting programs to modify
some of the negative environmental behaviors of the community.

4- Contribute to the establishment of an association that is
interested in spreading religious and social awareness programs
to members of the community.

5- Expanding environmental knowledge and holding
seminars and continuously in scouting.

5. Educating Scouts Environmentally by integrating

environmental topics into scouting curricula
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Chemical properties

soluble cations soluble anions
(megq.LY) (meq.L") Caco3 o.M
Ece”
pH  (ms) Na' ca’ mg” HCO; 50 I (%)
8.2 2.06 11.0 435 25 2.99 11.7 7.6 4.0 0.23

Physical properties

Fractions (%)

Sand silt clay Texture

95.30 3.60 1.10 sandy soil

: pH of H,0 (soil : water =2.5: 1).

" ECe = Electric conductivity of the extract.
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249 | 278 | 244 | 391 | 3.81 | 3.61 20 Cd
1.89 | 2.11 | 227 | 2.54 | 2.75 | 3.78 40
1.76 | 1.98 | 2.19 | 2.11 | 234 | 243 80
098 | 0.62 | 0.21 1.65 | 1.28 | 1.13 |LSD
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3.6 3.4 3.1 3.4 3.2 2.8 00
4.0 3.6 3.3 3.8 3.6 34 100
3.6 3.8 3.6 3.9 3.9 3.7 200 Pb
3.2 4.3 4.1 3.4 4.1 3.9 400
3.0 3.2 3.4 2.8 3.0 3.2 800

072 1 078 | 0.82 | 0.84 [ 0.88 | 091 |LSD
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3.6 3.4 3.1 34 3.2 2.8 00
4.1 3.7 3.4 3.5 34 3.0 100
3.3 4.4 3.8 3.6 3.7 3.2 200 Zn
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Conocarpus erectus Tamarix nilotica
180 120 180 120
Day | Day 60 Day Smy | ey 60 Day| Ppm

505 | 474 | 453 | 52.8 | 49.8 | 47.2 00
39.1 | 46.0 | 442 | 422 | 48.7 | 46.5 100
358 | 439 | 424 | 402 | 46.5 | 45.1 200 Pb
31.4 | 405 | 393 | 354 | 439 | 42.6 | 400
23.8 | 31.6 | 34.1 | 27.7 | 385 | 37.7 800
187 | 7.11 | 6.29 | 169 | 6.15 | 488 |LSD
505 | 474 | 453 | 52.8 | 498 | 47.2 00
52.1 | 49.6 | 46.6 | 553 | 51.8 | 48.1 100
385 | 459 | 441 | 41.1 | 48.6 | 46.2 | 200 Zn
322 | 42.1 | 40.7 | 36.1 | 45.0 | 43.4 | 400
2377 | 34.1 | 352 | 283 | 404 | 39.2 800
179 | 5.54 | 4.81 16.5 | 5.14 | 3.92 |LSD
505 | 474 | 453 | 528 | 498 | 47.2 00
385 | 435 | 428 | 41.0 | 46.0 | 45.1 10
335 | 402 | 39.7 | 369 | 433 | 425 20 Cd
242 | 303 | 345 | 289 | 384 | 38.2 40
154 | 215 | 26.7 | 19.7 | 27.8 | 31.3 80
16.5 7.3 576 | 157 | 6.73 | 4.81 |LSD
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Conocarpus erectus Tamarix nilotica
180 Day | 120 Day | 60 Day | 180 Day | 120 Day | 60 Day Ppm
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