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Influência da Solubilidade de Extratos Etanólicos em Testes com Artemia salina
Resumo: O teste com o microcrustáceo Artemia salina é amplamente utilizado por pesquisadores
de produtos naturais como um método fácil e rápido de triagem biológica de produtos naturais,
incluindo extratos brutos. Valores de Concentração letal mediana (CL50), obtidos a partir da
correlação entre concentração de extrato e quantidades de A. salina mortas, ≤ .
µg mL-1 é
considerada como indicativo de possível atividade biológica. Nesse método, extratos vegetais
devem ser dissolvidos em água salina. No entanto, a completa dissolução da amostra a ser testada
dificilmente é alcançada. Assim, o fator solubilidade representa um forte parâmetro de
interferência na determinação do valor de CL50, afetando a avaliação do real potencial biológico do
produto natural. Neste contexto, quando a completa solubilização do extrato não é observada,
nesse trabalho é sugerido uma adaptação metodológica baseada no uso do tensoativo DMSO ou
Tween 80, seguido de filtração, antes dos ensaios in vitro. Adicionalmente, o modelo Probit é
recomendado para se obter valores de CL50 estatisticamente significativos. Assim, a adaptação
metodológica proposta aumenta a precisão dos resultados de CL50.
Palavras-chave: Extratos de plantas; Concentração letal mediana; Solução salina.

Abstract
Tests with the microcrustacean Artemia salina are widely used by researchers of natural products
as a quick and easy method applied to biological activity screening of natural products, including
crude extracts. Median lethal concentration (LC50) values, obtained by means of the correlation
among extract concentration and the quantity of A. salina dead, ≤ .
µg mL-1, were considered
as an indicative of biological activity. In this method, plant extracts should be dissolved in saltwater.
However, the complete dissolution of samples to be tested is difficult to be reached. Thus, the
solubility factor represents a strong interference parameter in determining the LC50 value, affecting
the real biological potential evaluation of the nature product. In this context, when complete
solubilization of extract is not observed, is herein suggested a methodological adaptation based on
the use of DMSO or Tween 80, followed by filtration of the solution, before the in vitro assays.
Additionally, the Probit model is recommended to obtain statistically significant values of LC50.
Thus, the proposed methodological adaptation enhances the precision of the LC50 results.
Keywords: Plant extract; Median lethal concentration; Saline solution.
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1. Introduction

and easy to execute, is cost-effective, and
present good correlation with some
biological activities.6-9

Within the broad field of research
conducted on natural products, many works
have been developed sought to obtain new
bioactive compounds.1-5 Thus, tests involving
the screening of plant extracts represent an
important tool in the search for molecules
with therapeutic properties.

The lethality test conducted with A. salina
(microcrustacean) is a biological trial widely
used to evaluate the potential cytotoxicity of
ethanolic extracts from plant species.
Basically, the microcrustacean is treated with
the extract solution, in concentration ranging
from of 1,000 to 10 µg mL-1 are submitted to
a 24 hour period After counting the number
of dead A. salina, is determined the median
lethal concentration (LC50) of extract. Then,
based on the knowledge of the value of the
LC50, it is possible to infer the biological
potential of the studied plant extract.

Biological assays using extracts, aiming to
investigate properties such as cytotoxicity,
genotoxicity, antifungal, anti-inflammatory
and others, in general are laborious, demand
long period and are of elevated cost.
Nevertheless, it's possible to adopt screening
methods, such as the Artemia salina (brine
shrimp) lethality test (TAS) which is simple
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This microcrustacean is a primitive aquatic
arthropod of the Artemiidae family.10 It
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contains eleven pairs of appendixes that are
responsible for its ability to swim, its cuticle
breathing, and their feeding, which is
popularly used to feed fish in aquariums. A.
salina has an egg-laying reproduction
process; their cysts are approximately 0.2 to
0.3 mm in size and hatch from the egg within
24 to 36 hours in the form of swimming
larvae called nauplii. They reach a size of 0.45
mm on average and reach an adult phase
within three weeks, achieving a maximum
size of 12 mm. The hatching can occur in
seawater filtered for 48 hours, reaching an
ideal nauplius stage for the execution of A.
salina tests. 11
The A. salina is used in biological tests,
mainly in natural products, due to its
correlation with various biological activities,
such as the anti-tumor activity reported by
Mclaughlin et al.9 It is well-known that LC50
values of below 1,000 µg mL-1 refer to the
plant matter capable of presenting biological
activity.6 Low lethality can be considered if an
LC50 value is above 500 µg mL-1, moderated
for LC50 between 100 and 500 µg mL-1 and
strongly lethal when the LC50 value is less
than 100 µg mL-1.9
Due to the importance and practicality of
the A. salina test, many researchers use it in
the screening for ethanol extracts from plant
species that have biological potential. This
fact is measured by the great number of
published researches in which was used this
method. Examples of LC50 determined using
A. salina, reporting studies of some plant
extracts include: Montrichardia linifera (60.4
µg mL-1),12 Plectranthus neochilus Schltr
(210.3 µg mL-1),13 Lychnophora trichocarpha
(672.4 µg mL-1),14 Bromelia antiacantha
Bertol (362.1 µg mL-1),15 Sonchus oleraceus
(5,120.0
µg
mL-1),16
Pithecellobium
cochliocarpum (257.5 µg mL-1)17 and Mimosa
caesalpiniifolia Benth (1,765.0 µg mL-1).18
To evaluate the lethality conducted on A.
salina it is necessary to correlate the
concentration of the species extract in a
saltwater medium with the quantity of
micrustacean nauplii dead. Different
methodologies cite the use of DMSO
Rev. Virtual Quim. |Vol 9| |No. 4| |1535-1545|

surfactant to aid in achieving better solubility
of ethanol extracts.12,14,16,19-21
In our experience with lethality tests
conducted on A. salina with essential oils, it
was found that the use of Tween 80 as a
surfactant was appropriate for the species of
Piper: P. cernuum Vell., P. glabratum Kunth.,
P. hispidum Sw., and P. aff. Madeiranum.22
Nevertheless, upon applying the A. salina
tests in ethanol extracts, our research group,
in many cases, observed the formation of
background body in the samples during the
trials. This fact that made it difficult to make
precise associations between the real
concentration of the substances that were
soluble in saltwater and the quantity of dead
nauplii. It is our belief that the solid particles
present in the saltwater medium can
interfere in the death of A. salina, thus
leading to an incorrect outcome, in which the
expected result would be that the death of
the nauplii would be caused by intake or
contact with soluble compounds.
Taking into account the aspects observed
as regards the solubility of ethanol extracts in
saltwater mediums, the present study
suggests an adaptation in methodology of
TAS to establish a more precise LC50 value of
the soluble compounds, in an attempt to
better correlate the concentration of the
soluble constituents of ethanol extract, with
the quantity of dead nauplii, and in this
manner obtain better results related to the
triage of the biological potential of plant
species.

2. Materials and Methods
2.1. Plant matter

The leaves of the species were collected in
the southern regions of the State of Bahia,
Brazil, and their respective exsiccates were
deposited in the Herbarium at the State
University of Santa Cruz. The plants subjected
to the studies are listed in Table 1.
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Table 1. Species of plants subjected do the Artemia salina lethality test (TAS)

a

Specie of plant

Family

Collection
municipality

Exsiccate
number a

Piper dilatatum

Piperaceae

Una

14104

Lantana macrophylla

Verbenaceae

Ilhéus

15250

Campomanesia dichotoma

Mirtaceae

Ilhéus

16381

Kielmeyera itacarensis

Clusiaceae

Itacaré

21426

Sphagneticola trilobata

Asteraceae

Ilhéus

20326

Herbarium of the Universidade Estadual de Santa Cruz, Bahia, Brazil

The leaves were dried at 50 °C, in a stove
with forced ventilation, until reaching a
constant weight. Each dried and grounded
plant material (10.0 g) were subjected to
exhaustive extraction with 100 mL of ethanol,
in four replicates. After concentration, the
ethanol extracts was maintained cooled until
the moment of the biological assays (TAS).

2.2. Preparation of the solutions

The saltwater (salinity ~ 3.5%) used in the
A. salina tests and the preparation of the
solutions was collected beforehand in Ilhéus,
Bahia, Brazil, and then filtered.
Three different methodologies were
adopted in the preparation of the solutions,
as described below:
Method 1 – DMSO
The solution (1,000 µg mL-1) was prepared
from 0.1000g of ethanol extract in saltwater
containing 1% DMSO (Merck). Next, dilutions
of 75, 50, 25, 10, and 1% of the stock solution
were performed, obtaining a final volume of
5.0 mL in test tubes, in five replicates.
Method 2 – Tween
The solution (1,000 µg mL-1) was prepared
from 0.1000g of saltwater extract with the
aid of 1% of non-ionic, polysorbate 80
surfactant – Tween 80 (Goldlab). This mixture
was vacuum filtered with an analytical filter
paper. After removing the filtrate, the solid
1538

was washed six times with distilled water and
dried in an oven at 105 oC. In this manner,
the remaining solid mass was subtracted
from the initial quantity to quantify the real
concentration of the soluble plant extract,
followed by dilutions at 75, 50, 25, 10, and
1% in five replicates.
Method 3 – DMSO-f
The ethanol extracts were treated in a
manner similar to that used in method 1.
However, after the dilutions had been
obtained, the mixture was vacuum filtered
with analytical paper. After removing the
filtrate, the solid was washed six times with
distilled water and dried in an oven at 105 oC.
In this manner, the mass of the remaining
solid was subtracted from the initial quantity
to quantify the real concentration of the
soluble plant matter, followed by dilutions at
75, 50, 25, 10, and 1% in five replicates.

2.3. Lethality test conducted on Artemia
salina

The methodology for the A. salina test
was based on the method described by
Meyer. et al, 6 with adaptations. The A. salina
cysts were acquired commercially and were
submitted to hatching in a 48 hour period,
under lighting provided by a 40W
incandescent lamp in a container with one
part protected from the light, containing
filtered saltwater.
Rev. Virtual Quim. |Vol 9| |No. 4| |1535-1545|
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In the Probit model, the response of each
sample is a random variable with binomial
distribution. This model allows one to obtain
a LC50 value with a confidence interval of
95%. The calculations were performed using
the Statistic 7 software.

Next, in the tubes containing the
solutions, with the aid of a Pasteur pipette
and a magnifying glass, ten nauplii were
added to each test tube. After 24 hours of
contact with the extract, the number of dead
(when no movement was presented) and live
(those that still moved in the medium) nauplii
were recorded. Control groups were
prepared for filtered seawater and seawater
with 1% of surfactant, in triplicate, with ten
nauplii in 5 mL of filtered seawater.

A test of multivariate analysis was also
performed using the BioEstat 5.0 software, to
discriminate the results of the solubilities
with each referent methodology, as well as
the lethality and non-lethality of the ethanol
extracts obtained in the A. salina test.

2.4. Statistical analysis

3. Results and Discussion
Two methods were used to obtain LC50:
the graph method of interpolation, by means
of the number of live and dead A. salina
within the concentration,16 and the Probit
model, which correlates the various
concentrations of extract and number of
occurrences (deaths of A. salina).

The behavior of the solubility of the
various extract and percentage values of
solubility with the use of Tween and DMSO-f,
referent to methodologies 1, 2, and 3, can be
seen in Table 2.

Table 2. Characteristics of the various stock solutions of the ethanol extracts in the different
methodologies used in the preparation of the solutions.
Methods
Species
DMSO

Tween* (%)

DMSO-f * (%)

P.dil

Coalescing

96

49

L.mac

Viscous

71

67

K.ita

Diffuse in the medium

39

55

C.dic

Coalescing

54

46

S.tri

Diffuse in the medium

100

89

*Soluble percentage in the saltwater medium; P.dil – P. dilatatum; L.mac - L. macrophylla;
K.ita - K. itacarensis; C.dic – C. dichotoma; S.tri – S. trilobata; DMSO – Methodology with
DMSO, without filtration; Tween – Methodology with filtered Tween 80; DMSO-f Methodology with filtered DMSO.

It was observed that, among the studied
species, the Tween surfactant enhanced the
solubility of ethanol extract, as compared to
the DMSO-f, with the exception to the K.
itacarensis species. This variation of solubility
is expected, concerning the diversity of the
different substances present in the studied
species. The solubility of extracts is an
Rev. Virtual Quim. |Vol 9| |No. 4| |1535-1545|

important factor for the lethality test. Thus,
greater solubility is indicative that a large
part of the chemical components present in
the plant extract are available in saline
solutions to result the mortality of A. salina.
The presence of solid materials in the saline
medium certainly influences the outcome of
the test. This is because the A. salina has a
1539
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cutaneous respiration system, that is, the
surface of its body presents cuticles that
facilitate the diffusion of oxygen through cells
that contains copper ions that are associated
to blood pigmentation. Consequently, this
microcrustacean must be in constant
movement for it to be able to breathe and
feed itself.23 The aggregation of these
particles in the body of A. salina can
compromise its breathing. Thus, the presence
of particles in its environment certainly
interferes in its movement and survival.

The low solubility of the extract interfere
in the LC50 value, which is defined by means
of the extract’s concentration values in a
saline medium, that is, the soluble mass in a
known volume. It’s necessary to consider that
the erroneous conclusion drawn from the
outcome of the A. salina test induces an
incorrect classification of the species under
study. Therefore, it is very important to
guarantee that the maximum of the sample
of the plant extract be soluble in the saline
solution used in the bioassays with A. salina.

The low solubility of the extract can
interfere in the LC50 value, which is defined
through the extract’s concentration values in
a saline medium, that is, of a soluble mass in
a known volume, taking into consideration
the erroneous conclusion drawn when faced
with the outcome of the A. salina test and
leading to an incorrect classification for the
species under study. Therefore, it is
important to guarantee that the maximum of
the sample of the plant extract be soluble in
a saline solution medium.

Extracts
of
plant
species,
in
concentrations ranging from 1,000 to 10 µg
mL-1, were submitted to the A. salina tests in
five replicates of each concentration. After 24
hours of contact, the percentage of dead
nauplii, correlated with each concentration,
were counted. The interpolation method
(number of live and dead nauplii within the
concentration) and the Probit method, which
is a statistical method used to estimate
critical doses in dose response trials, as
discussed by Finney.24 The LC50 values
obtained can be seen in Table 3.

Table 3. Assessment of the lethality of ethanol extracts in the A. salina test, using different
methodologies
LC50 (µg mL-1)

LC50 (µg mL-1)

Interpolation

Probit

DMSO Tween DMSO-f

DMSO Tween DMSO-f

882*

462*

601*

919*

531*

911*

L.mac 385*

1,077

1,255

527* 1,252

1,556

512-544 992-1,512 1,070-2,043

K.ita 882*

1,020

1,000

861* 1,641

5,825

778-946 1,323-1,959 4,206-7,445

C.dic 833*

258*

1,165

826*

504*

1,863

695-958

476-532 1,456-2,267

172*

342*

520*

508*

435*

555*

487-529

426-445

P.dil

S.tri

IC-95%
DMSO

Tween

DMSO-f

833-1,005 489-575

831-991

518-592

-1

*LC50 lower than 1000 µg mL ; DMSO - methodology with DMSO without filtration; Tween
– methodology using Tween 80; DMSO-f – methodology with filtrated DMSO; P.dil – P.
dilatatum; L.mac – L. macrophylla; K.ita – K. itacarensis; C.dic – C. dichotoma; S.tri – S.
trilobata. No mortality was found in the control groups of seawater and seawater with
surfactants

Though the estimate of the LC50 per
interpolation is a simple form of correlating
1540

the data of the extract’s concentration with
the number of dead A. salina, this method
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has proven to be effective only for the
qualitative treatment of the data. As it is
reliable in the inference of the level of
lethality or non-lethality of the species, the
Probit model uses probabilistic calculations
to estimate the LC50 value.
This model counts each response (death
of
nauplii)
within
applied
extract
concentrations conducted upon A. salina as a
random variable with a binomial distribution.
In this manner, this model allows for a better
estimate of the median lethal concentration
value.
Upon examining Table 3 data, it was
observed that all the studied species, using
the DMSO, without filtration, were classified
as lethal within the A. salina bioassay.
Different results were obtained using the
other methods. These results corroborates
that the presence of solids in the aqueous
environment of A. salina bioassays also
interferes in the mortality of the nauplii.
That is, L. macrophylla and K. Itacarensis,
the LC50 values were 1252.0 and 1641.0 µg
mL-1, respectively, when using the method in
which was added the surfactant Tween-80,
indicating the non-lethality of the ethanol
extracts from these species. The LC50 values
of 1556.4 and 5825.3 µg mL-1 were obtained
in the respective order for these same
extracts, using the DMSO-f method. Through
these results, it’s possible to infer that
soluble constituents of the ethanol extracts,
when using the DMSO method without
filtration, and with the presence of a
insoluble particles, indicates a lethal LC50
value. This proves that insoluble material in
the aqueous medium significantly influenced
the mortality rate of the microcrustaceans.
Through the A. salina bioassay using the
DMSO method without filtration, the extract
from C. dichotoma showed LC50 value of
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826.6 µg mL-1, which indicates biological
activity. Neverthless, by means of the DMSOf method was indicated a non-lethality of this
extract. We suggest that the low solubility of
this extract contributed to the inefficiency of
the availability of constituents with biological
activity in the saltwater environment.
There are wide range of behaviors of the
variable involved in the A. salina test, a
discriminant analysis was performed to
associate the behavior of the different
solubilities with the methodologies and
classification of the lethality of the extracts.
Through the diagram of the discriminant
analysis (Figure 1) obtained using the
software BioEstat 5.0, was observed that
extracts of the same species were classified
as lethal (upper vertical axis) and non-lethal
(lower vertical axis) in the A. salina test, by
means of the application of the three
methods. The points on each diagonal (Figure
1) are distanced between each other via their
solubility in saltwater provided by
surfactants, in which, as the points decrease,
more soluble extracts can be found. Solubility
was considered to be similar for the same
extracts of the two methodologies in which
the DMSO was applied, such as surfactants.
In this sense, the points of the extracts that
obtained the same classification in the test
were overlapped.
It was observed that the C. dichotoma
extract presented lethality, though it had
solubilized less than the L. macrophylla
extracts, in which lethality was not present,
that is, in this case, the chemical nature of
the extracts represented a larger determining
factor in the LC50 values as compared to the
solubility of the samples. In other words, for
extract with a greater power of biological
activity, small quantities are already sufficient
to present positive results of lethality.
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Ethanol extracts using the DMSO methodology (without edges), Tween (rounded edges) and
DMSO-f (square edges). Of the species of (X) – P. dilatatum. (■) – L. macrophylla. (♦) – K.
itacarensis. ● – C. dichotoma. (▼) – S. trilobata. On the lower vertical axis, non-lethal species
can be observed, while on the upper vertical axis, lethal species can be observed. The species
are more soluble from the left to the right on the horizontal axis.

Figure 1. Descriminant analysis as regards the lethality of the ethanol extracts using the DMSO,
Tween and DMSO-f

The proposed adaptation for the A. salina
test method applied for ethanol extract of
plant species is illustrated in Figure 2. It can
be observed that the values of median lethal
concentration are influenced by two
interfering variables: the solubility of the
extracts, which themselves depend on the
affinity of the many chemical components of
the plant species with the chemical
properties of the surfactant, and non-soluble
parts of the extract, which result in the
movement and breathing of the nauplii. The
extracts with more apolar characteristics are
not solubilized in saltwater mediums,
maintaining a background image. As each
plant species has its own specific chemical
composition, the solubility of the extracts
becomes a particular characteristic of each
plant species and should be tested to choose
the best methodology (Figure 2).

1542

Although an extract may not be highly
soluble in saltwater, it is possible to increase
its solubility by adding surfactants, the most
common of which are DMSO and Tween 80.
However, the presence of the insoluble part
of the extract present in the saltwater
medium appears as an interfering variable in
the LC50 values, as proposed in Figure 2.
Therefore, in this work is suggested the
use of surfactants to increase the solubility of
the ethanol extracts in saltwater, followed by
filtration to determine the concentration of
soluble constituents, should the formation of
a background image appear in the sample. By
means of these procedures, it’s possible to
reach greater reliability in the A. saliva test,
which is an important screening process used
by researchers of Natural Products.

Rev. Virtual Quim. |Vol 9| |No. 4| |1535-1545|
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Figure 2. Diagram of the proposed methodological model to determine LC50 values in the
biological triage test of ethanol extracts when submitted to the A. salina bioassay

4. Conclusions
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