
Page 1/15

Antifouling Activity of Isonitrosoacetanilides
Against Micro and Macrofouling
Vanessa Ochi Agostini  (  nessaochi@gmail.com )

Universidade Federal do Rio Grande https://orcid.org/0000-0002-8325-254X
Sabrina Teixeira Martinez 

Universidade Federal da Bahia
Erik Muxagata 

Universidade Federal do Rio Grande
Alexandre José Macedo 

Universidade Federal do Rio Grande do Sul
Grasiela Lopes Leães Pinho 

Universidade Federal do Rio Grande

Research Article

Keywords: Amphibalanus amphitrite, Antibio�lm activity, Bacterial bio�lm, Biofouling, Compounds

Posted Date: May 5th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1547327/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1547327/v1
mailto:nessaochi@gmail.com
https://orcid.org/0000-0002-8325-254X
https://doi.org/10.21203/rs.3.rs-1547327/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/15

Abstract
Biofouling is responsible by structural and economic damage on man-made surfaces. Antifouling paints
with biocides had been applied in these structures to avoid organisms adhesion, however they show high
toxicity and they are not able to avoid all biofouling process, necessitating the mechanical removal of
organisms periodically and paint reapplication. Thus, there is an urgent demand for novel, effective, and
environmentally friendly antifouling alternative. As isonitrosoacetanilide is the precursor for many
compounds with antibacterial activity, we believe that it could show an antifouling activity potential
against microfouling and per consequence also against macrofouling. The aim of this work was to
investigate the antifouling potential of six isonitrosoacetanilides compounds and their toxicity. The
compounds were employed in different concentrations (0.625–1.25–2.5–5–10 µg mL-1) in this study.
The bio�lm and planktonic bacteria inhibition and bio�lm eradication potential were evaluated through
by crystal violet assay, while Amphibalus amphitrite barnacle was evaluated by cyprid settlement assay.
Toxicity evaluation (LC50 and EC50) was performed with A. amphitrite nauplii II and cyprid larvae. 4-Br-
INA, 4-CH3-INA, and 2-Br-INA compounds, at least one of the tested concentrations, showed non-toxic
antifouling activity against microfouling (antibio�lm) and macrofouling (anti-settlement). However, only
4-CH3-INA and 2-Br-INA showed also bio�lm eradication potential. These compounds with antibio�lm
activity and non-toxic effects could be combined with acrylic base paint resin or added directly into
commercial paints in place of toxicant biocides to cover arti�cial structures as friendly antifouling.

Introduction
Biofouling is a natural phenomenon that often involves the adhesion of microfouling and macrofouling
on hard substrates (Gu 2005). Microfouling refers to microorganisms (e.g., bacterial bio�lm) and are the
�rst colonizers; whereas, macrofouling refers to macrorganisms (e.g., invertebrates), and end the process
(Agostini et al. 2018). According to researches (Gu 2005; Agostini et al. 2017, 2018) microfouling controls
the ecological succession, as consequence the macrofouling settlement.

Macrofouling is the main responsible by structural and economic damage on man-made surfaces, as
pipelines and ship hulls (Schultz et al. 2011, Agostini et al. 2019a), being the global losses around �fteen
billion dollars per year (Azis et al., 2001). To avoid biofouling, antifouling paints with biocides derived
from organic, metallic, and inorganic compounds have been applied on man-made structures immersed
in aquatic environment (Telegdi et al. 2016). The traditional antifouling paints prevent the adhesion of
organisms on surfaces by killing them (Agostini et al. 2019b), and because of this show high toxicity to
both target and non-target organisms (Amara et al. 2018). Besides that, the nowadays antifouling paints
(mainly copper oxide-based) are not able to avoid all biofouling process, necessitating the mechanical
removal of organisms periodically and paint reapplication (Desai 2008, Agostini et al. 2019a). Thus, there
is an urgent demand for novel, effective, and ecological safe antifouling compounds (Wang et al. 2017).

An environmentally friendly antifouling strategy has been explored in recent years, being focused on the
characterization and synthesis of compounds that are based on the natural chemical defenses from
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organisms (e.g., marine bacteria, fungi, cyanobacteria, aquatic plants, and terrestrial plants) (Dahms et al.
2006; Dobretsov et al. 2006; Qian et al. 2010).

Convolutamydine A, an oxindole alkaloid and a marine natural product was isolated from the Floridian
marine bryozoan species Amathia convolute (Lamarck, 1816) (Zhang et al. 1994). Bryozoans produces
this kind of chemical as antifouling and antipredation strategy (Lopanik et al. 2004). According to
Figuerola et al. (2014, 2017) this product include defense against microfouling. Convolutamydine can be
derivative from isatins, which are heterocyclic compounds with considerable synthetic versatility (Silva
2013). Isatin and its derivatives have been found to have antimicrobial activity (Silva et al. 2010; Majik et
al. 2014), including against marine bacteria species (Majik et al. 2014). Isatin is found in nature as
metabolic products of terrestrial plants (e.g., Isatis, Calanthe discolor, Melochia tomentosa, Boronella
koniamboensis and Coroupita guianenses), in the secretion of the frog parotid gland (e.g., Bufo) and in
eggs of mollusc (e.g., Dicathais orbita) (Baker and Sutherland 1968; Wei et al. 1982; Guo, Y.; Chen 1986;
Grougnet et al. 2005). On the other hand, can also be synthetized from isonitrosoacetanilide, which is
considered a synthetic intermediate to get isatin and consequently convolutamydine A (Silva 2013).
Isonitrosoacetanilides presented oxime in its structure, group that have gained a considerable amount of
attention due to their notable broad-spectrum biological activity (e.g., antibacterial and antifungal)
(Raghav et al. 2018). As isonitrosoacetanilide is the precursor for many compounds with antibacterial
activity, we believe that it could show an antifouling activity potential against microfouling and per
consequence also macrofouling.

Hence, the objective of this work was to investigate the antifouling potential of six isonitrosoacetanilides
compounds (Fig. 1) against micro (bacterial bio�lm) and macrofouling (Amphibalanus amphitrite)
adhesion, evaluating their toxicity.

Material And Methods

Compounds

Synthesis of isonitrosoacetanilides and stock-solution
preparation
To a 500 mL round-bottom �ask were added 0.915 mol of sodium sulfate, 120 mL of distilled water,
0.109 mol of chloral hydrate, 0.079 mol of hydroxylamine sulfate dissolved in 50 mL of distilled water,
0.1 mol of the respective aniline in 60 mL of distilled water and 8.6 mL of concentrated hydrochloric acid.
The reaction mixture was gradually heated to 70º C. After adding 100mL of ethyl alcohol, the mixture was
heated under re�ux until TLC indicated that formation of isonitrosoacetanilide was complete. The mixture
was poured onto ice/H2O and the solid isonitrosoacetanilide formed was collected by �ltration and
washed with water (Garden et al 1997, Silva et al 2011).
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Assays were performed using 48-well polystyrene plates (Barloworld Scienti�c Ltd., Sandton, South
Africa). Each compound was �rst dissolved in a small amount of dimethyl sulfoxide (DMSO) (�nal
concentration = 0.1%) that was �rst diluted with �ltered 0.22 µm and autoclaved seawater 25 PSU (FSW)
to achieve stock-solution (2.4 mg mL− 1). The active compounds were diluted with FSW to get 0.625–
1.25–2.5–5 – 10 µg mL− 1 (based on Chen et al. 2014). This range was chosen followed Kitano et al.
(2011). In all assays 0.1% DMSO served as the solvent control (sC), while FSW as negative control (−C).

Microfouling Assays

Bacteria inoculum
The bacterial bio�lm consortium were represented by Proteobacteria and Bacterioidetes phyla (98%):
Vibrio (24%), Neptuniibacter (16%), Phaeobacter (13%), Alteromonas (11%), Oceanospirillum (10%),
Pseudoalteromonas (7%), Methylophaga (7%), Pseudomonas (7%), Oleibacter (5%), and Marinomonas
(3%) (Agostini et al., 2019, 2020).

Planktonic and Bio�lm Bacteria assays
Crystal violet assay for the estimation of bacterial biomass inhibition and eradication. The ability of the
compounds to prevent bacterial adhesion and EPS formation on a virgin surface (inhibition of planktonic
and bio�lm biomass) and to destroy an established marine bacterial bio�lm (eradication of bio�lm
biomass) were assessed using four replicates per treatment using the crystal violet assay (Agostini et al.,
2019b, 2020).

For the biomass inhibition assay, 100 µL of bacterial inoculum, 100 µL of FSW, and/or compounds stock-
solution were mixed in 96-well plates (Barloworld

Scienti�c Ltd., Sandton, South Africa) and incubated at 25°C for 48 h in the dark (OD570 = 0.002). For the
biomass eradication assay, 200 µL of bacterial inoculum

(OD570 = 0.002) was incubated at 25°C for 24 h in the dark in 96-well plates. The supernatant in the wells
was removed and the compounds were added to these wells and incubated at 25°C for 24 h in the dark.

The planktonic bacterial biomass (free-living bacteria) was estimated by the difference in the absorbance
at the beginning (OD600 = 0.002) and end of the incubation. For bio�lm assays, the content of the wells
was removed, and washed three times with sterile saline solution. The attached bacteria were heat-�xed
at 60°C for 1 h. The bio�lm layer formed was stained with 0.4% w/v crystal violet for 15 min at 20°C and
the plates were washed four times with tap water. The stain bound to the cells was solubilized with 99.5%
ethanol (Sigma-Aldrich Co., St. Louis, MO, USA) for 30 min, and the absorbance was measured (Malafaia
et al., 2017) using the Spectramax M2e Multimode Microplate Reader (Molecular Devices San Jose, CA,
USA).
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Macrofouling Assays
Adult barnacles from Istituto per lo studio degli impatti Antropici e Sostenibilità in ambiente marino (IAS)
- CNR were maintained in aerated, �ltered (0.45 µm) natural seawater at 20°C, on a 16-h:8-h light-dark
cycle. They were fed every two days with Artemia salina (50 to 100 mL; 200 larvae mL-1) and Tetraselmis
suecica (100 to 200 mL; 2 × 106 cells mL-1). The seawater was changed three times per week, and the
barnacles were periodically rinsed with fresh water to remove epibionts or debris.

To obtain the nauplii for cyprid cultures, the adults were left to dry for 30 min to 40 min and then
immersed in fresh seawater. The hatched nauplii were attracted to a light source and collected using a
Pasteur pipette. They were reared to the cyprid stage as described in Faimali et al. (2003), by keeping
them at 28°C in natural �ltered (0.22 µm) seawater and feeding them three times a week with Tetraselmis
suecica (2 × 106 cells mL− 1). In these conditions nauplii reach the cyprids stage in 5–6 days. The cyprids
were harvested by �ltration and aged for 4 days prior to use, in �ltered (0.45 µm) natural seawater at 4°C
in the dark (Rittschof et al. 1992).

Amphibalanus amphitrite cyprid settlement and mortality
assay
To evaluate the macrofouling settlement inhibition was used barnacle cyprids of A. amphitrite. In the
assays, the treatments were conducted in 24-well microplates (Barloworld Scienti�c Ltd., Sandton, South
Africa) by adding 20 to 25 cyprids per well, with each well containing 2 mL of medium, representing the
treatments. The test plates were sealed to prevent evaporation and incubated at 28°C in the dark. The
settlement and the mortality were evaluated after 72 h of incubation. The larvae were examined under a
dissecting microscope, to record the number of dead and permanently attached individuals. The
experiments were terminated by the addition of three droplets of 40% formaldehyde into each test well
and the counting of the settled and non-settled larvae. The results were expressed as the percentages (± 
standard error) of the settlement of the total number of larvae incubated (Piazza et al. 2014).

Amphibalanus amphitrite nauplii II swimming alteration and
mortality assay
Acute (mortality) and sub-acute (immobility) toxicities were assessed using II stage nauplii A. amphitrite.
All of these tests were performed in 48-well microplates (Barloworld Scienti�c Ltd., Sandton, South Africa)
with 10–15 nauplii II per well, each well containing 1 mL of medium. The organisms were evaluated after
24 h and 48 h of incubation at 20°C in the dark. After the exposure the larvae were examined under a
dissecting microscope, and the number of dead and not swimming larvae was recorded (Piazza et al.
2014). Larvae that were completely motionless (unable to change their barycenter position or move any
appendages in 10 s) were counted as dead, while the larvae that could not swim (unable to change their
barycenter position but move appendages) were counted as having a swimming alteration (Agostini et al.
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2019b, 2020). The results were expressed as the percentages (± standard error) of the settlement of the
total number of larvae incubated (Piazza et al. 2014).

Data Analyses
For the bacterial bio�lm data, the plant extract that killed planktonic bacteria and consequently prevented
bacterial adhesion and bio�lm formation was called antibiotic, while the plant extract that prevented
bacterial adhesion without killing planktonic bacteria was called antibio�lm (Agostini et al., 2019, 2020).
Variance analysis (one-way ANOVA) was used to evaluate possible differences in the bacterial density
and biomass (response variables) according to different treatments (predictive variables) after
con�rming adherence to all the statistical assumptions required by ANOVA (continuous data; normal
distribution of residuals, assumption of homogeneity of variances/covariances and mean and variances
independence) (Gotelli & Ellison, 2013). Generalized Linear Models (GLM) were used to evaluate
settlement and toxicological effects (response variables) of the treatments (predictive variables).
Binomial distribution was applied to the logit link function, where Y = n = number of mortalities/swimming
alteration/settlement of the total of ‘‘n individuals’’ in the experimental units (Lopes et al., 2018). For
toxicity, the tests were considered acceptable when the mortality in the control was < 10% (Garaventa et
al., 2010). Tukey’s post hoc test was used when the alternative hypotheses from ANOVA and GLM were
acceptable through the multcomp package (Hothorn et al., 2008). Differences were considered signi�cant
when the calculated p value was less than 0.05. Analyses were performed on R (version 3.5.1) (R Core
Team, 2019). For toxicological assays, the median endpoint values (LC50 and EC50) and related 95%
Con�dence Intervals were calculated using Spearman and Karber analysis (Finney 1978). The median
values were expressed as LC50 for mortality (the concentration able to cause the mortality of the 50% of
the tested population) and EC50 for mobility alteration (the concentration able to cause an alteration of
larvae mobility for 50% of tested population). We consider immobility (EC) the sum between mortality
and swimming alteration.

Results
The antifouling and toxic effects of six isonitrosoacetanilides compounds were investigate. About
microfouling biomass, �ve compounds (H-INA, 4-Br-INA, 4-CH3-INA, 2-Br-INA and 3,4-Cl-INA) at least two
of the concentrations tested inhibited the growth of marine bacterial bio�lm when compared to controls
(p < 0.05). The compound 4-Cl-INA was the only one that did not show effect against microfouling. From
the �ve compounds that showed bio�lm inhibition, part of concentrations also inhibited planktonic
bacteria (antibiotic activity) (p < 0.05) and part did not (antibio�lm activity) (p > 0.05) when compared to
controls. The antibio�lm activity was observed to: H-INA (1.25-10 µg mL− 1), 4-Br-INA (0.625–1.25 µg mL− 

1), 4-CH3-INA (2.5 µg mL− 1), 2-Br-INA (5–10 µg mL− 1) and 3,4-Cl-INA (2.5–10 µg mL− 1) (Fig. 2).

About microfouling eradication biomass, four compounds at least three of the concentrations tested
eliminated the bio�lm already formed when compared to controls (p < 0.05). The bio�lm eradication was
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observed to: 4-CH3-INA (0.625-2.5 µg mL− 1), 2-Br-INA (0.625-2.5 µg mL− 1), 4-Cl-INA (1.25-5 µg mL− 1) and

3,4-Cl-INA (0.625-5 µg mL− 1) (Fig. 3)

Regarding to macrofouling, �ve compounds (4-Br-INA, 4-CH3-INA, 2-Br-INA, 4-Cl-INA and 3,4-Cl-INA) at
least two of the concentrations tested inhibited the A. amphitrite cyprid settlement when compared to
controls (p < 0.05). While, only four compounds avoid the settlement without cause acute toxicity to
barnacles (stage cyprid) when compared to controls (p > 0.05). The non-toxic anti-settlement activity was
observed to: 4-Br-INA (0.625-5 µg mL− 1), 4-CH3-INA (1.25-10 µg mL− 1), 2-Br-INA (0.625-10 µg mL− 1) and

3,4-Cl-INA (1.25 µg mL− 1) (Fig. 4).

About the toxicity assay with nauplii II stage of A. amphitrite, the six compounds showed immobility
(mortality + swimming alteration) to barnacles at least two of the concentrations tested when compared
to controls (p < 0.05). In the same way, that the non-toxic effect was observed for the same six
compounds in different concentrations (p > 0.05). The treatments that did not caused mortality and/or
swimming alteration at 24 and 48 h were: H-INA (0.625-2.5 µg mL− 1), 4-Br-INA (0.625-10 µg mL− 1), 4-CH3-

INA (0.625-2.5 µg mL− 1), 2-Br-INA (0.625-2.5 µg mL− 1) and 3,4-Cl-INA (0.625 µg mL− 1) (Fig. 5). The Table
1 shows the LC50 and EC50 values.

 
Table 1

Toxicity of �ve isonitrosoacetanilides compounds against cyprid and nauplii II larvae of Amphibalanus
Amphitrite. LC50 for mortality and EC50 for mortality more swimming alteration.

Compounds 72 h - LC50 (cyprid) µg
mL− 1 (CL 95%)

48 h - LC50 (nauplii) µg
mL− 1 (CL 95%)

48 h - EC50 (nauplii) µg
mL− 1 (CL 95%)

H-INA > 10 > 10 > 10

4-Br-INA > 10 > 10 > 10

4-CH3-INA > 10 > 10 > 10

2-Br-INA > 10 > 10 > 10

4-Cl-INA 7.48 (6.73–8.32) > 10 > 10

3,4-Cl-INA 5.69 (5.30–6.11) > 10 4.64 (4.08–5.27)

Discussion
This study describes the �rst antifouling screening using isonitrosoacetanilides compounds against
natural marine bio�lm bacteria consortium (microfouling) and barnacles (macrofouling).

The isonitrosoacetanilides compounds assays showed signi�cant bacterial bio�lm biomass inhibition.
The bacterium consortium used in this study is composed by Gram-negative bacteria. In seawater, Gram-
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negative is the most representative (95% of bacteria) (Zobell 1946) and usually they present higher
resistance than Gram-positive bacteria (Biswas et al. 2013; Boulekbache-Makhlouf et al. 2013), because
comprise a hydrophilic lipopolysaccharide outer layer and enzymes that avoid the chemical penetration
(Djihane et al. 2017), being more di�cult to inhibit. In the same way that bio�lm-associated is more
di�cult to inhibit than planktonic bacteria (Famuyide et al. 2019). Majik et al. (2014) suggest that the
presence of NH group is necessary for marine bacteria inhibitory activity.

Only 12 from 30 treatments showed antibio�lm activity, represented by �ve isonitrosoacetanilides
compounds. Although the antibio�lm and antibiotic activities re�ect a marine bacterial inhibition
(Agostini et al. 2020), isonitrosoacetanilides compounds with antibio�lm action is considered promisor,
because did not kill bacteria, only repeal the planktonic cell adhesion (pelagic-benthic coupling), avoiding
resistance (Salta et al. 2013; Antunes et al. 2019). The motive associated to non-adhesion of planktonic
bacteria were not investigated in the current study. However, could be attributed to an interference in
electrostatic interaction forces between the cells and the surface (Tiwari et al. 2018) or the capacity of the
compounds in to interfere in the availability of nutrients (Sandasi et al. 2010).

Only 13 from 30 treatments showed bio�lm biomass eradication, represented by four
isonitrosoacetanilides compounds. H-INA and 4-Br-INA compounds that presented bio�lm inhibition did
not present the capacity of bio�lm eradication. While 4-Cl-INA only got the capacity to eradicate the
bio�lm. Eradication is more di�cult to achieve than inhibition of bio�lms, since the polymeric matrix that
surrounds the bacteria acts as a protective barrier against physical and chemical stress, preventing the
contact of the compound with the cells (Stewart & Costerton, 2001). The motive that 4-Cl-INA compound
did not inhibit but eradicated the bio�lm could be associated to a speci�c effect disrupting and dissolving
the matrix associated to 4-Cl group, diminishing the biomass.

The majority of the studies with the effect of isatin derivatives are associated with clinic pathogenic
antibacterial potential (Patel et al. 2006; Pakravan et al. 2013; Lian et al. 2016). Although the aquatic
antifungal activity on shrimp embryos had been observed in medium with isatin (Gil-Turnes et al. 1989).
About marine antibacterial activity, Majik et al. (2014) evaluated the initial antifouling potential of
synthetic analogues of isatin and few of them exhibited potent inhibitory activity against different
ecologically relevant marine. On the other hand, in the current study, we �nd that the majority of the
isonitrosoacetanilides compounds tested showed promisor results against microfouling. Maybe the
different potential observed be related to isatin as synthetic derivative from isonitrosoacetanilides
showing lower antibacterial effect than its precursor. The author did not evaluate the type of the
antibacterial activity (antibiotic or antibio�lm) or the effect against macrofouling.

Regarding macrofouling assays, the A. amphitrite settlement was avoided by all compounds with
exception to H-INA. However, the anti-settlement and non-toxic effect to cyprid larvae was recorded to 4-
Br-INA, 4-CH3-INA, 2-Br-INA and 3,4-Cl-INA with concentration from 0.625 to 10 µg mL− 1. The LC50 was not

found to 4-Br-INA, 4-CH3-INA, 2-Br-INA, being higher than the values tested (> 10 µg mL− 1). For 3,4-Cl-INA

the non-toxic effect was recorded in the lower concentration, while the LC50 was 5.69 µg mL− 1.
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Usually nauplii II stage of A. amphitrite is more sensitive than cyprid stage (Piazza et al. 2014). However,
in the current work the L50 for cyprid was lower than for nauplii II. For all isonitrosoacetanilides

compounds the L50 was not found (> 10 µg mL− 1). While only 3,4-Cl-INA showed an EC50 inside the tested

values (4.64 µg mL− 1). The differences in the toxicity observed between cyprid and nauplii II could be
associated to the time of evaluation, higher to cyprid (72h) than for nauplii (48h), keep the larvae more
time exposed to the chemical. According to U.S. Navy program (Chen et al. 2014), a novel antifouling may
be a barnacle larval anti-settlement effected using concentration lower than 25.0 µg mL− 1, corroborating
the antifouling potential of the isonitrosoacetanilides compounds tested.

4-Br-INA (0.625–1.25 µg mL− 1), 4-CH3-INA (2.5 µg mL− 1) and 2-Br-INA (5–10 µg mL− 1)
isonitrosoacetanilides compounds showed non-toxic antifouling activity against microfouling
(antibio�lm) and macrofouling (anti-settlement). However, only 4-CH3-INA and 2-Br-INA showed also
bio�lm eradication potential. These compounds with antibio�lm activity and non-toxic effects could be
combined with acrylic base paint resin or added directly into commercial paints in place of toxicant
biocides to cover arti�cial structures as friendly antifouling.
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Figures

Figure 1

Isonitrosoacetanilides compounds used to investigate antifouling activity against micro and
macrofouling.

Figure 2

Crystal violet assay showing bio�lm bacteria and planktonic bacteria biomass inhibition at 48 h. The
vertical lines denote 95% con�dence intervals (standard error * 1.96, n = 4). The letters above the columns
indicate the statistical differences (p<0.05) or similarities (p>0.05) among the concentrations. sC =
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solvent control; -C = negative control. Treatments with antibio�lm results (optimal) are delimited by the
red box.

Figure 3

Crystal violet assay showing bio�lm bacteria biomass eradication at 24 h. The vertical lines denote 95%
con�dence intervals (standard error * 1.96, n = 4). The letters above the columns indicate the statistical
differences (p<0.05) or similarities (p>0.05) among the concentrations. sC = solvent control; -C = negative
control. Treatments with eradication action are delimited by the red box.

Figure 4

Amphibalanus amphitrite assay showing cyprid settlement and mortality at 72 h. The vertical lines
denote 95% con�dence intervals (standard error * 1.96, n = 3). The letters above the columns indicate the
statistical differences (p<0.05) or similarities (p>0.05) among the concentrations. sC = solvent control; -C
= negative control. Treatments with anti-settlement and non-toxic results (optimal) are delimited by the
red box.

Figure 5

Amphibalanus amphitrite assay showing nauplii II mortality and swimming alteration at 24 and 48 h. The
vertical lines denote 95% con�dence intervals (standard error * 1.96, n = 3). The letters above the columns
indicate the statistical differences (p<0.05) or similarities (p>0.05) among the concentrations. sC =
solvent control; -C = negative control. Treatments with non-toxic results (optimal) are delimited by the red
box.


