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1. Introduction

Though numerous naturally occurring compounds with biological activity have

Keywords

been investigated, many of them are not suitable for therapeutic use due to their
toxic, carcinogenic and mutagenic properties. Nowadays, it is possible to make
modifications of active chemical structures, in order to synthesize compounds
with improved therapeutic activity and reduced toxicity [1].

The indiscriminate use of antifungal agents in the treatment of these infec-
tions has led to the development of drug resistance. Antifungal resistance can be
described as a failure to respond to antifungal therapy [2].

Some cultures of Candida albicans have become resistant to antifungal agents,
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and in particular the triazole compounds, by the action of efflux pumps which
reduce the accumulation of the drug, changes in the structure of the target pro-
tein and the antifungal composition of the membrane changes [3]. The clinical
consequences of resistance to antifungal can be observed as treatment failures in
patients and changes in the prevalence of Candida species causing disease [4].
Thus, given the current situation of resistance to drugs commonly used to com-
bat Candida infections, great efforts have been made to develop new antimi-
crobial drugs in order to keep pace with the emergence of organisms that are re-
sistant to current chemotherapeutics and to develop new chemical compounds
that circumvent existing drug resistance mechanisms [4]. Recent studies support
investigating drugs with specific targets, suggesting a change of focus to the de-
velopment of new antifungal agents capable of inhibiting virulence factors.
Moreover, industry has stimulated the development of new methods to identify
and inhibit these virulence factors with lower doses of antimicrobials, aiming to
avoid an increase in antifungal resistance [5].

Candida sp. develop specific virulence mechanisms that confer them the abil-
ity to colonise host epithelial cells, to invade deeper cells or to influence host de-
fences [6]. The ability of Candida albicans to persist within the host and cause
infection has been attributed to many virulence properties, which include: adhe-
sion, dimorphism, the ability to switch between different morphological types,
interference with the immune system, synergism and the production of extra-
cellular enzymes, such as proteinases and phospholipases [7]. The exoenzymes
have been shown to directly contribute to virulence of C. albicans [8]. The se-
creted proteinases are responsible for adhesion, tissue damage and invasion of
host immune responses [9]. Their proteolytic activity has been associated with
tissue invasion [10]. The secretion of extracellular phospholipases is considered
a key attribute that aids in the invasion of the host mucosal epithelia. In general,
phospholipases catalyse the hydrolysis of phospholipids, which are the major
components of all cell membranes [11] [12]. So the amount of these enzymes is
important as well as their presence [8].

The naphthoquinone is a functional constituent of several biochemical sys-
tems which can act as in the human defense system [13]. Several naphthoqui-
nones have pharmacological properties as antibacterial, antifungal, antitumoral,
or antiprotozoal agents [14]. The quinones are known to be electron transpor-
ters (e.g. ubiquinone, vitamin K), and are essential for many enzymatic pro-
cesses. They can act as anti- or pro-oxidants depending on the conditions of the
media, and this chemical versatility gives them an important role in different bi-
ochemical processes that are essential to living organisms [15]. The oxidation
state of some organic compounds, as napthoquinones, allows them to act by dif-
ferent mechanisms, such as: scavengers of free radicals, chelators of metal ions
such as iron and copper, and also inhibitors of the enzymes responsible for the
production of free radicals [16] [17]. This imbalance between the formation and
removal of ROS (reactive oxygen species) causes damage to the cells at nucleic

acids, proteins and membrane lipids, thus leading to many health problems as-
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sociated with ageing (carcinogenesis, cardiovascular and coronary diseases) [18].

Within this context, lawsone (2-hydroxy-1,4-naphtoquinone) is the principal
active component of Lawsonia inermis Linn. (known as Henna). Studies have
demonstrated lawsone to possess a number of interesting biological activities,
such as antioxidant [19], antibacterial and antifungal [20], anti-inflammatory,
antipyretic and analgesic [21], anticancer and cytotoxic [22]. Antioxidants play
an important role in inhibiting or delaying oxidative stress that arises as a result
of an imbalance between free radical production and antioxidant and repair de-
fenses [23]. At low to moderate concentrations, reactive oxygen/nitrogen spe-
cies, ROS/RNS, have beneficial effects, carrying functions in living systems [24].
Though, an overproduction of free radical species results in oxidative stress,
process that can cause damage to all types of biomolecules, including proteins,
enzymes, amino acids, lipids, DNA and carbohydrates [25]. Moreover, various
pathological conditions as cardiovascular disease, diabetes, cancer, ageing and
neurological disorders have been correlated to oxidative stress [26].

This paper describes the investigation of antioxidant activity of 3,3’-(arylme-
thylene)bis(2-hydroxynaphthalene-1,4-dione) derivatives, using DPPH radical-
scavenging assay and investigates in vitro antifungal activity through the inhibi-

tion of exoenzymes produced by Candida sp.

2. Experimental

2.1. Synthesis of Naphthoquinones Dimeric Derived from
Lawsone

In a flask, 2-hydroxynaphthalene-1,4-dione (2 mmol), aldehyde (1 mmol) and
LiCl (1 mmol) were mixed with water (5 mL) under microwave irradiation at
70°C for 15 min. The reaction progress was monitored by TLC. The precipitates
obtained were filtered and washed with water and then with EtOH to afford the
pure product (1-a to 1-i) [27].

2.2. Antioxidant Assay

The free radical scavenging activity of the samples was measured using DPPH
(2,2-diphenyl-1-picrylhydrazyl) [28]. For this assay 1 mL of sample (in different
concentrations) was added to 2 mL of a solution of DPPH in methanol (0.004%).
In order to subtract the absorbance promoted by the staining of the sample, a
solution of methanol (2.0 mL) and the sample (1.0 mL) was used as the blank
(Apn)- A solution of DPPH (2.0 mL) and methanol (1.0 mL) was used as the
control (A.,,.,) Which is regarded as 100% of DPPH. The absorbance of the re-

sulting solution (A ) was measured after 30 min at 517 nm and converted

sample

into percentage of antioxidant activity (AA) using the Equation (1):
AA% =100— {[(Asample - Ahlank )X 100]/Acontrol} . (1)

Rutin and lawsone were used as standards. The radical scavenging activity was
expressed in terms of the amount of antioxidants necessary to decrease the ini-
tial DPPH absorbance by 50% (ECs).
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2.3. Antifungal Activity
2.3.1. Antifungal Agents

A solution of compounds la-1i was prepared with concentrations of 5 mg/mL
and 10 mg/mL in DMSO.

2.3.2. Strains Culture Conditions

Tests were carried out with one strain of Candida albicans (ATCC 62342) resis-
tant to fluconazole and seven strains isolated from patients with dentures stoma-
titis at multiple affected sites and identified as Candida albicans. Strains are part
of a fungi bank at the Oral Microbiology Laboratory at Federal University of Pe-
lotas. Samples were kept under —80°C, reactivated at room temperature and a 20
uL aliquot was cultivated aerobically on SDA (Sabouraud dextrose agar) (Acu-
media Manufactures, Inc, Michigan, USA) with 0.01% chloramphenicol added
for 24 h at 37°C.

2.3.3. Enzymatic Activity of Proteinases and Phospholipases

For the test with proteinases, we used the agar medium containing 2 g of BSA
(bovine serum albumin), 1.45 g of YNB (yeast nitrogen base, Difco Laboratories,
Detroit), 20 g of glucose and 20 g of agar per litre of distilled water. The test me-
dium for phospholipases consisted of SDA containing 57.3 g of sodium chloride,
0.55 g of calcium chloride, and 100 mL of 50% sterile egg yolk (egg yolk enrich-
ment) per litre of distilled water. Test isolates were grown on SDA for 24 h and
were suspended in 1% sterile PBS (phosphate buffered saline), with a refraction
and visual turbidity equal to 0.5 McFarland units. For each concentration, and
starting with the greatest, 20 puL of the yeast suspension (approximately 108
cells/mL) were emulsified in 1980 pL of sterile PBS.

Eight strains of C. albicans (seven isolated from the oral cavity from patients
with denture stomatitis and available in mycology collection of oral microbiolo-
gy laboratory and oneATTC62342 strain resistant to fluconazol) were prepared
in a cell suspension in a 0.5 McFarland concentration. From this cell suspension,
0.5 mL was added to tubes containing 2 mL of PBS (control) and 2 mL of PBS/
naphtoquinone derivatives. This dilution resulted in a concentration of 10° and
107 cells/mL in each assay tube. The tubes were then incubated for 30 min at
37°C. The naphtoquinone derivative was then removed by two cycles of dilution
with sterile PBS and centrifugation for 10 min at 3000 rpm. The supernatant was
completely decanted and the yeast pellets were re-suspended in 2.5 mL of sterile
PBS. The plates were incubated at 37°C for 48 h and 72 h for proteinases and
phospholipases, respectively. The enzymatic activity was determined by the for-
mation of a halo around the yeast colony. Results were measured at 48 h for ve-
rification of proteinase activity (Saps) and 72 h for verification of phospholipase
activity (PLs). The enzyme production (Pz), was calculated as previously de-
scribed by Carvalho et al, 2016 [5], wherecd is thecolony diameter and (cd + p)
is the diameter of the colony plus the precipitation diameter around the colony.

Pz=cd/cd+p 2)

All C. albicans strains were tested in triplicate to verify the enzymatic activity
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of proteinases and phospholipases.

2.4. Statistical Analysis

In order to compare the groups, ANOVA test was performed as a complemen-
tary test Studen-Nweuman-Keuls and Tukey’s. For statistical significance, a

p-value of p < 0.05 was considered.

3. Results and Discussion
3.1. Synthesis of Naphtoquinones Derivatives (1-a to 1-i)

The naphtoquinones derivatives 1-a to 1-i are shown in Scheme 1. The details

of the synthesis of compounds have been reported previously [27].

3.2. Antifungal Activity

The resistance to antifungal agents and the changes in the prevalence of species
Candida albicans are related as the causes of failure in the treatment of candidia-
sis.

The virulence factors of Candida are important in its pathogenesis. The pro-
duction of extracellular enzymes as phospholipase and proteinasemay be hig-
hlighted as a major virulence factor of Candida. Various functions are assigned
to these enzymes such as digestion and breakdown of molecules to pathogen nu-
trition, or even tissue invasion by destroying the cell membranes and also as a
way to attack the host defense cells

It is assigned to some nafhthoquinones derivatives, antifungal, antiviral and

OH
(0] H,0,70°C
+ | —_—
microwave

1-ato 1-i
H,CO OCH, Br
OCH, OCH, Br
1-a 1-b 1-c 1-d 1-e
[ ] I 7 o
NO, CH, F
1-f 1-g 1-h 1-i

Scheme 1. Synthesis of compounds 1-a to 1-i.
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antibacterial properties, and the use of such derivatives as antimicrobial agents
covering various areas of industry. However, these studies are limited as in most
cases the antifungal tests used turbidity or minimum inhibitory concentration
(MIC) and therefore cannot be compared with our study. The methodology for
inhibiting phospholipase production was previously validated by Kadir et al
2007 [29], demonstrating inhibition of the production of this enzyme by chlor-
hexidine in different concentrations and discoveringa statistically significant re-
duction in concentrations of 0.0012% and 0.002% from ten isolates of C. a/bi-
cans.

Table 1 and Table 2 show the phospholipase and proteinase production (Pz)
respectively by Candida albicans strains when exposed to the control and the
naphthoquinone derivatives (la-1i) at different concentrations, 5 mg/mL and 10
mg/mL. The reduction in production of these enzymes by naphthoquinone de-
rivatives at both concentrations tested was minimal. The difference between the
enzyme production of the control and test does not show statistical difference in
any of the studied strains.

It is important to make a comparison of the antimicrobial activity of a group
when compared to another, because the test is done in stages, so that despite be-
ing used the same microorganism they are reactivated periodically and each
reactivation activity can be present deferens. So we use control on all cards, but
comparison of the steps would be an overestimation of the results. There are
other studies in the literature which tests Candida antifungal activity through
turbidity and the minimum inhibitory concentration test (MIC), however, de-
spite of this diversity of the assays, this not allow us to compare our results to

these studies.

Table 1. Reduction of phospholipase production by Candida albicans exposed to naph-
thoquinone derivatives la-1i.

Pz concentration Pz concentration Pz reduction Pz reduction

Pz control (10 mg/mL) (5 mg/mL) (10 mg/mL) (5 mg/mL)
1-a 0.64 + 0.23 0.64 £ 0.12 0.72 + 0.1 0.004 0.078
1-b 0.66 + 0,24 0.60 + 0.06 0.66 + 0.14 -0.060 -0.002
1-c 0.62 + 0.31 0.72 £0.19 0.62 +0.12 0.102 -0.005
1-d 0.58 + 0.25 0.58 £ 0.09 0.61 £ 0.12 -0.003 0.035
1-e 0.68 + 0.35 0.72 £ 0.16 0.67 +0.17 0.039 -0.014
1-f 0.57 £ 0.28 0.55+0.10 0.65 + 0.19 -0.013 0.080
1-g 0.65 + 0.30 0.64 £0.19 0.60 + 0.13 -0.007 -0.047
1-h 0.71 £ 0.12 0+0* 0.77 £ 0.12 -0.709 0.057
1-i 0.67 £ 0.40 0.72 £0.26 0.73 £ 0.24 0.058 0.064
Lawsone 0.60 + 0.18 0.60 +0.13 0.60 + 0.13 0.000 0.001

*Data from the 1-h compound in concentration 10 mg/mL result null due to infeasibility of the microor-
ganism.
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Table 2. Reduction of proteinase production (Saps) by Candida albicans exposed to
naphthoquinones derivatives la-1i.

Pz concentration Pz concentration Pz reduction Pz reduction

Pz control (10 mg/mL) (5 mg/mL) (10 mg/mL) (5 mg/mL)
1-a 0.18 £ 0.12 0.21 £ 0.05 0.19 + 0.05 0.028 0.014
1-b 0.17 £ 0.07 0.17 + 0.04 0.18 + 0.04 0.000 0.012
1-c 0.16 + 0.07 0.17 + 0.05 0.16 + 0.04 0.003 0.002
1-d 0+ 0% - - 0.000 0.000
1-e 0.16 £ 0.11 0.18 £ 0.08 0.16 + 0.02 0.014 —-0.005
1-f 0.15 + 0.06 0.15 £ 0.02 0.15 £ 0.03 0.006 -0.001
1-g 0.15 £ 0.03 0.16 £ 0.02 0.15 £ 0.02 0.008 -0.001
1-h 0.19 £ 0.06 0+0* 0.20 + 0.06 -0.191 0.007
1-i 0.14 £ 0.08 0.16 + 0.06 0.16 + 0.06 0.019 0.019
Lawsone 0.43 £0.21 0.42 £0.17 0.50 £ 0.13 —-0.005 0.070

**Data from the 1-h compound in concentration 10 mg/mL result null due to infeasibility of the microor-
ganism. **For compound 1d, there was no growth of the strain in the negative controls.

Despite the naphthoquinone derivatives do not show significant inhibition in
the production of exoenzymes (proteinase and phospholipase), we cannot say
that these derivatives do not have antimicrobial activity against other virulence
factors of Candida sp. Besides that, it is reccommended to perform further stu-
dies, which may include other virulence factors of these microorganisms and

thus to determine which pathway inhibiting these compounds act.

3.3. Antioxidant Activity

The antioxidant activity was investigated using DPPH radical-scavenging assay.
The results are shown in Table 3.

The antioxidant activity shown for naphtoquinones derivatives showed EC;,
values comparable in magnitude to the standards rutin and BHT. Of the com-
pounds tested, 1-i was the most active compound of the series. The compounds
of the furan type have certain aromaticity, even though they lack full aromatic
ring in its structure. This is because one of the electronic pairs of oxygen atom
interact with the double bonds of the ring, which causes a certain relocation of
these electrons, coming to a chemical behavior similar to a benzene molecule.

Derivatives lawsone presented relevant EC,,. These results demonstrate the
importance of electronic lawsone system, which allows delocalization of elec-
tron. In redox reactions, naphtoquinones can form two species: semi-quinone
and hidroquinone (Scheme 2). The first reduction refers to the formation of the
semi-quinone in a quasi-reversible process and the second refers to the forma-
tion of a radical dianion, that have more basic character and have greater reac-
tivity compared to the semiquinone, as becomes liable to undergo a deprotona-

tion reaction or reaction type acid-base.
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Table 3. Antioxidants activity of naphtoquinone derivatives 1-a to 1-i.

ECs, (umol-L™) ECs, (umol-L™)
l-a 30.27 1-g 44.98
1-b 22.83 1-h 55.21
1-c 37.11 1-i 11.52
1d 51.64 Lawsone 62.05
l-e 44.70 Rutin 4.55
1-f 50.26 BHT 37.39

(o] o-
OH OH
+ le- + le-
R e Q
(o] o-

Scheme 2. Redox species from lawsone.

4. Conclusion

Derivatives from lawsone were evaluated for their antifungal and antioxidant ac-
tivity. The compound 1-i derived from furan ring, and the compounds 1-a and
1-b, which possessed methoxyl, electron donor group in substituent benzene,
showed better results for antioxidant activity. The combination of the data of the
activities investigated demonstrates the possible therapeutic applicability of these
compounds, and encourages further research to check a possible use of these
compounds in control of antifungal diseases and other ageing diseases, especially

considering the excellent antioxidant activity observed.
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