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Abstract

In this study, four compounds of 2-(phenylthio)-ethyl benzoate derivatives were synthesized and evaluated for their antitumor,
antibacterial, and antifungal activities. These compounds were characterized and evaluated for their cytotoxic activity in MCF-
7-human carcinoma cells that showed a significant decrease for compounds 2a-2d in the average of G2-M phase as 8.13 +1.4,
10.66 £ 1.5, 14£2.2, and 3.66 + 0.8%, respectively, compared with untreated cells (21 +2%; p<0.05). The data suggest that
2d compound could have an anticancer potential in the G2-M phase arrest of MCF-7 cells ultimately leading to necrosis. The
compounds were tested for their antibacterial activity against Staphylococcus aureus, Escherichia coli, Klebsiella pneumonia,
Proteus vulgaris, Enterococcus faecium, Pseudomonas aeruginosa, MRS A, and Candida albicans and showed antimicrobial
potential with MIC value average (3.125-6.25 mg/ml), compared with ampicillin (0.001-3.125 mg/ml). When the MIC of
the four compounds was compared with known references, we found that the 2a compound has the same MIC as fluconazole
(1.56 mg/ml), inhibitor of Candida growth. Moreover, 2a, 2b,, and 2d have the same MIC as ampicillin (3.125 mg/ml) for
the inhibition of S. aureus.

Keywords Benzoic acid derivatives - 2-(Phenylthio)-ethyl benzoate - Anticancer - Antibacterial - Antifungal - Ampicillin -
Fluconazole

1 Introduction Since decades, chemotherapy was the first option for can-
cer treatment has faced dramatic problems. Moreover, the
lack of selectivity is the drawback of conventional anticancer

agents, that damage not only malignant but also normal body,

Cancer is considered the second leading cause of death, after
heart disease. The incidence of different carcinomas is esti-

mated to be about 10 million worldwide, and half of these
incidences are in developeél countries [1, 2]. Five decades
of systemic drug discovery and development have led to a
respectable accumulation of useful and important chemother-
apeutic agents [3-5], and several important achievements in
the curing and management of human cancer [6, 7]. The
scientific literature shows numerous epidemiological reports
that support significant differences in the occurrence of car-
cinoma between oriental and occidental populations [8, 9].
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and blood cells have compelled scientists to develop selective
and targeted medications [10]. Another reported drawback of
cancer chemotherapy is the appearance of drug-resistant can-
cer cells [11]. This has increased the interest of researchers
to develop new anticancer agents from natural or synthetic
origins [12].

Drugs having antimicrobial effects are prepared to inhibit
microorganisms without any bad effects on the human body
[13]. Antibiotics are valuable weapons for fighting bacterial
strains, and their preparation has a strong relationship with
the healthy state of concerned patients. Nowadays, the health
values involve limitations due to natural selection, and the
resistance of the bacterial strain against the available drugs
becomes a critical issue. Therefore, developing medicinal
preparations derived from synthetic or natural sources can
play a crucial role in preventing and curing disorders among
people [14]. An antifungal medication is a medical prepara-
tion that selectively acts to get rid of fungal pathogens from

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13369-020-05114-0&domain=pdf
http://orcid.org/0000-0003-2291-6821

5340

Arabian Journal for Science and Engineering (2021) 46:5339-5344

the infected tissues with minimal side effects for the tar-
get [15]. Compared with bacterial diseases, fungal diseases
are more difficult to treat. Topical and oral treatments used
for long duration are partially effective in managing these
fungal infections. Several of these infections can become
chronic, while in some cases the disease is difficult to reoccur
[16]. The most available and widespread classes of mycoses
are usually related to fungal infections of the skin, affect-
ing >20-25% population of the world [17].

Benzoic acid is a naturally occurring compound present in
plants, some animals’ tissues, and microorganisms. Various
types of benzoic acid derivatives including benzoyl perox-
ide, benzaldehyde, benzyl alcohol, parabens, and alkyl esters,
are commonly utilized as antifungal and antibacterial preser-
vatives and as flavoring agents in pharmaceutical, hygiene,
cosmetic, and food products. As a result of their widespread
use, production, and occurrence, these molecules are broadly
distributed in the environment and found in air, soil, and
water. Consequently, human exposure to them can be lengthy,
common, and high [18].

The incidence of adverse effects of benzoic acid and
benzoic acid derivatives are less than 1% in the general
population, but positive challenges in patients with chronic
urticaria vary from 4 to 44% [19].

Benzoic acid (C7HgO») is a simple aromatic carboxylic
acid, a crystalline solid, colorless, and odorless, with a
sweetish and astringent taste. In many countries, the inter-
est in phenols, polyphenols, and acid esters has increased,
since several types of these compounds exert a wide variety
of biological effects, particularly controlling inflammation,
anti-atherogenic, inhibition of bacterial strains, and antiviral
and anticancer activities [20]. Many phenolic compounds are
biologically active such as amoxicillin with broad-spectrum
antibacterial potential; eugenol (naturally extracted oil) has
antifungal activity [21], and combretastatin A-4 (CA-4) has
potent anticancer activity (Fig. 1) [5]. The current study aims
to synthesize new synthetic agents containing the phenol
moiety and evaluate their antimicrobial and antitumor activ-
ities.

2 Materials and Methods
2.1 Chemicals and Instruments

The chemicals used in the experiments are 2-thiophenyl
ethanol, ortho-hydroxybenzoic acid, benzoic acid, 3-hydroxy
benzoic acid, and para-hydroxyl benzoic acid were purchased
from Aldrich, Germany. The chemicals purchased from Alfa
Aesar (USA) were ethyl acetate, NaHCOs, brine, NaySO4,
cyclohexane, ethyl acetate, NayHPO4\NaH,PO, (disodium
phosphate\monosodium phosphate), NaCl, methanol, and
NayCOs3. All the used chemicals were of analytical grade.
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The melting range of each compound was measured by a Gal-
lenkamp melting point apparatus (SG96/07/705, UK), while
IR was detected by an infrared spectrophotometer (Nico-
let Is5-Id3) at An-Najah National University. The 'H-NMR
and '3C-NMR spectral analysis were determined by a Bruker
500 MHz-Avance III at the University of Jordan.

2.2 Cancer Cell Line

The cytotoxicity was carried out by two cell lines, MCF-7 and
MCF-10A. Actually, MCF-7 is a known breast cancer cell
line, characterized by the overexpression of a receptor related
to estrogen. In contrast, MCF-10A is not a tumorigenic
epithelial breast cell line. The MCF-7 case was achieved by
RPMI-1640 media (Germany, Sigma) mixed with 10% fetal
bovine serum (Germany, Sigma), 1% L-glutamine (France,
Sigma), 1% streptomycin and 1% penicillin (USA, Sigma),
and a pH of 7.2 was controlled using Dulbecco’s phosphate-
buffered saline (DPBS) (USA, Sigma). The cells were grown
in an atmosphere containing humidity, and 95% air and 5%
CO; at 37 °C in an ESCO incubator adapted for cell culture.
Moreover, the construction of the MCF-10A case was carried
out in DMEM media (Sigma, Germany) that was nourished
with 10% fetal bovine serum, 1% L-glutamine, 1% strepto-
mycin, and 1% penicillin, and the pH was kept at 7.2 using
Dulbecco’s phosphate-buffered saline (DPBS). The growth
of cells was observed in an atmosphere with humidity and
containing 95% air and 5% CO; at 37 °C in an ESCO incu-
bator adapted for cell culture [22].

2.3 Flow Cytometry Analysis

After the culture application, MCF-7 and MCF-10A cells
were collected and controlled to 106/ml in staining buffer
(in saline containing 1% bovine albumin; Israel, Biological
Industries). For viability as well as for apoptosis report-
ing, propidium iodide (PI)-fragmented DNA was stained and
phosphatidylserine was stained by Annexin V-conjugated
to FITC (R&D Systems, Minneapolis, MN) which were
utilized depending on the manufacturer’s information. Apop-
tosis is usually defined as annexin-V (+) but propidium iodide
(—). Viable cells were defined as annexin-V (—) but pro-
pidium iodide (—). Every experimental part involved setup,
unstained control, IgG isotype control with FMO control. To
analyze the cell cycle using DNA, content quantitation was
applied using propidium iodide. The MCF-7 and MCF-10A
cells were stabilized in cold 70% ethanol for nearly 30 min
at 4 °C. They were then washed by 2x in PBS and spun at
2000 rpm, and the supernatant was discarded once finished.
To ensure that only DNA was stained, the cells were treated
with the ribonuclease enzyme (50 pl of 100 pg/ml RNase),
stained with 5 pl of 50 pg propidium iodide/100 ml, and
analysis were done using a flow cytometer (Immune fluo-
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Fig. 1 Structures of biologically
active agents as antibacterial and
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rometry systems, Becton—-Dickinson LSR II, Mountain View,
CA) [23].

2.4 Antimicrobial Method

Eight harmful for human microbial strains were selected
for antibacterial and antifungal activities of the synthe-
sized compounds, and they were supplied by the American
Type Culture Collection (ATCC); Klebsiella pneumonia
(ATCC13883), Staphylococcus aureus (ATCC 25923), Pseu-
domonas aeruginosa (ATCC 9027), Proteus vulgaris (ATCC
8427), Escherichia coli (ATCC 25922), and Enterococcus
faecium (ATCC 700221) in addition to the clinical isolates
of MRSA (methicillin-resistant Staphylococcus aureus). The
compounds were examined also against the growth of Can-
dida albicans to assess the fungus inhibition ability of the
compounds. Furthermore, the antimicrobial effect of the syn-
thesized molecules in our study was reported using the broth
microdilution process [24, 25]. Fifty milligrams of every
compound was fully dispersed in 50 ml dimethyl sulfoxide
to establish a final concentration of 1 mg/ml. Filter steril-
ization was carried out on the resulting solution to serially
micro-dilute it by two- and sixfold under a sterilized nutrient
broth. The dilution processes were carried out using asep-
tic conditions in the available 96-well dishes. Inside the
micro-wells, which were selected to examine the antibacte-
rial ability of the tested compounds, the concentration ranged
from 1.53 to 25 mg/ml. The same conditions existed inside
the micro-wells of the compounds assigned to examine the
antifungal effect where the concentration also ranged from
1.53 to 25 mg/ml. Besides, there was a micro-well plate,
holding number 11, which included compounds that were
free of nutrient broth and which was adopted as a positive
control for the growth of microbes. Moreover, micro-well
holding number 12 included compounds free of nutrient broth
that was kept away from the others and was not inoculated
with any of the examined microbes. Each of the bacterial
pathogen and C. albicans samples were examined in dupli-
cate in this assay. All inoculated microplates were incubated
at 35 °C, and plates inoculated with the examined bacterial
strains were incubated for 18 h, and plates inoculated with
examined C. albicans were incubated for 48 h. The low-

Eugenol

est value of the assessed concentration of the synthesized
molecules at which there was no visible microbial growth
in the micro-well was also recorded and was defined as the
minimal inhibitory concentration (MIC) of the tested com-
pound [25]. This micro-well was considered as a negative
reported control of bacterial growth. The micro-wells with
numbers ranging from 1-11 were also inoculated aseptically
with the examined microbial strains. At the time of inocula-
tion, the final concentrations of microbial cells were about
5 x 10° and 0.5-2.5 x 103 colony-forming unit (CFU)/ml for
the examined strains of bacteria and C. albicans, respectively.

The benzoate compounds were tested against seven bac-
teria and one fungus strain that cause dermic and mucosal
infections, besides other infections, in humans [26]. For all
the tested bacteria, we had four controls: (1) positive con-
trol which contains media and bacteria; (2) negative control
which only contains media; (3) compound control (com-
pound + media) to be sure that there is no contamination and
turbidity and that the changes are not due to the compound
itself (so the compounds were serially diluted in this control),
and (4) DMSO which were tested for every microbe sepa-
rately to check the effect on each one, and the antimicrobial
activity of DMSO was also considered.

2.5 Chemistry Method

This chemical method was applied in the synthesis of all
compounds. Benzoic acid derivatives (Table 1) (3.062 g,
0.025 mol) and 2-thiophenylethanol (3.856 g, 0.025 mol)
were refluxed for 2 h and then left for one night. The reac-
tion was catalyzed by adding 2 ml sulfuric acid. The product
was dissolved in 20 ml ethyl acetate and then extracted with
saturated sodium bicarbonate. The phases were washed with
saturated sodium chloride, dried with sodium sulfate, and
the solvent was evaporated. All final products were purified
using flash chromatography using the mobile phase of 40%
n-hexane, 60% ethyl acetate, and a silica gel as the stationary
phase.
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2.6 Statistical Analysis

Statistical differences were analyzed either with the 2-tailed
unpaired Student’s ¢ test (For comparison between two
groups) or one-way analysis of variance (one-way ANOVA
with Newman—Keuls’ post tests among multiple groups)
using GraphPad Prism 5.0 (GraphPad Software, La Jolla,
CA). Data are shown as means &+ SEM.

3 Results and Discussion
3.1 Chemistry

Four novel derivatives were synthesized via the esterification
method, and their chemical structures have been character-
ized by using different chemical techniques. The chemical
structures of the compounds along with their main chemical
properties are listed in Table 1.

3.2 Antitumor Activity

We have worked on the inhibitory effects of the compounds
on the DNA cell cycle of MCF-7 cells. To investigate whether
the compound could induce cell cycle perturbations in breast
cancer cells, flow cytometry analysis of propidium iodide
stained nuclei cells was performed, and the compounds
were incubated with MCF-7 for 24 h at a concentration
of 500 mg/ml as indicated in materials and methods. Fig-
ure 2 shows an increasing trend in the fraction of cells in
the G1 phase following treatments with compounds. After
treatment of 4 compounds (52-55%), average values were
obtained in the G1 phase as compared to 41+ 15.2% in the
untreated Cells. Significant elevations in the proportion of
cells in the S phase were obtained following 500 mg/ml con-
centration of compound 2a and 2d (9.3+2.2, 10.3+2.8,
and 7.16 =1.7% of 2a, 2d and untreated cell, respectively);
the other compounds showed a significant decrease in this
phase. In the G2/M phase at the same concentration, all com-
pounds showed a decrease in their averages in comparison
with untreated cells and a significant decrease in the aver-
age of compound 2d (M4) in the S phase of 3.67+1.2% in
comparison with untreated cells (21.8 +6.5%). These data
indicated a cell cycle arrest in this phase; the other com-
pounds show a decrease in the average of this phase, and
these results indicate that the four compounds as a potent
inhibitor of cell cycle progression at the G2/M phase and
might suggest anticancer properties (p value <0.05).

Next was determined whether the four compounds that
perturb DNA content induce apoptosis. Cells undergoing
apoptosis have their phosphatidylserine (PS) phospholipid
translocated from the inner face of the plasma membrane to
the cell surface. As mentioned in materials and methods, the
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Fig.3 Apoptosis and necrosis averages of the synthesized compounds

detection of PS was estimated by staining with a fluorescent
conjugate of annexin-V, a protein that has a high affinity for
PS, followed by flow cytometry analysis. Cells were stained
with propidium iodide (PI), which can enter the cell only
when the plasma membrane is damaged. Early apoptosis was
evaluated by positive for PS, but negative for PI and was dis-
tinguished from late apoptotic and necrotic cells estimated
by positive for both PS and PI.

Four compounds (2a—-d) significantly decreased apoptosis
t047.3+15.6,294+11.5,10.6 £3.4, and 8.3 £2.6%, respec-
tively. Figure 3 shows the averages of treatment of MCF-7
cells with four compounds, respectively (p value <0.05 in all
groups). Our data suggest that four compounds could have
an anticancer potential through the G2-M cell cycle phase
arrest of MCF-7 and shifting the cells to necrosis.

3.3 Antimicrobial Activity

The compounds studied in this work showed antibacterial
activity as shown in Table 2. Compound 2¢ showed signifi-
cant activity at concentrations of 3.125-6.25 mg/ml against
all bacterial strains, except the Candida strain. Compound 2d
showed good antibacterial activity at a concentration range of
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Table 1 Codes, benzoic acid derivatives, final products, and chemical properties of the four synthesized derivatives

Code 2a 2b 2c 2d
B.AD. o) o) e} o)
©)J\OH ©\)J\OH OH ﬁora
OH HO
OH
Product o o} o) o}
: ko/\/s : %O/\/s o/\/S\[ j MONST j
[ j oH [ j HO
OH
Yield % 68% 76% 56% 63%
M.p. (°C) 113-115 234-237 165-167 225-227
IR (cm™!) 1697 C=0 3309 O-H 3309 O-H 3308 O-H
1712 C=0 1689 C=0 1689 C=0
TH-NMR 8.05 (2H, m), 7.39 (2H, 10.9 (O-H); 7.39 (2H, m); 8.5(1H, bs,), 7.39 (2H, 8.3 (1H, bs); 7.39 (2H, m),
(DMSO):PPM m); 7.21 (1H, m); 7.35 7.35 (2H, m), 7.21(1H, m), 7.21 (1H, m); 7.35 7.35 (2H, m), 7.21 (1H,
(2H, m); 7.66 (1H, m); m); 7.72 (1H, s); 7.37 (2H, m); 7.61 (1H, s) m); 6.88 (2H, m),7.88
7.56 (2H, m,); 4.17 (1H, m); 7.54 (1H, m); 7.69 (1H, m), 7.16 (2H, m), 4.43 2H, t, J=
(2H, t,J =6 Hz); 3.54 7.17 (1H, m), 4.17 (2H, (1H, m); 7.56 (1H, m), 7.0 Hz); 3.31 (2H, t, J=
(2H, t,J = 6 Hz). t, J= 6 Hz); 3.54 (2H, 417 CH, J = 7 Hz).
t,J= 6 Hz). 7.0 Hz), 3.54 2H, t,J
=7 Hz).
I3C.NMR 171, 158, 131.9, 130.1, 172, 166, 156, 135, 131, 165.8, 157.8, 156.5, 167.1, 160.4, 156.8, 132,
(DMSO):PPM 129.0, 128.0, 121.0, 130, 121.0, 120, 119.0, 132.0, 129.4, 125.9, 129.9, 122.0, 121.0,

114.0, 69.4, 66.9.

117.0, 114.0, 69.2, 62.1.

124.9,120.8, 117.4,
66.3, 64.5.

115.3,114.3, 69.2, 62.2.

B.A.D. benzoic acid derivatives, M.p. melting point, DMSO dimethyl sulfoxide, IR infrared

Table 2 Microbial and fungal growth inhibition MIC values (mg/ml) of synthetic compounds

2a 2b 2c 2d Fluconazole Ampicillin Ciprofloxacin

S. aureus 3.125 3.125 6.25 3.125 R 3.12 0.78

E. coli R R 6.25 6.25 R 3.12 1.56

K. pneumonia R 6.25 6.25 6.25 R 0.001 0.125

P. vulgaris 6.25 3.125 6.25 3.125 R 0.018 3.12

E. faecium 6.25 R 3.125 6.25 R 0.78 0.78

P. aeruginosa R R 6.25 6.25 R 3.12 0.015

MRSA 3.125 6.25 6.25 R R R 0.125

C. albicans 1.56 R R R 1.56 R R

3.125-6.25 mg/ml, except the MRSA and Candida. 2a was
the only compound that showed some activity against Can-
dida at a concentration of 1.56 mg/ml, and it had antibacterial
activity against S. aureus, P. vulgaris, E. faecium, and MRSA
at concentrations of 3.125, 6.25, 6.25, and 3.125 mg/ml,
respectively. 2b compound showed the highest antibacterial
activity for S. aureus, P. vulgaris, K. pneumonia, and MRSA
with concentrations of 3.125, 3.125, 6.25, and 6.25 mg/ml,
respectively. When we compared the MIC of the four com-
pounds with good antibiotics, we found that the 2a compound
has the same MIC as fluconazole (1.56 mg/ml) for the inhibi-

tion of the growth of Candida. Moreover, 2a, 2b, and 2d have
the same MIC as ampicillin (3.125 mg/ml) for the inhibition
of the growth of S. aureus bacteria.

Consequently, future studies are required to assess the
active antimicrobials from the synthesis compounds as 2a,
2b, and 2d against a wide range of foodborne bacterial strains
and other harmful pathogens for their possible application in
the food, cosmetics, and pharmaceutical industries.
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4 Conclusion

At the same concentration, 2a compound showed potent
antifungal activity the same as the potential antifungal drug
fluconazole. Moreover, compounds 2a, 2b, and 2d have the
same antibacterial power against S. aureus as the conven-
tional antibiotic ampicillin. In fact, the newly synthesized
four compounds (2a-d) significantly decreased apoptosis
p<0.05 in all groups. Our data suggest that these compounds
could have an anticancer potential through the G2-M cell
cycle phase arrest of MCF-7 and shifting the cells to necrosis.
Further studies investigating the antimicrobial and anticancer
characters of these compounds in vivo are required to approve
these results and to prepare suitable pharmaceutical dosage
forms from the active molecules.
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