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Abstract: Background: Infectious diseases are the second leading cause of deaths worldwide. Path-
ogenic bacteria have been developing tremendous resistance against antibiotics which has placed an
additional burden on healthcare systems. Gallic acid belongs to a naturally occurring phenolic class
of compounds and is known to possess a wide spectrum of antimicrobial activities.

Aims & Objectives: In this study, we synthesized thirteen derivatives of gallic acid and evaluated
their antibacterial potential against seven multi-drug resistant bacteria, as well as cytotoxic effects
against human embryonic kidney cell line in vitro.
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Methods: 13 compounds were successfully synthesized with moderate to good yield and evaluated.
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mined using microdilution while cytotoxicyt was assessed using MTT assay.
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10.2174/1573406419666230823104300  Results: The results of antibacterial assay showed that seven out of thirteen compounds exhibited

antibacterial effects with compound 6 and 13 being most potent against Staphylococcus aureus (MIC
56 pg/mL) and Salmonella enterica (MIC 475 pg/mL) respectively. On the other hand, most of these
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compounds showed lower cytotoxicity against human embryonic kidney cells (HEK 293), with ICs,
values ranging from over 700 pg/mL.

Conclusion: Notably, compound 13 was found to be non-toxic at concentrations as high as 5000
pg/mL. These findings suggest that the present synthetic derivatives of gallic acid hold potential for
further studies in the development of potent antibacterial agents.
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1. INTRODUCTION Klebsiella pneumoniae, Acinetobacter baumannii, Pseudo-
monas aeruginosa, and Enterobacter spp. [6]. Tannins, lig-
nins, and flavonoids are polyphenols that act as antioxidants
and metal chelators. Gallic acid (GA) is one of the phenolic
compounds that contains 3 phenolic OH groups. GA has
been known to possess an antibacterial action on bacteria [7].
It works against multi-drug resistant (MDR) Staphylococcus
aureus, and MDR Escherichia coli germs, as well as MDR
processes including efflux pumps in different bacteria.
Moreover, GA exhibits antiallergic, antifungal, antiviral,
anti-inflammatory, anti-mutagenic, and anticarcinogenic
properties [7]. Previous research has demonstrated that GA
can inhibit the biofilm formation of MDR A. baumannii iso-
lates [8]. Moreover, GA has been found to be cytotoxic to
"Address correspondence to these authors at the Department of Chemistry, cancer cells without harming normal cells [9]. Some of the
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Infections caused by bacteria are significantly harmful
and have a substantial impact on humans, animals, and
plants [1-3]. Penicillin G was first used to treat infections
caused by Streptococci, Staphylococci, and Pseudomonas
aeruginosa [4-5]. For many years, antibiotics have been
misused, and as a result, bacteria have evolved antimicrobial
resistance (AMR). Moreover, the emergence of AMR among
microorganisms has a high impact on the financial and mor-
tality rate. According to World health organization (WHO),
the most threatening microbes incudes Salmonella enterica
(S. enterica), Enterococcus faecium, Staphylococcus aureus,
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Table 1. The pharmacological activity of GA and its derivatives.
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- Diseases Category

Diseases References

Inflammatory diseases

LPS-induced inflammation, formalin-induced inflammation, arthritis

[11-12]

Gastrointestinal diseases

Hepatotoxicity, IBD, Gastric ulcers

Metabolic diseases

Diabetes, Obesity, Dyslipidemia

Neuropsychological diseases

Neurotoxicity, Locomotor dysfunction, Memory deficits, Neuropathy

Gallic Acid and Urogenital diseases

Renal fibrosis, Nephrotoxicity

its Derivatives Dermal diseases

UV-induced skin damage, Melanoma

Respiratory diseases

Pulmonary fibrosis

Cardiovascular diseases

Myocardial injury, Cardiac fibrosis

Malignancies disease

Colorectal cancer, Leukemia, Skin carcinogenesis

Oral health

Bacteria-induced enamel caries

2. MATERIALS AND METHODS

Microplate reader (Device: infinite 200Pro), adjusted to
wavelength 600 nm (Neotec Scientific Instrumentation Ltd.),
96-well microplates (NEST 96 flat transparent 701001 96
Flat Bottom), Dimethyl sulfoxide (DMSO) (Sigma/ Germa-
ny), Mueller Hinton Broth (MHB) (Oxoid/ Germany), Libra
S4 spectrophotometer adjusted to wavelength 600 nm (Bio-
chrom /United Kingdom). Dulbecco’s Modified Eagle Me-
dium (DMEM) culture medium (Sigma-Aldrich/ Germany),
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium  bro-
mide) (1x), at 5 mg/ml in phosphate buffered (MTT) (Gold-
bio/ United States), Human Embryonic Kidney cells (HEK-
293), American Type Culture Collection, microplate reader
(Device: infinite 200 Pro), adjusted at 570 nm and 630 nm as
reference (Neotec Scientific Instrumentation Ltd). All chem-
icals and solvents were of analytical grade purchased from
Sigma-Aldrich unless stated otherwise. All melting points
were taken on a Stuart Melting Point SMP 30 melting point
apparatus. Nuclear Magnetic Resonance (NMR) spectra were
obtained from Bruker AVN 600 and JEOL JINM-ECX400II,
GC-MS Shimadzu Model: GCMS-QP 2010 Plus was used
for obtaining the mass spectrum and Perkin Elmer Spectrum
Two was used to obtain the FTIR spectrum. 'H, and "°C
analyses were used to characterize all the synthesized com-
pounds. Topspin 4.1.3 (Bruker) and Delta 6.0.0 (Jeol) were
used for viewing and analyzing the NMR spectra. Thin Lay-
er Chromatography (TLC) was carried out by using alumini-
um sheets TLC silica 60 F,s4 purchased from Merck. Flash
column chromatography using silica gel (40-60 um) was
purchased from Merck.

2.1. Synthesis of Gallic Acid Derivatives

A series of thirteen compounds were synthesized by uti-
lizing different chemical reactions to afford the following
derivatives. The schemes are given along with every com-
pound, whereas Table 2 shows the names, molecular weight,
and structure of the synthesized compounds. The structures
of synthesized compounds were confirmed by NMR, MS,

and FT-IR analysis which are presented as supplementary
materials separately.

2.1.1. Synthesis of methyl-3,4,5-trimethoxybenzoate (1)

At ambient temperature, potassium carbonate (30.0 g,
0.217 mol) was added to a solution of Gallic acid (5.4 g,
0.0318 mol) in anhydrous acetone (150 mL) under nitrogen,
followed by the addition of iodomethane (13.0 mL, 0.09
mol). The resulting mixture was then refluxed for 24 h until
the completion of the reaction which was monitored by TLC
analysis. The reaction mixture was cooled to room tempera-
ture and extracted with petroleum ether (50 mL x 4). The
organic phase was then washed with water, brine, dried over
Na,SO,, and concentrated to afford crude methyl-3,4,5-
trimethoxybenzoate brownish yellow solid which was further
used without any purification (Scheme 1) [13, 14].

OH | o~ |
HO OH KoCOs , CHl (0} (o}
Acetone, refluxed
O~ "OH O (l)
1
97%

Scheme 1. Synthesis of compound 1.

2.1.2. Synthesis of 3,4,5-trimethoxybenzyl alcohol (2)

In a round-bottomed flask, Lithium Aluminum Hydride
(LiAlH4) (0.45 g, 0.011 mol) was dissolved in 10 mL anhy-
drous tetrahydrofuran (THF) and cooled to 0°C under nitro-
gen gas. A solution of methyl-3,4,5-trimethoxybenzoate (1)
(3.1 g, 0.014 mol) dissolved in 40 mL anhydrous THF was
then added dropwise for 10 mins and left to stir for an addi-
tional 1 h and 30 mins to room temperature. After reaction
completion judged by TLC analysis, the reaction mixture
was cooled in an ice bath and quenched with 5.0 mL of dis-
tilled water followed by dropwise of 25.0 mL 10% HCI for
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Table 2. Structures, molecular weights, and names of compounds synthesized in this study.

Abdella et al.

Compound IUPAC Name MW Structural Formula Reference for Antimi-
No. crobial Activity
1 Methyl-3,4,5-trimethoxybenzoate 226 o N/A
0 O/
o
_0O
2 3,4,5-Trimethoxybenzyl alcohol 198 ~o N/A
_O
\O OH
3 3,4,5-Trimethoxybenzaldehyde 196 o Antifungal against
o) Candida albicans [12]
~o0 -0
4 3,4,5-Trimethoxytoluene 182 o N/A
_0
~o
5 2-Bromo-3,4,5-trimethoxy-1 - 260 ~o N/A
methylbenzene _0
o
Br
6 1,5-Dibromo-2,3,4-trimethoxy-6- 337 ~o N/A
methylbenzene _o Br
o
Br
7 2,3,4-Trimethoxy-6- 210 ~o N/A
methylbenzaldehyde _0
o
O~ 'H
8 3,4,5-Trimethoxybenzoic acid 212 ~o N/A
_0
~o (0]
OH
9 2,3,4-Trimethoxy-6-methylbenzoic acid 226 S o N/A
-0 OH
o
10 1-(2,3,4-Trimethoxy-6-methylphenyl) 224 S o N/A
ethanone _0
o
11 1,3-Dimethoxy-2-methylbenzene 152 ~o N/A
JO
12 2,4-Dimethoxy-3-methylbenzaldehyde 180 S o N/A
H
o
13 2,4-Dihydroxy-3-methylbenzaldehyde 152 OH o N/A
O
HO
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20 mins. The resulting mixture was extracted with EtOAc
(50 mL x 2), washed with water, and brine followed by dry-
ing over Na,SO, and concentrated under reduced pressure to
give yellowish brown thick viscous liquid of crude 3,4,5-
trimethoxybenzyl alcohol (Scheme 2) [15].

¢ , )
LiAIH, , THF 0 0

87%

Scheme 2. Synthesis of compound 2.

2.1.3. Synthesis of 3,4,5-trimethoxybenzaldehyde (3)

To a solution of 3,4,5-trimethoxybenzyl alcohol (2.0 g,
0.0105 mol) in 25 mL dichloromethane (DCM), Pyridinium
chlorochromate (PCC) (4.5 g, 0.021 mol) was added and the
reaction mixture was left to stir at room temperature for 3 h.
The reaction completion was monitored using TLC analysis
followed by quenching with 11.0 mL of methyl tert-butyl.
The resulting mixture was left to stir for another 20 mins and
filtered through silica gel. The organic phase was washed
with distilled water (25 mL x 2), washed with water, brine,
dried over Na,SO,4 and filtered to remove chromate ester
byproducts followed by concentration under reduced pres-
sure. The crude residue was subjected to column chromatog-
raphy (PE:EtOAc; 5:2) to afford 3,4,5-trimethoxy-
benzaldehyde as pale yellow solid (Scheme 3) [16].

9 97
0 O pcc,bem 0 0
HO 0”7
2 3
86%

Scheme 3. Synthesis of compound 3.

2.1.4. Synthesis of 1,2,3-trimethoxy-5-methylbenzene (4)

3,4,5-Trimethoxybenzaldehyde (8.0 g, 0.04 mol), hydra-
zine hydrate (6.2 g, 0.12 mol), and potassium hydroxide (1.0
g, 0.017 mol) were charged in a round-bottomed flask fol-
lowed by the addition of 100 mL ethylene glycol. The reac-
tion was conducted at three temperatures, 70°C for 3 h, 120
°C for 2 h, and 150°C for another 2 h. The reaction was
monitored using TLC analysis. After completion of the reac-
tion, the reaction mixture was cooled to room temperature.
Petroleum ether was added to the reaction mixture and
stirred for an additional 10 mins. The organic layer was sep-
arated and washed using water, dried over Na,SO,4, and
evaporated using a rotary evaporator to afford 3.4,5-
trimethoxytoluene as white solid (Scheme 4) [17].
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Scheme 4. Synthesis of compound 4.

2.1.5. Synthesis of 1-bromo-2,3,4-trimethoxytoluene (5)

In a round-bottomed flask, 3,4,5-trimethoxytoluene (4.0
g, 0.021 mol), sodium bromide (2.2 g, 0.021 mol), and acetic
acid (10 mL) was added at room temperature. 30% hydrogen
peroxide, H,O, (20 mL) was added dropwise to the reaction
mixture at 25°C and was left to stir for 1.5 h. Upon reaction
completion judged by TLC analysis, the reaction was
quenched with water and petroleum ether was added. The
organic layer was separated and treated with saturated Na-
HCOs; to adjust the pH to 7. The organic layer was separated
and washed using water, brine, dried over Na,SO4, and evap-
orated under reduced pressure [18]. The crude residue was
subjected to column chromatography (PE:EtOAc; 6:2) to
afford 1-bromo-2,3,4-trimethoxytoluene as red oil liquid
(Scheme 5).

NaBr, H,0, l

CH3COOH Br

95%

Scheme 5. Synthesis of compound 5.

2.1.6. Synthesis of 1,3-dibromo-4,5,6-trimethoxy-2-
methylbenzene (6)

To a solution of 3,4,5-trimethoxytoluene (0.22 g, 0.0012
mol) in 5.0 mL MeOH, 0.1 mL of N-bromosuccinimide
(NBS) was added at room temperature. The reaction mixture
was cooled to 25°C and Di-tert-butyl peroxide (DTBP) (0.1
mL, 0.0005 mol) was added dropwise followed by stirring
for 1 h. Upon reaction completion judged by TLC analysis,
MeOH was removed in-vacuo. Extraction of the reaction
was conducted by using EtOAc three times. The organic was
washed using water, brine, dried over Na,SO, and evapo-
rated under reduced pressure to afford 1,3-dibromo-4,5,6-

trimethoxy-2-methylbenzene as yellow-red oil liquid
(Scheme 6).
97 97
o NBS, DTBP o o
MeOH Br Br
4 6

90%

Scheme 6. Synthesis of compound 6.
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2.1.7. Synthesis of 2,3,4-trimethoxy-6-methylbenzaldehyde
(7)

3,4,5-Trimethoxytoluene (2.0 g, 0.01 mol) was dissolved
in 20 mL DMF and stirred at 50°C. 2.0 mL of phosphoryl
chloride (POCI;) was added dropwise to the stirring solution
in 20 mins. Upon reaction completion based on TLC analy-
sis, the reaction mixture was cooled to room temperature and
the pH was adjusted to 7 using sodium hydroxide solution.
EtOAc was added to the reaction mixture and stirred for 10
mins and the organic layer was collected, washed with water,
dried over Na,SO,4 and evaporated using a rotary evaporator
to give 2,3,4-trimethoxy-6-methylbenylaldehyde as light
brown crystals (Scheme 7) [19].

9 POCI,, DMF | o |
o} o 3, o) o}
—_—

50 °C 9
4 7
82%

Scheme 7. Synthesis of compound 7.

2.1.8. Synthesis of 3,4,5-trimethoxybenzoic Acid (8)

LiOH (0.5 g) was added to a stirred solution of methyl
3,4,5-trimethoxybenzoate (1.0 g, 0.004 mol) in MeOH: H,O
(1:1 v/v) for 3 h at room temperature. The reaction was mon-
itored using TLC. After reaction completion, MeOH was
removed using a rotary evaporator and the aqueous solution
was treated with 2M HCI to pH 2. The crude mixture was
extracted thrice with EtOAc, combined, washed with water,
dried over Na,SO,4 and evaporated using a rotary evaporator
to give 3,4,5-trimethoxybenzoic acid as light-yellow solid
(Scheme 8) [20].

| : |
o fe} LiOH, MeOH o)

HCI

1 98%

Scheme 8. Synthesis of compound 8.

2.1.9. Synthesis of 2,3,4-trimethoxy-6-methylbenzoic Acid
)

In a solution of dry ether (5.0 mL), 0.4 g of 2-bromo-
3,4,5-trimethoxytoluene (0.0018 mol) was added and stirred
at -78 °C under N,. A solution of 0.1 ml of n-butyllithium
1.8M/Hexane was added dropwise to the reaction mixture
and left to stir for another 40 mins followed by the addition
of dry ice. The reaction progress was monitored by TLC
analysis. Upon reaction completion, the reaction mixture was
warmed up to room temperature, stirred for 30 mins, and
quenched with water. Diluted HCI was added, and the reac-
tion mixture was extracted with EtOAc three times. The
combined organic layer was washed with water, brine, dried
over Na,SO,4 and concentrated under reduced pressure giv-

Abdella et al.
ing 2,3,4-trimethoxy-6-methylbenzoic acid as yellow crys-
tals (Scheme 9a) [21].

l ? | n-BuLi
0] O o O

Br -70°C o

(0]

70%

Scheme 9a. Synthesis of compound 9.

2.1.10. Synthesis of 2,3,4-trimethoxy-6-methyl-benzoic acid
9

A round-bottomed flask was charged with 10 mL MeOH,
7.0 mL of 50% KOH solution, and 2,3,4-trimethoxy-6-
methylbenzaldehyde (2.1 g, 0.01 mol). To the stirred reac-
tion mixture, 10 mL of 30% H,0, was added dropwise and
was allowed to stir at 45°C for 1 h. After reaction completion
based on TLC analysis, MeOH was removed in-vacuo and
acidified with 12 M HCI to pH 2. The crude was extracted
with EtOAc three times, combined, washed with water, dried
over Na,SO4 and evaporated using a rotary evaporator giving
2,3,4-trimethoxy-6-methyl-benzoic acid as white solid
(Scheme 9b) [22].

O/ | e
|
0 o KOH, MeOH o o

Y

OH
H,0,, 45 °C

75%

Scheme 9b. Synthesis of compound 9.

2.1.11. Synthesis of I1-(2,3,4-trimethoxy-6-methylphenyl)
Ethanone (10)

In an oven-dried round-bottomed flask, 3.4,5-
trimethoxytoluene (1.0 g, 0.005 mol) and 20 mL of anhy-
drous benzene were added followed by the addition of AICI;
(1.0 g, 0.007 mol) under N,. The resulting reaction mixture
was allowed to stir for 10 mins with subsequent dropwise
addition of acetyl chloride (0.5 mL, 0.002 mol) and was left
to stir for another 3 h. After the reaction was completed
judged by TLC analysis, the reaction mixture was quenched
by pouring 20 mL HCl in 50.0 g of ice and further stirred for
another 1 h. The crude was extracted with EtOAc three
times, combined, washed with water, dried over Na,SO,, and
evaporated using a rotary evaporator to furnish 1-(2,3,4-
trimethoxy-6-methylphenyl) ethenone as brown viscous lig-
uid (Scheme 10) [23].

o~ o~
<|3 é CH,COCI, AlCl, (|3 C‘)
_—

0]

86%

Scheme 10. Synthesis of compound 10.
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2.1.12. Synthesis of 2,6-dimethoxytoluene (11)

In a dried round-bottomed flask, 2,6-dihydroxytoluene
(2.25 g, 0.018 mol), K,COs5 (12.0 g, 0.08 mol), and dry ace-
tone (60 mL) was added followed by the addition of iodome-
thane (5.6 mL, 0.11 mol). The reaction mixture was stirred
under reflux condition until the reaction completion and was
monitored by TLC (~24 h). Solvents were removed in-
vacuo. Subsequently, the reaction mixture was extracted
with EtOAc, combined, washed with water, brine, dried over
Na,SO,, and evaporated using a rotary evaporator. The crude
residue was recrystallized with EtOH to afford 2,6-
dimethoxytoluene as yellow solid (Scheme 11) [13].

| |
HO OH  KzCO3, CHsl 0 o)

Acetone, refluxed

2,6-dihydroxytoluene 11
86%

Scheme 11. Synthesis of compound 11.

2.1.13. Synthesis of 2,4-dimethoxy-3-methylbenzaldehyde
(12)

In a round bottom flask equipped with a magnetic stir
bar, 2,6-dimethoxytoluene (1.0 g, 0.0065 mol) was dissolved
in DMF (20 mL) and stirred at 50°C. POCl; (0.5 ml, 0.005
mol) was added dropwise to the stirring solution in 20 mins
and was allowed to stir for another 1 h. Upon reaction com-
pletion, the reaction mixture was allowed to cool at room
temperature and the pH was adjusted to 7.1 using 10%
NaOH solution. The reaction mixture was extracted with
EtOAc, combined, washed with water, and brine, dried over
Na,SO,, and evaporated using a rotary evaporator to afford
2,4-dimethoxy-3-methylbenzaldehyde as yellow solid
(Scheme 12) [24].

| | | |
0 o POCI; , DMF o o
B — e
_0O

50 °C
1" 12
67%

Scheme 12. Synthesis of compound 12.

Table 3. Names and resistance profiles of bacteria used in this study.
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2.1.14. Synthesis of 2,4-dihydroxy-3-methylbenzaldehyde
(13)

Compound 13, using 2,6-dihydroxytoluene (2.0 g, 0.016
mol) as the starting material was prepared in a similar fash-
ion as compound 12 and compound 7. Compound 13 was
obtained as pale-yellow solid (Scheme 13) [24].

POCl;, DMF o OH

t

HO OH

50 °C
13

2,6-dih 1
6-dihydroxytoluene 76%

Scheme 13. Synthesis of compound 13.

The characterization data and spectra of all compounds is
presented in supplementary information.

2.2. Bacteria used in Current Study

A list of bacterial strains used in this study is given below
in Table 3 along with the reported resistance of these strains
against antibiotics [26-30].

2.3. Inoculation of Media

The media were inoculated by making a standardized
suspension of the organism to be tested in sterile MHB over-
night at 37°C. 1 mL of the bacterial suspension was trans-
ferred to 15 mL sterile MHB and incubated at 37°C for 4 h,
after the incubation period the growth was detected using a
spectrophotometer at 600 nm and corrected to sterile MHB
media. The bacterial suspension was adjusted to 10° CFU
then diluted to give 10* CFU [31]. Organisms used are S.
enterica ATCC 14028, E. faecium ATCC 19434, S. aureus
MTCC 381128, K. pneumoniae ATCC 700603, A. bau-
mannii ATCC 19606, P. aeruginosa ATCC 10145, and E.
aerogenes ATCC 13048.

2.4. Testing the Antibacterial Activity of the Synthesized
Compounds

Using 96-well microplates (TPP® — Techno Plastic Prod-
ucts, Trasadingen, Switzerland) containing a total volume of
100 pL of sterile MHB in each well, and the adjusted inocu-

E. faecium ATCC 19434

Vancomycin [25]

K. pneumoniae ATCC 700603,

Ceftazidime, oxyimino-fB-lactams, cefotaxime, ceftazidime, and ceftriaxone) [26].

P. aeruginosa ATCC 10145

Carbapenems, P lactams, fluoroquinolones, and aminoglycoside [27].

S. enterica ATCC 14028

Ampicillin, streptomycin, sulfisoxazole, and tetracycline [28].

S. aureus MTCC 381128

Erythromycin, clindamycin, aminoglycosides, fluoroquinolones, co-trimoxazole, and rifampin

A. baumannii ATCC 19606

Sulfonamide, sulfamethoxazole, ampicillin, spectinomycin, and chloramphenicol [29].

E. aerogenes ATCC 13048

Imipenem, meropenem, cefpodoxime, ceftazidime, cefotaxime, ceftriaxone, cefepime and aztreonam [30].
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lum of the organisms used was in a final concentration of 10*
CFU/mL [31, 32].

2.5. Preparation of the Compounds’ Stock Solutions

10000 pg/mL stock solutions were made for each com-
pound by dissolving 10 mg in 1 mL of DMSO (10% solu-
tion) and using vortex followed by sonication to homogenize
the solution.

2.6. Microdilution Assay Procedure

Each bacterial inoculate was prepared by incubation
overnight in MHB. Thereafter, 1 mL of the culture was
transferred to a fresh MHB media and incubated for 4 h. Fol-
lowing this, the bacterial culture was tested using the spec-
trophotometer at wavelength of 600 nm and the culture was
diluted to give 0.2 OD to reflect 1.7 X 10* CFU/mL. Using
dilution law, the bacterial culture was adjusted to 10*
CFU/mL and 80 pL of this bacterial suspension was injected
using an automatic micropipette to the 96-well microplates
having three replicas for each bacterium (as three rows). This
was followed by the addition of 20 puL of the dissolved syn-
thetic compounds to each of the wells (resulting to 2000
pg/mL concentration for a total volume of 100 pL per well).
Two types of negative controls were used; three replicas of
the negative control were prepared in MHB with the bacteri-
al inoculum without addition of the synthetic compounds.
Additionally, three replicas of the negative control were pre-
pared in MHB with the bacterial inoculum, the same concen-
tration of the solvent used in dissolving the compounds and
free of the antibacterial agents, while three replicas of the
positive control were prepared in MHB having Gentamycin
as an antibiotic. Following the addition of the compounds,
the microplates were centrifuged for 3 mins to make sure
that the bacterial culture with the compounds were mixed,
and then the microplates were incubated at 37°C for 18 h. At
the end of the incubation period, the plates were analyzed
using the microplate reader. The growth was corrected to
zero time and negative control. All tests were performed in
triplicates. The results were then plotted and visualized.

2.7. Cytotoxicity Evaluation Using MTT Cell Viability
Assay

MTT assay was used to detect the toxic effect of the test-
ed compounds on human embryonic kidney cell HEK-293
[33]. Cells were seeded in 96-well plates with a seeding den-
sity of 5 x 10 cells per well into a volume of 100 uL DMEM
culture medium. The cells were incubated for 24 h with the
serially diluted compounds at the desired concentration un-
der 5% CO, at 37°C. Following the incubation period, MTT
was added to each well to the final concentration of 0.5
mg/mL. The plates were incubated in a humidified atmos-
phere for 2 - 4 h. Formation of purple formazan crystals by
the activity of the living cells (whose metabolism converts
MTT into formazan while dead cells do not affect MTT) was
observed. Thereafter, the media was removed and 100 uL
DMSO was added to each well to dissolve formazan crystals.
The absorbance of the samples was measured using a micro-
plate reader at 570 nm and using 630 nm as a reference
wavelength. The treated absorbance was normalized against
the control and the ICs, values were calculated for each of

Abdella et al.

the compounds [33]. All tests were performed in triplicates
with three technical repeats.

2.8.1C50

ICs is the concentration that inhibits the growth to half
of an inoculum. The results produced from the MIC testing
were used to plot a scatter chart between the concentrations
of the tested compound on the X-axis and the inhibition on
the Y-axis, then a linear equation was made.

The slope-intercept formula

Equation 1 was used to determine the ICsy by making y =
50. M is calculated by Equation 2 [34].

Equation 1. General slope-intercept formula (m is the
slope, b is the intercept).

y=mx+b (1)
Equation 2 slope (X1, y; are coordinates of the first point
in the line, x», y, are coordinates of the second point in line)

_Y2—V1
m= — 2)

3. RESULTS AND DISCUSSION

The morbidity, mortality, duration of hospital stays, and
healthcare expenses all rise as a result of antimicrobial re-
sistance [35]. Since the treatments of MDR pathogens are
limited, current studies being conducted, have a similar focus
[35]. The aim of this study was to find out the potential ac-
tive compounds against MDR bacteria. In the procedures
outlined in this report, chemical synthesis, antimicrobial test-
ing, and cell viability assay were carried out. Gallic acid is
regarded as a viable lead molecule for the development of
novel drugs because it is clear that it and its derivatives play
a significant role in various therapeutic activities [11]. Gallic
acid derivatives were synthesized with good yield. The
synthesised compounds were confirmed by FTIR, °C NMR,
'H NMR and GC-MS spectroscopy (Supplementary infor-
mation). The synthesized compounds were tested for their
antibacterial activity against the MDR S. enterica and MDR
ESKAPE pathogens using microdilution assay. The MICs of
the tested compounds are summarized in Table 4 and show
the following results.

The result showed that most of the compounds were ac-
tive against the tested organisms, with MICs ranging from 31
pg/mL to more than 2000 pg/mL. In the case of compound
13, the MICs were 475 pg/mL, 1860 pg/mL, 1000 pg/mL,
897 pg/mL, 930 pg, 2000 pg and > 2000 pg/mL against S.
enterica (ATCC 14028), E. faecium (ATCC 19434), S. aure-
us (MTCC 381128), K. pneumoniae (ATCC 700603), 4.
baumannii (ATCC 19606), P. aeruginosa (ATCC 10145)
and E. aerogenes (ATCC 13048) respectively.

Compound 2 showed MIC of 1700 pg/mL against 4.
baumannii ATCC 19606. Notably, it is used to treat urinary
tract infections, while it can also be used to treat any aerobic
bacterial species that is susceptible to it. Pneumocystis jiro-
veci pneumonia is treated and prevented with it [36]. While
in the case of compound 3, it showed antimicrobial activity
against A. baumannii ATCC 19606 with MIC of 1680
pg/mL. It is worth mentioning that compound 3 showed
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Table 4. MIC of the synthesized compounds tested against all bacteria.
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Compound S. enterica E. faecium S. aureus K. pneumoniae A. baumannii P. aeruginosa E. aerogenes
ATCC 14028 ATCC 19434 MTCC 381128 ATCC 700603 ATCC 19606 ATCC 10145 ATCC 13048
1 >2000 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL
2 >2000 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL 1700 pg/mL >2000 pg/mL >2000 pg/mL
3 >2000 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL 1680 pg/mL >2000 pg/mL >2000 pg/mL
4 >2000 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL 1000 pg/mL >2000 pg/mL >2000 pg/mL
5 NI >2000 pg/mL 1540 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL
6 >2000 pg/mL >2000 pg/mL 56 ng/mL >2000 pg/mL 800 pg/mL 964 ng >2000 pg/mL
7 >2000 pg/mL NI >2000 pg/mL NI >2000 pg/mL >2000 pg/mL >2000 pg/mL
8 NI >2000 pg/mL >2000 pg/mL >2000 pg/mL NI >2000 pg/mL >2000 pg/mL
9 >2000 pg/mL >2000 pg/mL >2000 pg/mL NI >2000 pg/mL >2000 pg/mL NI
10 >2000 pg/mL >2000 pg/mL >2000 pg/mL NI >2000 pg/mL >2000 pg/mL >2000 pg/mL
11 NI NI >2000 pg/mL >2000 pg/mL 2000 pg >2000 pg/mL NI
12 >2000 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL >2000 pg/mL
13 475 pg/mL 1860 pg/mL 1000 pg/mL 897 ng/mL 930 pg/mL 2000 pg/mL >2000 pg/mL

Note: No inhibition: NI

Table 5. Cytotoxicity assay results against HEK 293 and comparison with antibacterial activity against S. aureus.

Compound Antibacterial MIC (ng/mL) Toxic Conc. (ng/mL) ICs for Toxicity Testing (ug/mL)
Compound 2 1700 > 100 757.698

Compound 3 1680 >100 1004.482

Compound 4 1000 > 100 775.436

Compound 5 1540 > 100 750.71

Compound 6 56- 964 >100 725.876

Compound 11 2000 >100 783.905

Compound 13 475 -1860 Not toxic for 5000 pg/mL -

antifungal activity against Candida albicans [12]. Com-
pound 4 showed activity against A. baumannii ATCC 19606
with MIC of 1000 pg/mL. Compound 11 showed MICs 2000
pg/mL against A. baumannii ATCC 19606. Moreover, com-
pound 6 showed MICs of 56 pg/mL, 800 pg/mL, and 964
pg/mL against S. aureus MTCC 381128, A. baumannii
ATCC 19606 and P. aeruginosa ATCC 10145, respectively.
The activity of compound 6 might have resulted from the
introduction of bromine group. Compound 5 showed MIC of
1540 ug/mL against S. aureus MTCC 381128. Compound
containing bromo groups have been reported both naturally
and synthetically with biological properties, including
enzyme inhibition, antibacterial, anti-diabetic [37].

The cytotoxicity assay results (Table 5) revealed that
compound 13 was found to be non-toxic to human embryon-
ic kidney cells (HEK 293), whereas compounds 2, 3, 4, 5,
and 11 were toxic at concentration greater than 100 pg/mL,

with toxicity IC50 of 757.698 pg/mL, 1004.482 pg/mL,
775.436, 750.71 pg/mL and 783.905 pg/mL, respectively
and the antibacterial MIC was more than 1000 pg/mL, each
suggesting that the active concentration is toxic to HEK 293.
Meanwhile, the toxic concentration of compound 6 was
more than 100 pg/mL with toxicity ICsy of 725.876 pg/mL
while the antibacterial MIC of compound 6, active against S.
aureus, was 56 ug/mL, indicating that the active concentra-
tion was non-toxic to HEK 293. The current limitations of
the study are that most compounds showed antibacterial ef-
fects at higher concentrations except for compound 6. Fur-
thermore, their mechanism to elicit the antibacterial activity
is unclear. The in-silico evaluation and determination of the
mode of action of active compounds against known targets is
part of our future studies. Furthermore, conjugation of active
compounds with nanoparticles has been shown to enhance
the bioactivity of antibacterial agents [38] which can also be
tried in future for these compounds.
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CONCLUSION

We have successfully synthesized, characterized and
evaluated antibacterial activity of a series of gallic acid de-
rivatives. The antibacterial evaluation of the synthesized
compounds (1 to 13) revealed that 7 of the 13 tested com-
pounds showed high to moderate antibacterial activity.
Compound 6 showed low MIC of 56 ug/mL with S. aureus
and this concentration did not exhibit any toxicity against
HEK 293 cells. Compound 13 was found to be the most po-
tent compound among the tested compounds. It showed anti-
bacterial activity against Salmonella enterica, Enterococcus
Jfaecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, and Pseudomonas aeruginosa.
Moreover, compound 13 did not exhibit cytotoxicity against
HEK 293 cells in vitro suggesting its potential for further
inhibitory studies as drug against pathogenic bacteria.
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