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Abstract: A series of novel thiazolidinone-isatin hybrids have been synthesized through the
Knoevenagel reaction of isatin derivatives with synthesized thiazolidinone scaffolds and then evaluated
for their in vitro antibacterial effects on Escherichia coli (E.coli) and Staphylococcus aureus (S.aureus).
Cytotoxic effects of the compounds on non-small-cell lung cancer cells (A549 cells), breast epithelial
cancer cell line (MCF-7), and prostate cancer cells (PC3 cells) were investigated. Among compounds
tested for antibacterial activity, S. aureus was susceptible to compound 7d. The most potent compounds
against A549, MCF-7, and PC3 tumor cells were found to be 7g. DAPI staining of all cancer cell lines
treated with compound 7g, associated with cell death. We finally confirmed that apoptosis occurred in
A549 cells by up-regulated Bax expression and down-regulated Bcl-2 expression from the
mitochondrial pathway of apoptosis by using the quantitative reverse transcription-polymerase chain
reaction (QRT-PCR) method. Our findings suggested that compound 7g may be a good target in
designing cancer therapy strategies.
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1. Introduction

Cancer is an enormous worldwide health burden, touching every region and
socioeconomic level. Globally, about one in every eight deaths is due to cancer. There were
9.6 million deaths from cancer worldwide in 2018 - more than those due to combined
HIV/AIDS, malaria, and tuberculosis. Chemotherapy, the use of medicinal agents to destroy
cancer cells, is the current approach to treating malignancies. Targeted cancer therapies
progression is one of the most relevant challenges to chemists and oncologists. Isatin and its
derivatives have been proven to be versatile substrates acting as a precursor for synthesizing a
multitude of heterocyclic compounds as promising pharmacological agents [1-15].
Furthermore, thiazolidinone derivatives have been the subject of considerable studies due to
https://biointerfaceresearch.com/ 8094
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their biological activities [16-19], such as antimicrobial [20], antiviral [21-23], antifungal [24-
26], and antituberculosis properties [27-30]. It has been known that many efforts devoted to
adopting a hybridization approach for the development of diverse isatin-
thiazolidine/thiazolidinone [31-38].

Taking the above into account, we have become interested in the combination of isatin
and thiazolidinone cores to synthesize a novel series of 5-(2-oxoindolin-3-ylidene)-2-
(arylimino)thiazolidin-4-ones 7a-h through the Knoevenagel condensation of derivatives of 4-
thiazolidinone and oxindole in a facile procedure.

2. Materials and Methods

2.1. Chemistry part.

Melting points were determined on an Electrothermal 9100 apparatus and uncorrected.
IR spectra were recorded on an FT-IR Bruker Vector 22 spectrophotometer. The *H and
13CNMR spectra were measured using the Bruker DRX-400 AVANCE instrument (400.1 MHz
for H, 100.6 MHz for °C) with CDClIs as a solvent. Mass spectra were run on a Finnigan-Matt
8430 mass spectrometer operating at an ionization potential of 70 eV.

2.1.1. General procedure for the synthesis of arylthioureas 2.

To a solution of ammonium thiocyanate (11 mmol) in dry acetone (5mL) benzoyl
chloride (10 mmol) was added over 5 min at 56 °C. The reaction mixture was stirred in reflux
for 15 min. Then a solution of aniline (20 mmol) in dry acetone (2.5 mL) was added to the
gently reflux mixture, and the mixture continuously stirred in reflux for 20 min. The mixture
was poured into cold water (70 mL) with stirring, and the resulting yellow precipitate was
filtered off and washed with H20 and then cold H20/MeOH. The solid was added to the hot
solution of 10% NaOH (aqg) and stirred at 90 °C for 30 min. After removing insoluble material
by filtration, the filtrate was acidified with concentrated HCI (aqg) then made slightly basic with
aqueous ammonia. Upon standing, the solution deposits the crystalline product 2a-b.
Arylthioureas (2a) m.p.:153-154 °C. IR (KBr, cm-1) v = 3480, 2921, 1632, 1182. 4-Cl
arylthioureas (2b) m.p.: 187-189, IR (KBr, cm-1) v = 3443, 3006, 1673, 1284, 1233.

2.1.2. General procedure for the synthesis of arylaminothiazol-4-ones 3

To a stirred solution of arylthioureas 2 (6 mmol) in ethanol (20 mL) at 60 °C,
bromoacetate (7.8 mmol) was added, and the reaction mixture was continuously stirred at 70
°C for 5 h. After completion of the reaction, the mixture was cooled down to the ambient
temperature then neutralized with ammonia solution. Water was added dropwise to the mixture
with stirring until the precipitate formed. The precipitated solid was filtered off and dried, then
triturated with petroleum ether (2/3) to deliver yellow crystals. The products are recognized as
a tautomeric mixture in DMSO. 2-(phenylamino) thiazol-4(5H)-one (3a). Yield: (71%), yellow
crystals. Mp: 178.4-179.5 °C. 2-((4-chlorophenyl) amino) thiazol-4(5H)-one (3b). Yield:
(65%), brown crystals. M.p: 221-230 °C. 1H NMR (DMSO-d6): & (ppm) 12.34 (s, 0.5x1H),
11.22 (s, 0.5%1H), 7.82 (br, 2x0.5H), 7.64 (d, J = 8.4Hz, 2H), 7.46 (br, 2x0.5H), 7.17 (d, J =
8.4Hz, 2H), 4.18 (s, 0.5%2H), 4.10 (s, 0.5 x2H). MS: m/z = 226.0 (M™).
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2.1.3. General procedure for the synthesis of title compounds 7

To a stirred solution of isatins 4a-c (2mmol) and thiazolidinone derivatives 3a-b (2.4
mmol) in ethanol (20 mL), malononitrile (0.25 mmol) and triethylamine (1 mmol) were added.
The reaction mixture was refluxed for 3 h. After completion of the reaction (monitored by
TLC), the mixture was allowed to cool to ambient temperature. Then the generated solid was
filtered off, washed with hot ethanol and recrystallized from an appropriate solvent to obtain
7a-h.  5-(2-oxoindolin-3-ylidene)-2-(phenylamino) thiazol-4(5H)-one (7a): Yield: 0.61 g
(91%), Red solid, m.p: 171-172 °C. 1H NMR (400 MHz, DMSO-d6): 6 = 7.13 (d.d, J = 7.6,
8.4 Hz, 1H, ArH), 7.22 — 7.36 (m, 4H, ArH), 7.47 (d, 2J = 7.6 Hz ,2H, ArH), 7.57 (d, 2J = 7.6
Hz ,1H, ArH), 7.75 (d, 2) =8.4 Hz ,1H, ArH), 8.79 (s, 1H, NH), 11.75 (bs, 1x0.5H, NH), 11.87
(bs, 1x0.5H, NH) ppm. 13C NMR (100 MHz, DMSO-d6): 6= 115.93, 121.74, 123.35, 126.47,
128.29, 128.97, 129.19, 130.68, 131.96, 132.23, 137.39, 147.39, 159.47, 116279, 175.35 ppm.
IR (KBr, cm-1) v = 3430, 3131, 1698, 1580, 1506, 1170. MS: m/z = 320.0 (M+). 2-((4-
chlorophenyl) amino)-5-(2-oxoindolin-3-ylidene) thiazol-4(5H)-one (7b): Yield: 0.61 g (87%),
Brown solid. m.p: 198.1-199.5 °C. 1H NMR (400 MHz, DMSO-d6): 6= 7.10 ~ 7.05 (m,3H,
ArH), 7.47 (d, 2J = 7.6 Hz ,2H, ArH), 7.75 (d, 2J = 8.4 Hz ,2H, ArH), 8.23 (s, 1H, ArH), 9.23
(s, 1H, NH), 11.54 (bs, 1x0.5H, NH), 11.75 (bs, 1x0.5H, NH) ppm. 13C NMR (100 MHz,
DMSO-d6): 6= 120.49, 121.71, 125.26, 125.84, 127.49, 128.27, 129.96, 131.87, 132.06,
138.93, 142.21, 153.09, 156.28, 163.49, 169.25 ppm. IR (KBr, cm-1) v = 3439, 3102, 1667,
1596, 1176. MS: m/z = 356.1 (M+). 5-(5-bromo-2-oxoindolin-3-ylidene)-2-(phenylamino)
thiazol-4(5H)-one (7c): Yield: 0.71 g (87%), Brown solid, decomposed at: 221-222.5 °C. 1H
NMR (400 MHz, DMSO-d6): &= 6.83 (d, 2J =8.8 Hz ,2H, ArH), 6.93 (m, 2H, ArH), 7.11 (d,
2) = 8.4 Hz \1H, ArH), 7.47 (t, 2J = 8.8 Hz ,2H, ArH), 8.10 (s, 1H, CH), 8.44 (s, 1H, NH),
11.03 (bs, 1x0.5H, NH), 11.49 (bs, 1x0.5H, NH) ppm. 13C NMR (100 MHz, DMSO-d6): 6=
113.32, 115.87, 121.90, 125.23, 125.93, 126.43, 128.60, 129.22, 131.13, 136.32, 137.46,
138.39, 143.85, 156.06, 162.32, 167.37, 178.04 ppm. IR (KBr, cm-1) v = 3443, 3115, 1685,
1605, 1591, 1176, 823. MS: m/z = 400.3 (M+). 5-(5-chloro-2-oxoindolin-3-ylidene)-2-
(phenylamino) thiazol-4(5H)-one (7d): Yield: 0.61 g (88%), Red solid, m.p: 205-206.4 °C. 1H
NMR (400 MHz, DMSO-d6): 6= 7.22 (d, 2] = 8.8 Hz ,2H, ArH), 7.36 — 7.41 (m, 3H, ArH),
7.52 (d, 2J=8.4 Hz ,2H, ArH), 7.88 (t, 2J = 8.4 Hz ,1H, ArH), 8.07 (s, 1H, ArH), 8.37 (s, 1H,
NH), 10.98 (bs, 1x0.5H, NH), 11.09 (bs, 1x0.5H, NH) ppm. 13C NMR (100 MHz, DMSO-
d6): &= 120.68, 121.76, 125.26, 125.76, 126.47, 128.29, 129.13, 129.96, 137.23, 137.39,
142.03, 153.09, 158.23, 161.75, 173.15 ppm. IR (KBr, cm-1) v = 3430, 3101, 1641, 1594,
1176. MS: m/z = 355.8 (M+). 5-(5-chloro-2-oxoindolin-3-ylidene)-2-((4-chlorophenyl) amino)
thiazol-4(5H)-one (7e): Yield: 0.66g (85%), Brown solid, m.p: 199-200.5 °C. 1H NMR (400
MHz, DMSO-d6): 6= 6.91 (d, 2J = 8.8 Hz ,2H, ArH), 7.04 (d, 2J = 8.8 Hz, 2H, ArH), 7.11 (d,
2J = 8.0 Hz ,1H, ArH), 7.38 (d, 2J = 8.0 Hz ,1H, ArH), 7.79 (s, 1H, CH), 8.00 (s, 1H, ArH),
8.44 (s, 1H, NH), 10.97 (bs, 1x0.5H, NH), 11.27 (bs, 1x0.5H, NH) ppm. 13C NMR (100 MHz,
DMSO0-d60): &= 120.91, 121.02, 125.28, 125.81, 127.48, 129.40, 129.96, 130.82, 136.94,
138.92, 144.02, 153.09, 158.81, 158.23, 164.75, 170.15 ppm. IR (KBr, cm-1) v = 3428, 3107,
1668, 1592, 1535, 1253, 1138. MS: m/z = 388.9 (M+). 5-(5-bromo-2-oxoindolin-3-ylidene)-2-
((4-chlorophenyl) amino) thiazol-4(5H)-one (7f): Yield: 0.75 g (87%), Brown solid, m.p:
221.5-223 °C. 1H NMR (400 MHz, DMSO-d6): 6= 7.09 (d, 2) = 8.4 Hz ,2H, ArH), 7.47 (d, 2J
= 7.6 Hz, 2H, ArH), 7.75 (d, 2J = 8.4 Hz ,1H, ArH), 8.24 (d, 2J = 8.4 Hz ,1H, ArH), 8.80 (s,
1H, ArH), 9.16 (s, 1H, NH), 11.27 (bs, 1x0.5H, NH), 11.75 (bs, 1x0.5H, NH) ppm. 13C NMR
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(100 MHz, DMSO-d6): 6= 113.48, 118.35, 121.81, 125.66, 128.74, 129.48, 130.35, 131.72,
132.24,137.66, 139.49, 143.65, 157.47, 162.48, 171.07, 176.51 ppm. IR (KBr, cm-1) v = 3428,
3138, 1639, 1516, 1263, 1153.MS: m/z = 433.9 (M+). 5-(5-nitro-2-oxoindolin-3-ylidene)-2-
(phenylamino) thiazol-4(5H)-one (79): Yield: 0.66 g (89%), Red solid, decomposed at 186-
188 °C. 1H NMR (400 MHz, DMSO-d6): 6= 7.23 (t, 3J,J=7.2 Hz ,1H, ArH), 7.33(d, 21 = 7.6
Hz, 2H, ArH), 7.35~7.44 (m ,3H, ArH), 7.64 (d, 2J = 8.0 Hz ,1H, ArH), 8.00 (s, 1H, CH), 8.45
(s, 1H, NH), 11.53 (bs, 1x0.5H, NH), 12.08 (bs, 1x0.5H, NH) ppm. 13C NMR (100 MHz,
DMSO): &= 120.11, 121.27, 125.72, 128.85, 129.33,129.74, 133.06, 137.38, 143.27, 148.11,
158.00, 164.27, 172.87, 178.62 ppm. IR (KBr, cm-1) v=13391, 3152, 1709, 1635, 1585, 1522,
1344, 1134. MS: m/z = 366.2 (M+). 2-((4-chlorophenyl) amino)-5-(5-nitro-2-oxoindolin-3-
ylidene) thiazol-4(5H)-one (7h): Yield: 0.60 g (79%), Brown solid, m.p: 203-204 °C. 1H NMR
(400 MHz, DMSO0-d6): &= 7.06 (d, 2) = 7.6 Hz ,2H, ArH), 7.21(d, 2J = 7.6 Hz, 2H, ArH), 7.61
(d, 2 =6.0 Hz ,1H, ArH), 8.01 (d, 2J = 6.0 Hz ,1H, ArH), 8.37 (s, 1H, CH), 9.47 (s, 1H, NH),
11.54 (bs, 1x0.5H, NH), 12.29 (bs, 1x0.5H, NH) ppm. 13C NMR (100 MHz, DMSO): =
121.74, 123.35, 125.48, 128.35, 129.24,129.91,136.44, 143.48, 153.48, 159.74, 164.07,
172.14, 176.07, 178.14 ppm. IR (KBr, cm-1) v =3432, 3202, 1641, 1597, 1508, 1381, 1247,
1176, 827. MS: m/z = 400.7 (M+).

2.2. Biological part.

2.2.1. Determination of the antibacterial activity of synthetic compounds using the disk
diffusion method.

Antibacterial activity of the prepared synthetic compounds against the Gram-negative
bacteria (E. coli; ATCC: 15922) and the Gram-positive bacteria (S. aureus; PTCC: 1112,
International No. ATCC6538P) were examined by disk diffusion assay. Bacterial cultures were
obtained from Persian Type Culture Collection, Tehran, Iran (PTCC). Isolated pure colonies
from freshly grown bacteria were transferred from the plates into the sterile normal saline
solution, and it was vortexed to form homogenous bacterial suspensions. Based on 0.5
Mcfarland standard unit, the turbidity of suspensions was adjusted and poured over Mueller—
Hinton agar (MHA) plates. Then, sterile filter paper disks were placed over these plates and
impregnated with the tested compounds. Tetracycline was a positive control, and sterile
distilled water was a negative control. Incubate in an incubator at 37 °C in 24h for bacteria
(Table 1). The MIC results were also determined.

2.2.2. Cell lines and culture

Human non-small-cell lung cancer A549 cells, human breast cancer MCF-7 cells, and
prostate cancer PC3 cells were received from Pasture Institute, Tehran, Iran. MCF-7 cells were
grown in RPMI 1640 medium, A549 cells, and PC3 cells were grown in DMEM medium. All
media contain 10% fetal bovine serum (FBS), penicillin G, streptomycin 100 pg/mL, and 1%
L-Glutamine. The cells were cultured and incubated under humidified 5% CO, atmosphere at
37 °C [39].
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2.2.3. MTT assay.

The viability of cancer cell lines after treatment with related compounds was measured
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide or MTT assay (MTT assay
kit, Bio IDEA, Cat No:BI1017, Iran) in accordance with our previous study [39].

2.2.4. DAPI staining assay.

DAPI staining assay was used to determine chromatin changes. A549 cells were seeded
in six-well plates (5 x 10* cells/well) containing 12 mm cover-slips and subsequently treated
for H1 compound (Sample or treated cells) and DMSO (Control or untreated cells) for 24 h.
Cells then were fixed with 3.7% paraformaldehyde, permeabilized in 0.5% (w/v) Triton X-100,
1% BSA (w/v) for 5 min, washed in PBS, and stained with DAPI (Sigma-Aldrich, USA). All
images were taken by an inverted fluorescent microscope (Nikon Eclipse Ti-E) [39].

2.2.5. RNA extraction, cDNA synthesis, and quantitative real-time PCR (QRT-PCR).

For quantitative real-time RT-PCR analysis, after 48 h of treatment with 40 uM of
compound (7g), A549 cells were lysed, and the total RNA was extracted using 500uL of
Trizol® reagent according to the protocol provided by the manufacturer (Invitrogen Life
Technologies, Carlsbad, CA, USA) followed by reverse transcription into cDNA according to
manufactures protocol (ReveretAid M-Mulv reverse transcriptase Kkit, Thermo Fisher
Scientific, MA, USA). Real-time RT-PCR was then performed to amplify cDNA using SYBR
Green dye universal master mix (Bioron GmbH, Germany), on a Light Cycler 480 (Roche)
using the primers for GAPDH-F: 5-CAA GGT CAT CCA TGA CAA CTTTG-3, R:5-
GTCCACCACCCTGTTGCTGTAG-3'; BAX-F:5-GTCGCCCTTTTCTACTTTGCC -3/, R:
5-CTCCCGCCACAAAGATGGTCA-3'and BCL2-F: 5-CCCCTCGTCCAAGAATGCAA-
3, R:5- TCTCCCGGTTATCGTACCCTG-3'for forty cycles. Thermal conditions of the PCR
were described previously [39].

2.2.6. Statistical analysis

Data were analyzed using SPSS (ver. 22, Chicago, IL, USA), and graphs were
generated using Graph Pad Prism 7 software. Data were expressed as means + standard
deviation (SD). Experiments were performed in triplicate. Comparisons between groups were
performed using an independent sample t-test. The value of p< 0.05 was considered statistically
significant [39].

3. Results and Discussion
3.1. Results.

3.1.1. Compounds synthesis

The synthetic strategy to achieve target compounds 7a-h is outlined in Scheme. 1.
According to the previously reported article, the key intermediates 3a-b were synthesized
starting from commercially available anilines 1 [40]. The first step was the synthesis of
arylthioureas 2 from aniline derivatives using ammonium thiocyanate and benzoyl chloride in
dry acetone. 2-Aryliminothiazolidin-4-ones 3a-b were obtained by ring closure of 2 with ethyl
2-bromoacetate. Condensation of compounds 3a-b with isatin derivatives 4a-d in the presence
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of malononitrile in ethanol under reflux afforded title compounds 7a-h in good to excellent
yields. A mechanistic rationalization for the reaction between compounds 3 and 4 is provided
in Scheme. 2. The first step is the Knoevenagel condensation reaction of isatins 4a-d and
malononitrile delivering the 2-(2-oxoindolin-3-ylidene)malononitriles 5a-d. The electrophilic
carbon atom of 5 may undergo nucleophilic addition of 2-Aryliminothiazolidin-4-ones 3a-b
through a Michael type addition reaction to form the intermediates 6a-h. Subsequent
elimination of malononitrile lead to the 4-thiazolidinone- indolin-2-one conjugates 7a-h [41].

H
NH2  1)Ph-COCI/NH,SCN H \
N _NH _N
X = EOH,70°C S

S
2) NaOH X
1a-b 2a-b 3a-c
O 7 | X Y Yield
¥ 3a-b, CH,(CN),/NEt,
(0] 7al|H H 91%
N Ethanol, reflux 7b|(Cl H 87%
H 7c|H Br 87%
7d|H ClI 88%
7e| ClI ClI 85%
4a-d 7a-h 7| Cl Br 87%
79| H NO, 89%
7h Cl NO, 79%
Figure 1. Synthesis of target hybrids 7a-h.
CH2 (CN)»
NEt3
4"" 5a-d
§
N
S
X
3a-b
Y
H [ N ]
N N %
V=0 B Ry
< S \ v - CHa(CN)2 S H
= X NC
</
© N NC N
H Y
7a-h 6a-h

Figure 2. Proposed mechanism for the formation of the title compounds 7a-h from 2-Aryliminothiazolidin-4-
ones 3a-b and isatins 4a-d.
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3.1.2. The evaluation of antibacterial effects of synthetic compounds.

Antibacterial effects of compounds 7a-h were evaluated in vitro using the disk diffusion
method against Gram-positive (S. aureus) and Gram-negative (E. coli) bacteria. Compound
7d showed an inhibition zone of 9 mm against S. aureus using the disk diffusion method. MIC
assay was used to determine the lowest concentration for inhibition. The MIC value of 7d was
20 mM. E. coli was resistant to all synthetic compounds (Table 1). Tetracycline and DMSO
were used as positive and negative controls, respectively.

Table 1. Antimicrobial activity of synthesized compounds using disc diffusion test at concentration 50
mM (diameter of zone of inhibition in mm), R: resistant.

Inhibition zone (mm)
Compounds S. aureus E. coli
7a R R
7b R R
7c R R
7d 9mm R
Te R R
7f R R
79 R R
7h R R
Tetracycline 29 mm 25 mm
DMSO 0 0

3.1.3. In vitro cytotoxic activity evaluation of synthetic compounds.

At first, to compare anticancer properties, the synthesized compounds 7a-h were
evaluated against A549 cells, MCF-7 cells, and PC3 cells lines using the MTT colorimetric
assay. The activity is expressed as 50% growth inhibitory concentration (ICso) values at 48 h,
and the results are presented in Table 2. We used DMSO (1%) as negative control and
Etoposide as a positive control. Among the different synthetic compounds in terms of chemical
structure, compound 7g (1Cso = 40 uM in MCF-7 and A549, 50 uM in PC3) showed the highest
cytotoxicity against different cancer cell lines. Next, DAPI staining showed clear
morphological changes and fragmentation in the chromatin within the nucleus of treated cells,
but their morphology is not altered in untreated cells (or control). Our results indicated that
compound 7g induced cell death (Figure 1). Finally, we confirmed that apoptosis mediated by
mitochondria induces in A549 cells. Our results demonstrated that up-regulated expression of
Bax and down-regulation expression of Bcl-2 (Figure 2A, 2B).

Table 2. In vitro cytotoxic activities of compounds 7a-h against A549, PC3, and MCF-7 cancer cell lines. Data
represent mean + SD of three independent experiments.

Cell lines (ICso/uM)

Compounds | A549 cells MCF-7 cells PC3 cells

7a >100 >100 > 100

7b 90+0.009 > 100 > 100

7c > 100 > 100 > 100

7d 90+0.021 >100 > 100

7e > 100 > 100 > 100

7f >100 >100 >100

79 40+0.017 40+0.002 50+0.011

7h 100+0.026 >100 > 100
Etoposide 60+0.01 30+0.01 40+0.06
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3.2. Discussion.

In the current study, synthesis and screening of antibacterial and anticancer activities
of thiazolidinone-isatin hybrids 7a-h are performed. Our results demonstrated that the
synthesized compounds have inhibition effects on cell viability on three cancer cell lines, MCF-
7, A549, and PC3. Interestingly, compound 7g has inhibitory effects on A549 cancer cells at a
concentration lower than Etoposide as a drug reference (40 puM in 7g). We found that
compound 7g can induce apoptotic mediated mitochondria pathway. It was previously found
that the balance between the anti-apoptotic Bcl-2 protein and pro-apoptotic is important for
activating apoptosis. Furthermore, the down-regulation of Bcl-2 and/or up-regulation of Bax
disturbs this balance and leads to apoptosis. Using gRT-PCR, we could detect the upregulation
of Bax expression and the downregulation of Bcl2 expression. Moreover, it is unknown why
compound 7g has inhibitory effects on the A549 cancer cell line, and thereby, more
experiments will be needed to clarify the related molecular mechanisms.

AS549 cells

Control

MCF-7 cells

PC3 cells

Control Sample

Figure 3. Inverted fluorescent microscopy images of chromatin damages occurrence in the nucleus of treated
cells with compound 7g and DMSO (1%), which have been stained with DAPI in different cancer cell lines. The
experiments were performed three times (original microscope magnification, 40X, Scale bar, 10 uM).
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Figure 4. Relative expression of Bax mRNA and relative expression of Bcl-2 mRNA in A549 cell line after
treatment with compound 7g were shown. Data represent mean +SD of three independent experiments. p<0.05
was considered to be statistically significant (A) and (B).

In the case of inhibitory effects, compound 7d also showed weak antibacterial activity
against S. aureus with minimum inhibitory concentration (MIC) 20 mM. It seems due to the
structural differences of the bacterial cell wall (i.e., the presence of the outer membrane with
lipid, lipopolysaccharide, and lipoprotein content in Gram-negative bacteria), E. coli was
resistant to our synthetic compounds, and only S. aureus was sensitive to compound 7d. Thus,
it seems that 7d compound may be a possible candidate to design drugs against S. aureus
infection.

4. Conclusions

In this study, we suggested that among eight compounds with thiazolidinone-isatin
hybrids structure, 7d and 7g compounds may be considered potent candidates to design drugs
for inhibiting S. aureus infection and cancer treatment strategies. However, more experiments
will be required to find the molecular mechanisms of the related compounds to inhibit bacterial
infection and tumor growth.
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