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ABSTRACT

n the modern world, where there is a growing demand for new substances with anticancer and antifungal activities, Schiff

bases and phthalimide derivatives, which exhibit a wide diversity of biological activity, have become the focus of new
therapeutic research studies. Accordingly, this study examined the anti-proliferative effects of two distinct compounds
synthesized by cyclobutane substitution on breast cancer and liver cancer cell lines, which are two major cancer types,
were investigated with MTT method and their antifugal activities on C. albicans were evaluated with disk diffusion method.
Minimum inhibitory concentrations of the compounds against C. albicans were also determined in the scope of the study.
The results revealed that the synthesized Schiff base was more effective on the breast cancer cell line MCF7, whereas the
phthalimide-derivative was more effective against the liver cancer cell line Mahlavu. Besides, according to the data related
to the antifungal properties of the compounds, it can be inferred that both compounds are suitable for further investigation
as potential building blocks for the creation of novel and efficient antifungal medications.
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0z

ntikanser ve antifungal etkinliklere sahip yeni bilesiklere duyulan gereksinimin giderek arttigi ginimuzde, ¢esitli biyolo-
Ajik aktiviteler sergileyebilen bazi organik bilesiklerden Schiff bazlarinin ve ftalimid tarevlerinin yeni terapétik arastirma-
gelistirme calismalarinda 6nemli oldugu gorulmektedir. Bu nedenle bu ¢alismada, sikloblUtan stbstitisyonu ile sentezlenen
iki farkli bilesigin, yaygin kanser turleri arasinda olan meme kanseri ve karaciger kanseri hiicre hatlari tizerindeki anti-pro-
liferatif etkileri MTT yontemi ile, C. albicans Uzerindeki antifugal aktiviteleri ise disk difiizyon yontemi ile incelenmistir. Ay-
rica bilesiklerin C. albicans’a karsi minimum inhibitor konsantrasyonlari da ¢alisma kapsaminda tespit edilmistir. Sonuglar,
sentezlenen Schiff bazinin meme kanseri hicre hatti MCF7 Gzerinde daha etkili oldugunu, buna karsilik ftalimid-ttrevinin
ise karaciger kanseri hiicre hatti Mahlavu'ya karsi daha etkili oldugunu ortaya koymustur. Ayrica, bilesiklerin antifungal 6zel-
liklerine iliskin verilere dayanilarak; s6z konusu bilesiklerin her ikisinin de yeni ve etkili antifungal ilaglarin elde edilmesi igin
gerceklestirilecek yeni calismalara potansiyel yapi taslari olarak katki saglayacagi dustnilmektedir.
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INTRODUCTION

chiff bases, called azomethines or imines, are struc-
S tures formed as a result of condensation reactions of
primary amine groups with carbonyl compounds such
as aldehydes or ketones, and they contain C=N double
bonds in their structures. Schiff bases have become im-
portant and remarkable groups of substances in recent
years due to their structural and biological properties.
While Schiff bases have various biological activities in
biological systems such as antibacterial, antifungal, an-
tiviral, anticarcinogenic and anti-tumor, they are also
important in the treatment of diabetes and AIDS by sho-
wing a protective effect on the hematopoietic system.
Also, Schiff base compounds have been a widely used
compound class in dyestuff production, technological
polymer production, corrosion inhibitor, ion-selective
electrode design and preparation of agricultural, phar-
maceutical, medical and cosmetic products [1-8].

One of the most notable activities of Schiff bases is
their role in amino acid biosynthesis. Their biological
activities are due to the chelates they make with tra-
ce elements, and accordingly, they have been found to
have a wide variety of pharmacological properties [9].
In addition, since Schiff bases have the ability to form
complexes with metals, their use in the determination
of metal amounts is increasing. These complex compo-
nents, which are mostly used in the polymer and food
industry, are used in pharmacy as a preservative that
prevents the oxidation process [10].

Also, Phthalimides and N-substituted phthalimides are a
fascinating class of chemicals since they have important
biological activities [11,12]. Recently, these compounds
have also received more attention for their androgen-
antagonistic activities and antihyperlipidemic activities,
research is ongoing in these areas [13,14]. Although
there are several medications that lower blood triglyce-
rides and cholesterol, it is critical to identify even more
potent and nontoxic ones. Also, phthalimides are able
to inhibit acetyl-CoA carboxylase activity. Furthermore,
phthalimide derivatives have anti-cancer properties,
making them useful for treating tumors such Kaposi’s
sarcoma, renal cell carcinoma, and erythema nodosum
leprosum. [15,16]. Therefore, research on this group of
substances is extremely important.

In this study, we synthesized cyclobutane substitu-
ted two different compounds; Schiff Bases: 4-(1-me-

thyl-1-mesitylcyclobutane-3-yl)-2-(2-hydroxy-1-
naphthylideneimino) thiazole, and Phthalimide deriva-
tive: 1-Methyl-1-phenyl-3-(phthalimidoacetyl) cyclobu-
tane. Then, the antifungal activities of the compounds
were tested against C. albicans (NCPF 3179), and their
antiproliferative effects were evaluated on two diffe-
rent cancer cell lines, Mahlavu and MCF7.

MATERIALS and METHODS

Chemicals

All chemicals, and reagents were purchased from Sig-
ma-Aldrich (St. Louis, MO, USA), Serva (Heidelberg, Ger-
many) and Merck (Darmstadt, Germany). Cell culture
media and media supplements were purchased from
Serana (Brandenburg, Germany) and Lonza (Verviers,
Belgium). 96-well microtiter plates were purchased
from Nest Scientific (Jiangsu, China).

Synthesis of studied compounds
The synthesis steps are given below, respectively.

1. Synthesis of 4-(1-Methyl-1-mesitylcyclobutane-3-
yl)-2-aminothiazole

The compound 1 was synthesized according to our pre-
vious paper [17]. Briefly, to a solution of 10 mmol (0.76
g) of thiourea in 50 mL absolute ethanol, a solution of
10 mmol (2.645 g) of 1-methyl-1-mesityl-3-(2-chloro-1-
oxoethyl) cyclobutane in 20 mL absolute ethanol was
added dropwise at 60-70 ‘C. Once the reaction was
completed, 5% agueous solution of NH, was used for
neutralization, and 4-(1-methyl-1-mesitylcyclobutane-
3-yl)-2-aminothiazole was precipitated.

4-(1-Methyl-1-mesitylcyclobutane-3-yl)-2-
aminothiazole



2. Synthesis of 4-(1-methyl-1-mesitylcyclobutane-3-

yl)-2-(2-hydroxy-1-naphthylideneimino) thiazole
The compound 2 similarly synthesized and characteri-
zed [17]. Briefly, 10 mmol (1.43 g) of Compound 1 and
10 mmol (0.86 g) of 2-hydroxy-1-naphthaldehyde were
mixed in 50 mL absolute ethanol. The mixture was ref-
luxed for 2 hours and permitted to stand overnight to
precipitate target compound.

4-(1-methyl-1-mesitylcyclobutane-3-yl)-2-(2-hydroxy-1-
naphthylideneimino) thiazole

3. Synthesis of 1-Methyl-1-phenyl-3-
(phthalimidoacetyl) cyclobutane

The compound 3 was synthesized and characterized ac-
cording to our previous papers [18,19]. Briefly, a mixtu-
re of 1- methyl -1-phenyl -3-(2-chloro-1-oxoethyl) cyclo-
butane (0.01 mol, 2.225 g), which was synthesized using
the protocol defined by Akhmedov et al.[20], triethyla-
mine (0.01 mol, 1.0 g) and phthalimide (0.01 mol, 1.471
g) in acetonitrile was stirred for 4 hours. After purifica-
tion the product obtained was crystallized from ethanol.

1-Methyl-1-phenyl-3-(phthalimidoacetyl) cyclobutane

Determination of Antifungal Activity Preparation of
Inoculum for Antifungal Activity Evaluation

The antifungal effects of cyclobutane ring-bearing com-
pounds 2 and 3 were tested against C. albicans (NCPF
3179). The stock culture of the microorganism was ma-
intained at +4 °C on Sabouraud Dextrose Agar medium.
In order to prepare the inoculum used in the studies, a
single colony selected from the stock culture plate was
incubated in Sabouraud Dextrose broth for 16-18 hours
at 30 °C with shaking. At the end of the incubation peri-
od the fungal suspension was standardized by matching
the turbidity to that of 0.5 McFarland standard [(1 — 2 x
10° colony forming units (CFU)/mL)] [21] and the anti-
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fungal activity evaluations were performed using a 1/10
(1 -2 x10° CFU/mL) dilution of this suspension.

Antifungal Susceptibility Test via Disk Diffusion
Method

Antifungal susceptibility testing was conducted using
the agar diffusion technique. 20 ml of Sabouraud Dext-
rose Agar was poured into petri dishes and allowed to
solidify. Then, 0.1 ml of standardized inoculum of C. al-
bicans was evenly dispersed throughout the plate’s sur-
face. Then, 6mm diameter sterile disks loaded with 20 pl
of Compound 2 and 3 solutions with a concentration of
1400 uM were applied and the plates were incubated at
30 °Cfor 16 hours. The diameters of the inhibition zones
were measured following the incubation.

Minimum inhibitory concentration (MIC)

Minimum inhibitory concentrations of Compound 2 and
Compound 3 were tested by the two-fold serial dilution
method adapted for 96-well microtiter plates. The test
compounds were dissolved in 5% DMSO to obtain 2800
UM stock solutions. 0.1 ml of the prepared stock chemi-
cals were mixed with an equal amount of 1/5 dilution
of standardized C. albicans inoculum to get a concent-
ration of 1400 uM. Values of 700, 350, 175, 87.5, 43.75
UM were obtained by two-fold serial dilution of this sus-
pension with 1/10 diluted standardized inoculum of C.
albicans. Control wells were prepared with untreated
C. albicans inocula, test compound dilutions without
microorganisms and uninoculated Sabouraud Dextrose
Broth. Eventually, the lowest concentrations that did
not result in any growth of the tested microorganism
detectable with unaided eye were determined as the
MIC value after the microtiter plates were incubated for
16—-18 hours at 30 °C.

Evaluation of Antiproliferative Effect

Mahlavu, a human hepatocellular carcinoma cell line,
and the estrogen receptor positive (ER+) breast cancer
cell line MCF7 were cultured in Dulbecco’s modified
Eagle medium supplemented with 10 % FBS and 1 % pe-
nicillin/streptomycin (Pen/Strep). A humidified chamber
with 5% CO, and a temperature of 37 °C were used to
grow the cells in monolayers. Using the previously desc-
ribed MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium bromide] assay [22], Compounds 2 and
3’s effects on cell proliferation and viability were exa-
mined. Briefly, Mahlavu and MCF7 cells were plated in
96-well microtiter plates in a final volume of 100 uL of
growing media, at a density of 2x10% and 5x10° cells/
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well, respectively. The growth media was changed the
following day, and the cells were cultured for 72 hours
with a fresh medium that was supplemented with one
of the organic compounds in varying concentrations (O-
400 uM). The cells were then treated for 4 hours with
10 pL of 5 mg/ml MTT solution prepared in Dulbecco’s
phosphate buffered saline. The cells were subsequently
incubated for an additional 24 hours with 10% sodium
dodecyl sulfate (SDS) in 0.01 M hydrochloric acid (HCI)
and a microplate spectrophotometer (Multiskan GO;
Thermo Fisher Scientific, Waltham, MA, USA) was used
to measure the absorbance at 570 nm. Each experiment
was carried out in triplicate with five technical replicates
and the percentage of cell viability was estimated using
the formula below:

RESULTS and DISCUSSION

Evaluation of Antifungal Activity

Fungal pathogens and infections pose an increasing
burden on public health. People who have underlying
medical issues or a compromised immune system are
especially vulnerable to fungal infections. Invasive fun-
gal disease (IFD) cases are rising along with the size of
the population at risk and this is a result of a variety of
causes, including the improvements in modern medi-
cine and the availability of immune-suppressing drugs
and procedures like chemotherapy, immunotherapy for
cancer, and solid organ transplantations [23]. Further-
more, the rapidly developing antifungal resistance wor-
sens the under recognized threat that invasive fungal
diseases pose to public health. Antifungal resistance fre-
quently leads to prolonged therapies, extended hospi-
tal stays, and a greater requirement for pricy and often
extremely toxic second-line antifungal medications. Ho-
wever, while being a growing hazard to human health,
fungal infections generally get little global attention and
funding [24]. The urgency of the situation is actually de-
monstrated by the “fungal priority pathogens list” that
the World Health Organization published in 2022 for the

Table 1. Inhibition zones obtained in disk diffusion assays.

Compound 2

Compound 3

*Results are expressed as the Mean + SEM of 3 independent measurements.

first time and had 19 fungal pathogens [23].

In compliance with this criterion, the disk diffusion met-
hod was used in this investigation to assess the antifun-
gal activity of the synthesized Compound 2 and Compo-
und 3 on C. albicans. The findings are shown in Table 1.
According to the results on zone inhibition, Compound 2
has a stronger antifungal impact in comparison to Com-
pound 3.

The present study’s scope also included determining the
minimal inhibitory concentrations of the synthesized
Schiff bases for C. albicans. The evaluations revealed
that Compound 2 has a lower MIC value than Compo-
und 3 (700 uM and 1400 uM, respectively). Consequ-
ently, the results from disk diffusion experiments and
MIC evaluations are congruent with one another and
emphasize the higher potential of Compound 2 as an
antifungal agent in compared to Compound 3. On the
other hand, it is obvious that the relatively high MIC va-
lues obtained for both of the compounds can be attribu-
ted to the limited antifungal activities. However, given
that the literature emphasizes that metal complexes of
Schiff bases have much higher biological activities than
the original compounds [25], it is believed that the ob-
tained Schiff bases can be used as a starting point for
the synthesis of new complexes with greater antifungal
activity.

Determination of Antiproliferative Activity

Cancer is among the leading causes of death worldwide.
Additionally, it is predicted that cancer cases and rela-
ted deaths will increase rapidly as a result of population
growth, population aging, and lifestyle changes [26]. As
a result of these changes in population structure, the
distribution of cancer cases by cancer type also shif-
ted. For instance, according to data from 2020, female
breast cancer has surpassed lung cancer as the most
common type of cancer worldwide [27]. Additionally,
primary liver cancer has also been identified as the third
most common cancer-related cause of death worldwide,
with an anticipated 830.000 deaths in 2020 [27]. The-
se findings unequivocally demonstrate the significance

Inhibition Zones (mm)*
8.33+0.27
6.67 £0.54
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Table 2. IC_ values of compounds detected for Mahlavu MCF7 cell lines

Compound 2

Compound 3

*Results are expressed as the Mean + SEM of 3 independent measurements.

of finding novel compounds with potential therapeutic
value, particularly for the treatment of breast and liver
cancers.

In accordance with this need, in this study, the antip-
roliferative effects of two different compounds on the
liver cancer cell line Mahlavu and the breast cancer cell
line MCF7 were tested with the MTT method. As is well
known, the MTT test, which is a simple, robust, fast and
cost-effective method, is one of the most popular met-
hods used to determine cell proliferation and viability.

The percentage of cells that survived 72 hours of incu-
bation with various test compound concentrations (1

— 400 uM) was used to gauge the effectiveness of com-
pounds as antiproliferative agents. Table 2 provides the
IC,, values determined for Compound 2 and Compound
3 as a result of the analyses carried out. The data obtai-
ned show that both compounds have promising antipro-
liferative potential and revealed that Compound 2 was
more effective against MCF7 cell line, whereas Compo-
und 3 was more potent on Mahlavu cells.

Additionally, Figure 1 depicts the dose-dependent ef-
fects of tested compounds on cell survival. As is evident,
the chemicals have an increasing cytotoxic effect on
cells depending on their concentration. As seen in the
figure, relatively low doses of Compound 2, such as 25
UM, cause the viability of MCF7 cells to fall below 50%.
On the other hand, for the viability of Mahlavu cells to

158.45+3.35
37.11+4.72

IC,, Values (uM)*
26.87£5.84
145.29 £ 10.95

fall below 50%, Compound 3 had to be applied at a con-
centration of 50 uM. Besides, it has also been found that
high concentrations of Compound 3 (100 to 400 uM)
have very drastic effects particularly on the viability of
the Mahlavu cell line, and Compound 3 applied at the
aforementioned concentrations reduces the viability of
the cell line in question by more than 95%

The results showed that the tested compounds were
promising in terms of both antifungal activity and antip-
roliferative effect. The discovered MIC values of 700 uM
(for Compound 2) and 1400 uM (for Compound 3) are
known to imply that the compounds are less effective
than currently available antifungal medications.

Besides, studies carried out to reveal the biological
properties of Schiff bases and their complexes demons-
trated to exhibit a wide variety of biological activities
including but not limited to; antiviral, antiproliferative,
anti-inflammatory, antimalarial, analgesic, antipyretic,
antifungal and antibacterial properties [25,28,29]. In
fact, a study examining the anticancer effects of plati-
num (II) complexes of reduced amino acid Schiff bases
found that one of the investigated compounds had acti-
vity against BGC-823 and HL-60 cell lines that was even
higher than the chemotherapeutic drug cisplatin [30].
In another study that examined the antifungal activity
of 23 different cinnamyl Schiff bases, it was discovered
that two of the compounds exhibited a minimum inhi-
bitory concentration against Cryptococcus neoformans

Figure 1. Data on the viability of cells exposed to different concentrations of compounds for 72 hours.
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that was two times lower than fluconazole [31]. These
findings demonstrate the high potential of Schiff bases
to provide the antiproliferative and antifungal medici-
nes required worldwide. In addition, it has been recently
reported in the literature that many Phthalimide deriva-
tives have antimicrobial activity. But a limited number of
these are studies with phytopathogenic fungi [32]. They
have also been used as inhibitors of tumor necrosis fac-
tor alpha (TNF-alpha) that plays a vital role in different
physiological immune systems. Due to its wide range
of medical applications, it also has an important place
in medicinal chemistry [33]. For this reason, there is a
need for studies on both schiffbases and derivatives and
Phthalimides.

Conclusion

A sizable portion of scientific research nowadays is mo-
tivated by the global need for novel substances with an-
tifungal and/or anticancer properties. This study, which
was carried out to contribute to meeting these require-
ments, analyzed the effects of two distinct compounds,
on the capacity to inhibit cell proliferation in breast can-
cer and liver cancer cell lines, as well as their antifungal
effects on Candida albicans. However, it is supported by
literature data that metal complexes to be developed by
using these compounds as a base can be much more ef-
fective and our future studies will be planned by taking
this situation into account. On the other hand, the IC_|
values of the compounds detected against cancer cell
lines seem much stronger compared to their antifungal
potentials, but it is still believed that metal complexes
which will be synthesized in future studies may also be
superior in terms of their anticancer activity and we will
carry out our upcoming studies in alignment with this
conviction.
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