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Abstract
In an attempt to overcome the drawbacks of the cancer monolayers model (2D), the 3-dimensional (3D) multicellular cancer
spheroids (MCS) have been developed. Nine of most active sulfonamide derivatives coupled with a salicylamide scaffold
were screened for cytotoxicity on two human cancer cell line spheroids (MCF7 and HCT116) in addition to one human
normal cell line spheroid (RPE-1). 5-Chloro-N-[(N-4-chlorophenyl) 4-sulfamoylbenzyl] salicylamide (9) was found to be the
most active compound among all tested compounds. It showed 70% inhibition on HCT116 spheroids, almost double the
activity of cisplatin, and higher activity than cisplatin on MCF7 spheroids. Also, 5-chloro-N-[(N-benzyl) 4-sulfamoylbenzyl]
salicylamide (18) and 5-chloro-N-[(N-2-phenylethyl) 4-sulfamoylbenzyl] salicylamide (19) showed cytotoxicity against
HCT116 slightly lower than that of cisplatin (32% and 31%, respectively) but with much lower cytotoxicity against the
normal cell (4% and 10% vs. 39%, respectively). Based on in silico virtual screening against DHPS enzyme, some
sulfonamide derivatives coupled with a salicylamide and/or anisamide scaffold were tested in vitro against four bacterial and
fungal pathogens. 5-Chloro-N-[(N-2-nitro-4-methylphenyl) 4-sulfamoylbenzyl] salicylamide (17) and 5-chloro-N-[(N-2-
nitro-4-methylphenyl) 4-sulfamoylbenzyl] anisamide (5) showed strong antifungal activity on the tested organism, while the
first one (17) have the strongest antibacterial activity against the G +ve and G −ve bacterium. In vitro, dihydropterate
synthase (DHPS) enzyme assay showed that, compounds 5 and 17 effectively inhibit dihydropterate synthase (DHPS)
enzyme by 93.78% and 95.15%, respectively, while miconazole inhibit the enzyme with only 87.50%. In addition, their
effect upon amylase, lipase and protease enzymes was reported. The most active compounds 5, 9, 17–19 could be subjected
to in vivo investigation as new drugs.
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Introduction

Multicellular cancer spheroids

The most prominent in vitro model for evaluating the
anticancer activity of tested compounds is the cancer
monolayers model (Zanoni et al. 2016). However, accu-
mulated literatures reveal that active compounds on these
monolayers most often show poor activity in cancer
animal models or subsequent clinical trials (Hay et al.

2014). The failure of monolayers to accurately prediction,
the in vivo activity can be attributed to the lack of
complexity and different characteristics of in vivo solid
tumor (Lee et al. 2007). In an attempt to overcome the
drawbacks of the 2D model, the 3-dimensional (3D)
multicellular cancer spheroids (MCS) have been devel-
oped (Sutherland et al. 1971). During the last decade, the
interest in applying MCS in the evaluation of antitumor
effect has been substantially increased (Galateanu et al.
2016).
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The reason behind this is that the MCS mimic many
aspects of the clinically diagnosed solid tumor. Main
examples are 3D architecture (Lee et al. 2008), gene
expression (Smith et al. 2012), growth kinetics (Wallace
and Guo 2013), presence of hypoxic—known to be resistant
—subpopulation (Wenzel et al. 2014), microenvironment
(Baker and Chen 2012; Ekert et al. 2014) and extracellular
matrix (Kimlin et al. 2013). In addition, MCS select for
penetrating compounds into the tumor mass, which is an
essential property for a clinically successful chemother-
apeutic agent (Tunggal et al. 1999; Tannock et al. 2002).

Indeed, reports indicate the correlation between activity
on MCS and in vivo models (Kobayashi et al. 1993; Kim
et al. 2010). Thus, MCS model can more precisely predict
the anticancer efficacy of the tested compounds compared to
monolayers model.

Consequently, nine of the most active compounds, pre-
viously reported by us (Galal et al. 2018), were screened for
cytotoxicity on two human cancer cell lines: MCF7,
HCT116 (breast and colon carcinoma, respectively) and one
normal human cell line: RPE-1 (retinal epithelial), all were
grown as MCS. The RPE-1 was used to determine the
safety of the tested compounds to normal cells, and thus,
their selective cytotoxicity toward cancer cells.

Antibacterial and antifungal activities

Recently, antimicrobial drugs characterized with their
selective toxicity. They kill or inhibit the growth of
microbial targets selectively, while causing minimal or no
harm to the host. Each class of antibacterial drugs has a
unique mode of action such as cell wall biosynthesis inhi-
bitors, protein synthesis inhibitors, membrane function
inhibitors, nucleic acid synthesis inhibitors and metabolic
pathway inhibitors (Supuran et al. 2002). The biosynthesis
of folate derivatives is an attractive metabolic pathway for
the development of new therapeutic compounds against
infectious diseases caused by bacteria, fungi and some
species of protozoa, as well as for some human diseases,
including cancer and rheumatoid arthritis (McGuire 2003;
Hawser et al. 2006; Gangjee et al. 2007).

A great difference between prokaryotes and eukaryotes
are their mechanism for folate obtaining. Eukaryotes,
essentially, require to uptake it from the media, while pro-
karyotes have de novo biosynthesis of folate in multistep
mechanism (Hanson and Gregory 2011). The folate bio-
synthesis in microorganisms starts with the synthesis of the
pterin ring, which is catalyzed by GTP cyclohydrolase I
(GTPCHI). This enzyme is responsible for the hydrolysis of
guanosine triphosphate (GTP) to form 7,8-dihydroneopterin
triphosphate. The latter compound was catalyzed with two
distinct enzymes to form hydroxymethyl-7,8-dihydropterin
pyrophosphate (DHPPP) (Bertacine Dias et al. 2018). In

this step, the attachment of p-amino benzoic acid (pABA) to
pterin moiety of DHPPP is catalyzed with dihydropteroate
synthase enzyme (DHPS) to form 7,8-dihydropteroate. The
addition of one or more glutamates moieties to 7,8-dihy-
dropteroate was catalyzed with mono/dihydrofolate syn-
thase and the bifunctional folylpoly-γ-glutamate synthase
(DHFS/FPGS) enzymes to producing dihydrofolate and its
derivatives. The reduction of latter compound to tetra-
hydrofolate was catalyzed with dihydrofolate reductase
(DHFR) enzyme (Bertacine Dias et al. 2018). The last two
steps of the pathway, which was catalyzed with DHPS and
DHFR, have been used as antimicrobial or human disease
targets (McGuire 2003; Hawser et al. 2006). Moreover,
DHPS is one of the most studied enzymes of folate pathway
since it is the target of sulfa drugs.

Sulfa drugs are very important class of antimicrobial
drugs since it inhibit the growth of bacteria by competi-
tively inhibiting the utilization of pABA for the biosynth-
esis of folic acid. This class of compounds have extensive
biological activities revolutionized the field of medical
sciences (Ali et al. 2006). They were reported to be used as
antitumor (Hanan et al. 2008; Chiarino et al. 1988;
Owa et al. 1999; Owa et al. 2002; Mohan et al. 2006;
Procopiou et al. 2013), antiallergic (Owa et al. 2002),
antiparasitic (Lee et al. 2013), anti-inflammatory (Sulfasa-
lazine) (Galiana-Roselló et al. 2013), antidiabetic (Tolbu-
tamide) (Keche et al. 2012; Tang et al. 2013), neuroleptic
(Thiothixene) (Höhn et al. 1973), diuretic (Furosemide),
analgesic (Celecoxib), and antibacterial (Sulfanilamide
derivatives) (Davie et al. 2013; Wilkinson et al. 2007;
Weidel et al. 2013; Poręba et al. 2015).

In recent years, the increasing of resistance of some
microbial strain to most of the antimicrobial drugs encour-
aged us to investigate the sulfonamide derivatives, pre-
viously synthesized by us (Galal et al. 2018), as new
therapeutic agents against DHPS enzyme. At first, the sul-
fonamide derivatives coupled with a salicylamide and/or
anisamide scaffold subjected to virtual screening against
DHPS enzyme. Derivatives that docked into the pterin
binding pocket and have acceptable binding affinity were
re-synthesized and tested in vitro against some bacterial and
fungal pathogens. Moreover, their effect upon amylase,
lipase and protease enzymes was studied.

Results and discussion

Antitumor activity of the selected compounds

In the current study, MCS were used as the primary plat-
form for evaluating the anticancer activity of the tested
compounds. MCS represent an optimized cell based
approach as they mimic the in vivo tumor environment
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more closely than conventionally used cancer monolayer.
The tested compounds (8–12, 15, and 17–19) were pre-
viously shown (Galal et al. 2018) to work as microtubule
inhibitors (Fig. 1). Compounds with this mechanism of
action are clinically used in treatment of different types of
solid tumor Paclitaxel, docetaxel, vincristine, and vinblas-
tine are examples of this class of compounds (Hanauske
et al. 1994).

In one spheroid based screening, the majority of active
compounds were microtubule inhibitors, indicating that the
microtubule assembly is a vulnerable process than can
easily be disrupted (Fayad et al. 2011). The same screening
pointed out other significant factors that control the efficacy
of anticancer compounds, which are their physicochemical
properties, lipophilicity, water solubility and pharmacoki-
netics profile. These factors reflected their ability to pene-
trate inside tumor mass, and thus exert cytotoxicity on the
different tumor layers (Curnis et al. 2002).

Table 1 illustrates the average percentage cytotoxicity of
the tested compounds toward breast cancer cell line spher-
oid (MCF7) and colon cancer cell line spheroid (HCT116)
in addition to retinal epithelial cell line spheroid (RPE-1) as
a normal human cell in different concentrations. The results
showed that the cytotoxicity of all tested compounds is
concentration dependent. At 50 µM, compound 9 (5-chloro-
N-[(N-4-chlorophenyl) 4-sulfamoylbenzyl] salicylamide)
was the most active among all tested compounds. It showed

70% inhibition on HCT116 spheroids, almost double the
activity of cisplatin (36%), and showed higher activity than
cisplatin on MCF7 spheroids (32 vs. 25%, respectively). It
was significantly toxic to the normal cells spheroids (RPE-
1) with 42%, slightly higher than that of cisplatin with 39%.
However, in case of HCT116 spheroids, compound 9 is
much more toxic to cancer cells than normal cells (70% vs.
42%, respectively). At the lower concentrations used
(6.25% and 12.5 µM), compound 9 showed also the best
cytotoxicity against HCT116 spheroid (18% and 40%,
respectively), while its cytotoxicity against normal cells are
very low (7% and 11%, respectively).

Both compound 8 (5-chloro-N-[(N-phenyl) 4-sulfa-
moylbenzyl] salicylamide) and compound 12 (5-chloro-N-
[(N-4-methoxyphenyl) 4-sulfamoylbenzyl] salicylamide)
showed average percentage cytotoxicity toward MCF7
equal to 22 and 27% at 50 µM, which is as close as that
found for cisplatin with near cytotoxicity to the normal cells
(38% and 40% vs. 39%, respectively).

On the other hand, compound 11 (5-chloro-N-[(N-4-
methylphenyl) 4-sulfamoylbenzyl] salicylamide) showed
good cytotoxicity against HCT116 (41%) comparing with
that of cisplatin (36%), while its cytotoxicity towards RPE-
1 (33%) is less than that of cisplatin (39%). Compound 18
(5-chloro-N-[(N-benzyl) 4-sulfamoylbenzyl] salicylamide)
and compound 19 (5-chloro-N-[(N-2-phenylethyl) 4-sulfa-
moylbenzyl] salicylamide) showed cytotoxicity against
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Fig. 1 The sulfonamide
derivatives coupled with a
salicylamide or anisamide
scaffold subjected to the
present study
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HCT116 slightly lower than that of cisplatin (32% and 31%,
respectively) but with much lower cytotoxicity against the
normal cells (4% and 10% vs. 39%, respectively).

It is worth to note that it is the first time to report the
efficacy of this class of compounds on the 3D model and
importance of the multicellular spheroids model for identi-
fication of promising anticancer candidate drugs.

Antibacterial and antifungal activities of the
selected compounds

In recent years, ligand docking in the binding site of a
receptor protein (virtual screening) is one of the most
widely techniques used to predict the bioactivity of a set of
compounds. The method depends on docking of energy

Table 1 The average percentage
cytotoxicity of compounds
under investigation at different
concentrations

MCF7 sph. HCT116 sph. RPE-1 sph.

µM Avg. % CT SD Avg. % CT SD Avg. % CT SD

8 6.25 3.73 ±1.25 0.78 ±2.33 3.55 ±3.73

12.5 4.78 ±2.90 1.50 ±0.71 6.57 ±3.61

25 10.05 ±4.02 23.67 ±3.43 13.60 ±0.14

50 21.59 ±7.90 25.56 ±2.68 38.17 ±11.07

9 6.25 5.60 ±2.82 18.14 ±4.18 7.06 ±4.67

12.5 5.84 ±0.62 40.27 ±3.75 11.07 ±3.83

25 21.84 ±3.79 54.52 ±0.54 31.22 ±2.94

50 32.32 ±2.67 70.06 ±5.15 42.08 ±1.51

10 6.25 0.04 ±0.72 6.99 ±2.65 12.09 ±9.95

12.5 0.19 ±0.99 7.38 ±6.45 13.91 ±4.75

25 1.10 ±1.78 18.40 ±6.37 18.92 ±3.67

50 1.98 ±1.45 25.73 ±7.44 19.57 ±2.96

11 6.25 1.03 ±7.39 9.34 ±2.18 18.02 ±5.73

12.5 1.04 ±4.37 13.20 ±9.60 21.33 ±3.94

25 2.04 ±4.12 28.32 ±8.52 22.14 ±4.68

50 2.12 ±0.25 41.14 ±9.06 32.91 ±8.45

12 6.25 2.48 ±7.86 14.88 ±2.98 4.77 ±5.03

12.5 7.54 ±0.22 16.39 ±1.07 10.76 ±3.96

25 10.36 ±2.64 17.38 ±0.54 10.80 ±4.98

50 26.87 ±1.47 25.03 ±2.24 39.70 ±6.17

15 6.25 0.34 ±2.94 0.93 ±2.57 7.31 ±3.66

12.5 1.66 ±3.79 1.73 ±0.64 7.87 ±2.08

25 4.33 ±2.49 11.16 ±9.11 7.92 ±2.01

50 5.02 ±2.19 14.57 ±0.64 10.20 ±1.51

17 6.25 2.29 ±7.52 1.90 ±1.20 0.81 ±1.44

12.5 3.46 ±3.08 1.80 ±0.42 2.23 ±3.73

25 4.94 ±3.17 0.91 ±0.41 5.89 ±1.87

50 6.43 ±1.73 16.39 ±5.15 6.35 ±1.94

18 6.25 0.77 ±5.86 2.14 ±9.04 0.30 ±7.90

12.5 5.19 ±1.79 4.42 ±6.86 1.32 ±2.58

25 7.65 ±4.03 4.50 ±7.80 3.81 ±2.66

50 12.99 ±2.94 31.80 ±7.84 3.89 ±2.07

19 6.25 5.29 ±0.54 9.87 ±4.72 3.25 ±0.43

12.5 5.97 ±1.55 12.98 ±4.61 4.47 ±5.31

25 10.07 ±4.63 21.77 ±7.61 6.14 ±1.79

50 11.69 ±15.49 31.32 ±8.04 9.58 ±1.71

Cisplatin 50 25.32 ±3.05 36.42 ±5.42 39.41 ±6.51

Avg. % CT average percentage of cytotoxicity, SD standard deviation, MCF7 sph. breast cancer cell line
spheroid, HCT116 sph. colon cancer cell line spheroid, RPE-1 sph. retinal epithelial cell line spheroid
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minimized 3D ligand structure in the binding set of a
definite 3D protein target follows by analysis of the results
in comparison with the native ligand.

It was reported that dihydropterate synthase (DHPS) is
the target protein for the sulfonamide class of antibiotics
and five crystal structures of it were published in the protein
data bank IDs 1TX0, 1TX2, 1TWS, 1TWW, and 1TWZ
(Babaoglu et al. 2004). Analysis of the pterin binding
pocket of the given structures should that it composed of 17
amino acids, GLY64, LYS73, ASP101, ASN120, ILE122,
ILE143, MET145, ASP184, GLY188, PHE189, LEU214,
GLY216, ARG219, LYS220, SER221, PHE222, ARG254,
and HIS256. The native ligands and their hydrogen bonds
formed illustrated in Fig. 2 and Table 2, while the secondary
structure calculations of chain A and its pterin binding
pocket is illustrated in Fig. 3. A virtual screening was car-
ried out using Auto dock Vina software for the sulfonamide
derivatives coupled with a salicylamide and/or anisamide
scaffold, previously published by us (Galal et al. 2018).
The aim of the molecular docking calculations is to predict
the promised compounds for resynthesis and testing for
their antibacterial and antifungal activities. The docking into
the pterin binding pocket, formed hydrogen bonds with the
previously mentioned amino acids, binding affinity (kcal
mol−1) down −6.5 were considered the basic criteria for

compounds subjected for further study. Table 3 and Fig. 1
illustrated the compounds selected for antibacterial and
antifungal test according to the application of the virtual
screening.

In vitro, the sulfonamide derivatives were evaluated for
their antimicrobial activities against four representative

P
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Fig. 2 Chemical structure of the
native ligand of the protein IDs:
1TX0, 1TX2, 1TWW,
and 1TWZ

Table 2 Hydrogen bonds
formed between the native
ligand and the surrounded amino
acids of the pterin
binding pocket

Compounds Chain A amino acids Polar contact

ASP101 ASN120 ASP184 LYS220 ILE122 SER221 HIS256 ARG254

A √ √ √ √ √ √

B √ √ √ √

C √ √ √ √ √

D √ √ √ √ √ √

Fig. 3 The secondary structure calculations of chain A and its pterin
binding pocket as it was calculated by MGL Tools 1.5.6 (www.
mgltools.scripps.edu)
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microbial strains, G +ve bacteria (Bacillus subtilis NRRL-
B543), G −ve bacteria (Escherichia coli NRRL-B210),
fungi (Aspergillus niger NRRL-599), and yeast (Candida
albicans NRRL-Y 477). A standard azole drug miconazole
for fungi and ceftriaxone for bacteria were used as positive
control. Results shown in Table 4 illustrate the anti-
microbial activities of the sulfonamide derivatives. It has
been found that compound 17 followed by 14, 21, 1, and 6
have the strongest antibacterial activity against the G +ve
bacterium (B. subtilis) with zone of inhibition 3.0, 2.7, 2.7,
2.5, and 2.4 cm, respectively. While for G −ve bacterium
(E. coli), compounds 16 followed by 17, 21, and 10 showed
the highest activity with zone of inhibition 3, 2.8, 2.5, and
2.3 cm, respectively. Compounds 4, 9, 18, 22, and 24
exhibited the same zone of inhibition against E. coli, 2 cm
nearly equal to control. Compound 17 followed by com-
pound 5 showed promising antifungal activity on the tested
organism (A. niger). Compounds 3 and 14 exhibited the
same zone of inhibition against A. niger, 2 cm equal to
control. Concerning the effect of the sulfonamide deriva-
tives on the pathogenic yeast test strain C. albicans, it has
been found that compounds 17 followed by 7 exhibited
lower activities than the control with zone of inhibition (2.5
and 2.3 cm vs. 3 cm, respectively).

Compounds 5 and 17 showed antimicrobial activity on
all tested microorganisms, their minimum inhibitory con-
centration (MIC) were determined in a range from 10 to
40 mg/ml (Fig. 4). The higher activity of compound 17
compared to compound 5 is referred to the hydroxyl group
instead of methoxy. Azole drugs works by inhibition of
enzymes involved in cell membrane synthesis leads to
impair of function and subsequently death of the pathogen
(Supuran and Scozzafava 2000), ceftriaxone inhibit cell
wall synthesis, while sulfonamides have different mechan-
ism of action. They inhibit folic acid synthesis, which dis-
rupt the DNA synthesis lead to death of the microorganism.

The sulfonamides 5 and 17 exhibited antifungal activity
against A. niger and C. albicans comparable to miconazole,
with MICs 30 and 40 mg/ml, respectively.

The synergistic effect between the control antibiotics and
both selected compounds were determined (Table 5).
Fractional inhibitory concentration (FIC) was calculated for
both selected compounds (Table 6). Synergy was defined as
an FIC index ≤ 0.5. When the FIC index in range between
0.5 and 4.0 it showed, there was “no interaction” between
the agents. FIC > 4.0 indicate there was antagonism
between the two agents (Hemaiswarya et al. 2008).

The most potent compounds 5, 17, and miconazole, as a
standard antifungal inhibitor, were evaluated their capability
of inhibiting the DHPS enzyme. As it was displayed in Fig.
5, compound 17 showed strong inhibition (95.15%) than
compound 5 (93.78%) as compared to miconazole
(87.50%). This results agreed with (McCullough and

Table 4 Inhibition zone of sulfonamide derivatives against G +ve,
G −ve bacteria, fungi, and yeast in cm

compounds Inhibition zone (cm)

E. coli B. subtilis A. niger C. albicans

1 0 2.5 0 0

2 0 1.6 0 0

3 0 0 2 0

4 2 2 0 0

5 1 2 3 2

6 0 2.4 0 0

7 0 1.2 0 2.3

9 2 0 1.1 0

10 2.3 0 0 0

12 1.5 0 0 0

13 1.8 0 1.1 0

14 0 2.7 2 0

16 3 0 0 0

17 2.8 3 5 2.5

18 2 0 0 0

20 1 0 0 0

21 2.5 2.7 0 0

22 2 0 0 0

23 1.5 0 0 0

24 2 0 0 0

Control 2.1 2.2 2 3
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Fig. 4 MIC of compounds 5 and 17 in mg/ml

Table 5 Inhibition zone of 5, 17, and their antibiotic synergy at
calculated MIC concentrations

Microorganisms 5 17 5(s)* 17(s)* Control

B. subtilis NRRL-B543 1 1 1.8 1.7 2.2

E. coli NRRL-B210 1.2 1.9 1.1 1.6 2.1

A. niger NRRL-599 2.5 1.7 2 2.2 2

C. albicans NRRL-Y 477 1.7 1.7 2.9 3.4 3

Compound(s)* control antibiotic in equal concentration
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Maren 1973) who stated that, sulfonamides act as compe-
titive inhibitors of dihydropteroate synthase.

The mechanism of antimicrobial action of both selected
compounds seems to be connected with lipase and protease
inhibitor activities with different percentage of inhibition
(Table 7). The amylase enzyme was not assessed in all
tested microorganism (data not shown).

Compounds 17 and 5 showed high lipase inhibition
percentage concerning G +ve B.subtilis (75% and 62.5%,
respectively) and lipase inhibition percentage concerning A.
niger (33% for both). Compound 5 showed moderate pro-
tease inhibition percentage with G-ve E. coli and A. niger
(45% and 33%, respectively). Both compounds inhibited
neither yeast C. albicans lipase nor protease. Protease
inhibition percentage detected by both compounds was
coinciding with previously reported on sulfonamide deri-
vatives to exhibit protease inhibitor properties (Supuran
et al. 2003). Moreover, protease inhibitors previously
reported as anticancer and antiviral agent (Uchima et al.
2004). Where they selectively bind to protease enzyme and
inhibit protein precursor that are essentially to production of
infection (Shamsi and Fatima 2016).

Lipase enzyme facilitate bacterial colonization in nutrient
limited conditions leading to various infectious diseases
mainly dermal infections thus drugs targeting inhibit of
lipase activity have a powerful curing action (Batubara et al.
2009). Thus, both compounds considered as a new lead
antimicrobial compounds.

In silico virtual screening

Virtual screening has gained much interest as a computa-
tional tool to expect and select some compounds as target
for specific enzyme. The method depends on docking a set

of 3D structure of the compounds into the inhibitory pocket
of the enzyme and follows by analyzing the results.
Applying this method before in vitro measurement leads to
save time and money. On the other hand, the increasing of
resistance of some microbial strain to most of the anti-
microbial drugs encouraged us to investigate the sulfona-
mide derivatives, previously prepared by us (Galal et al.
2018), as new therapeutic agents against DHPS enzyme.
Molecular docking study was carried out using the Auto
dock Vina software for the energy minimized 3D structure
of the sulfonamide derivatives coupled with a salicylamide
or anisamide.

The results obtained were analyzing according to the
following criteria:

1. The compound was docked into the pterin pocket.
2. It formed hydrogen bonds with at least two amino

acids previously detected for the native ligand (Table 2).
3. It has binding affinity down −6.5 kcal/mol.
Consequently, 20 compounds were selected for the in vitro

measurements (Table 3). Figures 6 and 7a represent the most
active compounds 5 and 17 docked into the pterin pocket of
DHPS enzyme (PDB ID: 1tx0). The electrostatic map
potential of the outer most surface of chain A was computed
using APBS program (Baker et al. 2001). Figures 6 and 7b
represent the hydrogen bonds formed between chain A. Fig-
ures 6 and 7c represent the pose view of interaction of
compounds 5 and 17 with the amino acids of chain A.

Conclusion

In conclusion, nine of most active sulfonamide derivatives
coupled with a salicylamide scaffold were screened for cyto-
toxicity on two human cancer cell line spheroids (MCF7 and

Table 6 Fractional inhibitory
concentration (FIC) index of
compounds 5 and 17

Microorganisms FIC 5 FIC 17 FICAntibiotic5 FICAntibiotic17 FICindex5 FICIndex17

B. subtilis NRRL-B543 1.8 1.7 0.8 0.77 2.6 2.47

E. coli NRRL-B210 0.9 0.94 0.5 0.76 1.4 1.7

A. niger NRRL-599 0.8 1.3 1 1.1 1.8 2.7

C. albicans NRRL-Y 477 1.7 2 0.96 1.13 2.66 3.13

Fig. 5 Effect of 5 and 17 on dihydropterate synthase (DHPS)
inhibition

Table 7 Effect of 5 and 17 on lipase and protease inhibition %

Microorganisms Protease
inhibition%

Lipase
inhibition%

17 5 17 5

B. subtilis NRRL-B543 26 26 75 62.5

E. coli NRRL-B210 8 45 – 43

A. niger NRRL-599 11 33 33 33

C. albicans NRRL-Y 477 – 3 – –
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Fig. 6 a The binding mode of
compound 5 (green) docked into
the pterin pocket of DHPS
enzyme (chain A, PDB ID:
1tx0). The outer most surface
of the protein was illustrated as
electrostatic potential map.
b The 3D binding mode
showing compound 5 and its
intermolecular hydrogen bonds
and bond length (green lines)
with ARG219, ARG254 and
HIS256 (pink). The compounds
colored according to the
functional groups. The rest of
the enzyme structure was
deleted from the view to clarify
the docked conformer. c 2D of
the residues in the active site of
DHPS enzyme interacting with
compound 5. The black dashed
lines indicate hydrogen bonds,
the green solid lines show
hydrophobic interactions

Fig. 7 a The binding mode of
compound 17 (green) docked
into the pterin pocket of DHPS
enzyme (Chain A, PDB ID:
1tx0). The outer most surface
of the protein was illustrated as
electrostatic potential map.
b The 3D binding mode
showing compound 17 and its
intermolecular hydrogen bonds
and bond length (green lines)
with ASP201, ARG219 and
HIS256 (pink). The compounds
colored according to the
functional groups. The rest of
the enzyme structure was
deleted from the view to clarify
the docked conformer. c 2D of
the residues in the active site of
DHPS enzyme interacting with
compound 17. The black dashed
lines indicate hydrogen bonds,
the green solid lines show
hydrophobic interactions
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HCT116) in addition to one normal human cell line spheroid
(RPE-1). 5-chloro-N-[(N-4-chlorophenyl) 4-sulfamoylbenzyl]
salicylamide (9) was found to be the most active compound
among all tested compounds. Its activity was found to be
almost double the activity of cisplatin toward
HCT116 spheroid, while it was little higher toward
MCF7 spheroids. In addition, 5-chloro-N-[(N-benzyl) 4-sulfa-
moylbenzyl] salicylamide (18) and 5-chloro-N-[(N-2-pheny-
lethyl) 4-sulfamoylbenzyl] salicylamide (19) showed
cytotoxicity against HCT116 slightly lower than that of cis-
platin but with much lower cytotoxicity against the normal cell.

Based on in silico virtual screening against DHPS
enzyme, 20 sulfonamide derivatives coupled with a sali-
cylamide and/or anisamide scaffold were tested in vitro
against four bacterial and fungal pathogens. 5-Chloro-N-
[(N-2-nitro-4-methylphenyl) 4-sulfamoylbenzyl] salicyla-
mide (17) and 5-chloro-N-[(N-2-nitro-4-methylphenyl) 4-
sulfamoylbenzyl] anisamide (5) showed strong activity
against G +ve bacteria (B. subtilis), G −ve bacteria (E.
coli), fungi (A. niger), and yeast (C. albicans). In vitro,
DHPS enzyme assay showed that compounds 5 and 17
effectively inhibit DHPS enzyme. In addition, their effect
upon amylase, lipase and protease enzymes was reported.
The most active compounds 5, 9, 17–19 could be subjected
to in vivo investigation as new drugs.

Experimental

Chemistry

All materials, reagents and solvents were purchased from
Sigma-Aldrich, Merck, Fisher chemicals, and Lab-Scan
analytical sciences and were used without further purifica-
tion. 1H and 13C nuclear magnetic resonance (NMR) spectra
were recorded at 298 K on a JEOL ECA-500 spectrometer
(1H at 500.16 MHz and 13C NMR at 125.76 MHz), and
were processed using the Bruker Topspin 3.2 software. 1H
and 13C NMR spectra are referenced to 1H signals of resi-
dual non-deuterated solvents and 13C signals of the deut-
erated solvents respectively. 1H NMR signals are reported
with chemical shift values δ (ppm), multiplicity (s= singlet,
d= doublet, t= triplet, q= quartet, m=multiplet, and br
= broad), relative integral, coupling constants J (Hz) and
assignments. Mass spectra were recorded on AJEOL DART
+ HI RESOLUTION mass spectrometer, and ionization of
all samples was carried out using ESI. Melting points were
measured on an Electro-thermal IA9100 digital melting
point apparatus and were uncorrected. Analytic TLC was
performed on Merck silica gel 60 F254 precoated aluminum
plates (0.2 mm) and visualized under UV light (254 nm).

The compounds under investigation were synthesized
according to the method described elsewhere (Galal et al.

2018). The structure of the synthesized compounds was
established by mp, HR-MS, and NMR tools.

4-(5-Chloro-2-methoxybenzamido-N-methylene) benzene
sulfonamide (2)

A mixture of 4-(5-chloro-2-methoxybenzamido-N-methy-
lene) benzene sulfonyl chloride (0.88 g, 2.35 mmol) and dry
ammonium carbonate powder (3.5 g) was grinding and
heated during 30 min. The residue was washed several
portions with cold distilled water (15 ml each), filtered off
and recrystallized from aqueous methanol to give white
powder (2; 0.7 g; yield 84%; mp 227–229 °C). 1H-NMR
(DMSO-d6) δ 3.84 (s, 3H, CH3), 4.51 (d, 2H, J= 5.75 Hz,
CH2), 4.77 (br s, 2H, NH2), 7.12 (s, 1H, Ar-H), 7.27 (t, 1H,
J= 8.6 Hz, Ar-H), 7.46 (s, 2H, Ar-H), 7.59 (d, 2H, J=
9.5 Hz, Ar-H), 7.72 (s, 1H, Ar-H), 8.84 (d, 1H, J= 9.5 Hz,
NH). 13C-NMR (DMSO-d6) δ 43.50(C-9), 56.88(C-10),
114.64(C-3), 124.80(C-1), 126.24(C-3’,C-5’), 127.02(C-5),
127.92(C-2’,C-6’), 130.06(C-6), 132.40(C-4), 140.63(C-
1’), 144.17(C-4’), 156.34(C-2), 164.63(C-7). HR-MS (ESI):
m/z [M+H]+calcd. for C15H16ClN2O4S

+ 355.05192 found
355.05177.

Cell culture

All cell lines were kindly provided by Professor Stig Linder,
Oncology and Pathology department, Karolinska Institute,
Stockholm, Sweden, originally obtained from ATCC. The
media for cell growth were as follows: MEM for MCF7,
McCoy’s 5A for HCT116 and DMEM-F12 for RPE-1.
Media were supplemented with 10% fetal bovine serum and
1% penicillin–streptomycin antibiotic. Serum with filtered
through 0.45 µm sterile syringe filters to remove particulates
that might deform the spheroids. Cells were incubated at
37 °C in 5% CO2, 95% humidity and subcultured using
trypsin versene 0.15%.

Generation of MCS

The spheroids were generated according the centrifugation
method (Ivascu and Kubbies 2006). In brief, cell suspension
of 10,000 cells/well for MCF7 and HCT116 and 50,000
cells/well for RPE-1 were seeded in poly-HEMA coated 96-
round bottom plates and centrifuged for 10 min at 1000g.
Cells were incubated for 5 days until they form proper
spheroids of about 500 µm diameter. Medium was changed
day after day.

Cytotoxicity assessment

Compounds were added in triplicates at final concentrations
of 6.25, 12.5, 25, and 50 µM. The duration of the treatment
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was 7 days. A 50 µM cisplatin was used as a positive
control and 0.5% DMSO as a negative control. Cytotoxicity
was determined using the acid phosphatase method (Frie-
drich et al. 2007). After washing twice with 250 µL PBS,
spheroids were lysed in 100 μL of 0.1M sodium acetate,
0.1% Triton X- 100, pH 5, p-nitrophenyl phosphate (2 mg/
ml) (Santa Cruz-Germany) and incubated for 90 min at 37 °
C. At the end of the incubation, 10 μL of 1N NaOH stop
solution was added to each well and absorbance was mea-
sured at 405 nm.

Cytotoxicity was calculated according to the following
equation:

1� av xð Þ= avð NCð Þð Þð Þ � 100;
where av the average, x the absorbance of sample, NC the
absorbance of negative control.

In vitro antimicrobial bioassay

Antibacterial activity of sulfonamide derivatives were
assessed using well diffusion agar method (Pretorius et al.
2003). Nutrient agar medium was used for growing the G
+ve and G −ve bacteria (B. subtilis NRRL-B543, Escher-
ichia coli NRRL-B210), while potato dextrose agar medium
was used for growing of fungi and yeast (A. niger NRRL-
599 and C. albicans NRRL-Y 477). Media were sterilized
and inoculated with the test organisms. The optical density
of the inoculum was adjusted at 0.125 for freshly grown
bacteria and 0.5 for freshly grown yeast and fungi. Wells of
10 mm diameter were punched in each plate. Samples
solution of 100 mg sample/ml DMSO was prepared from
which 70 µL were added to each well, a negative control
well (DMSO only), and reference antimicrobial drug well
was made ceftriaxone for bacteria and miconazole for fungi.
The plates were incubated for 24 h at 35 °C for bacteria and
28 h at 30 °C for fungi. Antimicrobial activities were eval-
uated by measuring the inhibition zone diameter (cm).

Minimum inhibitory concentration

Earliest screening showed that compounds 5 and 17 showed
activity against all tested organisms. Thus, MIC of both
compounds were determined using well diffusion agar
method by preparing different concentrations 10, 20, 30,
40 mg/ml of each compound.

Synergy test

The synergy effect between the antibiotics and anti-
microbial compounds was determined (Pillai et al. 2005)
and combined with calculation of a FIC index (Pei et al.
2009). Synergistic interactions involving the synthetic
compounds 5 and 17 (A) plus the reference antibiotic (B).

The concentration of the synthetic compound used were
their MIC value. The effects of combinations were eval-
uated by calculating the FIC index for each combination
using the following formula: FIC=MIC of drug in combi-
nation/MIC of drug alone; FIC index=FIC of drug A+FIC
of drug B (Pillai et al. 2005).

Enzymatic activity

In vitro test of DHPS enzyme inhibition

The most potent compounds 5 and 17 were subjected to the
DHPS enzyme assay to check their efficiency to suppress
7,8-dihydropteroate process in the folate biosynthesis.
Totally, 50 μl of MIC concentration (30 mg/ml) of com-
pounds 5 and 17 were separately prepared in DMSO and
incubated with cell extract of A. niger NRRL-599 grown on
broth dox media for 48 h. miconazole with the same con-
centration range was used as positive control against A.
niger NRRL-599. Then, 100 μl of lysate (100 μg of protein)
was combined with 14C-labeled PABA, diphosphoric acid,
and mono[(2-amino1,4,7,8-tetrahydro-4-oxo-6-pteridinyl)-
methyl]ester in Tris buffer, pH 8.3, containing dithiothreitol
and MgCl2 in a 200 μl reaction volume, and the mixture was
held at 37 °C for 15 min. One hundred microliters of each
reaction volume was spotted onto 3MM paper (Whatman
International, Ltd., Maidstone, England), and ascending
chromatography was performed in 0.01M phosphate buffer.
Under these conditions, free substrate (14C-labeled PABA)
migrates with the solvent front and radiolabeled product
(14C-labeled dihydropteroate) remains at the origin. The
chromatogram was dried, the area (1 cm2) representing the
origin was placed into scintillation fluid, and radioactivity
was measured using an LS 6000IC Liquid Scintillation
System (Beckman Instruments, Fullerton, CA). Results
were expressed as the mean and standard deviation of tri-
plicate samples in picomoles of product formed per milli-
gram of total protein (Ho et al. 1975).

Amylase enzyme

Fungal amylase

The fungus was grown in 25 ml of media composed of g/
L: (NaNO3, 3 g; MgSO4.7H2O, 0.5 g; KCl, 5 g;
KH2PO4,1 g; FeSO4·7H2O, 0.01 g; CaCl2, 0.1 g); starch,
15 g in 150 ml Erlenmeyer flasks and autoclaved at 121 °C
for 15 min. After sterilization, the flasks were cooled to
room temperature. Totally, 0.1 ml spore suspension of the
fungal strain (OD 0.5) was inoculated and MIC con-
centration of selected compound was added (the control
without selected compound) and incubated for 3 days
(Sunitha et al. 2012).
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Bacterial amylase

A loop full of bacterial culture was transferred from starch-
nutrient agar slants to starch-nutrient broth at pH 7 for
activation and incubated in a shaker at 40 °C at 120 rpm for
24 h. Fermentation medium composed of g/L: soluble
starch, 10 g; peptone, 5 g; (NH4)2 SO4, 2 g; KH2PO4, 1 g;
K2HPO4, 2 g; MgCl2, 0.01 g; at pH 7. The fermentation
medium was inoculated with the activated culture (20% v/
v). Selected compound (MIC concentration) was added to
the inoculated media (the control without selected com-
pound) and incubated in a shaker at 37 °C for 24 h. At the
end of the fermentation period, the culture medium was
centrifuged at 10,000 rpm for 15 min to obtain the crude
extract, which served as enzyme source (Vaidya and
Rathore 2015).

Lipase enzyme

Fungal lipase For lipase production, the composition of
the medium used was (g% w/v), glucose,1; olive oil, 1;
peptone, 30; KH2PO4, 0.2; KCl, 0.05; MgSO4·7H2O, 0.05;
at pH 6. The medium was heat sterilized at 121 °C for
15 min. Inoculated with 5 ml spore suspension (OD 0.5)
(Mostafa and El-Hadi 2010). MIC concentration of selected
compound was added to inoculated medium (the control
without selected compound) and incubated for 3 days at
30 °C.

Bacterial lipase For lipase production, the composition of
the medium used was (g% w/v) yeast extract, 0.3; pep-
tone, 0.1; olive oil, 1; K2HPO4, 0.07; KH2PO4, 0.03;
MgSO4, 0.05; MnCl2, 0.01; (NH4)2SO4, 0.025 and CaCl2,
0.01. The flasks were inoculated with bacterial suspension
(OD 0.125). MIC concentration of selected compound
was added (the control without selected compound) and
incubated at 35 °C with a constant shaking at 125 rpm for
2 days. The cells were separated by centrifugation at
10,000 rpm and 4 °C for 20 min (Zouaoui and Bouziane
2011).

Protease enzyme

Fungal protease

The medium used for protease production was composed of
(g/L): CaCl2·7H2O, 0.4; KH2PO4, 7.0; Na2HPO4, 2.5;
MgSO4·7H2O, 0.5; ZnCl2, 0.1; NaC1, 0.3; Casein, 2.0; pH
6.0. Media were autoclaved at 120 °C for 20 min (Ali et al.
1998). Inoculated with 5 ml spore suspension (OD 0.5) and
selected compound (MIC concentration) was added (the
control without selected compound) and incubated for
3 days.

Bacterial protease

The medium used for protease production was composed of
(g/L): nutrient broth with NaCl, 0.5 g; casein, 0.1 g; pH 7.0.
Media were autoclaved at 120 °C for 20 min. Inoculated
with (1%) inoculums. MIC concentration of selected com-
pound was added (the control without selected compound)
and kept for 24 h incubation at 37 °C under shaking con-
dition of 150 rpm. After incubation, the culture was cen-
trifuged at 10,000 rpm for 15 min at 4 °C (Suganthi et al.
2013).

Assay of amylase enzyme

Total amylase activity (TAA) was determined (Murado
et al. 1993) by mixing 80 μL of cell-free medium with
400 μL of 0.15M citrate–phosphate buffer; pH 5.0 (1
volume) and 4% soluble starch (1.5 volumes) previously
maintained at 40 °C/15 min. The reaction mixture was
incubated at 40 °C for 10 min. The reaction was stopped by
addition of 480 μL of dinitrosalicylic acid. One unit of
amylase activity (enzymatic units (EU)/ml) was defined as
the amount of enzyme that releases 1 mg/ml of reducing
sugars (glucose equivalents) under the assay conditions.

Assay of lipase enzyme

Lipase was performed with olive oil emulsion as follows:
10 ml olive oil and 90 ml of 10% arabic gum were emul-
sified by a homogenizer for 6 min at 20.000 rev/min The
reaction mixture composed of 3 ml olive oil emulsion, 1 ml
0.2 M tris-buffer (pH 7.5), 2.5 ml distilled water and 1 ml
enzyme solution were incubated at 37 °C for 2 h with
shaking. The emulsion was destroyed by addition of 10 ml
acetone (95% v/v) immediately after incubation, and liber-
ated free fatty acids were titrated with 0.05 N NaOH. One
unit of lipase was refined as the amount of enzyme liberated
1 µmol of fatty acids (Mostafa and El-Hadi 2010).

Assay of protease enzyme

Protease activity in the crude enzyme extract was deter-
mined (Cupp-Enyard 2008) by using casein as substrate.
Two test tubes were taken and labeled as test (T) and blank
(B). A 5 ml of 0.65% casein solution was added in test and
blank tubes and test tubes were placed at 37 °C for 5 min.
One milliliter of enzyme solution was added in T-test tube.
It was mixed properly and incubated at 37 °C in a water
bath for 30 min for allowing the enzymatic reaction to
occur. The reaction was terminated by addition of 5 mL of
15% trichloroacetic acid solution in both test and blank
tubes. One milliliter of enzyme solution was added in blank
test tube only and it was allowed to stand for 15 min at room
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temperature. Solution from both test tubes was filtered using
Whatmann no. 1 filter paper. Two milliliter of test and blank
filtrate were taken in two new test tubes and labeled as test
(T) and blank (B). Five milliliter of sodium carbonate was
added in both test tubes followed by addition of 1 ml of 2-
fold diluted Follin Ciocalteus phenol reagent. The resulting
solutions in both test tubes were incubated for 30 min at
room temperature in dark, for the development of blue
color. The absorbance of the blue color compound was
measured at 660 nm against a reagent blank using tyrosine
standard. One protease unit was defined as the amount of
enzyme that releases 1 μM of tyrosine per minute (Moha-
patra et al. 2003).

Molecular docking

The X-ray diffraction of the protein 1tx0 with resolution
2.15 Å was downloaded from the protein data bank
(http://www.rcsb.org/pdb/welcome.do). Its energy was
minimized using the YASARA Energy Minimization Ser-
ver (http://www.rcsb.org/pdb/welcome.do), all bound water,
ligands, and cofactors were removed. The pdbqt file format
of the protein and the synthesized compounds were created
using MGL Tools 1.5.6 (www.mgltools.scripps.edu).
Docking calculations were performed using Auto Dock
Vena (Trott and Olson 2010) and PyRx 0.8 (www.mgltools.
scripps.edu). The results were analyzed based on the bind-
ing of the ligand at the inhibitory pocket using PyMol 1
(www.pymol.org).

Future perspective

The present study explored the cytotoxic activity of some
sulfonamide derivatives coupled with a salicylamide scaf-
fold compounds against human cancer cell line spheroids.
The most active compounds 9, 18, and 19 will be subjected
to in vivo studies to evaluate their activities, safety and the
side effects. In addition, it sheds light on the important of
compounds 5 and 17 as antibacterial and antifungal com-
pounds that can be developed to be drugs after intensive
biostudies.
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