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Abstract
A new series of pyrazolyl–chalcone derivatives was prepared in moderate yields via Claisen–Schmidt condensation reac-
tion of 4-acetylpyrazole derivatives with the corresponding aldehydes. The newly synthesized compounds have been 
fully characterized by 1H NMR, 13C NMR, IR, mass spectrometry, and elemental analysis. The in vitro antimicrobial 
and anti-cancer activities of the novel compounds were evaluated. Depending on the structure of the molecule, different 
types of compounds have varying effects on microbial growth effectiveness. 3-(2,4-Dimethoxyphenyl)-1-[3,5-dimethyl-
1-(4-nitrophenyl)-1H-pyrazol-4-yl]prop-2-en-1-one gave the highest antibacterial activity (20 mm) against B. mycoides, 
whereas 3-(4-chlorophenyl)-1-[3,5-dimethyl-1-(4-nitrophenyl)-1H-pyrazol-4-yl]prop-2-en-1-one and 1-[3,5-dimethyl-1-(4-
nitrophenyl)-1H-pyrazol-4-yl]-3-(p-tolyl)prop-2-en-1-one had equivalent antibacterial activity (17 mm) against E. coli. The 
4-chlorophenyl derivative exhibited the most potent antifungal activity against C. albicans (17 mm). The anti-cancer activity 
of the prepared compounds was tested against four human cancer cell lines namely A549 (lung carcinoma), MCF7 (human 
caucasian breast adenocarcinoma), HePG2 (human hepatocellular carcinoma cell line), and BJ1 (normal skin fibroblast). 
1-[3,5-Dimethyl-1-(4-nitrophenyl)-1H-pyrazol-4-yl]-3-(p-tolyl)prop-2-en-1-one emerged as the most promising compound 
with  IC50 = 44.3 µg/cm3 against A549 and  IC50 = 57.9 µg/cm3 against HePG2. Its gene expression, DNA damage values, and 
DNA fragmentation percentages have been discussed. The expression values of ISL1 and MALL, ASNS and ACLY genes 
were decreased significantly in treated lung and liver cell lines respectively and positive control compared with negative 
samples. The expression levels of ISL1 and MALL genes were downregulated in positive control lung cell lines much lower 
than those in the p-tolyl substituted derivative. The expression levels of ASNS and ACLY genes were downregulated similar 
to those in positive control liver cell lines. The DNA damage values and DNA fragmentation percentages were increased 
significantly (P < 0.01) in the treated lung and liver sample compared with the negative control.
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Introduction

Chalcones are prominent secondary metabolites that exhibit a 
variety of biological activities that include anti-inflammatory 
[1–3], antiviral [4], antiplatelet [5], antibacterial [6], antima-
larial [7], analgesic [8], antioxidant [1, 9], and anti-cancer 
agents [9–12]. The existence of active α,β-unsaturated ketone 
groups in chalcone derivatives is believed to be responsible 
for their biological activity. Furthermore, nitrogen-containing 
heterocyclic compounds such as pyrazoles with two nitro-
gen atoms in their five-membered rings, show considerable 
pharmaceutical activities [13–22]. Various drugs have been 
produced from pyrazole derivatives [23–27]. Besides, the 
utility of pyrazoles in organic light-emitting diodes applica-
tions, liquid crystals, and semiconductors has been intensively 
studied [28–32]. Based on these facts and in continuation to 
our research interest directed toward the preparation of bioac-
tive heterocycles [11, 33–35], we motivated to synthesize the 
pyrazolyl–chalcones.

Results and discussion

Chemistry

The starting 1-[3,5-dimethyl-1-(4-nitrophenyl)-1H-pyra-
zol-4-yl]ethan-1-one (5) was obtained with good yields 
following literature procedure [36, 37]. The first step 
involves the bromination of 1-ethylidene-2-(4-nitrophenyl)

hydrazine (1) that affords N-(4-nitrophenyl)acetohydrazo-
noyl bromide (2). Subsequent reaction of 2 with acetylac-
etone 4 in the presence of sodium ethoxide as a catalyst 
leads to the formation of 5. It is proposed that N-(4-ni-
trophenyl)acetohydrazonoyl bromide (2) in presence of 
ethoxide converted in to nitrilimine intermediate 3 that 
adds through 1,3-dipolar cycloaddition to acetylacetone 
4 to give the final product (Scheme 1). Claisen–Schmidt 
condensation of compound 5 with equimolar amounts 
of arylaldehydes 6 in ethanol in the presence of sodium 
hydroxide solution resulted in the formation of the pyra-
zolyl–chalcones 7a–7f (Schemes 2 and 3). The structures 
of the formed products were confirmed based on inspec-
tion of their spectral data.

1H NMR of chalcone 7e indicated the presence of four 
singlet signals at δ = 2.56, 2.63, 3.87, and 3.91 ppm cor-
responding to two methyl groups and two methoxy groups. 
Also, 1H NMR spectrum of compound 7e displayed the two 
vinyl protons as doublet at 7.33 and 7.83 ppm with coupling 
constant J = 15.6 Hz (characteristic for the trans configura-
tion of the two olefinic protons). The two doublets at 7.67 
and 8.39 ppm with J = 9 Hz are assigned to aromatic pro-
tons. The structure of 7e was also confirmed based on 13C 
NMR that featured 20 signals corresponding to 20 different 
carbon atoms.

Antimicrobial activity

The antimicrobial activity of the synthesized compounds 
against Gram-negative and Gram-positive bacteria, as well 
as non-filamentous fungus, was investigated in this work. 

Scheme 1
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The antibacterial activity of the tested compounds was 
evaluated in millimeters by measuring the growth inhi-
bition zone around the holes that contain the individual 
compounds. Table 1 and Fig. 1 exhibit the antimicrobial 
effectiveness of various synthesized compounds. The results 
show that different types of preparations have variable con-
siderable impacts on microbial growth efficacy, which is 
dependent on the individual synthesized compound. Based 
on the diameter of the inhibition zone, as shown in Table 1, 

compound 7e exhibited the greatest antibacterial activity 
against B. mycoides (20 mm) as a Gram-positive bacteria, 
while compounds 7b and 7c exhibited equal antibacterial 
activity (17 mm) against Gram-negative bacteria (E. coli). 
Furthermore, compound 7b had the greatest antifungal 
action against C. albicans (17 mm). On the other hand, 
the lowest antimicrobial activity (14 mm) was observed in 
the case of compounds 7e and 7f against C. albicans. It is 
worth noting that all tested compounds shown significant 

Scheme 2

Scheme 3



214 M. G. Kamel et al.

1 3

antimicrobial activity against the tested representative 
microbial strains (Table 1).

Anti‑cancer activity

Primary screening

The synthesized compounds 7a–7f were screened against 
four human cancer cell lines, namely A549 (lung carci-
noma), MCF7 (human Caucasian breast adenocarcinoma), 
HePG2 (human hepatocellular carcinoma cell line), and BJ1 
(normal skin fibroblast) at 100 µg/cm3. The results showed 
that compound 7c possesses anti-cancer activities of 100% 

and 84% on A549 and HePG2 cell lines, respectively. Most 
of the compounds showed low activity against A549, MCF7, 
and HePG2 cell lines as shown in Table 2. So this promis-
ing compound 7c was subjected to secondary screening to 
calculate the  IC50 and its selectivity index.

Secondary screening

Concerning  IC50, as depicted in Table 3, compound 7c was 
found as the most promising compound for A549 (lung car-
cinoma) and HePG2 (human hepatocellular carcinoma cell 
line) with  IC50 = 44.3 and 57.9 µg/cm3, respectively.

Table 1  Assessment of the synthesized compounds 7a–7f as antibac-
terial agents by means of the agar diffusion assay

100  mm3 of dissolved compounds (10  mg/cm3) in DMSO were 
applied to 12 mm holes prepared in the inoculated agar plates. Cul-
ture plates were incubated for 18 h at 37 °C

Compound Inhibition zones diameter/mm

B. mycoides E. coli C. albicans

7a 17 ± 0.00 15 ± 0.33 16 ± 0.32
7b 19 ± 0.25 17 ± 0.20 17 ± 0.63
7c 18 ± 1.03 17 ± 0.75 15 ± 0.30
7d 19 ± 0.10 16 ± 0.25 15 ± 0.00
7e 20 ± 1.05 15 ± 0.00 14 ± 0.41
7f 18 ± 0.00 16 ± 1.05 14 ± 1.03
Tobramycin 10 mcg 10 ± 0.75 13 ± 1.05 12 ± 0.00
Gentamicin 10 mcg 11 ± 0.05 12 ± 0.33 12 ± 0.25

Fig. 1  Assessment of the 
synthesized compounds as 
antibacterial agents by means 
of the agar diffusion assay. 
100  mm3 of dissolved com-
pounds (10 mg/cm3) in DMSO 
was applied to 12 mm holes 
prepared in the inoculated agar 
plates. Culture plates were incu-
bated overnight at 37 °C
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Table 2  % Mortality of cancer and normal cell lines at 100 μg/cm3

Compound A549 MCF7 HePG2 BJ1

7a 23.1 1.7 27.3 –
7b 21.4 4.2 4.6 –
7c 100 15.2 84.2 32.3
7d 37.5 12.4 11.3 –
7e 23.5 3.4 29.5 –
7f 12.5 2.2 30.2 –
DOX 100 100 100 –
Negative control 0 0 0 0



215Structure‑based design of novel pyrazolyl–chalcones as anti‑cancer and antimicrobial agents:…

1 3

Gene expression analysis lung and liver cancer‑related 
genes

Gene expression analysis in lung cancer cell line was 

performed using lung cancer-related genes, namely ISL1 
protein (ISL1) and MAL-like protein (MALL) genes. The 
results revealed that the expression levels of ISL1 and 
MALL genes were increased significantly (P < 0.01) in lung 
cancer cell lines (negative control) compared with treated 
cell lines (Fig. 2A and B). In contrast, the expression val-
ues of ISL1 and MALL genes were decreased significantly 
(P < 0.05) in treated lung cell lines (7c) and lung cell line 
treated with 25 nM of doxorubicin (positive control) com-
pared with negative samples. Furthermore, the expression 
levels of ISL1 and MALL genes were downregulated in dox-
orubicin-treated lung cell lines much lower than those in 7c.

Expression analysis of hepatic cancer-related genes, 
namely asparagine synthetase (glutamine-hydrolyzing) 
(ASNS) and ATP citrate lyase (ACLY) genes was per-
formed in liver cancer cell lines. The results revealed that the 
expression levels of ASNS and ACLY genes were increased 
significantly (P < 0.01) in liver cancer cell line (negative 

Table 3  IC50/µg  cm−3 for the promising compound 7c 

ND not detected

Compound A549 MCF7 HePG2 BJ1

7a ND ND ND ND
7b ND ND ND ND
7c 44.3 ND 57.9 62.2
7d ND ND ND ND
7e ND ND ND ND
7f ND ND ND ND
DOX 28.3 26.1 21.6 –
Negative control 0 0 0 0

Cancer cell 7c Cancer cell
lines (negative) Treatment lines (positive)

Cancer cell 7c Cancer cell
lines (negative) Treatment lines (positive)

Cancer cell 7c Cancer cell
lines (negative) Treatment lines (positive)

Cancer cell 7c Cancer cell
lines (negative) Treatment lines (positive)

(A) (B)

(C) (D)

Fig. 2  Alterations in the gene expression level of A  ISL1 and B 
MALL genes in lung cancer cell line; C ASNS and D ACLY genes 
in liver cancer cell line due to the treatment with the target compound 
7c. Tissues with unlike superscript letters were significantly different 

(P < 0.05). Mean values with different superscript letters (a, b, c, and 
d) were significantly different (P < 0.05). Negative control, untreated 
and positive control, doxorubicin
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control) compared with treated cell lines (Fig. 2C and D). 
In contrast, the expression values of ASNS and ACLY genes 
were decreased significantly (P < 0.05) in treated (7c) and 
doxorubicin-treated cell line (positive control) compared 
with negative control. Furthermore, the expression levels of 
ASNS and ACLY genes were downregulated in 7c similar 
to those in doxorubicin-treated cell lines.

DNA damage in lung and liver cell lines using the comet 
assay

The DNA damage in lung cancer cell lines was determined 
using comet assay as shown in Table 4. The results showed 
that untreated cancer cell lines (negative control) samples 
compared with treated cell lines. However, the DNA dam-
age values were increased significantly (P < 0.01) in treated 
samples (7c) and doxorubicin-treated cell lines (positive 
control). Additionally, the highest values of DNA damage 
were observed in 7c much more than those in doxorubicin-
treated cell lines.

Moreover, the comet assay results for the treated liver 
cancer cell lines are presented in Table 5. The untreated 
cancer cell lines (negative control) showed significant 
decrease (P < 0.05) in DNA damage values compared with 
treated cell lines. In contrary, the DNA damage values were 
increased significantly (P < 0.01) in treated liver cells (7c) 

and doxorubicin-treated cell lines (positive control). Fur-
thermore, the highest values of DNA damage were observed 
in 7c treated cell lines much more than those in positive 
control cell line.

DNA fragmentation in lung and liver cancer cell lines

The rate of DNA fragmentation determined in lung cancer 
cell lines is summarized in Table 6 and Fig. 3A. The results 
found that untreated cancer cell lines (negative control) sam-
ples of lung cancer cell lines exhibited a significant decrease 
(P < 0.01) in DNA fragmentation rates compared with those 
in treated samples (7c) and doxorubicin-treated cell lines 
(positive control). However, the DNA fragmentation values 

Table 4  Visual score of DNA 
damage in lung tumor cell line 
treated with 7c 

The different letters explain the significance between the groups. So, the highest main value take letter “a” 
and the second main value take “b”
c Number of cells examined per a group
d Class 0 = no tail; 1 = tail length < diameter of nucleus; 2 = tail length between 1 and 2X of the diameter of 
nucleus; and 3 = tail length > 2X of the diameter of nucleus

Treatment No. of 
samples

No. of cells Classd DNA damaged cells/%
(mean ± SEM)

Analyzedc Comets 0 1 2 3

Negative 4 400 42 358 29 9 4 10.50 ± 1.32b

7c 4 400 93 307 38 31 24 23.26 ± 1.13a

Positive 4 400 91 309 36 30 25 22.79 ± 0.86a

Table 5  Visual score of DNA 
damage in liver tumor cell line 
treated with 7c 

The different letters explain the significance between the groups. So, the highest main value take letter “a” 
and the second main value take “b”
c Number of cells examined per a group
d Class 0 = no tail; 1 = tail length < diameter of nucleus; 2 = tail length between 1 and 2X of the diameter of 
nucleus; and 3 = tail length > 2X of the diameter of nucleus

Treatment No. of 
samples

No. of cells Classd DNA damaged cells/%
(mean ± SEM)

Analyzedc Comets 0 1 2 3

Negative 4 400 45 355 30 10 5 11.26 ± 0.85b

7c 4 400 99 301 42 35 22 24.77 ± 1.03a

Positive 4 400 93 307 40 33 20 23.28 ± 1.12a

Table 6  DNA fragmentation detected in lung cancer cell lines treated 
with treated with compound 7c 

Means with different superscripts (a and b) between locations in the 
same column are significantly different at P < 0.05

Treatment DNA fragmentation/%
M ± SEM

Change Inhibition

Negative 13.0 ± 0.60c 0.0 0.0
7c 34.9 ± 0.80a 21.9 38.60
Positive 28.8 ± 0.71b 15.8 0.0
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were increased significantly (P < 0.01) in treated sample 
compared with untreated cancer cell lines (negative control).

Furthermore, the effect of the treatments on the percent-
age of DNA fragmentation in the liver cancer cell lines was 
investigated (Table 7 and Fig. 3B). The results found that 
untreated cancer cell lines (negative control) showed sig-
nificant decrease (P < 0.01) in DNA fragmentation rates 
compared with those in treated samples (7c) and doxoru-
bicin-treated cell lines (positive control). However, the DNA 
fragmentation values were increased significantly (P < 0.01) 
in treated cell compared with negative control. Moreover, the 
highest values of DNA fragmentation value were observed 
in 7c much more than those in positive liver cancer cell lines.

Conclusion

In conclusion, using the Claisen–Schmidt condensation 
reaction, pyrazolyl–chalcone derivatives were prepared by 
condensation of 5-acetylpyrazole derivatives with the cor-
responding aldehydes. The antimicrobial activity of various 
synthesized compounds against Gram-negative and Gram-
positive bacteria, as well as non-filamentous fungus, was 
demonstrated. Depending on the specific structure, differ-
ent compounds have varying significant effects on micro-
bial growth efficacy. The antibacterial activity of the studied 

compounds was greater than those of the positive controls 
employed, suggesting that these compounds might be used 
to limit microbial spread in future. The expression levels 
of ISL1 and MALL genes were downregulated in positive 
control lung cell lines much lower than those in 7c. But, the 
expression levels of ASNS and ACLY genes were down-
regulated in 7c similar to those in positive control liver cell 
lines. The DNA damage values and DNA fragmentation 
percentages were increased significantly (P < 0.01) in the 
treated lung and liver (7c) sample compared with the nega-
tive control.

Experimental

Melting points were measured with a Stuart melting point 
apparatus. The IR spectra were recorded using a FT-IR 
Bruker Vector 22 spectrophotometer as KBr pellets. The 
1H and 13C NMR spectra were recorded in  CDCl3 as sol-
vent on Varian Gemini NMR spectrometer at 300 MHz 
using TMS as internal standard. Chemical shifts are 
reported as δ values in ppm. Mass spectra were recorded 
with a Shimadzu GCMS–QP–1000 EX mass spectrom-
eter in EI (70 eV) model. The elemental analyses were 
performed at the Microanalytical Center, Cairo Univer-
sity. 1-Ethylidene-2-(4-nitrophenyl)hydrazine (1) [36], 
N-(4-nitrophenyl)acetohydrazonoyl bromide (2) [48], 
and 1-[3,5-dimethyl-1-(4-nitrophenyl)-1H-pyrazol-4-yl]-
ethan-1-one (5) [36]  were prepared using the reported 
procedures.

Synthesis of 1‑[3,5‑dimethyl‑1‑(4‑nitrophenyl)‑1H‑pyra‑
zol‑4‑yl]prop‑2‑en‑1‑one derivatives 7a–7f To a stirred 
solution of 1-[3,5-dimethyl-1-(4-nitrophenyl)-1H-pyrazol-
4-yl]ethan-1-one (5, 1.0 mmol, 259 mg) and the appropri-
ate aldehyde 6 (1.0 mmol, 106 mg for 6a, 140 mg for 6b, 
120 mg for 6c, 136 mg for 6d, 166 mg for 6e, 196 mg for 6f) 

Fig. 3  Detection of DNA 
fragmentation using Agarose 
gel in (A) control and treated 
lung cancer cell lines and B 
liver cancer cell line. In the two 
images; M, DNA marker; lane 
1, (negative); lane 2, compound 
7c; lane 3, (positive)

Table 7  DNA fragmentation detected in liver cancer cell lines treated 
with treated with compound 7c 

Means with different superscripts (a and b) between locations in the 
same column are significantly different at P < 0.05

Treatment DNA fragmentation/%
M ± SEM

Change Inhibition

Negative 11.9 ± 0.68b 0.0 0.0
7c 33.7 ± 1.28a 21.8 23.86
Positive 29.5 ± 1.04a 17.7 0.0
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in 30  cm3 ethanol, 5  cm3 sodium hydroxide solution (20%) 
was added and reaction mixture was stirred for 6 h at room 
temperature and left overnight. The resulting solid product 
that precipitated was filtered, washed with water and crys-
tallized from a suitable solvent to give the corresponding 
1-[3,5-dimethyl-1-(4-nitrophenyl)-1H-pyrazol-4-yl]prop-2-
en-1-one derivatives 7a–7f. The purity of the synthesized 
compounds was tested by TLC that indicated the presence 
of one compound in each case.

1‑[3,5‑Dimethyl‑1‑(4‑nitrophenyl)‑1H‑pyrazol‑4‑yl]‑3‑phe‑
nylprop‑2‑en‑1‑one (7a,  C20H17N3O3)  Yellow crystals (crys-
tallized from acetonitrile); m.p.: 176–178 °C; yield: 64%; 
IR: � = 1654 (C=O)  cm−1; 1H NMR (300 MHz,  CDCl3): 
δ = 2.58 (s, 3H,  CH3), 2.64 (s, 3H,  CH3), 7.22 (d, 1H, vinyl-
H, J = 15.3 Hz), 7.42–7.74 (m, 8H, Ar–H and vinyl-H), 8.37 
(d, 2H, Ar–H, J = 8.7 Hz) ppm; 13C NMR (75 MHz,  CDCl3): 
δ = 13.3, 14.8, 122.1, 124.7, 125.2, 125.4, 128.2, 128.9, 
130.5, 134.6, 143.4, 143.5, 143.6, 146.6, 150.7, 187.0 ppm; 
MS (EI, 70 eV): m/z (%) = 347  (M+, 100), 270 (51.24), 198 
(25.03), 103 (28.73), 77 (48.54).

3 ‑ ( 4 ‑ C h l o r o p h e n y l ) ‑ 1 ‑ [ 3 , 5 ‑ d i m e t h y l ‑ 
1‑(4‑nitrophenyl)‑1H‑pyrazol‑4‑yl]prop‑2‑en‑1‑one (7b, 
 C20H16ClN3O3)  Yellow crystals (crystallized from DMF); 
m.p.: 192–194 °C; yield: 62%; IR: � = 1655 (C=O)  cm−1; 1H 
NMR (300 MHz,  CDCl3): δ = 2.57 (s, 3H,  CH3), 2.64 (s, 3H, 
 CH3), 7.18 (d, 1H, vinyl-H, J = 15.6 Hz), 7.26 (d, 2H, Ar–H, 
J = 9.3 Hz), 7.39 (d, 2H, Ar–H, J = 8.7 Hz), 7.53 (d, 2H, 
Ar–H, J = 8.7 Hz), 7.63, 7.69 (d, 1H, vinyl-H, J = 15.9 Hz), 
8.40 (d, 2H, Ar–H, J = 8.7 Hz) ppm; 13C NMR (75 MHz, 
 CDCl3): δ = 13.3, 14.7, 122.3, 124.7, 125.4, 125.7, 129.2, 
129.4, 133.0, 136.4, 142.2, 143.3, 144.1, 146.8, 151.5, 
186.9 ppm; MS (EI, 70 eV): m/z = 381  (M+).

1 ‑ [ 3 , 5 ‑ D i m e t h y l ‑ 1 ‑ ( 4 ‑ n i t r o p h e n y l ) ‑ 1H ‑ p y r a z o l ‑ 
4‑yl]‑3‑(p‑tolyl)prop‑2‑en‑1‑one (7c,  C21H19N3O3)  Yellow 
crystals (crystallized from ethanol); m.p.: 156–158 °C; 
yield: 62%; IR: � = 1654 (C=O)  cm−1; 1H NMR (300 MHz, 
 CDCl3): δ = 2.41 (s, 3H,  CH3), 2.57 (s, 3H,  CH3), 2.63 (s, 
3H,  CH3), 7.16 (d, 1H, vinyl-H, J = 15.9 Hz), 7.25 (d, 2H, 
Ar–H, J = 7.8 Hz), 7.53 (d, 2H, Ar–H, J = 7.8 Hz), 7.66, 7.72 
(d, 1H, vinyl-H, J = 15.9 Hz), 7.68 (d, 2H, Ar–H, J = 9 Hz), 
8.36 (d, 2H, Ar–H, J = 9 Hz) ppm; 13C NMR (75 MHz, 
 CDCl3): δ = 13.2, 14.7, 21.4, 122.2, 124.4, 124.6, 125.2, 
128.2, 129.6, 131.8, 141.0, 143.4, 143.5, 143.6, 146.5, 
150.6, 187.1 ppm; MS (EI, 70 eV): m/z (%) = 361  (M+, 100), 
346 (24.26), 270 (28.81), 198 (15.59), 115 (19.45).

1 ‑ [ 3 , 5 ‑ D i m e t h y l ‑ 1 ‑ ( 4 ‑ n i t r o p h e n y l ) ‑ 1H ‑ p y r a z o l ‑ 
4 ‑ y l ] ‑ 3 ‑ ( 4 ‑ m e t h ox y p h e ny l ) p ro p ‑ 2 ‑ e n ‑ 1 ‑ o n e  ( 7 d, 
 C21H19N3O4)  Yellow crystals (crystallized from acetoni-
trile); m.p.: 174–176 °C; yield: 64%; IR: � = 1651 (C=O) 

 cm−1; 1H NMR (300 MHz,  CDCl3): δ = 2.57 (s, 3H,  CH3), 
2.63 (s, 3H,  CH3), 3.87 (s, 3H,  OCH3), 6.94 (d, 2H, Ar–H, 
J = 9 Hz), 7.14 (d, 1H, vinyl-H, J = 15.6 Hz), 7.59 (d, 2H, 
Ar–H, J = 8.7 Hz), 7.65 (d, 2H, Ar–H, J = 8.7 Hz), 7.61, 
7.71 (d, 1H, vinyl-H, J = 15.6 Hz), 8.37 (d, 2H, Ar–H, 
J = 9 Hz) ppm; 13C NMR (75 MHz,  CDCl3): δ = 13.2, 14.6, 
55.3, 114.4, 115.9, 123.1, 124.7, 125.4, 127.2, 130.1, 143.4, 
143.7, 145.2, 146.7, 151.4, 161.6, 187.4 ppm; MS (EI, 
70 eV): m/z = 377  (M+).

3 ‑ ( 2 , 4 ‑ D i m e t h o x y p h e n y l ) ‑ 1 ‑ [ 3 , 5 ‑ d i m e t h y l ‑ 
1‑(4‑nitrophenyl)‑1H‑pyrazol‑4‑yl]prop‑2‑en‑1‑one (7e, 
 C22H21N3O5)  Yellow crystals (crystallized from acetoni-
trile); m.p.: 172–174 °C; yield: 60%; IR: � = 1643 (C=O) 
 cm−1; 1H NMR (300 MHz,  CDCl3): δ = 2.56 (s, 3H,  CH3), 
2.63 (s, 3H,  CH3), 3.87 (s, 3H,  OCH3), 3.91 (s, 3H,  OCH3), 
6.49–6.57 (m, 2H, Ar–H), 7.33 (d, 1H, vinyl-H, J = 15.6 Hz), 
7.50 (d, 1H, Ar–H, J = 8.4 Hz), 7.67 (d, 2H, Ar–H, J = 9 Hz), 
7.83 (d, 1H, vinyl-H, J = 15.6 Hz), 8.39 (d, 2H, Ar–H, 
J = 9 Hz) ppm; 13C NMR (75 MHz,  CDCl3): δ = 13.2, 14.6, 
55.4, 55.4, 98.3, 105.3, 116.7, 122.4, 124.0, 124.6, 125.1, 
131.3, 139.5, 143.1, 143.7, 146.4, 150.6, 160.2, 162.9, 
187.8 ppm; MS (EI, 70 eV): m/z (%) = 407  (M+, 9.22), 104 
(100), 90 (32.30), 79 (93.63), 63 (20.24).

1 ‑ [ 3 , 5 ‑ D i m e t h y l ‑ 1 ‑ ( 4 ‑ n i t r o p h e n y l ) ‑ 1H ‑ p y r a z o l ‑ 
4‑yl]‑3‑(3,4,5‑trimethoxyphenyl)prop‑2‑en‑1‑one (7f, 
 C23H23N3O6)  Yellow crystals (crystallized fromacetoni-
trile); m.p.: 112–114 °C; yield: 61%; IR:� = 1647 (C=O) 
 cm−1; 1H NMR (300 MHz,  CDCl3): δ = 2.55 (s, 3H,  CH3), 
2.62 (s, 3H,  CH3), 3.91 (s, 3H,  OCH3), 3.92 (s, 6H,  2OCH3), 
6.83 (s, 2H, Ar–H), 7.13 (d, 1H, vinyl-H, J = 15.6 Hz), 7.62 
(d, 1H, vinyl-H, J = 15.6 Hz), 7.70 (d, 2H, Ar–H, J = 9 Hz), 
8.39 (d, 2H, Ar–H, J = 9 Hz) ppm; 13C NMR (75 MHz, 
 CDCl3): δ = 13.3, 14.4, 55.9, 60.8, 105.4, 121.4, 124.6, 
124.9, 125.1, 125.2, 140.2, 142.9, 143.5, 143.9, 146.5, 
153.3, 155.9, 187.7 ppm; MS (EI, 70 eV): m/z (%) = 437 
 (M+, 100), 407 (10.03), 198 (27.53), 181 (44.70), 117 
(21.23), 76 (32.02).

Antimicrobial evaluation

Bacillus mycoides, Escherichia coli, and Candida albicans 
were employed as Gram-positive and -negative bacterial 
strains, respectively, as well as a non-filamentous fungus 
strain, to evaluate the antimicrobial efficacy of synthesized 
compounds. B. mycoides, E. coli, and C. albicans were 
grown and kept on modified nutrient agar medium slants. 
The modified medium contained (in g/dm3): 0.5 glucose, 
0.25 NaCl, 3.0 peptone, 1.5 yeast extract, 1.5 meat extract, 
and 20.0 agar. Before autoclaving, the pH was adjusted to 
7.0. The generated microbial cultures were maintained on 
agar slants at 4 °C after they had fully matured. Seeded 
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microbial strains were cultivated on nutrient agar medium 
(70,148 Nutrient agar, Fluka, Spain) with the following com-
ponents (g/dm3) for antimicrobial testing at 37 °C using the 
agar diffusion technique: meat extract (1.0 g), yeast extract 
(2.0 g), peptone (5.0 g), sodium chloride (5.0 g), and agar 
(15.0 g). The pH of the nutrient agar medium was adjusted 
to 7.0 after suspending 28 g of ready medium in 1.0 L of 
distilled water. The medium was then autoclaved for 15 min 
at 121 °C and 1.5 atmospheres to sterilize it. [38] All of the 
chemicals utilized were of high purity and analytical grade.

Agar diffusion technique for antibacterial activity 
determination

The microbial cultures were inoculated in the nutritional agar 
medium (70,148 Nutrient agar, Fluka) using 100  mm3 of re-
suspended overnight culture at 37 °C (1 ×  107 CFU/100  mm3) 
to assess the effectiveness of the synthesized compounds as 
antimicrobial agents. After injecting the necessary microbial 
inoculums into the liquefied media at about 45 °C, the nutrient 
agar medium was poured onto Petri plates. After the plates had 
solidified at room temperature, holes of 12 mm were made 
using a sterile cork borer, and then 100  mm3 of dissolved 
compounds (10 mg/cm3) in DMSO were applied to the holes 
prepared in Petri plates. Culture test plates were incubated at 
37 °C overnight. The AATCC Test Method was used to meas-
ure the generated inhibitory zones [39]. Tobramycin (10 mcg) 
and gentamicin (10 mcg) were used as positive controls [40].

Anti‑cancer evaluation

Cell viability was assessed by the mitochondrial-dependent 
reduction of yellow MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) to purple formazan 
(Mosmann,1983).

All the following procedures were done in a sterile area 
using a Laminar flow cabinet biosafety class II level (Baker, 
SG403INT, Sanford, ME, USA). Cells were suspended in 
DMEM-F12 medium (for A549, MCF7 and HePG2) besides 
one normal cell line (BJ1), 1% antibiotic–antimycotic mixture 
(10,000 U/cm3 potassium penicillin, 10,000 µg/cm3 strepto-
mycin sulfate, and 25 µg/cm3 amphotericin B) and 1% L-glu-
tamine at 37 °C under 5%  CO2.

Cells were cultured for 10 days, then seeded at concentra-
tion of 10 ×  103 cells/well in fresh complete growth medium 
in 96-well microtiter plastic plates at 37 °C for 24 h under 
5%  CO2 using a water-jacketed carbon dioxide incubator 
(Sheldon, TC2323, Cornelius, OR, USA). Media were aspi-
rated, fresh medium (without serum) was added and cells 
were incubated either alone (negative control) or with differ-
ent concentrations of sample to give a final concentration of 
(100–50–25–12.5–6.25–3.125–0.78 and 1.56 ug/cm3). After 
48 h of incubation, medium was aspirated, 40  mm3 MTT 

salt (2.5 μg/cm3) was added to each well and incubated for 
further four hours at 37 °C under 5%  CO2. To stop the reac-
tion and dissolving the formed crystals, 200  mm3 of 10% 
sodium dodecyl sulfate (SDS) in deionized water was added 
to each well and incubated overnight at 37 °C. A positive 
control which composed of 100 µg/cm3 was used as a known 
cytotoxic natural agent who gives 100% lethality under the 
same conditions [41].

The absorbance was then measured using a microplate 
multi-well reader (Bio-Rad Laboratories Inc., model 3350, 
Hercules, California, USA) at 595 nm and a reference wave-
length of 620 nm. A statistical significance was tested between 
samples and negative control (cells with vehicle) using inde-
pendent t-test by SPSS 11 program. DMSO is the vehicle used 
for dissolution of plant extracts and its final concentration on 
the cells was less than 0.2%. The percentage of change in via-
bility was calculated according to the formula:

A probit analysis was carried for  IC50 determination 
using SPSS 11 program. In the present study, the degree 
of selectivity of the synthetic compounds is expressed as: 
SI =  IC50 of pure compound in a normal cell line/IC50 of the 
same pure compound in cancer cell line, where  IC50 is the 
concentration required to kill 50% of the cell population.

Gene expression analysis

Quantitative real‑time PCR method

RNA isolation and reverse transcription (RT) reaction RNe-
asy Mini Kit (Qiagen, Hilden, Germany) supplemented with 
DNaseI (Qiagen) digestion step was used to isolate total RNA 
from Lung and liver cancer cell lines according to the manu-
facturer’s protocol. Isolated total RNA was treated with one 
unit of RQ1 RNAse-free DNAse (Invitrogen, Germany) to 
digest DNA residues, re-suspended in DEPC-treated water 
and quantified photospectrometrically at 260 nm. Purity of 
total RNA was assessed by the 260/280 nm ratio which was 
between 1.8 and 2.1. Additionally, integrity was assured 
with ethidium bromide-stain analysis of 28S and 18S bands 
by formaldehyde-containing agarose gel electrophoresis. 
Aliquots were used immediately for reverse transcription 
(RT), otherwise they were stored at − 80 °C.

Complete Poly(A)+ RNA isolated from lung and liver 
cell lines was reverse-transcribed into cDNA in a total vol-
ume of 20  mm3 using  RevertAid™ First-Strand cDNA Syn-
thesis Kit (Fermentas, Germany). An amount of total RNA 
(5 µg) was used with a master mix. The master mix consisted 
of 50 mM  MgCl2, 10 × RT buffer (50 mM KCl; 10 mM 
Tris–HCl; pH 8.3), 10 mM of each dNTP, 50 µM oligo-dT 
primer, 20 IU ribonuclease inhibitor (50 kDa recombinant 

((reading of extract∕reading of negative control) − 1) × 100
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enzyme to inhibit RNase activity) and 50 IU MuLV reverse 
transcriptase. The mixture of each sample was centrifuged 
for 30 s at 1000 g and transferred to the thermocycler. The 
RT reaction was carried out at 25 °C for 10 min, followed 
by 1 h at 42 °C, and finished with a denaturation step at 
99 °C for 5 min. Afterward, the reaction tubes containing RT 
preparations were flash-cooled in an ice chamber until being 
used for cDNA amplification through quantitative real-time 
polymerase chain reaction (qRT-PCR).

Real‑Time PCR (qPCR)

Determination of the lung and liver cell line cDNA copy 
number was carried out using  StepOne™ Real-Time PCR 
system from applied Biosystems (Thermo Fisher Scientific, 
Waltham, MA USA). PCR reactions were set up in 25  mm3 
reaction mixtures containing 12.5  mm3 1 ×  SYBR® Premix 
Ex TaqTM (TaKaRa, Biotech. Co. Ltd.), 0.5  mm3 0.2 μM 
sense primer, 0.5  mm3 0.2 μM antisense primer, 6.5  mm3 
distilled water, and 5  mm3 of cDNA template. The reaction 
program was allocated to 3 steps. First step was at 95 °C 
for 3 min. Second step consisted of 40 cycles in which each 
cycle divided to 3 steps: (a) at 95 °C for 15 s; (b) at 55 °C 
for 30 s; and (c) at 72 °C for 30 s. The third step consisted 
of 71 cycles which started at 60 °C and then increased about 
0.5 °C every 10 s up to 95 °C. At the end of each sqRT-PCR, 
a melting curve analysis was performed at 95 °C to check 
the quality of the used primers. Each experiment included a 
distilled water control. The sequences of specific primer of 
the lung (ISL1 and MALL genes [42], and liver (ASNS and 
ACLY genes [43]) cancer-related genes were designed and 
listed in Table 8. At the end of each qPCR, a melting curve 
analysis was performed at 95 °C to check the quality of the 
used primers. The relative quantification of the target to the 
reference was determined using the  2−ΔΔCT method [44].

DNA damage using the comet assay

The DNA damage using comet assay was determined using 
lung and liver cancer cell lines according to Olive et al. 
[45]. After the trypsin treatment to produce a single cell 
suspension, approximately 1.5 ×  104 cells were embedded 
in 0.75% low-gelling-temperature agarose and rapidly pipet-
ted onto a pre-coated microscope slide. Samples were lysed 
for 4 h at 50 °C in 0.5% SDS, 30 mM EDTA, pH 8.0. After 
rinsing overnight at room temperature in Tris/borate/EDTA 
buffer, pH 8.0, samples were electrophoresed for 25 min at 
0.6 V/cm, then stained with propidium iodide. Slides were 
viewed using a fluorescence microscope with a CCD cam-
era, and 150 individual comet images were analyzed from 
each sample for tail moment, DNA content, and percentage 
DNA in tail. For each sample, about 100 cells were exam-
ined to determine the percentage of cells with DNA dam-
age that appear like comets. The non-overlapping cells were 
randomly selected and were visually assigned a score on 
an arbitrary scale of 0–3 (i.e., class 0 = no detectable DNA 
damage and no tail; class 1 = tail with a length less than the 
diameter of the nucleus; class 2 = tail with length between 
1 × and 2 × the nuclear diameter; and class 3 = tail longer 
than 2 × the diameter of the nucleus) based on perceived 
comet tail length migration and relative proportion of DNA 
in the nucleus [46].

DNA fragmentation assay

The DNA fragmentation assay in lung and liver cancer 
cell lines was performed in concordance with the prem-
ises established by Yawata [47] with some modifications. 
Briefly, after 24 h of exposure of lung and liver cancer 
cell lines to the tested substances in different Petri dishes 
(60 × 15 mm, Greiner), the cells were trypsinized, sus-
pended, homogenized in 1  cm3 of medium and centrifuged 
(10 min at 800 rpm). Low molecular weight genomic DNA 
was extracted as described in Yawata [47]. Approximately, 
1 ×  106 cells were plated and treated with the tested sub-
stances in various treatments. All the cells (including float-
ing cells) were harvested by trypsinization and washed 
with Dulbecco`s Phosphate-Buffered Saline. Cells were 
lysed with the lysis buffer containing 10 mM Tris (pH 
7.4), 150 mM NaCl, 5 mM ethylenediaminetetraacetic acid 
(EDTA), and 0.5% Triton X-100 for 30 min on ice. Lysates 
were vortexed and cleared by centrifugation at 10,000 g for 
20 min. Fragmented DNA in the supernatant was extracted 
with an equal volume of neutral phenol:chloroform:isoamyl 
alcohol mixture (25:24:1) and analyzed electrophoretically 
on 2% agarose gels containing 0.1 μg/cm3 ethidium bromide.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00706- 021- 02886-5.

Table 8  Primers sequence used for RT-qPCR of lung and liver cancer 
cell lines

ISL1 ISL1 protein, MALL MAL-like protein, ASNS asparagine syn-
thetase (glutamine-hydrolyzing), ACLY ATP citrate lyase

Gene Primer sequence GenBank
(accession no)

ISL1 F: GTG CAA GGA CAA GAA GCG AA
R: TAT GTC ACT CTG CAA GGC GA

NM_002202.3

MALL F: CAG TAA GAC CTG GGG CTT GA
R: CTG AGG GTG CTT TCT GAG GA

NM_005434.5

ASNS F: TTC TTC GTG TTG GAT GGG GA
R: GGA GAG GGC TGT GAG TTC TT

NM_183356.4

ACLY F: GAT CAT GGG CAT TGG TCA CC
R: CCG AGT AAA GGA CCC ACA GT

NM_198830.1

β-actin F: CAT GGA ATC CTG TGG CAT CC
R: CAC ACA GAG TAC TTG CGC TC

HQ154074.1

https://doi.org/10.1007/s00706-021-02886-5
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