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Glioblastoma multiforme (GBM) is the most aggressive and deadly form of brain tumor in adults. In the search for more effective 

anticancer agents, tricyclic compounds such as carbazole derivatives have garnered considerable attention. This study aims to design and 

synthesize new substituted carbazole semicarbazone derivatives and evaluate their in vitro anticancer profile (IC50) on U87 MG glioma 

cell line based on MTT assay and DNA binding mechanism of one potent cytotoxic compound with calf thymus DNA via spectroscopic 

methods, topoisomerase assay and in silico approach. Reaction of 6-substituted carbazole-3-carbaldehyde with semicarbazide in 1:1 ratio 

reflux in ethanol gave 6-substituted carbazole semicarbazone derivatives and their structure elucidated by their melting point, NMR, FT-IR, 

HRMS spectroscopy. DNA binding studies of one potent cytotoxic carbazole derivative with ct-DNA (calf-thymus) in physiological 

buffer (pH 7.4) carried via various spectroscopic techniques like electronic absorption, circular dichroism (CD), viscosity test, topoisomerase 

assay and computational method. Two carbazole semicarbazone derivatives [(6-bromo-1,4-dimethyl-9H-carbazol-3-yl)-methylideneamino]urea 

(21) and [(6-methoxy-1,4-dimethyl-9H-carbazol-3-yl)methylideneamino]urea (22) found the best anticancer activities against the U87MG 

glioma cell line with the 50% inhibitory concentration (IC50) values IC50 = 23.3 ± 4 M and 13.82 ± 3.86 M, respectively also which 

even better than standard drug temozolomide (IC50 = 100 M). Spectroscopic studies (UV absorption, circular dichroism), viscosity test 

and molecular docking analysis confirmed that carbazole semicarbazone (22) has groove binding mode with ct-DNA. Only topoisomerase 

assay, compound 22 showed groove binding mode interaction concentration dependent manner. These carbazole semicarbazone derivatives 

demonstrated potent anticancer activity against the U87MG glioma cell line. Spectroscopic analyses, viscosity test and molecular docking 

confirmed that compound 22 interacts with ct-DNA via a groove binding mode. Moreover, topoisomerase inhibition assays supported this 

interaction in a concentration-dependent manner, suggesting that compound 22 may exert its anticancer effect through DNA-targeted 

mechanisms. 
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INTRODUCTION 

 Glioblastoma multiforme (GBM) is a type IV grade tumor 

according to WHO classification [1-3]. After diagnosis, surgery, 

radiation exposure therapy and chemotherapy are main treat-

ment option depending upon brain tumor grade [4-6]. However, 

survival of GBM patients only 15-16 months or less [4-6]. So, 

developing of new chemotherapeutic agents for treatment of 

GBM is urgent needed. 

 DNA carries essential genetic information and plays a 

central role in cellular processes [7]. It is also a critical target 

for many anticancer agents [7]. Depending on their structural 

features, small molecules can interact with DNA through either 
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covalent or non-covalent binding modes [8-11]. These inter-

actions may occur via a single binding mode or through mixed 

modes [12,13]. Investigating the interactions between drugs 

(or other chemical compounds) and DNA is valuable for the 

development of novel anticancer therapeutics and for elucida-

ting their mechanisms of action and potential genotoxicity [14]. 

 Carbazole derivatives play a significant role in various 

biological activities, making them highly attractive scaffolds 

for medicinal chemists in the pursuit of novel and effective 

anticancer agents [15-20]. Reported substituted carbazole guan-

idine derivatives (1) showed potential in vitro cytotoxicity 

against HL-60 cell line (Fig. 1) [21]. 1,4-Dimethyl-9-H-carb-

azole containing N-(3,4,5-trimethoxyphenyl)ureido group (2) 
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showed potential in vitro cytotoxicity (IC50) activity on KB and 

HL-60 cell line also good tubulin polymerization inhibitory 

activity (Fig. 1) [22]. Ciftci et al. [23] reported carbazole dithio-

carbamates derivative containing substituted piperazine (3) 

displayed potential in vitro cytotoxicity against C6 (glioma) 

cell lines.  

 Caruso et al. [21] investigated changing substitution mainly 

electron withdrawing group on the 6th position of carbazole 

scaffold linked to guanidine moiety (1) also found crucial 

role in anticancer activity on various cancer cell lines (Fig. 1) 

[21]. Panno et al. [22] group also report changing substitution 

on the 6th position 1,4-dimethyl-9H-carbazole part containing 

N-(3,4,5-trimethoxy phenyl)ureido group play crucial role in 

anticancer activity on various cancer cell lines (Fig 1). Recently, 

in our three published works, changing substitution either 

electron withdrawing or electron donating group on C6 position 

on carbazole scaffold was crucial for potent in vitro anti-

cancer activity on U87MG cell line [21,22,24,25]. 

 

Fig. 1. Structure of some important 3, 6 and N-9 substituted carbazole scaffold based potential molecules (1-4). Structure of curcumin 

semicarbazone (5), 4-cycloalkylidine amino cycloalkylidineamino 1,2-naphthoquinone semicarbazone (6) and (6B), vanillin 

semicarbazone (7) 
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 Semicarbazones contains urea functional group showed 

potential anticancer activities on different cancer cell lines 

(Fig. 2) [26-31]. Recently, our group reported the design, synth-

esis and anticancer evaluation of novel substituted bis-carbazole 

derivatives, as well as 6-substituted carbazole thiosemicarba-

zone derivatives (9), on the U87 MG glioma cell line using the 

MTT assay [24,32,33]. The design of the bis-carbazole comp-

ounds was inspired by the structure of ellipticine (8), a pyrido-

carbazole derivative known for its significant anticancer activity 

across various cancer cell lines [25,34,35]. Building on this 

work, we also synthesized substituted carbazole derivatives bearing 

a thiosemicarbazide group (10) (Fig. 2), which exhibited notable 

anticancer activity against the U87 MG glioma cell line [33]. 

Furthermore, recently reported N-substituted carbazole semicar-

bazone and thiosemicarbazone derivatives demonstrated signifi-

cant antibacterial activity [36]. 

  Several anticancer drugs currently in clinical use, such 

as sorafenib, carmofur and lenvatinib, incorporate thio/urea 

scaffolds in their structures [37]. Extensive research has shown 

that these compounds can interact with multiple molecular 

targets involved in cancer therapy. Their anticancer mechan-

isms of action include inhibition of angiogenesis, cell cycle 

arrest and inhibition of enzymes crucial to cancer progression 

such as topoisomerases, ATPases and dihydroorotate dehydro-

genase [37-40]. Novel benzothiazole semicarbazone deriva-

tives (Fig. 2) showed potential in vitro antitumor against tested 

four cancer cell lines (HT29, H460, A549 and MDA-MB-

231) [40]. So, consider potential of carbazole and semicarbazone 

based derivatives on cancer cell line, we design and synthe-

sized substituted carbazole semicarbazone derivatives and 

tested for in vitro anticancer activity on the U87 MG cell line. 

DNA binding studies of best cytotoxic compound 22 with ct-

DNA was carried by various spectroscopic techniques like 

electronic spectroscopy, circular dichroism (CD) and further 

viscosity test, topoisomerase assay and docking analysis. 

EXPERIMENTAL 

 All chemical and regents analytical were procured from 

Sigma Co. USA and Alpha Aesar, antibiotics and fetal bovine 

 

Fig. 2. Rationale of novel 6-substituted carbazole semicarbazone derivative (18-23) based on ellipticine (8), biscarbazole derivatives (9), 

carbazole thiosemicarbazones (10), napthaquinone and benzthiazole semicarbazone (6A and 10) 
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serum (FBS) procured from Hi-Media Laboratories Ltd. TLC 

was taken on available Silica Gel 60 F254, Merck using two 

TLC system 20% or 40% ethyl acetate (EA) in petroleum ether 

(PE), respectively. Stock solutions of ct-DNA were prepared 

in sterile water for injection gave a ratio of UV optical density 

(OD) reading at 260 and 280 nm (A260/A280) found in a range 

1.8-1.9 [25,32]. DNA concentration was calculated by UV 

spectrophotometer by the using molar extinction coefficient 

value (E) (6600 M–1 cm–1) at wavelength 260 nm [25,32]. 

DNA binding experiments carried out in physiological phos-

phate buffer (pH 7.4). The resulting compound-DNA complex 

solutions were incubated for 30 min before the final UV 

spectroscopy; CD spectra and viscosity test were recorded. 

 Instruments: All new synthesized compounds prepared 

were confirmed by melting point, infrared spectra, NMR and 

high-resolution mass spectra (HRMS) spectroscopy. 1H NMR 

and 13C NMR spectra were taken on Bruker Avance II and 

JEOL 400 MHz NMR spectrophotometer, respectively. IR data 

of all final carbazole derivatives were recorded by KBr dry 

pellets method on Perkin-Elmer instrument. Mass (HRMS) 

of the compounds was taken by using a Micromass, Q-TOF 

micro (Water) spectrophotometer. UV-visible absorption spectra 

were taken on a Perkin-Elmer instrument. Circular dichroism 

spectra were recorded using a JASCO J-810 spectropolarimeter. 

 Synthesis of substituted carbazole semicarbazone 

derivatives (18-23): Equimolar quantity of earlier prepared 

starting material 6-substituted carbazol-3-carbaldehyde (12-

17) [25,32,33,36] and semicarbazide hydrochloride dissolved 

in ethanol were refluxed for 4-6 h [25,26]. Reaction mixture 

progress was checked by using two TLC system (20% or 40% 

EA/PE solvent (Scheme-I). Reaction mixture was allowed to 

cool and appears precipitate filtered out and washed it twice 

ethanol:water (2:8) three times and dried it in desiccators 

without further purification. 
 

 
Scheme-I: Reagent and condition (A) semicarbazide hydrochloride, ethanol, 

reflux 4-6 h 

 

 [(1,4-Dimethyl-9H-carbazol-3-yl)methylideneamino]- 

urea (18): Yield: 80%, Light pink solid; m.p.: 260-261 ºC. 

IR (KBr, max, cm–1): 3430.37, 3310 (NH2, NH), 3000, 2916.76 

(aromatic aliphatic carbon), 1673.25 (C=O), 1593.43 (C=N); 
1H NMR (400 MHz,  ppm): 11.50 (1H-indole N-H, brs), 

10.01 (1 NH-N, brs), 8.39 (CH=N, s), 7.86 (1H, s, aromatic), 

7.64 (1H, d, arom.), 7.41 (1-H, d, arom.), 7.14 (dd, 1H, 

arom.), 6.45 (2-NH2, brs), 2.80 (3H, s, CH3), 2.49 (3H, s, 

CH3); 13C NMR (400 MHz,  ppm): 156.2, 142.39, 141.1, 

140, 129, 127, 126, 124, 123, 119, 118.2, 110, 109, 17.15, 

16.16. HRMS (ESI-Q-TOF): C16H16N4O [M+H]+ calcd. m/z, 

280.1324, found (m/z) M+1 = 281.1401. 

 [(6-Fluoro-1,4-dimethyl-9H-carbazol-3-yl)methylidene-

amino]urea (19): Yield: 70%, Light pink solid. m.p.: 340-

341 ºC. IR (KBr, max, cm–1): 3454.83, 3314 (NH2, NH), 3000, 

2916 (aromatic aliphatic carbon), 1694.25 (C=O), 1587.24 

(C=N); 1H NMR  (400 MHz,  ppm): 11.54 (1-Indole N-H br, s), 

10.00 (1-NH-N, brs), 8.36 (CH=N, s), 8.14 (1H, s, aromatic), 

7.92 (d, 1H, aromatic), 7.36 (1-H, d aromatic), 7.30 (d, 1H, 

aromatic), 6.41 (2-NH2 br, s), 2.78 (3H, s), 2.49 (3-H, s). HRMS 

(ESI-Q-TOF): C16H15N4OF [M + H]+ calcd. m/z, 298.1229, found 

(m/z) M+1 = 299.1315. 

 [(6-Chloro-1,4-dimethyl-9H-carbazol-3-yl)methylide-

neamino]urea (20): Yield: 80%, pinkish solid; m.p.: 317-

318 ºC; IR (KBr, max, cm–1): 3454.83 & 3300 (NH), 3000, 

2980 (aromatic aliphatic carbon), 1694.25 (C=O), 1587.24 

(C=N); 1H NMR (400 MHz,  ppm): 11.60 (1-Indole N-H br, 

s), 10.01 (1-NH-N, brs), 8.35 (CH=N, s), 8.10 (1H, s, 

aromatic), 7.90 (1H, d aromatic), 7.40 (d, 1-H, aromatic), 7.34 

(d, 1H, aromatic), 6.37 (2-NH2, brs), 2.77 (3H, s), 2.49 (3-H, s); 

HRMS (ESI-Q-TOF): C16H15N4OCl [M + H]+ calcd. m/z, 

314.0934, found (m/z) M +1 = 315.1009. 

 [(6-Bromo-1,4-dimethyl-9H-carbazol-3-yl)methylid-

eneamino]urea (21): Yield: 80%, Light pinkish solid; m.p.: 

320-321 ºC. IR (KBr, max, cm–1): 3454.83 & 3293.68 (NH2, 

NH), 3000 , 2891 (aromatic, aliphatic carbon), 1694.25 (C= O), 

1587.24 (C=N); 1H NMR (400 MHz,  ppm): 11.50 (s, 1H, -NH), 

11.20 (s, indole NH), 8.37 (s, 1H, -CH=), 8.1 (s, 1H, arom.), 

7.50 (d, 1H, aromatic), 7.42 (d, 1H, aromatic), 7.24 (d, 1H, 

aromatic), 6.5 (s, 2H, broad, -NH2); 2.8 (s, 3H, -CH3), 2.5 (s, 

3H, -CH3); 13C NMR (400 MHz,  ppm): 156.70, 146, 143, 

142, 140.20, 130.4, 129.1, 127, 124.2, 125.50, 122, 121, 118, 114, 

17.16, 15.80. HRMS (ESI-Q-TOF): C16H15BrN4S [M+H]+ 

calcd. m/z, 358.0429, found (m/z) M+1 = 359.0501. Anal. 

Calcd. (found) % for C16H15N4OBr (m.w. 358.0429): C, 

53.50 (53.80); H, 4.21 (3.98); N, 15.60 (15.71). 

 [(6-Methoxy-1,4-dimethyl-9H-carbazol-3-yl)methyli-

deneamino]urea (22): Yield: 80%, Light pinkish solid; m.p.: 

308-309 ºC. IR (KBr, max, cm–1): 3435.53, 3312.55 (NH2, 

NH), 3000, 2830.37 (aromatic, aliphatic carbon), 1673.60 

(C=O), 1595.48 (C=N); 1H NMR (400 MHz,  ppm): 11.18 

(indole N-H, br, s), 9.98 (1-NH-N, brs), 8.41 (CH=N, s), 7.88 

(1H, aromatic), 7.66 (1H, d, aromatic), 7.42 (d, 1H, aromatic), 

7.04 (d, 1H, aromatic), 6.40 (2H, 2-NH2, brs), 3.84 (3H, s, OCH3), 

2.80 (3H, s, CH3), 2.49 (3H, s, CH3); 13C NMR (400 MHz,  

ppm): 157.37, 153.50, 140.69, 139.61, 135.34, 129.81, 124.26, 

124.17, 123.28, 121.04, 118.53, 114.05, 112.15, 106.20, 56.49, 

17.12, 15.46. HRMS (ESI-Q-TOF): C17H18N4O2 [M + H]+ 

calcd. m/z, 310.1429, found (m/z) M+1 = 311.1503. Anal. 

calcd. (found) % for C17H19N4O2 (m.w. 310.1429): C, 65.79 

(65.96); H, 5.85 (5.71); N, 18.05 (17.92). 

 [(6-Hydroxy-1,4-dimethyl-9H-carbazol-3-yl)methyli-

deneamino]urea (23): Yield: 80%, Pinkish solid, m.p.: 338-

339 ºC. IR (KBr, max, cm–1): 3420.83, 3280 (NH2, NH), 3000, 

2980 (aromatic, aliphatic carbon), 1680.25 (C=O), 1578.24 

(C=N). 1H NMR (400 MHz,  ppm): 10.99 (1-indole N-H, br 

s), 9.94 (1-NH-N, br s), 8.89 (1-OH, s), 8.37 (CH=N, s), 7.82 

(1H, arom.), 7.53 (1H, d, arom.), 7.32 (1H, d, arom.), 6.88 

(m, 1H, arom.), 6.36 (2-NH2, brs), 2.77 (3H, s), 2.49 (3H, s). 
13C NMR (400 MHz,  ppm): 156.86, 150.51, 140.16, 139.23, 

133.98, 129.20, 124.03, 123.48, 122.50, 120.47, 117.86, 

114.12, 111.42, 107.36, 16.60, 14.87. HRMS (ESI-Q-TOF): 

C16H16N4O [M + H]+ calcd. m/z, 296.1273, found m/z M+1 = 

297.1346. 
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 ADME and toxicity prediction studies: The ADME 

prediction studies were carried out online by free Molinspira-

tion software available online. The toxicity studies were carried 

out online by ProTox II software. 

 Cell lines and culture conditions: Human glioma U87 

MG cells or HEK293T cells were cultured in DMEM with 

FBS 10% (v/v), antibiotic and antimycotic solution. Cells were 

grown in a humidified incubator at 37 ºC supplemented with 

5% CO2 and 95% air during the night. The subsequent day 

cells adhere to the culture matrix were treated with or without 

compounds 18-23 for 24 h [25,40].  

 Cell viability MTT assay: Treatment of cells (5 × 103 

U87) with various concentrations (1 M to 300 M) of comp-

ounds 18-23 for 24 h time. Cytotoxicity experiments were 

performed in triplicate (all six final compounds). The IC50 value 

for the compounds 18-23 was calculated via percent survival 

formula. All statistical calculations for final carbazole comp-

ounds carried with the standard deviation formula. GraphPad 

Prism 5.0 for windows was used for calculating the IC50 values 

and error by non-linear regression analysis (GraphPad Prism 

software) [25,32]: 
2

i(x )

N

−
 =


 

 = compound standard deviation,  = average mean value 

of the compound, xi = value in the data set, N = number of 

data points in sample. 

 Electronic absorption spectral study: A fixed concen-

tration of compound 22 (10 M) was used, while the concen-

tration of ct-DNA was incrementally increased from 0 to 20 M 

and the corresponding UV spectra were recorded [25,32].  

 Circular dichroism spectral study: Fixed concentra-

tion of ct-DNA (10 M) with incremental concentrations of 

compound 22 (0-20 M) was scanned (220-350 nm), in 1 cm 

quartz cuvette and then the corresponding UV spectra were 

recorded [14,25].  

 Viscosity test: Viscosity test was performed on an Ostwald 

Type viscometer with previous reported papers [25,39]. Flow 

time was calculated. Graph were plot between (/o)1/3 versus 

binding ratio (R = compound 22/ct-DNA]. The calculations 

were performed according to the reported methods [14,25]. 

Evaluate of topoisomerase enzyme activity 

 Standard human topoisomerase I relaxation and DNA 

unwinding assay: Supercoiled/relaxed plasmid DNA (250 

ng) was incubated with the compound 22 (0.01-100 M) and 

purified human topoisomerase I (HuTOPI) (TopoGEN, Inc.) 

in the reaction buffer (10 mM, Tris–HCl, pH 7.9, 150 mM 

NaCl, 0.1% BSA, 0.1 mM spermidine and 5% glycerol, final 

volume 20 L) at 37 ºC for 30 min. After incubation, the 

reactions were impeded by the addition of pre-warmed stop 

solution (10% SDS/0.5M EDTA/0.25% bromophenol blue) 

and electrophoresis was carried in a horizontal 1% agarose 

gel in tris-borate-EDTA buffer at 1.5 V cm-1 for 14-16 h at 

room temperature. The gels were stained with ethidium bromide 

(0.5 g/mL), de-stained in water and take photograph under 

ultraviolet illumination in a Chemi Doc It2 Imager [25,32].  

 DNA unwinding assay: The ability of compound 22 to 

bind to DNA either minor groove or intercalation was studied 

with the topoisomerase I unwinding assay. The unwinding 

assay was carried with 250 ng of pHOT1plasmid DNA in the 

presence or absence of compound 22, ethidium bromide and 

Hoechst 33342 in 20 L of reaction mixture. Relaxed DNA 

was prepared by treating the super coiled plasmid DNA with 

an excess of HuTOPI and was purified by proteinase K diges-

tion at 37 ºC, phenol/chloroform extraction and ethanol preci-

pitation. After incubation at 37 ºC for 15 min, the reactions 

were stop by the addition of pre-warmed stop solution (10% 

SDS/0.5 M EDTA/0.25% bromophenol blue) and electro-

phoreses on a 1% agarose gel. The DNA was stained with 0.5 

g/mL ethidium bromide and visualized by UV light [25,32]. 

 Molecular modelling: 3D Coordinates of compound 22 

and ct-DNA for docking analysis was carried according to 

the method reported earlier [8,25,41,42]. PDBQT formats of 

ligand files were prepared running for AutoDock 4.2 [42,43]. 

The 3D affinity grid field with grid map of 96 × 96 × 96 Å 

were created at grid spacing of 0.375 Å and the center of grid 

box were 14.71 × 20.97 × 8.82 using auxiliary program Auto-

grid and placed at the center of DNA structure [44-46]. LGA 

(Lamarckian gnetic algorthim) were carried out the DNA-

target carbazole derivative non-covalent interactions. The lowest 

energy docked conformation was selected using AutoDock 

scoring function. The final docked pose obtained by Auto-

Dock were further analyzed using Chimera and PyMol [44-46]. 

RESULTS AND DISCUSSION 

 Synthesis of 6-substituted carbazole semicarbazone deri-

vatives (18-23) was performed according to Scheme-I. 

Starting material 6-substituted-1,4-dimethyl-9-H-carbazole-

3-carbaldehydes (12-17) synthesized according to the publis-

hed articles [25,32,36,40]. The equimolar amount of compounds 

12-17 [25] and semicarbazide hydrochloride was dissolved in 

ethanol and refluxed for 4-6 h gve carbazole semicarbazone 

derivatives (18-23). 1H NMR spectra of six target compounds 

18-23 showed aromatic protons apperars around at  7.0-8.5 

ppm, protons for two methyl groups showed singlet peak for 

each methyl group protons around at  2.56 and 2.76 ppm, 

respectively. The characteristic peaks observed at  11.0, 

10.0, 8.3 and 6.4 ppm, respectively indicates for indole NH 

and N-NH, CH=N and NH2 groups which further confirmed 

the linking of carbazole to the semicarbazide part [40]. All 

these exchangeable protons (indole NH and N-NH groups, 

CH=N and NH2) completely disappeared in D2O solvent in 

proton NMR experiment. 13C NMR spectra of compound 18-

23, peaks for two methyl groups appeared around 16.50 to 

16.60 ppm, aromatic carbons in range of 107-140 ppm, Schiff 

bases characteristic carbon (CH=N) at 156 ppm, carbonyl 

carbon peak in range of 160 ppm were observed. IR peaks of 

compound 18-23 using KBr pellet method appeared around 

for main functional groups at 3435.53, 3312.55 cm–1 (NH2, 

NH), 3000 cm–1, 2830.37 cm–1 (aromatic aliphatic),1673.60 

cm–1 (C=O), 1595.48 cm–1 (C=N) confirms the formation 

[40]. Further in HRMS mass spectroscopy, the M+1 peak was 

observed for the compounds (18 = 281.1401, 19 = 299.1315, 

20 = 315.1009, 21 = 359.0501, 22 = 311.1503, 23 = 297.1346 

confirming the formation of 18-23.  
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 ADME and toxicity prediction: Lipinski’s rule of five 

uses to study absorption or permeability of lipid bilayers present 

in the human body, oral bioavailability of a compound [47]. 

Molinspiration software was used for prediction of ADME 

and their results are given in Table-1. Carbazole semicar-

bazones predicted log P values in a range 2.77-4.38 and its 

follows Lipinski rule (less than 5). The molecular weights of 

the carbazole semicarbazones (18-23) were less than 500. 

The numbers of hydrogen-bond acceptor (HBA ≤ 10), for the 

carbazole semicarbazones (18-23) and the hydrogen-bond donor 

(HBD ≤5) were found to be between 5 and 6, between 4 and 

respectively. Moreover, it was predicted that all six carbazole 

semicarbazones would cross the blood–brain barrier (BBB). 

Protox 3.0 software was used for toxicity prediction for six 

carbazole semicarbazones (18-23) and their results are given 

in Table-2. All of the compounds were predicted to be class 

III compounds in terms of toxicity and possessed slight 

hepatotoxicity and neurotoxicity (six compounds), while 

most of the compounds were predicted as inactive in terms of 

cardiotoxicity, mutagenicity and cytotoxicity [47-50]. LD50 

value of compound 22 was found 160 mg/kg based on protox 

3.0 software. 

Biological activity 

 Evaluation of in vitro anticancer activity: The results of 

in vitro cytotoxicity (IC50) potential of all the six compounds 

18-23 are shown in Table-3. In vitro anticancer profile of 

synthesized compounds 18-23 was found in the order of 22 

(OCH3) > 21 (Br) > 18 (H) > 23 (OH) > 20 (Cl) > 19 (F). 

Four compounds 18 (R = H), 21 (R = Br), 22 (R = OCH3), 23 

(R = OH) showed better in vitro cytotoxicity (IC50) values viz. 

53.9 ± 10.1 M, 23.3 ± 4 M, 13.82 ± 3.86 M, 58.2 ± 7.6 

M, respectively compared to the standard drug temozolo-

mide (IC50 = 100 M) [25,32]. By changing substitution either  

TABLE-3 

In vitro ANTICANCER PROFILE OF COMPOUNDS (18-23) 

AND STANDARD ANTICANCER DRUGS 

Compound R 
U87 MG cell line 

IC50 (µM) 

18 H 53.9 ± 10.1 

19 F 198.00 ± 12.5 

20 Cl 154.6 ± 10.1 

21 Br 23.3 ± 4 

22 OCH3 13.82 ± 3.86 

23 OH 58.2 ± 7.6 

Temozolomide (Std.) – 100 

Carmustine (Std.) – 18.24  

 

electronegative elements like fluoro, chloro, bromo and dona-

ting groups on carbazole scaffold were found crucial for potent 

anticancer activity on U87 MG cell line [24,25,32]. Only 

compound 22 showed better IC50 value that the standard drug 

carmustine (IC50 = 18.24 M). Further two best cytotoxic com-

pounds (21 and 22) also tested on normal cell line (HEK293) 

using MTT assay showed not cell death at these IC50 values 

on the found on U87MG cell line.  

DNA binding studies 

 UV-Vis absorption spectral studues: In the UV spectra, 

a fixed concentration of compound 22 (10 M) with incre-

mental concentration of the ct-DNA solutions (0-20 M) 

showed decrease in the absorptivity (hypochromic) at 295 nm 

respectively without red shift (Fig. 3) Therefore, based on the 

above observations and supporting literature, compound 22 

is likely to interact with DNA through a non-covalent groove-

binding mode [11,14,25,32,46]. 

 CD spectroscopy study: The duplex DNA structure with 

the positive peak at 280 nm and the negative peak at 245 nm 

TABLE-1 

LIPINSKI’S RULE OF FIVE REPRESENTS THE DRUG-LIKENESS OF THE  

SIX CARBAZOLE SEMICARBAZONES (18-23) (ADME PREDICTION) 

Compound 

number 
Hepatotoxicity Cardiotoxicity Immunotoxicity Neurotoxicity Cytotoxicity 

LD50 

(mg/Kg) 

BBB-

barrier 
Class 

18 + - + + - 160 + 3 

19 + - + + - 160 + 3 

20 + - + + - 1260  4 

21 + - + + - 160 + 3 

22 + - + + - 160 + 3 

23         

 
TABLE-2 

PREDICTION OF TOXICITIES OF ALL SEX CARBAZOLE SEMICARBAZONES (18-23) 

Name of 

compound 

m.w. 

(less than 

500 g/mol) 

Lipophilicity 

(less than 5) 
TPSA 

Hydrogen bond 

donors (NH or OH) 

(less than 5) 

Hydrogen bond 

acceptors (N or 

O) (less than 10) 

No. of rule 

violations (less 

than 2 violations) 

Drug-likeness 

(Lipinski’s rule 

follows) 

18 280.33 3.60 83.28 4 5 0 Yes 

19 298.32 2.77 83.28 4 5 0 Yes 

20 314.78 4.25 83.28 4 5 0 Yes 

21 359.23 4.38 83.28 4 5 0 Yes 

22 310.36 3.63 92.51 4 6 0 Yes 

23 296.33 3.10 103.50 5 6 0 Yes 
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Fig. 3. Electronic absorption spectra of compound 22 (10 M) with ct-DNA 

(0-20 M) in the absence [top curve in each] and presence [subse-

quent curve] of increasing concentration of ct-DNA in PBS buffer 
(pH 7.4) at wavelength 295.44 nm. Arrow shows the absorbance 

variations upon increasing ct-DNA concentration 

 

in CD spectra is related to the double helix structure of B-type 

DNA [25,32,51,52]. Generally, groove binding molecules 

with DNA showed less or no major change the intensity of both 

positive band and negative band in CD spectra [25,51,52]. 

 Various concentrations of compound 22 (10, 20, 30 and 

40 M) with fixed ct-DNA concentration (10 M) scanned 

in the 240-280 nm region in the CD spectra showed that the 

intensity of positive band decreased from θ value 2.4 (DNA 

only) to θ value 1.0 (40 M), moreover, the bathochromic shift 

was observed (λmax 272 to λmax 282 nm) in dose dependent 

manner, however, no major change in the negative band 

(helicity) was detected (Fig. 4). In this CD experiment, known 

intercalator ethidium bromide with ct-DNA at same concentra-

tion ratio (10 M) enhanced majorly both positive and negative 

band at 280 and 240 nm wavelength respectively [32]. These 

results indicated that the regular decrease in the intensity of 

positive band (stacking) is suggestive of groove binding mode 

of interaction the compound 22 with ct-DNA [32,51-53]. 

 

 
Fig. 4. CD spectra of ct-DNA (10 M) with or without compound 22 (0-20 

M) and known intercalator (10 M) concentration in PBS buffer 

(pH 7.4) 

 

 Viscosity study: In viscosity study, generally classical 

intercalators molecules like ethidium bromide showed major 

increase in the relative viscosity of DNA solution [32]. While, 

groove binding drugs with DNA showed little positive or 

negative or no change in the relative viscosity of DNA were 

observed in literature [54-56]. To evaluate viscosity () of ct-

DNA (50 M) with various concentrations of the compound 

22 (0-50 M) or standard minor groove binder Hoechst (0-50 

M) respectively were performed using Ostwald viscometer. 

The values of relative specific viscosity (/o)1/3 versus R (R = 

compound 22/ct-DNA and known groove binder Hoechst/ct-

DNA) were plotted (Fig. 5). The viscosity of ct-DNA with 

increasing concentration of compound 22 and known minor 

groove binder Hoechst mainly decreases. This viscosity study 

showed that compound 22 has groove binding interaction 

with ct-DNA [25,32,54,55,57]. 

 

 
Fig. 5. Study of the relative viscosity of ct-DNA (100 µM) with compound 

22 (0 to 50 M) or standard minor groove binder Hoechst (0 to 50 

M) on in PBS buffer (pH 7.4) 
 

Topoisomerase assay and DNA unwinding assay 

 Effect of compound 22 on topoisomerase assay: The 

study results found that topoisomerase I converted the super-

coiled plasmid DNA molecules (Fig. 6a, lane 1) to their relaxed 

and partially relaxed forms (lane 2). The relaxation activity 

of topoisomerase I is not affected with dimethyl sulfoxide 

solvent (negative control) (lane 3). CPT showed strong topo-

isomerase I inhibitory activity at 100 M, which is marked 

from the recovery of the supercoiled DNA band (lane 4), how-

ever no effect on the topo I DNA relaxation activity was 

observed when 0.01 M to 100 M of compound 22 were 

added to the reaction mixture (lanes 5-8). The topo I activity 

was found to be inhibited at 50 and 100 M concentration of 

compound 22. Therefore, it is concluded that compound 22 

is topo I inhibitor but concentration dependent [25,32,58].  

 Effect of compound 22 on DNA unwinding assay: The 

ability of compound to bind the minor groove of DNA was 

determined by a topoisomerase I-catalyzed unwinding assay, 

which is based on the ability of intercalating compounds to 

unwind the DNA duplex and thereby change the DNA twist 

[25,32,58,59]. Therefore, in the presence of an intercalative 

compound, a plasmid that is relaxed (i.e. contains no super-

helical twists) becomes positively supercoiled. Treatment of 

drug-DNA complexes with mammalian topoisomerase I remove 

the unconstrained positive DNA superhelical twists that result 
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from drug intercalation [25,32,58-60]. Following this treatment, 

extraction of the compound allows the constrained local 

drug-induced unwinding to redistribute in a global manner 

and manifest itself as a net negative supercoiling of the plasmid. 

Thus, in the presence of an intercalative agent such as ethidium 

bromide, topoisomerase I treatment converts relaxed plasmids 

to negatively supercoiled molecules. Conversely, when a non-

intercalative drug such as Hoechst 33342 is included in reac-

tion mixtures, no DNA super coiling is observed following 

treatment with the type I enzyme. 

 As seen in Fig. 6b, supercoiled pHOT1 plasmid DNA 

(lane 1) was treated with an excess of human topoisomerase I 

(HuTOPI) such that no supercoiled DNA was left in the reaction 

mixture (Fig. 6b, lane 3). The relaxed DNA substrate was 

purified for the unwinding assay. In the presence of ethdium 

bromide, an intercalating drug, the super coiling of the relaxed 

substrate DNA was induced at concentrations of 10 M (lane 

4). Conversely, the unwinding of DNA was not observed with 

the standard minor groove binding drug Hoechst 33342 (100 

M) (lane 5) and with compound 22 at concentration range 

 

Fig. 6a. An effect of compound 22 on human topoisomerase I. Lane 1, pHOT1plasmid; lane 2, plasmid pHOT1 + human topoisomerase I, 1 

units, lane 3 plasmid pHOT1 + DMSO (1%); lane 4, plasmid pHOT1 + Camptothecin (100 µM); lanes 5-10, incubation of plasmid 

with 0.01 µM to 100 µM of compound 22 for 30 min at 37 ºC with simultaneous addition of 1 units of human topoisomerase I; lane 

11, incubation of plasmid with 100 µM of compound 22 without addition of topoisomerase I. FR-fully relaxed, PR- Partially relaxed, 

SC- supercoiled 

 

 

Fig. 6b. Compound 22 with pHOT1 DNA. (a) Lane 1, pHOT1 plasmid DNA (250 ng); lane 2, plasmid pHOT1 + human topoisomerase I, 1 

units; lane 3, relaxed pHOT1 plasmid DNA generated by treatment of pHOT1 plasmid DNA (250 ng) with HuTOPI (1U), followed 

by phenol/chloroform extraction and ethanol precipitation; lane 4, relaxed pHOT1 plasmid DNA + HuTOPI in the presence of 10 µM 

EtBr; lane 4, relaxed pHOT1 plasmid DNA + HuTOPI in the presence of 100µM of Hoechst 33342; lane 5-10, relaxed pHOT1 

plasmid DNA + HuTOPI in the presence of 10 nM, 50 nM, 100 nM, 10 µM, 50 µM and 100 µM of compound 22, respectively. FR, 

fully relaxed; PR, partially relaxed; SC, super coiled  
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of 10 nM to 10 M (lane 6-9). However, the super coiling of 

the relaxed substrate DNA was induced at concentrations of 

50 M and 100 M and this finding provides evidence that 

compound 22 intercalate into DNA at higher concentrations 

of 50 M and 100 M [60].  

 Docking analysis: To follow the experimental observa-

tions and predict the possible binding mode of compound 22 

[(6-methoxy-1,4-dimethyl-9H-carbazol-3-yl)methylidene-

amino]urea with ct-DNA, a docking simulation experiment 

were performed with AutoDock software [25,32]. The ct-DNA 

sequence d(CGCGAATTCGCG)2 dodecamer (ID: 1BDNA) 

was obtained from PDB (Protein Data bank) and coordinates 

were used for docking with the compound 22. Interactions of 

compound 22 with ct-DNA showed the binding in the minor 

groove of DNA between A18 to T7 nucleotides sequence 

(Fig. 7). The docking interaction of compound 22 with DNA 

showed that the urea moiety in hydrazine carboxamide part 

of carbazole established two hydrogen bond interactions with 

DNA, one of the interactions is established with C3 oxygen 

of the ribose sugar ring attached to cytosine 9 (C9) base and 

the second one is interacted with nitrogen bases of adenosine 

18 (A18) (Fig. 7). The distance between the hydrogen bonds was 

found to be 3.5 Å and 3.3 Å respectively. We also observed 

the 6-methoxy phenyl ring of carbazole in compound 22 

interacted with ribose sugar base of thymine 7 (T7) with the 

bond distance of 3.0 Å. In all cases compound 22 was reside 

in the minor groove region of DNA with the docking energy 

-9.81 Kcal mol–1. Intercalator molecule contain planar hetero-

cyclic groups, which stack between adjacent DNA base pairs 

in molecular docking study. Many minor groove binding drugs 

also binds to A/T rich region in literature via docking results 

[25,32,52,61-63]. Known groove binder like compound DAPI 

shows non-covalent interactions between DNA duplex of 

sequence d (CGCGAATTCGCG) 2 with docking energy -8.8 

Kcal mol–1 [61-63]. This computational study data showed that 

compound 22 behave minor groove binder matched with pub-

lished papers docking results (Fig. 7) [8,25,46,55,64]. 

Conclusion 

 In summary, substituted carbazole semicarbazone deri-

vatives (18–23) were design, synthesized and characterized. 

This study represents the first investigation of both the anti-

cancer potential and the in vitro DNA-binding properties of 

carbazole semicarbazone compounds. Among the six deriva-

tives assessed for their in vitro cytotoxicity (IC50) against the 

U87 MG cell line, compound 22 (R = OCH3) exhibited the 

most notable activity, with an IC50 value of 13.82 ± 3.86 M, 

which is superior to that of the standard drug carmustine (IC50 

= 18.24 M). In this work, we found changing substitution 

either electron withdrawing or electron donating group on C6 

 

Fig. 7. Compound 22 with ct-DNA (d(GTCGACGTCGAC)2), (A) Compound 22-ct-DNA complex (groove region), (B) compound 22 and 

base pairs shown in ball and stick model. broken lines (Hydrogen bonds-black), (C) Docked compound 22 (green) with ct-DNA base 

pairs are shown with sticks (golden), (D) Compound 22 with ct-DNA complex in groove region. Compound 22 is represented in 

sticks and ball model with atom-based color (green for C, blue for N, and white for H) 
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position on carbazole semicarbazone structure was crucial for 

potent anticancer activity on U87MG cell line. In ADME study, 

carbazole semicarbazone 22 showed log P values 3.63 and its 

follows Lipinski rule (less than 5). The molecular weights of 

the carbazole semicarbazone 22 were less than 500. In protox 

3.0 data predicted to be class III compound in terms of toxicity 

and possessed slight hepatotoxicity and neurotoxicity, while 

inactive in terms of cardiotoxicity, mutagenicity and cyto-

toxicity. LD50 value of compound 22 was found 160 mg/kg 

based on protox 3.0 software. Thus, it was predicted that 

carbazole semicarbazones 22 would cross the blood–brain 

barrier (BBB) based on protox 3.0 software.  The interaction 

of the compound 22 with ct-DNA was investigated by UV, 

CD spectroscopy, viscosity test, topoisomerase assay and 

docking analysis. All spectroscopic data supports the groove 

binding behaviour of compound 22 with ct-DNA. In viscosity 

test, decrease viscosity of ct-DNA with compound 22 was like 

well-established groove binding compound Hoechst. In topo-

isomerase assay, compound 22 also behave groove binding 

behaviour but it was concentration dependent. Compound 22 

(IC50 = 13.82 ± 3.86 M) inhibited Top I enzyme (50 and 100 

M) only. The docking interactions of compound 22 with ct-

DNA showed the binding in AT rich stretches in the minor 

groove of ct-DNA specifically between A18 to T7 nucleotides 

sequence. The results illustrated that the 6-methoxy carbazole 

semicarbazone derivative (compound 22) interacted with the 

minor groove of ct-DNA and could be used for the develop-

ment of new effective anticancer agent in the therapy of brain 

tumors. The next step after in vitro evaluation would be to test 

carbazole semicarbazone compound 22 in appropriate animal 

models (e.g. U87 MG xenograft models) to assess pharmaco-

kinetics, bioavailability, tumor-targeting ability and overall 

efficacy. 
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