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Abstract
Mode of interaction of a new tetrahydrocarbazole derivative with ct-DNA has been investigated systematically using fluores-
cence spectroscopy, UV-Vis spectroscopy and circular dichroism spectroscopy. It is concluded that TAH could intercalate into the
base pairs of ct-DNA, and the fluorescence quenching by ct-DNA was static quenching type. Beside the multispectroscopic
results, computational studies were done. Molecular docking results revealed that the TAH-DNAs complexes might be classified
as druggable molecule in drug design. Additionally, DNA binding studies exhibited that TAH complexes have different inter-
action and orientation abilities to each DNA isomer. Combination of experimental and computational data showed that reported
TAH is promising structure and deserves further applications.
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Introduction

DNA is the best cellular target for many natural and synthetic
organic molecules, particularly potential anticancer and anti-
viral drugs [1–4]. Despite the all attention to develop tumor
cell targeted drugs, most of the anticancer chemotherapeutic
drugs are DNA damaging agents. The clarifying the chemical
interaction types of small molecules with DNA is important
for giving notice their therapeutic probable and designing new
and low toxical drugs for clinical usage. Interaction of small
molecules with double stranded DNA can be characterized by

three general binding modes: intercalation, groove binding
and covalent binding [5–8]. Intecalators are generally planar
aromatic molecules and interact with DNA by inserting their
planar chromophores between adjacent DNA base pairs
[9]. Groove binders are generally crescent shaped, cat-
ionic ligands interact with ds-DNA by fixation in its
groove. Both of these weak interactions are further sta-
bilized by number non-bonding interactions such as van
der Waals forces, hydrophobic forces, ionic forces and
hydrogen bonds. Most drugs tend to interact non-
covalently with DNA through two general modes,
groove binding and intercalation [10].

Tetrahydrocabazoles are well known core-structure of
naturally occurring carbazole alkaloids and also core
structure of some FDA approved drugs such as
ondansetron, frovatriptan and Ramatroban [11]. As
known that tetrahydrocarbazole compounds have a large
place of biological activities such as antibacterial [12],
cytotoxic activity against human cancer cells [13] and
anti-HPV activities [14]. In addition Schiff base-hydrazones
are attractive targets for researchers worldwide in the fields of
biology and medicinal chemistry because of their broad
spectrum of activities. They denote antibacterial, anti-
fungal [15], anticonvulsant [16], antiinflammatory [17],
antimalarial [18] and antituberculosis activities [19].
Because of the variety of biological activities, scientists
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pay attention tetrahydrocarbazole derivatives to plan, or-
ganize and improve newer approaches towards the dis-
covery of new drugs. For the development of new
drugs, it is the important step to understand functional
mechanism of drug candidates with DNA.

In the light of the previous studies, we have synthe-
sized a novel acyl hydrazine having tetrahydrocarbazole
moiety as shown in the Scheme 1 and systematically
studied its interaction with ct-DNA. We characterized
the quenching, binding and thermodynamic constants
and interaction mechanism of the studied system by
fluorescence spectroscopy, UV-Vis absorption spectroscopy
and circular dichroism (CD) spectroscopy. Additionally, inter-
action mechanism of TAHwith ct-DNA atmolecular level has
been explored by molecular docking calculations. The results
could provide contribution in designing new and effective
drugs from tetrahydrocarbazoles.

Experimental and Computational Details

Syntheses and Characterizations of TAH

2.2 mmol Salicylaldehyde was added into the 2.2 mmol
2,3,4,9-tetrahydro-1H-carbazole-3-carbohydrazide in eth-
anol under continuous stirring and mixture was heated
for 1.5 h. After the reaction completed, the solution was
allowed to cool to the room temperature and after
cooling ethanol was removed by rotary evaporator.
Water washing was used to remove the impurities from
residue and after filtration solid was dried to get the
demanded product. The compound was purified by re-
crystallization using absolute ethanol.

N′-(2-hydroxybenzylidene)-2,3,4,9-tetrahydro-1H-carbazole-
3-carbohydrazide (TAH) Pale yellow solid, yield 85%, mp
248–249 °C. IR (νmax): 3401 (N-H), 3052 (C-H), 2926 (C-
H), 2858 (C-H), 1668 (C=O), cm−1. 1H NMR (400 MHz,
DMSO): δ = 1.93–1.96 (m, 1H, CH), 2.11–2.18 (m, 1H,
CH), 2.72–2.95 (m, 4H), 3.51 (m, 1H, CH), 6.88–7.61 (m,
8H, ArH), 8.44 (8.34*, s, 1H, =CH), 10.75 (10.75*, s, 1H,
NHindole), 11.25 (10.17*, s, 1H, OH), 11.77 (11.33*, s, 1H,
NH). APT-NMR (100 MHz, DMSO): δ = 22.6, 24.6, 26.5,
107.2, 111.1, 116.8, 117.6, 118.6, 119.1, 119.8, 120.7,
127.5, 129.9, 131.7, 134.1, 136.4, 147.2, 157.8.

Reagents

All chemicals were supplied from Sigma-Aldrich Chemical
Co. The stock solution of TAH was prepared in DMSO as
2.0 × 10−3 mol/L. Calf thymus deoxyribonucleic acid (sodium
salt of ct-DNA, Sigma) stock solution was prepared in Tris-
HCl buffer solution at pH 8.0. Concentration of stock DNA
solution was evaluated by the absorption values of solution at
260 nm (molar coefficient: 6600 M−1 cm−1). To find out the
purity of DNA the ratio of the absorbance values at 260 to at
280 nm were checked. Prepared ct-DNA solution gave a ratio
of A260/A280 > 1.8, which points that purity of DNA was
enough for experimental studies. Daily prepared aqueous so-
lutions by appropriate dilution from stock solutions were used
in the experiments and all stock solutions were stored in
refrigerator at 4 °C till use.

Apparatus

FS5-spectrofluoremeter (Edinburgh Instruments) was used in
all fluorescence and UV-visible absorption measurements.
Used spectrofluoremeter was equipped with a 150 W xenon
lamp source and 1.0 cm quartz cell and the excitation and
emission band pass slits were adjusted as 3.5 nm for all stud-
ies. Melting point of the compound was measured by electro-
thermal digital melting point apparatus in a sealed tube and is
uncorrected. 1H-NMR and APT spectra were recorded with
Bruker DPX-400, 400 MHz High Performance Digital FT-
NMR Spectrometer and DMSO-d6 was used as solvent in all
measurements. The chemical shifts were recorded in δ values
(ppm). Chemical shifts (δ) of rotameric hydrogens whenever
identified are shown within the parenthesis using giving an
asterisk (*) along with that of the other form. Silicagel-coated
aluminum sheets were used to check the purity of the com-
pound by thin layer chromatography. IR spectra was recorded
on a Thermo Scientific Nicolet iS10 spectrometer by using
KBr pellets. CD spectra of ct-DNA and TAH-ct-DNA com-
plex were recorded on a Jasco J-815 spectropolarimeter (Jasco
Inc., UK) by using a quartz cell with a 0.1 cm path length in
pH 7.4 PBS buffer. CD spectra of all samples were obtained
from 220 to 320 nm with a scan speed of 100 nm min−1 at
298 K under constant nitrogen flush. Three scans were accu-
mulated for each sample. The results were expressed as ellip-
ticity (mdeg). pH measurements were carried out with Ohaus
Starter 3100 pHmeter.

Scheme 1 Syntheses of TAH
from tetrahydrocarbazole
hydrazide

102 J Fluoresc (2019) 29:101–110



UV-Vis Absorption and Fluorescence Titrations

UV-Vis absorption measurements were performed by
adding known aliquouts of ct-DNA to the solutions of
TAH at a fixed concentration of 5.0 × 10−6 mol/L in
2.0 mL Tris-HCl buffer (pH 8.0). To perform the fluo-
rescence titrations known quantities of ct-DNA were
added into the TAH solution (5.0 × 10−6 mol/L) and
the effect of ct-DNA on THA fluorescence were record-
ed. The effect of ct-DNA on tetrahydrocarbazole fluo-
rescence was investigated at two different temperatures
(25 and 37 °C) by fluorimetric titration. The fluores-
cence emission spectra of TAH were collected between
400 and 600 nm upon excitation at 360 nm. Dilution
effect on fluorescence emission of dyes was eliminated
by using the ct-DNA solution contained same amount
dye in the titrations.

Docking Study

In this process, AutoDock 4.2 [20] was used to exert
molecular docking for understanding interactions be-
tween TAH and each DNA isomer. The novel synthe-
sized compound, TAH as ligand and DNAs including
A-DNA (PDB: 3V9D) [21] and B-DNA (PDB: 1BNA)
[22] forms were prepared using Gaussian09 (G09) [23]
for molecular docking studies. The geometry and energy
optimizations of the compound were computed at DFT/

B3LYP/6-31G* level as implemented in G09. Their po-
sitions of DNAs were subsequently optimized using
CHARMm force field and the adopted-basis Newton-
Raphson (ABNR) method [24] available in the DS
2018 protocol [25] until the root mean square deviation
(RMSD) gradient was <0.05 kcal/mol Å2. AutoDock 4.2
was performed using Lamarckian genetic algorithm for
all docking process. The default settings were used for
all parameters. The best pose for the complexes was
defined based on the binding energy and inhibition constant
(Ki) values.

Results and Discussion

Fluorescence spectroscopy, especially the quenching ef-
fect of DNA on the fluorescence of small molecules is
one of the most useful and common used technique to
understand the interaction of the small organic mole-
cules as potential drugs. Fluorescence quenching corre-
sponds to any fluorescence intensity decreasing process
of the investigated fluorophore upon addition a quench-
er. In the represented study we investigated the effect of
ct-DNA on the fluorescence spectra of tetrahydrocarbazole
derivative to characterize the interaction type of the compound
with ct-DNA (Fig. 1). While the fluorescence intensity of
TAH decreases with the increase of ct-DNA amount, maxi-
mum emission wavelength and the shape of the band stayed

440 480 520 560 600

4,0x104

8,0x104

1,2x105

1,6x105

225 300 375 450 525 600
0,00

2,50x105

5,00x105

7,50x105

1,00x106

Fl
uo

re
se

ce
nc

e 
in

te
ns

ity
 (a

.u
.)

Wavelength (nm)

em
ex).u.a(

ytisnetni
ecnecseroulF

Wavelength (nm)

0 M DNA

3.0x10-3 M ct-DNA

Fig. 1 ct-DNA effect on the
fluorescence emission of TAH
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unchanged. Stern-Volmer equation was used to analyze the
data of the fluorescence titrations of TAH with ct-DNA at
two different temperatures (1) to reveal the quenching nature
between ct-DNA and the derivative [26];

F0=F ¼ 1þ Ksv Q½ � ð1Þ

F0 and F represents the steady-state fluorescence in-
tensities of TAH absence and presence of the ct-DNA,
respectively. ct-DNA is the quencher and [Q] refers to
the concentration of quencher. Ksv indicates the Stern–
Volmer quenching constant. Figure 2 represents the linear
Stern-Volmer plots obtained from fluorimetric titrations. Ksv

values were evaluated from the slopes of the graphs for the
interaction of TAH with ct-DNA. The results revealed that the
Ksv values decreased with increase in temperature, suggests
that the probable fluorescence quenching mechanisms of the
compound by ct-DNA was static quenching. The obtained
Stern-Volmer quenching constants from graphs are shown in
Table 1.

The double logarithm regression curve which is evaluated
from plot of log(F0–F) / F versus log[Q] was used to calculate
the binding constants. Following equation was used to plot
graphs [27];

log F0�FÞ=F ¼ log K þ n log Q½ �ð ð2Þ

where the binding constant K, and the binding site number n
which can be determined from the slope of double logarithm
regression curve. Figure 2 shows the double logarithm regres-
sion curve of the TAH-ct-DNA system. The obtained K and n
values of TAH-ct-DNA system at various temperatures are
represented in Table 1. Binding constants showed little in-
crease by increase in temperature but they were still at the
same order of magnitude. This result can be interpreted as
the complex stability increases with the temperature.

Heavy Atom Effect on Binding

Iodide ion is one of the efficient quenchers for fluorescence
systems. The molecules bound to the DNA surface like
groove binders will be accessible to quencher when it is com-
pared with intercalators. When small molecules intercalate
into DNA, the molecule will be protected from the accessibil-
ity of the quencher by the close base pairs to the intercalator. In
the case of intercalation also formed electrostatic repulsion
between phosphate backbone of DNA and negatively charged
quenchers will strengthen the shielding of the intercalated
species [28].

A series of studies were performed to determine the acces-
sibility of iodide ion to fluorescent probes by adding KI solu-
tion into TAH-ct-DNA system. The fluorescence spectra and
the quenching curve for TAH-ct-DNA system were shown in
Fig. 3. Gradual decrease in fluorescence intensity of the sys-
tem was observed with increase in the iodide amount in the
medium. This results reveals that the TAH binds to ct-DNA by
groove binding.

Ionic Strength Effect on Binding

To assess the contribution of electrostatic forces in the inter-
action of DNAwith DNA-binding molecules, investigation of
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Fig. 2 The Stern-Volmer (left) and double-log plots (right) of ct-DNA quenching effect on TAH fluorescence at different temperatures

Table 1 TAH-ct-DNA complex interaction parameters; quenching
constants (KSV), binding site numbers (n) and binding constants (K)
values at two different tempretures

T (°C) TAH

Ksv ×10
3 (M−1) K n

298 2.299 1.92 × 102 0.629

310 1.522 4.21 × 102 0.819
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the effect of ionic strength on the system is necessary. It is a
known fact that the electrostatic repulsion between negatively
charged phosphate skeletons on adjacent nucleotides is de-
creased with increasing ionic strength. This characteristic
causes the tightening the DNA chains, whichmakes the harder
the interaction of organic molecules with nucleotide in DNA
helix. The effect of NaCl on the fluorescence intensities of

TAH-ct-DNA complex system was investigated (Fig. 4).
The addition of NaCl to the free probe TAH, in the absence
of DNA, didn’t cause any remarkable change in the fluores-
cence properties of the probe. However, in the presence of
ct-DNA, increase in salt concentration caused the increase in
fluorescence intensities of the system. This is probably attrib-
uted to the release of the bound TAH from the ct-DNA
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grooves into the solution [29]. The strong dependence of the
binding on the ionic strength clearly indicates that TAH bind-
ing to ct-DNA is predominantly controlled by electrostatic
interactions and this observation is consistent with groove
binding.

UV-Vis Spectrum in the Presence of ct-DNA

Effect of DNA on the fluorescence intensities of the
fluorophores gives remarkable information in DNA
binding studies of small molecules. The absorption
spectra of TAH in the absence and presence of different
concentrations of ct-DNA were investigated. The ab-
sorption spectra of TAH have two distinct absorption
bands around 230 nm and 280 nm. It is believed that
these two bands are caused by the core structure of
compounds. And the absorption spectra of the com-
pound also have two small absorption bands around
320 and 360 nm. Intercalation commonly results in hy-
pochromic and bathochromic effect while hyperchromic
effect and a spectral shift accompanies to the groove
binding [30]. The addition of ct-DNA to the TAH solu-
tion was resulted in increase of absorption amount of
the complex systems. Effect of ct-DNA on absorption

spectra of TAH is shown in Fig. 5. Despite the
hyperchromocity of the bands, absorption maxima and
the shape of the bands remained unchanged. The behav-
ior of the system supports the idea that the TAH may
bind to ct-DNA by groove binding.

Thermodynamic Studies on Binding of TAH
with ct-DNA

Hydrophobic forces, van der Waals forces, electrostatic inter-
actions, hydrogen bonds and covalent bonds are the primary
forces between small molecules and targets. The thermody-
namic parameters (ΔH, ΔG and ΔS) of the investigated sys-
tem at two temperatures can be obtained by following thermo-
dynamic Eqs. (3, 4).

ln K2=K1 ¼ −ΔH=R 1=T2�1=T1�½ ð3Þ

ΔG ¼ ΔH�T ΔS ¼ −R T ln K ð4Þ

K1 and K2 are binding constants of TAH-ct-DNA
complex system at 25 and 37 °C, individually. The
characteristic signs of the thermodynamic parameters in
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Fig. 5 UV-vis absorption spcetra
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presence of ct-DNA (2.97X10−5,
5.92X10−5 M) in 2 ml Tris-HCl
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Table 2 Thermodynamic
analysis results and the interaction
type of the complex system

Derivative ΔH (kJ/mol) TΔS (K.kJ/mol) ΔG (kJ/mol) Interaction mode

TAH 50.59 63.61 −13.03 Hydrophobic forces
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protein association processes suggest the driving forces
in the interaction of small molecules with targets [27, 31].
Studies revealed that;

ΔH< 0 or ΔH ≈ 0 and ΔS > 0: The main acting force is
electrostatic force as main acting force
ΔH < 0 and ΔS < 0: The main acting force is van der
Waals or hydrogen bond
ΔH > 0 and ΔS > 0: The main force is hydrophobic
forces
ΔH< 0 or ΔS ≈ 0 and ΔS > 0: The main acting force is
ionic

Thermodynamic results of the investigated interactions
were obtained and listed in Table 2. Positive values of ΔH
and ΔS mark the hydrophobic interactions in the binding
mechanism of TAH to ct-DNA. The negative value of ΔG
reveals the spontaneous interaction between probe and
ct-DNA [32].

Circular Dichroism (CD) Spectroscopy

CD is one of the techniques to follow the conformational
changes in the secondary structure of the ds-DNA helix. The
CD spectrum of free ds-DNA exhibits a positive band at
275 nm due to base stacking and negative band at around
248 nm due to polynucleotide helicity [33]. Both of these
bands are highly sensitive to ds-DNA interaction with small
molecules. An increase in the positivity of the band at 275 nm
is one of the characteristics of the intercalative binding as a
result of the stacking interaction of the intercalator between
the base pairs of ds- DNA [34]. Despite that groove binders
generally don’t cause any significant unwinding of the ds-
DNA base pairs. The CD spectra of free ct-DNA and its com-
plex with different TAH concentrations are shown in Fig. 6. A
decrease in intensity of positive band was observed and slight
increase in intensity of negative band was examined upon
addition of TAH indicating that possible mechanism of inter-
actions of derivative with ct-DNA is groove binding.
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Computational Results

Figure 7 shows the optimized structure of TAH in this
study. Additional information of the compound was giv-
en at TS1 in supporting information part. Furthermore,
molecular electrostatic potential surface (MEPS) was
computed to probe reactive sites of electrophilic and
nucleophilic attacks of TAH.

The MESP map in the case of TAH shown the potential
distribution between carbonyl oxygen and hydroxyl ox-
ygen atoms (dark red) and nitrogen atoms of hidrazide
and carbazole moeities (dark blue) and represented in

Fig. 8. Based on the MEPS, it was revealed that the
negative charge covered the carbonyl and hydroxyl ox-
ygen groups and the positive region was over the nitro-
gen atom of the hidrazide and carbazole groups. The
most reactive part in TAH is the carbonyl oxygen of
hidrazide group due to its electronegativity.

Docking Results

The molecular docking process were applied for understand-
ing interactions between the entitled compound and DNAs.

Fig. 8 Molecular electrostatic
potential map of TAH

Fig. 9 Docking poses and interactions of compound TAH in A_DNA
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The docked TAH-A_DNA complex and its three dimensional
interactions are given in Fig. 9. This complex has three hydro-
gen bonds and four hydrophobic interactions with active nu-
cleotides B:DT7, B:DA8 and B:DC9. On the other hand,
Fig. 10 presented that TAH has six hydrogen bonds with ac-
tive nucleotides A:DT7, A:DT8, A:DC9 and B:DA18,
B:DT20 of B_DNA. Additionally, binding energy and Ki
values for each complex were computed and displayed in
Table 3. According to the results of the experiment, TAH-
A_DNA complex results are more appropriate when
compared to TAH-B_DNA complex results. In summa-
ry, the results of docking show that hydrophobic inter-
actions are more effective than hydrogen bonds. In ad-
dition, interaction types and distances for the TAH com-
pound against each DNA isomer were confirmed at TS2
in supporting information section.

Conclusions

The effect of ct-DNA on a tetrahydrocarbazole derivative was
examined by various spectral methods. The results show that
the static quenching process is the main quenching mecha-
nism in the TAH-ct-DNA complex system. The binding reac-
tion of TAH with ct-DNA is spontaneous. Thermodynamic
parameters deduce the hydrophobic interactions (positive
ΔH and positive ΔS) is driven force in the TAH-ct-DNA
complex. Results of the heavy atom effect and ionic strength
effect on fluorescence intensity of the TAH-ct-DNA complex
indicate the groove binding between ct-DNA and derivative.
UV-vis absorption studies and CD results also support the
groove binding suggestion. Moreover, computational results
with docking types and interactions with DNA supports the
experimental results. Additionaly, computational studies ex-
hibit why TAH compound is promising structure based on the
MEPS map and A_DNA isomer has more compatible inter-
action with TAH compound based on the docking and exper-
imental results. This research has significance to get different
sights of pharmacological and medicinal applications the
probability of using tetrahydrocarbazole derivatives.
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Fig. 10 Docking poses and interactions of compound TAH in B_DNA

Table 3 Binding energy and inhibition constant (Ki) values of the
generated complexes

Complex ΔG(kJ/mol) Ki (nM)

TAH-A_DNA −35.19 688.37

TAH-B_DNA −44.18 18.11
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