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ABSTRACT

The indole derivative 2-(5-methoxy-2-methyl-1H-indol-3-y1)-N'-[(E)-(3-nitrophenyl) methylidene]acetohydrazide (IND) was synthesized for its therapeutic potential
to inhibit cyclooxygenase (COX)-II. Binding if IND to bovine serum albumin (BSA) was investigated was because most drugs bind to serum albumin in-vivo.
Fluorescence, UV-vis spectrophotometry and molecular modeling methodologies were employed for studying the interaction mechanism. The intrinsic fluorescence
of BSA was quenched by BSA and the quenching mechanism involved was static quenching. The binding constants between IND and BSA at the three studied
temperatures (298, 301 and 306 K) were 1.09 x 10°, 4.36 x 10* and 1.23 x 10*Lmol ™' respectively. The most likely site for binding IND to BSA was Site I
(subdomain IIA). The analysis of thermodynamic parameter revealed the involvement of hydrogen bonding and van der Waals forces in the IND-BSA interaction.
Synchronous fluorescence spectroscopic (SFS) and UV-vis spectrophotometric studies suggested conformational change in BSA molecule post interaction to IND.
Molecular docking and the experimental results corroborated one another. The study can prove as an insight for future IND drug development.

1. Introduction

During the palliative care the patients are provided with analgesics
which consist of non-steroidal anti-inflammatory drugs (NSAIDs). The
use of NSAIDs leads to several adverse events and the most common
among them is gastrointestinal (GI) morbidity that include both upper
and lower GI complications [1,2]. The pharmacological activity of
NSAIDs depends on its capability to inhibit the COX enzymes that exist
as isoform COX-I and COX-II [3]. Most tissues express COX-I isoform,
which play a protective role by producing prostaglandins. The pros-
taglandins stimulate the synthesis and secretion of mucus and bi-
carbonate, surge mucosal blood flow and promote epithelial prolifera-
tion. The inflammatory stimuli cause induction of COX-II in the
inflammatory cells and help in prostaglandin biosynthesis. The inhibi-
tion of COX-I in particular is responsible for the gastric ulcer formation
than COX-II [3,4]. The limitation to the long term use of these selective
COX-II inhibitors being ulcer exacerbations and other systemic side
effects. These side effects have led to withdrawal of certain COX-II in-
hibitors and have also necessitated the need for synthesis of new and
safer NSAIDs.

Chemical alteration of indomethacin improves its safety profile and
increases its anti-inflammatory activity with a decrease in
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ulcerogenicity. The chemical modification of indomethacin provided an
indole derivative having COX-2 inhibitor activity with anti-in-
flammatory and analgesic properties. The synthesized indole derivative
2-(5-methoxy-2-methyl-1H-indol-3-y1)-N'-[ (E)-(3-nitrophenyl) methyli-
dene] acetohydrazide (IND) has COX-II inhibiting properties (Fig. 1),
[M.p.: 200-202 °C; IR (KBr) cm ™ ': 3412 (NH), 3237 (C—H), 1654 (C=
0), 1640 (C=0), 1617 (C=n); 1H NMR (500 MHz, DMSO-d¢) § ppm:
1.3 (3H, s, —CH3), 3.58 (2H, s, CHa), 3.74 (3H, s, —OCHz3), 6.99-8.57
(7H, m, Ar—H), 10.63 (1H, s, =CH), 11.5 (1H, s, NH, D,O exchg.),
12.18 (1H, s, —CONH, D,0 exchg.); '*C NMR (125 MHz DMSO-ds)
§ =11.59, 27.92, 55.02, 55.34, 100.27, 103.95, 109.49, 120.72,
123.81, 124.24, 128.57, 129.61, 130.0, 131.73, 132.78, 133.09,
136.05, 140.33,145.57, 148.14, 152.87, 153.01, 162.27, 167.69; MS:
m/z = 366.37 [M]+; Analysis: for C;9H1gN4Oy4, caled. C, 62.29; H,
4.93; N, 15.24%. Anti-inflammatory, analgesic and ulcerogenic poten-
tial of IND has been studied and has been reported to have reduced
ulcer index [5,6].

Protein binding studies have been used to investigate the me-
chanism of binding interactions, changes in structural conformations
and stability of proteins upon interactions with ligands. [7,8]. Various
proteins have been studied using spectroscopic approaches for their
interaction with ligands [7-10]. Serum albumin acts as a carrier protein
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Fig. 1. Chemical structure of indole derivative 2-(5-methoxy-2-methyl-1H-
indol-3-y1)-N'-[(E)-(3-nitrophenyl) methylidene] acetohydrazide (IND).

for transportation of various endogenous and exogenous molecules in-
cluding drug ligands [10-13]. Bovine serum albumin was selected as
interaction protein due to its structural analogy to human serum al-
bumin. BSA has been widely studied for its binding interaction with
drug moieties [14]. The drug ligands usually are small organic mole-
cules and these interact with the basic amino acid residues of proteins.
The interaction studies give an insight regarding the in-vivo drug
pharmacological properties. [13,15,16]. Therefore, the investigation of
the coupling between BSA and drug ligands are extensively studied by
scientists [15-20]. In vivo binding interactions are difficult and the
fluorescence spectroscopy has considerably helped in exploring these
binding interactions in vitro.

The aim of this binding interaction study between IND and BSA was
to understand the mechanism involved and provide an insight for
pharmacological development of IND. To attain the purpose several
experimental studies that included fluorescence, UV absorbance, site
marker completion and molecular docking were employed.

2. Experimental
2.1. Reagents

The chemicals were procured from the following sources: BSA
(Sigma Aldrich; USA). IND was synthesized in-house in the medicinal
chemistry laboratory of the pharmaceutical chemistry department [5].
Phenylbutazone and Ibuprofen were procured through National Scien-
tific Company; Saudi Arabia.

2.2. Absorbance measurements

The absorbance spectra were recorded with UV spectrophotometer
(UV-1800 from Shimadzu Japan). The spectra were recorded at room
temperature and in the range of 200-400 nm for BSA and BSA-IND
complexes.

2.3. Inner filter effect correction

The inner filter effect that could be encountered during the IND and
BSA fluorescence spectral measurements were corrected with:
Feor = Fobs x elAextAem)/2
where F.,; and F,,s are the fluorescence intensity (FI) after and before
the correction. A and A, are the absorbances at the excitation and
emission, respectively.

2.4. Fluorescence measurements

Fluorescence spectra were acquired with Jasco spectrofluorometric
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(JASCO FP-8200; Easton, USA). The fluorescence spectra were acquired
at Aex 280 nm and A, 300-500 nm. The BSA concentration was con-
stant throughout the experiment at 1.5uM. An equal volume of IND
with concentrations ranging from (1.53 X 10"°M—2.45 x 10™>M)
were added to the BSA solution [17,18]. The actual analyzed sample
concentrations were 0.75 X 10"°M for BSA solution and
(7.64 x 1077, 1.53 x 107°, 3.06 x 1075, 6.11 x 107, 9.17 x 10™°
and 1.22 x 107>M) for IND. The sample mixtures were prepared in
phosphate buffer saline (PBS) pH 7.40. The synchronous fluorescence
spectra (SFS) at intervals AA = 15 and 60 nm (AA = Aem — Aex) were
acquired for BSA and BSA-IND complexes at room temperature. The
acquired spectra at AA = 15 and A\ = 60 nm provided characteristics
of tyrosine (Tyr) that of tryptophan (Trp) residues, respectively. Three
dimensional (3D) fluorescence spectroscopy is believed to be more
specific methodology in understanding the fluorescence chromophore
behavior. It also helps to establish any conformational changes in the
protein due to protein -ligand interaction.

2.5. Site marker competitive fluorescence experiments

The binding site identification studies for BSA-IND were performed
with phenylbutazone (site I) and ibuprofen (site II). Equal volumes of
BSA (1.5uM) and phenylbutazone (1.6 Xx 10 ®M) or ibuprofen
(4.3 x 10"°M) in PBS pH 7.4 were mixed and incubated together.
Different IND concentrations were added to these incubated samples
and the fluorescence spectra recorded.

2.6. Fluorescence resonance energy transfer (FRET)

The FRET is used in determination of any energy transfer that might
have occurred. In this interaction BSA acts as donor and IND as ac-
ceptor. FRET occurs due to an overlap in the donor emission spectrum
and acceptor absorption spectrum. The FRET is calculated by Forster
theory [12].

2.7. Molecular docking

The mode of binding between IND and BSA was investigated by
molecular docking (Molecular Operating Environment; MOE). The
three dimensional BSA crystal structure, Code No. of 40R0; was at-
tained from Protein Data Bank (http://www.rcsb.org/pdb). The IND
structure was drawn with MOE software. The energy was optimized by
default force field MMFF94X method while the RMS gradient was kept
at 0.05 kcal mol ~ . The rescoring function 1 and 2 were London dG and
GBVI/WSA dG, respectively. The selection for binding site on BSA was
performed as per the results from the site probe experiments.

3. Results and discussion
3.1. Fluorescence quenching analysis

The study of binding interaction of drugs to proteins with fluores-
cence spectroscopy has emerged as a powerful tool owing to its sensi-
tivity, accuracy and ease of use [21-23]. Endogenous fluorophore re-
sidues Trp and Tyr in BSA are responsible for its fluorescent nature. The
fluorescence spectra were measured at three different temperatures of
298, 301 and 306K and FI at 298K was the highest. As the con-
centration of IND was increased in the BSA-IND complex as decrease in
the FI of BSA was observed. The basic peak shape didn’t alter, however,
a red shift was observed at Ao, suggesting BSA-IND of a complex
formation (Fig. 2). Further, occurrence of a shift in the Ay, indicates
the existence of hydrophobic amino acids or polar groups within the
fluorophore microenvironment [24,25]. The two different types of
quenching mechanisms involved in the fluorescence quenching process
are static and dynamic quenching. Dynamic quenching is exhibited
when the intermolecular collision amongst the quencher and the
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Fig. 2. Fluorescence of spectra BSA in absence and presence of different con-
centrations of IND at 298 K.

fluorescent molecule occur at an excited state. The structure or activity
of a protein are independent of the dynamic quenching. The in-
tramolecular interaction at ground state amongst the fluorescent mo-
lecule and quencher leads to static quenching. In static quenching
process, creation of a new composite occurs and the newly formed
composite is unstable at high temperatures. The reason behind the
decreased steadiness is attributed to the high molecular diffusion, since,
the weakly bound composites can get dissociated at high temperatures.
Thus, the responses of the processes with temperature help in estab-
lishing the quenching mechanism involved. Stern-Volmer equation was
employed to identify the type of quenching mechanism in the interac-
tion of BSA-IND [25,26]:

% =1+Ky[Q] =1+ K;y7[Q]

The FI in absence and in presence of quencher are designated by F,
and F, respectively. 1, is the lifetime of fluorescent molecule without of
quencher and is valued 10785 [27]. K,, is the Stern-Volmer quenching
rate constant (Ks, = Kq 7o) whereas, K; and [Q] represents the
quenching rate constant and quencher concentration, respectively. A
maximum value of 2 x 10'®M~'S™! can be achieved for quenching
constant in case of biopolymers [26]. However, the Ky, values obtained
during this study at the studied temperatures were greater than the
maximum value specifying contribution of static quenching in IND- BSA
interaction (Table 1). Further, a decrease in the K, values with increase
in temperature also indicates static quenching mechanism. The Kj, is
determined from the slope of linear regression plot of Fo/F and [Q]
(Fig. 3A) and supports the theory that static quenching is involved in
the interaction.

3.2. Binding constants, sites and forces between IND and BSA

A higher binding constant (> 10*L.mol ') is observed in cases of
high binding affinity, whereas, binding constant (< 10*Lmol™?) in-
dicate low affinity [28]. The binding constant (K,) was from de-
termined as:

(Fo—F)

1
ogF

= logK}, + nlog[Q]

7t}

The binding constant “K,” and binding site number “n” are

Table 1
BSA Stern-Volmer quenching constants (Ksy) and quenching rate constant (Kq)
in presence of IND at different temperatures.

T (K) R Ko *+ SD x 10* (Lmol™ 1) Kq % 10" (Lmol ™ 's™1)
298 0.9982 5.51 + 0.32 5.51 x 10'?
301 0.9940 5.32 + 0.19 5.32 x 10'?
306 0.9774 4,59 + 0.23 4.59 x 10'2
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determined respectively, from the intercept and slope of double loga-
rithm regression plot between log [(Fo-F))/F] and log [Q]. The binding
constants (K;,) attained at the three studied temperatures (298, 301 and
306 K) were between 1.09 x 10°-1.23 x 10*L mol ! with binding site
number equivalent to 1 (Table 2) (Fig. 3B). The high binding constant
values obtained with BSA and IND interaction indicate a very strong
binding interaction between them. Therefore, it is expected that IND
will strongly bind to plasma proteins in-vivo. Also it was observed that
at higher temperatures the binding constants decreased suggesting in-
stability of the complex at high temperature [29].

3.3. Identification binding sites for IND

Site competition experiments were done to recognize the sites of
BSA that bind IND. To accomplish these experiments, site markers
phenylbutazone (PBT) site I and ibuprofen (IBF) site II were used
(Fig. 3C). The FI of BSA decreased after addition of IND to the mixture
of BSA-PBT or BSA-IBF. The binding constants were calculated for both
BSA- PBT or BSA- IBF with IND and compared to that attained in ab-
sence of the site markers. For the PBT and IBF mixtures the binding
constants were found to be 0.99 x 10% and 2.89 x 10°, respectively,
and suggests a competition interaction amongst IND and PBT with BSA.
The binding constant of BSA in presence of PBT and IBF decreased from
binding constant 1.09 x 10° found for BSA-IND complex. However, the
decrease in the PBT complex was far greater than IBF suggesting
binding of IND binds mainly to site I but involvement of site II in
binding IND cannot be ruled out.

3.4. Binding forces involved IND and BSA interaction

The proteins and ligands binding interaction might involve different
types molecular forces. These binding forces may include the hydrogen
bonds, van der Waals forces, electrostatic forces and hydrophobic in-
teractions [30,31]. The binding modes are confirmed enthalpy AH® and
entropy AS° change which act as indicators for forces responsible for the
interaction. The negative values of AH® and AS°® both, indicates hy-
drogen bonds and/or van der Waals forces. The electrostatic forces are
inferred in case the AH’ takes a negative value and AS° a positive value.
The hydrophobic interaction is suggested in case both AH® and AS° take
a positive value [31,32]. The following equation was used for the
thermodynamic parameter calculation:

AH® AS°
P + P
RT R

InKb = —

AG® = AH' — TAS® = —RTInKb

where K;, is binding constant; R universal gas constant. van’t Hoff plot
for the BSA and IND interaction is given in Fig. 3D. The free energy
change (AG®) attained negative values (Table 2) representing a spon-
taneous binding between BSA and IND. Further, both the AH® and AS®
attained negative values indicating that hydrogen bonding and van der
Waals forces to be the main forces involved in the BSA-IND interaction.
From the thermodynamic results it is suggested that BSA and IND in-
teraction is enthalpy driven as the entropy attained negative value in
this interaction.

3.5. Energy transfer from BSA to IND

UV-absorption spectroscopy of IND showed a weak absorption in
the fluorescence emission spectral range (300-500nm) of BSA. A
spectral overlap in the BSA emission spectrum and IND absorption
spectrum was are presented in Fig. 4. An overlap in the fluorescence
emission spectrum of BSA and the absorption spectrum of spectrum of
IND suggests a possibility for FRET.

The critical energy transfers distance (Ro) and the efficiency (E) of
energy transfer are attained from the integral overlap region of donor
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Table 2

Calculated binding constant values and thermodynamic parameters of binding between IND and BSA.

T (K) R Ky, = SD x 10° (Lmol™") n AG® (kJmol™1) AH® (kJmol ™) AS° (Jmol 'K™!
298 0.9946 10.9 + 0.37 1.06 —27.93 -172 —485
301 0.9956 436 = 0.19 0.9826 —26.48
306 0.9901 1.23 + 0.07 0.8742 —24.05
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Fig. 4. Spectral overlap of donor BSA (fluorescence spectrum) with acceptor
IND (absorption spectrum). 8000- B
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the donor/acceptor binding distance. The critical binding distance is 2 2000-
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where spatial orientation factor of the dipole is specified as K% n is
refractive index of medium; ®p quantum yield of the donor in acceptors
absence; and J represents integral overlap between emission and ab-
sorption spectrum and is given as:
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Fig. 5. Synchronous fluorescence spectroscopic data of BSA in presence of IND
at 298K [A] AN = 15nm and [B] A\ = 60 nm.
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Fig. 7. Three dimensional fluorescence analysis and contour plot for BSA [A and B]: BSA and BSA-IND complex [C and D].

where F(A) is FI of donor, €(\) is the molar absorptivity of acceptor.

The K?, n and ®p, were 2/3, 1.336 and 0.118, respectively for this
study and the calculated values for E, Ry and J(A) were found to be
0.0381, 1.90 and 2.13 x 10~ 5. Thus, the calculated binding distance
‘T’ between BSA and IND was 3.08 nm. The obtained binding distance
was within the limit of up to 2-8 nm for effective non-radiative energy
transfer between BSA and IND. Thus, it was inferred that energy
transfer ensued amongst BSA and IND and the fluorescence quenching
mechanism for BSA-IND interaction was static in nature.

3.6. Synchronous fluorescence spectroscopy

The micro-environmental changes around the amino acid residues
are detected by SFS. Shift the maximum A, indicates changes the
micro-environment of amino acids and the polarity of chromosphere
molecules. Tyrosine and tryptophan are primarily responsible for the
BSA fluorescence. The characteristic information of tyrosine and tryp-
tophan residues is provided at AA = 15nm and A\ = 60 nm respec-
tively [33-35]. A reduction in FI occurred at AA = 15nm which was

further reduced as the IND concentration increased with a shift of 1 nm
(redshift) in Ay, (Fig. 5) indicating decreased hydrophobicity and in-
creased stretching capacity of the peptide chain. The reduction in FI at
AN = 60 nm was greater than that was detected at A\ = 15 nm without
any shift in Aey, [34,35].

3.7. UV-vis absorption studies

These studies provide facts for any structural changes and complex
formation occurring in the ligand and protein interaction. As is evident
from Fig. 6, the absorption of samples increased as the concentrations
of IND increased (BSA fixed concentration). Based on these observa-
tions it is suggested that a complex formation between BSA and IND led
to increase in the absorption of BSA [36-37].

3.8. Three dimensional fluorescence spectroscopy

The conformational changes in the proteins can be detected by three
dimensional fluorescence spectroscopy [36]. The three dimensional
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Fig. 8. [A] The docking conformation of IND-BSA complex with lowest energy. [B] The amino acid residues surrounding IND.

spectra and contour plots are presented in Fig. 7. Peak I which is the
strongest peak at Ay = 280 nm, Ay, = 340 nm primarily divulges the
amino acid residue Trp behavior. In addition to peak I another strong
peak (peak II) occurs at Ay = 230 nm, A, = 340nm and provides
information about the polypeptide backbone structure events. The in-
tensity of fluorescence reduced upon addition of IND also peak I part of
contour spectra transformed to be sparse. This reduction on the FI
clearly indicates conformational and micro-environmental changes in
BSA upon addition of IND due to complex formation between BSA and
IND.

3.9. Molecular docking

Molecular docking along with experimental results help in under-
standing the IND and BSA interaction (Fig. 8A) [22]. The molecular
docking confirmed the experimental findings of the binding site for IND
being at site I of BSA. The theoretical free binding energy of the BSA
with IND from the molecular docking analysis was found to be
—28.28 kjmol ! and is closer the binding energy of —27.93kjmol ™"
obtained experimentally.

Fig. 8B also indicates that the IND molecule is embedded in the
hydrophobic region of subdomain IIA of BSA. IND is encircled by the
hydrophobic amino acid residues of Ala-212, Ala-209, Leu-454, Leu-
346, Leu-480, Leu-197, Val-342, Val-481, Phe-205 polar residues like
Trp-213, Ser-453, Ser-343, Ser-201, Ser-479 and charge residues such
as Arg-217, Arg-198, Arg-194, Asp-450, Lys-450. Hydrogen bonding
interactions are amongst IND and BSA were observed at Trp-453, Ser-
201, Lys-350, Arg-194 and Ser-343. The thermodynamic studies also
indicated that hydrogen bonding and van der Waals forces contributed
to the BSA-IND interaction.

4. Conclusion

IND has been patented with the USPTO as COX-II inhibitor and its
in-vitro protein (BSA) interaction was comprehended in this study. The
binding site and docking studies revealed site I (subdomain IIA) was
predominantly involved in binding IND to BSA molecule. The static
quenching in BSA-IND interaction indicated a new composite formation
among them. Further, a conformational change in BSA was proposed on
the basis of SFS and UV spectroscopic analysis. Hydrogen bonds and
van der Waals forces were suggested in the interaction and was

enthalpy driven. The study will be helpful in preclinical drug devel-
opmental studies of IND.
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