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Human serum albumin (HSA), one of the most copious plasma proteins is responsible for binding and
transportation of many exogenous and endogenous ligands including drugs. In this study, we intended
to explore the extent and types of binding interaction present between HSA and the antihypertensive
drug, telmisartan (TLM). The conformational changes in HSA due to this binding were also studied using
different spectroscopic and molecular docking techniques. The spectral shifting and intensity variations
upon interaction with TLM were studied using FT-IR spectroscopy. Binding constant and the change in
absorption of HSA at its kmax was analyzed using absorption spectroscopy. Eventually, the types and
extent of binding interactions were confirmed using molecular docking technique. Results have shown
that TLM significantly interacts with the binding site-1 of HSA utilizing strong hydrogen bonding with
Glu292, and Lys195 residues. The UV-absorption intensities were found to be decreased serially as the
drug concentration increased with a binding constant of 1.01� 103 M�1. The secondary structure analysis
using FT-IR spectroscopy also revealed a marked reduction in the a-helix (56%) component of HSA on
interaction. This study gives critical insights into the interaction of TLM with HSA protein which eventu-
ally affects the concentration of TLM reaching the site of action and ultimately its therapeutic profile.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The Human Serum Albumin (HSA) is a negatively charged,
highly soluble protein which is present in high concentration
(60% of total protein) in plasma. Existence of several binding sites
and an extraordinary binding capacity with a high degree of con-
formational flexibility makes HSA a versatile carrier to transport
a variety of endogenous and exogenous ligands including drug
molecules (Carter and Ho, 1994; Curry, 2009; Kratochwil et al.,
2002; Sudlow, 1976). To date, two major binding sites namely
site-1 and site-2 positioned in sub-domains IIA and IIIA respec-
tively (Sudlow, 1976) and an additional binding site-3 (Zsila,
2013) positioned in sub-domain IB of HSA have been identified.
The site-1 generally accommodates negatively-charged hetero-
cyclic molecules, site-2 is known for its binding with negatively
charged carboxylic acids and some acidic, basic as well as neutral
molecules are shown to bind at site-3. However, several other
molecules including indoxyl sulfate, ibuprofen (Ghuman, 2005),
L-thyroxine (Petitpas, 2003) and dansyl-L-asparagine (Simard,
2006) are also shown to interact at these sites. Fig. 1 represents
the three-dimensional (3-D) structure of HSA showing its three
binding sites.

Telmisartan (TLM) is a non-peptide angiotensin II receptor (AT1)
blocker that acts by relaxing the smooth muscles of blood vessels
and making blood easy to flow. It is used to treat hypertension
and thereby, assists in the prophylaxis of strokes, heart attacks as
well as kidney-related issues. Chemically, it is 40-(1-methyl-20-pro
pyl-1H- [2,50] bibenzoimidazolyl-30-ylmethyl) biphenyl-2-
carboxylic acid with a molecular weight of 514.63 (Fig. 2).

Telmisartan binds to plasma proteins significantly (>99.5%)
mainly to albumin and to some extent a1-acid glycoprotein, and
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Fig. 1. 3-D structure of HSA protein showing the three major binding sites.

Fig. 2. Structure of Telmisartan.
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remains unchanged over different concentration ranges and doses
of the drug. It also shows a very high volume of distribution of
approximately 500 L which indicates additional tissue binding.
Interaction of various drug molecules to HSA is of important con-
cern as the strong binding affects the pharmacokinetic parameters,
particularly the distribution volume and clearance rate of the drug.
This binding gets the drugs sequestered making it less available to
bind to its target (Reichel, 2009). Besides, it is equally important for
the drugs which cross the blood-brain barrier (BBB), as only the
unbound portion would remain available to diffuse and reach the
brain (Howard et al., 2010). Overall, binding to HSA changes the
ADME profile of small molecules and the optimization of this inter-
action is used in drug discovery and development to come up with
new therapeutic agents (Kratz and Elsadek, 2012). The therapeutic
effectiveness of a drug molecule is influenced by its protein bind-
ing ability; in addition to that, it also affects toxicity and drug sta-
bility during the therapeutic processes. The binding ability of a
drug molecule with plasma protein is one of the main factors that
affect the diffusion from the circulatory system and hence bioavail-
ability. Therefore, it is important to assess the types and extent of
binding interactions between drugs and HSA. Recently High-
performance affinity chromatography (HPAC) (Ryan et al., 2015),
Nuclear Magnetic Resonance (NMR) spectroscopy (Rieko, 2015)
have been employed for studying drug-protein interactions. How-
ever, these techniques are costly, require much expertise and are
associated with complex procedures and therefore, cannot be used
for routine purposes. The FT-IR and UV spectroscopic techniques
are advantageous over other techniques in being easy to perform
and are cost-effective (Malik et al., 2017; Nasser et al., 2020).

In a recent study, the interaction of TLM with bovine serum
albumin (BSA) has been reported using FT-IR, UV, Fluorescence
spectroscopy, and molecular docking (Zhou et al., 2019). In this
study, the binding of TLM with HSA was explored using FT-IR
and UV–Visible spectroscopy and the results obtained were con-
firmed with molecular docking technique.
2. Materials and methods

2.1. Chemicals and instruments

Lyophilized Human Serum Albumin powder (HSA, 99%), Telmis-
artan drug (>99% pure), sodium phosphate dibasic and sodium
phosphate monobasic-anhydrous were purchased from Sigma-
Aldrich, Saint Louis, USA. The double-distilled ultrapure water
was prepared in our lab. FT-IR spectrophotometer (Nicolet iS10,
Thermo Fischer Scientific, USA) was used for FT-IR spectroscopic
analysis, whereas UV–Vis spectroscopic analysis was performed
on a double beam UV–Visible Spectrophotometer (Shimadzu,
Japan). Molecular docking studies were carried out using UCSF Chi-
mera 1.13.1 integrated with AutoDock Vina 1.1.2 software (Califor-
nia University, San Francisco, USA).

2.2. Preparation of stock solutions of drug and protein

Phosphate buffer (0.1 M) containing 0.05 M sodium chloride
was prepared using ultrapure water and the pH of the final solu-
tion was maintained to 7.2 using 0.2 M NaOH. The protein stock
solution (0.6 mM) was prepared using the same buffer by dissolv-
ing 40 mg of lyophilized HSA powder per mL of buffer. A stock
solution of TLM (1 mM) was prepared by dissolving accurately
weighed 51.46 mg TLM powder in 100 mL of freshly prepared
phosphate buffer added in portions along with 500 mL of dimethyl
sulfoxide to increase the solubility of TLM. The final concentration
of DMSO in the measured samples for FTIR studies was �0.25% v/v
and for UV studies the final concentration was �0.016% v/v.

2.3. FT-IR spectroscopic analysis

2.3.1. Methodology
Telmisartan and HSA solutions were mixed properly in equal

volumes to get the final protein concentration (0.3 mM) and two
drug concentrations (0.1 and 0.5 mM). Hydrated films of samples
were prepared to record the FT-IR spectra after incubation of
HSA with both drug concentrations separately at room tempera-
ture (25 ± 2 �C) for 2 h. Protein-drug complexes spectra were taken
at 4 cm�1 resolution and 100 scans were made over 4000–
400 cm�1 transmittance range. A difference spectrum was
obtained by subtracting the protein alone spectrum from the spec-
tra of drug-protein complexes (Dousseau et al., 1989).

2.3.2. Conformational analysis of HSA
Upon interaction with different drug concentrations, spectral

shifting and intensity variations of the amide-A band (NHstr at
3500 cm�1), the amide-I band (mainly C = Ostr at 1660–
1650 cm�1), and amide-II band (C-Nstr coupled with NH-bending
at 1550 cm�1) of HSA protein were studied. The shape of the
amide-I band at 1600–1650 cm�1 was also used to study the sec-
ondary structure of the protein (Byler and Susi, 1986). Second
derivative resolution enhancement and Fourier self deconvolution
were also performed using OriginPro software to enhance the spec-
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tral resolution over 1700–1600 cm�1 range. Gaussian line shape
was set in between the spectral range of 1700–1600 cm�1 through
the least square curve-fitting method. Characteristic peaks of a-
helix (at 1660–1649 cm�1), random coil (at 1648–1641 cm�1), b-
sheet (at 1640–1615 cm�1), b-turn (at 1680–1660 cm�1), and b-
antiparallel (at 1692–1680 cm�1) components were set and their
area were calculated using Gaussian functions. The total area of
the amide-I band was calculated by adding all the above peak
areas. Percentages of Amide I components were obtained by divid-
ing the area of each peak by total area (Ahmed et al., 1995).

2.4. UV–Vis spectroscopic analysis

The UV–Visible spectroscopic studies were performed accord-
ing to the method described earlier (Stephanos, 1996; Zhong
et al., 2004) with slight modification. Accurately weighed amounts
of HSA and TLM were dissolved separately in phosphate buffer
(0.1 M, pH 7.2) to achieve stock solutions of 0.6 mM and 1 mM con-
centrations respectively. A working solution of HSA showing opti-
mum absorbance was selected to examine the complexation
between the protein and TLM. Subsequently, various working solu-
tions were made by mixing the protein and drug stock solution,
where the measured amounts of drug solution were added to
achieve concentrations of 0, 4, 8, 12, 16, 20, 24, 28 and 32 mM for
TLM, while the concentration of protein was kept constant at
12 mM in all solutions. The final volume of all the working solutions
was made up to 5 mL using phosphate buffer (0.1 M, pH 7.2) and
kept constant for all samples. The solutions were gently mixed
by vortex shaker and incubated at room temperature (25 ± 2 �C)
for 2 h with occasional shaking. The absorption spectrum of HSA
alone and HSA-TLM complex was obtained over the wavelength
range of 200–400 nm. Complexation between HSA and TLM was
investigated by monitoring the absorbance at 278 nm. To avoid
interference due to TLM absorption at 278 nm, the spectra were
corrected by subtracting the TLM absorption from that of HSA-
TLM adduct before determining the binding constant of the drug-
protein complex.

2.5. Molecular docking studies

Telmisartan was docked separately to the binding site-1 and
site-2 corresponding to subdomain-IIa and IIIa respectively
(Russell et al., 2016; Tayyab et al., 2019). UCSF Chimera 1.13.1 inte-
grated with AutoDock Vina 1.1.2 software was used for docking
Huang et al., 2014, Trott and Olson, 2010). The 3D structures of
HSA were taken from the RCSB protein data bank using the PDB
IDs: site 1 (PDB ID: 2BXB, resolution: 3.2 Å) and site 2 (PDB ID:
2BXF, resolution: 2.95 Å). The 3D structure of TLM was loaded to
the Chimera window through its PubChem ID (CID: 65999). The
Dock Prep mode in Chimera was used to prepare the HSA before
docking. The monomer chain A was retained and solvent molecules
were deleted. Subsequently, polar hydrogens were added and the
Gasteiger charges were calculated to make it ready for docking.
The structure of TLM was optimized for its geometry, charges
and atom energy by applying AMBER force field, the addition of
hydrogens, and Gasteiger charges. The TLM molecule possesses
eight rotatable bonds and all of them were set active. Eventually,
the flexible TLM structure was docked to the protein which was
made rigid. Docking analysis of TLM with the binding sites of
HSA was executed using the plug-in of AutoDock Vina. The binding
site 1 was identified using native ligand and the grid box was gen-
erated with coordinates, x = 5, y = 9, and z = 9 Å and site 2 was
located with coordinates, x = 12, y = 6, and z = 18 Å. A blind dock-
ing to ascertain the possible binding to site-3 was also performed
by covering the unbound HSA (1BM0) with a grid box of size
60X60X60 centred at � = 25, y = 15, and z = 25 Å. The native
ligands were deleted from 2BXB and 2BXF before docking and
the conformations were searched with binding parameters of
3 kcal/mol as the maximum energy difference, 8 as exhaustiveness
of search and 10 as the number of binding modes. Redocking of the
native ligands with a root mean square deviation (RMSD) of 2 Å
was the validation protocol applied. The docking scores by Auto-
Dock Vina were used to grade the conformations in the order of
their DG in kcal/mol, RMSD, and the number of hydrogen bonds.
Discovery Studio 2016 software was utilized to study the best
binding mode/conformation of TLM with HSA.

3. Theory and calculations

Binding constant, ‘K’ was calculated using the absorbance data
for HSA before and after complexation with TLM (Stephanos,
1996; Zhong et al., 2004). If we assume only one type of interaction
exists between TLM and HSA in the aqueous solution and consider-
ing the total ligand [TLM]total concentration for indirect binding
measurement, the following equations can be established:

HSA þ TLM () HSA : TLM ð1Þ

TLM½ �f ¼ TLM½ �total � HSA : TLM½ � ð2Þ

HSA½ �total ¼ HSA : TLM½ � þ HSA½ � ð3Þ

HSA½ � ¼ HSA : TLM½ �
K � TLM½ �f

ð4Þ

where [TLM]f is the concentration of unbound/free TLM and
[TLM]total and [HSA]total are the concentrations of total TLM and total
HSA added. ‘K’ is the association or binding constant for HSA:TLM
complexes.

If we substitute Eq. (2) into (4) and Eq. (4) into (3), it would give
the following equation:

HSA½ �total ¼ HSA : TLM½ �

þ HSA : TLM½ �
K TLM½ �total � HSA : TLM½ �� � ð5Þ

If we consider the [HSA : IRB] as CB, [HSA]total as CHSA and
[TLM]total as CTLM, the equation will change to

CHSA ¼ CB þ CB

K � CTLM � CBð Þ ð6Þ

From Eq. (6), the value of ‘K’ can be calculated as:

K ¼ CB

ðCHSA � CBÞ � ðCTLM � CBÞ ð7Þ

As per the Beer-Lambert law:

CHSA ¼ A0

eHSA : ‘
ð8Þ

CB ¼ ðA0 � AÞ
eB : ‘

ð9Þ

where A0 and A are the absorbance of HSA in the absence and pres-
ence of TLM at 278 nm wavelength respectively, eHSA and eB are the
molar extinction coefficients of HSA and the bound TLM respec-
tively, whereas, ‘ is the path length and was considered as 1 cm.

Now, in Eq. (7), if we substitute the values of CHSA and CB from
Eqs. (8) and (9), Eq. (10) can be deduced as follows:

A0

A0 � A
¼ eHSA

eB
þ eHSA

eB : K
:

1
CTLM

ð10Þ
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By using this equation, a double reciprocal plot was drawn
between 1

A0 � A on Y-axis, and 1
CTLM

on X-axis, which was obtained

to be linear. The slope and intercept were obtained from the plot
and the binding constant (K) was calculated as the ratio of inter-
cept to the slope of the plot.
4. Results and discussion

4.1. FT-IR spectroscopic studies

FT-IR technique was utilized to study the binding of HSA with
the drug solutions. On complexation of TLM at 0.5 mM concentra-
tion with HSA protein, a significant decrease in intensity of amide-I
band (1655 cm�1, free HSA, Fig. 3, Curve A) and amide-II band
(1543 cm�1, free HSA) was observed in the spectra of HSA-TLM
complex (Fig. 3, Curve B). The negative peaks found in the differ-
ence spectra of amide-I and amide-II bands at 1658, 1542 cm�1

were due to the decrease in intensities of these bands (Fig. 3, Curve
C). The intensity changes were observed due to the hydrogen bond
interactions between drug and C@O, NAH and CAN groups of pro-
tein (Yang et al., 2012).

However, at lower drug concentration (0.1 mM), a relatively
smaller change in transmittance was noticed upon complexation
with HSA (Fig. 3, Curve D). The interaction of TLM with the CAN
functional group of protein was also signified from the amide-A
band shifting to a higher wavenumber (3300 cm�1 to
3465 cm�1). Besides, shifting of the amide-I band from
1655 cm�1 (free HSA) to 1658 cm�1 as well as an amide-II band
from 1543 cm�1 (free HSA) to 1542 cm�1 (Fig. 3, Curve B) was also
observed upon interaction. Shifting of amide-I and amide-II bands
occurred due to H-bonding between the TLM and C@O and CAN
functional groups of HSA. The reduction in the amide-I band was
additionally identified by the decrease in the a– helix component
of the protein. The secondary structure of HSA protein was
Fig. 3. FT-IR spectra and difference spectrum [(HSA + TLM) – (Free HSA)] over the reg
concentrations (0.1 mM and 0.5 mM) and final HSA concentration 0.3 mM. (A) HSA alo
(0.5 mM); (D) HSA-TLM complex (0.1 mM); (E) Difference spectrum of HSA-TLM compl
quantitatively analyzed through the curve fitting method and the
results are summarized in Table 1 and Fig. 4. The secondary struc-
tures of amide 1 band of free HSA through curve fitting method
showed the presence of a-helix (55%), b-turn (17%), b-sheet
(13%), random coil (5%) and b-antiparallel (10%) components,
which were found to be comparable with the reported HSA spec-
troscopic analysis (Beauchemin et al., 2007; Froehlich et al.,
2009). As evident from Table 1 and Fig. 4 that upon interaction
with TLM, the a-helix portion and the b-antiparallel component
of HSA protein was significantly decreased from 55% to 24% and
10% to 4% respectively, whereas, b-turn, b-sheet, and random coil
were observed to be increased from 17% to 31%, 13% to 21%, and
5% to 20%, respectively. A substantial reduction in the intensity
of the amide-I band observed at higher drug concentration
(0.5 mM) was because of the loss of a-helix content in HSA. A
marked reduction in a-helix and augmentation of other
components (except b-antiparallel) of the HSA secondary struc-
ture relates to the partial unfolding of the protein upon drug
interaction.

4.2. UV–Visible spectroscopic analysis

The consequence of increasing concentrations of TLM on the UV
spectrum of HSA was studied using absorption spectroscopy. Max-
imum absorbance with a strong absorption peak at 278 nm was
monitored and the results showed that the peak intensity was lin-
early decreased with increasing concentrations of TLM (Fig. 5). The
obvious reduction in the absorption intensity of HSA indicated the
formation of the complex between HSA and TLM as well as the
conformational alterations in the structure of protein on
interaction.

The strong absorption peak in the UV spectrum of HSA at
278 nmwas due to the presence of aromatic moieties of phenylala-
nine, tyrosine and tryptophan residues. The reduction in the
absorption intensity at this region may be attributed to the
ion 4000–1300 cm�1 for HSA alone and HSA-TLM complexes with different drug
ne; (B) HSA-TLM complex (0.5 mM); C) Difference spectrum of HSA-TLM complex
ex (0.1 mM).



Table 1
Determination of secondary structure for HSA alone (0.3 mM) and HSA-TLM complex
(0.5 mM) at physiological pH and room temperature.

Amide I (cm�1) components Free HSA (%) 0.3 mM HSA-TLM complex (%)*

b –sheet
(±2) 1640–1615

13 21

Random coil
(±2) 1648–1641

05 20

a –helix (±4) 1660–1649 55 24 (�56.36%)**

b- turn (±2) 1680–1660 17 31
b –antiparallel

(±1) 1692–1680
10 04

* Concentration of TLM in HSA-TLM complex = 0.5 mM.
** Percentage variation in HSA a-helix after its drug complexation.
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hydrophobic interaction between aromatic regions of the drug and
protein molecules, which may have resulted in the unfolding of
protein backbone as well as a reduction in the hydrophobicity of
the protein microenvironment (Naik et al., 2015; Suryawanshi
et al., 2016).

To determine the binding constant between TLM and HSA, a
double-reciprocal plot (Fig. 6) of 1/ (A0- A) vs. 1/CTLM was con-
structed, which resulted in a straight trend line, indicating a linear
relationship (R2 ˃ 0.9). The ‘A0

0 represents the absorbance of HSA
solution in absence of TLM, ‘A’ denotes the absorbances of HSA-
TLM complexes at different drug concentrations and CTLM is the
concentration of TLM in the protein-drug complex. The binding
constant (K) for the present drug-protein interaction was calcu-
lated by dividing intercept with the slope of the double reciprocal
plot and found to be 1.01 � 103 M�1, which indicated a moderate
affinity of drug with HSA at physiological pH.

The therapeutic effectiveness of a drug molecule is influenced
by its protein binding ability; in addition to that, it also affects tox-
icity and drug stability during the therapeutic processes. Studying
in-vitro protein-drug complexation is considered as an effective
method for getting insight into the actual protein-drug interaction
in the biological system. Measurement of UV absorption is consid-
ered to be an accurate and simple tool to study the complex forma-
tion between the protein and ligand molecules. The UV spectrum
has also been used to understand the structural changes after
ligand binding (Pan et al., 2011; Valeur, 2001).

The binding ability of a drug molecule with plasma protein is
one of the main factors that affect the diffusion from the circula-
Fig. 4. Curve fitted amide (1700–1600 cm�1) for HSA alone (A) and HSA-TLM comp
tory system and hence bioavailability. Most therapeutic agents
bind reversibly to the plasma protein and exhibit moderate bind-
ing strength. A drug will be poorly distributed and will have short
half-life due to rapid metabolism and elimination if it exhibits
weak binding interaction with plasma protein. However, too strong
affinity may also result in the reduction of free drug concentration
in blood plasma which is required to produce the desired level of
therapeutic action (Colmenarejo et al., 2001; Dufour and Dangles,
2004). The binding results in this study indicated that TLM effec-
tively binds to HSA protein and is transported in the biological
system.

4.3. Molecular docking studies

Three structurally homologous domains, namely Domains I, II
and III are present in the stabilized secondary structure of HSA
(Naik et al., 2015). Drugs are shown to fill and interact with the
hydrophobic space at site-1, site-2, and site-3 (Nusrat et al.,
2016). Several Angiotensin II-receptor blockers have been proved
to interact with the serum albumin through binding to site-1 and
site-2 (Alanazi et al., 2018; Li et al., 2010). Therefore, the docking
method was used to explore the suitable binding site for TLM
and to predict the proper binding conformation.

TLM was able to bind the site-1 of HSA (Fig. 7) with a binding
energy of �9.6 kcal/mol, RMSD = 0, and it interacted through three
hydrogen bonds. The Glutamic acid292 residue of HSA exhibited a
hydrogen bond with a predicted bond length of 2.26 Å. The
Lysine195 residue also formed two hydrogen bonds with TLM,
whose bond lengths predicted as 2.35 and 2.79 Å. The AOH of car-
boxylic acid group of TLM was involved in the polar hydrogen con-
tacts, AOA acts as a hydrogen bond acceptor (HBA), and the
hydrogen atom of AOH acts as a hydrogen bond donor (HBD).

The polar and non-polar binding interactions of TLM with site-1
of HSA are represented in 3D and 2D views in Fig. 8A, B and C, pre-
pared using Discovery Studio 2016. The 3D interaction diagram,
Fig. 8A shows seven hydrophobic interactions, among which three
interactions were considered significant given their inter-atomic
distances of 4.37–4.85 Å, which occurred with Lys195, Trp214,
and Val455. As evident from Fig. 8B, TLM was able to occupy the
hydrophobic pocket of the site-1 of HSA. The hydrophobic residues
surrounding the site-1, involved in the interaction with TLM were
Ala191, Ala194, Trp214, Lys436, Tyr452, and Val455. Four signifi-
cant alkyl interactions (bond lengths = 3.79–4.54 Å) were also pre-
lex (B) in phosphate buffer with 0.5 mM drug and 0.3 mM HSA concentrations.



Fig. 5. Spectral overlay showing the effect of increasing concentrations of TLM on UV absorption of HSA. CHSA = 12 mM; CTLM = 0, 4, 8, 12, 16, 20, 24, 28 and 32 mM. Buffer:
Sodium phosphate (pH 7.2).

Fig. 6. The plot of 1/(A0-A) vs. 1/CTLM; A0 and A = absorbances of HSA alone and HSA-
TLM complex; CTLM = TLM concentration. CHSA = 12 mM; CTLM = 0, 4, 8, 12, 16, 20, 24,
28 and 32 mM; Buffer: Sodium phosphate (pH 7.2); Binding constant: 1.01 � 103

M�1.

Fig. 7. Telmisartan bound to the site-1 of HSA. HSA is represented using ribbons in
rainbow colors and TLM is shown in stick model.
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dicted one each with Ala191, Ala194, Lys195, and Val455. Three
Electrostatic p-cation interactions with Lys195 and two similar
interactions with Arg218 were predicted at a distance less than
5 Å as shown in Fig. 8C. One p-anion interaction with Glu292 at
a distance of 4.82 Å was also predicted. The Trp214 residue was
present at a distance of 4.17 Å from one of the alkyl groups of
TLM. The basic amino acid Lys195 interacted in its cationic form
with TLM. The interaction of TLM with Lys195 stipulated that
Lys195 plays a crucial role in the binding of TLM with HSA due
to its imperative contacts established. The electrostatic and
hydrophobic interactions were weaker than the hydrogen bonds,
hence it is concluded that hydrogen bonds play an important role
in stabilizing the interaction of TLM with HSA.

Molecular docking results indicated that TLM failed to interact
with site-2 and site-3 of HSA. No hydrogen bonds were observed
when TLM was docked to site-2 of HSA. Blind docking also pre-
dicted that TLM interacts with site 1 and not with site-2 or site-3.

Shifting of amide bonds and a decrease in a-helix content of
HSA due to interaction of TLM, determined by FT-IR can be corre-
lated to the hydrogen bonds predicted by molecular docking. The
reduction in the intensity of UV absorption at 278 nm may be cor-
related to the hydrophobic interactions of TLM with the aromatic
residues Trp214 and Tyr452 of sub-domain IIA of HSA. Results of
FT-IR, UV spectroscopy, and docking studies on TLM binding to
HSA correlated well and serve as a proof for the binding
mechanism.



Fig. 8. (A) 3D representation of interactions of Telmisartan with the residues of site-1 of HSA (B) Telmisartan occupies the hydrophobic binding pocket of HSA (C) 2D
interaction diagram showing the polar and hydrophobic interactions of Telmisartan with HSA. In A and B, TLM is represented as sticks colored by element and the residues are
labeled and shown as thin sticks. In C, lines show the position of TLM, and discs are the interacting amino acids of HSA.
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5. Conclusions

The binding interactions of TLM with HSA were successfully
studied using two simple, easy to perform and cost-effective spec-
troscopic techniques, FT-IR and UV–Vis, which can be applied to
study the binding interactions of other drug molecules with pro-
teins on a routine basis. These spectroscopic techniques revealed
the number and types of interactions between the drug and protein
as well as the conformational changes in the protein upon binding.
Binding with TLM resulted in a marked change in the conformation
of HSA which was evident from the spectral shifting and intensity
variations in FT-IR spectroscopy. It was quantified using secondary
structure analysis of protein which showed a considerable change
in the secondary structure components. The UV–Vis spectroscopy
showed a linear decrease in the absorbance of HSA at 278 nm with
an increase in the TLM concentration. Additionally, the binding
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was confirmed using molecular docking studies which revealed the
binding site of TLM, type of bonding as well as the residues and
functional groups involved in the binding. TLM binds exclusively
to site I of HSA through three strong hydrogen bonds which are
the primary forces stabilizing the interaction. The Lys195 of the
site-1 contributed to the majority of the binding interactions of
HSA with TLM. Collectively, the results of the study correlated well
and provide evidence for the characteristics of binding of TLM with
HSA.
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