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Abstract Abstract 
Human serum albumin (HSA) nanoparticles have been widely used as versatile drug delivery systems for 
improving the efficiency and pharmaceutical properties of drugs. The present study aimed to design HSA 
nanoparticle encapsulated with the hydrophobic anticancer pyridine derivative (2-((2-([1,1'-
biphenyl]-4-yl)imidazo[1,2-a]pyrimidin-3-yl)methylene)hydrazine-1-carbothioamide (BIPHC)). The synthesis 
of HSA-BIPHC nanoparticles was achieved using a desolvation process. Atomic force microscopy (AFM) 
analysis showed the average size of HSA-BIPHC nanoparticles was 80.21 nm. The percentages of 
entrapment efficacy, loading capacity and production yield were 98.11%, 9.77% and 91.29%, respectively. 
An In vitro release study revealed that HSA-BIPHC nanoparticles displayed fast dissolution at pH 7.4 
compared to pH 3.4. They have also showed a higher cytotoxic activity against MCF-7 human breast 
cancer cells. The possible binding of the BIPHC into the tyrosine threonine kinase (TTK) was studied 
using molecular modeling. The findings of this study introduced a promising candidate model of HSA 
nanoparticles for delivering of BIPHC anticancer drug. These novel nanoparticles are characterized by 
their ability to carry a hydrophobic BIPHC agent and control drug release with improved targeting of 
breast cancer cells. 
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Abstract

Human serum albumin (HSA) nanoparticles have been widely used as versatile drug delivery systems for improving
the efficiency and pharmaceutical properties of drugs. The present study aimed to design HSA nanoparticle encapsu-
lated with the hydrophobic anticancer pyridine derivative (2-((2-([1,1′-biphenyl]-4-yl)imidazo[1,2-a]pyrimidin-3-yl)
methylene)hydrazine-1-carbothioamide (BIPHC)). The synthesis of HSA-BIPHC nanoparticles was achieved using a
desolvation process. Atomic force microscopy (AFM) analysis showed the average size of HSA-BIPHC nanoparticles was
80.21 nm. The percentages of entrapment efficacy, loading capacity and production yield were 98.11%, 9.77% and 91.29%,
respectively. An In vitro release study revealed that HSA-BIPHC nanoparticles displayed fast dissolution at pH 7.4
compared to pH 3.4. They have also showed a higher cytotoxic activity against MCF-7 human breast cancer cells. The
possible binding of the BIPHC into the tyrosine threonine kinase (TTK) was studied using molecular modeling. The
findings of this study introduced a promising candidate model of HSA nanoparticles for delivering of BIPHC anticancer
drug. These novel nanoparticles are characterized by their ability to carry a hydrophobic BIPHC agent and control drug
release with improved targeting of breast cancer cells.
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1. Introduction

M odification of safe and inert drug delivery
systems is one of the main goals of modern

medicine. It is required that these systems ensure
the continued release and carrying of biological
active molecules to specifically target organs.
Nanocarriers provide a useful tool for overcoming
the obstacles linked with drug delivery [1]. Because
of their high toxicity and low selectivity to cancer
cells, anticancer therapies are type of drugs which
require such drug delivery systems [2].
Human serum albumin (HSA) is the main pro-

tein component in human plasma [3]. It is a natural
and biocompatible substance for the development
of drug delivery nanoparticles. Human serum

albumin nanoparticles are characterized by their
tolerability when in vivo administered and their
capacity to encapsulate a wide range of drugs in a
non-specific manner. This type of nanoparticles
also displays a long half-life (z19 days), biode-
gradability, lack of immunogenicity and toxicity,
and the excessive accumulation of HSA in tumor
tissues which makes it an excellent target for drug
delivery [4e6]. Biodegradable HSA is preferable,
because it is fragmented into small residues that
are readily removed from the body without causing
any long-term side effects. Due to the increase of
permeability and retention (EPR) effect, HSA
macromolecules with a size lower than 200 nm can
accumulate in tumor tissues [7,8]. Furthermore,
albumin receptors such as the 60 kDa glycoprotein
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(gp60) which is positioned on the surface of the
endothelial cell and actively transports HSA-bound
drugs, plays a role in the accumulation of drugs in
tumor tissues [9]. Therefore, in recent decades,
HSA was the most widely used as a versatile car-
rier for enhancing drug's pharmacokinetic profile
and drug targeting [10,11]. Different physico-
chemical processes have been reported for drug
encapsulation using HSA. Desolvation, emulsifica-
tion, and thermal gelation are examples for such
processes [10]. Among these methods, desolvation
seems to be the most appropriate due to its
simplicity and repeatability [12,13]. According to
this technique, ethanol has been used as a des-
olvating agent where HSA nanoparticles are
formed due to poor solubility in ethanol. Because
of instability, the produced nanoparticles are
rendered stable through the process of glutaralde-
hyde treatment. Glutaraldehyde is a cross-linking
agent where its aldehyde group reacts with amine
group of lysine and/or arginine residues in HSA
protein. It is one of the most frequently imple-
mented approaches that is used to prolong the
half-life of HSA nanoparticles in their aqueous
environment and/or inhibits the build-up of pro-
tein macro-aggregates [14,15]. Recently, several
studies have modified and optimize this strategy to
synthesize HSA nanoparticles for carrying different
types of drug [16e18].
Imidazo [1,2-a]pyridine is a promised scaffold for

synthesis of novel drug molecules in medicinal
chemistry that are characterized by a wide range of
biological activities [19,20]. Olprinone, Soraprazan,
Zolpidem and several other compounds under
preclinical assessment are some examples of com-
mercial drugs which are reflecting wide spectrum of
therapeutics in imidazo [1,2-a]pyridine scaffolds
class [21]. Imidazo [1,2-a]pyridine derivatives were
additionally investigated for their potential in
treating certain diseases including migraines [21,22],
lung cancer [23], Alzheimer's disease [24], anticancer
agents [25] and viral diseases [26]. The pharmaco-
logical characteristics for these heterocyclic com-
pounds have been extensively investigated as
receptor ligands, enzyme inhibitors and anti-infec-
tious agents [27].
Recently, 2-((2-([1,10-biphenyl]-4-yl) imidazo [1,2-

a] pyrimidin-3-yl) methylene) hydrazine-1-carbo-
thioamide (BIPHC) compound was synthesized in
our laboratory as one of Imidazo [1,2-a]pyridine
derivatives [28], Fig. 1.
The aim of this study was to fabricate HSA

nanoparticles by loading them with BIPHC com-
pound for a potential use as an effective drug de-
livery in cancer treatment.

2. Materials and methods

2.1. Materials

The human serum albumin (fraction V) with pu-
rity of 96e99%, aqueous solution of glutaraldehyde
(25%), absolute ethanol, sodium hydroxide, sodium
chloride, sodium dihydrogen orthophosphate,
disodium hydrogen orthophosphate, RPMI me-
dium, fetal bovine serum and 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
were purchased from Sigma Aldrich.

2.2. Nanoparticles synthesis using human serum
albumin

Drug-free HSA nanoparticles and BIPHC-loaded
nanoparticles were crosslinked using glutaralde-
hyde by applying a pH-coacervation technique
[29e31], Fig. 2. Briefly, HSA (100 mg) was dissolved
in 2 mL of 10 mM NaCl and the pH of solution was
titrated to 8 using 1 M NaOH. The BIPHC was dis-
solved in ethanol and incubated 5 h at room tem-
perature. Nanoparticles were obtained by the
addition of 8 mL of BIPHC in ethanol solution to
HSA solution, at concentration of 5 mg BIPHC per
1 mL HSA solution, dispensed continuously at a
consistent rate of 1 mL/min while being stirred
magnetically. Stabilizing of formed nanoparticles
was achieved by combining them with 120 mL of an
8% glutaraldehyde solution. The cross-linking was
proceeding under stirring for 24 h at room
temperature.

2.3. Encapsulation efficiency of BIPHC-loaded HSA
nanoparticles

BIPHC-loaded HSA nanoparticles were purified
using of three cycles of ultra-centrifugation
(20,000�g, 30 min). The pellets re-dissolved in NaCl
solution to original volume. Following the purifica-
tion process, the estimation of entrapment efficacy

Fig. 1. The chemical structure of 2-((2-([1,10-biphenyl]-4-yl)imidazo
[1,2-a]pyrimidin-3-yl)methylene)hydrazine-1-carbothioamide.
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percentage, loading capacity and production yield
were carried out using the measurement of unloa-
ded free BIPHC present in the supernatant using
spectrophotometer.

Entrapment efficacy (%) ¼ (Total amount of drug -
Free drug) / (Total amount of drug) X100

Loading capacity (%) ¼ (Total amount of drug - Free
drug) / (Total weight of nanoparticles) X100

Production yield (%) ¼ (Total amount of
nanoparticles) / (Total weight of BIPHC and
HSA) X100

2.4. Physico-chemical characterization of
HSA-BIPHC nanoparticles

Size, morphology, surface texture and roughness
of the formed nanoparticles were analyzed using
atomic force microscopy (AFM). In brief, the sample
for AFM was prepared by placing a well-dispersed
droplet of nanoparticle on a microscope slide. Then
the sample was air dried at room temperature
overnight to remove of moisture and applied for
AFM analysis (SPM AA3000, Angstrom Advanced
Inc., USA).
Absorption and emission of nanoparticles were

also determined using (UV-1800 UVeVis spectro-
photometer, Shimadzu, Japan) and (Shimadzu rf-
5301 spectrofluorophotometer), respectively.

2.5. Study of drug release

The dialysis approach was used to conduct an in
vitro release profile of BIPHC from HSA nano-
particles. A dialysis tube (molecular weight cut-off:

8 kDa) containing HSA-BIPHC nanoparticles (1 mL)
was soaked in 100 mL phosphate buffer saline (PBS)
(pH 7.4 or pH 3.4) and continuously stirred on a
shaker over 10 days. At selected time intervals, 1 mL
of the medium was withdrawn for measurement of
released BIPHC and the medium was replenished
with freshly prepared PBS.

2.6. In vitro assessment of HSA-BIPHC cytotoxicity

For this investigation, human breast cancer
epithelial cells (MCF-7) were chosen. Under optimal
conditions, these cells were cultured in RPMI me-
dium that was supplemented with 10% (v/v) fetal
bovine serum and subcultured twice weekly to
maintain logarithmic growth.
The cell viability was evaluated using MTT assay.

Into 96-well plates, cells were seeded at a density of
nearly 3 � 103 cells/well and incubated at 37 �C for
24 h in a 5% CO2 environment to allow the cells to
adhere on the plates. For 72 h at 37 �C, these cells
were exposed to HSA-BIPHC at final concentrations
10, 20, 40, and 80 mg/mL in order to facilitate the
agent's absorption. The excess of HSA-BIPHC agent
containing medium was removed by aspiration and
then twice rinsed with 200 mL of RPMI medium.
Next, 200 mL of RPMI medium and 50 mL of MTT
(2 mg/mL) were added to each well and incubated
for 3 h at 37 �C in a 5% CO2. Each well had 150 mL
DMSO used to dissolve formazan crystals after the
medium was aspirated. The absorbance was recor-
ded at 550 nm, via a microplate reader (En Vision
2104, PerkinElmer).

2.7. Docking study

In this study, Chem. Draw was used to draw,
energy minimization and set charges of the BIHPC
ligand and then converted to Auto Dock ligand
(pdbqt). The crystal structure of the human tyrosine
threonine kinase (TTK) receptor was retrieved from

Fig. 2. Proposed reaction between HSA and BIPHC in the presence of glutaraldehyde as crosslinking agent.

310 A. Al-Ani, R. Alsahlanee / Karbala International Journal of Modern Science 10 (2024) 308e317



the protein Data Bank (PDB ID:6N6O). The inter-
action between BIHPC and TTK was analyzed using
Auto dock 1.5.7 [32]. All docking processes for the
possible binding modes between the ligands and
the target were performed using default settings.

3. Results and discussion

3.1. Preparation of HSA-BIPHC

Human serum albumin nanoparticles have been
widely used as versatile drug delivery systems for
improving the efficiency and pharmaceutical prop-
erties of drugs [33,34]. In this study, BIPHC was
coated with HSA for fabrication of new drug de-
livery system. The BIPHC compound was synthe-
sized previously in our laboratory [28]. This
substance is a derivative of Imidazo [1,2-a]pyridine,
which serve as the scaffold for synthetic of novel
drug molecules with a wide range of biological ac-
tivities [19]. Desolvation method was used for syn-
thesis of HSA-BIPHC particles in nano-size. In this
method ethanol was employed as a desolvating
agent where HSA nanoparticles were generated as a
result of their restricted solubility in ethanol.
Glutaraldehyde was also used for stabilizing the
formed nanoparticles through cross-linking be-
tween BIPHC and HSA.

3.2. Characterization of HSA-BIPHC

The HSA-BIPHC nanoparticles demonstrated an
entrapment efficacy of 98.11%, a loading capacity of
9.77% and production yield of 91.29%. These results
indicate that the encapsulation was efficiently pro-
ceeded to form HSA-BIPHC nanoparticles.
The formed HSA-BIPHC nanoparticle was

analyzed using AFM technique. The AFM technique
was used to confirm the formation of HSA-BIPHC in
nano-size as well as to study the morphology, sur-
face texture and roughness of the formed nano-
particles, Table 1 and Fig. 3. AFM images show that
the average diameter of HSA-BIPHC nanoparticles
was clearly reduced in comparison to the average
diameter of HSA and BIPHC particles. Nano-
particles formed by the desolvation method have an
average diameter of 80.21 nm and having an even
surface. This size of nanoparticles may primarily be

eliminated through bile and faeces, according to
pharmacokinetic research conducted by Abraxane®
[35,36]. According to several studies, the size of
HSA-BIPHC nanoparticle is perfect for drug accu-
mulation in the extravascular space of tumors via
EPR effect [7,8,33].
Fig. 4 shows the maximum excitation and emis-

sion spectra of HSA-BIPHC nanoparticles occur at
420 nm and 485 nm, respectively. The dye of BIPHC
enables to use this compound as a fluorescent probe
for in vivo and in vitro biomedical studies. Our re-
sults indicate that there was no overlapping in the
maximum excitation and emission spectrum of
HSA-BIPHC nanoparticles. However, there was an
overlapping in other excitation and emission peaks
above the maximum emission wavelength. It is well
known that most organic fluorophore molecules
have a lower resolution due to the overlapping in
there emission spectra, the defects that hindered the
using of these fluorophore agent in biological sys-
tems imaging [37]. As there was no overlapping
between the maximum excitation and emission
spectra, this result gives an advantage to use HSA-
BIPHC nanoparticles as a probe for the imaging of
the targeting cells as well as follow the accumulation
of these nanoparticles in tumor tissues using fluo-
rescence microscope. Furthermore, excitation and
emission wavelengths for these nanoparticles are far
from the hazardous UV region (240 nme300 nm)
and are safe to use for the bioanalysis and bio-
analytical trials [37].

3.3. Drug release mechanism

Fig. 5 shows in vitro release of the BIPHC from
nanoparticles under physiological pH (pH 7.4) and
under the pH of stomach (pH 3.4). The primary goal
of controlling the release of drug into the blood-
stream is to maintain a drug concentration between
the therapeutic window, which is defined as the
range between minimum toxic concentration (MTC)
and the minimum effective concentration (MEC)
[38,39]. The administration of drug in a single large
dose leads to the drug elevated in the level higher
than MTC, producing toxic side effects, and then
quickly drops down to the MEC. Therefore, it is
required to modify drug carriers that controlled
drug release in a frequency with low dosage. The
mechanism by which BIPHC released from nano-
particles is known degradation-controlled release.
Degradation-controlled release includes releasing of
drugs from biodegradable polymers via enzymatic
and/or hydrolytic degradation of the bonds in their
backbones. The BIPHC release kinetics can be
described in three phases, showing an initial slow

Table 1. Particle size distribution of HSA-BIPHC nanoparticles.

Diameter (nm) HSA BIPHC HSA- BIPHC

Avg. Diameter 110.26 82.01 80.21
�10% Diameter 0 0 55.00
�50% Diameter 100.00 75.00 75.00
�90% Diameter 140.00 105.00 110.00
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release during the first 96 h at pH 7.4 and 120 h at
pH 3.4, subsequently, the second phase ensues,
characterized by a rapid release, and ultimately, the
third stage, involving a gradual and controlled
release of the remaining BIPHC.
During the time of rapid release, about 95% of

BIPHC was released. The most suitable model for
the BIPHC release data is the diffusion-controlled
release rate, in which the rate that the drug mole-
cules are released decreases over time as a result of
decreases in the concentration gradient. Further-
more, a difference in the release rate can be

explained by a difference in the response of BIPHC
and HSA to the pH of buffer solution.
Our finding is consistent with study by A. Al-Ani

et al. (2021) which carried on gelatin-polyethylene
glycol nanoparticles and a study by M. Rajan et al.
(2012) which includes preparation of the
rifampicinechitosane polyethylene glycol nano-
particles. Both studies indicated that electrostatic
interactions of synthesized nanoparticles were
easily hydrolyzed at physiological pH compared to
acidic pH [40,41]. In contrast, hyaluronic acid-
echitosanelipoic acid nanoparticle which was

Fig. 3. AFM images for HSA-BIPHC nanoparticles, the first column presents a 2D image, the second column displays a 3D image and the third
column represents the size granulated distribution for HSA-BIPHC.
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designed by S. Rezaei et al. (2020) showed a reduce
in releasing of 17 eMethyltestosterone at pH 7.4
compared to pH 6.5 [42].
It was also noticed that HSA-BIPHC nanoparticles

can be controlled the BIPHC release rate from the
carrier which might be contributed to improving
therapeutic efficacy and reducing toxicity of a
BIPHC.

3.4. In vitro study of cell viability

The suppressive growth effects of HSA-BIPHC
and BIPHC on MCF-7 cancer cell line derived from
human breast were studied by employing the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay, Fig. 6. Breast cancer is the most
common diagnosed life-threatening cancer leading
cause of oncologic mortality and morbidity in
women worldwide [43]. Recent breast cancer

treatment options consist of several medications
that have limited effectiveness; however, there is a
need for new and innovative therapeutic ap-
proaches, particularly for breast cancers that meta-
static and drug-resistant breast cancers [44]. After
been exposed for 72 h, the growth of MCF-7 cells
was inhibited in a dose-dependent manner when
HSA-BIPHC was present. The IC50 value, which
represents the concentration at which 50% growth
inhibition occur, was found to be 14.38 mg mL�1.
This value is much lower than the IC50 value re-
ported for HSA alone (73.30 mg mL�1) and BIPHC
alone (22.97 mg mL�1), as shown in Fig. 6. These
results suggest that the HSA-BIPHC was recognized
by MCF-7 cells. The coating with HSA leads to
selectively enhance the uptake of BIPHC as nano-
particles which induce cytotoxic effects on MCF-7
cancerous cells. Albumin receptors, such as the
60 kDa glycoprotein (gp60) positioned on the sur-
face of endothelial cell, which actively transport of
HSA-bound drugs, play a role in the accumulation
of drugs in tumor tissues [9].

3.5. Docking study

The in vitro results encourage performing molec-
ular docking studies to screen the BIPHC com-
pound, inculcating both in vitro and in silico results.
Threonine Tyrosine kinase (TTK) is a crucial
component that controls the development of cells
through mitosis by regulating of the spindle as-
sembly checkpoint (SAC). It is a surveillance
mechanism that guarantees the chromosome fidel-
ity segregation. Cellular mechanism confirms that
inhibition of TTK activity leads to increase cell death
by apoptosis through accumulation of chromosome
segregation errors which accelerate mitotic exit [45].
The TTK was discovered through screening of in

Fig. 5. Drug release graph shows a cumulative release (%) of BIPHC
from HSA.

Fig. 6. MTT assay on MCF-7 cells treated with HSA, BIPHC and HSA-
BIPHC after 72 h incubation at 37 �C and 5% of CO2.

Fig. 4. Excitation and emission spectra of HSA-BIPHC nanoparticles.
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vivo phenotypic of a triple-negative breast cancer
(TNBC) cell line [46]. Recently, TTK has been re-
ported as a promising therapeutic target for TNBC
and other human cancers [47]. Therefore, the mo-
lecular docking was conducted on the crystal
structure of TTK considering it as the target receptor

using AutoDock 1.5.7. The RMSD, binding energy,
inhibition constant (Ki), number of H-bonds (drug-
Enzyme) and amino acids involved in interaction
were calculated to predict orientation, binding
modes and affinities of BIPHC, Fig. 7. The TTK
comprising couples lobed kinase structure with 857

Fig. 7. Docking pose of the BIPHC compound at the TTK crystal structure. (A) The ligplot results for TKK, showing all amino acid residues of active
pocket and, (B) the PLIP result shows the H-bonds formation, (C) the proteins plus result shows the localized of BIPHC in the active pocket and (D)
the Pymol image shows the best and stable conformations of the synthesized BIPHC.
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amino acids. It includes C-terminal activation and
catalytic loop having residues ranging from
(Asn606-Gln794), the N-terminal lobe (Glu516-
Met602), six beta sheets and one alpha helix. Both
lobes link the hinge region through Glu603 and
Gly605 residues [47]. Kinase proteins catalyze the
transfer of the g-phosphate from ATP to the receiver
substrate. Several inhibitor templates were discov-
ered to design drugs that can target the ATP binding
site of various members of the kinase family [48].
The docking of TTK receptor with BIPHC candidate
ligand exhibited well established bonds with re-
ceptor active pocket of one or more amino acids.
Our study revealed that the synthesized BIPHC
showed a good binding energy toward the target
TTK protein (�9.15 kcal mol�1). A crystal structure
of the kinase domain of TTK revealed a formation of
H-bond between the N-6 of Imidazo [1,2-a]pyr-
imidin and the side chain of Lys553 residue and
blocks the contact between Lys553 and Glu571 of
Helix C and prevents binding of ATP, Fig. 7A and B.
According to the finding, the kinase becomes

inactive because the salt bridge between the
conserved lysine and glutamate residues was
destroyed, which prevents it from efficiently pro-
cessing substrates [48]. Fig. 7A also shows that
BIPHC was positioned close proximity to the gate-
keeping of Cys604 and Gly605 hinge residues, the
ATP-binding site which is crucial for effectively
inhibiting protein kinases. Fig. 7C shows that BIPHC
was localized in a pocket lined by Ile663, Leu654 and
by Gln670, Asp 664 the residues of C-terminal
activation and catalytic loop. This position allows
the BIPHC to block the activation and catalytic site
of TTK with the best and stable conformations of the
synthesized BIPHC, Fig. 7D. A strong positive cor-
relation (R ¼ 0.99 and p < 0.0001) was observed

between the binding energy and the Ln of inhibition
constant (Ki). This indicates that with more binding
energy toward TTK, the BIPHC has a higher inhib-
itor activity, Fig. 8.
Finally, this study was successful in presenting

novel HSA-BIPHC nanoparticles that are charac-
terized by their ability to carry a hydrophobic
BIPHC and control it's released with improved tar-
geting to breast cancer cells.

4. Conclusion

Novel HSA-BIPHC nanoparticles were success-
fully prepared with an average diameter of 80.21 nm
and smooth surface. HSA-BIPHC nanoparticles can
control the BIPHC release rate from the carrier
which might contribute in improving therapeutic
efficacy and reducing the toxicity of a BIPHC.
Encapsulation with HSA leads to selectively
enhancing the uptake of BIPHC as nanoparticles and
inducing cytotoxic effects in MCF-7 cancerous cells.
In silico, results show that BIPHC compound could fit
in the active site of the TTK and thus BIPHC can be
used as an inhibitor for TTK in cancer cells. It can be
concluded that using HSA-BIPHC nanoparticles as a
drug delivery system, not only enhance tumor-tar-
geting drug delivery but also control the BIPHC
release rate, improving therapeutic efficacy and
reducing the toxicity of BIPHC. However, many is-
sues need to be studied for translating new HSA-
BIPHC nanoparticles to clinically active products.
One of the subjects the behaviour of these nano-
particles in vivo.
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