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Abstract
Purpose In this work, a new water-soluble Pt(II) complex was synthesized with aliphatic glycine ligand with a formula of
cis-[Pt(NH3)2(isopentylgly)]NO3, as an anti-cancer drug, and characterized. To determine the binding constant of the human
serum albumin (HSA, the most abundant carrier proteins in the human circulatory system) to this complex and the binding site of
the complex on HSA, the melting point of HSA and the kinetics of this interaction were investigated to introduce an anti-breast
cancer drug with fewer side effects.
Methods HSA interaction with the complex was studied via a spectroscopic method at 27 and 37 °C and physiological situation
(I = 10 mM, pH = 7.4) and molecular docking.
Results The toxicity value of this complex was obtained against the human cancer breast cell line of MCF-7. The ther-
modynamic parameters of enthalpy and entropy were also achieved in the empirical procedure. Due to the spontaneity of
the interaction, Gibbs free energy variation was obtained negative. The binding constant of this complex to HSA was 3.9 ×
105 (M−1). Empirical results showed that the quenching mechanism was static. Hill coefficients, Hill constant, complex
aggregation number around protein, number of binding sites, and protein melting temperature with complex were obtain-
ed. The kinetics of this interaction was also investigated, which showed that this interaction follows a second-order kinetic.
The molecular docking data indicated that the position of the interaction of complex on the protein was the site I in the sub-
second IIA. Also, the hydrogen bonding and the hydrophobic interaction as the dominant binding forces were seen in
complex–HSA formation.
Conclusion This interaction with positive cooperativity was recognized via a superior hydrogen bond. The reasonable binding
constant was also obtained, which could ultimately be a good option as an anti–breast cancer drug.
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Abbreviations
HSA Human serum albumin
PDB Protein Data Bank

Introduction

In chemotherapy, the interaction of the anti-cancer metallodrugs
with proteins especially human serum albumin (HSA) can affect
the biological activity of the body [1]. The study of this signifi-
cant interaction is very suitable for obtaining information about
absorption, distribution, metabolism, and drug excretion [2].
Human serum albumin is used as an important blood carrier
protein folding in investigating drug binding to protein [3].
This protein contains a polypeptide chain with 585 amino acids
[3]. In 1992, researchers obtained the 3D dimensional structure
of HSA via the X-ray crystallographic method [3]. Among pro-
teins, HSA has been studied more than other proteins [2]. The
interaction between protein and hydrophobic drugs increases the
solubility of the drug in the blood [2]. The interaction of HSA
with drugs often leads to a change in the structure of theHSA [3].
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Today, the design and synthesis of anti-cancer metallodrugs have
been considered and inorganic chemistry has grown dramatically
in medicine [4]. The most important side effects of cisplatin,
carboplat in , and oxal ipla t in are nephrotoxici ty ,
myelosuppression, and neurotoxicity respectively.Due to cisplat-
in side effects (nausea and vomiting (may be severe), diarrhea,
temporary hair loss, inability to taste the food, hiccups, dark
urine, dry mouth, decreased sweating, dry skin, and other signs
of dehydration), today, research has demonstrated that if chloride
ligands in cisplatin structure are replaced by N, O donate chelate
ligands such as amines acids, it will become an anti-cancer drug
with fewer side effects [5]. It is better if the substituted chloride
ligands are more biocompatible and natural (such as glycine). In
our proposed complexes, no side effects were observed due to
the use of glycine derivatives, which are a body-friendly, non-
toxic amino acid. Metal complexes interact with HSA via the
coupling of covalent and non-covalent [6]. The metal complexes
tend to interact with Trp 214 residue at the surface of the protein,
whichmakes it easier to access them [4]. The interaction between
drugs and bio-macromolecules has increased in recent years
[7–16]. Several techniques including equilibrium dialysis, fluo-
rescence, absorption spectroscopy, and circular dichroism (CD)
have been used to examine the interaction of the complex with
bio-macromolecule [17]. The interactions between macromole-
cule and drugs are mostly shown with spectroscopic techniques
as these methods are susceptible and rather easy to use [18].

In this work, a new complex, cis-[Pt(NH3)2(isopentylgly)]NO3,
was designed, synthesized, and characterized (see Scheme 1).
Also, the interaction of HSA with a new soluble complex was
studied via UV-Vis, fluorescence, and molecular docking. Then,
the enthalpy ΔΗ∘

b

� �
, entropy ΔS∘b

� �
, and Gibbs free energy

ΔG∘
b

� �
changes, melting point of HSAwith and without Pt-drug,

Tm, as well as the aggregation number drug around HSA, <J>,
were calculated and the number of binding sites g; binding con-
stants, Kb, Hill coefficient, nH, Stern–Volmer coefficient, Ksv,
quenching constant, kq, and the sort of quenching
mechanism were obtained. Afterward, the kinetics of this interac-
tion was investigated. In the theoretical sector, the interaction be-
tweenHSA and Pt complexwas studied usingmolecular docking.
The outcomes showed that the type of HSA binding with Pt com-
plex is hydrogen and hydrophobic interactions.

Experimental

Materials and Methods

Silver nitrate, potassium iodide, isopentyl amine, ammonia,
sodium bicarbonate, and potassium tetrachloroplatinate were
purchased from Merck (Germany). Acetone, anhydrous
diethyl ether, and ethanol were purchased from Merck Co
(Germany). Human serum albumin with purity > 99.0% was

bought from Sigma-Aldrich Co. (USA), and its solution was
prepared 0.03 mM with tris-buffer. The stock solution of the
Pt(II) complex (2 mM) was prepared with tris-HCl buffer
containing NaCl (10 mM, pH 7.4). Infrared spectra were mea-
sured on an FT-IR 8400 Shimadzu spectrometer in the KBr
pellets. 1HNMR (300 MHz) spectrum was collected on
Bruker BRX-250 Avance spectrometer with reference as
DMSO-d6 solvent. The melting point of the complex was
recorded on a Buchi (Flawil, Switzerland) melting point
B-545. Conductivity measurement was carried out by using
a Tetra Con 325 electrode with a cell constant of 0.951 con-
nected to a Terminal 740 (WTW, Germany). Elemental anal-
ysis (C, H, and N) of the complex carried out by a CHN has
been analyzed by elementary Analysensysteme Gmb4-Vario
EL III.

All fluorescence spectra were performed on a Scinco FS-2
fluorescence spectrophotometer in 200–700 nm. UV spectra
of HSA binding studies with various concentrations of Pt(II)
complex were measured using the Perkin Elmer Precisely
Lambda 25 Spectrophotometer within 200–700 nm.

Synthesis of cis-[Pt(NH3)2(Isopentylgly)]NO3

Isopentyl glycine was prepared by using the method pre-
viously published and used for the synthesis of the
complex [5]. Also, cis − [Pt(NH3)2I2] was synthesized ac-
cording to the approach described previously [19].
Specifically, 0.138 mmol (0.066 g) cis − [Pt(NH3)2I2]
and 0.275 mmol (0.047 g) AgNO3 were suspended in
14-mL water under continuous stirring at room tempera-
ture for 24 h and refluxed at 50 °C for 30 min under
darkness. Then, gray AgI precipitate was removed
through centrifugation. Next, the solution of 0.138 mmol
(0.025 g) isopentyl glycine hydrochloride and 0.276 mmol
(0.023 g) NaHCO3 in 10-mL distilled water was added to
the above-centrifuged solution and stirred at 40 °C for
4 h. The solution was concentrated until a brown

S c h e m e 1 T h e p r o p o s e d s t r u c t u r e o f t h e c i s -
[Pt(NH3)2(isopentylgly)]NO3 complex
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precipitate appeared. The obtained product was filtered
and washed with cold acetone and dried in a desiccator.
The formation of the complex is shown in Scheme 2.
cis-[Pt(NH3)2(isopentylgly)]NO3: The yield is 71%; ana-
lytical calculated for C7H20N3O2Pt compound (435.08 g/
mol) is C, 19.30; H, 4.59; N, 9.65%, analytical found: C,
19.11; H, 4.34; N, 9.23%; UV: λmax nm (ƐM): 198 (20.4);
m o l a r c o n d u c t a n c e , ( ɅM ) o f 0 . 1 mM =
121 Ω −1 cm2 mol−1; mp: 115–125 °C; IR (cm−1, KBr
pellet): 3430 (s, N-H), 3271 (s, C-H), 1633 (s, C=O),
1383 (s, (NO3)

−); 1H NMR (300 MHz, DMSO-d6, δ in
ppm): 0.87 (m, 3H), 1.11 (m, 2H), 1.21 and 1.62 (m, 2H),
1.62 (m, 2H), 2.09 (m, 2H), 4.4(m, 7HNH).

Cell Culture and Cell Proliferation Assay

The human breast cancer cell line of MCF-7 was received
from the Pasteur Institute of Iran. Growth of cells was
done on the DMEM medium (Sigma) supplemented with
2 mM L-glutamine, streptomycin, 5 ppm penicillin, and
10% heat-inactivated fetal calf serum at 37 °C under
50%:95% CO2:air atmosphere. The cytotoxicity activity
of the newly synthesized complex was studied by MTT
assay. The harvested cancer cells of MCF-7 were

incubated with various sterilized concentrations of
cis-[Pt(NH3)2(isopentylgly)]NO3 (0–800 μM) for 24 h.
IC50 value was determined according to the method pub-
lished in Ref [20].

Scheme 2 The general procedure
of complex formation

Fig. 1 Toxicity of the Pt complex against incubated MCF-7 cell lines
with various concentrations of the Pt complex for 24 h

Fig. 2 Absorption spectra of HSA (15 μM) with addition of cis-
[Pt(NH3)2(isopentylgly)]NO3 in tris-buffer HCl-10 mM NaCl (pH =
7.4) at 27 (a) and 37 °C (b) in the absence (…) and presence (__) of this
complex. The arrow shows the absorption trend with increasing concen-
tration of the cis-[Pt(NH3)2(isopentylgly)]NO3 complex from 0 to
228 μΜ
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UV-Vis Spectroscopy Studies

The structural changes of HSA due to its interactions with
cis-[Pt(NH3)2(isopentylgly)]NO3 can be shown through UV-
Vis absorption spectroscopy, which is a tool employed for
studying the binding of tiny molecules to macromolecules
[10].

A solution of HSA (15 μM) and Pt complex (0.8 mM) was
prepared through appropriate dilution of the stock solution
with tris-buffer.

T h e a d d i t i o n c o n c e n t r a t i o n o f t h e
cis-[Pt(NH3)2(isopentylgly)]NO3 complex from 0 to 228 μΜ
to the HSA solution were monitored by the absorption reading
up until no further changes. Afterward, thermodynamic pa-
rameters such as ΔG∘

b Gibbs free energy changes; ΔH∘
b , the

heat necessary for HSA binding without metal complex
adding; ΔS∘b , the entropy of HSA binding by the complex;
and the measure of the capability of the complex to binding
with HSAwere found using binding diagrams and the formula
[21]. The spectra were taken from 200 to 700 nm in a quartz
cuvette (whole cuvette volume was 1000 μL) at 27 and 37 °C.

Thermal Binding Measurements

The thermal binding experiment reveals the conformational
alterations of HSA and the stability of the HSA–complex in-
teractions [20]. This experiment was done by reading the UV-
Vis absorption of HSA (7.5 μM) at pH = 7.4 at 278 nm in the
presence of 0–800 μM Pt complex from 25 to 85 °C with
1 °C min−1.

Kinetic Study

Knowledge about the possible mechanism of HSA interaction
with Pt complex could be provided by kinetic studies [20].

The time-scanning spectrum was 1 min at 278 nm which is
λmax of the Pt–HSA complex.

Fluorescence Study

The behavior of proteins as sub-target for anti-cancer
metal complexes was studied via the fluorescence
quenching method. Here, the fluorescence intensity
changes were monitored at 280-nm excitation wave-
length and within the range of 200–700-nm emission
wavelengths. In each monitoring, HSA–Pt complex so-
lutions were incubated for 5 min after the complex
addition.

Molecular Docking

The 3D structure of the Pt complex was generated using
the HyperChem software, and its geometry was optimized
using the Gaussian 03 software by using the B3LYP
method at the level of 6–31 g* [22]. Protein Data Bank
(PDB) ID: 5ORI is the crystal structure of HSA in http://
www.rcsb.org/pdb, which was selected in the Protein
Data Bank. The R value (0.188 Å) and resolution of this
file (1.94 Å) were prepared at pH = 7.4. Molecular
docking computation was implemented by using the
AutoDock 4.2 program parcel by the AutoDock tentative
free energy operation and the Lamarckian genetic
algorithm with a positional probe. Initially, water
molecules should be removed from the initial structure
of HSA and the missing hydrogen and Gasteiger charges
should be set up in the HSA input file. For preparing
ligand–HSA files (PDBQT), the AutoDock tools can be
used. Docking imagery was considered in 80 × 80 × 80
points in a box and spacing of 0.375 Å for the Pt complex
[23]. The number of docking implement of each docking
simulation was adjusted to 100. As mentioned, this study

Fig. 3 HSA absorbance at 278 nm vs ν (ν = [complex]b/[HSA]t) at 27
(●)and 37 °C (○)

Fig. 4 The linear diagram of the reciprocal ofΔA vs the reciprocal of cis-
[Pt(NH3)2(isopentylgly)]NO3 at 27 (●) and 37 (○) °C
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was done to investigate the binding sites on HSA for the
Pt complex.

Results and Discussion

In Vitro Studies

The cyto toxic i ty of ant i - tumor vi r tues of the
cis-[Pt(NH3)2(isopentylgly)]NO3 was checked by testing
the complex against the human breast cell line of MCF-
7. In this research, diverse concentrations of Pt(II) com-
plex ranging 0–800 μM were added to the tumor cell
line culture at 37 °C for 24 h. The value of 50% cyto-
toxic concentration (IC50) of the complex was specified
based on Fig. 1 and after 24-h incubation, which was
determined as 175 μM for the Pt complex. For positive
control, clinical anti-cancer drug such as cisplatin was
used with IC50 equal to 80 μM which is lower than the
synthesized Pt complex. The activity of the synthesized
complex is less than that of cisplatin, but it is preferred
because of its lower toxicity and biocompatibility.
Figure 1 reveals that the cell growths after incubation
time were reduced by concentration adding of the Pt
complex not as good as cisplatin. Also, the water-
soluble Pt(II) complex with isopentyl hydrocarbon chain

could be produced with lower dosage and time–response
deterrence against MCF-7 cell lines.

HSA Binding Data and Evaluation of Thermodynamic
Parameters

UV-Vis absorption study is a very practical way to study the
binding of any compound to HSA. In an HSA binding exam,
HSA absorption changes were reported at 278 nm by adding
10-μL stock complex solutions in each injection at both tem-
peratures. The binding graph is shown in Fig. 2 for this

Fig. 6 The plot of RTθν vs ν for HSA interaction with the complex at 27 (a)
and 37 °C (b)

Fig. 5 The binding isotherm of HSA with the complex at 27 (●) and
37 °C (○)

Table 1 Thermodynamic parameters and L1=2
value of HSA binding with the platinum (II) complex

Complex Temperature
(°C)

L1=2
(mM)

ΔG∘
b kJ mol −1ð Þ
� �

ΔH∘
b kJ mol −1ð Þ
� �

ΔS∘b kJ mol −1ð ÞK −1ð Þ
� �

cis-[Pt(NH3)2(isopentylgly)]NO3 27 0.14 − 23.8 − 425.1 − 1.34
37 0.11 − 15.0
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compound. The absorption trend in this figure shows that the
absorption values diminished by adding Pt complex to free
HSA meaning that HSA–Pt complex was created. The con-
centrations of the cis-[Pt(NH3)2(isopentylgly)]NO3 in the
middle of transfer the innate to bonded albumin decreased
from 27 to 37 °C due to HSA-complex formation [20].

In this research, the complex could bind with HSA about
100 μM. So, this complex can be a candidate as an anti-cancer
agent, whose low dosage will be used in chemotherapy, with
fewer side effects. This diagram has been demonstrated in
Fig. 3. The binding constant, Kb, was obtained through Eq. 1.

1

A−A0
¼ 1

A∘∘−A0
þ 1

Kb A∘∘−A0½ � :
1

complex
ð1Þ

In this formula, A0 is the primary absorption of free HSA at
278 nm without metal complex. A∞ is the final absorption of
HSA, and A denotes the absorption reading at variant concen-
trations of the Pt complex.

The binding constant (Kb) can be computed through the
intercept to the gradient from the linear curve of 1

A−A0
vs

1
complex½ � [24]. This diagram has been demonstrated in Fig. 4.

In this equation, Kb is the apparent binding constant, Kapp (a
macroscopic property).

Also, the computed thermodynamic parameters of the binding
of HSA with Pt complex have been determined and presented in
Table 1. TheKb value, binding constant,ΔG∘

b , Gibbs free energy
of HSA, and the structural stability of HSA in the presence of Pt
complex aswell as entropy variations ΔS∘b

� �
have been obtained

within the range of 27 to 37 °C.
Commonly, tiny complex molecules could bind to the pro-

tein via feeble interactions mostly including hydrogen bonds,
van der Waals forces, hydrophobic, and electrostatic interac-
tions. The binding kind can be specified by the above-
mentioned parameters. From the thermodynamic point of
view, ΔH° > 0 and ΔS° > 0 show a hydrophobic interaction.
Also, ΔH° < 0 and ΔS° < 0 indicate the formation of van der
Waals force or hydrogen bond, and finallyΔH° ≈ 0 andΔS° >
0 reflect an electrostatic force. These thermodynamic param-
eters are obtained using the Van’t Hoff equation:

ln
K2

K1
¼ −

ΔH°

R
1

T2
−

1

T1

� �
ð2Þ

ΔG∘
b ¼ ΔH∘

b−TΔS∘b ¼ −RT 1nKb ð3Þ

where Ki is the binding constant at Ti temperature; Kb denotes
the equivalency binding constant, which is identical to the
effective equivalency constants, Ka; and R value is the gas
constant. Thus, the negative values of ΔG∘

b complex suggest
that the protein binding procedure is spontaneous. The nega-
tive ΔH∘

b and negative ΔS∘b values of this complex indicate
that hydrogen bonds played the dominant role in the
complex–HSA interaction [25].

Binding Isotherm

The binding isotherm curve was obtained for the interaction of
HSA with cis-[Pt(NH3)2(isopentylgly)]NO3 at 27 and 37 °C
and is shown in Fig. 5. The ligand can alter the protein struc-
ture after binding, which is known as the allosteric effect. Due
to the binding isotherm of oxygen to hemoglobin, these curves
were determined to exist one binding set with allosteric effect
in the binding of HSA with the Pt complex. This kind of
binding causes positive cooperativity [26, 27].

Using Eq. 4 and chain rule in the derivative process, the
binding capacity leads to the Eq. 5,

θ ¼ ∂ν
∂μi

� �
T ;P;μ J≠I

¼ ∂ν
RT∂ln complex½ � f

 !
T ;P;μ J≠I

ð4Þ

Fig. 7 Scatchard plot for HSA binding with the complex at the
temperature of a 27 and b 37 °C
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θ ¼ nHν g−νð Þ
gRT

ð5Þ

and by operation of maximum criterion, it can be displayed by:

νmax ¼ g
2

ð6Þ
RTθ
ν

¼ nH−
nHν
g

ð7Þ

According to Eqs. 5 and 7, the plot of RTθν vs ν for a system
should be linear (Fig. 6) with g identical and dependent bind-
ing sites [26].

Scatchard Plot on the Interaction of HSA with
cis-[Pt(NH3)2(Isopentylgly)]NO3

The Scatchard equation has been shown below: [28]

ν
complex½ � f

¼ K° g−νð Þ ð8Þ

The Scatchard diagrams of HSA binding with the complex
were plotted by v

complex½ � f vs ν, at both temperatures, where ν =

complex½ � HSA½ � (see Fig. 7) [28].
If the set of sites is the same and independent, the Scatchard

diagram is linear, while if the set of the binding site is non-
identical and dependent, the Scatchard diagram is non-linear
(peak or valley) [29].

According to Fig. 7, the binding between the Pt complex
and HSA is cooperative, i.e., each connection can improve the
next connection. The number of the binding site (g) of the Pt
complex on HSA can be obtained from the Scatchard
equation.

In the same way, Hill equations have been shown further:
[28]

ln
ν

g−ν

� �
¼ lnKH þ nH ln complex½ � ð9Þ

For a systemwith a single binding set for such a system, all
of the binding sites can be related to a single collection. The
binding information of this system can be obtained according
to the experiential Hill equation:

Fig. 8 Hill plot of HSA binding with the complex at the temperature of a
27 and b 37 °C

Fig. 9 The variation of ΔG∘
b;v vs ln[complex]ffor HSA interaction with

the complex at 27 (●) and 37 °C (○)

Table 2 Hill parameter and
binding constant of HSA
interaction with the complex

Complex Temperature (°C) g Kb(M
−1) KH(M

−1) nH

cis-[Pt(NH3)2(isopentylgly)]NO3 27 1.9 1.4 × 104 1.9 × 103 1.2

37 0.7 3.4 × 102 5.3 × 103 1.3
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ν ¼
g KH complex½ � f
� �

1þ K complex½ f ÞnH nH
� ð10Þ

This can appear in the logarithmic form as follows:

ln
ν

g−ν

� �
¼ nH þ lnKH þ nHln complex½ � f ð11Þ

Here, the binding component as Hill coefficient (nH),
the number of binding positions on the HSA molecule

(g), and Hill binding constant KH were achieved
through fitting the empirical data (v and [complex]f)
over the Hill equation at 27 and 37 °C (see Table 2)
[28]. The Hill diagram has been shown in Fig. 8, and
the results are summarized in Table 2.

The intrinsic Gibbs energy of binding per mol of the Pt
complex,ΔG∘

b , can be obtained by using the following equa-
tions:

ΔG∘
b ¼ −RTnHlnKH þ RT 1−nHð Þln complex½ � f ð12Þ

Figure 9 reveals the variation of ΔG∘
b vs ln[complex]f for

the interaction of the Pt complex with HSA at various concen-
trations of this complex. Finally, we can infer that all of the
binding processes show positive cooperativity in the binding
set [27].

Thermal Stability of HSA

The thermal binding empirically provides data about the sta-
bility structure of HSA with metal complex addition [30]. The
melting temperature (Tm) was specified based on the transition
midpoint of thermal binding diagrams of HSA [31].ΔTm was
defined as the difference between the Tm of free HSA and the
Tm of the HSA–complex. Figure 10 shows the melting plots of
theHSA solutions in the absence and presence of this complex.Tm
values were defined 52 and 68 °C at the ratio of R= [complex]/
[HSA] 60 μL for cis-[Pt(NH3)2(isopentylgly)]NO3. Thus, the sta-
bility of HSA is larger in the presence of this complex.

Fig. 11 The plot of a, b ln(A∞ −
A) and c, d 1

A∞−A vs time(s) for

HSA–complex interaction at 27
(●)and 37 °C (○)

Fig. 10 Melting curve of HSA stability study without (●) and with
addition (○) of cis-[Pt(NH3)2(isopentylgly)]NO3 in tris-buffer
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Kinetic Study

The rate of the interaction of HSA with the complex is obtain-
ed in Eqs. 13 and 14.

1n A∘∘−Að Þ ¼ −ak1t þ 1n A∘∘−Að Þ ð13Þ
1

A∞−A
¼ ak2t

A∞−A
þ 1

A∞−A0
ð14Þ

In this work, the time spent on scanning was 1 h; then,
concerning R, the graphs ln(A∞ − A) vs time(s) and 1

A∞−A vs

time(s) at 27 and 37 °C were obtained. Based on the graphs,
it was found that the kinetics is a quadratic reaction (Fig. 11).

Absorption vs time diagram at 27 and 37 °C has been
drawn in Fig. 12, indicating that initially, absorption is high
and then becomes constant since incubation is complete [17].

Fluorescence Titration Studies

Fluorescence spectroscopy is widely used to gather informa-
tion about HSA–complex interaction [32]. The innate fluores-
cence emission of (tryptophan, tyrosine, and phenylalanine)
an HSA is a substantial participant [33]. A metal complex can
quench the fluorescence emission of HSA (Fig. 13) [34].

Typically, mechanisms of fluorescence quenching can oc-
cur via static or dynamic quenching [35]. The static and dy-
namic mechanisms are due to the HSA–complex formation
where the quencher is complex and collision between protein
and the quencher, respectively [36, 37].

The Stern–Volmer equation can be used for determining
quenching data.

F0

F
¼ 1þ Ksv Q½ � ð15Þ

In this regard, [Q] denotes the concentration of the Pt com-
plex (quencher), and F0 and F are recognized as HSA fluores-
cence intensities without and with Pt complex as a quencher,
respectively, with the Stern–Volmer quenching constant, Ksv,
obtained with the gradient of diagram F0/F vs [Q] (insert in
Fig. 13) [4].

As inserted shown in Fig. 13, the F0/F values vs Pt com-
plex concentration are linear with a quenching constant from

Fig. 12 Time-scanning of HSA solution in the presence of complex at ri:
complex½ � HSA½ � ¼ 10:64 at a 27 °C and b 37 °C

Fig. 13 The quenching intensity
of HSA (λex = 280 nm), with
complex. In the insert: the Stern–
Volmer plot of HSA quenching
by the metal complex. The arrow
shows the intensity trend with in-
creasing concentration of the cis-
[Pt(NH3)2(isopentylgly)]NO3

complex from 0 to 180 μΜ
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the rank 103 M−1 The linear Stern–Volmer curve shows that
only one type of quenching can occur, either static or dynamic
quenching [38, 39]. Using the equation of Ksv = kqτ0, the
mechanism of quenching can be found by the bimolecular
quenching steady (kq) and the lifetime of the chromophore
(τ0) without any quenchers, 10−8 s for the Pt complex–HSA
[40].

The value of kq was from the rank 1011 M−1 s−1 which is
greater than 2 × 1010 M−1 s−1 that is maximal dynamic
quenching constant1, thus the quenching mechanism is static
[41]. For static quenching, the binding constant Kb and the
binding site, g, can be obtained from the following equation
[42].

log
F0−F
F

� �
¼ logKb þ glog Q½ � ð16Þ

where F0 and F represent the quencher intensities with and
without the complex, respectively. The binding data are listed
in Table 3.

The calculated binding constant indicated the high binding
affinity of the Pt complex towards HSA [43]. The Kb value is
important for exploring the delivery of drugs, metabolism, and
distribution. In public, the reduction of Kb leads to increased
free medicine concentration in the plasma. Generally, a big
binding constant lowers the concentration of free drug in the
plasma and further improves pharmacological effects [44].

The aggregation number of serum albumin, <J>, induced
by the complex can be obtained using Eq. 17.

1– F=F0ð Þ ¼ Jh i Q½ �= protein½ �0 ð17Þ

The slope (<J>) of the line was determined less than one for
this complex (Table 3).

This value suggests that complex binding did not
cause any aggregation between albumin molecules and
showed 1:1 stoichiometry for Pt(II)–serum albumin sys-
tem [45]. Diagram 1 – (F/F0) vs [Q]/[protein]0 is
displayed in Fig. 14.

Molecular Docking

Removal of water molecules from the 5ORI PDB file
and missing hydrogen atoms and Gasteiger charges ad-
dition were done. Flexible-ligand docking was accom-
plished by using AutoDock 4.2 (http://autodock.scripps.
edu) by employing empirical free energy function and
the Lamarckian Genetic Algorithm, with the Auto Grid
used to estimate the grids. A blind docking with 126
lattice points along three axes was done to understand
the binding site of the Pt complex with the HSA. After
estimates of the binding site, the dimensions of the grid
map were adjusted as 80 points on a side with a grid
point spacing of 0.375 Å, to allow the ligand to rotate
freely. Each run of 100 docking runs was evaluated
with 25,000,000 energy. The binding site of the Pt
complex is shown in Fig. 15 [46, 47].

The complex bound on HSA occurred in subdomain IIA in
domain I. The obtained energy of the lowest conformational
energy for this complex was − 16.0 kcal mol−1. Molecular
docking results revealed that the prevailing forces for binding
between HSA and Pt complex were hydrogen bonding and
hydrophobic interactions. The amino acids involved in the
hydrogen binding process for HSA–complex interaction in-
clude His3, His9, and Asp13. Also, the amino acid involved in
the hydrophobic binding process for this interaction is
Asp254. Figure 16 displays molecular docking analysis by
using AutoDock Tools and LIGPLOT.

Conclusions

In this research, a new anti-cancer agent as such
cis-[Pt(NH3)2(isopentylgly)]NO3 has been synthesized

Fig. 14 The average aggregation number of HSA (<J>) with cis-
[Pt(NH3)2(isopentylgly)]NO3 addition. λex = 280 nm, λem = 590 nm,
and spectral bandwidth are 5 nm for both excitation and emission slits

Table 3 The quenching and binding data of HSA–complex formation

Complex KSV(M)−1 kq(Ms)−1 R2 Kb(M)−1 n R2 〈J〉 R2

cis-[Pt(NH3)2(isopentylgly)]NO3 5.3 × 103 5.3 × 1011 0.99 3.9 × 105 1.5 0.98 0.01 0.98
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and specified by using spectroscopic methods. The IC50

of the Pt complex against the MCF-7 cell line was
175 μL, which is higher than that for cisplatin with
IC50 = 80μM. Then, the interaction of HSA with this com-
plex was investigated by using molecular docking and

spectroscopic methods under simulated physiological con-
ditions. The results show that the fluorescence intensity of
HSA is quenched by adding the Pt complex. This inter-
action occurred through a static mechanism. Based on the
Stern–Volmer equation, 5.3 × 103 mol−1 value was obtain-
ed as the binding constant. Also, the negative value of
ΔH∘

b , ΔG∘
b , and ΔS∘b displayed the spontaneous process

via hydrogen bonds. Given the allosteric effect, the Hill
coefficient greater than one, the positive slope of the ΔG∘

b
diagram in terms of ln[complex]f, and the Scatchard dia-
gram, this interaction has positive cooperativity. The re-
sults of the current study suggest that one complex can
bind to each HSA molecule 1:1. Molecular docking dem-
onstrated that the binding site is put in site I. This project
data can be important in pharmacology and biochemistry
fields and may help recognize the structural effect of the
Pt complex on the blood protein as a target.
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