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ABSTRACT
SYNTHESIS, CHARACTERIZATION AND BINDING BEHAVIOUR OF
PLATINUM(II) COMPLEX CONTAINING N-(PYRIDINE-2-YL)
METHYLENE BENZAMINE WITH DNA, HSA AND BSA
USING SPECTROSCOPIC TECHNIQUES
REMA A. IBRAHIM ABDALLA
Supervisor: Prof. Dr. Şeniz ÖZALP YAMAN
Co- Supervisor: Assoc. Prof. Filiz KORKMAZ ÖZKAN
2017, 75 pages

Because, the structural equivalences of cisplatin, (Pt(NH3)2Cl2, react with DNA in a
similar manner with the parent drug, the new platinum based antitumor drug
candidates are expected to show high antitumor activity that overcome the drug
resistance and serious side effects. For this purpose, the PtCl2 complex of N-(pyridin2-yl)methylene benzenamin ligand (L), was synthesized and characterized. The
binding ability of the Pt(L)Cl2 to the calf thymus DNA and the serum albumins
(BSA and HSA) were examined. In order to elucidate the mechanism of the action
between the Pt(L)Cl2 complex and DNA, spectroscopic measurements were
performed. The electronic absorption spectra, thermal behavior, viscosity and
fluorometric titration of the Pt complex treated DNA indicated that the compound
electrostatically associated with DNA. The spectroscopic and viscometric
measurements also revealed that Pt(L)Cl2 interacts electrostatically with serum
proteins too. The interaction is through the hydrophobic region of both proteins,
where the polarity around a tryptophan residue increases and hydrophobicity of helices increases accordingly. However no clear evidences were obtained from the
detailed FTIR analysis to locate the interaction site of Pt(L)Cl2 on the protein.
Keywords: Antitumor drugs, platinum complexes, DNA binding, BSA binding,
HSA binding, FTIR analysis.
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ÖZ
N-(PİRİDİN-2-İL) METİLEN BENZNAMİNE İÇEREN PLATİN(II)
KOMPLEKSİNİN SENTEZİ, KARAKTERİZASYONU VE
SPEKTROSKOPİK YÖNTEMLERLE DNA, HSA VE BSA’YA BAĞLANMA
DAVRANIMLARI
REMA A. IBRAHIM ABDALLA
Supervisor: Prof. Dr. Şeniz ÖZALP YAMAN
Co- Supervisor: Assoc. Prof. Filiz KORKMAZ ÖZKAN
2017, 75 pages

Cisplatinin (Pt(NH3)2Cl2) yapısal analogları DNA ile benzer şekilde etkileştiği için,
yeni platin temelli antitümör ilaçlarının, cisplatinden daha aktif olması ve çeşitli
nedenlerle oluşabilecek ilaç direncini yenebilmesi beklenilmektedir. Bu amaçla, N(piridin-2-il)metilen benzamin (L) ligandı içeren PtCl2 kompleksi sentezlenmiş ve
karakterizasyonu tamamlanmıştır. Pt(L)Cl2

bileşiğinin buzağı DNA‘sı ve serum

albumin (BSA ve HSA) ile etkileşimleri test edilmiştir. Pt(L)Cl2

kompleksinin

DNA‘ya bağlanma mekanizmasını belirleyebilmek için çeşitli spektroskopik
yöntemler

kullanılmıştır.

Platin

kompleksi

varlığında

DNA

çözeltisi

ile

gerçekleştirilen elektronik soğurma spektrumu, termal davranım, viskosite ölçümleri
ve florometrik titrasyon deneyleri Pt(L)Cl2‘nin DNA ile elektrostatik etkileşim
yaptığını kanıtlamıştır. Aynı şekilde, spektroskopik ve viskometrik bulgular
Pt(L)Cl2‘nin serum proteinleri ile elektrostatik olarak etkileştiğini göstermiştir.
Etkileşimin her iki protein için de hidrofobik bölgede olduğu, triptofan etrafında
hidrofilite artışı ve alfa heliksler etrafında hidrofilite artışı ile ortaya konulmuştur.
Öte yandan sürdürülen detaylı FTIR ölçümlerinden Pt(L)Cl2‘nin BSA ya da HSA ile
etkileşim noktası husunda net bir bilgi edinilememiştir.
Anahtar Kelimeler: Antitümör ilaçlar, platin kompleksleri, kükürt azot verici
ligandlar, DNA‘ya bağlanma, BSA‘ya bağlanma, HSA‘ya bağlanma, FTIR analizi.
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CHAPTER 1
INTRODUCTION
1.1. The treatment types of cancer
Cancer has become the major reason for death with more than 10 million new cases
every year around the world. The sources and types of cancer vary in different
regions, but in most countries, there is a big chance to find a family with a cancer
victim. At all levels in the community, cancer poses considerable challenges for
health care system in poor and rich countries at the same time [1].
The healing and treatment options for many kinds of cancers are in progress. If the
surgery cannot remove all of the cancerous area, other options include chemotherapy,
radiation, or both. Some cancer treatments require a combination of surgery,
radiation, and chemotherapy [2].
Radiation therapy is one of the cancer treatment way, which uses high-energy
radiation to shrink tumors and kill cancer cells. X-rays, gamma rays, and charged
particles are types of radiation used for cancer treatment [3]. Moreover, machine
outside the body may be used to deliver the radiation (external-beam radiation
therapy), or it can come from radioactive material placed in the body near cancer
cells (internal radiation therapy). Radiation therapy ends the cancer cells by
damaging their DNA, but also it may damage the normal cells, which is a side effect
of the treatment [4].
Chemotherapy is another type of cancer treatment, which uses drugs to destroy
cancer cells by stopping or slowing the growth of that cell. But this type also
damages or harms healthy cells, particularly the ones that divide quickly, such as
those that line one‘s mouth and intestines or cells for hair to grow. There are many of
the drug's uses for chemotherapy treatment which vary depending on the cancer
place or kind. In addition, chemotherapy may be used in the beginning of the
treatment to make the tumor smaller before surgery or radiation therapy, it may also
1

be used after surgery or radiation therapy to destroy cancer cells that may remain.
Chemotherapy help radiation therapy and biological therapy work better [5]. One of
the agents used in chemotherapy is platinum complexes which are the main subject
in this topic.
Over the years, platinum complexes have drawn attention in scientific and medical
studies as one of the active anticancer drugs. (Pt IILCl2); [dichlorido-N-(pyridine-2-yl
methylene)aniline platinum(II)] is one of the Platinum type complexes, which was
prepared and discussed in this study. How this complex interacts with DNA
(deoxyribonucleic acid), BSA (bovine serum albumin) and HSA (human serum
albumin) as a first step to understand its behaviour as an anticancer agent are the
main objectives. Therefore, spectroscopic, fluorescence, viscosity, thermal
decomposition techniques are used to determine the interaction behaviour and fourier
transform infrared spectroscopy (FTIR) is used to identify protein structure changes
upon interaction with the complex.

1.2. Rosenberg and cisplatin
Barnett Rosenberg was a biophysical scientist at Michigan State University. In 1965,
he decided to examine the effect of electric currents in cell division. The experiment
was growing the bacteria, which was Escherchia coli (E. coli), in the ammonium
chloride buffer medium. When current was applied through inter platinum
electrodes, the bacteria appeared as filamentous and long instead of classical sausage
shape after a period of time. This effect was a result of the inhibition of the cell
division. Later, it was discovered that the presence of a little amount of platinum
complexes, such as cis[Pt(NH3)2Cl2] and cis[Pt(NH3)2Cl4] (Fig.1) was responsible for
the growth inhibition [6,7].
Afterwards, many experiments and tests were conducted on cisplatin and there
assume that it was responsible for mice bearing a standard murine transplantable
tumor (sarcoma-180) [8].
The transition metal group (10th) compounds were examined for activity, of which
the ((NH4)PtCl6) salt was found to be more active. Moreover, this study identified
two active complexes: the natural cis-isomer [Pt(II)(NH3)2Cl2], which is being known
2

as cisplatin, and a platinum(IV) analogue, as cisdiamminetetrachloroplatinum. These
complexes are responsible for inhibitory effect on the cancer cells. The transforms of
Pt(II) and Pt(IV) compounds were ineffective when compared to the other forms [9,10].

Figure 1. Some cisplatin analogues [13].

As a result of cisplatin success, many of cisplatin analogues were synthesized and
biologically evaluated (Fig.1). Much of the work on the design of new platinum
drugs

was aimed at the principle of making cisplatin-based therapy safer for

patients, especially removing or lessening unpredictable yet severe nephrotoxicity,
i.e., damage to the kidneys and providing oral bioavailability [12]. Another reason is
to get over the tumor resistance, either acquired during cycles of therapy with
cisplatin or intrinsic resistance [13].
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Synthesis of drugs to beat these side effects has confirmed to be a challenging goal
and lead to a renewed optimism in translating the ‗second-generation and thirdgeneration‘ platinum drugs into clinical practice to produce benefits to cancer
patients.

1.3. DNA Binding
The drug complex binds to the DNA at different positions and bind by forming
different bonds such as non covalent or covalent bonds. The Drug–DNA interactions
can be classified into two major categories, intercalation and groove binding.

1.3.1 The Groove Binding:
The molecules, usually place themselves in the minor groove. In addition, these bind
with direct interaction with the edges of base pairs in either of the major (G-C) or
minor (A-T) grooves of nucleic acids. Groove binding (Fig. 2) does not induce large
conformational changes in DNA and may be considered similar to standard lock-andkey models for ligand–macromolecular binding. Groove binders are usually crescentshaped molecules that bind to the minor groove of DNA [14].

Figure 2. Adsorption of the complex in the DNA grooves [15].
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1.3.2 Intercalation:
Intercalation involves the insertion of a planar complex between DNA base pairs
(Fig.3), which results in a decrease in the DNA helical twist and lengthening of the
DNA [16]. They consist of planar heterocyclic groups that stack between adjacent
DNA base pairs. The complex is stabilized by π-π stacking interactions between the
DNA bases and drug. Intercalators show strong structural perturbations in DNA [17].

Figure 3. Intercalation of a planar ligand of the complex in the DNA base pairs stack
[18].

1.3.3

DNA Cleavage

Cleavage of DNA is a vital process in all living systems. For example, topoisomerase
enzymes resolve topological problems of DNA in replication, transcription and other
cellular transactions by cleaving one or both strands of the DNA [19]. Another
example is restriction enzymes (or restriction endonucleases), which protect the cell
against virus infection by cleavage of the foreign DNA [20], or by degrading cellular
DNA during apoptosis of the affected cell [21]. Finally, the activity of many
anticancer drugs rely on their ability to introduce extended damage to the DNA in the
(affected) cells (e.g. bleomycin) [22], which can trigger apoptosis [23], leading to the
cell death [24]. In general, three different types of DNA cleavage can be
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distinguished, namely DNA hydrolysis, photochemical cleavage, and oxidative
cleavage (Fig.4), although the last two categories are quite closely related.

Figure 4. Cleavage at nucleobases [19].

1.4 Platinum complexes
Cisplatin and carboplatin stand for a group of anti-cancer agents used in the
treatment of testicular and ovarian tumors. Cisplatin and carboplatin form sturdy
platinum-nitrogen bonds with guanine and adenine bases. The cis configuration form
intra-strand cross-links which leads to unwinding of the helix, preventing
transcription, leading to cell death. The trans-isomer, trans-platin, is not an active
anti-cancer agent, perhaps because it cannot eagerly form intra-strand cross-links. It
tends to cross-link separate strands and such lesions are repaired easily by the cell‘s
repair mechanism [25].
The most important thing about cisplatin complexes is the mechanism of its
anticancer properties, which is due to the fact that it can covalently bind to the DNA
(purine bases). Guanine-N7 is the most preferred site for binding of the Pt(II)
complex, because guanine is the most nucleophilic DNA base (Fig.5). The
interaction on the 7th site on guanine can be understood of the Hard, Soft Acid Base
(HSAB) theory. This hypothesis states that hard acids and hard bases will react faster
with and bind stronger to each other; while soft acids and soft bases react fastest and
strongest with each other. Elements categorized as hard are small in size, have a high
6

charge, are weakly polarizable, and deliver a high electronegativity. Soft elements
are large in size, have low charge, are strongly polarizable, and have a low
electronegativity. Platinum is considered a soft acid, and sulfur is considered a soft
base. Polarizability in this case is defined as the degree to which a molecule or ion is
easily distorted by interaction with another molecule or ion. Electrons of easily
polarisable molecules are easily distorted by interactions with other molecules or
ions [26].

Figure 5. Interaction of cisplatin with DNA on the 7th position on guanine base [25].

The binding forms platinum-DNA adducts, which then blocks the repairing and
reproduction

mechanism, and programmed apoptosis. Increased DNA repair

mechanisms of platinated lesion lead to resistance (ChemoResistance) which is
shown in the figure below (Fig.6).
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Figure 6. The mechanism of interaction cisplatin with DNA, then repairing of some
DNA and ChemoResistance of the other DNA [27].

1.5 The protein concept
Proteins are biomolecules of one or more polypeptides folded into a globular or
fibrous form in a biologically functional way required for the outgrowth and
sustenance of life forms [28]. A polypeptide is a single linear polymer chain of
amino acids bound together by peptide bonds between the carboxyl and amino
groups of neighboring amino acid residues. In nature, only 20 types of amino acids
are found and the primary constructure of different proteins results from just a
permutation and combination of these amino acids providing them a singular role.
There are four discrete levels of protein structure:
1. Primary structure refers to the sequence of the different amino acids of the protein
or a polypeptide chain. The primary structure is kept together by covalent or peptide
bonds, which are formed during the process of protein translation or biosynthesis.
2. Secondary structure refers to folding of a polypeptide chain so that a constant
repeating pattern like alpha-helix or beta-sheet is formed. Such folding motifs are
stabilized by hydrogen bonds.
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3. Tertiary structure defines the overall pattern of a single protein molecule; the
spatial relationship of the secondary structures to one another. Tertiary structure is
mostly stabilized by nonlocal interactions, most commonly the formation of a
hydrophobic core, but also through salt bridges, hydrogen bonds, disulphide bonds,
and even posttranslational modifications. The tertiary structure is what holds the
basic function of the protein.
4. Quaternary structure is made by two or more protein molecules (polypeptide
chains), and each of which is called protein subunits. The overall structure, usually
functions as a single protein complex.

1.6 Serum Albumin
Albumin is a very stable protein found in blood serum. A single protein molecule is
functional by itself. It consists of 585 amino acids but there are more than 50 slight
variants of the sequence. Human serum albumin (HSA) structure has been revealed
by high resolution X-ray crystallography image of the protein [29,30], which was
able to identify the tertiary structure. Albumins from different species are very much
alike in terms of amino acid sequence, secondary structure and hence tertiary
structure (Fig.7); however, even slight variations at the amino acid level changes the
ability of protein to bind to different solutes. Therefore, high resolution structure of a
protein like albumin is very important in studying its function. Serum albumin can be
described as a flexible protein that slightly changes shape with variations in
environmental conditions and with binding of ligands. Albumin has a resilient
structure and regains shape easily owing to the disulphide bridges, which provides
structural stability especially in physiological conditions. After their severance the
molecule can reestablish these bridges and regain its structure [31]. Denaturation
occurs only with dramatic and non-physiological changes in temperature, pH and the
ionic or chemical environment.
Albumin is the most abundant extracellular protein that accounts for 60 % of the total
serum capacity in human. It is expressed in the liver and is a single polypeptide with
a molecular weight of 66200 D. The structure of primary serum albumin differs from
other extracellular proteins. Human serum albumin has only one cysteine residue
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(Cys-34) and low tryptophan content. The secondary structure consists of
approximately 67 % of α-helix connected by 9 loops and 17 disulphide bridges
giving a heart shaped 3D structure revealed by X-ray crystallography studies [29,
32]. The tertiary structure is composed of three domains I, II, and III, and each
domain consists of two subdomains A and B.

Figure 7. Three-dimensional structures of HSA and BSA with tryptophan residues
shown in green [36].

1.6.1 The importance of Albumin
Albumin is responsible for the 75-80 % of the osmotic pressure in blood vessels so
that it keeps blood fluid from leaking out of vessels. It is one of the key proteins in
the blood plasma and in the interstitial fluid [33].
Albumin plays a major role in transport of drugs and ligands, hormones, vitamins
and drugs by binding to them and thus, reduces the serum concentration of these
compounds. There are four binding sites on albumin with varying specificity for
different substances. The competitive binding of drugs may occur at the same site or
different sites leading to conformational changes, for example: warfarin and
diazepam. So albumins can be considered as carriers for numerous exogenous and
endogenous compounds in the blood [29, 32].
Albumin is a main source of sulfhydryl group and these "thiols" scavenge free
radicals (nitrogen and oxygen species). It might
scavenger in sepsis also [33].
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be an important free radical

Albumin is a negatively charged protein in high concentration in the plasma. It
contributes heavily to what`s called the ―anion gap‖. The anion gap is calculated as
(Na + K) − (Cl) = AG (mEq/l). The concentration of cations and anions in plasma
must be equal, so the remaining anions come predominantly from albumin, inorganic
phosphate and hemoglobin (a protein in red blood cell, giving blood its red color).
So, in hypoalbuminemic states meaning high albumin concentration in blood plasma,
the anion gap must be narrowed [33].
Albumin helps in limiting the fluid leakage from capillary beds during stress induced
increase in the capillary permeability. In other words, the ability of endothelial cells
to control the permeability of their walls, and the spaces between them relies on the
albumin concentration in blood. Thus, albumin may plug this gap or may have a
deflecting effect, owing to its negative charge. This has lead to the hypothesis that
colloids are effective at maintaining vascular architecture [33].

1.6.2 Differences between BSA and HSA
Bovine (BSA) and human (HSA) serum albumins are often used in biophysical and
biochemical studies since they bear a similar folding, a well known structure, and
they have been related to the binding of a large variety of substances. One significant
difference between BSA and HSA is the fact that bovine albumin has two tryptophan
residues serving as binding sites, while human albumin has only one tryptophan
residue for the same purpose (Fig.7) [34].
Bovine serum albumin (BSA) is a slightly acidic protein. BSA is ordinarily used in
biological research because of its low cost and inertness. On the contrary, HSA is
very expensive. Dilute enzymes can be stabilized by BSA (particularly used for
restriction digests). Although, bovine serum albumin is exceptionally soluble (up to
50% w/v in buffered saline), it is typically used at a concentration of 0.1-1% w/v
[35].
Human serum albumin (HSA) offers advantages over bovine serum albumin (BSA)
in analyzing the effects of ligand binding to the protein due to the existence of only
one natural fluorophore (trypthophane residue), which can be easily followed by
optical instruments like fluorescence spectroscopy [36].
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1.7

BSA & HSA Binding

Albumins have a high affinity for metals but effectiveness in binding metal ions
depends on protein configuration because each metal ion has a preferential
coordination with the coordinating side- chain of amino acids in proteins. Such,
because of any secondary structural elements are reduced compared to native state,
albumin exhibits a reverse preferential binding capacity for soft metal ions compared
to hard metal ions [37].
BSA is a single chain protein in the folding (native) state, which has a tertiary
structure characterized by an unique arrangement of three globular domains, I, II, III
each comprising two subdomins (A and B). BSA molecule is built from 583 amino
acid residues. At physiological pH (~7.4), the BSA secondary structure consists of
67% α-helix, 10% turns, and 23% unordered structure connecting the helices [38].
Human serum albumin (HSA) consists of 585 amino acid residues organized in three
domains (I, II and I), each comprising two subdomins A and B (exactly like BSA).
The binding sites on HSA are located in which means that HSA could exert a
substantial impact on the transportation, distribution, and metabolism of
pharmaceuticals [39].
The molecules interact either with the polar (bind strongly to protein by electrostatic
interactions via oppositely charged amino acids) or with non polar (hydrophobic
interactions) amino acids [40]. The binding sites are in domain I and are coordinated
by side chains of aspartic and glutamic acid residues, which are exposed on the
surface of the protein. [41].

1.8

Platin-complexes containing N-donor atoms

The success of cisplatin was followed by several platinum anticancer drugs, such as
oxaliplatin or carboplatin. However, several studies have shown that the use of
pyridine platinum(II) complexes as mimics of cisplatin is also effective [42]. These
studies have reported that the use of planar ligands (the substituted pyridines in
platinum (II) complexes) can reduce the rate of deactivation without interfering with
DNA binding, which is considered to be the mode of action of cisplatin [43].
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Moreover,

the

platinum

complexes

derived

from

aniline

and

2-

pyridinecarboxaldehyde have shown promising activity against the hormone
independent human mammary carcinoma cell line MDA-MB 231 [44] such as
[dichloro-N-(pyridine-2-yl)methylenebenzamine]platinum(II) (Fig.8) [45], which is
the main topic of this study. Cisplatin analogues with an aliphatic amine group have
shown

considerable

cytotoxicity

in

cisplatin-resistant

cell

lines

[46,47].

Unfortunately, considerable several side effects such as neural and kidney toxicity,
intrinsic and acquired resistance of tumor cells to drugs, limit the efficacy of current
platinum-based therapy. These complications occur since anticancer agents cannot
discriminate between healthy and cancer cells. This has been the motivation for a
considerable body of research for the development of platinum complexes with
enhanced specificity towards cancer cells [45,47].

Figure 8. [Dichloro-N-(pyridine-2-yl)methylenebenzamine]platinum(II) [45].

In order to understand how platinum drugs (containing N-donor atoms) can be used
for cancer treatment, the binding mechanism of these platinum drugs with the DNA
within the cell, forming DNA adducts, have to be studied [48]. DNA is one of the
primary targets for many of the drugs that are currently in clinical use or in advanced
clinical trials, including metal based anticancer drugs [49]. The platinum (II)
complexes exert their activity by interaction with DNA [50]. It may bind to DNA via
intercalative

mode,

such

as

(PtII

5.5-diethylbarbiturate)

and

[PtII(5.5-

diethylbarbiturate)(terpyridine)NO3.0.5H2O] [51], which they are kinds of planar
complexes. The other ones interact with DNA via groove binding or electrostatic
interaction, such as [Pt(6-phenyl-2,2′-bipyridine)(2,4-diamino-6-(4-pyridyl)-1,3,5triazine)] [52] and dichloro-N-(pyridine-2-yl methylene)benzamine platinum(II).
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Knowledge of the mechanisms of interaction between the platinum drugs and plasma
proteins is of crucial importance in understanding the pharmacokinetics and
pharmacodynamics of a drug [53]. Therefore, studies on the interactions between the
drug and albumin have increasingly attracted the research attention of chemists,
pharmacists and biologists [54]. The binding of the platinum complexes to albumin
has physiological signiﬁcance in the transport, modulation and inactivation of
metabolites and the drug activities, such as a protective device in the binding and
inactivation of potential toxic compounds to which the body is exposed. The strength
and nature of interaction not only give an idea of drug delivery of the studied
antibiotics in the body, but also enable us to understand the pharmacodynamics and
pharmacokinetics of the drugs. Recently, several studies on the interaction of serum
albumins with platinum(II) complexes have been reported in order to provide
information of the structural features that determine the therapeutic effectiveness of a
drug [55-58]. The type of interaction between albumin and platinum complexes may
be via electrostatic interaction, such as (PtII(5-methoxy-5,6-diphenyl-4,5-dihydro2H-[1,2,4] triazine-3-thione) [59]. The other type of interaction may be hydrophobic
interaction, such as [PtII(5.5-diethylbarbiturate)(terpyridine)NO3.0.5H2O] [51], and
(Pt3(hexakis(2-pyridylmethyl)-1,3,5-tris(aminomethyl)benzene) [60], which give the
same behaviour as our platinum complex. Some of these complexes have been
investigated with BSA and HSA and some of them have been studied with just BSA
because BSA and HAS have 76% homology in the amino acid sequence so they have
similar tertiary structures and binding sites [61] and the results will be comparable to
a large extend.

1.9 The Aim of the Study
Cisplatin therapy has several complications (kidney toxicity…), which have spurred
further research in the development of platinum-based complexes that are less toxic
than cisplatin and offer enhanced specification towards the cancer cell. Although
Pt(L)Cl2 (Fig.8) has been synthesized very recently and its antitumor activity toward
human mammary carcinoma cell line MDA-MB 231 [44] has been reported, the
binding mechanism of PtLCl2 (Fig.8) to ct-DNA has not been resolved yet. In order
to understand the nature of the interaction mechanism of PtLCl2 to DNA as well as to
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the blood proteins (HSA & BSA), different spectroscopic techniques, such as UVVis, fluorescence, IR and by evaluating viscometric & thermodynamic data were
utilized.
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CHAPTER 2
EXPERIMENTAL PART

2.1. Preparation of N-(pyridine-2-yl)methylene benzamine (L) [45]:
The ligand (L) was prepared using the methods in literature published by one of our
colloborators, Dr. Hüseyin Karaca‘s research group, in Sakarya University and the
ligand was identified by 1H-NMR spectrum.
1

H NMR (400 MHz, CDCl3, δ, ppm): 8.6 ppm (H, PyH-3), 7.3 ppm (H, PyH-4), 8.1

ppm (H, PyH-5), 8.5 ppm (H, PyH-6); 7.6 ppm (H, Py-CH), 7.2 ppm (5H, aryl-H)

2.2. Synthesis of [Dichloro-N-(pyridine-2-yl)methylenebenzamine]platinum(II)
(Pt(L)Cl2):
0.0467 g (0.256 mmol) of N-(pyridin-2-yl)methylenebenzenamin (L) was dissolved
in 3 ml acetonitrile (CH3CN). To this solution 5 ml aqueous solution of 0.1064 g
(0.256 mmol) K2PtCl4 was added dropwise while stirring (Fig.9).

Figure 9. Scheme of Cis-[dichloro-N-(2pyridinyl)methylenebenzamine]platinum(II)) synthesis.

Then the solution was connected to reflux condenser and the temperature of the
medium was increased gradually to 46 oC and maintained at this temperature for
16

overnight. Orange coloured precipitate formation was observed during the reflux
process and then the solution was kept in the refrigerator to increase the yield of
product. Afterwards, the orange coloured solid was collected under vacuum and
washed with cold water and ethanol and dried at room temperature. (Yield 59.0 %).
Elemental Analysis: PtC12H10N3Cl2: C, 32.16; H, 2.25; N, 6.25. Found: C, 30.41; H, 2.28 ;
N, 5.90; 1H NMR (400 MHz, d-DMSO, 8.38 ppm (H, PyH-3), 8.55 ppm (H, PyH-4),

8.00 ppm (H, PyH-5), 9.65 ppm (H, PyH-6); 9.46 ppm (H, Py-CH), 7.47 ppm (5H,
aryl-H); MS(EI) m/z= 471 [M+Na]; HRMS (EI) calcd: 470.9725, found: 471.2003.

2.3. Methods
2.3.1. Electronic Absorption spectra:
The absorption titration experiment was carried out by keeping the concentration of
the platinum complex by using a HP Agilent®8453 Spectrophotometer. The complex
was dissolved in a 1:1 (v:v) solvent mixture of acetonitrile (AN) and 5 mM Tris
HCl–50 mM NaCl (pH 7.1). The change in the electronic absorption spectrum of the
complex was monitored during the titration process. In the experiments, the
concentration of the complex was kept constant (1.15 × 10-4 M), while the
concentrations of Calf Thymus DNA (ct-DNA) were increased from 0 to 1.15 × 10-3
M (R=[DNA]/[Pt-Complex]=0-10). The optimum incubation time for the DNAcomplex interaction was determined as 60 minutes at 37oC spectroscopically. The
intrinsic binding constant (Kb) of the platinum complex with ct-DNA was determined
using the peak at 333 nm via the following equation [62];
[DNA]/(εa-εf)=[DNA]/(εb-εf)+ Kb /(εa-εf)

(1)

Where εa is the apparent extinction coefficient, and it is expressed as Aobsd/[Pt]. εb
and εf represented the molar absorptivity constant for the free and the baound form,
respectively. The intrinsic binding constant (Kb) is calculated from the ratio of the
slope to the intercept obtained in a plot of [DNA]/(εa-εf) vs [DNA].
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In order to understand the nature of the interaction between the our platinum
complex and ct-DNA, thermodynamic parameters were obtained and the temperature
dependent binding constant (Kb) were calculated at 310, 320, 330 and 340 K.
BSA & HSA electronic absorption titrations were recorded using the same
spectrometer that was used in DNA experiment. Moreover, the complex was
dissolved in a solvent mixture of AN and 0.1 M sodium phosphate buffer (NaPi) at
(pH 7.4). In this case, the change in the electronic absorption spectra was followed
by keeping the concentration of the BSA or HSA constant (2.12×10-5 M), whereas
the concentrations of the complex were changed from 0 to 2.12×10-6 M. The
electronic absorption spectra were taken for each R values after 30 minutes of
incubation, which was determined as the optimum incubation time, and the intensity
of the characteristic electronic absorption band of BSA and HSA at around 280 nm
was followed. The plot was the double reciprocal of 1/(A–A0) versus 1/[Pt-complex]
[63], where A and Ao are the absorbance values with and without the complex,
respectively. The intirinsic binding constant (Kb) of Pt(L)Cl2 to the protein was
determined from the changes in the spectra and it is calculated from the ratio of the
slope to the intercept obtained in that plot.
Thermodynamic data also determined from the titration experiments which were
carried out at different temperatures (310, 320, 330 and 340 K) and the temperature
dependent binding constant (Kbʹ) were calculated for both BSA and HSA [64,65].

2.3.2. Viscosity measurement:
Viscosity measurements of the DNA with the platinum complex were done using a
viscometer (AND® SV-10 VIBRO Viscometer) at room temperature. The
concentration of the complex were varied between 0-60 µM while ct-DNA
concentration was kept constant at 50 µM in 1:1 (v/v) ratio of 5mM Tris HCl:50 mM
NaCl buffer mixture at (pH 7.1). The viscosity of the ct-DNA in the presence () and
the absence (o) of the platinum complex were measured automatically. Data were
presented on plot

(/o)1/3 versus 1/R. On the other hand, the viscosity

measurements for BSA & HSA were performed in the similar experimental
procedure used in DNA binding experiments. with the same procedure that was done
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with the DNA measurement with an only exception of

using 0.1 M sodium

phosphate buffer (NaPi) at pH 7.4.

2.3.3. Fluorescence measurement:
The fluorometric measurements of the DNA with the platinum complex were
performed with Thermo Scientific® Lumina Fluorescence Spectrometer. The
experiment was carried out again in 1:1 (v/v) ratio of 5mM Tris HCl: 50mM NaCl
buffer mixture at pH 7.1 by keeping EB-DNA concentration constant at [EB]= 5µM
and [DNA]= 10µM while varying the platinum complex concentration in the range
0-160 µM. The extent of fluorescence quenching of EB bound to ct-DNA can be
used to determine the extent of binding between the platinum complex and ct-DNA.
The fluorescence spectra were measured using an excitation wavelength of 478 nm
and the emission range was set between 500 and 700 nm by luminous software wave
scan. The spectra were analysed according to the standard Stern–Volmer Equation
(2) [66]:
Io / I = 1 + Ksv .r

(2)

Where I and I0 are the fluorescence intensities at 610 nm in the presence and absence
of the quencher, respectively, Ksv is the linear Stern–Volmer quenching constant, and
r is the concentration of the quencher.
For protein samples, the concentrations of BSA and HSA were fixed to 1µM during
the fluorescence measurements while the concentration of Pt(L)Cl2 is varied in the
range from 0 to 50µM in phosphate buffer at pH 7.4. Fluorescence spectra of BSA
and HSA were measured by fixing the excitation wavelength at 280 nm and the
emission was screened in the range from 290 to 600 nm. BSA and HSA show a
characteristic strong fluorescence emission band at 560 nm.

2.3.4. Thermal denaturation

Thermal studies were carried out by using Agilent®8453 Spectrophotometer
equipped with HAAKE temperature controlled circulator bath. The samples were
obtained by using 1:1 (v/v) 5mM Tris HCl:50 mM NaCl buffer mixture at pH 7.1.
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The absorbance at 260 nm was measured in the presence and the absence of the
platinum complex. During the measurements the concentration of ct-DNA and
Pt(L)Cl2 were kept constant at 60 µM (R=6). The temperature of the solution was
increased by 0.5

min-1. For samples including proteins, the absorbance of the

peak of both albumin at 280 nm was followed against increasing temperature. Final
concentration of the albumin solutions was 20.2 µM and the concentration of
platinum complex was 2.245 µM in phosphate buffer at pH 7.4 (R=8).

2.3.5. FTIR spectroscopy measurement
FTIR is a nonperturbing technique and requires only a small amount of sample (2-5
µl). The instrument basically utilizes the principle of Michelson Interferometer. The
classic Michelson Interferometer involves a Globar source (a silicon carbide rod
heated to about 1000 K), a beam splitter, two mirrors and a detector. The infrared
absorbance spectrum was carried out with a Nicolet 6700 (Thermo Fisher Science
Inc., USA) spectrometer. Atmospheric water vapour and carbon dioxide have strong
contributions to the infrared spectrum. So, the sample chamber of the interferometer
is continuously purged with N2 and a background spectrum is recorded before the
sample measurement. A single beam spectrum obtained without a sample is called a
background spectrum. In order to eliminate the atmospheric or environmental
contributions, the sample single beam spectrum is normalized against the background
spectrum. The subtraction is automatically done by the spectrometer software
OMNIC 8.2 (Thermo Fisher Scientific Inc.). A diamond Attenuated Total Refraction
(ATR, ConcentratIR2, Harrick, USA) accessory with 10 internal reflections was used
with DTGS detector. 5 µl of sample from incubated stock solution was loaded on the
diamond. Spectra were recorded without any digital enhancement methods.
The infrared absorbance of a sample is calculated by using Beer-Lambert equation:
(3)
Where Io(v) and I(v) are the single beam spectra of the background and the sample
respectively.
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The signal to noise ratio ( ⁄

of a spectrum is increased by collecting and

averaging multiple interferometer scans of the sample before the Fourier transform.
64 scans were averaged for each spectrum with a final resolution of 4 cm-1 [67].
In this study, 160 µl of Pt(L)Cl2 was added to 1000µl (5mM) BSA in NaPi buffer at
(pH 5.5 and 6.5) to obtain the concentration ratio of protein to complex equal to nine
(R=9). Then it was incubated for two weeks using a heated, circulating water bath at
37 °C. The samples were measured hourly in the first 4 hours of incubation and
afterwards measured daily at the same hour of the day for two weeks. In addition,
111.6µl of Pt(L)Cl2 was added to 1000µl (2.5 mM) HSA in NaPi buffer at (pH 5.5
and 6.5) to obtain a concentration ratio of protein to complex equal to eight (R=8).
FTIR measurements were carried out as done with BSA.
For the analysis of the spectra, buffer contribution was subtracted using buffer
measurement. For the subtraction, the O-H stretching vibration centered at ~3500
cm-1 was taken as reference. Second derivative profiles were calculated using the
spectrometer software. Savitsky-Golay function with 3rd polynomial order with 9
points of smoothing was applied for all second derivative calculations.
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CHAPTER 3

RESULTS & DISCUSSION

3.1. Characterization of the platinum complex
3.1.1. Electronic Absorption Spectrum
Electronic absorption spectrum of Pt(L)Cl2 was taken in acetonitrile (Fig.10) and the
spectral data are given in (Table 1). The electronic absorption spectrum is composing
an intense band at around 266 nm, which is assigned to n→π* change transfer
transition involving the electron of the heterocyclic nitrogen atoms [68]. With
reference to previous reports on platinum(II) C^N^C tridentate complexes, the bands
at 290-333 nm are tentatively assigned to the metal-perturbed intraligand (IL)
transitions of the C^N^C ligand, while the shoulder at 405 nm and the band at 429
nm are may assign as dπ(Pt) →π* ( C^N^C) metal-to-ligand charge transfer (MLCT)
transitions [71,72].

2

266 nm

1.75

291 nm

Absorbance (AU)

1.5
1.25

333 nm

1

356 nm

405 nm

429 nm

0.75
0.5
0.25
0
250

300

350

400

450

500

Figure 10. Electronic absorption spectrum of the Pt(L)Cl2 in AN.
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550 Wavelength (nm)

Table 1: Electronic absorption spectral data for the Pt(L)Cl2 complex in AN.
Band No.

(cm-1)

λ(nm)

ε(M-1cm-1)

I

44247.79

266

132396.06

II

34364.26

291

5631.02

III

30030.03

333

4346.47

IIII

28089.89

356 (sh)

4341.27

V

24691.35

405 (sh)

2025

VI

23310.02

429

2219.23

3.1.2. Infrared Spectrum
The peaks observed at around 1624 cm-1 is attributed to an aromatic (N-C) stretching
vibration [73] in pyridine ring (Table 2 and the Figures 11 A and B). The peaks
obtained in the range of 1564 and 1580 cm-1 are attributed to the aromatic N=C
stretching frequencies. The peak at about 3018 cm-1, on the other hand, is assigned as
(C-H) aromatic stretching. The C=C stretching vibration of the aromatic group are
obtained at 1433 and 1348 cm-1, while that of C-C starching are observed at around
1487 cm-1.
The peaks appeared in the range of 887-779 cm-1 are attributed to (C-H) rocking and
that of 687-618 cm-1 are assumed to be (C-H)

bending frequencies. The peak

observed at 538 cm-1 is characterized as (CCC) in-plane deformation vibration [73].
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Table 2. Infrared vibration frequencies (cm-1) for the ligand and the complexes.

Peak Assignments

Vibration
frequencies of
L (cm-1)

Vibration
frequencies of
Pt(L)Cl2 (cm-1)

ν(N-Pt-N)

-

471

ν(C=C) aromatic

1433
1348

1456
1355

1487

1487

1580
1564
1148
978
912

1601
1204
1162
1075

ν(N-C) aromatic

1624

1739

ν(C-H) rocking

779
887

764
840

3018

3032

687
618

694
622

538

539

ν(C-C) streching
aromatic
ν(N=C) aromatic
ν(=C-H) bending

ν(C-H)
aromatic stretching
ν(C-H) bending
ν (CCC)
in plane deformation
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Figure 11. IR Spectrum of L (A) and Pt(L)Cl2 (B).

In the IR spectrum of the Pt(L)Cl2, the N-C stretching vibration frequency is shifted
to 1739 cm-1 confirming the coordination of Pt ions to N-atoms of pyridine ring.
Similar deviation is also observed for aromatic N=C vibration (Table 2) frequencies
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which is obtained at 1601 cm-1. The aromatic C=C vibration frequencies of Pt(L)Cl2
are observed in the range of 1355-1456 cm-1 with a deviation of at least 10 cm-1
lower than that is obtained for the unbound ligand. The aromatic C-H stretching
vibration frequency is shifted to 3032 cm-1 upon binding of L with Pt(II) ion.
Similarly, the bands observed in the range 1204-878 cm-1 are attributed to the =C-H
bending, the peaks at about 764-840 cm-1 are assigned to C-H rocking and the ones
appeared at 622-694 cm-1 are assumed to be C-H bending vibration of the
coordinated ligand. The new peak observed in the IR spectrum of the complex at
around 471 cm-1 can be assigned to N-Pt-N vibration. The presence of N-Pt-N peak
vibration and the shifts in the vibrations of the characteristic vibration frequencies of
the aromatic group clearly reveal the coordination of the ligand to the platinum ion in
all the complexes.

3.1.3 1H-NMR Spectrum
Proton NMR of Pt(L)Cl2 and L (N-(2-pyridinyl)methylene benzamine) were obtained
in d-DMSO and

CDCl3, respectively. The chemical shifts of the complexes are

presented in the Table 4 and 1H-NMR spectrum of the complexes and the ligand are
presented in Figure 12.
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A

B

Figure 12. 1H-NMR spectrum of L (A) and the complex Pt(L)Cl2 (B).

The pyridine protons of N-(2-pyridinyl)methylenebenzamine are obtained between δ
8.6-7.3 ppm, where as aromatic protons of the benzene the ring resonate at δ7.2 ppm
(Table 3).
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Table 3. 1H-NMR data for the ligand and the complexes.
1

Compound
L
(CDCl3)

H-NMR

8.6 ppm (H, PyH-3), 7.3 ppm (H, PyH-4), 8.1 ppm (H, PyH-5), 8.5 ppm
(H, PyH-6); 7.6 ppm (H, Py-CH), 7.2 ppm (5H, aryl-H)

Pt(L)Cl2

8.38 ppm (H, PyH-3), 8.55 ppm (H, PyH-4), 8.00 ppm (H, PyH-5), 9.65
(d-DMSO) ppm (H, PyH-6); 9.46 ppm (H, Py-CH), 7.47 ppm (5H, aryl-H)

The platinum complexes on the other hand exhibit peaks of pyridine protons at about
δ 8.0- 9.65 ppm and the benzene group protons of the coordinated ligand is obtained
at 7.45 ppm. [74] The deviations in the chemical shifts of the ligand and the platinum
complex in their 1H-NMR spectra indicate the coordination of the ligand to the
platinum(II) ion through the N-donor groups.

3.2. DNA Binding Behaviours
3.2.1. Absorption spectroscopy:
Metal complexes show specific absorption bands in the UV region (due to π-π*
intraligand transitions [75] or ligand-to-metal charge transfer [76]), or in the visible
region (d-d transitions [77]). Therefore, a common way to determine whether an
interaction takes place between the DNA and metal complex is to examine the
modifications of the maximum of one of these bands when the nucleic acid is present
in different concentrations. Therefore the extent of the interaction between the DNA
and the platinum complex can be studied by the electronic absorption spectra. The
UV-Vis absorption spectrum of DNA shows an intense band at 260 nm in the UV
region and this band is attributed due to electronic transition within the chromophoric
group in pyrimidine and purine base, where occur with the variation in pH or ionic
strength of the medium [78]. The metal complexes binding to DNA through
intercalation which result in hypochromism (decrease of the intensity band) and
bathochromism (red shift) or hypsochromism (blue shift) [75,79], while
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hyperchromism (increase of the intensity band) has been attributed to hydrogen
bonding, electrostatic interactions and groove (minor or major) binding along the
outside of the DNA helix [79, 80]. The extent of the changes that appear in the metal
complex spectrum are commonly consistent with the strength of the interaction that
takes place.
In order to understand the interaction between the drug and DNA, the changing in
UV-Vis absorption of the platinum complex in the presence and in the absence of
DNA was examined in the Tris-HCl buffer solution (pH 7.1) as depicted in Figure
13.

[DNA]/(Eb-Ef)

3.5
3

Absorbance (AU)

2.5

DNA-Pt complex
adduct

2
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5,5E-07
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2,5E-07
2E-07
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Figure 13. Electronic absorption spectra of the platinum complex in Tris-HCl buffer
(pH = 7.2) in the absence and in the presence of increasing amounts of CT-DNA.
Inset: Plot of [DNA]/[εa − εf] vs. [DNA] at 37 oC.

Based on the increase in the intensity of the absorbance band of Pt(L)Cl2 at 333 nm
with a slight bathochromism, the hyperchromic effect might be ascribed to external
contact (electrostatic binding) so, an electrostatic or groove binding mode was
assigned to the platinum complex [81,82]. The association constant or the intrinsic
binding constant (Kb) of Pt(L)Cl2 can be calculated according to the BenesiHildebrand equation, modified by Wolfe et al [62] as mentioned in the experimental
section 2.3.1. Accordingly, the Kb value which is given by the ratio of the slope to
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the intercept in a plots of [DNA] /(εb – εf) versus [DNA] (Fig 13), was calculated as
6.67x102 M⁻¹.
Values with a magnitude of 105 M-1 for Kb are considered to be an indication of a
relatively strong interaction between DNA and metal complexes [80, 81]. The Kb
values of the DNA-Pt(L)Cl2 interaction is quite lower than the Kb values reported in
the literature for the classical intercalators such as (PtII 5.5-diethylbarbiturate) [51].
Hence, the low Kb value obtained indicates a weak interaction between the platinum
complex to DNA.
Temperature dependent binding constants (Kb) were also obtained by means of the
electronic absorption titration experiments (Fig.14), carried out at 37, 47, 57 and 67
o

C, where the ratio (R) of the concentrations of ct-DNA to Pt(L)Cl2 complex was

varied between R=0-10 with the optimized incubation time of 60 min.
The Kb values then, were evaluated to obtained thermodynamic parameters
according to the Van‘t Hoff equation (4) [82]:

Ln Kb = - ∆Ho / RT + ∆So / T
∆Go = ∆Ho - T∆So

(4)

(5)

Where R is the gas constant, T is temperature and Kb is the temperature dependend
binding constant. The standard enthalpy (∆Ho) and the entropy change (∆So) were
determined from the slope and intercept of the linear Van‘t Hoff plot based on ln
Kb versus 1/T (Fig.14), respectively.
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Figure 14. Electronic absorption spectra of the platinum complex at (A) 45 oC, (B)
57 oC and (C) 67 oC, respectively in Tris-HCl buffer (pH = 7.10) in the absence and
in the presence of increasing amounts of CT-DNA. Inset: Plot of [DNA]/[εa − εf] vs.
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The free energy change (∆Go), on the other hand, can be obtained from the flowing
relationship:
∆Go = - RT LnKb

(6)

The thermodynamic parameters and the binding constants corresponding to each
different temperature are shown in Table 4.

Table 4. ∆G°, ΔHo and ΔSo data obtained for platinum complex and DNA
interaction.
Temperature(°C)

∆Go(kJ)

∆Ho(kJ)

∆So( J/K)

Kbʹ (M⁻¹)

37

-16.76

55.19

231.84

6.67x102

47

-19.46

1.50 x103

57

-20.06

1.50 x103

67

-24.34

5.50 x103

The negative values of ∆Go (Table 4) revealed the interaction process is spontaneous,
while the positive values of ∆Ho and ∆So indicate that the binding is mainly entropy
driven and the enthalpy is favorable for it [83].
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3.2.2. Viscosity Measurements:
Viscosity measurements were carried out to clarifying the binding mode of the
platinum complex with ct-DNA. Viscosity, sensitive to the length increase is
regarded as the one of the least ambiguous and the most relevant tests of the binding
model with ct-DNA in solution in the absence of crystallographic structural data
[84]. With increasing the concentration of the platinum complex, the relative
viscosity of DNA increases steadily. The viscosity experimental results thus, provide
strong evidence for the interaction of the complex with ct-DNA by intercalation
model. On the other hand, aggregation and the compactness on DNA may occur in
the case of electrostatic interaction. The aggregation reduces the number of moving
DNA molecules, leading to the decrease in DNA viscosity. Moreover, groove
binding of drugs also lowers the DNA solution viscosity, due to binding in the DNA
helix and so, shortening the helical length [85]. In the case of partial and/or nonclassical intercalation (binding in the grooves or in the sugar-phosphate backbone),
the metal complexes can bend or kink the DNA double helix, causing either a less
obvious change (an increase or a decrease) or no change at all in the DNA viscosity
[86].
Data are presented in a plot of (η/η0)1/3 versus the concentration ratio of the platinum
complex to ct-DNA (1/R), where η is the relative viscosity of DNA in the presence
of the complex and η0 is the relative viscosity of the DNA-solution in the buffer (pH
7.1). The change in the relative viscosity of ct-DNA with increasing concentration of
platinum complex is shown in Figure 16.
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Figure 16. The changes in the relative viscosity of the ct-DNA in the presence of the
platinum complex.

It can be seen from the plot clearly, the relative viscosity of ct-DNA almost did not
changed upon the addition increasing amount of our platinum complex. Furthermore,
the slope of the plot given in the Figure 13 is 0.03 which is too low to indicate a
strong DNA interaction.
The control experiments that were carried out only in the presence of the complex
solution without ct-DNA also confirmed that the viscosity of the ct-DNA buffer
solution stayed almost constant although the concentration of the platinum complex
increased gradually. Hence, an electrostatic interaction or groove binding are
suggested as a mode of the platinum complex with ct-DNA [86].

3.2.3. Fluorescence quenching studies:
The fluorescence experiment is a very helpful method to indicate the binding of
small molecules with DNA. Quenching refers to any process which decreases the
fluorescence intensity of a given substance. Furthermore, quenching and
dequenching upon interaction with a specific molecular biological target is the basis
for activatable optical contrast agents for molecular imaging [87]. The fluorescence
quenching experiments give information about the localization of the complexes and
their mode of interaction with DNA [88].
The fluorescence quenching experiment was performed with ethidium bromide (EB)
bound DNA. Ethidium bromide is a planar cationic antimicrobial agent, a carcinogen
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and a mutagen, due to its ability of inhibiting DNA synthesis, translation and gene
transcription [89]. EB is widely used as a sensitive fluorescent probe for DNA due to
its high fluorescence when bound to th e nucleic acid. The free EB molecule reduces
the emission intensity in buffer solution, as a consequence of the solvent quenching
or of a photoelectron transfer mechanism [80]. When EB bound to DNA, it shows a
remarkable enhancement in fluorescence, due to a steric protection that the
nucleobases provide to the dye molecule [90]. The presence of another species with
an affinity towards DNA may result a change in the emission intensity of the EBDNA adduct, which is caused by either a competition for binding sites, a change in
DNA conformation or through a photoelectron transfer mechanism [80, 81]. The
affinity of metal complexes towards DNA can be measured by fluorescence studies,
as it is a measure of the extent of the emission intensity reduction of the EB-DNA
adduct.
The quenching of the EB-DNA adduct fluorescence is studied by following the
emission spectra of the species in the wavelength range of 500-700 nm with an
excitation wavelength of 478 nm, upon addition of increasing concentrations of
platinum complex to ct-DNA pretreated with EB. The fluorescence quenching at
around 610 nm is described by the Stern-Volmer equation [66]:
Io/ I = 1 + KSV .r

(7)

Where I0 is the fluorescence intensity in the absence of quencher, I is the
fluorescence intensity in the presence of quencher and r is the ratio of concentration
of the quencher to DNA, KSV is the Stern-Volmer quenching constant, which is
obtained from the plot I0/I versus r.
The fluorescence spectra in Figure 17 show a decreasing trend in the emission
intensity, and KSV was calculated as 2.97 x 102 from the plot presented in the inset of
Figure 17. KSV values with a magnitude of 103 M-1 or greater are generally
considered to be a strong interaction between metal complexes and DNA [75, 86].
The results suggested that the interaction of the complex with DNA is rather weak,
although a partial intercalation may also be possible through the aromatic
chromophore of the ligand. This weak binding ability of Pt(L)Cl2 to ct-DNA is in
agreement with the electrostatic interaction or groove binding [75,86] mode
interactions as observed in the spectroscopic and viscometric results before.
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Figure 17. The fluorescence spectra observed upon addition of the platinum complex
to the EB bound CT-DNA.

3.2.4. DNA Thermal Denaturation:
The temperature has an important effect in changing the stability of the doublestranded structure of DNA, causing the formation of the single-stranded structure, the
―melting‖ of the nucleic acid, or its thermal denaturation [91, 92]. The melting
temperature (Tm) is considered to be the temperature at that 50% of DNA is
denaturalized or melted, half of the nucleic acid being found in the double-stranded
state and the other half in the single-stranded state [93]. The melting temperature is
directly dependent on the stability of the DNA double helix and it is altered by the
presence of small molecules or complexes which may stabilize or destabilize the
nucleic acid structure [94]. The interaction of such a molecule with DNA induces
conformational changes and usually causes an increase of the Tm. The extent of the
variation of the Tm value is influenced by the type and the strength of the interaction
that appear. The inflection point in the melting curve indicates the midpoint of the
melting process, i.e. the melting temperature [95]. Thermal denaturation studies are
an important tool in estimating the strength and nature of the affinity of metal
complexes towards DNA and the interactions taking place. ΔTm is defined as the
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difference between the Tm of free DNA and the Tm obtained in the presence of the
platinum complex. Generally, a ΔTm of a few degrees Celsius is considered to be
evidence of an interaction involving groove binding and/or electrostatic binding to
the phosphate groups [96, 97], while an increase of over 10 oC is attributed to an
intercalation binding mode, due to the stabilization of the DNA double helix [98,99].
The DNA melting experiments are carried out by recording the absorbance spectrum
of calf thymus DNA at 260 nm upon increasing temperature, usually in the range of
30-90 0C, in the absence and in the presence of platinum complex.
The thermal denaturation profile of ct-DNA and the Pt(L)Cl2 with DNA (Fig.18)
showed a decrease in the Tm of ct-DNA about 5 oC (∆Tm= –5 oC). Previously, some
quionoxalin containing Pt(II) complexes [97, 98] also induced DNA denaturation
lowering Tm, which is a result of the strong pre-melting effect of the our Pt(L)Cl2
and an indication of interaction of the complex with the base pairs of DNA via
breaking the hydrogen bonds and opening of the double helix before heating as
suggested for the other quionoxalin containing Pt(II) complexes [100, 101].
As a conclusion, one can say that, the Pt(L)Cl2 complex interacts with ct-DNA via
groove binding and/or electrostatic binding [96, 97].
Moreover, the control experiments done in the absence of ct-DNA, clearly show that
our Pt(L)Cl2 complex is thermally stable through the same temperature range of 30 to
90 oC.
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Figure 18. Thermal denaturation plot of (A) DNA and (B) DNA with platinum
complex obtained between 35-90 oC in 5mM Tris HCl at pH:7.2.
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3.3. BSA & HSA Binding Studies
3.3.1. Absorption spectroscopy
The electronic absorption spectroscopy is a simple and applicable method to study
the interactions between serum albumin and foreign species and to explore the
structural change [102]. A decrease in intensity of the absorption (hypochromic
effect) may occur upon protein adduct, due to complex-protein interaction at protein
surface, which does not limit the mobility of complex around the protein (HSA and
BSA). Furthermore, the hypochromism effect may also reflect that the polarity
around the tryptophan residue was increased and the hydrophobicity was decreased
[103], so the complexes are binding to hydrophobic sites of the protein and thereby
altering the conformation of BSA and HSA [104,105]. On the other hand, an increase
in intensity of the absorption (hyperchromic effect) may occur after the addition of
complexes to BSA or HSA, due to the interaction of complexes on the protein
surface by external contact, most probable via electrostatic interaction of secondary
structure of the protein [106]. Moreover, the hyperchromic effect may also mean an
increase in the exposure of tryptophan to the solvent [107].
In order to understand the interaction of the platinum complex to the BSA, electronic
absorption titration was performed with the fixed concentration of BSA (2.12x10-5
M) and varying the concentration of the platinum complex by monitoring the spectral
changes occured at the characteristic electronic absorption band of the protein at 280
nm, which is because of the aromatic tryptophan and tyrosine residues [108].
The spectroscopic titration experiments were carried out with the molar ratio of the
BSA to the platinum complex (R= [BSA]/[Pt(L)Cl2]) from 1 to 10 with the optimal
incubation time of 30 minutes. The intensity of the band at 280 nm declined as the
platinum complex added to the protein solution in a ratio of R=1 to 10 as shown in
Figure 19. This observed hypochromic effect upon the increase concentrations of the
platinum complex might be attributed to a hydrophobic interaction as a result of a ππ stacking interaction between aromatic rings of the platinum complex and phenyl
rings of Tryptophan, Tyrosine and Phenylalanine residues located in binding cavity
of the protein [109]. The similar hypochromic behavior was reported for BSA
aggregated by the addition of a salt and exposing their hydrophobic patches to water
[110]. Intrinsic binding constant, Kb, of the platinum complex to BSA was calculated
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from the ratio of the intercept to the slope of the linear plot of 1/(A–Ao) versus
1/[Pt(L)Cl2] (Fig.19), as described in the experimental section and was found to be
1.94x105 M-1 at 37 oC. This quite high binding constant reveals a strong protein
interaction of the platinum complex as observed for the other drug-BSA adducts with
high binding constants ranging from 105 to 106 M-1 [111, 112].
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Figure 19. Electronic absorption spectra of the BSA in NaPi buffer (pH 7.4) in the
absence and presence of increasing amounts of the platinum complex (R=1 to 10).
Inset is the plot of 1/(A – Ao) versus 1/[Pt(L)Cl2].

The similar experiments were conducted for HSA under the same conditions. The
platinum complex showed a hypochromic effect in the interaction with HSA (Fig.20)
as in the case of BSA. So, the decreasing in the absorption intensity reveals again a
hydrophobic interaction between HSA and the complex. Furthermore, the observed
spectral change (decreasing intensity) is consistent with the major perturbations of
the HSA secondary structure upon the platinum complex interaction. There exist
such protein conformational transitions upon the cisplatin binding to HSA in the
literature [113].
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The binding constant of the platinum complex at 37oC, is almost identical with those
observed for BSA, is exactly 1.9 x 105 M-1 by indicating high affinity of our platinum
complex to HSA.
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Figure 20. Electronic absorption spectra of the HSA in NaPi buffer (pH 7.4) in the
absence and presence of increasing amounts of the platinum complex (R=1 to 10).
Inset is the plot of 1/(A – Ao) versus 1/[Pt(L)Cl2].

In order to obtain thermodynamic parameters for the protein samples, UV titration
experiments were repeated at four different temperatures; 37, 47, 57 and 67 oC. The
spectral changes that occurred during the electronic absorption titration of BSA and
HSA with the addition of increased concentration of the platinum complex are shown
in the Figures 21 and 22, respectively. The standard enthalpy (∆Ho) and the entropy
changes (∆So) were determined from the slope and intercept of the linear Van‘t Hoff
plot [82] based on Ln Kb versus 1/T (see Figure 23 A and B) in a similar manner
which was described before in DNA binding studies. The standard Gibbs Free energy
(∆Go) change for the protein binding studies was determined by using the equation
(5) given in the section 3.2.1, as well.

41

BSA+ Ptcomplex

50

0.6
Absorbance (AU)

A

1/(A - A0)

0.8

0
0,00E+002,00E+054,00E+056,00E+05

0.4

1/[Pt(L)Cl2]
0.2

0
250

300

350

400

450

Wavelength (nm)

500

1

BSA+ Ptcomplex

20

B

1/(A -A0)

Absorbance (AU)

0.8

0.6

0
0,00E+00 2,00E+05 4,00E+05 6,00E+05

0.4

1/[Pt(L)Cl2]

0.2

0
250

300

1

350

400

BSA+ Ptcomplex

550 Wavelength (nm)

500

20

C

1/(A - Ao)

0.8

Absorbance (AU)

450

0
0,00E+00 2,00E+05 4,00E+05 6,00E+05

0.6

0.4

1/[Pt(L)Cl2]

0.2

0
250

300

350

400

450

500

Wavelength (nm)

Figure 21. Electronic absorption spectra at (A) 47 oC, (B) 57 oC and (C) 67 oC,
respectively of the BSA in NaPi buffer (pH 7.4) in the absence and presence of
increasing amounts of the platinum complex. Inset is the plot of 1/(A – Ao) versus
1/[Pt(L)Cl2].
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Figure 22. Electronic absorption spectra at (A) 47 oC, (B) 57 oC and (C) 67 oC,
respectively of the HSA in NaPi buffer (pH 7.4) in the absence and presence of
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The calculated negative values of ΔGo (Table 5) revealed that the interaction of
Pt(L)Cl2 with both BSA and HSA is spontaneous in aqueous solution. The negative
value of ΔHo is an indication of the hydrophobic interaction and the positive value of
ΔSo shows that the binding process is mainly entropy driven. The fact that the
positive ΔSo suggest a strong contribution of the hydrophobic effect [114]. So, the
observed

exothermicity

suggests

a

predominant

involvement

interactions in the binding process between Pt(L)Cl2 and BSA [115].
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electrostatic

Table 5. ∆G°, ΔHo and ΔSo data for the platinum complex and albumin interaction.

HSA

BSA

T (K) ∆Go (kJ/mol) ∆Ho (kJ/mol) ∆So (J/K)
9.397

1.94 x105

310

-31.38

320

-32.21

1.81x105

330

-33.03

1.69 x105

340

-33.47

1.38 x105

310

-31.33

320

-32.53

2.04 x105

330

-33.70

2.16 x105

340

-35.05

2.43 x105

6.945

71.13

Kb (M⁻¹)

123.4

1.90 x105

The positive values of both ΔHo and ΔSo (Table 5) are suggesting that a strong
contribution of the hydrophobic effect [114]. The negative values of ΔGo revealed
that the interaction between Pt(L)Cl2 and HSA is spontaneous in aqueous solution
[115].

3.3.2. Viscosity Measurements:
In addition to UV absorption titration, viscosity measurements were also carried out
to provide further proves about a binding mode between the platinum complex and
the serum albumins. The electrostatic interaction between the metal complexes and
BSA or HSA produces a concomitant increase in the relative specific viscosity of the
solution [116]. Minor positive or negative changes in protein solution viscosity are
observed when binding occurs in the BSA (or HSA) grooves. [117]. However, if the
relative specific viscosity of the protein solution slightly increases upon the
increasing concentration of the metal complex, the binding type of BSA (HSA) may
be via hydrophobic interaction [118].
The viscometric titration was performed for the protein samples to identify the
binding mode of the platinum complex to BSA or/and HSA. Prior to the experiments,
the samples were incubated at 37 oC during the 30 minutes. The changes in the
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viscosity of the proteins were measured automatically by using SV-10 VIBRO
viscometer. The comparison of the viscometric results with that of the control
experiment performed only with the platinum complex indicated a clear increase in
the viscosity of the protein samples.
Figure 24 shows the plot of specific viscosity values ( η/ηo)1/3 (η and ηo are the
specific viscosity contribution of the serum albumins in the presence and the absence
of platinum complex, respectively) versus the ratio of the increasing concentrations
of platinum complex to BSA or HSA concentration. It is observed that the addition
of Pt(L)Cl2 to the albumin solutions result in a slight increasing in the viscosity
values of the solution, which is attributed that the interaction may occur in the

(η /η0)1/3)

hydrophobic region of the protein [119].
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Figure 24. The changes in the relative viscosity of the (A) BSA and (B) HSA in the
presence of the platinum complex.
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3.3.3. Fluorescence quenching studies:
The Fluorescence quenching measurements of albumin are an important method to
investigate their interactions with drugs [120]. Mostly, the fluorescence of a protein
is caused by three intrinsic characteristics of the protein, namely tryptophan, tyrosine
and phenylalanine residues. In fact, the pure fluorescence of many proteins is mainly
contributed by tryptophan alone. However, due to very low quantum yield of
phenylalanine, fluorescence of a tyrosine is almost completely quenched if that
tyrosine is ionized [121]. Quenching can be classified as either static or dynamic
quenching by different mechanisms. Dynamic quenching due to the collision
between fluorophore and quencher, and static quenching is because of the formation
of ground-state complex between fluorophore and quencher. In general, static and
dynamic quenching can be distinguished by their different dependences on
temperature and viscosity. The quenching rate constants decrease with increase in
temperature for static quenching, but the opposite effect is observed in dynamic
quenching [122].
The fluorescence emission measurements have been made for BSA and HSA by
following the change in the emission intensity of the band at 560 nm in the absence
and the presence of our platinum complex at different concentration in sodium
phosphate buffer solution (pH 7.4), where the excitation band was selected as 280
nm. The emission intensity of the characteristic band of both protein samples at 560
nm decreased as the concentration of Pt(L)Cl2 was increased stepwise as shown in
Figure 26. Moreover, the maximum emission wavelength of BSA and HSA remained
unchanged during the interaction, which indicates that the platinum complex
quenched the intrinsic fluorescence of the proteins (BSA/HSA) without altering the
environment, so there was no change in polarity.
In the most cases, the albumin fluorescence quenching in the presence of several
complexes is characterized by a linear Stern-Volmer (SV) plot (Fig. 25 A and B)
and is usually analysed using the classical Stern-Volmer equation [123]:

Io/ I = 1 + KSV.r
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(8)
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Figure 25. The fluorescence spectra observed upon addition of the platinum complex
to the (A) BSA and (B) HSA.

Where Io is the fluorescence intensity in the absence of quencher, I is the
fluorescence intensity in the presence of quencher and r is the ratio of concentration
of the quencher to BSA/HSA. The value of KSV is obtained from the ratio of
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intercept to slope of the plot and it was 0.656 x 10-1 (M-1) for BSA, 0.395 x 10-1 (M-1)
for HSA. The observed value of KSV is much smaller than the maximum collision
quenching constant

of

various

kinds

of

quencher

to

biopolymer

such

as(Pt3(N,N,NI,NI,NII,NII- hexakis(2-pyridylmethyl)-1,3,5-tris(aminomethyl)benzene)
[60,124]. As a result of the maximum emission does not shift or change much for
both BSA and HSA solutions, one can say that the platinum complex was likely to
interact with the albumins via the hydrophobic region located inside the protein
[125].

3.3.4. BSA/HSA thermal denaturation:
Thermal denaturation of proteins is a very serious problem not only in the separation
and storage of proteins, but also in the processes of biotransformation, biosensing,
drug production and food manufacturing. Furthermore, the addition of stabilizing
agents is one of the most convenient methods for minimizing thermal denaturation.
Sugars, inorganic salts, amino acids and water-miscible organic solvents play a major
role in a wide range of the physical properties and stability of proteins in solution
[126]. Organic solvents have been used to precipitate, crystallize and denature
proteins [127]. These solvents affect the state of solvated ions and competing
interactions of the particles [128]. Moreover, cations differ from anions by their
solvated state. This also has an impact on protein stability [129].
Generally, when a complex binds to the native state of a protein, it imparts thermal
stability to it thereby enhancing its thermal stability index. In the present case, the
thermal denaturation of BSA and HSA were studied in the absence and presence of
the Pt(L)Cl2 complex to check the extent of thermal stabilization of the proteins
provided if the binding does take place. The thermal denaturation curves were
obtained by measuring the absorbance changes of the protein (BSA/HSA) at 280 nm
as a function of temperature. Previous studies reported that if the transition
temperature of BSA/HSA decreased after adding the drug, this suggests that the drug
is leading to partial denaturation of the protein and hence the partial exposure of
various groups to the solvent environment.
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The thermal decomposition experiments of BSA/ HSA with the platinum complex
and alone were recorded (Fig.26, 27) within a temperature range of 25-130 oC.

Absorption (AU)

1,8

A

1,6
1,4

110 oC

1,2
1
0,8
0,6

Temperature (oC)

Absorption (AU)

1,8
1,6
1,4

B
108 oC

1,2
1
0,8
0,6

Temperature (oC)

Figure 26. Thermal denaturation plots obtained between 85-130 oC for (A) BSA
and (B) BSA-Pt(L)Cl2 adduct.

50

A

Absorption (AU)

1,1

115OC

1
0,9
0,8
0,7
0,6
0,5

Temperature (OC)

Absorption (AU)

B
1,3
1,2
1,1
1
0,9
0,8
0,7
0,6
0,5

112 OC

Temperature (OC)

Figure 27. Thermal denaturation plots obtained between 85-130 oC for (A) HSA
and (B) HAS with Pt(L)Cl2.

The melting temperature of BSA was measured as 110 oC in our system. Upon the
addition of the platinum complex decreased the melting point of BSA for about 2 oC.
The similar behaviour was also observed for HSA. The melting temperature of HSA
was measured as 115 oC in the absence of the platinum complex but it decreased to
112 oC in the presence of the complex in our system. Under the light of these
findings, it can be concluded that both albumins became unstable with the effect of
the platinum complex binding.
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3.3.5. BSA/HSA FTIR spectroscopy:
Fourier transform infrared spectroscopy is a technique that monitors the vibrational
modes of a molecule. The IR spectrum contains absorption bands originating from
individual and coupled bands of protein together with the water and lipids and hence
obtains structural and functional information about proteins [67]. In order to
determine the structure changes in BSA and HSA upon the platinum complex
addition, IR spectra of samples were collected in the mid-IR region (4000-1000 cm1

). There are two major bands used for the secondary structure analysis of a protein;

amide I (1700-1600 cm-1) band is mainly due to C=O stretching mode, originating
from the backbone of the amino acid chain, and amide II (1600-1500 cm-1) band is
due to C-N stretching vibration coupled with N-H bending mode [130,131]. Both
bands have contributions from side chain absorptions as well. Therefore, both amide
I and amide II bands are complex bands that need to be resolved for structure
analysis.
The amide I band is the sum of smaller bands originating from different secondary
structure elements, such as α-helix, β-sheet, unordered structure, turns etc., and side
chain contributions of some residues, such as arginine, tyrosine etc.. Calculating
second derivative of a spectrum is a useful method for resolving the components
under complex bands like amide I. Protein secondary structure analysis requires a
detailed analysis of amide I region because all the secondary structure types appear
in 100 cm-1 window of the spectral region 1700-1600 cm-1 and hence overlap. A
positive peak in IR spectrum is reflected as a negative peak in the second derivative
profile.
The region 1700-1000 cm-1 in an IR spectrum is called the fingerprint region. When
this region is examined for BSA with and without Pt(L)Cl2, there are only two small
bands that show a difference (Figure 28). These two bands are located at 1375 and
1039 cm-1 and are due to the presence of the solvent of Pt(L)Cl2; i.e., acetonitrile, and
Pt(L)Cl2. Other than these two bands, there are no observable changes due to proteindrug interaction.
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BSA+Pt(L)Cl2
BSA

Figure 28. The FTIR spectra of BSA with and without Pt(L)Cl2 and their second
derivative profiles shown in inlet picture. Spectra are taken one hour after incubation
at physiological condition (37 °C). The band 1375 cm-1 is attributed to CH3
formation which originates from the solvent of Pt(L)Cl2; i.e., AN (CH3CN). The
band at 1039 cm-1 is attributed to C-N vibration originating from Pt(L)Cl2 structure.

The time-dependent effect of

Pt(L)Cl2 on the BSA & HSA structure, and the

stability of the structure of the proteins were studied with FTIR spectroscopy during
two weeks of incubation at pH 5.5 and pH 6.5. Amide I band of both protein spectra
are centred around 1650 cm-1 which confirms the helical nature of their structure
(Fig.28) [132]. It is also possible to see a shoulder around 1630 cm-1 that shows the
existence of type II helices, which are short, solvated helices in hydrophilic region of
the protein [133]. The profiles of amide I and II bands of BSA & HSA show no
change with time under physiological conditions (37 °C) during the incubation time
(Fig.29).
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Figure 29. Spectra of BSA with Pt(L)Cl2 collected during two weeks‘ of incubation
time at 37°C, showing amide I and II regions of BSA at pH 5.5 and 6.5, respectively.
Positions of main peaks are labelled on the figures. Spectra are equally shifted along
the vertical axis for better visual comparison.

In order to see possible minute structural changes, the second derivative profiles of
spectra were also calculated and presented in Figure 30. It is evident from these
profiles, that there are no shifts in the position of the main peaks. The main negative
peak at 1655 cm-1 represents the -helical structure of the protein. This peak is
observed to be the overwhelming structure together with smaller components at
~1650 cm-1. The amide II peak observed at 1546 cm-1 is also due to the helical
content, which also shows no change with time. The peak at 1517 cm-1 is due to the
carbon ring located at the side chain of tyrosine. The position of this peak is sensitive
to the protonation state of the hydroxyl group attached to the ring.
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Figure 30. The results of the second derivative calculation of spectra of BSA with
Pt(L)Cl2 collected during the incubation at pH 5.5 and 6.5 in NaPi buffer at 37 0C.
Positions of main peaks are labelled on the figures. Spectra are equally shifted along
the vertical axis for better visual comparison.
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Figure 31. The results of the second derivative calculation of spectra of HSA with
Pt(L)Cl2 collected during the incubation at pH 5.5 and 6.5 in NaPi buffer at 37 0C.
Positions of main peaks are labelled on the figures. Spectra are equally shifted along
the vertical axis for better visual comparison.

The structure of HSA is also analyzed the same way like BSA. IR absorbance spectra
of HSA with Pt(L)Cl2 does not show a time-dependent change (data not shown).
Figure 31 shows the second derivative profile of spectra of HSA together with
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Pt(L)Cl2. The amide I and II profiles of HSA at pH 5.5 and 6.5, show no change with
time during two weeks‘ of incubation at 37 °C. The structure of HSA is characterized
by the peak at 1655 cm-1 and a nearby peak at 1652 cm-1. As the spectra shows, the
secondary structure of HSA is also mainly α-helical. The peak located at 1680 cm-1 is
generally attributed to turns; however it can also be due to the ester bond at the
aspartic/glutamic acid side chains. This mode is sensitive to the hydration status of
these amino acids. In our study, none of the peaks show a position change in time.
In order to understand the structural change in the protein upon Pt(L)Cl2 addition,
second derivative of spectra of HSA with and without Pt(L)Cl2 were directly
compared in Figure 32. The secondary structure of HSA is overwhelmed by the peak
located at 1651 cm-1 in the absence of Pt(L)Cl2 (blue trace in Fig.32); however this
peak is upshifted to 1655 cm-1 upon interacting with Pt(L)Cl2 (red trace in Fig.32).
Additionaly, the shoulder at 1642 cm-1 shifts to higher wavenumbers. These two
positions represent helices of different length and/or helices in different
environments. The upshift of these peaks indicates either a more hydrophilic
environment for helices or tilted helices (type II helix) [133]. One can also argue that
the proportion of unordered structure to helices is increasing since unordered
structure is located around 1660 cm-1 in water. However, this would have affected
the thermal stability experiments. The more unordered structure would be reflected
as a much less stable protein. Our thermal stability experiments showed only a slight
change in the stability of the protein upon interacting with Pt(L)Cl2. Therefore, the
change in helix positions is assigned to a more hydrophilic environment for helices
that are previously buried in a hydrophobic environment.
A similar upshift in the amide II position is also evident in Figure 32. The tyrosine
peak at 1517 cm-1 is also shifted to 1516 cm-1 upon Pt(L)Cl2 addition. An upshift is
attributed to the strengthening of the O-H bond at the tyrosine side chain [134].
However, it is not possible to tell whether the H-bonding is with water or with
Pt(L)Cl2. The peak position changes in amide I and amide II bands are not due to the
IR absorbance of Pt(L)Cl2. Pt(L)Cl2 has no significant absorbance in the 1750-1500
cm-1 window of the spectrum (green trace in (Fig.32). On the other hand, it has a
strong absorbance at 1375 cm-1

due to the CH3 symmetric deformation in

acetonitrile. This peak has affected the protein peak at 1368 cm-1 which is also
considered to be due to CH3 symmetric deformation located at the side chain
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positions of amino acids like valine, isoleucine and leucine. This peak is located at
1374 cm-1 when HSA and Pt(L)Cl2 are together. This peak position change is simply
the superposition of the two peaks at 1368 and 1375 cm-1 and does not indicate the
formation of a new bond.
One of the binding sites for BSA and HSA when interacting with negatively charged
compounds is known to be tryptophan [135]. A tryptophan interaction would be
reflected to the spectrum at position 1509 cm-1 due to N-H bending mode and in the
region 1410-1435 cm-1 again for the same mode. It is possible to see a new band
appearing at 1505 cm-1 upon Pt(L)Cl2 interaction. However, 1410-1435 cm-1 region
does not show a difference between two spectra (red and blue traces). Therefore, we
do not have enough evidence to locate the interaction site of Pt(L)Cl2 on the protein.
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HSA
PT(L)Cl2
HSA+Pt(L)Cl2

Figure 32. The second derivative of spectra of HSA, Pt(L)Cl2 and HSA with
Pt(L)Cl2 at pH 5.5 shown in two pictures for the whole fingerprint region.
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CHAPTER 4
CONCLUSION

N-(2-pyridinyl)methylene benzamine coordinated PtCl2 complex was prepared and
their analyses were completed by elemental analysis, mass spectrum, 1H-NMR, FTIR
spectrometer techniques.
The DNA binding ability of Pt(L)Cl2 was determined spectroscopically. The binding
constants, Kb, of the complex to DNA was calculated as

6.67x102 M-1. The

hyperchromic effect that was observed during the UV titration experiments with that
low intrinsic binding constant indicate a weak interaction between the complex and
ct-DNA such as electrostatic or groove binding.
The type of the binding mode between the complex and ct-DNA can also be
investigated from the thermodynamic parameters. The standard Gibbs Free energy
change (ΔGo) was calculated by using these the temperature dependent binding
constant (Kʹb) values which were determined during the UV titrations at different
temperatures (310, 320, 330 and 340 K). The negative value of ΔGo indicates a
spontaneous interaction mode, whereas the positive values of ∆Ho and ∆So indicate
that the binding is mainly entropy driven by confirming an electrostatic or groove
binding.
The viscometric studies which were carried out to find out the binding mode of
action of the platinum complex were also support the presence of a weak interaction.
Unfortunately, the relative viscosity of ct-DNA did not changed much upon the
addition of increasing amount of our platinum complex.
The thermal denaturation studies reveal that the melting temperature of ct-DNA
decreases about 5 oC (∆Tm= –5 oC) in the presence of Pt(L)Cl2, which is due to the
dissociation of the hydrogen bonds and opening of the double helix before heating
with the effect of the complex via groove binding and/or electrostatic binding.
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The emission intensity of the ethidium bromide (EB) bound DNA decreased
gradually as the platinum complex added in increased amount. The KSV value was
calculated as 2.97 x 102, suggesting that the complex may eiher exchange with EB
with the partial intercalation or perform groove binding by protecting some EB
bound regions and thus, preventing the emission.
The spectroscopic titration experiments were carried out with the serum albumins
(BSA and HSA) as well. The platinum complex induces a hypochromic effect in the
interaction with both albumins. Hence, the decreasing in the absorption intensity
reveals again a hydrophobic interaction between BSA or HSA and the complex. The
binding constant of the platinum complex to BSA and HSA are found to be almost
identical at 37 oC, Which is 1.94 x 105 M-1 for BSA and 1.90 x 105 M-1 for HSA by
indicating high affinity of our platinum complex to the serum albumins.
The calculated negative values of ΔGo revealed that the interaction of Pt(L)Cl2 with
both BSA and HSA is spontaneous in aqueous solution. The negative ΔHo and the
positive ΔSo indicates an electrostatic interactions in the binding process between
Pt(L)Cl2 and BSA The positve ΔHo with the positive ΔSo, on the other hand, suggest
a strong contribution of the hydrophobic effect of the complex on HSA.
The viscometric titration experiments that were performed for the protein samples to
determine the binding mode of Pt(L)Cl2 to BSA or/and HSA, show a slight increase
in the viscosity values in hydrophobic region.
The fluorescence titration experiments which were carried out with the BSA and the
HSA solutions in the presence of the platinum complex indicated that the maximum
emission did not shift or change much for both albumin solutions. These results
clearly show that the platinum complex was likely to interact with the albumins via
the hydrophobic region located inside the protein.

The melting temperature of BSA and HSA was decreased very slightly in the
presence of the complex in our system, concluding that both albumins became
slightly unstable with the effect of the platinum complex binding.
In order to determine the structure changes in BSA and HSA upon the platinum
complex addition, IR spectra of samples were collected in the mid-IR region (400061

1000 cm-1). Although one of the main binding sites for BSA and HSA is a tryptophan
residue when interacting with negatively charged compounds, no clear evidences
were obtained to determine the interaction site of Pt(L)Cl2 on the protein from the
IR-analysis. A tyrosine reside could also be another potential interaction partner;
however, data shows no such interaction. On the other hand, platinum complex
addition has increased the hydrophilicity around some previously hydrophobic
helices by possibly a tertiary structure change, which then leads to a slight decrease
in thermal stability of proteins as shown by thermal profiling experiments. Thus,
although we were not able to pinpoint the exact location of the interaction site, we
have enough evidence that the interaction is at a hydrophobic region of the protein
without affecting the secondary structure (native state) of the protein for both HSA
and BSA.
We also conclude that the interaction between the complex and proteins are instant
and shows no change in time as evidenced by incubation experiments. Finally, it is
also shown that the aforementioned results are the same for both pH values tested;
i.e., pH 5.5 and 6.5.
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