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Abstract

Background: Previous studies reported that Palladium (Pd)(Il) drug compounds showed significant anti-tumor
activity in comparison with cis-platin. Materials and Methods: In this study, we investigated the biological
evaluations of a designed Pd (II) complexes (bi pyridine ethyl dithiocarbamate palladium Il nitrate) via its anti-
proliferative effects on the alterations in the function and structure of human hemoglobin (Hb) at different
temperatures of 25 and 37°. Also for further investigation, multi-spectroscopic methods such as fluorescence and the
far-UV circular dichroism (CD) with hemoglobin target were assessed. Results: Fluorescence data showed the pure
ability of Pd(II) complex to quench the intrinsic fluorescence of Hb. The binding constant, number of binding sites,
and thermodynamic parameters at two temperatures were assessed and the results demonstrated the major possibility
of occurring electrostatic and hydrophobic interactions in the Pd (II) complex—Hb interaction. For evaluating the
change of secondary structure of Hb upon interaction with various concentrations of complex, far-UV CD spectra
was applied and it was observed that in high dose of complex, significant changes occurred which is indicative of
some side effects in overdosing of this complex. Conclusion: Our results suggested that using palladium complex as
an anticancer agent might cause some disorders in structure and function of Hb as well as improve understanding of
the side effects of newly designed metal anticancer drugs.
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Introduction side effects have become obstacles in treatment when
current compounds with anticancer activity are used,
therefore it is necessary to search for new potential
antitumor substances to improve treatment efficacy
with smaller doses and less toxic drugs. The
development of drugs that selectively eliminate cancer
cells without harming normal ones also remains a
considerable challenge (3). Based on the previous
studies, it is proved that Pd (II) complexes have
antitumor activity and cytotoxic effects on tumor cells
(4). Palladium (and platinum) salts were shown to
possess both histamine-releasing and histamine

After cardiovascular disorders, cancer is a
serious cause of human death all over the world. One
of best known method for cancer treatment is
chemotherapy that uses metal compounds as anti-
tumor agents. The use of metal-based complexes as
therapeutic drugs dates back to many years ago (1).
By easily losing electrons and making cationic form,
the attraction of these opposing charges leads to a
general tendency for metal ions to bind to and
interact with biological molecules (2). But serious
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binding properties. The latter effect might be one of
the possible mechanisms of the antitumor effect of
palladium as well as platinum salts, since histamine
binding in tumor cells is suggested to suppress their
proliferation (5). Many investigations demonstrate
that hydrolysis of leaving ligands in palladium
complexes is too rapid, 100 times faster than their
related platinum analogues (2). Pt (II) complexes
bind the thiol-containing enzymes of the renal and
cause serious side effects on kidney, but palladium
complexes with dithiol structural group have less
kidney toxicity (6).

Hemoglobin is the most important oxygen
transporter in red blood cells which carries oxygen
from the lungs to the tissues in blood (7). This carrier
protein consists of from two a-chains and two B-
chains with141 (15126.1 Da) and 146 (15867.2 Da)
amino acids, respectively (8). Some non-helical
segments separate the o and [ subunits which are
made up by seven and eight helices, respectively (9).
Also, Hb is classified as metallo-proteins for its
heme-containing structure which join to each chain
by a non-covalent interaction (10). Besides oxygen,
hemoglobin is involved in the transport of other
gases such as carbon dioxide (about 20-25% of the
total). Hb also carries some regulatory molecules
such as nitric oxide and heavy metal-based drugs for
remedy aims (7).

These results lead us to investigate in more
detail the reactivity of these derivatives towards vital
proteins. In this study, a novel anticancer Pd(Il)
complex (bi pyridine ethyl dithiocarbamate
palladium Il nitrate) (Fig.1) was designed and
binding properties and effects of this novel Pd(ll)
compounds on the structure and function of
hemoglobin by different spectroscopic techniques
(fluorescence and far UV circular dichroism (CD))
was investigated.

[Pd(bpy)(Et-dtc)]NO3

Figure 1. The molecular structure of Pd(ll) complex.
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Methods

For extracting and purifying human Hb,
previous well-established methods were applied. All
other materials and reagents were of analytical grades,
and solutions were made in double-distilled water.

Synthesis of Pd(11) complex. The solution of 1
mmol [Pd(phen)(H20)2](NO3)2 in 20 ml was mixed
with amyl-glycine hydrochloride (1 mmol) and
NaHCO3 (0.17 gr, 2 mmol) dissolved in 9 ml distilled
water at 50 °C for 2 hours in dark. Then, light yellow
solution was filtrated and concentrated to 15 ml at 35
°C. The trace amount of turbidity formed was filtered
and the clear yellow filtrate was further concentrated
to about 5 ml at 35 °C (very fine needle crystals of the
complex not suitable for X-Ray crystallography were
obtained by slow evaporation of this solution). The
yellow crystals was filtered and washed with little
amount of chilled double distilled water and then dried
in vacuum oven.

[Pd(phen)(amylgly)]NO3 (M.W. =493.63
g/mol): The yield of the complex was 222 mg, %45;
Elementary analysis calculated (found %) for
C19H23N405Pd: C, 46.12 (46.16); H, 4.66 (4.8); N,
11.34 (11.22); IR (cm—1, solid): 3432 (w), 3051 (w),
2929 (w), 1625 (s), 1591, (s), 1511 (s) 1426 (s), 1354
(d), 1229 (s), 1139 (s), 1033 (s), 939 (s), 837 (s), 710
(s), 645 (s), 534 (s); 1H NMR (300 MHz, DMSO-d6, &
in ppm): 0.830 (t, 3H), 1.239 (m, 2H), 1.346 (m, 2H),
1.376 (m, 2H), 2.680 (m, 2H), 3.518 and 4.203 (d,
2H), 7.84 (s, NH), Aromatic protons: 9.340 (m, 2H),
9.130 (m, 2H), 8.750 (m, 2H), 8.100 (m, 2H).

0 (m, 2H), 8.750 (m, 2H), 8.100 (m, 2H).

Fluorescence measurements. For monitoring
changes in intrinsic fluorescence intensity, Cary
Eclipse Spectrofluorimeter (Varian Co., Australia)
were carried out in the absence and presence of
various concentrations of the Pd(ll) complex (0, 3, 5,
7,9, 11, 13, 15, 17 and 19 uM). The wavelength of
excitation was established at 290 nm and emission
spectra for all of the samples were recorded in the
range of 300-500 nm at two temperatures of 25 and
370C. All measurements were done by using a
fluorescence cuvette with a 1 cm path length with 20
uM. Concentration of Hb.

Circular dichroism (CD) measurements.
Alteration in CD spectra of Hb protein in the absence
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and presence of various concentrations of a novel
Pd(I1) complexes (0, 2, 4 and 6 uM) were analyzed
on an Aviv Spectropolarimeter (model 215 Proterion
Corp., USA) in far-UV region (190-260 nm) using 1
mm path length at two temperatures of 25 and 37°C.
The obtained data were given in molar ellipticity [0]
(deg cm2 dmol-1) based on a mean amino acid
residue weight of 114 (MRW). The molar ellipticity
at wavelength A was fixed as [0]A= (100 x MRW x
Bobs/cl), where Oobs is the monitored ellipticity in
degrees at A nm, c is the concentration of protein in
mg mi-1, and | is the length of the light path in
centimeters. For clarifying the secondary structure of
the protein CD software of CDNN was applied based
on the statistical method (11).

Results

Fluorescence Studies. One of the most
powerful technique for investigating molecular
interactions especially proteins is fluorescence
spectroscopy (12). Since the intrinsic fluorescence of
indol chromophores in Trp residues is extremely
sensitive to their microenvironment, by studying the
conformational alterations of proteins containing
internal fluorophores, such as Trp residues, this
method provides very useful information during the
binding of ligands (13). Intrinsic fluorescence of Trp
residue of Hb in the absence and presence of the
different concentrations the Pd(Il) complex were
useful data for determining the mechanisms of drug
binding to protein and its dynamic and structural
functions (14). In tetrameric structure of Hb there are
six Trp residues at all. Each aff dimmer of Hb
tetramer contains three Trp residues (o-14Trp, B-15
Trp and B-37 Trp) (15). The responsible intrinsic
fluorophore is B-37 Trp residue at the a1p2 interface.

In this study, Hb solution was excited at 285
nm and the emission spectra were recorded between
300 and 450 nm at two temperatures of 25 and 370C
in the absence and presence of different
concentrations of Pd(ll) complex (Figure 2). As it is
presented in Fig. 2 (only 25 oC is shown), the
fluorescence intensity of Hb regularly decreased
upon addition of Pd (ll) complex. Since Fig. 2
represents, quenching of Hb with an increasing
palladium/Hb ratio, interaction of the drug complex
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with- Hb  was occurred and refold the
microenvironment of Trp residue(s), and also protein
native structure.

400

350

300 +

Fluorescence Intensity
8

300 320 40 360 380 400 420
Wavelength (nm)

Figure 2. Fluorescence titration curve of Hb (5uM) in the
absence and presence of various concentrations of Pd(ll)
complex in NaCl solution (5 mM) at 25°C.

For predicting binding mechanisms of a drug to
a protein, assessing the intrinsic fluorescence
quenching of the studied protein provides very useful
data. These data can be gathered by the calculating the
accessibility of quenchers to the fluorophore groups of
proteins (12). Fluorescence quenching usually
proceeds via dynamic quenching or static quenching
(16). In dynamic quenching, diffusive collisions
between the fluorophores and the quencher in the
excited state is usually occurred. Since it depends on
diffusion effects, many of the coefficients and
constants such as diffusion coefficients and
bimolecular quenching constants increase with
increasing temperatures. In contrast, the static
mechanism shows different manner. In this
mechanism, a ground-state complex between the
fluorophores and the quencher is formed and therefore,
a non-fluorescing complex is generated in static
quenching which made a lower stability and the values
of static quenching constants with higher temperature
@an.

For investigating the quenching mechanism of
the Pd (I1) interaction with Hb, quenching experiments
were carried out. For fluorescence quenching, the
well-known Stern—Volmer equation usually is used to
determine the decrease in intensity (18):

= 1 +Ksv[Q]= 1+ kqro[Q] (1)

where Fo and F are the fluorescence intensities
in the absence and presence of quencher (Pd(ll)
complex) respectively, [Q] is the concentration of the
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Tablel. Different parameter of Hb interaction with Pt(I1) complex at different temperatures of 25 and 37 °C

Temperature KSV kg Kb n AGO AHO TASO
°C) (106 M-1)  (x10-12 M-1S-1)  (x10-4 M-1) (kd/mol)  (kd/mol)  (KJ/mol.K)
25 0.21+0.001 1.440.07 0.25 1403  -30.7+1 2246 -11.3
37 0.23+0.0008 0.7+0.03 6.3 1403  -40.7+0.2
quencher, Ksv is the Stern-Volmer quenching number can be estimated from the slope of the static

constant, kq is the quenching rate constant of protein,
and 10 is the average life time of the protein without
any quencher (Pd(I1) complex) (19).

The experimental data were analyzed using
Equation (1), and the results were presented in
Figures 3 and Tables 1. The results of Fig. 3a and
Table 1 show that the Stern—\Volmer plot is linear and
the values of Stern-Volmer quenching constants,
KSV, is not increased by increasing the temperature,
indicating the presence of static quenching of
fluorescence in Hb in Pd(II) complex.

45

FO/F

0 0.000003 6E-06 9E-06

1a1 (M)
Figure 3a. Stern-Volmer plots of Pd(ll) complex and Hb

interaction in NaCl solution (5 mM) at different
temperatures of 25 (e) and 37°C (o).

0.000012 0.000015

Binding Studies. As mentioned above,
fluorescence experiments demonstrate that Trp
fluorescence quenching during Pd(Il) interactions
with Hb follows a static quenching type. Therefore,
according to the literature, estimating the binding
parameters of the Pd(Il) complex to protein can be
possible by following equation (18):

=log K+ n log [Q] (2)

Where K is the binding constant and n is the
binding number (18). Table 1 present the calculated
values of n and K. According to Eqg. (2), the binding
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quenching plot of log [(FO-F)/F] versus log [Q] (18).
All resulted data at different temperatures of 25
and370C for the drug complex are also summarized in
Table 1. By concerning these Figure and Table, the
value of n is close to 1 for the Pd (Il) complex and
hence there is one binding site in Hb structure for each
of the Pd(Il) complexes. Finally, concerning the tables
and figures, estimated binding constants for the drug
compounds at 25 and37 oC reveal that the complex
formation between Pd(Il) and Hb is affected by heat.
In other words, there is an exothermic reaction in both
reactions (Fig. 3b and Table 1).

y=0.9038x+3.3129
R2=0.9925

¥ =1.1479%+4.4508
R2=0.9981

40&30[

y=0.9038x+3.3129
R2=0.9925

log [Complex] (uM)

Figure 3b. The plot of log (FO-F/F) vs. log [Pd] resulted from
fluorescence quenching data at different temperatures of 25 (@) and
37°C (o).

Determination of thermodynamic parameters.
As mentioned above, a thermodynamic process is
responsible for the formation of the complex. hence,
dependency on heat was analyzed for better
characterizing the forces acting between ligands and
protein (20). Essentially, there are four types of non-
covalent interactions stabilizing ligand-protein
connections: hydrophobic interactions, van der Waals
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forces, hydrogen bonds and electrostatic forces (21).
Enthalpy change (AHo) and entropy change (ASo) of
binding reactions are two main criteria confirming
binding modes in thermodynamic parameters (12).
Using the van’t Hoff equation for estimating
thermodynamic parameters is a common way for
terms that the alteration in interaction enthalpy and
entropy does not vary significantly over the
temperature range studied (16).

- AH® | A5
InK — + - 3)

where K is the binding constant obtained from
Eq. (2) at the corresponding temperature (T), and R
is the gas constant (22). Also, the free energy change
(AG®) is determined from the following relationship
(23).

AG® = AH°-TAS°= —RTInK  (4)
According to previous studies, (24) during protein
association processes, the sign and magnitude of
thermodynamic parameters with different individual
types of interactions that may occurred, from which
it can usually be concluded: (a) AH® > 0 and AS°> 0,
hydrophobic forces; (b) AH® < 0 and AS°® < 0, van der
Waals forces and hydrogen bonds; (c) AH® <0 and AS°
> 0, electrostatic interactions (25). The estimated
values of thermodynamic parameters of the
palladium complex are summarized in Table 1. In
this manuscript, the negative sign for the values of
the AG® for the Pd(II) complexe during interaction
with Hb is indicative of spontaneous interactions
(26). Also the negative values of AH° and the
positive value of ASo for binding of complexes to Hb
are usually taken as an evidence for electrostatic
interactions (27). These kinds of interactions usually
accompanied with surface hydrophobicity increase
and may be confirmed that electrostatic and
hydrophobic interaction might be responsible for the
occurrence of interactions between the drug
compound and Hb.

CD Results. Another ideal technique for
studying conformational changes in protein
secondary and tertiary structures is Circular
Dichroism (CD). Some experimental conditions such
as ligand-protein binding can causes CD occurrence.
To characterizing the secondary structure of proteins
due to peptide bond absorption, the far-UV-CD
spectra is a common way (28). In this study, the
structural changes of Hb in the absence and presence
of various concentrations of the Pd (II) complex at
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several temperatures of 25 and 370C were recorded
and are presented in Figs. 4 and 5. The contents of
secondary structure elements in Hb in the absence and
presence of various concentrations of the Pd (II)
complex at different temperatures of 25 and 370C
were monitored and all resulted data are shown in
tables 2 and 3. Changes in Hb secondary structure
demonstrate the degree of structural stability. Protein
structural stabilization in the presence of ligand is
observed when an increase in B -sheet and a -helix
contents and a decrease in random coil content occur.
Conversely, decrease in protein structural stability is
monitored by a decrease in b-sheet and a-helix
contents and an increase in random coil content in the
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Figure 4. Far-UV CD spectra of Hb (10.2 uM) in the absence
and the presence of different concentrations of Pt(Il) complex
93.3, 186.6, 266.6 uM (from down to up) in NaCl solution (5
mM) at 25°C.

25000

20000

15000 |

10000

5000

[0] (deg Cm2/dmol)

-5000

-10000

-15000

Wavelength (nm)

Figure 5. Far-UV CD spectra of Hb (10.2 pM) in the absence
and the presence of different concentrations of Pt(ll) complex
93.3, 186.6, 266.6 uM (from down to up) in NaCl solution (5
mM) at 37°C.
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presence of ligand (28). All resulted data summarized
in Fig. 5 and Table 2-3. Concerning all these data
imply that Pd (I1) complexes /Hb interaction causes a
decrease in protein stability.

Table2. Changes in the secondary structure of Hb upon

interaction with the Pd(II) complex at 25°C

Pd (1) complex  %a-Helix %p-Sheet  %Random coil

(M)
0 57.80 21.80 20.40
2 56.10 21.50 22.40
4 51.50 23.80 24.70
6 53.70 22.90 23.40

Table3. Changes in the secondary structure of Hb upon
interaction with the Pd(Il) complex at 37°C

Pd (I1) complex  %a-Helix %p-Sheet  %Random coil

(M)
0 51.60 22.40 24
2 51.30 23.60 25.10
4 50.10 25.20 24.70
6 45.50 26.60 27.90
Discussion

Fluorescence measurements implied that static
quenching is dominated mechanism in the
quenching.  Furthermore, from the estimated
thermodynamic parameters, there is one binding site
for the drug compound in protein structure. AG®,
AHo and ASo values were determined at four
temperatures of 25 and 37°C for the drug compound
and resulted data reveal that electrostatic and
hydrophobic forces proceed interaction between the
Pd(11) complex and Hb. Also, negative sign for the
Gibbs free energy value during the binding the Pd
(1) complex to protein was indicative of a
spontaneous interaction. CD  spectroscopy
monitoring implied that the drug-protein interaction
caused an alteration in o-helix contents of the
hemoglobin at experimented temperatures and also
significant changes in tertiary structure of the Hb.
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Conclusion

The development of a sufficient Pd (1)
anticancer compound involves particular requisites:
stabilization by a strongly coordinated ligand coupled
to an exact choice of leaving group(s), in order to
ensure the in vivo structural integrity of the compound
for a long enough period to enable it to perform its
therapeutic action (29). These results provide useful
information for designing effective anti-cancer
compounds in order to find a trustworthy way for the
treatment of cancer.

Conflicts of Interest

There is no conflict of interest among authors.

Acknowledgment

The financial support of Research Council of
the Kharazmi University is gratefully acknowledged.

References

1. Emami S, Ghourchian H, Divsalar A. Release of Cyt ¢ from the
model membrane due to conformational change induced by
anticancer palladium complex. International Journal of Biological
Macromolecules. 2011;48(2),243-8.

2. Warad I, Eftaiha AF, Al-Nur MA, Husein Al, Assal M, Abu-Obaid
A, et al. Metal ions as Antitumor Complexes-Review. Journal of
Materials and Environmental Science. 2013;4(4)542-57.

3. Cristina Campanella N, da Silva Demartini M, Torres C, Tonon de
Almeida E, Marli Cagdo Paiva Gouvéa C. The cytotoxic and growth
inhibitory effects of palladium (1) complexes on MDA-MB-435
cells. Genetics and Molecular Biology. 2012;35(1),159-63.

4. Mansouri Torshizi H. Saeidifar M, Divsalar A, Saboury AA. Study
on Interaction of DNA from Calf Thymus with 1,10 phenanthroline
hexyl dithio carbamato palladium(ll) nitrate as Potential Antitumor
Agent. Journal of Biomolecular Structure &  Dynamics.
2011;28(5),805-14.

5. Melber C, Keller D, Mangelsdorf I. Environmental Health Criteria
226 Palladium, the International Labour Organization or the World
Health Organization. 2002;35,14-117.

6. Cohen GM. Caspases: the executioners of apoptosis. Biochem
Journal. 1997;326(Pt1),1-16.

7. Safo MK, Ahmed MH, Ghatge MS, Boyiri T. Hemoglobin-ligand
binding: Understanding Hb function and allostery on atomic level.
Biochimica et Biophysica Acta (BBA)-Proteins and Proteomics.
2011;1814(6),797-809.

8. Mousavy SJ, Riazi GH, Kamarei M, Aliakbarian H, Sattarahmady
N, Sharifizadeh A, et al. Effects of mobile phone radio frequency on
the structure and function of the normal human hemoglobin.
International Journal of Biological Macromolecules. 2009;44(3),278-
85.

13



https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghourchian%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21074551
https://www.ncbi.nlm.nih.gov/pubmed/?term=Divsalar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21074551
https://www.jmaterenvironsci.com/
https://www.jmaterenvironsci.com/
https://www.researchgate.net/profile/Maryam_Saeidifar2
https://www.researchgate.net/profile/Adeleh_Divsalar2
https://www.researchgate.net/profile/Ali_Saboury
https://www.researchgate.net/scientific-contributions/10148083_Detlef_Keller
https://www.researchgate.net/profile/Inge_Mangelsdorf

Abbasi et al.

9. Ding F, Han BY, Liu W, Zhang L, Sun Y. Interaction of
imidacloprid with hemoglobin by fluorescence and circular
dichroism. Journal of Fluorescence. 2010;20(3),753-62.

10. Perutz MF, Fermi G, Abraham DJ, Poyart C, Bursaux E.
Hemoglobin as a receptor of drugs and peptides: x-ray studies of the
stereochemistry of binding. Journal of the American Chemical
Society. 1986;108(5),1064-78.

11. Peter HS, Harry PJMD. Direct determination of absolute
circular dichroism data and calibration of commercial instrument.
Analytical Chemistry. 1981;53(6),778-82.

12. Stryer, L. Intramolecular resonance transfer of energy in
proteins. Biochimica et Biophysica Acta. 1959;35,242-4.

13. Taheri-Kafrani A, Asgari-Mobarakeh E, Bordbar AK, Haertlé
T. Structure-function relationship of beta-lactoglobulin in the
presence of dodecyltrimethyl ammonium bromide. Colloids and
Surfaces B: Biointerfaces. 2010;75(1),268-74.

14. Ghalandari B, Divsalar A, Saboury AA, Parivar K. f-
Lactoglobulin nanoparticle as a chemotherapy agent carrier for oral
drug delivery system. Journal of the Iranian Chemical Society.
2015;12(4),613-19.

15. De S, Girigoswami A. A fluorimetric and circular dichroism
study of hemoglobin—Effect of pH and anionic amphiphiles
Journal of Colloid and Interface Science. 2006;296(1),324-31.
16.Sun Y, Wei S, Yin C, Liu L, Hu C, Zhao Y, et al. Fan. Synthesis
and spectroscopic characterization of 4-butoxyethoxy-N-octadecyl-
1,8-naphthalimide as a new fluorescent probe for the determination
of proteins. Bioorganic & Medicinal Chemistry Letters.
2011;21(12),3798-804.

17. Ghali M. static quenching of bovine serum albumin conjugated
with small size CdS nanocrystalline quantum dots. Journal of
Luminescence. 2010;130(7),1254-7.

18. Zhang MF, Xu ZQ, Ge YS, Jiang FL, Liu Y. Binding of fullerol
to human serum albumin: spectroscopic and electrochemical
approach. Journal of Photochemistry and Photobiology B: Biology.
2012; 108, 34-43.

19. Tabassum S, Al-Asbahy WM, Afzal M, Arjmand F. Synthesis,
characterization and interaction studies of copper based drug with
Human Serum Albumin (HSA): Spectroscopic and molecular
docking investigations. Journal of Photochemistry and
Photobiology B: Biology. 2012;114,132-9.

14

Probing the Biological evaluations of a new designed Palladium (11) complex ...

20. Divsalar A, Saboury AA, Ahadi L, Zemanatyar E, Mansoori-
Torshizi H. Investigation of effects of newly synthesized Pt(Il)
complex against human serum albumin and leukemia cell line of
K562. BMB Reports. 2010;43(11),766-71.

21. Hu YJ, Yue HL, Li XL, Zhang SS, Tang E, Zhang LP. Molecular
spectroscopic studies on the interaction of morin with bovine serum
albumin. Journal of Photochemistry and Photobiology B: Biology.
2012;112,16-22.

22. Faridbod F, Ganjali MR, Larijani B, Riahi S, Saboury AA,
Hosseinie M, et al. Spectrochim. Interaction study of pioglitazone
with albumin by fluorescence spectroscopy and molecular docking.
Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy. 2011;78(1),96-101.

23. He XM, Carter DC. Atomic structure and chemistry of human
serum albumin. Nature. 1992;358(6383),209-15.

24. Yang JT, Wu CSC, Martinez HM. Calculation of protein
conformation from circular dichroism. Methods in Enzymology.
1986;130,208-269.

25. Yang L, Huo D, Hou C, Yang M, Fa H, Luo X. Interaction of
monosulfonate tetraphenyl porphyrin (H2TPPS1) with plant-esterase:
Determination of the binding mechanism by spectroscopic methods.
Spectrochimica Acta. Part A, Molecular and Biomolecular
Spectroscopy . 2011;78(5),1349-55.

26. Hu YJ, Liu Y, Zhao RM, Qu SS. Interaction of colchicine with
human serum albumin investigated by spectroscopic methods.
International Journal of Biological Macromolecules. 2005;37(3),122-
126.

27. Xi J, Guo R. Interactions between flavonoids and hemoglobin in
lecithin ~ liposomes. International ~ Journal of  Biological
Macromolecules. 2007;40(4),305-11

28. Divsalar A, Saboury AA, Yousefi R, Moosavi-Movahedi AA,
Mansoori-Torshizi H. Spectroscopic and cytotoxic studies of the
novel designed palladium(Il) complexes: beta lactoglobulin and K562
as the targets. Int. International Journal of Biological
Macromolecules. 2007,40(4),381-6.

29. Marques MPM, Platinum and Palladium Polyamine Complexes
as Anticancer Agents: The Structural Factor. Hindawi Publishing
Corporation. 2013; 287353,29P.

Archives of Medical Laboratory Sciences


https://pubs.acs.org/journal/ancham
https://www.journals.elsevier.com/colloids-and-surfaces-b-biointerfaces
https://www.journals.elsevier.com/colloids-and-surfaces-b-biointerfaces
https://www.sciencedirect.com/journal/journal-of-colloid-and-interface-science
https://www.sciencedirect.com/science/journal/0960894X
https://www.sciencedirect.com/science/journal/00222313
https://www.sciencedirect.com/science/journal/00222313
https://www.sciencedirect.com/science/journal/10111344
https://www.sciencedirect.com/science/journal/13861425
https://www.sciencedirect.com/science/journal/13861425
https://www.sciencedirect.com/bookseries/methods-in-enzymology
http://europepmc.org/search?query=JOURNAL:%22Spectrochim+Acta+A+Mol+Biomol+Spectrosc%22&page=1
http://europepmc.org/search?query=JOURNAL:%22Spectrochim+Acta+A+Mol+Biomol+Spectrosc%22&page=1
https://www.journals.elsevier.com/international-journal-of-biological-macromolecules
https://www.sciencedirect.com/science/journal/01418130
https://www.sciencedirect.com/science/journal/01418130
https://www.sciencedirect.com/science/journal/01418130
https://www.sciencedirect.com/science/journal/01418130

