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-encapsulated ytterbium(III)
complex toward binding with biological
macromolecules, in vitro cytotoxicity, cleavage and
antimicrobial activity studies†

Zahra Aramesh-Boroujeni, *ab Shohreh Jahani, c Mozhgan Khorasani-Motlagh,d

Kagan Kerman e and Meissam Noroozifar*e

To determine the chemotherapeutic and pharmacokinetic aspects of an ytterbium complex containing 2,9-

dimethyl-1,10-phenanthroline (Me2Phen), in vitro binding studies were carried out with FS-DNA/BSA by

employing multiple biophysical methods and a molecular modeling study. There are different techniques

including absorption spectroscopy, fluorescence spectroscopy, circular dichroism studies, viscosity

experiments (only in the case of DNA), and competitive experiments used to determine the interaction

mode between DNA/BSA and the ytterbium-complex. The results showed that the Yb-complex

exhibited a high propensity for the interaction of BSA and DNA via hydrophobic interactions and van der

Waals forces. Further, a competitive examination and docking study showed that the interaction site of

the ytterbium complex on BSA is site III. The results of docking calculations for DNA/BSA were in good

agreement with experimental findings. The complex displays efficient DNA cleavage in the presence of

hydrogen peroxide. Moreover, antimicrobial studies of different bacteria and fungi indicated its promising

antibacterial activity. In vitro cytotoxicity studies of the Yb-complex, starch nano-encapsulated, and lipid

nano-encapsulated were carried out in MCF-7 and A-549 cell lines, which revealed significantly good

activity. The results of anticancer activity studies showed that the cytotoxic activity of the Yb-complex

was increased when encapsulated with nanocarriers. Based on biological applications of the Yb-

complex, it can be concluded that this complex and its nanocarriers can act as novel anticancer and

antimicrobial candidates.
1. Introduction

Studies on the synthesis and antitumor properties, along with
their reactivity towards protein and DNA, of small molecules are
of recent importance in linking information about tools for
molecular biology, metabolism and transporting procedure, and
drug design. Therefore, several scientists today focus on the
development of novel metal-based antitumor drugs with non-
covalent binding modes that target DNA.1,2 DNA is the target
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molecule for many medications, particularly anticancer drugs.
The binding of metal complexes with DNA is the topic of interest
in various study elds, for example, medicinal chemistry, cancer
therapy, life science, biochemistry, etc.3–6 The metal compounds
used as antitumor factors can bind to carrier proteins in the
blood. Albumins are the essential extracellular and the most
abundant protein constituent of the vascular system. Both
human serum albumin (HSA) with 585 amino acid residues,
which has one Trp (Trp-214), and bovine serum albumin (BSA)
with 583 amino acid residues, which has two Trp (Trp-134 and
Trp-213), are types of globular and non-glycosylated protein.
Their three-dimensional structure is like the shape of the heart
and consists of three homologous domains and each domain
comprises two subdomains (A and B).7,8

In this context, binding toward serum proteins that may
perform a transport function for metal complexes appears to be
the most important issue because such interactions determine
also the overall drug distribution and excretion and differences
in efficacy, activity, and toxicity.8–11

The coordination chemistry of lanthanides (Ln) has dis-
closed considerable development in several decades because of
This journal is © The Royal Society of Chemistry 2020
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its various applications.12 The Ln3+ ions perform as hard Lewis
acids. Hence, their junctions with hard molecules with oxygen
donor atoms will be robust. The lanthanide compounds design
is concentrated on potential applications in parts like separa-
tion, nonlinear optics, catalysis, magnetism, luminescent
probes, and extraction, or is indicating in therapeutic potential
as antibacterial, antifungal, anticancer, or antioxidant agents.
Due to their lifetimes and long-wavelength uorescence,
lanthanide compounds have the potential for application as
probes and sensors in the medical and biological studies.13–17

One of the best ways to improve the antitumor activity and
reduce the side effects of metal complexes is their encapsulation
into starch, lipid and liposomemicrospheres. Nanocapsules offer
a broad range of interesting features over their micro-sized
counterparts as they hold more surface area, have enhanced
solubility, signicantly higher biocompatibility, biodegradability,
stability during storage, and controlled release.18,19

In continuation of our previous paper,20–25 we decided to
expose the luminescence of the Yb(III) containing Me2Phen
ligand, [Yb(Me2Phen)2Cl3(OH2)] and to introduce it as a novel
probe to BSA (Bovine Serum Albumin) and FS-DNA (Fish-
Salmon DNA). Thus, the binding of the ytterbium complex
with BSA and FS-DNA was examined by emission spectroscopy,
UV-vis titration, viscosity measurement, CD spectroscopy, and
docking method. Also, the ability of this complex to cleave DNA
by gel electrophoresis was reported. Moreover, nanocarriers of
this complex produced, and the anticancer, antifungal, and
antibacterial properties of this complex studied.
2. Experimental
2.1. Materials and apparatus

FS-DNA, BSA, and EtBr were obtained from Sigma-Aldrich.
Tris(hydroxymethyl)-aminomethane (Tris–HCl) and other
chemicals were purchased from Merck. All chemicals and
solvents were used as received without further purication. The
ytterbium-complex was prepared according to previously re-
ported in our earlier work.21

Electronic absorption measurements were carried out using
the Analytik Jena SPEC ORD S100 spectrometer at room
temperature. Fluorescence experiments were performed on
a PERKIN ELMER, LS-3 equipped with thermostat cell compart-
ment which kept temperature constant within �0.1 �C. Fluores-
cence titration carried out at different temperatures (290, 295,
298, 301, and 303 K). The widths of both the excitation and
emission slits were set at 5.0 nm. Circular dichroism (CD) studies
were done by an Aviv Circular Dichroism Spectrometer (model
215) at 298 K, and the viscosity experiment was performed by
a viscometer (SCHOT AVS 450) at room temperature. Inductively
coupled plasma (ICP) spectrometer was employed to determine
the amount existing of ytterbium in the lipid nanoencapsulation
(LNEP) and the starch nanoencapsulation (SNEP).
2.2. FS-DNA and BSA binding experiments

All the solutions were made in Tris–HCl buffer (including
50 mM sodium chloride and 5 mM Tris–HCl) at pH ¼ 7.2. The
This journal is © The Royal Society of Chemistry 2020
concentrations of FS-DNA, BSA and EtBr solutions were ob-
tained by UV-vis spectrometry (3260 ¼ 6600 M�1 cm�1, 3280 ¼
44 300 M�1 cm�1 and 3480 ¼ 5450 M�1 cm�1 for FS-DNA, BSA
and EtBr, respectively2,23). Also, DNA purity was tested by the
observance of the ratio of absorption at 260 and 280 nm. The
solution of FS-DNA provided A260/A280 > 1.80, presenting that
the deoxyribonucleic acid was satisfactorily free from protein
pollution.26 All the solutions were kept at four degrees centi-
grade and consumed aer no more than four days. The stability
of the ytterbium(III) complex was tested in aqueous solution
through the UV-vis spectra of the Yb-compound several times.

The Yb-complex has the uorescence in 300–450 nm at lex ¼
270 nm (the excitation wavelength), but quantum efficiencies of
complex were much lower than protein. However, the intensity
uorescence of the Yb-complex is much lesser than the protein
solution in the concentration range of this work. Thereby,
emission spectra measurements were modied by considering
of these values that is negligible. The inner lter effect (IFE) was
considered in the emission titration data. Usually, the emission
intensity with IFE can be modied using eqn (1):1,8,27

Fcor ¼ Fobs � 10
A1þA2

2 (1)

where Fobs and Fcor are the observed emission intensity and the
corrected emission intensity, respectively. A1 and A2 are the total
absorptions of all components at lex and lem, respectively.

2.3. Molecular docking

From the Brookhaven protein data bank, the crystal structures
of DNA duplex (entry codes 1BNA and with sequence
d(CGCGAATTCGCG)2 dodecamer) and BSA (entry codes 3v03)
were downloaded. Forgiving the most stable geometric of the
ytterbium complex, the structure optimizing calculation was
performed by Gaussian 09 at the 6–31 G** level by using the
B3LYP hybrid density functional theory (DFT).28 Autodock4.2.6
was applied by a semi-exible docking technique. In this study,
all the Yb-complex bonds were set free while BSA and DNA kept
rigid. Also, the different regions of BSA selected for the docking
(three BSA active sites). The gridpoint spacing of 0.375 Å and the
grid map with 70 Å � 70 Å � 70 Å points were created. The
docking included the maximum 25 000 000 energy calculations,
and 200 separate docking runs were performed utilizing the
Lamarckian genetic algorithm local search technique.29

2.4. DNA cleavage experiments

The ytterbium complex ability for DNA cleavage can be exam-
ined by gel electrophoresis. In the presence and absence of
hydrogen peroxide (2.0 � 10�4 M) as the oxidant, FS-DNA (1.4
mM) was added to Yb-complex solutions with the various
amounts (1.2, 2.5, 3.7, and 5 mM) and then solution mixed. The
solutions were incubated for 0.5 h at 25 �C. The solutions were
quenched by addition of a loading buffer (30% glycerol (3 mL) +
0.25% xylene cyanol + 25% bromophenol blue). Then, electro-
phoresis was completed by at 50 V for 60 min in TAE buffer at
pH¼ 7.2 (40 mM acetic acid, 1 mM EDTA, and 40mMTris-base)
on an agarose gel. The agarose gel was stained for 20 min by
keeping it in the EtBr solution (1 mg cm�3). Then, it was de-
RSC Adv., 2020, 10, 23002–23015 | 23003
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stained for 20 min by immersing in sterile distilled water. The
bands were imagined by watching the gel by UV illumination
and photographed.
2.5. Evaluation of cytotoxicity (MTT assay)

The LNEP and SNEP of the Yb complex were synthesized
according to the literature.19 The MTT examination studied the
anticancer properties of the ytterbium complex, LNEP, and
SNEP on A-549 and MCF-7 cell lines. The cell lines of A-549 and
MCF-7 were incubated for one day at 37 �C in a humidied 5%
CO2, in the existence of the various amount of the Yb complex,
SNEP, and LNEP. Aer this step, the solution of MTT (10 mL, 12
mM) was added, and then the plates were incubated for four
hours. The culture media was rejected. Aer the addition of
DMSO (50 mL), the wells were washed with phosphate-buffered
saline and incubated for ten minutes. IC50 is the 50% inhibition
concentration which calculated at 545 nm by ELISA reader
through the following eqn (2):4

% cell cytotoxicity¼ [1� (drug absorption/control absorption)]�
100 (2)

For evaluating the inuence of SNEP and LNEP on the
anticancer properties, the cellular penetration examination was
performed. The A-549 and MCF-7 cell lines with the cell culture
(100 mL) medium including 0.15 mg Yb complex (130 mM), 1.29
mg SNEP or 1.15 mg LNEP (equivalent to 0.15 mg Yb complex)
were incubated for one day in 5% CO2 incubator. Aerward
eliminating the supernatant, this mixes (the cells having Yb-
complex) were treated with CHCl3 and HNO3. All studies were
done three times.
Fig. 1 (A) Fluorescence spectrum of Yb-complex (1.0 mM), at 298 K,
lex ¼ 300 nm, in CH3CN solution. (B) Fluorescence spectra of Yb
complex in the presence and absence of different FS-DNA concen-
trations, lex ¼ 270 nm, [DNA] ¼ 0 to 14.3 mM and [complex] ¼ 0.1 mM,
(C) the Stern–Volmer plots of the fluorescence quenching of complex
induced by FS-DNA at the different temperatures.
2.6. Antibacterial test

The zone of inhibition testing, the plate-counting technique,
the minimum inhibitory concentration (MIC), and the inocu-
lation time examined the antibacterial activity of Yb-complex on
ve Gram-negative bacteria (Acinetobacter baumannii (A. bau-
mannii), Klebsiella pneumoniae (K. pneumoniae, ATCC 10031),
Salmonella typhi (S. typhi, ATCC 1609), Pseudomonas aeruginosa
(P. aeruginosa, ATCC 27853), Escherichia coli (E. coli, ATCC
25922)) and four Gram-positive bacteria (Enterococcus faecalis
(E. faecalis, ATCC 29212), Methicillin-resistant Staphylococcus
aureus (MRSA), Enterococcus faecium (E. faecium), Vancomycin-
resistant Enterococcus (VRE)) and one fungus Candida albicans
(C. albicans).

In the inhibition zone diameter method, a stock inoculum
with 700 CFU mL�1 for dyes on the agar plate of Muller Hinton
(MH) was applied. Aerward, discs of lter paper saturated with
the antimicrobial matter (Yb-complex, 5 mg mL�1) were trans-
ported on the plate. For taking the zone of inhibition, the
incubation was carried out for one day at room temperature.
The broth dilution technique did the plate-counting methods
and MIC. Tubes, including MH broth, 5.0 mL, with ten-fold
dilutions of antimicrobial agents (0.005–50 mg L�1), were
inseminated with 700 CFU mL�1 of fungi and bacteria. Also,
tubes were incubated for one day at 37 degrees centigrade; then,
23004 | RSC Adv., 2020, 10, 23002–23015
without shaking for visible turbidity, incubation tubes were
studied. The minimum inhibitory concentration was found as
the bottom dilution of this compound that made no noticeable
turbidity.

Aer MIC have been detected, 1.0 � 102 L of inoculum from
the content of the tube, without visible turbidity was subculture
onto the agar plate and also incubated for one day. Then, the
number of grown colonies on the subculture was contrasted to
the number of CFUmL�1 in the initial inoculum. Theminimum
bactericidal concentration (MBC) was referred to as the lower-
most dilution of ytterbium compound allowed less than 0.1% of
the initial inoculum to live. These studies were performed three
times.
3. Results and discussion
3.1. The f–f transition of ytterbium complex

The Yb-complex revealed broadband at 372 nm ascribed to
uorescence Me2Phen ligand and luminescence characteristic
of Yb3+ with apparent bands in the region of 400–700 nm
(Fig. 1(A)). As we can see in the gure, the f–f transitions for the
Yb-complex presented four luminescence peaks at 633, 609,
545, and 495 nm, corresponding to 00 / 3, 00 / 2, 00 / 1, and
00 / 0 (2F5/2 /

2F7/2) transition of Yb3+ ion, respectively.30

The luminescence spectrum of the trivalent ytterbium cation
denite that the Me2Phen was an excellent chelating chromo-
phore and could be applied to absorb and transfer energy to
Yb3+ atom. Instead, the presentation of the ligand-centered
luminescence peak at 372 nm indicated that the effective
energy transfer fromMe2Phen to the Yb3+ center did not happen
and energy transfer from Yb3+ cation overcame.31
3.2. FS-DNA binding examinations

3.2.1. Fluorescence measurements. The emission experi-
ment, a rapid and sensitive spectroscopic method, has been
This journal is © The Royal Society of Chemistry 2020
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Table 1 The binding constant (Kb), the number of the binding sites (n), the biomolecular quenching rate constant kq, the Stern–Volmer constant
(KSV), and thermodynamic parameters (DS�, DH�, and DG�) for the interaction of DNA with ytterbium complex at various temperatures

T (K) kq � 10�12 (M�1 s�1) KSV � 10�4 (M�1)

Kb � 10�5 (M�1)

n DS� (J mol�1 K�1) DH� (kJ mol�1) DG� (kJ mol�1)UV Fluorescence

290 3.18 � 0.04 3.18 � 0.04 0.64 � 0.02 1.00 �26.70 � 0.04
295 3.27 � 0.04 3.27 � 0.04 1.62 � 0.03 1.13 �29.42 � 0.03
298 5.58 � 0.03 5.58 � 0.03 1.49 � 0.02 2.95 � 0.05 1.13 528.80 � 0.06 126.59 � 0.04 �31.20 � 0.03
301 5.66 � 0.04 5.66 � 0.04 4.07 � 0.04 1.16 �32.32 � 0.06
303 6.25 � 0.05 6.25 � 0.05 6.45 � 0.05 1.19 �33.70 � 0.05
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usually applied to investigate the bindings between metal
complexes and macromolecules.32 The investigating of DNA
interaction is the primary step to the pharmacological goal of
anticancer examine, and therefore considerate the DNA-
interaction mechanism is more signicant.1 For compounds
with luminescence properties, emission experiment is the
perfect study technique, which measures the difference in
emission intensity aer and before the interaction.32 Fig. 1(B)
showed the emission spectra of the ytterbium complex (0.1 mM)
with various amounts of FS-DNA (0–14.3 mM). The Yb-complex
exhibited the uorescence band at 372 nm (lex ¼ 270 nm).
The complex exhibited emission quenching with enhancing
concentrations of FS-DNA. The results show that FS-DNA could
quench the complex emission and that interaction of DNA to
Yb-complex indeed happens.

The emission quenching technique further investigated the
binding of the Yb-complex and DNA. The emission quenching
happens by various mechanisms, which are generally classied
as dynamic and static. Static quenching exhibits to formation
complex of quencher–uorophore (FS-DNA–Yb-complex). Still,
dynamic quenching mentions to a procedure in which the
quencher (FS-DNA) and the excited uorophore (Yb-complex)
requires contact.

With growing temperature, it is possible the results of the
reduction in the stability of the complex, and so quenching
constants values (KSV) were decreased. But, dynamic quenching
depends upon diffusion, and since higher temperatures result
in more signicant diffusion coefficients, KSV values were
exaggerated by raising the temperature.33,34 The only dynamic or
static quenching procedure can cause a linear plot F0/F vs. [Q]
(eqn (3)), and based on the classical theory of emission
quenching; a nonlinear plot can be the combination of
quenching type.32

F0

F
¼ 1þ KSV½Q� ¼ 1þ kqs½Q� (3)

where F and F0 are the emission intensities in the presence and
the absence of FS-DNA (quencher), respectively. The s0 is the
average biomolecule lifetime without quencher (s0 ¼ 10�8 s (ref.
35)), kq is the uorophore quenching rate constant, and [Q] is
the quencher concentration (FS-DNA). For static quenching, the
dependence of the uorescence intensity upon quencher
concentration is easily derived by consideration of association
This journal is © The Royal Society of Chemistry 2020
constant (KS) for complex formation and described by the
following equation:36

F0

F
¼ 1þ KS½Q� (4)

Obviously, the dependence of F0/F on [Q] is linear for
dynamic quenching and static quenching. However, for the
combined dynamic and static quenching, the characteristic
feature of the dependence of F0/F on [Q] is an upward curvature,
concave towards the Y-axis. And the dependence of F0/F on [Q] is
described by the following modied Stern–Volmer equation:36

F0

F
¼ ð1þ KS½Q�Þð1þ KD½Q�Þ ¼ 1þ ðKS þ KDÞ½Q� þ KSKD½Q�2

(5)

where KS and KD are the static and dynamic quenching
constants, respectively. From Fig. 1(C), the dependence of F0/F
on [Q] is nonlinear in the concentration range of FS-DNA from
1.0 to 14.3 mM, indicating that the quenching mechanism of Yb-
complex induced by FS-DNAmay be the combined dynamic and
static quenching. Meanwhile, it can be observed that the
dependence of F0/F on [Q] is closely linear when the concen-
tration of FS-DNA is lower than 7.00 mM, which is treated
according to the Stern–Volmer equation and the results are
listed in Table 1. The corresponding Stern–Volmer plots at 290,
298, and 303 K are shown in Fig. 2(A) and at 295 and 301 K are
shown in Fig. S1(A)† (this was done for avoiding any ambiguity
and better presentation of data). From Table 1, it can be found
that the KSV increased with increasing temperature, suggesting
that the quenching process is initiated by dynamic quenching.
What's more, we observed that the values for kq are greater than
the maximum diffusion collision quenching rate constant (2.0
� 1010 M�1 s�1),7,36 indicating that the static quenching effect
may exist in the system of Yb-complex and DNA. That is to say,
the quenchingmechanism of Yb-complex by FS-DNA is initiated
by a combined quenching process (including dynamic and
static quenching).

Kb and the number of binding sites (n) for interaction DNA
with the Yb-complex were analysed by eqn (6) using the data
obtained from uorescence titration:6

log
F0 � F

F
¼ log Kb þ n log½Q� (6)
RSC Adv., 2020, 10, 23002–23015 | 23005
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Fig. 3 (A) Fluorescence quenching curves of EtBr bound to DNA by
Yb(III) complex ([DNA] ¼ 70 mM, [EtBr] ¼ 3.0 mM, [complex] ¼ 0–145.7
mM). Inset is the plot of F/F0 vs. ([complex]/[DNA]). (B) Fluorescence
emission spectra of the mixture solutions of FS-DNA and rhodamine B
in the presence of Yb-complex ([Rhodamine B] ¼ 3.0 mM, [complex] ¼

Fig. 2 (A) The F0/F vs. [DNA] curves, (B) the plot of log((F0 � F)/F) against log([FS-DNA]/mM) at the different temperatures, (C) van't Hoff plot for
the interaction of DNA with this complex lex ¼ 270 nm, [DNA] ¼ 0 to 14.3 mM and [complex] ¼ 0.1 mM.
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Kb and n were gotten at different temperatures (Table 1). The
linear equations at 290, 298, and 303 K are shown in Fig. 2(B)
(the relevant plots at 295 and 301 K are shown in Fig. S1(B)†).
The Kb value at 298 K is 2.95 � 0.05 � 105 M�1 that indicating
the high affinity of FS-DNA to Yb-complex, and the amount of n
is near to 1 exhibited that there is just a binding site for DNA
with the Yb-complex.

3.2.2. Thermodynamic studies. The entropy (DS�), enthalpy
(DH�) and free energy change (DG�) were obtained by the van't
Hoff equation (eqn (7) and (8)) by the plotting of ln Kb against 1/
T (Fig. 2(C)).33

ln Kb ¼ �DG�

RT
¼ �DH�

R

�
1

T

�
þ DS�

R
(7)

DG� ¼ DH� � TDS� (8)

The thermodynamic parameters of the Yb-complex were
listed in Table 1. The model of binding between macromolec-
ular and the complex can be concluded using by the thermo-
dynamic parameters: (1) DH� < 0 and DS� < 0, hydrogen bonds
and van der Waals interaction; (2) DH� close to 0 and DS� > 0,
electrostatic interactions; (3) DH� > 0 and DS� > 0, hydrophobic
forces.33,34 As Table 1 showed that the positive values of DS� and
DH� revealed that hydrophobic forces play main roles in the
interaction of FS-DNA to the Yb-complex. Also, the negative DG�

sign exposed to the DNA-binding procedure was spontaneous.
3.2.3. Competition experiment by EtBr and rhodamine B.

It is well known that the bindingmode of rhodamine B and EtBr
with DNA are groove binding and intercalation, respectively.
Rhodamine B and EtBr are commonly applied as luminescence
analyses to investigate the interaction mode of compounds with
DNA.37–39 The effect Yb-complex addition on the uorescence
23006 | RSC Adv., 2020, 10, 23002–23015
intensity of the DNA-EtBr mixture (70 mM and 3.0 mM, respec-
tively) was studied (Fig. 3(A)). The emission intensity of EtBr
enhanced signicantly when it intercalates into DNA. Similar
EtBr, if the compound intercalates with DNA, it leads to
decreases in the DNA interaction sites that available for EtBr,
which successively signies decreases the uorescence intensity
of the EtBr-DNAmixture. As seen from this gure, the EtBr–DNA
complex showed a uorescence band at 587 nm by lex ¼
525 nm. A litter reduction in the luminesce intensity of the
DNA-EtBr solution was detected during the adding of the Yb-
complex. From insert Fig. 3(A), it is seen that at the end of the
titration, the decrease in the emission intensity is only 12.1%.
This data suggested that the interaction of FS-DNA with the Yb-
complex was not similar to EtBr.

The rhodamine B binds to DNA by the groove binding, and it
is used to research competitive replacement by groove binders.
The uorescence spectra rhodamine B-FS-DNA solution (3.0 mM
and 70 mM, respectively) in the presence and absence of Yb-
0–145.7 mM, [FS-DNA] ¼ 70 mM and lex ¼ 520).

This journal is © The Royal Society of Chemistry 2020

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra03895d


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

7 
Ju

ne
 2

02
0.

 D
ow

nl
oa

de
d 

on
 1

2/
9/

20
25

 7
:1

8:
39

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
complex (0–145.7 mM) were investigated (Fig. 3(B)). In addition
to the Yb-complex to the rhodamine B-FS-DNA, a remarkable
reduction in the emission intensity of the rhodamine B-DNA
was detected. This result showed that the ytterbium complex
was able to replace rhodamine B. The results indicated that the
Yb-complex bonds with FS-DNA with the groove binding rather
than an intercalation binding.

3.2.4. Effect of ionic strength. To identify the interaction
mode between FS-DNA and the Yb-complex, examine the ionic
strength effect is a useful technique. The electrostatic binding
happens from outside of the DNA strand, but the non-
intercalative and intercalative binding intimately are bond to
the DNA helix. When the DNA – the compound system was
titrated by sodium chloride, because of electrostatic interaction,
the compound was released from the DNA-compound system
and resulted in an increased in the uorescence intensity. The
inuence of sodium chloride on the emission of the Yb complex
in the existence of FS-DNA (4.4 mM) was examined (Fig. S2†).
The data presented that with the adding of sodium chloride
(0.05 to 0.6 M) to the Yb-complex-DNA solution, no considerable
change in the emission intensity has happened, which proposes
that a non-electrostatic interaction of DNA to Yb complex.

3.2.5. KI quenching experiments. The emission quenching
of Yb-complex (0.1 mM) by anionic quencher KI (4.0–40.0 mM)
in the presence and absence of FS-DNA (4.4 mM) was examined
for determining the interaction mode of Yb-complex with FS-
DNA. The negative charge of I� can effectively quench the Yb-
complex emission. As is well known, FS-DNA holds a negative
charge of phosphate anchor, hence the I� is readily repulsed by
it. Therefore the uorescence intensity is well protected of the
intercalating compounds from being quenched.40

But, non-intercalative binding provides a little protection for
the uorophore as the uorophore is revealed to the
surroundings, and I� can immediately quench its emission
even in the FS-DNA attendance.40 Using eqn (3) availability of
Yb-complex to I� in the presence and absence of DNA was
investigated (Fig. 4(A)), and the values of KSV were determined.
As seen in insert of Fig. 4(A), I� quenched the Yb complex
emission in the presence (KSV ¼ 23.32 M�1) and the absence of
FS-DNA (37.26 M�1). These data propose that FS-DNA interacts
with the Yb complex through the groove interaction.

3.2.6. CD studies. The circular dichroism experiment is
a useful method in distinguish changes in DNA morphology in
Fig. 4 (A) Fluorescence spectra of the Yb-complex with enhancing
the KI concentration in the absence and presence of DNA, [KI] ¼ 4.0–
40.0 mM, [DNA]¼ 4.4 mM, and [complex]¼ 0.1 mM. Insert is the curves
of Stern–Volmer of the emission titration data, (B) CD spectra of FS-
DNA in the presence and absence the Yb complex, [complex] ¼ 1.0 �
10�5 M, [FS-DNA] ¼ 5.9 mM.

This journal is © The Royal Society of Chemistry 2020
interacting DNA with compounds.5 The CD spectrum of FS-DNA
includes the peak at 282 nm and another peak at 238 nm owing
to base stacking and right-handed helicity, respectively, that are
quite sensitive to the binding kinds of compounds with DNA.33

The inuence of the Yb-complex on the FS-DNA conforma-
tion as showed Fig. 4(B). As can be seen that with adding of the
ytterbium complex to DNA solution, the decrease of both the
positive and negative band intensity (shiing to zero levels)
without the shi in lmax was indicated. This result revealed that
the right-handed B form of FS-DNA is stabilized.33 Therefore,
these results are supported by a non-intercalative mode and
suggest the groove mode.

3.2.7. Viscosity measurements. Viscosity experiments can
found further evidence on the interaction mode of FS-DNA with
the Yb complex. The partial interacting compounds and the
groove binders usually occasion no change or less executed
(negative or positive) in DNA viscosity. But, intercalating
compounds are estimated to lengthen the double helix as
inserting the compound in among the base pairs leading to an
growth in the DNA viscosity.33 The relative specic viscosity
values of (h/h0)

1/3 various [Yb-complex]/[FS-DNA] were plotted
(Fig. S3†); where h0, and h are the DNA relative viscosities of in
the absence and presence of Yb-complex, respectively. It can be
seen that the Yb-complex causes an insignicant change in the
viscosity of DNA, showing that Yb-complex interacts to DNA
with the groove binding.

3.2.8. UV-vis study. UV-vis experiment is one of the most
suitable methods in investigating of interaction compounds
with DNA.1 The absorption titration of Yb-complex (10 mM) in
the absence and the presence of FS-DNA (1.1–11.1 mM) is given
in Fig. 5(A). In general, the interaction between complexes and
macromolecules through intercalation results in the bath-
ochromic effect (hypochromic with a redshi). Moreover, the
hyperchromic can be detected for the groove interaction
between macromolecules and compounds, although the UV-vis
Fig. 5 (A) The UV-vis spectra of Yb complex in the presence and
absence of different FS-DNA concentrations, [DNA] ¼ 0–9.9 mM,
[complex]¼ 1.0� 10�5 M, and T¼ 25 �C. (B) The plot of [FS-DNA]/(3a�
3f) against [FS-DNA]. (C) The UV-vis spectra of BSA in the presence and
absence of different Yb complex concentrations, [BSA]¼ 10 � 10�6 M,
[complex]¼ 0–6.5� 10�6 M, T¼ 25 �C. (D) The plot of [complex]/(3a�
3f) against [complex].

RSC Adv., 2020, 10, 23002–23015 | 23007
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Fig. 6 (A) Fluorescence spectra of BSA in the presence and absence of different Yb complex concentrations, [complex]¼ 0–6.0 mM and [BSA]¼
3 mM (lex ¼ 280 nm and room temperature). (B) The F0/F against [complex] curves at different temperature, (C) The plot of log((F0 � F)/F) against
log([complex]/mM) at different temperature, (D) van't Hoff plot for the interaction of BSA with this complex.
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spectra position almost does not change.1,41 During the adding
of FS-DNA to Yb-complex, the absorption peak of the complex
revealed reduction intensity without shi, which illustrates the
existence of the groove binding between the FS-DNA and Yb-
complex. Besides, to explain the complex binding affinity, its
intrinsic binding constants (Kb) can be determined using the
eqn (9):42

[Q]/(3a � 3f) ¼ [Q]/(3b � 3f) + 1/Kb(3b � 3f) (9)

In the above equation, the extinction coefficient 3f, 3b, and 3a

correspond to the extinction coefficient for the Yb-complex in
a free state, the fully bound form, and Aobsd/[complex], respec-
tively and [Q] is the FS-DNA concentration. Kb was 1.49 � 105

M�1 (Fig. 5(B)), which was lower than that of the classic inter-
calation EtBr (1.4 � 106 M�1).43 This result can be revealed that
the interaction kind between FS-DNA and the ytterbium
complex (non-intercalation) was differenced from EtBr.
Table 2 The binding constant (Kb), the number of the binding sites (n), th
(KSV), and thermodynamic parameters (DS�, DH�, and DG�) for the intera

T (K) kq � 10�12 (M�1 s�1) KSV � 10�5 (M�1)

Kb � 10�5 (M�1)

UV Fluore

290 1.51 � 0.04 1.51 � 0.04 13.1 �
295 1.41 � 0.03 1.41 � 0.03 7.41 �
298 1.05 � 0.05 1.05 � 0.05 2.13 � 0.03 4.89 �
301 1.02 � 0.04 1.02 � 0.04 3.38 �
303 0.96 � 0.02 0.96 � 0.02 2.29 �

23008 | RSC Adv., 2020, 10, 23002–23015
3.3. Protein-binding

3.3.1. The absorption titration. The electronic absorption
study is a useful method to investigate the protein structural
change.44 The absorption spectra of the aqueous BSA solution
has two absorption peaks, which are referred to the framework
conformation of BSA (sharp band at 212 nm) and the p / p*

transition of Tyr, Phe, and Trp amino acids (weak UV-vis band at
280 nm).45 The BSA electronic spectra (10 mM) in the absence
and presence of the Yb-complex (0.5–6.5 mM) are indicated in
Fig. 5(C). With the adding of the Yb-complex, the BSA absorp-
tion intensity was reduced without shied in the lmax, which is
a suggestion for the binding of BSA with the Yb-complex and the
interaction of this complex and BSA are non-intercalative
binding modes. If the lmax was not changed at a constant BSA
concentration, it means that the Yb-complex interaction
reduced the protein absorption without change in the local
dielectric surroundings of Tyr and Trp. Eqn (9) used for calcu-
lating of the Kb ([Q] ¼ [complex]). The Kb values for ytterbium
complex at 298 K was 2.13 � 105 M�1 (Fig. 5(D)). This value of
e biomolecular quenching rate constant kq, the Stern–Volmer constant
ction of BSA with ytterbium complex at various temperatures

n DS� (J mol�1 K�1) DH� (kJ mol�1) DG� (kJ mol�1)scence

0.06 1.17 �33.97 � 0.06
0.05 1.13 �33.15 � 0.02
0.05 1.12 �214.93 � 0.03 �96.43 � 0.05 �32.46 � 0.05
0.03 1.09 �31.86 � 0.04
0.06 1.07 �31.09 � 0.03

This journal is © The Royal Society of Chemistry 2020
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Fig. 7 (A) CD spectra of BSA solutions (0.7 mM) in the presence and
absence of Yb-complex (0.7 mM); (B) effect of site marker to Yb
complex–BSA system, plots of log((F0� F)/F) versus log([complex]/mM)
in fluorescence study ([BSA]¼ [ibuprofen]¼ [phenylbutazone]¼ 3 mM,
[hemin] ¼ 0.3 mM, [Yb complex] ¼ 0.5–6.0 mM and lex ¼ 280 nm); (C)
the overlap of the emission spectrum of BSA (dashed lines) and the
UV-vis spectrum (solid lines) Yb complex, [BSA] ¼ [complex] ¼ 3 mM.
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binding constant suggested that the binding of BSA with the Yb-
complex is a non-intercalative interaction mode.

3.3.2. Emission spectral studies. The emission spectrum
provides information about binding sites, binding mechanism,
binding mode, binding constant, and of proteins to metal
complexes.1 The BSA solution (3.0 mM) was titrated with various
amounts of the Yb-complex (0.5 to 6.0 mM). The uorescence
spectra were done at lex ¼ 280 nm in the range 300–450 nm
(Fig. 6(A)). With the addition of Yb-complex to the BSA solution,
a considerable reduction in the emission intensity was detected.
The KSV was calculated by the Stern–Volmer equation (eqn (3)).
The KSV values for the interaction of the BSA with Yb-complex, at
various temperatures, are listed in Table 2. The linear equations
at 290, 298, and 303 K are shown in Fig. 6(B) (the relevant plots
at 295 and 301 K are shown in Fig. S4(A)†). This gures showed
that the plots were linear, which showed that only one kind of
quenching mechanism happens (either static or dynamic).
From Table 2, with the increased temperatures KSV reduced, and
the kq values were higher than 2.0 � 1010 M�1 s�1 (the
maximum diffuse quenching constant). It is proposed that the
possible quenching process of the interaction of BSA to the Yb-
complex was static. The Kb values and n can be determined by
eqn (6).46 The results indicated in Fig. 6(C), S4(B)† and Table 2.
The nding suggests that there is a signicant interaction force
of the Yb-complex to BSA, and just an only interaction site
would be made.

The plot of ln Kb against 1/T allows to gaining of the ther-
modynamics parameters of Yb(III)-BSA complex by the eqn (7)
and (8) (Fig. 6(D)). The DS�, DG�, and DH� for the binding of BSA
with ytterbium complex listed in Table 2. The negative signs of
DS� and DH� exhibited that hydrogen bonds and van der Waals
interactions play primary roles in the interaction of protein to
ytterbium complex; the negative signs of DG� showed the BSA
binding procedure was spontaneous.

3.3.3. CD spectra of BSA. The circular dichroism study is an
ideal method for observing the conformation changes of BSA.47

As revealed in Fig. 7(A), the circular dichroism spectra of BSA
reveal two negative peaks at 208 and 220 nm, which belong to p

/ p* and n / p* to the bond of the a-helix.45,47 By adding of
the Yb(III) complex to BSA solution, the CD signal decreased.
But, the circular dichroism spectra in the absence and presence
of the Yb-complex were similar in position, proposing that the
BSA structure was mainly a-helical. Moreover, the a-helical
content of protein and the Yb complex–protein complex can be
given through eqn (10) and (11):36

MRE ¼ observed CD ðmdegÞ
10Cpnl

(10)

a-Helixð%Þ ¼ �ðMREÞ208 � 4000 CD ðmdegÞ
33000� 4000

� 100 (11)

Here MRE208 is the BSA ellipticity at 208 nm, Cp is the molar
concentration of protein, l is the path length (1.0 cm), n denotes
the amino acid residues number (for BSA n¼ 583), 33 000 is the
MRE208 a pure a-helical value and 4000 is the MRE208 of the
random and b-form coil conformation cross. This data exposes
that the content of a-helical for the ytterbium complex-protein
This journal is © The Royal Society of Chemistry 2020
is 48.7%, which has slightly reduced compared with the free
protein (52.8%). The results reveal that BSA binds with Yb
complex cause in small changes in the BSA conformation.

3.3.4. Competitive experiments for BSA. In BSA, there are
three binding sites: site I (subdomain IIA), site II (subdomain
IIIA), and site III (subdomain IB). Many ligands like phenylbu-
tazone, azapropazone, and warfarin were applied as site marker
of site I. In contrast, indoxylsulphate, diazepam, and ibuprofen
were considered to bind to the site II, and hemin specially bind
to site III.48,49 The competitive study with site markers hemin,
ibuprofen, and phenylbutazone were performed to recognize
the particular binding site for complex on BSA, and Kb values
were determined by eqn (6) (Fig. 7(B)). The Kb in the existence of
hemin in the Yb-complex-BSA solution (1.62 � 105 M�1) is
mainly lesser than the initial Yb-complex-BSA solution (7.58 �
105 M�1). But, the Kb values in the existence of ibuprofen and
phenylbutazone in the Yb-complex-BSA solution (6.16 � 105

M�1 and 4.26 � 105 M�1, respectively) have insignicant
changes. It was concluded that the Yb-complex binds to the site
III of BSA.

3.3.5. Binding distance and energy transfer. Förster's
theory was applied to evaluate molecular distances between the
bound compound and the protein residues. It occurred at the
molecular distance in 2–8 nm when the UV-vis band of
a compound (acceptor) overlapped with the uorescence band
of protein (donor).50 Fig. 7(C) illustrations the overlap between
the uorescence spectrum of protein and the electronic spec-
trum of the Yb-complex. The noticeable overlap showed that
there was a direct resonance energy transfer from protein to the
Yb-complex. The distance (r) from Trp-214 of protein to the
complex and the energy transfer efficiency (E) were determined
by eqn (12):
RSC Adv., 2020, 10, 23002–23015 | 23009
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Table 3 The energy transfer efficiency (E), the overlap integral (J),
Förster critical distance (R0), and the distance to tryptophan residue of
protein (r) in interaction of BSAwith Yb complex ([Yb-complex]¼ [BSA]
¼ 3 � 10�6 M, lex ¼ 280 nm and T ¼ 25 �C)

E J (cm3 L mol�1) � 10�13 R0 (nm) r (nm)

0.26 5.37 2.30 2.69

Fig. 8 The docked model of the binding between ytterbium complex
and (A) DNA and (B) BSA.
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E ¼ 1� F

F0

¼ R0
6

R0
6 þ r6

(12)

where F and F0 are the BSA emission intensities in the presence
and absence of the Yb complex. R0 is the critical distance when
the transfer efficiency is 50%, R0 were determined using eqn
(13):

R0
6 ¼ 8.79 � 10�25 K2n�4BJ (13)

Here J is the overlap integral of the UV-vis and the uorescence
spectrum, B is the emission quantum yield of BSA, K2 is the
space factor of orientation, and n is the medium refractive
index. The eqn (14) can give J:

J ¼
P

FðlÞ3ðlÞl4Dl ​P
FðlÞDl ​ (14)

Herein, 3(l) is the molar electronic coefficient of Yb complex at
wavelength l, and F(l) is the BSA uorescence intensity. In the
study conditions, K2 ¼ 2/3, n ¼ 1.336 andB ¼ 0.15.51 According
to experimental data of J(l), R0, r, and E (Table 3), the average
distance between BSA and the Yb-complex falls into the 2–8 nm
interval, and 0.5 R0 < r < 1.5 R0, therefore the transfer of energy
from protein to the Yb-complex is possible.47
3.4. Docking process

3.4.1. Docking study with DNA. Docking study was done to
investigate the ideal interaction site and best compounds
conformation on the DNA with the lowest energy. The lowest
binding energy and Ki for the interaction of DNA with Yb-
complex were obtained to be �8.28 kcal mol�1 and 0.83 mM,
respectively (Table 4). Fig. 8(A) showed that the Yb-complex
placed in the DNA minor groove. The presence of non-polar
fragment and polar groups in the Yb complex assist in the
binding with DNA. Thus, considering the results of theoretical
Table 4 The binding energies and inhibition constants of Yb-complex
for the binding site of DNA and BSA

Macromolecule
Binding energy
(kcal mol�1) Ki (mM)

DNA �8.28 0.83
BSA Site I �6.80 9.57

Site II �7.51 3.29
Site III �7.85 1.72

23010 | RSC Adv., 2020, 10, 23002–23015
calculations and experimental methods, it could be concluded
that the ytterbium complex interacted through grooves binding.

3.4.2. Docking study with BSA. As can be seen in Table 4,
site III has the lowest binding energy (�7.85 kcal mol�1), con-
rming the results of the experimental techniques. According to
Fig. 8(B), Yb-complex is surrounded by some amino acid resi-
dues, namely: GLU17, LYS20, PHE36, VAL40, ASN44, LYS131,
LYS132, and TRP134. Some residues that interacted with the Yb
complex are polar causes the complex to interact easily with BSA
via noncovalent interactions as well as van der Waals force. The
hydrogen bonding analysis in the molecular docking studies
was performed and this study was observed without hydrogen
bonding. Also, docking studies other sites of BSA illustrated
that the Yb complex has a more binding affinity in site III
(subdomain IB), where it approximately conrms the competi-
tion studies.
3.5. DNA cleavage experiment

Gel electrophoresis is a valued method used for purication,
qualication, and separation of DNA pieces. This technique is
easy to perform, simple, and able to resolve fragments of DNA
that cannot be separated by other means.48,52 The location of
DNA on the agarose gel can be traced by smearing with a lower
amount of EtBr. DNA cleavage experiment using FS-DNA (1.4 �
10�3 M) was carried out by the Yb-complex in the presence
(lanes 10–50) and absence (lanes 1–5) of oxidant, H2O2 (20 mM,
Fig. 9(A)). In lanes 1 and 10 (control) without the Yb-complex,
not any FS-DNA cleavage was detected. Lanes 2–5 and 20–50

indicated DNA treated with enhancing the concentration of this
compound (1.2, 2.5, 3.7, and 5.0 mM). It can be seen from
Fig. 9(A) that the ytterbium complex at various amounts can
cleave FS-DNA. But with enhancing the concentration of the Yb-
complex, due to increased cleavage of FS-DNA. Moreover, all of
DNA–Yb-complex solutions show slightly decreased mobility
This journal is © The Royal Society of Chemistry 2020
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Fig. 9 (A) Gel electrophoresis diagram presentation the FS-DNA
cleavage by the ytterbium complex at room temperature; lane 1: FS-
DNA (1.4 � 10�3 M) control; lane 2: complex (1.2 � 10�3 M) and FS-
DNA; lane 3: complex (2.5� 10�3 M) and FS-DNA; lane 4: complex (3.7
� 10�3 M) and FS-DNA; lane 5: complex (5.0 � 10�3 M) and FS-DNA;
and lane 10–50: similar concentrations of the Yb complex and DNA in
the lines 1–5 in the presence of H2O2 (20 mM). (B) SEM images of the
SNEP, and (C) SEM images of the LNEP.

Fig. 11 Plans of cytotoxicity percentage against the ytterbium
complex, SNPE, and LNPE concentrations against the A-549 andMCF-
7 cell lines. Data are expressed as mean � SD of three experiments.
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concerning control. The DNAmigration decreased with growing
Yb-complex concentration (lanes 2–5 and 20–50). Also, the DNA
cleavage efficacy is higher in the existence of the hydrogen
peroxide. The photograph indicates the bands with different
bandwidth (smear pattern). However, with the increasing in the
Yb-complex amount, the increasing of smearing was detected
for groups.20
3.6. Anticancer activity

3.6.1. Characterization of SNEP and LNEP. Bsae on
inductively coupled plasma (ICP) assay, the amount existing of
Yb in the LNEP and SNEP were determine. The encapsulation
efficiency of Yb-complex in SNEP and LNEP were obtained
Fig. 10 Microscopic photographs of the MCF-7 cancer cells in the
presence and absence of various amounts of the (A) ytterbium
complex, (B) SNPE, and (C) LNPE.

This journal is © The Royal Society of Chemistry 2020
11.63% and 13.04%, respectively. The SEM images of the SNEP
and LNEP were indicated in Fig. 9(B and C), respectively. Also,
zeta potential of the SNEP and LNEP were showed in Fig. S5.† It
can be seen, the SNEP and LNEP average sizes were 50.3 and
48.6 nm, respectively. Also, the particle size of the Yb complex in
LNEP was smaller than SNEP.

3.6.2. Anticancer analyse. The inuence of the ytterbium
complex, LNEP, and SNEP on the cell lines of the human lung
cancer (A-549) and human breast cancer (MCF-7) was examined
using the MTT test. Fig. 10 indicated the anticancer properties
of the ytterbium complex, LNEP, and SNEP on MCF-7 cell lines.
The results reveal that the complexes can prevent cell prolifer-
ation in a dose-dependent manner. Moreover, Fig. 11 indicated
a plot of the cytotoxicity percentage against the Yb(III) complex
concentration, SNEP, and LNEP. These results showed a reduc-
tion in the cancer cell number by enhancing these compound
concentrations. The values of IC50 found for the complex, SNEP,
and LNEP were listed in Table 5. The maximum cell inhibition
was detected at a concentration of 64 mM. These data showed
that the IC50 value found for this SNEP and LNEP was smaller
than the IC50 value of the Yb complex. Thus, the diffusion of the
Yb complex into tumor cells can be simplied by the lipid and
starch, and its anticancer properties can be enhanced.
3.7. Antibacterial and antifungal assay

Recently, it has essential for novel antibacterial and antifungal
agents.15 Different techniques tested the antimicrobial activity
of the ytterbium complex against bacteria and fungi. The values
of the zone of inhibition, inoculation time, MBC, and MIC were
listed in Table 6.

The Yb-complex was signicantly displaying properties
against different bacteria and fungi, especially C. albicans, A.
baumannii, E. coli, and MRSA. An effect of the Yb(III) complex
concentration with 700 CFU of S. typhi illustrations in Fig. 12(A).
Table 5 IC50 of the ytterbium complex, LNPE, and SNPE against the
cell lines of A-549 and MCF-7

Cell lines

IC50 (mg mL�1)

Yb-complex LNEP SENP

A-549 10.2 3.29 6.80
MCF-7 5.75 1.62 3.36

RSC Adv., 2020, 10, 23002–23015 | 23011
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Fig. 12 The amount raise of bacterial colonies as an effect of (A) the Yb complex concentration with 800 CFU of S. typhi. Inset is MH plate
photographs raised under the condition (a) 0.25, (b) 0.5, (c) 1.0, (d) 2.0 and (e) 4.0 mg mL�1, (B) the inoculation time of ytterbium complex with
700 CFU of S. typhi. Inset is MH plate photographs incubated: (a) 2 h, (b) 4 h, (c) 8 h, (d) 24 h, and (e) 48 h. Data are expressed as mean � SD of
three experiments.

Table 6 The antibacterial and antifungal activities of ytterbium complex by the zone of inhibition (mm),minimum inhibitory concentrations (MIC,
mg mL�1), minimum bactericidal concentrations (MBC, mg mL�1) and inoculation time (h) against fungi and bacteria

Bacteria type Bacteria or fungi Zone of inhibition (mm) MIC (mg mL�1) MBC (mg mL�1)
Inoculation time
(h)

Fungi C. albicans 55 62 1.0 24
Gram-negative S. typhi 32 62 2.0 48

P. aeruginosa 21 125 4.0 48
A. baumannii 45 31 2.0 48
K. pneumoniae 33 62 0.5 24
E. coli 38 31 2.0 24

Gram-positive MRSA 34 125 4.0 48
VRE 9 31 2.0 48
E. faecalis 8 125 4.0 48
E. faecium 21 125 4.0 48
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The substantial decrease in the extent of bacterial colonies was
observed in 2.0 mg of Yb-complex, showing antimicrobial
properties by growing the Yb-complex concentrations. MH
standard with 5 mg mL�1 of Yb-complex and 700 CFU of S. typhi
supplemented for various time distances. Fig. 12(B) and Table 6
indicated that the S. typhi colonies were killed entirely aer 48
hours of inoculation, and the calculation of bacteria decrease
was nearly 100% aer 4–48 hours of injection. The data revealed
that this complex has produced the marked enhancement in
the potency as antifungal and antibacterial agents. Such
increased activity of Yb(III) complex can be explained on the
basis of chelation theory. Chelation considerably decreases the
polarity of the metal ion, which further leads to the enhance-
ment of the lipophilicity of the complex. Since the
23012 | RSC Adv., 2020, 10, 23002–23015
microorganism cell is surrounded by a lipid membrane which
favors the passage of only the lipid soluble materials, increased
lipophilicities allows the penetration of complex into lipid
membranes and blocking of the metal binding sites in the
enzymes of the microorganisms. Also, the antibacterial mech-
anism was hypothesized that ytterbium(III) complex has an
effect on the pathogenic bacteria cell proliferation.15,53,54
4. Conclusion

In this research, the biology application of the ytterbium-
complex was investigated. The FS-DNA and BSA interaction
properties of the Yb complex were comprehensively investigated
by various techniques, containing UV-vis spectroscopy,
This journal is © The Royal Society of Chemistry 2020
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emission spectra, competitive experiments, CD spectroscopy,
and molecular docking calculations. The results showed the
excellent binding affinity of the Yb-complex to FS-DNA and BSA;
besides the emission quenching of FS-DNA and BSA resulted
from the combined static-dynamic and static process, respec-
tively. Moreover, groove binding (hydrophobic interaction and
van der Waals force for DNA and BSA, respectively) played major
roles in stabilizing the Yb-complex with DNA/BSA. From
molecular docking and competitive binding studies, it exhibi-
ted that site 3 of BSA is the binding site of interaction Yb-
complex to BSA. The agreement of molecular docking and
experimental results can be given as powerful support for the
validity of docking studies. Moreover, the Yb complex success-
fully cleaved DNA in the absence and presence of hydrogen
peroxide and has high antimicrobial activity on several bacterial
and fungi. In addition, the drug carrier forms of the Yb complex
(SNEP and LNEP) were prepared. These complexes exhibited
signicant antitumor properties against cell lines of A-549 and
MCF-7. Briey, it can be seen that ytterbium complex bonds in
the groove of FS-DNA as well as can be transported profes-
sionally through BSA in the blood. Also, this complex has been
obtained to revelation antitumor, antibacterial, and antifungal
activities. Therefore, the foundation knowledge from this work
would be helpful for the improvement of novel therapeutic
reagents for diseases.
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and V. Eigner, Synthesis, characterization, DNA/BSA/HSA
interactions, molecular modeling, antibacterial and in
vitro cytotoxic activities of a novel parent and niosome
nano-encapsulated Ho(III) complex, RSC Adv., 2020, DOI:
10.1039/d0ra03436c.
RSC Adv., 2020, 10, 23002–23015 | 23015

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra03895d

	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d

	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d

	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d
	Parent and nano-encapsulated ytterbium(iii) complex toward binding with biological macromolecules, in vitro cytotoxicity, cleavage and antimicrobial activity studiesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra03895d


