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SUMMARY

This article describes the synthesis and characterization of a
new complex, [Pd(Ph2PzTSC):], formed between palladium(ll)
and 1,3-diphenylpyrazole-4-carboxaldehyde thiosemicarba-
zone ligand as a strategy for antimicrobial activity improve-
ment the synthesized complex. The metal coordination
leads to an improvement of ligand pharmacological activities
and synergistic effects involving both metal ion as the ligand.
The bidentate ligand is coordinated to metal ion through the
azomethine nitrogen atoms and the sulphur in the form of
thiol by deprotonation of the NH-C=S group. The antimicro-
bial activity of these new compounds was evaluated against
gram-negative (Escherichia coli, Klebsiella pneumoniae
and Pseudomonas aeruginosa) and gram-positive (Staphy-
lococcus aureus and Bacillus thuringiensis) bacteria and
two yeasts strains (Candida albicans and Saccharomyces
cerevisiae). A comparison between the antimicrobial activity
of the complex and that of the free ligand revealed that the
coordination of Pd(ll) improved the activity.

Key words: Schiff base ligands, Pd(Ill) compounds, biologi-
cal activity.

RESUMEN

En este articulo se describe la sintesis y caracterizacién de
un nuevo complejo de paladio(ll), [Pd(Ph2PzTSC)z], con el
ligante 1,3-difenilpirazol-4-carboxaldehido tiosemicarbazona
(Ph2PZTSC) como una estrategia para mejorar la actividad
antimicrobiana del complejo formado. La coordinacién
del ion metélico y el efecto sinérgico entre estos, conduce
a mejorar la actividad biolégica del complejo. El ligante se
coordina al ion metélico de modo bidentado a través del
dtomo de nitrégeno del azometino y del azufre en forma de
tiol, por la desprotonacién del grupo NH-C=S. La actividad
antimicrobiana de estos compuestos fue evaluada frente
a bacterias Gram-negativas (Escherichia coli, Klebsiella
pneumonia, Pseudomonas aeruginosa) y Gram-positivas
(Staphylococcus aureus, Bacillus thuringensis) y dos
levaduras (Candida albicans y Saccharomyces cerevisiae).
Cuando fueron comparados los resultados de la actividad
antimicrobiana con la actividad del ligante libre, se observo
que la coordinacion del Pd(Il) mejor6 la actividad.

Palabras clave: Ligantes bases de Schiff, compuestos de
Pd(ll), actividad bioldgica.
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INTRODUCTION

Thiosemicarbazones are an important and versatile type of
ligands due to the potential donor atoms that they possess,
among which sulfur is of paramount importance in the met-
al-ligand linkage (Matesanz et al. 2013). These are strong
metal chelating agents and moreover some of them have
showed antineoplastic activity by themselves. It has been
demonstrated that the biochemical mechanism of action
involves, among others, ribonucleotide reductase inhibition
and non-covalent DNA binding (Lobana et al. 2009; Mate-
sanz & Souza, 2009). Thiosemicarbazones also have wide
pharmacological versatility and cytotoxic, antitumor, antima-
larial, antimicrobial, and antiviral properties (Da Silva et al.
2013a). The thiosemicarbazones and their complexes with
transition metals are of great chemical and biological interest
because they exhibit diverse pharmacological actions, which
include antibacterial, antifungal, antitumor, antiviral, and an-
timalarial activities, among others (Husain et al. 2007; Beral-
do & Gambino, 2004; Salman & Mohamad, 2009; Matesanz
et al. 2013; Rebolledo et al. 2005; Da Silva et al. 2013a;
Pelosi, 2010). On the other hand, the pyrazole nucleus and
its derivatives exhibit a diverse range of pharmacological
activities, presenting cytotoxic, antitumor, analgesic, antiin-
flammatory, antipyretic, antibacterial, antioxidant, antiviral,
anticonvulsant, muscle relaxant and antifungal properties,
and hypoglycemic effects (Leovac et al. 2007; Hashimoto
et al. 2002; Habeeb et al. 2001; Price & Jorgensen, 2000;
Ali et al. 2012). Due to its wide range of biological activ-
ity, pyrazole ring constitutes a relevant functional group in
pharmaceutical industry. In fact, such a heterocyclic moiety
represents the core structure for number of drugs (Anoop &
Ranab, 2010). Moreover, the various biological activities ex-
hibited by Pd(Il) complexes with ligands of electron donor at-
oms, such as nitrogen and sulfur in the thiosemicarbazones,
have prompted the study of these compounds (Gambino et
al. 2007; Garoufis et al. 2009).

This work is aimed to describe the synthesis and chemical
characterization of a new Pd(Il) complex obtained by the re-
action of PhoPzZTSC with PdClz as a strategy for antimicrobial
activity improvement of the synthesized complex. The anti-
microbial activity of both the new compound synthesized and
the corresponding ligand against gram-negative and gram-
positive bacteria and two yeasts strains has been evaluated.
In many cases, metal coordination leads to an improvement
of thiosemicarbazone pharmacological activities and syner-
gistic effects involving both metal and the thiosemicarbazone
have been reported (Da Silva et al. 2013b).

MATERIALS AND METHODS

These compounds were characterized using spectroscopic
techniques (infrared, FTIR and mono and two dimensional

nuclear magnetic resonance, NMR). Fast atom bombard-
ment (FAB) mass spectrometry was also used to elucidate
the structure of the Pd(Il) complex. The antimicrobial activity
of the synthesized compounds was evaluated against gram-
positive and gram-negative bacteria and two yeasts strains.

Melting points of the synthesized compounds were deter-
mined using Mettler FP90 equipment with central process-
ing, heating cell FP82HT and microscope Olympus CH-2
with digital calibration. IR spectra were obtained on a Shi-
madzu model 8400/8900 FTIR instrument over the wave-
number range of 4000 to 250 cm™ and on a Nicolet iS10
Spectrometer (Thermo Fisher Scientific). The samples for
FTIR were prepared in KBr pellets. The 'H NMR, "°C NMR,
and bidimensional spectra were obtained with a Bruker Ultra-
shield™ 400 MHz NMR, using TMS as internal standard and
DMSO-ds as a deuterated solvent. The high resolution mass
spectrum with an EBE configuration was captured on an Au-
toSpec M is a forward geometry; configuration was obtained
using a UTOSPEC-Q device. It was used for positive ion FAB
analysis, and thioglycerol was used as the ionization matrix.
Antimicrobial assays were performed with the following mi-
croorganisms: i) gram-positive bacteria: Staphylococcus
aureus ATCC 29213 and Bacillus thuringiensis sp.; ii) gram-
negative bacteria: Escherichia coli ATCC 25922, Klebsiella
pneumoniae ATCC 700603, and Pseudomonas aeruginosa
sp.; and iii) yeasts: Candida albicans ATCC 10231 and Sac-
charomyces cerevisiae ATCC 38626.

Synthesis of Ph2PzTSC ligand: The Ph-PzTSC ligand was
prepared according to the procedure of Leovac et al. (2007)
using a molar ratio of 1:1. The percentage yield was 80%,
which is similar to the yield reported in the literature (Leovac
et al. 2007).

The PhoPZTSC compound exhibited the following properties:
M.P: 216°C (reported 217°C). Yield: 80%. IR (KBr)/cm™": (NH2
asym and sym), 3143 (NH hydrazine), 1590 (C=N azome-
thine), 1551 (C=N pyrazole), 1209 (NHC=S), 1096 (C=S).
'H NMR (400 MHz, DMSO-ds): & 7.39 (t, 1H, J 7.2 Hz, Hy),
7.45-7.60 (m, 5H, Hw', Hm, Hp), 7.69 (d, 2H, Ho), 7.76 (brs,
1H, H-NH2), 7.91 (d, 2H, J 7.7 Hz, Ho), 8.22 (brs, 1H, H-NH2
), 8.24 (s, 1H, CH=N), 9.18 (s, 1H, H-5 pz), 11.33 ppm (s,
1H, NH-C=S). °C NMR (400 MHz, DMSO-ds): & 117.7 (C-4
pz), 118.9 (Co), 127.4 (Cp), 128.1 (C-5pz), 128.6 (Co), 129.0
(Cp), 129.2 (Cm), 130.1 (Cw), 132.5 (Ci), 135.4 (CH=N), 139.5
(C), 151.8 (C-3pz), 178.0 (C=S).

Synthesis of [Pd(Ph2PzTSC)2] Complex: The
[Pd(Ph2PzTSC)2] complex (Figure 1), was synthesized using
a 1:1 metal-ligand molar ratio. Palladium(ll) chloride (PdClz,
27.6 mg, 0.15 mmol) was dissolved by heating in 10 mL of
methanol and was subsequently added to a hot solution of
Ph2PzTSC (50 mg, 0.15 mmol) in 10mL of acetone. The mix-
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ture was kept under continued reflux for 24 h. An orange sol-
id was obtained, and it was washed several times with metha-
nol to remove the excess metal. The solid was subsequently
dried with anhydrous calcium chloride, and the percent yield
was 49%. The complex is stable at room temperature (19 +
1 °C) and is soluble in DMSO. The [Pd(Ph2PzZTSC)2] com-
plex decomposed at 290 °C. Yield: 49%. IR (KBr)/cm™: 3250-
3423 (NH2 asym and sym), 1615 (C=N azomethine), 1594
(C=N pyrazole), 1051 (NN), 756 (CS), 550 (Pd-N). 'H NMR
(400 MHz, DMSO-de¢): 6 7.41 (t, 4H Hpy and H-NH>), 7.48-
7.58 (m, 12H, H-NHz, Hw, Hm, Hp), 7.65 (d, 4H, J 7.7 Hz,
Ho), 7.97 (d, 4H, J 7.7 Hz, Ho), 8.36 (s, 1H, CH=N), 9.46
(s, 1H, H-5 pz). °C NMR (400 MHz, DMSO-ds): & 112.8 (C-4
pz), 119.1 (Co), 127.3 (Cp), 128.6 (Cn), 128.8 (Cp, Co), 129.5
(Cw), 131.1 (C), 133.0 (C-5 pz), 138.7 (Ci), 144.2 (CH=N),
154.1 (C-3 pz), 172.2 (C-S).

Figure 1. Synthesis of the [Pd(Ph2PzTSC)2] complex.

media. The microbial culture was incubated at 35°C for
24 h for the bacterial strains and at 20°C for 72 h for yeast
strains. DMSO was used as a control solvent. Cephalothin
(40 mg/mL) was utilized as a positive control for all bacterial
strains, except for P aeruginosa, where ciprofloxacin (0.3%)
was used. Clotrimazole (1%) was used for the cultivation of
yeasts. The susceptibility of microorganisms to each of the
tested compounds was determined through observation of
the formation of an inhibition zone around each well on agar,
which was measured in millimeters.

p

H2

+ Pdcl, _MOH
Reflux

Antimicrobial activity assays: The antibacterial activ-
ity assays were performed using the disk diffusion method
in a Petri dish. The culture medium used was TSA (Trypti-
case Soy Agar) for bacteria and PDA (Potato Dextrose Agar,
Scharlau) for yeasts. The minimum inhibitory concentration
(MIC) method was used to estimate the lowest inhibitory con-
centration (in ug/mL or ppm) based on the methodology of
Tamayo et al. (2014).

Twenty microliters of each test compound (Ph2PzTSC, PdCl
and [Pd(Ph:PzZTSC):]) dissolved in DMSO in a concen-
tration range between 50 and 500 ppm (282 - 2820 puM)
for PdClz, 155 — 1556 puM for Ph2PzTSC, 66 — 669uM for
[PA(Ph2PZzTSC)2], were dissolved in DMSO and placed in
7mm-diameter wells, were the microorganisms under evalu-
ation were grown (~10° UFC/mL) in their respective culture

P

RESULTS AND DISCUSSION

The IR spectrum of the Ph2PzTSC ligand showed the char-
acteristic bands of the compound reported in the literature
(Leovac et al. 2007). These observations confirmed the for-
mation of the thiosemicarbazone compounds (Figure 1).

The 'H NMR spectrum of the Ph2PzTSC ligand in DMSO-ds
at 200 MHz has been reported by Leovac et al. (2007). The
spectrum of the compound synthesized here was obtained
using a 400 MHz instrument with DMSO-ds and produced
the following signals: triplet at 7.39ppm integrated to 1 pro-
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ton (Hp) with J 7.2 Hz; multiplet at 7.45-7.60 ppm integrated
to 5 protons (Hm, Hm, Hp); doublet at 7.69ppm with J 7.6
Hz integrated to 2 protons (Ho); broad singlet at 7.76 ppm
corresponding to 1 of the 2 non-equivalent protons of the
NH2 group; double at 7.91ppm with J 7.7 Hz, integrated to
2 protons (Ho); broad singlet at 8.22ppm corresponding to
the other not-equivalent proton of the NHz group; singlet at
8.24ppm integrated to the proton of the azomethine group
(CH = N); singlet at 9.18ppm integrated to 1 proton cor-
responding to H-5 Pz, and a downfield singlet at 11.33ppm
integrated to the proton of the NH-C=S group (Figure 2a).
The C NMR spectrum showed the 13 carbon signals ex-
pected for the reported structure (Figure 2b), with chemical
shifts similar to those described in the literature (Leovac et al.
2007). Dimensional experiments (HSQC and HMBC) con-
firmed the proposed structure (Figure 3).

=
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[Pd(Ph2PzTSC)2] complex: The IR spectrum of the
[Pd(Ph2PzTSC)2] complex did not show the stretching band
of the v(NH) group at 3150 cm™ attributed to hydrazine,
which suggests the possible deprotonation of this group
(Leovac et al. 2007). Additionally, the presence of a new band
of lower intensity was observed at 1051cm™, which was at-
tributed to the stretching band of a v(NN) group; the pres-
ence of this band confirmed the deprotonation of the v(NH)
group of hydrazine. The IR spectrum of the Pd(Il) complex
showed a lower intensity band at 550cm™ corresponding to
v(Pd-N) (Gambino et al. 2007). Furthermore, no bands were
observed in the region between 305 and 335cm’, which
is normally associated with v(Pd-Cl) stretching; the lack of
these bands suggests that the ligand was not in the coordina-
tion sphere. Additionally, the bands of the azomethine (C=N)
and thiocarbonyl (C-S) groups were shifted, which suggests

asdTEREFEED
ENFRERENLTE
LEIIIIIELIT

Figure 2. a) 'H NMR spectrum (400 MHz, DMSO-ds) of 1,3-diphenylpyrazole-4-carboxaldehyde thiosemicarbazone ligand
(Ph2PzTSC), b) °C NMR spectrum (400 MHz, DMSO-ds) of 1,3-diphenylpyrazole-4-carboxaldehyde thiosemicarbazone li-

gand (Ph2PzTSC).
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Figure 3. a) HSQC spectrum (400 MHz, DMSO-de) of 1,3-di
(Ph2PzTSC), b) HMBC spectrum (400 MHz, DMSO-ds) of 1,3-d
(Ph2PzTSCQ).

that the coordination of the ligand to the metal ion occurred
through the nitrogen and the sulfur atoms, respectively.

When comparing the chemical shifts in the 'H NMR spec-
trum of the free ligand (Ph2PZTSC) with the complex
([Pd(Ph2PZTSC)2]) in [DMSO-ds] (Figure 4), no chemical shift
for the proton of the NH-C=S group was observed. This re-
sult suggested that the ligand was thiolated and eliminates

- b g

phenylpyrazole-4-carboxaldehyde thiosemicarbazone ligand
iphenylpyrazole-4-carboxaldehyde thiosemicarbazone ligand

the possibility of a structure in which the ligand is in the
tautomeric thione. The upfield chemical shifts of the amino
group protons overlapped the multiplet in the region be-
tween 7.48 and 7.58ppm and the triplet at 7.41ppm, which
suggests that the electron density on the thioamide group
(-CSNH2) changed due to the thione-thiol modification of
the thiocarbonyl group. In addition, a 0.1ppm (Ad) downshift
shift of the proton signal of the azomethine group relative
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to the position of the signal of the free ligand was observed,
which suggests a lower electron density on the azomethine
group and indicates that the metal is coordinated through
the available electron pair of the nitrogen atom of that group.

Assignments of the signals in the >C NMR spectrum are
based on the chemical shifts and intensity patterns and co-
ordination induced shift (CIS) of the carbon signals in the
complex, in comparison to those of the free ligand, AS = &
(complex) - 8 (free ligand).

The ">C NMR spectrum of the [Pd(Ph2PzTSC)2] complex (Fig-
ure 4) showed a signal at 172.6ppm. A comparison of this
signal with the chemical shift of the free ligand (178.0ppm)
revealed an upfield shift of 5.4ppm (A8). This spectroscopic
evidence indicates that the Pd(ll) is coordinated to the sulfur
atom of the thiocarbonyl group in its thiol form (Leovac et al.
2007; Casas et al. 1998; Rodriguez-Arguelles et al. 1995).

Moreover, a downfield shift of the carbon of the azomethine
group at 144.2ppm and A= 8.8ppm compared with the sig-

] (1] [} i
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-

-
s
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1
-
=

Figure 4. a) 'HNMR spectrum (400 MHz, DMSO-ds) of complex [Pd(Ph2PzZTSC):], b) “C NMR spectrum (400 MHz, DMSO-ds)

of complex [Pd(Ph2PzZTSC)],
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nal of carbon in the free ligand occurred. This spectroscopic
evidence indicates a lower electron density on the azome-
thine group and suggests that the metal is coordinated to the
electron pair of the nitrogen in the azomethine group (Leovac
et al. 2007).

The positive ion FAB mass spectrum of the [Pd(Ph2PzTSC):]
complex (Figure 5), showed a m/z peak at 750.8350 related
to the fragment [M + 3H]", a new peak at m/z 772.8362
related to the fragment [M + Na + 3H], and another peak at
m/z 789.4041 related to the fragment [M + K + 3H]. These
species originated from fragmentation, involve binding or
loss of some hydrogen atoms in these fragments. This com-
plex, [Pd(Ph2PzTSC):|, was prepared in a 1:1 metal-ligand
molar ratio, however the complex obtained presented a 2:1
metal-ligand molar ratio. This is indicated by the FAB mass
spectrum, as the peak of major abundance was observed
at an m/z 750.8350, confirming the molecular mass of the
compound. Taking into account this mass-charge ratio and
that obtained by 'H and °C NMR spectra the purity, these
results confirm that the [Pd (Ph2PzZTSC)2] complex was suc-
cessfully formed.

T et

e Al

Antimicrobial activity assays: The compounds Ph2PzTSC
and [Pd(Ph2PzTSC):] did not demonstrate antifungal activity
in the range of concentrations used. Furthermore, the metal
precursor (PdClz) did not exhibit neither antimicrobial nor an-
tifungal activity in the concentration range used (Table 1).

The Ph2PzZTSC ligand exhibited antibacterial activity inhibi-
tion only for Staphylococcus aureus, with a minimum in-
hibitory concentration of 1400 uM and with an inhibition halo
of 10mm (Table 1). The complex [Pd(Ph2PzTSC)2] showed
activity for the gram-positive bacteria S. aureus (Table 1a,
b). A minimum inhibitory concentration (MIC) of 268uM was
observed for S. aureus with an inhibition halo of 14mm. The
results suggest that the antimicrobial activity occurs due to
synergy between the metal and the ligand. This finding indi-
cated that the metal ion improved the antibacterial activity
compared to the inhibition of the free ligand at a concentra-
tion of 1400uM. This behavior can be explained by the Over-
tone’s concept of cell permeability (Prabhakaran et al. 2008)
and Tweedy'’s chelation theory (Tweedy, 1964). According to
the Overtone’s concept, the lipid membrane that surrounds
the cell facilitates the passage of only lipid-soluble materi-

A X0

eSS

Figure 5. Positive-ion FAB mass spectrum of the compound [Pd(Ph2PzTSC)z].
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Table 1. a) Minimum inhibitory concentration of PdCl, Ph2PzTSC, and the [Pd (Ph2PzTSC)2] complex in the examined mi-
croorganisms, b) Diameter of the antimicrobial inhibition halo for PdCI2, PhoPzZTSC and the [Pd(Ph2PzTSC)2] complex in the

examined microorganisms

a) Minimum inhibitory concentration (uM) of the compound
Microorganism Ph2PZTSC [Pd(Ph2PzTSC)e] PdCl
E. coli > 1556 > 669 > 2820
K. pneumoniea > 1556 > 669 > 2820
F aeruginosa > 1556 > 669 > 2820
S. aureus > 1556 > 669 > 2820
B. thuringiensis 1400 268 > 2820
C. albicans > 1556 > 669 > 2820
S. cerevisiae > 1556 > 669 > 2820

b) Inhibition halo (mm) over the growth of

Bacteria Yeasts

Compound EC KP PA SA BT CA SC
PhoPzTSC 10
[Pd(Ph2PZzTSC):] 14
PdClL 0
Control antibiotic 20 10 40 34 14 25 30

EC, Escherichia coli; KP, Klebsiella pneumoniae; PA, Pseudomonas aeruginosa; SA, Staphylo-
coccus aureus; BT, Bacillus thuringiensis; CA, Candida albicans; SC, Saccharomyces cerevisiae.

als; therefore, the lipid is an important factor that controls
the antimicrobial activity. Tweedy’s chelation theory, explains
that the ion polarity of Pd(ll) is reduced by overlapping of the
ligand orbitals and the exchange of the partial positive charge
of the metal ion to the donor atoms of the ligand; thereby,
the delocalization of n-electrons increases on the chelate ring
and improves the lipophilicity of the complexes.

The increment in lipophilicity that increases the penetration
of the complex into the lipid's membrane and blocks the
metal binding sites in the microorganisms’ enzymes might
disturb the process of cell respiration and the synthesis of
proteins, thereby inhibiting the growth of the organism (Prab-
hakaran et al. 2008).

The results of the antimicrobial activity (Table 1a, b) indicat-
ed that the synthesized compounds exhibit a smaller halo of
inhibition with respect to the positive controls used, which
suggests that the compounds are less bioavailable. However,
considering the concentrations used for the antimicrobial

controls in the biological testing, it can be seen that the syn-
thesized Pd(Il) complex has a high growth inhibitory effect on
the gram-positive bacteria S. aureus. For example, for S. au-
reus a concentration of 268uM of the [Pd(Ph2PzTSC)z] com-
plex originated a 14mm zone of inhibition, while for the same
bacteria the positive antimicrobial control used (cephalothin)
showed a 34mm zone of inhibition but a 373 times higher
concentration (100’000uM). For free ligand, at the concen-
tration used (1400uM), and this inhibition was also higher
(>70 times) that the positive antimicrobial control used.

These antimicrobial tests show an interesting of newly syn-
thesized [Pd(Ph2PzTSC)2] complex to be used as an antimi-
crobial compound specifically to gram-positive bacteria (S.
aureus). This complex should also used in biological assays
to observe its effect against tumor cells, since similar Pd(II)
compounds have shown promising effects against these
type of cells (Husain et al, 2007; Beraldo & Gambino, 2004;
Kavala-Demertzi et al. 2013; Kovala-Demertzi et al. 1999;
Quiroga et al. 1998; Tamayo et al. 2014).
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A novel Pd(ll) complex with the 1,3-diphenylpyrazole-4-car-
boxaldehyde thiosemicarbazone (Ph2PzTSC) ligand was syn-
thesized and characterized. According to the results obtained
using different techniques, the complex exhibits ambidentate
coordination through nitrogen and sulfur atoms in the thiol
form. The results of various spectroscopic techniques and
mass spectrometry (FAB) confirm the proposed structure for
the compound.

The synthesized compounds showed antimicrobial activity
only against gram-positive bacteria S. aureus and this activ-
ity was higher than that of the antibiotic controls. The forma-
tion of the metal complex induces significant changes in the
antimicrobial activity of the free ligand.
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