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Abstract: 

 
Short running title: 

 
[99mTc]Tc-HYNIC- EcgDf21 for infection foci imaging 

 
Opportunistic infections are a problem of great relevance in public 
health and the precise detection and localization of infection in the 
early stages of the disease is of great importance for patient 
management as well as cost containment. Our proposal seeks to 
contribute to developing a new agent that meets the needs of 
diagnosis and follow-up of fungal and bacterial infections, focused 
on the design of a radiotracer with the potential for recognition of 
hidden infection foci. Defensins, are plant antimicrobial peptides 
that, not only show  activity  against plant pathogens  but  also 
against  human  ones.  A  short  analog  of  EcgDf1  defensin, 

 
 
 
cost containment (Lucignani, 2007). For such goals, Nuclear 
Medicine is a valuable tool that uses radioactive compounds 
(radiopharmaceuticals) for diagnostic purposes consisting of 
systemically administering a radioactive gamma emitter tracer, 
whose radiation of high penetrating power can be detected 
externally  (Jain,  2017;  Ordonez,  2019;  Signore,  2020).  This 
allows for evaluating the functionality of the organs and the 
biochemistry of the lesions in a non-invasive way to detect 
alterations associated with various diseases. Many 
radiopharmaceuticals have been developed as diagnostic agents 
for Nuclear Medicine such as antibiotics, cytokines, leukocytes 
and antimicrobial peptides. During the last years, compounds 
derived from human antimicrobial peptides such as ubiciquidin 
(Welling,  2004;  Meléndez-Alafort,  2009),  lactoferrin  (Brouwer, 
2011), and human neutrophil α, β-defensins, among others, have 
been   assessed   as   potential   radiotracers   for   detection   of 

99m
 

EcgDf21d  (NH2-ERFTGGHCRGFRRRCFCTKHC-COOH),   was infections. Particularly, the successful development of Tc-UBI 

labelled through the formation of a 99mTc-HYNIC complex which 
was assessed for physicochemical and biological behaviour both 
in vitro and in vivo. 
The [99mTc]Tc-HYNIC- EcgDf21 labelling procedure rendered a 
single product with remarkably high RCP and stability in the 
labelling milieu. The Log P value indicated that [99mTc]Tc-HYNIC- 
EcgDf21 has a hydrophilic behaviour, confirmed by the 
biodistribution profiles. The optimal uptake value was obtained for 
C. albicans infection model reaching a lesion/muscle ratio of 3, 
this correlates with in vitro binding studies, and the lesion can be 
definitely observed in the scintigraphic images. 

 
 
Introduction 

 

 
 

Opportunistic infections are a problem of great relevance not only 
for patients but also for physicians who must manage the disease. 
Within the more recurrent nosocomial bacterial species are 
Staphylococcus  aureus,  Pseudomonas  aeruginosa,  and 
Klebsiella  pneumoniae,  while  invasive  fungal  infections  have 
been characterized mainly due to the presence of species such 
as Candida spp. and Aspergillus spp. Precise and early diagnosis 
of infectious focus can be difficult and time-consuming due to the 
diversity and changing spectrum of micro-organisms (m.o) that 
can cause disease. Therefore, accurate detection and localization 
of infection and inflammation foci in the early stages of the 
disease is of great importance for patient management as well as 

(29-41)      and      68Ga-UBI(29-41)       (Vilche,      2016)      as 
radiopharmaceuticals, stimulated the exploration of new 
antimicrobial peptides (AMPs) derived from different sources. In 
this sense, our group focused its interest on defensins, which 
constitute the largest family of AMPs, components of plant innate 
immunity and are considered non-toxic to plant and mammalian 
cells (Zasloff, 2002; Thevissen, 2004). These AMPs have 
compact tertiary structures stabilized by disulfide bonds between 
highly conserved cysteines, they are small in size, have positive 
general  charge,  amphipathic  stereogeometry,  and  broad 
biological activity, these characteristics make them resistant to 
variations in pH and temperature. Its cationic nature under 
physiological conditions, associated with tendency to adopt 
amphipathic structures would facilitate their interaction and 
insertion within the walls negative cell and phospholipid 
membranes of microorganisms. The characteristics described 
above and the fact that defensins, like other plant AMPs, not only 
show activity against plant pathogens but also against human 
ones, have generated great interest in these compounds for the 
development of new drugs with antibiotic action and as agents for 
the diagnosis and prevention of infections (Kovaleva, 2020; dos 
Santos, 2020, Ishaq, 2019; de Oliveira Carvalho, 2011). In this 
line, our proposal seeks to contribute to developing new agents 
that meet the needs of diagnosis and follow-up of fungal and 
bacterial infections, focused on the design of new radiotracers 
with the potential for recognition of hidden infection foci 
(Muammad, 2012). For this purpose, we selected a short analog 
of defensin from the native plant Ceibo, Erythrina crista-galli, 
EcgDf1 (Rodriguez-Decuadro, 2019), which inhibits the growth of 
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microorganisms of interest such as Candida spp and Aspergillus 
spp (Figure 1). 

 
 

 
 

Figure 1: Structure of EcgDf1 defensin 
(ERFTGGHCRGFRRRCFCTKHC) (Rodríguez-Decuadro. S, 
2019) 

 
In order to choose the radionuclide to label the defensin, we 
selected technetium-99m which continues to occupy a prominent 
place in diagnostic nuclear medicine mainly due to its wide 
availability and low cost. As a transition metal, it has rich 
coordination chemistry which offers many possibilities of oxidation 
states, cores, and electron donor groups. Labelling biologically 
active molecules with tecnetiumn-99m by the formation of a 
coordination compound faces an inherent difficulty since it is 
necessary to develop adequate methods that allow binding the 
ligand to the metal without altering the biological activity of the 
molecule of interest (Tehrani, 2021). Our group has been working 
extensively in the development of radiotracers for infection 
detection by scintigraphic images based on antibiotics, 
antifungals, and phages as potential agents using technetium- 
99m through different radiolabelling approaches (Cardoso, 2016; 
Fernández, 2017; Reyes,2014; Terán, 2012). Based on that 
experience we chose among the multiple strategies available for 
the radiolabeling of biomolecules one of the most extended 
methods, the Bifunctional Chelating Agent (BFCA) approach. This 
involves the conjugation of a peptide or protein with a BFCA and 
the subsequent formation of a coordination complex with 
tecnetiumn-99m. One of the most popular and effective BFCA is 
HYNIC (6-hydrazinonicotinamide) (Abrams, 1990). Which is 
commonly linked to biomolecules through an amide bond formed 
by the reaction of amine side chains in the biomolecule with an 
active ester such as N-hydroxysuccinimide (NHS). This makes 
possible the union of the BFCA to the peptide at a remote location 
from the biologically active site. In this way, adding a metallic 
element will not alter the biochemical properties of the peptide. 
The use of HYNIC requires an additional ligand, such as tricine to 
complete the technetium coordination sphere, the proposed 
structure of the complex is shown in Figure 2. 

 
 
 

 
 
 
 
Figure 2 : Proposed complex structure R= defensin EcgDf1, 
L =tricine ligand 
 
 
Taking all the above into consideration, we present herein the 
preparation and evaluation of the 99mTc-labeled defensin short 
analog EcgDf21d with potential application in infection foci 
imaging. Labelling was performed through the preparation of 
HYNIC-tricine technetium complex. The biologically active amino 
acid sequence of EcgDf1 defensin (NH2- 
ERFTGGHCRGFRRRCFCTKHC-COOH)  has its active core in 
the acid terminal end, so, the peptide was derivatized in the amino 
terminal group (E) with HYNIC and the coordination sphere of the 
complex was completed with tricine. The final 99mTc-complex was 
assessed for physicochemical and biological behaviour both in 
vitro and in vivo against Candida albicans, Aspergillus niger, and 
Staphylococcus aureus. 
 
 
Results and Discussion 
 
Radiolabelling 
 
The short synthetic analog of defensin EcgDf21 
(ERFTGGHCRGFRRRCFCTKHC)   containing  21 amino  acids 
was derivatized on the N terminus with HYNIC as a chelator for 
technetium-99m, through an amide bond. According to the 
literature, this amino acid sequence is responsible for the 
biological activity and the modifications reported enhance 
selectivity and stability (Rodriguez-Decuadro, 2019) 
Different labelling conditions were assessed such as peptide 
mass (30, 50, 100 µg), incubation temperature (room temperature 
20ºC, 70ºC, and 95°C), and reaction time (5, 15, and 30 minutes) 
at pH 4.5. Radiochemical purity (RCP) was determined by HPLC 
and TLC as described in the experimental section. The results 
using different radiolabelling conditions are summarized in Table 
1. 
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Table 1: Radiochemical purities (RCP%) of [99mTc]Tc-HYNIC- 
EcgDf21 achieved using different labelling conditions (n=3 ±SD) 

 
Peptide mass (µg) 

30 50 100 

RCP% 

98.0± 3.1 95.3± 4.8 87.7±5.5 

 

Incubation temperature (ºC) 
20 70 95 

RCP% 

18±4.3 88.1±5.0 98±4.7 

 
Incubation time (min) 

5 15 30 

RCP% 

71±6.8 87±6.1 98±3.5 

 
According to these results, the best radiolabelling conditions to 
obtain the peptide complex, from now on [99mTc]Tc-HYNIC- 
EcgDf21 were: 30 µg of ligand, pH 4.5, incubation temperature 
95ºC during 30 minutes. HPLC analysis shown in Figure 3 
revealed the formation of a single product with a retention time (rt) 
of 9,7 min with a RCP higher than 95%. Paper chromatography 
did not reveal the presence of [99mTc]TcO4

-, and the amount of 
[99mTc]TcO2 was 6,3 ± 0,31 % 
The  [99mTc]Tc-HYNIC-  EcgDf21  was  obtained  with  a  specific 
activity of 1,2MBq/µg. 

 

 
 

Figure 3: High-performance liquid chromatography profile of 
[99mTc]Tc-HYNIC-EcgDf21 using 30 µg of ligand, pH 4.5, 
incubation temperature 95ºC during 30 minutes. 

 
 

Physicochemical evaluation 
 

In order to assess the potentiality as radiopharmaceutical of the 
complex [99mTc]Tc-HYNIC-EcgDf21, the main physicochemical 
properties of the radiolabelled peptide were determined namely 
stability, lipophilicity, and plasma protein binding. 

Stability in labelling milieu, in human plasma and after incubation 
with cysteine as competitive ligand was assessed by HPLC and 
TLC. 
The complex was stable in the labelling milieu for at least 4 hours 
with RCP higher than 95% and after incubation. Nevertheless, it 
decomposed after 1 hour of incubation in human plasma 
indicating a possible enzymatic degradation. 
Stability against ligand exchange was studied by incubating with 
a 5-fold molar excess of cysteine for two hours. This amino acid, 
usually present in plasma proteins, is an excellent competitive 
agent to bind technetium. [99mTc]Tc-HYNIC- EcgDf21 presented 
slight exchange of ligands after 2 hours of incubation, indicating 
chemical stability under stress conditions. 
Lipophilicity was assessed through the determination of the 
partition coefficient between 1-octanol and phosphate buffer 0.1M 
pH 7.4. [99mTc]Tc-HYNIC- EcgDf21 was hydrophilic, with a Log P 
of (-0.60 ± 0.01). 
Plasmatic protein binding (PPB) was assessed by size exclusion 
chromatography at 0.5 and 1 hour. The complex showed 
moderate PPB, which is a positive property for potential 
radiopharmaceuticals  since only the unbound fraction of 
[99mTc]Tc-HYNIC-EcgDf21 can bind to microorganism 
membranes. The physicochemical results are summarized in 
Table 2. 
 
Table 2: Log P, PPB, and ligand exchange results at 0.5 and 1 
hour (n=3 ±SD). 
 

Log P PPB (%)  Ligand exchange (RCP%) 

 0.5 h  1 h 0.5 h 1 h 2 h 

-0.60 ± 0.01 44.4 ± 6.3 49.9 ± 6.7 94.0 ± 2.2 92.0 ± 3.5 88.1±3.1 

 
 
Biological evaluation 
 
In vitro studies 
The bacterial and fungi binding assay showed a clear increase in 
activity retained in the pellet at higher concentrations of m.o cells. 
Consequently, a plateau in the curve indicates saturation of the 
complex-m.o interaction. For Candida albicans, the binding 
percentage reached a maximum of 98.75 ± 2.03, for Aspergillus 
niger 81.04 ± 5.9 and for Staphylococcus aureus 96.34 ± 3.1, as 
shown in Figure 4. 
 
 
a) 
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L/M ratio G1 
LPS 

G2 
C.albicans 

G3 A.niger G4 
S.aureus 

Biodistribution 1.37±0.90 2.7±0.35 0.85 ±0.15 1.31±0.42 
Image 
quantification 

1.02±0.02 2.91±0.14 1.7±0.5 1.35±0.6 

 

 
The collective accumulation stomach and thyroid of [99mTc]Tc- 
HYNIC-EcgDf21 was low, indicating that no in vivo reoxidation 

b)  occurs. The highest accumulation organs are kidneys with an 
average of 15% ID uptake, independently of the biological model. 
The complex is eliminated mainly by urinary path, 55% ID, in 
accordance with its Log P value. 

 
The uptake of the complex in the induced lesions (L) and the 
normal muscle (M) was quantified by measuring samples both 
during biodistributions (BD) and image quantification for all the 
groups. 
The  ratio L/M is shown in table  3, the  results  between  both 

c)  calculation  methods  did  not  show  a  statistically  significant 
difference (Unpaired T test p value < 0.05 GraphPad Prism 
version 6 (GraphPad Software, San Diego, CA, USA) except for 
G3. 

 
Table 3: Lesion (L) to muscle (M) ratio (n=3 ± SD) 

 

 
 
 
 
 

Figure 4: Binding profile of [99mTc]Tc-HYNIC-EcgDf21 with m.o 
cultures a) C. albicans, b) A. niger and c) S. aureus. The percentage 
of radio-labelled complex retained versus concentration of m.o is 
plotted. Full dots: non-blocked; crosses: blocked with non- 
radiolabelled ligand. 

 
For all three samples of m.o, the [99mTc]Tc-HYNIC-EcgDf21 
binding profiles were significantly reduced by competition with the 
non-radioactive ligand HYNIC-EcgDf21 resulting in a decrease in 
uptake of approximately 45%, as shown in Figure 4. This indicates 
the specificity of radiotracer-microorganism binding. 

 
In vivo studies 
Biological  evaluation  of  [99mTc]Tc-HYNIC-EcgDf21  was 
performed in normal mice (G1) in order to determine the biological 
distribution of the complex, with special attention on blood 
pharmacokinetics behaviour, routes of elimination, and 
accumulation sites. Figure 5 shows biodistribution values of 
Injected Dose percentage (% ID) of the biological models at 2 
hours post administration of the complex. 

 
 
Despite the high binding values of [99mTc]Tc-HYNIC-EcgDf21 to 
in vitro microorganism cultures, the in vivo uptake in animals was 
only remarkable in G2, C. albicans, having almost three times 
more activity in the lesion than in the normal muscle. Group 3 
corresponding to A. niger showed slight uptake in scintigraphic 
images but this behaviour was not confirmed by biodistribution. 
This difference may be due to the infection foci characteristics that 
are usually diffuse and difficult to separate from the muscle during 
dissection, but can be focused in the SPECT image. In the case 
of G4, both quantification methods led to similar results but there 
was no significant difference in uptake when compared with G1 
LPS sterile inflammation. 
Figure  6  shows  the  scintigraphic  images  corresponding  to 
animals of G2, G3 and G4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Biodistribution profile of all the biological models at 2 hours 
post injection of [99mTc]Tc-HYNIC- EcgDf21. (n=3 ± SD) 
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time of observation that represents the time needed for biological 
evaluation. The challenge against human plasma suggested that 
the complex may suffer enzymatic degradation in vivo. 

 
In vitro studies of binding to m.o cultures, showed that [99mTc]Tc- 
HYNIC- EcgDf21 maintains its capability of interacting with the 
pathogens assessed at several dilutions, being all above 70% at 
least at the 1/5 dilution. This is a good indicator that the peptide 
remains biologically viable despite de chemical modifications 
derived from the radiolabelling process. Complementary 
competition studies confirmed the specific binding of the 
[99mTc]Tc-HYNIC-EcgDf21  to m.o showing a marked decrease 
when incubated with the competing non-radiolabelled ligand. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Scintigraphic images of [99mTc]Tc-HYNIC- EcgDf21 in Balb. 
C mice infected a) C. albicans, b) A. niger and c) S. aureus 

 
 
Conclusions 

 
In the present work, we described the development, in vitro and 
in vivo evaluation of a new radiolabelled antimicrobial peptide 
EcgDf21, obtained by preparation of a 99mTc HYNIC complex. The 
labelling approach is very simple because the BFCA moiety can 
be easily added to the peptide and this ligand can be maintained 
in freezer for several weeks. Furthermore, the labelling procedure 
rendered a single product with remarkably high RCP and stability 
in labelling milieu. 
Physicochemical evaluation showed that the [99mTc]Tc-HYNIC- 
EcgDf21 complex has adequate properties including high stability 
in milieu and against cysteine maintaining high RCP during the 

Regarding    biological    evaluation    in    animal    models,    the 
biodistribution profile for both sham and injured groups revealed 
that the complex does not suffer in vivo reoxidation of 99mTc as 
the %ID in stomach and thyroid are negligible, these results are 
in  accordance  with  the  physicochemical  studies  that  indicate 
chemical stability in time and against cysteine. The Log P value 
indicates   that   [99mTc]Tc-HYNIC-EcgDf21   has   a   hydrophilic 
behaviour which is confirmed by the biodistributions,  where a 
mean of 55% of the injected dose is eliminated by urine. 
As the objective of this work was to develop and evaluate a 
potential radiotracer for infection foci, the uptake in induced 
lesions, both by m.o or sterile inflammation was crucial. One of 
the characteristics required for this kind of compounds is its ability 
to discriminate between infection and inflammation, the model of 
sterile inflammation represented by G1, LPS showed no 
interaction with [99mTc]Tc-HYNIC-EcgDf21, this was confirmed 
both through biological samples (L/M= 1.02±0.02) and image 
quantification. In the case of G4 (S. aureus), the uptake value was 
similar to G1, 1.02±0.2, and 1.3±0.6 respectively, despite the 
good profile obtained in vitro with this culture. This behaviour can 
be explained by the characteristics of the S. aureus infection 
which forms a membrane that encapsulates the foci, preventing 
the penetration of the complex. 
G3 (A. niger) presented a low L/M ratio although it is statistically 
different from the profile shown by G1 and G4 it is not good 
enough to clearly discriminate the lesion. The optimal value was 
obtained for the C. albicans model reaching an L/M ratio of 3, this 
correlates with in vitro binding studies, and the lesion can be 
definitely observed in the scintigraphic images. 
Lesion uptakes are modest in comparison with other radiolabelled 
peptides cited in bibliography, for example [99mTc]Tc-HYNIC- 
UBI29-41 presented accumulation in infected tissues with L/NT 
ratios of 2–3, and no accumulation in tissues with inflammation 
(Gandomkar,2009). 99mTc-labeled synthetic fragment of human 
lactoferrin (hLF1–11) showed a T/NT ratio of 3.5 to 4 in animal 
models of infection (Browner, 2008). Human β-defensin 3 (HBD- 
3) was labelled and the complex 99mTc-labeled HBD-3 was able 
to discriminate S. aureus infection from sterile inflammation with 
T/NT of 5.7 (Follacchio, 2019). 
In this work, the development of a new radiolabelled antimicrobial 
peptide for infection imaging was achieved. [99mTc]Tc-HYNIC- 
EcgDf21 showed adequate in vitro behaviour and preclinical 
studies revealed that the peptide structure can differentiate 
between sterile inflammation and infection in C.albicans lesions. 
Nevertheless, the other infections could not be clearly 
discriminated in vivo despite having very good in vitro binding 
profiles. The general pharmacokinetic behaviour makes this a 
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basic structure worthy to deepen its study. Slight modifications to 
the peptide sequence are currently being studied in order to 
improve the in vivo behaviour and image performance. 

 
 
Experimental Section 

 
Materials 
[99mTc]TcNaTcO4 was obtained from a commercial 

[99Mo]Mo/[99mTc]Tc generator (Tecnonuclear, Argentina). All 
laboratory chemicals were reagent grade and were used without 
further purification. HYNIC, L-cysteine, Tricine, SnCl2.2H2O, 
bovine serum albumin (BSA) and trifluoroacetic acid (TFA) were 
purchased from Sigma-Aldrich. Solvents for chromatographic 
analysis were HPLC grade. 
The peptide of sequence EFTGGHCRGFRRRCFCTKHC  (PM: 
2558) was synthesized by NovoPro Bioscience. Inc (China) with 
purity higher than 90%, analysed by reverse phase HPLC (RP- 

In vitro evaluation 
 
Stability in labelling milieu 
[99mTc]Tc-HYNIC-EcgDf21 was incubated in the labelling milieu at 
room temperature for 0.5, 1, 2, and 4-hours post labelling and the 
RCP was assessed using the reference system mentioned above. 
 
Stability in plasma 
In vitro stability was assessed by incubating the complex (200 μL) 
with fresh human plasma (1000 μL) at 37°C. Samples of 150 μL 
were collected at 0.5 and 1 hour and precipitated with 150 μL of 
cold absolute ethanol (-15°C) and cooled in a freezer for 5 
minutes to induce precipitation. After centrifugation at 156 g for 5 
min at 0ºC, the pellet was carefully separated from the 
supernatant and an aliquot of the latter was analysed by HPLC 
with the reference system. 
 
Stability in the presence of competing ligands 

99m
 

HPLC) and MS. A sample of [ Tc]Tc-HYNIC-EcgDf21 (200 µL) was incubated 

Activity measurements were performed either with a dose 
calibrator (Capintec CRC-5R) or with a scintillation counter (3×3’). 
NaI (Tl) crystal detector) attached to an ORTEC monochannel 
analyser. Paper radiochromatography was carried out on 
Whatman 1 support and scanned with a radiochromatograph EZ- 
SCAN Carroll & Associates, SRI – model 302. 
HPLC analysis was carried out on Thermo Scientific UltiMate 
3000 using a reverse phase column (Waters DeltaPak (150 x 
3.9mm C18 5µm, 300Å). Elution was performed at 1.0 mL/min 
flow rate with a binary gradient system of 0.1% trifluoroacetic acid 
in water as mobile phase(A) and 0.1% trifluoroacetic acid in 
acetonitrile as mobile phase (B). The elution profile was as 
follows: 2-5 min 2% B, 5-10 min 2-50% B, 10-20 min 50% B, 20- 
25   min   50-70%   B.   Detection   was   accomplished   with   a 
1”x1”NaI (Tl) crystal scintillation detector (Xiangli Liu et al, 2011) 

 
Conjugation of EcgDf21with HYNIC 
650 µg NHS-HYNIC dissolved in 325 µL DMSO was slowly added 
to 2 mL solution of peptide and incubated in darkness for 30 
minutes. This solution was purified by Sep-Pak C18 Cartridge to 
remove non-bound HYNIC. EcgDf21-HYNIC solution was stored 
at -20°C under N2 atmosphere until use. 

 
Preparation of [99mTc]Tc-HYNIC- EcgDf21 complex 
The labelling process consisted of the preparation of two solutions 
namely: the conjugated peptide EcgDf21-HYNIC, 1 mg/mL, (A), 
and the coligand and reducing agent containing 0,3 mg/mL of 
Tricine and 1.1 mg/mL of SnCl2 (final pH= 4.5), (B). 
An aliquot of 30 µL of solution A was added to 30 µL of B. After 
homogenization, 100µL of [99mTc]NaTcO4 (37 MBq/mL,1mCi/mL) 
were added and incubated during 30 minutes at 95°C. 
Radiochemical purity of the complex (RCP) was assessed by 
reverse phase HPLC. The presence of free [99mTc]TcO4- was 
determined by chromatography in Whatman1 as stationary phase 
and NaCl 0.9% as mobile phase (Rf=1) measured in a 
radiochromatograph scanner Scan-Ram (LabLogic). [99mTc]TcO2 
(colloid) was determined by measuring the retained activity in the 
HPLC column. 

with 1000 μL of a solution of 5 molar excess of L-cysteine at 37°C. 
RCP was determined after 0.5, 1, 2 and 3 hours by HPLC analysis 
as described above. (Von Guggenberg, 2004) 
 
Lipophilicity 
Lipophilicity  was  determined  as  the  partition  coefficient  of 
1-octanol/phosphate  buffer  (0.1M,  pH 7.4) (Goodman&Gilman, 
2007).  In  a  centrifuge  tube, 2 mL  of  1-octanol  and  2 mL  of 
phosphate buffer 0.1 M pH 7.4 were mixed. 100 μL of complex 
were added and shaken on a vortex mixer for 2 minutes. The 
mixture was centrifuged for 5 minutes at 1113 g; an aliquot of 
each phase (n=2) was measured in a solid scintillation counter. 
Partition coefficient (P) was calculated as the mean activity value 
of the organic phase divided by the aqueous one; lipophilicity was 
expressed as log P (Trejtnar, 2002). 
 
Protein binding (PPB) 
Binding to plasma proteins was determined by size exclusion 
chromatography. The complex (50 µL) was incubated with fresh 
human  plasma  (450  µL)  at  37ºC  up  to  1  hour.  At  30  and 
60 minutes,  25 μL  samples  were  seeded  in  a  size-exclusion 
chromatography    column   (Microspin G-50,   GE   Healthcare, 
Buckinghamshire, UK). Columns were centrifuged at 1113 g for 
1 minute and activity of the eluate and the column was measured 
in a solid scintillation counter. 
The PPB% was calculated as: 
 

 
 
being total activity (eluted + retained in the column) (n = 3). 
 
In vitro microbiological studies 
To evaluate the capacity of the complex to bind to different 
pathogenic m.o C. albicans ATCC 101231 (yeast), A. niger 
CCMG17 (filamentous fungus, Cátedra de Microbiología General 
Collection CCMG, Facultad de Química, Montevideo, Uruguay) 
and S. aureus ATCC 25923 (Gram positive bacteria) were 
selected. C. albicans and S. aureus concentrations were 
estimated by OD600 and verified by plate count. The initial 
suspension of A. niger was prepared as follows: 25 mL of malt 
extract medium (12.5%) inoculated with 2 mL of a 109 conidia/mL 
suspension  in  fresh  malt  extract  medium  previously  filtered 
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(mycelium free), was incubated at 28°C and 150 rpm until germ 
tube emergence (~5 h). The inoculum was counted in a Neubauer 
chamber. The culture was centrifuged for 5 min at 3000g at room 
temperature in glass tubes (Corex). The supernatant was 
discarded, the pellet was re-suspended in 2 mL of minimal 
medium (Pontecorvo et al., 1953), and aliquoted at 0.4 mL in 
Eppendorf for the binding assay. The aliquots were stored at 4ºC 
for 24 h, and thermostatted at 28ºC for 5-10min before performing 
the assay. 
 

Bacteria and yeast binding was performed according to the 
following  technique  (Cardoso,  2016). Briefly, 7 serial dilutions 
from an initial microorganism suspension of 0.4 mL containing 1- 
3x107 CFU/mL in phosphate buffer 14 mM pH 7.4 (buffer A) were 
done with NaCl 0.9 % (n=3). Each dilution was added with 0.8 mL 
of buffer E (1vol. 0.1% Tween 80 in buffer A, 1 vol. 0.04% acetic 
acid). After 15 min at 4°C, an aliquot of 0.1 mL complex (~740 
KBq) was added to each tube and incubated for 1 h at 4°C. The 
entire series was assessed for radioactivity and centrifuged at 
13800 g for 5 minutes at 4°C. The supernatant was discarded, the 
pellet re-suspended with 1 mL of solution E, and centrifuged again 
at 13800 g for 5 minutes at 4°C. The supernatant was carefully 
discarded avoiding disturbing the pellet; its final activity was 
measured. The binding percentage was calculated as: 
 
 
      (𝑁𝑒𝑡 𝑃𝑒𝑙𝑙𝑒𝑡.𝑎𝑐𝑡/𝑁𝑒𝑡 𝑇𝑜𝑡𝑎𝑙.𝑎𝑐𝑡) 𝑥100.  
 
Being total activity (supernatant+pellet) (n=3) 

 
In order to assess the binding specificity of the complex to the 
m.o, a competition binding assay was carried out. Each culture 
was pre-incubation with a solution of 10-fold molar excess of the 
non-radiolabelled EcgDf21-HYNIC as competitor during 1h, after 
that the binding assay was performed as previously described. 

 
In vivo evaluation 
All biological studies were performed in compliance with the 
national laws of animal experimentation and approved by the 
Ethics  Committee  of  the  Faculty  of  Chemistry  (N°  Protocol 
101900-000629-14), Universidad de la República, Uruguay. 
Biological evaluation was conducted in Balb C female mice, 12- 
14 weeks old, weighing between 25±2 g (n=3). Five groups of 
animals were assessed as follows: G0 = sham, G1 = sterile 
inflammation, G2 = C. albicans infection, G3 = A. niger infection, 
and G4 =. S. aureus. Injury induction involved subcutaneous 
injection in the left foreleg according to the conditions described 
below: 
-  Group  1:  Sterile  inflammation  induced  with  100  µL  1x109 
Lipopolysaccharides (LPS) suspension in NaCl 0.9 % 72 hours 
before biodistribution studies. (Fernández, 2017) 
- Group 2: Fungal infection induced with 100 µL C. albicans 1×109 
CFU fresh culture, 72 hours before biodistribution studies 
- Group 3: Fungal infection induced with 100 µL A. niger 1×109 
CFU fresh culture (in conidia phase) 7 days before biodistribution 
studies 
- Group 4: Bacterial infection induced with 100 µL S. aureus 
1×109 CFU fresh culture, 72 hours before biodistribution studies. 
Mice were maintained in hygienic housing conditions, with cycles 
of 12/12 light / dark hours and temperature of 22 ± 2°C, with food 
and water ad libitum. 

The biodistributions were performed with [99mTc]Tc-HYNIC- 
EcgDf21, diluted in saline solution, it was injected into lateral tail 
vein (0.1 mL with a maximum activity of 1.11 MBq (30µCi), and its 
biodistribution was studied at 2 hours post injection. Animals were 
sacrificed by cervical dislocation and the organs of interest were 
removed, and urine, blood, muscle, and bone samples were also 
collected. Results were expressed as percentage dose per gram 
of tissue. Ratio lesion/muscle (L/M) were calculated. 
Image acquisition was performed 2 hours post injection, animals 
were anaesthetized with 2.5% isoflurane flow 1.5-2.0 mL/min on 
O2. Scintigraphies were acquired in a SPECT/CT camera 
(NanoScan, Mediso). Reconstruction was performed with the 
OSEM iterative method. Analysis and quantification of images 
were done with PMOD 3.8 software. 
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