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Abstract

Antimicrobial peptides have been proposed as new agents to distinguish between bacterial infections and sterile inflammatory processe:
°9mT¢c.UBI labeled by a direct method has shown high in vitro and in vivo stability, specific uptake at the site of infection, rapid background
clearance, minimal accumulation in non-target tissues and rapid detection of infection sites in mice. The aim of this study was to establish
a 2°™Tc-UBI biokinetic model and evaluate its feasibility as an infection imaging agent in humans.

Whole-body images from 6 children with suspected bone infection were acquired at 1, 30, 120, 240 min and 22°RTafteiB|
administration. Regions of interest (ROIs) were drawn around source organs (heatrt, liver, kidneys and bladder) on each time frame. The
same set of ROIs was used for all 6 scans and the cpm of each ROI were converted to activity using the conjugate view counting method
Counts were corrected by physical decay and by the background correction factor derived from preclinical phantom studies. The image
sequence was used to extrapofSt8Tc-UBI time-activity curves in each organ and calculate the cumulated actijtyd#ne samples were
used to obtain the cumulative percent of injected activity (% |.A.) versus time renal elimination. The absorbed dose in organs was evaluated
according to the general equation described in the MIRD formalism. In addffiGa-citrate images were obtained from all the patients
and used as a control.

Biokinetic data showed a fast blood clearance with a mean residence time of 0.52 h. Approximately 85% of the injected activity was
eliminated by renal clearance 24 h aff@f"Tc-UBI administration. Images showed minimal accumulation in non-target tissues with an
average target/non-target ratio of 2.480.74 in positive lesions at 2 h. All infection positR&'Tc-UBI images were in agreement with
those obtained witR’Ga-citrate. The mean radiation absorbed dose calculated was 0.13 mGy/MBq for kidneys and the effective dose was
4.34 x 10°mSv/MBg. © 2004 Elsevier Inc. All rights reserved.

1. Introduction sterile inflammatory processes [2], and also, to monitor the
efficacy of antibiotic therapy [1,2]. Ubiquicidin 29-41 (UBI)
An ideal radiopharmaceutical for infection imaging is a fragment of the cationic antimicrobial peptide that is
should satisfy the following criteria: high and specific up- present in various species including humans. Its amino acid
take at the site of infection; rapid detection of infection; sequence is Thr-Gly-Arg-Ala-Lys-Arg-Arg-Met-GIn-Tyr-
rapid background clearance; minimal accumulation in non- Asn-Arg-Arg (MW 1.69 kDa). Afte°™Tc labeling through
target tissues; low toxicity and zero immune response and inprobably the amine groups of Af@nd Lys, UBI showed
particular, an ability to differentiate infection from sterile radiochemical purities over 97%, high stability in human
inflammation [1]. serum and in cysteine solutions [3]. In vitro test demon-
Recently, antimicrobial peptides have been proposed asstrated thaf®™Tc-UBI was specifically bound to bacteria
new **™Tc agents to distinguish bacterial infections from ang fungi and that it is accumulated at sites of infection
showing an average infection/inflammation ratio of 2:08
* Corresponding author. Tel. =) 52 55 53 29 73 06; fax) 52 55 0.49. in experimental animals [4,5]. These biodistrit?utiorj
53 29 73 06. studies have demonstrated a fast renal clearance with min-
E-mail address: gff@nuclear.inin.mx (G. Ferro-Flores). imal hepatobiliary excretion in mice [3-5].
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The aim of this study was to establish a *™Tc-UBI
biokinetic model and evaluate its feasibility as an infection
imaging agent in humans using ®’Ga-citrate as a control.

2. Materials and methods

Ubiquicidin 29-41 fragment peptide (UBI) was synthe-
sized and characterized at the Leiden University Medical
Center; The Netherlands. All the other reagents were ana-
Iytical grade and were used without further purification. The
9MTc-pertechnetate was obtained from a GETEC **Mo/
®MTc generator (ININ). ®’Ga-citrate was purchased at a
radiochemical concentration of 37 MBg/mL (Syncor-Mex-
ico).

Six children between 2 and 15 years old with suspected
bone infection in different areas of the skeleton were en-
rolled in this study. All patients' parents signed a consent
form after receiving detailed information on the aims of the
study and agreed to the collection of data necessary for a
complete biokinetic study. The study in children was ap-
proved by the Hospital's Medical Ethics Committee.

2.1. UBI Techenetium-99m labeling

Technetium-99m labeled UBI was prepared as previ-
oudly reported [3,4] using sterile and apyrogenic materials
and solutions. The procedure was carried out under aseptic
conditions into a laminar flow cabinet with sterile air
benches filter out particles as small as 0.3 wm (Labconco).
In short, 10 uL of the UBI solution (5mg/mL) was added to
avial containing 5 uL of afresh stannous chloride solution
(2 mg/mL), followed by 10 uL of 0.1 M NaOH, and 185-
370 MBq (100 L) of ®™Tc-pertechnetate, obtaining afinal
pH 9-10. The radiopeptide solution was incubated at room

15 min

temperature for 5 min and finally, 1 mL of 0.9% NaCl
solution was added to afinal pH 6.5-7.0. This solution was
sterilized by membrane filtration (0.22 wm, Millipore Co.).

2.2. Quality control

Radiochemical purity analyses were performed by Sep-
Pak C-18 cartridge and reverse phase high-performance
liquid chromatography (HPLC). An aliquot of 0.1 mL of the
labeled peptide was loaded on the preconditioned Sep-Pak
cartridge followed by 5 mL of 1 mM HCI. The labeled
peptide was eluted with 3 mL of ethanol:saline (1:1) fol-
lowed by 3 mL of 0.1 M HCI: methanol (15:85).

HPLC analyses were carried out with a Waters instru-
ment (Waters, Milford, MA, USA) running Millenium soft-
ware with both radioactivity and UV-photodiode array in-
line detectors. YMC ODS-AQ S5 column (5um, 4.6 x 250
mm) at a flow rate of 1 mL/min using 0.1% trifluoroacetic
acid (TFA)/water (solvent A) and 0.1% TFA/acetonitrile
(solvent B). The gradient started at 100% solvent A for 3
min, changed to 50% solvent A over 10 min, held constant
for 10 min, changed to 30% solvent A over 3 min and finally
back to 100% solvent A over 4 min.

2.3. Image acquisition

A persplex antropomorphic phantom was used to calcu-
late the effect of attenuation and scattered radiation on the
gamma camera images. Selected organs of the phantom
were filled with ®™Tc-pertechnetate solution. After the ac-
tivity was uniformly distributed in kidney, liver, heart and
bladder compartments, the phantom was placed on the scan-
ning table and whole body acquisition was performed with
adual head gamma camera (MultiSPECT I1; Siemens), with
a paralel hole, high resolution collimator and connected to
a computer (ICON; Siemens). A symmetric 15% window

2h

Fig. 1. Patient with bone infection on right arm. Anterior and posterior views at different times after **™Tc-UBI administration. Both ®**™Tc-UBI and

8Ga-citrate scans are positive.
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Fig. 2. Patient with surgery for ventricul ar-peritoneal valve. X-rays show alytic lesion on the 10™thoracic vertebrae. Anterior and posterior views at different
times after ®°™Tc-UBI administration. Both ®°™Tc-UBI and %”Ga-citrate scans are positive.
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Fig. 3. Mean time-activity curves in heart, liver and kidney after °*™Tc-UBI administration in patients (n=6).



376 L. Meléndez-Alafort et al. / Nuclear Medicine and Biology 31 (2004) 373-379

M=055h"

Transter Extravascular

Compartment —— Compartment
(blood) t=116h

1=0.52h -

P, =0.76 h™*
A3=063h" 1\?»4 =0.02h"

Kidney

7=221h

As=0.40h"
Bladder
Urine
dA
blood __
dt - }\’2Acxtravascllar + }\’4Akidncy - (;\'l + A’S )Ablood
dAextravascular =MA —-MA
— 1 blood 24 *extravascular
dt
dA .
kidney __
i A3A bood = (Mg +A5)A iney
dAurine — ?\’ A
= V58 d,
dt ney

Fig. 4. Schematic diagram of the open three compartment model describing
the movement of **™Tc-UBI through the body.

was set at 140 KeV. For each of the two detectors, the
system calibration factor (C) for ®™Tc¢ was determined in
counts per minute (cpm)/MBgq, by counting in air a known
activity of **™Tc during a fixed period of time using the
same camera, collimator and camera acquisition setting as
for the phantom study.

Transmission factors for each organ were calculated us-
ing the ratio of the count rates /1, obtained with a *™Tc
source with (1) and without (I,) the phantom in position.
Counts were corrected by physical decay and by the
background correction factor according with Buijs
method [6].

To quantify the activity in the compartments, the conju-
gate view counting method was used [7]:

A:(ﬁ)uzE (1)

D

where A isthe compartmet activity in MBqg, |, and | are
the anterior and posterior view counting rates (cpm) respec-
tively, e~ represents the transmission factor across the
phantom thickness, f is equal to (ujtj/2)/sinh(ujtj/2) and
represent a correction for the source region attenuation
coefficient (uj) and source thickness (tj). C is the system
calibration factor (counting rate per unit activity).

2.4. ®°™Tc-UBI biokinetics

The administrated dose of **™Tc¢-UBI calculated accord-
ing with the age and weight of the patients (74 MBq to 222
MBq) was injected in the antecubital vein. Complete void
urine was collected during 24 h to calculate the excreted
radioactivity.

Whole-body images from the 6 children with suspected
bone infection were acquired at 1, 30, 120, 240 minand 24 h
after °™Tc-UBI administration. To evaluate the activity,
total-body images were analyzed by the conjugate view
method (256 X 1024 pixel matrix). Regions of interest
(ROIs) were drawn around source organs (heart, liver, kid-
neys and bladder) on each time frame. Three nuclear med-
icine physicians analyzed and interpreted the images before
reading the clinical charts. The same set of ROIs was used
for all 6 scans and the cpm of each ROI were converted to
activity using the conjugate view counting method as de-
scribed above. The ®™Tc activity obtained for each ROI
was converted to percent of injected activity (% 1.A.). The
image sequence was used to extrapolate °™Tc time activity
curvesin each organ. Blood activity curve was derived from
the heart activity.

The cumulated activity (A) in the source organ was given
as the area under the time-activity curve for a source organ
or region. Since activity isthe number of disintegrations per
unit time, integrating this over time gives the total number
of disintegrations:

An(0,0) = f An(t)dt 3]

0

To facilitate the calculation of absorbed dose, source
organ residence times (7) were calculated as:

Ay,

A ®

Th =

The 24 h urine samples were used to obtain the cumu-
lative percent of injected activity (% 1.A.) versustime elim-
inated via kidney. To establish the biokinetic model the %
I.A. for each organ and the remainder of the body was fitted
to a bi-exponential function using the Biexp 2.0 software [8].
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Table 1

Effective dose, absorbed dose and residence times in brackets of *°*™Tc-UBI calculated from patients

Patient No. Absorbed Dose, mGy/MBq Effective Dose
[Residence time, h] mSv/MBq
Kidney Liver

1 9.92 E-02 1.06 E-02 3.34E-03
[1.85] [1.01]

2 1.70 E-01 1.45 E-02 5.44 E-03
[3.18] [1.39]

3 9.92 E-02 1.19 E-02 3.41 E-03
[1.85] [1.14]

4 1.33E-01 8.05 E-03 4.10 E-03
[2.48] [0.77]

5 1.89 E-01 1.42 E-02 5.93 E-03
[3.53] [1.36]

6 9.65 E-02 2.12 E-02 3.83 E-03
[1.80] [2.03]

Average 1.31 E-01 + 0.04 1.34 E-02 + 0.005 434 E-03 + 0.001

[2.21 + 0.76] [1.16 = 0.43]

2.5. 9"Tc-UBI absorbed dose calculations

The absorbed dose to organs was evaluated according to
the genera equation described in the MIRD formalism [9].

Dtarget<—source = ZourcesPsource X S(argek—source = ZourcesPo.source <
Tsource X Stargetesource ( )

Where Diqgetsource 1S the mean absorbed dose to atarget
organ from a source region. A, . 1S the cumulated activity
from source region and S geresource 1S @ CONStant, specific
for the isotope, source and target configuration. A, orce 8d
Teource FEPresent the initial activity in the source and the
residence time, respectively. In this study, absorbed dose
estimates were obtained by entering the experimental r
values for al source organs in the MIRDOSE 3.1 software
[10] using asthe reference the 10 years or 15 years old child
phantom.

2.6. ®’Ga-citrate images

After 48 h of the ™ Tc-UBI administration, ®’Ga-citrate
was administered to al the patients and images were ac-
quired 72 h later in order to corroborate the lesion sites. In
two cases a biopsy was taken to confirm an infection pro-
cess.

3. Results

None of the children reported any adverse reaction as
nausea, dysnea, bronchospasm, decreased blood pressure,
itching, flushing, hives, chills, coughing, bradycardia, mus-
cle cramps or dizziness after the radiopharmaceuticals were
administered.

The average radiochemical purity of *°™Tc-UBI, deter-

Table 2
Accumulated in six patients of ™ Tc-UBI at sites of suspected infection expressed as target/non-target (T/NT) ratio
Patient Age Sex Reported Disease SMTc-UBI Ga-67 Diagnosis*
Target/non- Imaging
target ratio
1 11 F Cellulitis on left leg 2.83 Positive A
2 9 M Osteomyelitis. Purulent skin lesion in right arm 3.09 Positive A
3 14 M Lytic lesion on the 10th thoracic vertebrae 158 Positive A
4 5 M Leukemia and septic arthritis on left elbow. Pain, 145 Positive A
swelling, warmth and erythema.
5 15 F No-Hodgkin lymphoma and steroids induced diabetes. 1.02 Negative B
Pain and erythema in left hand.
6 13 M Leukemia and cellulitis in right leg. Fever since 4 days 197 Positive A
ago. Warmth, pain and swelling in right leg.
Average in positive patients (n = 5) 218+ 0.74

* Diagnosis: A Interpretation concordant with infection and B interpretation concordant with no infection.
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mined by Sep-Pak cartridge and reverse phase HPLC, was
in al the cases over 97%.

9MTc-UBI showed afast renal clearance (Fig. 1 and 2).
Two hours after administration the percentage of the in-
jected activity removed by the liver and kidney was 2.6 +
1.3% I.A. and 4.4 +1.5% I.A. respectively with a kidney/
liver ratio of 9.6 per gram of tissue approximately (Fig. 3).
After 24 h the liver and kidney activity decreased to 0.54 =
0.2% and 1.4 = 0.03% I.A correspondingly.

The biokinetic open model adjusted to a three compart-
ment system where the kidneys and bladder were consid-
ered as the third compartment, shows that the ®°™Tc-UBI
deposited in the transfer compartment (blood) was removed
to the kidney and extravascular compartment at arate (A, +
A3)Apiooss Where Ajis the transfer coefficient (W) to the
extravascular compartment and A the transfer coefficient to
kidney. The values of 0.55 h™* and 0.63 h™ for A, and A,
respectively, indicate a rapid blood clearance. On the same
basis A5 (0.40 h') which represents the transfer coefficient
from kidney to bladder, indicates a fast renal elimination
and A, (0.02 h™*) a minimal re-circulation. In addition the
value of A, = 0.76 h™'shows that the activity was not
accumulated in the extravascular compartment (Fig. 4).

Absorbed doses and residence times in liver and kidney
of each patient are shown in Table 1. Images showed that
the average target/non target (T/NT) ratiowas 2.18 +0.74 at
2 h (Table 2). Radioactivity levels were found at 4 h to be
decreasing and at 24 h no activity remained at the site of
infection. Overall, the biodistributions look similar to that
seen previously in mice [3]. It is suggested that the best
imaging time is from 1 h to 2 h. Chronic infection showed
slight uptake and acute infection showed intense accumu-
lation of the radiopharmaceutical. Two sites of infection
were confirmed by biopsy and there was no evidence of
false positive results in this series. In addition, all infection
positive®™Tc-UBI images were in agreement with those
obtained with ®’Ga-citrate (Table 2).

4, Discussion

For reliable biokinetic studies, it is essential to obtain
valid data from biological samples and from images. How-
ever, the study of new methods to obtain “absolute activi-
ties” from scintigraphic images continues [7]. An accurate
estimation of the activity in any organ from the measured
counting rate requires correction for the system calibration
factor (cpm/MBQ), for attenuation, scatter, background ac-
tivity, organ and patient thickness and physical decay of the
radionuclide used. In this study, the use of an antropomor-
phic phantom allowed the selection of the best correction
methods for background, source thickness and attenuation.

Biokinetic data showed a rapid background clearance,
minimal accumulation in non-target tissues and a low ef-
fective radiation absorbed dose after administration of
9¥MTc-UBI in humans. Furthermore, adverse reactions were

not observed in any of the children who tolerated the studies
well and the sites of infection were successfully detected.
All these data support the hypothesis that ™ Tc-UBI could
work as an ideal radiopharmaceutical for infection imaging
in pediatrics.

It is well-known ®’Ga-citrate is a useful non specific
radiopharmaceutical to detect either inflammation or infec-
tion processes. In this study all **™Tc-UBI positive images
were in agreement with those obtained with ®’Ga-citrate. As
expected, ®™MTc infection sites were imaged at short times
(2-2 h) which is an important advantage in the clinica
diagnosis of infections and especially in pediatrics.

Usually, there isinflammation in and around atumor site
but it is a sterile process and one would not expect any
9¥MTc-UBI uptake at that site. It is very probable that ™ Tc
labeled UBI would play a relevant role in the diagnosis of
oncological patients with suspected infections because a
radiopharmaceutical able to distinguish between infection
sites and metastatic lesions has not been reported so far.

The short uptake time of **™Tc-UBI at sites of infection,
with decreasing radioactivity levels found a 4 h and no
remaining activity in the target tissue at 24 h, could be
explained on the basis that the antimicrobia peptide UBI
29-41 interacts electrostactically with the membrane lipids
of the bacteria. After entering the cell, the radiopharmaceu-
tical could be bound to a cytoplasmatic specific site on a
target bacterial protein causing a fast cell death with the
subsequent bacterial removal [4].

In conclusion, ®™Tc-UBI 29-41 has adequate biokinetic
properties and ability to detect infection foci in humans.
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