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The use of radiolabeled antibiotics as diagnostic agents is an emerging area of medical research. Vibramycin is a
semisynthetic antibiotic of the tetracycline family prescribed to treat a variety of infections. We present in this study a
new technetium-99m labeled vibramycin radiopharmaceutical using SnCl,.2H,0 as a reducing agent. The stability of
9mTc-vibramycin was evaluated in human serum at 37 °C. Biodistribution studies of **™Tc-vibramycin were performed
on a model of bacterially infected Sprague-Dawley rats. In vitro studies were performed to determine the binding
interaction of the labeled antibiotic with bacteria and its stability. Scintigraphic study was done with a y-camera 1 h, 4 h
and 24 h after radiotracer injection in rats having infectious intramuscular lesions. It was confirmed through this study
that **™Tc-vibramycin possesses high radiolabeling yield (95%) as determined by instant thin-layer chromatography.
The binding assay shows good binding with S. aureus. Scintigraphy in rabbits showed uptake of *™Tc¢-vibramycin in
the infectious lesions 1 h, 4 h and 24 h after injection. Biodistribution studies of *™Tc-vibramycin revealed that the
radiopharmaceutical accumulated significantly at the infection sites and showed the renal route of excretion. Target-to-
non target ratios for ®™Tc-vibramycin for the infectious lesion and the control muscle were found to be significantly
different. The study demonstrated that **™Tc-vibramycin shows preferential binding to living bacteria. The biological
activity (in vitro) of *™Tc-vibramycin was studied using the optimized parameters and the **"Tc-vibramycin was found
to be a good infection imaging agent.
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organs directly, or attaches to other substances and
migrates to the site of infection. Nuclear medicinal
techniques can be used for in vivo characterization
of cellular structure, function and biological
changes at molecular level on infection associated
tissues [1]. -Radiopharmaceuticals are unique

INTRODUCTION

Infection is well-defined as an injury caused by
bacteria, viruses, fungi and parasites leading to
trauma, ischemia, and neoplasm. Signs and
symptoms such as fever, swelling and pain may

also appear and the diagnosis is regularly based on
clinical, pathological and microbiological results.
Due to lack of specificity, the diagnosis of infection
is a major challenge in clinical practices. In
molecular biology, immunology and medical
biotechnology various approaches offer new
insights for infection and inflammation imaging.
Morphologic imaging and functional imaging tests
are used for infection diagnosis. Morphologic
imaging tests rely on structural abnormalities of
tissues as a result of combination of microbial
invasion and inflammatory reaction of the host such
as ultrasonography, magnetic resonance imaging
(MRI) and computed tomography (CT). Functional
imaging studies use small quantities of radioactive
material that is taken up by body cells, tissues, and
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medicinal preparations comprising a radionuclide
and a nonradioactive part and are designed to
interact with a biological pathway, or target
molecule in the body. Radiopharmaceuticals
labeled with technetium-99m are used for medical
imaging due to its superior properties of labeling
and availability. Technetium-99m is normally eluted
from a commercially available *°Mo/*"Tc
generator system and is available at all
radiopharmacy centers. Nuclear medical imaging
techniques require radionuclides which decay with
single photon emission and *™Tc is the
radioisotope universally used in nuclear medical
centers for gamma imaging [2]. Various
technetium-99m biomolecules, such as cytokines,
chemotactic peptides [3], monoclonal and
polyclonal immunoglobulins, human defensin [4-6]
and antibiotics [7] have been introduced for
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infection imaging. Radiolabeled antibiotics are an
accurate tool for detection of infectious diseases,
because they precisely bind to the bacterial
machineries making possible the discrimination of
bacterial infection and sterile inflammation [8],
®mTc  labeled antibiotics such as *™Tc-
ceflizoxime[9],  %®™Tc-cefuroxime and %MTc-
sitafloxacin kit [10], *™Tc-ciprofloxacin [11,12],
®mTc-dextran [13],%™Tc-enrofloxacine [14], ™ Tc-
ethumbutol [15], ®™Tc-erythromycin [16], *™Tc-
flucanazole [17], %°™Tc-infecton [18], *™Tc-
kanamycin [19], 9mTc-lomefloxacin,®™Tc-
ofloxacin complexes [20], *®"Tc-pefloxacin [21],
9mTc-piroxicam [22], ®™ Tc-tetrofosmin [23], and
®mTc-vancomycin [24] have been developed for
imaging purposes and some of them are routinely
employed in diagnostic nuclear medical centers
[25,26]. Vibramycin is a wide-spectrum antibiotic
of the family of tetracycline synthesized from
oxytetracycline that controls the ability of bacteria
to produce proteins crucial to them. Vibramycin has
pronounced activity against a broad range of gram-
positive and gram-negative organisms. Vibramycin
is used to treat infections of the urinary tract,
genitals, lungs, or eyes caused by infecting bacteria
[27].

The present work aims at labeling vibramycin with
technetium-99m, characterization, quality control,
biodistribution and scintigraphic studies of **™Tc-
vibramycin for infection sites diagnosis.

EXPERIMENTAL

Vibramycin for intravenous injection was
obtained from Ameer Medical and Superstores,
Islamabad, Pakistan. Na*®*"TcO, was eluted from a
locally produced fission based PAKGEN
®Mo/*"Tc generator, with 0.9% saline. All other
reagents used were of analytical grade and acquired
from E. Merck, Germany. Staphylococcus aureus
was obtained from the National Institute of Health,
Islamabad. All animal experiments were performed
following the principles of laboratory animal care
and were approved by the Institutional Animal
Ethics committee. Three animals (rabbits and rats)
were used for each set of experiments for
biodistribution and scintigraphy. The animals were
kept under standard conditions with free access to
food and water. Tissue and organ radioactivity was
measured with a y-counter (Ludlum model-261).
Gamma scintillation camera (Capintec Caprac-R1)
was used for imaging of experimental animals.

Labeling of vibramycin with technetium-99m

Vibramycin (0.2 mg) was directly labeled with
9mTc, Optional amount of 2-4 pg of SnCl,.2H.0
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was used as a reducing agent (pH 3). Ascorbic acid
(4 mg) was used as a stabilizer in the mixture. After
addition of all reagents ~ 370 MBq ®™TcO4 in
saline was injected into the vial at room
temperature.

Determining labeling efficiency by ITLC analysis

Stability and labeling yield of *™Tc-vibramycin
was done by instant thin-layer chromatography.
One pL sample of the preparation was spotted on
ITLC strips (Gelman Laboratories) using 0.5M
NaOH as the mobile phase. In this system, ®MTc-
vibramycin migrated with the solvent front of the
mobile phase (Rs = 1.0) and the colloid was found
at the origin of the strip (Rs = 0). To determine the
pertechnetate content of the preparations, a strip of
Whatman Paper No. 3 was developed using acetone
as the mobile phase. In this system, pertechnetate
migrated with the solvent front of the mobile phase
(Re=1.0).

Electrophoresis

Electrophoresis of the prepared %™Tc-
vibramycin was done on Whatman No. 1 paper in
phosphate buffer (pH 6.8) in a deluxe
electrophoresis  chamber  (Gelman)  system.
Whatman No. 1 paper of 30 cm was marked as L at
the left side of the strip and R at the right side of the
strip. A drop of *®™Tc-vibramycin was applied to
the middle of the strip which was put in the
midpoint of the electrophoresis chamber having
buffer in such a way that the left side was dipped at
anode and right side at cathode. The electrophoresis
was run for 60 to 90 min at a voltage of 300V.
After completion of electrophoresis, the strip was
scanned by using 27n scanner to identify the charge
on vibramycin.

Stability of ®™Tc-vibramycin in human serum

The stability of ®™Tc-vibramycin was checked
in human serum at 37 °C. Normal human serum
(1.8 mL) was mixed with 0.2 mL of *™Tc-
vibramycin and incubated for 30 min. Aliquots of
0.2 mL were withdrawn during the incubation at
different time intervals up to 24 h and subjected to
ITLC analysis for the determination of *™Tc-
vibramycin, reduced/hydrolyzed *™Tc and free
®mTcO,. The increase in the amount of free
pertechnetate indicated the degree of degradation.

Bacterial strains

Bacterial strain of Staphylococcus aureus is
frequently used in different microbiology labs. It
was obtained from the American Type Culture
Collection. Overnight cultures of the strain were
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prepared in brain heart infusion broth (BHI, Oxoid)
at 37 °C in a shaking water bath. Aliquots of
suspensions containing the viable stationary phase
bacteria were rapidly frozen in liquid nitrogen and
stored at -70 °C. Before use, an aliquot of this
suspension was immediately thawed in a water bath
at 37 °C and diluted with sodium phosphate buffer.

Bacterial binding assay

Bacterial binding of Tc-99m-vibramycin was
assessed using S. aureus. Sodium phosphate buffer
(0.1 mL) containing ~5MBq of *™Tc-vibramycin
was transferred to a test tube. A known volume (0.8
mL) of acetic acid (0.01M) in Na-PB containing
around 1x 10® viable bacteria was added to the
above tube. The mixture was incubated at 4 °C for 1
h and centrifuged for 10 min. The supernatant was
removed and the bacterial pellet was gently
resuspended in 1 mL of ice cooled Na-PB and
recentrifuged. The supernatant was removed and
the radioactivity in the bacterial pellet and the
supernatant was measured by gamma-counter. The
radioactivity related to bacteria was expressed in
percent of the added *°™Tc activity to viable
bacteria with respect to total **"Tc activity. For
comparison purposes binding of **™Tc-ascorbic acid
to bacteria was also performed. Ascorbic acid (1
mg) was dissolved in 1 mL of pure water, the pH
adjusted to 5 with 0.1 M NH4OH solution, and then
0.2 mL of SnCl;-H,0 (1 mg/1 mL 0.1 M HCI) and
0.5 mL of Na®*®™TcO, (100 MBq) in saline were
added to the vial. The reaction vial was left at 25°C
for 20 min. The radiochemical purity of the labeled
compound was checked with TLC [28].

Induction of infection with live S.aureus

A single clinical isolation of S.aureus from
biological samples was used to produce focal
infection. Individual colonies were further diluted
to obtain a turbid suspension containing 2x108
colony-forming units (cfu) of S. aureus in 0.2 mL
of saline and were intramuscularly injected into the
left thigh of rats [29, 30].Then, the rats were left for
24 h to get a visible swelling in the infected thigh.
Three rats were used for one set of experiments.

Induction of non-infected inflammation with heat
killed S.aureus

Staphylococcus aureus suspension was heated at
100°C for 2 h to obtain killed S. aureus. Sterile
inflammation was induced by injecting 0.2 mL of
heat killed S.aureus, intramuscularly in the left
thigh muscle of the rats. Two days later, swelling
appeared.

Induction of non-infected inflammation with
irradiated S. aureus

Staphylococcus aureus (1 mL suspension)
containing about 2x10® colony-forming units (cfu)
was gamma irradiated with a 3 KGy dose to get
irradiated S. aureus. The non-viability of bacteria
was tested by cultivating them in different media
and 0.2 mL suspension were injected
intramuscularly in the left thigh of rats.

Induction of inflammation with turpentine oil

Sterile inflammation was induced
intramuscularly by injecting 0.2 mL of turpentine
oil [31] in the left thigh muscle of the rats. After
two days the swelling appeared.

Biodistribution studies in animal models

The animals were intravenously injected with
0.2 mL of ®™Tc-vibramycin (~38 MBq) via the tail
vein. After a definite time, the rats were sacrificed
at 1, 4 and 24-h post-injection after ether anesthesia
and biodistribution study was done. Blood (1 mL)
was taken by cardiac puncture and activity in total
blood was calculated by assuming blood volume
equal to 6.34% of body weight. Samples of
weighed infected muscle, normal muscle, liver,
spleen, kidney, stomach, intestine, heart, brain,
bladder and lungs were taken and activity was
measured by the use of a gamma counter. The
results were expressed as the percent uptake of
injected dose per organ. The results of the bacterial
uptake of **™Tc-vibramycin and other compounds
were analyzed by analysis of variance setting the
level of significance at 0.05.

Induction of experimental infection in rabbit

Saline (0.6 mL) containing viable S. aureus
(4x108 cfu) was injected into the left thigh muscle
of each rabbit. After 72 h when significant swelling
appeared at the site of injection, scintigraphy was
done.

%mTc-vibramycin scintigraphy

The model animal in triplicate was placed on a
flat hard surface with both hind legs spread out and
was fixed with the help of a surgical tape.
Diazepam (5 mg) was injected into the right thigh
muscle. Saline (0.2 mL) containing 15 MBq of
®mTc-vibramycin was then injected intravenously
into the marginal ear vein. A single headed Siemens
Integrated ORBITER Gamma Camera System
interfaced with high-resolution parallel hole
collimator and an on-line dedicated computer was
used for imaging. Immediately after injection,
dynamic acquisition with both thighs in focus was
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done for 120 min. For the biodistribution study of
the radiotracer, whole body acquisition was done at
1, 4 and 24 h after injection.

RESULTS AND DISCUSSION

Vibramycin  (Fig. 1) was labeled with
technetium-99m and labeling efficiency of 95 %
was achieved (Fig. 2, 3). The effect of pH is shown
in Fig. 4. At pH 2 the minimum labeling efficiency
was achieved (80%), while at pH 3-4 the labeling
efficiency of ®™Tc-vibramycin increased to > 95%.
In basic media (pH 8) the labeling efficiency
decreased to 68%. A known quantity of 2-3 pg of
reducing agent, SnCl,.2H,O gave the highest
labeling efficiency, and thus the value of 2.5 pg of
SnCl,.2H,0 was chosen for further procedures (Fig.
5). The highest labeling efficiency was achieved at
200 pg of ligand (Fig. 6). The complexation of
®mT¢ with vibramycin was achieved after about 30
min and retained for up to 12 h (Fig. 7).
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Fig.2.Paperchromatography pattern of the ®™Tc-
vibramycin, free, reduced/hydrolyzed *MTc.

The radiochemical purity was assessed by a
combination of ascending paper chromatography
and instant thin-layer chromatography on silica gel.
In paper chromatography acetone was used as
solvent for free ®™TcO4 while in ITLC-SG 0.5M
NaOH was the solvent used for ®mTc-vibramycin
and reduced/hydrolyzed *™Tc. By following the
above mentioned procedures the results were in
excellent agreement. In this study, vibramycin was
labeled with ®™Tc¢ with high radiochemical yields.
During the labeling of vibramycin <2% colloid and
<2% free pertechnetate were observed.
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Fig.3. ITLC-SG pattern of the %™Tc-vibramycin,
free, reduced/hydrolyzed **™Tc.
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Fig.5. Effect of amount of stannous chloride
dihydrate on the labeling efficiency of **™Tc-vibramycin
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Fig.6. Effect of amount of ligand on the labeling
efficiency of ®™Tc-vibramycin

The stability of the radiopharmaceutical was
checked by its incubation in human serum. *™Tc-
vibramycin was found to be fully stable as
determined by ITLC. Up to 98% labeling was
found at 24 h of incubation at 37°C and there was
almost no increase in reduced/hydrolyzed *M™Tc,
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while very little increase in free pertechnetate was
observed. The total impurities were <2% (Table 1).
The results of electrophoresis illustrate the neutral
behavior of the ligand (Fig. 8).
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Fig.7. Rate of complexation and stability of **™Tc-
vibramycin at room temperature.
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Fig.8. Electrophoresis of radiolabeled compound
(®*"Tc-vibramycin at 0 cm; ®™TcO,4 at 10 cm).

Table 1. In vitro stability of %®™Tc-vibramycin in
normal human serum

Incubation _99mTc—_ Free Colloid
time (h)  vibramycin pertechnetate
0.5 99.9+0.1 0.1+0.0 0.0
1 99.8+0.2 0.2+0.01 0.0
99.7+0.3 0.3+0.03 0.0
4 99.6+04 04+0.04 0.0
24 995+05 05+0.06 0.0

In vitro binding of *™Tc-vibramycin to bacteria
was comparable to that of ®M™Tc-ascorbic acid.
Binding of varying amounts of %™Tc-vibramycin
with S. aureus was in the range of 97-99% (Fig. 9),
while binding of ®M™Tc-ascorbic acid was <5%
(Table 2).

Table 2. In vitro binding of ®™Tc-ascorbic acid to
viable Staphylococcus aureus

®mTe- Staphylococcus aureus
ascorblc 1h 4h 24 h
acid
0pg 025 018 0.10
50pg 039 0.29 0.16
100 pg 4.7 3.6 12

Significant uptake of **™Tc-vibramycin was
observed in liver, stomach, lungs and heart during
biodistribution studies. In vivo stability of *™Tc-
vibramycin was noticed in the body since stomach,
lungs and intestine showed significant activity. The
biodistribution results (% injected activity/g) of
®mTc-vibramycin in different organs of the animals
infected with living, heat Kkilled S.aureus and
turpentine oil induced, 1, 4 and 24 h after
intravenous administration are shown in Table 3.
The results show that  *™Tc-vibramycin
accumulates significantly at the infected thigh
muscle as compared to heat killed S.aureus and
turpentine oil infected group of animals. Our
studies in rats with intramuscular infection
indicated that the uptake in the infected tissue is
attributed to specific binding to living bacteria.
Whole body images of infected rabbits at 1, 4, and
24 h post ®MTc-vibramycin administration are
presented in Fig. 10 a, b and c, respectively. S.
aureus infection in rabbit left thigh was visualized
as the area of increased tracer accumulation just
after injecting labeled vibramycin as shown in Fig
11. The infection is clearly visible 3 h post
administration. The rats with infectious lesions
injected with *™Tc-vibramycin showed a mean
target-to-non target (T/NT) ratio of 2.6 £ 0.3, 1 h
post injection (Table 3). *™Tc-vibramycin shows a
higher T/NT ratio in the infected muscle (live
S.aureus) at all time intervals than that of sterile
inflamed muscle (heat killed S.aureus and
turpentine oil). This *™Tc-vibramycin showed
higher uptake in infected tissue than %MTc-
streptomycin (T/NT = 2.4 + 0.1) [32]. The high
T/NT ratio for the live S. aureus model as
compared to turpentine, irradiated and heat killed S.
aureus models provides evidence that *™Tc-
vibramycin accumulated at the infectious site due to
its specific binding to bacterial cells. Thus, in this
study we can establish the basis for the potential of
®mTc-vibramycin to distinguish bacterial from non-
bacterial infection.
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Fig.9. In vitro binding of ®™Tc-vibramycin to viable Staphylococcus aureus
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Fig.10. Whole body gamma camera image of rabbit injection with ®™Tc-vibramycin 1 h post administration (a), 4 h

Fig.11. S. aureus infection in rabbit left thigh and right thigh visualized as area of increased tracer accumulation 3 h

post injection of ®™Tc-vibramycin
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Table 3. Biodistribution of **™Tc-vibramycin in live S.aureus, heat killed S.aureus, irradiated S.aureus and
turpentine oil inflamed rats at different time intervals (mean + SD), (% 1D/g).

Perc endage cfinjected dose per gramn of tisoue wel ghit
(n= 3tine, el &)

Organs Live 5.ourens Heat Kalled 5, zures Eradisted 5.0 as Thurpentine dl
1h 4h 14h 1h 4h 14h 1h 4h b 1h 4h 1

) T3320F  S55E0F OD0e01 S06e0F  I5enf  TI0e05 IE0E05 I35 E03 US0L0D
Liver ;gg:gg 031593:0155 lefft'f'ﬂ’% 010202 015402 00505 012405 0104006 010402 005604 008208 00501
Eleh S tis 0 loiots nliiopy DO003 10940 05401 025.08 015401 009800 030405 077208 033203
St ooella flo8 =00 . 359510 3.1#15 150803 105403 130204 1012012 299 £0.1 250407 09505
Btectine ;3?:;; gﬁézgg igi:g; 197510  150£16 173404 175512 105402 1.00+1]1 696£17 10517 12801
éﬁ DEesn1 009804 lisepss U-SBELE 05602 00606 020£02 05201 140%03 02515 001+01 0.54+02
i Thai0E IEi0S 616m01 07ea0 27305 52507 116201 30604 3062031 026203 193203
Mmm B e Sty 1801 04403 013409 010006 007001 0044001 060404 0D30£01 0.1001
Bt oM 00t 2003 oesony OODS 00905 L4202 003401 043210 0032001 090416 002406 L5T407
o s ls arials limsoeg $O52001 197405 110516 17905 101#01 108202 330£0.5 105202 0.50+04
o e hitiom Darrond 065404 054212 126416 115404 115404 L1404 182405 241210 205= 14
dy 1203 057009 0. 041212 034404 032840 02110 025402 015402 0472002 0424032 040404
Dflmedmuscle 066+ 0.2 0542001 03620100005 ghes)n plsel0 010501 0124002 009201 03605 013405 029209

Coptrolmuscl 0.25+£0.1 0.24 003 019004

lvalues represent the meanz+ standard deviation of data from 3 animals.

CONCLUSION

®mTc-vibramycin prepared by a direct method
possesses high radiochemical purity of 95%. The
9MTc-vibramycin was stable and >95% labeling
was maintained for up to 12 h and there was no
need of post-labeling. The biological activity of
®mTc-vibramycin and %™Tc-ascorbic acid was
comparable. The **™Tc-vibramycin was found to
have greater ability to localize in bacterial infection
sites induced by S. aureus in animal models. Thus
data obtained from bio-evaluation studies showed
that the prepared *™Tc-vibramycin is accumulated
at the infectious site and may be a good bacterial
infection imaging agent due to its specific binding
to bacterial cells.
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(Pesrome)

Wznon3Banero Ha Oens3aHM aHTHOMOTHIM KAaTO JAMArHOCTHIMPAIM areHTH € pa3BuBamla ce JeHHOCT B
MEJUIIMHCKUTE HW3ClieBaHus. BHOpaMUIMHBT € IMOJNY-CHHTETHYSH aHTHOHMOTHK OT Tpyrara Ha TETPalUKIHHUTE,
MIPEANMCBAH 3a JICUSHUETO Ha pa3inyHn WHGeKknuu. B HacTosmara pabora ce nmpeacTaBsi HOB BUOPaMUITUH, O€JIsA3aH C
99m-rexnenuit u m3nossail SNClz.2H,0 kato peaykrop. CTrabuaHOCTTa Ha Oels3aHms BHOPAMULIMH € OLEHEHA BBPXY
yosemku cepym npu 37°C. Uscnepsano e GuonormunoTo pasnpenenenne Ha PMTc-subpamunuua Bhpxy Sprague-
Dawley mibxoBe, 3apaszenu ¢ GakrtepuanHa uHdeknus. In Vitro-uscneqaBanusita ca U3BBPILICHHU, 33 Ja CE ONMpPEIeTH
CBBP3BAILIOTO B3aMMOJICHCTBUE Ha Oeisi3aHusl aHTHOMOTHK C OakTepuuTe W Heroara craOwiHOCT. M3BbpuieHO €
CIMHTUTPACKO H3CICABaHE C Y-Camera eauH, YeTHpPH W JBaJeCeT M YCTHPU 4Yaca CJell WHKCKTUPAHETO Ha
panuoTpeiicepa B IIbXOBE ¢ MH(EKIMO3HU MOpakeHHs Ha MycKynute. [IoTBBpIIeHO € upe3 MOMEHTHa THHKOCJIOHHA
xpomarorpadus, 4e **"TCc-BubpaMULMHBT NpUTEXkaBa BUCOK 10OuB Ha Oenssane (95%). Ilpobute mokassar m06po
cebp3Bane ¢ S. aureus. CuunTurpadusaTa IpU 3alIM MOKa3Ba MOTTbIIaHe Ha “°"TC-BuOpaMuLMHA B MH(EKTHPAHK
THKAHU €JIMH, YeTUPU M JBaJeCeT M YETHPH 4aca cJeJ| MHKeKTHpaHeTo. buopasnpenenenuero Ha T c-BuGpaMuLUH
MOKa3Ba, Y€ PaJMOAKTUBHMAT Ipernapar 3HAYMTENHO CEe HATPyNBa B MHMEKTHPAHUTE MECTa U Ce M3XBBPIS 4pe3
6B6penute. OTnaraHeTo NpH IIEIEBO KBbM HEIeNeBO u3Non3BaHe Ha P°"TC-BHOpaMMIMHA B 3aCErHATUTE MECTa M B
KOHTPOJIHUTE MYCKYJH CE€ pa3iMuaBaT 3HA4YMTe]HO. M3cieqBaHeTo Mokaspa, de *°"TC-BMOpaMULMHBT Ce CBbp3Ba
HpEeIUMHO C JXHBU OakTepud. BHOJOrMYHATa aKTHBHOCT iN Vitro ma **"Tc-puOpaMulMHa € HU3CNEBaHA IOPH
ONTUMU3UPAHU NAPAMETPHU U € YCTAHOBEHO Ka4eCTBOTO MY Ha JIOOBp areHT 3a n300pa3sBaHETO HA MH(EKIHH.
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