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Abstract—""Tc-ethambutol was preclinically evaluated as an alternative diagnostic tuberculosis agent. Its
radiochemical purity, stability in saline and serum, in vitro Mycobacterium tuberculosis (MBT) binding, and
biodistribution in mice were studied, and targeted imaging in model rabbits was performed. The following la-
beling conditions were found to be optimum: 3 mg of EMB, 150 pg of stannous fluoride, 3 mCi of sodium
pertechnetate, pH 5.6. The highest product yield was reached in the time interval 30-90 min after reconstitu-
tion. The relative content of **"Tc-EMB in normal saline at room temperature decreased to 90 + 0.25% in
240 min. *"Tc-EMB was stable in vitro in serum at 37°C, with 16.8 + 0.3% radioimpurities accumulated in
16 h. "Tc-EMB showed 69.8 + 1.5% in vitro uptake in live strains of MBT. High in vivo accumulation
(15.5 £ 0.8% ID) of the labeled EMB was observed in the infected site of model mice as compared to the nor-
mal and inflamed (muscles) sites. High uptake in the MBT infected site of a model rabbit was seen scinti-
graphically at 120 min after the intravenous administration of the *"Tc-EMB. Stability in normal saline and
serum, substantial in vitro MBT uptake, high in vivo accumulation in the infected site, and accurate scintigra-

phy of the infected site make **"Tc-EMB promising as a novel alternative diagnostic tool for tuberculosis.
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The diagnosis and treatment of tuberculosis (TB)
remain exigent in clinical practice. The gold standards
for diagnosis of TB are pathological trials and culture
of a specimen taken from the infectious site. However,
acquiring a sample is always complicated because the
site of TB may be unknown or biopsy may be too in-
sidious [1]. Further, obtaining a sample from the TB
suspected site for pathological assessments may also
be full of errors leading to false diagnosis. Therefore,
diagnosis of TB with imaging techniques is indispen-
sable [2].

Anatomical imaging (Al) with radiological methods
assesses structural transformations in tissue architec-
ture in the infectious site. These transformations be-
come visible only in advanced stage of the disease
when the tissue damage becomes substantial. Likewise,
restitution of the tissue architecture lags behind proper
and in-time therapy of infection, posing anatomic im-
aging erroneous for diagnosis and therapy [3-5].

Molecular imaging (MI) of infection has been the
focus of investigators, resulting in the introduction of a
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wide variety of molecular probes in the clinical or pre-
clinical setting for imaging [6, 7]. MI provides the in-
formation regarding the infected site on the basis of
metabolic changes, thereby facilitating the clinicians
for the in-time diagnosis and treatment of the infection.
One could take advantage of MI with the objectives
including noninvasive and early diagnosis of infection,
differentiation of infection from sterile inflammation,
monitoring of response to antimicrobial therapy, prog-
nostication, and identification of the offending agent
without the need for the often difficult, time-consum-
ing, and sometimes unsuccessful process required to
obtain samples and culture the microbe [8].

Different antimicrobial drugs have been efficiently
labeled with various radionuclides and experienced for
localizing in vivo infectious sites in a variety of mod-
els and humans. Ciprofloxacin was the first ever tested
radiolabeled antibacterial agent. Many other antibiot-
ics, including fluoroquinolones, cephalosporins, and
antituberculous drugs, have later been successfully
labeled and evaluated in preclinical and clinical studies
[9-13].



234 SHAH, ULLAH

Ethambutol (EMB) [(25,2'S)-2,2'-(1,2-ethanediyl-
diimino)di(1-butanol), see structure below] is an anti-
mycobacterial agent widely used to treat Mycobacte-
rium tuberculosis, Mycobacterium avium complex, and
Mycobacterium kansasii. EMB through its bacterio-
static effects blocks DNA and RNA enzymes, thereby
inhibiting protein synthesis [14]. According to our
knowledge, it was labeled with **"Tc using hypophos-
phorous acid as a reducing agent, and its pharmacoki-
netics was assessed in animals. However, its potential
as infection and TB radiotracer was not evaluated [15].
The radiolabeling of EMB with *"Tc was also studied
by another research group using stannous tartrate as a
reducing agent and p-aminobenzoic acid as a stabilizer.
Its clinical efficacy as TB radiotracer was examined in
human [16].
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In this study, we examined the feasibility of label-
ing EMB with **"Tc using stannous fluoride as a re-
ducing agent and compared the radiobiological charac-
teristics of *"Tc-EMB with those of the reported tu-
berculosis radiopharmaceuticals [17, 18]. The radio-
chemical purity, stability in saline, in vitro stability in
serum, in vitro MBT binding, and biodistribution in
model mice were evaluated, and targeted imaging in
model rabbits was performed.

EXPERIMENTAL

Materials. Ethambutol (EMB) and all chemicals
and solvents were obtained from Merck. HPLC (Shi-
madzu), well counter (Ludlum), dose calibrator (Ca-
pintech), and single photon emission computed tomo-
graph (Nuclearmedizine) were used.

Pmre-EMB. In five sterilized vials, 1.0 to 5.0 mg
(with 1.0 mg step) of EMB was mixed with 50 to
250 ug (with 50 ug step) of stannous fluoride, which
was followed by addition of 1.0 to 5.0 mCi (with
1.0 mCi step) of sodium pertechnetate. The pH in each
vial was adjusted with 0.01 M HCI to 5.6. The mixture

was filtered through a Millipore filter and evaluated
for radiochemical purity for up to 4 h at room tempera-
ture.

Radiochemical purity. The radiochemical purity
of the mixtures was evaluated using TLC with a dual
mobile system. An aliquot of freshly prepared
#mTc-EMB was spotted on a TLC strip (silica gel,
Merck). After drying, separate strips were developed
in acetone and ethanol-water—-ammonia (2 : 5 : 1) mo-
bile systems. The developed strips were measured with
a radio-TLC scanner.

HPLC analysis. HPLC analysis was performed
using the reported method [17]. Briefly, 10 puL of the
labeled EMB solution was injected into the HPLC sys-
tem, and the mobile phase was fed for 15 min at a flow
rate of 1 mL min'. The activity in various fractions
collected at different intervals was measured with a
well counter.

In vitro stability in serum of labeled EMB was
analyzed by TLC. *"Tc-EMB (0.3 mL) was mixed
with 1.7 mL of fresh serum and incubated at 37°C.
Thereafter, 1 uL of the incubated mixture was with-
drawn and spotted on a TLC strip, which was devel-
oped using acetone and ethanol-ammonia—water (2 :
1 : 5) as solvents and measured with a well counter.

MBT in vitro binding of labeled EMB was deter-
mined using the reported method [19]. Briefly, 1.6 mL
of live MBT containing about 1 x 10® colony-forming
units (CFU) was mixed with 0.2 mCi of labeled EMB
and incubated for 60 min at 4°C. After centrifugation
for 10 min at 2000 rpm, followed by removal of the
supernatant, 0.5 mL of the buffer was added. The ac-
tivity was measured using a single-well y-counter in-
terfaced with a scalar count rate meter.

Biodistribution. Healthy mice (weight 20-30 g)
were used for determining the biodistribution of
9"Tc-EMB. The mice were divided in two groups
(A and B). To all the mice of group A, broth contain-
ing 1 x 10* CFU of MBT in 0.1 mL of saline was in-
tramuscularly injected to one thigh, which was fol-
lowed by the injection of 0.1 mL of turpentine oil to
the contralateral thigh. After 12 h, 0.5 mCi (0.1 mL) of
labeled EMB was intravenously injected to all the mice
of group A. The procedure followed the guidelines of
the PNRA and Ethics Committee. The activity per
gram of different organs of mice was measured using a
well counter. Mice of group B were injected with heat-
killed MBT instead of live MBT, and the rest of the
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procedure was the same as for group A mice.

In vivo imaging. Healthy rabbits (weight 3.0—
4.0 kg) were used for examining the scintigraphic ac-
curacy of the labeled EMB. The rabbits were divided
in groups A and B. Rabbits of group A were artificially
infected using 0.1 mL (1 x 10* CFU) of MBT broth in
saline. After 24 h, 1 mCi (0.2 mL) of labeled EMB was
injected intravenously. Then, the animal was scinti-
graphically examined using a y-camera at different
intervals. The entire procedure was repeated for
group B rabbits without inducing the artificial infec-
tion. All rabbits were treated in accordance with in-
structions of the PNRA and ethics committee.

Statistical analysis. The results are expressed as
percents of injected dose per gram (% ID/g) or ratios +
SEM. Statistical analysis was performed using the Stu-
dent’s #-test.

RESULTS AND DISCUSSION

#mTec-EMB synthesis and radiochemical purity.
The formulation with 3 mg of EMB, 150 pg of stan-
nous fluoride, and 3 mCi of sodium pertechnetate
showed the highest radiochemical purity (RCP) in nor-
mal saline in the time interval 30-90 min after recon-
stitution. For the product obtained under these condi-
tions, RCP in normal saline (NS) at room temperature
was monitored for a period of up to 240 min; the re-
sults were compared to those obtained recently for
other tuberculosis radiopharmaceuticals [17, 18]
(Fig. 1). The RCP of *"Tc-EMB in NS at 1, 30, 60,
90, 120, and 240 min was 97.2 + 0.5, 98.5 + 0.4,
98.1 £ 0.4, 97.0 £ 0.5, 95.5 £ 0.4, and 92.0 £ 0.5%,
respectively. Its stability is similar to that of
9mTe(CO);-Rifabutin  dithiocarbamate [*™Tc(CO);-
REND] [17] and *"Tc-Rifabutin (" Tc-RFN) [18].

Stability in serum. The in vitro stability of **"Tc-
EMB, *"Tc¢(CO);-RFND [17], and **"Tc-RFN [18] in
serum at 37°C is compared in Fig. 2. The radiochemi-
cal purity of "Tc-EMB at 0, 2, 4, 6, 8, 10, 12, 14, and
16 h post labeling was 98.5 £ 0.3, 95.3 £ 0.3, 92.1 +
0.3, 90.0 £ 0.3, 88.5 + 0.3, 86.9 = 0.3, 86.5 £ 0.4,
84.7 £ 0.3, and 83.4 + 0.3%, respectively. The overall
decay observed at 37°C in serum in 16 h was 15.10%.
The data obtained for **"Tc¢(CO);-RFND [17] and
PmTc-RFN [18] are similar. The detagging is in the
acceptable limit in accordance with the US and British
pharmacopoeias.

In vitro MBT binding of **"Tc-EMB, *"Tc(CO)s-
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Fig. 1. Comparison of the radiochemical purity of
(1) ®"Tc-RFN, (2) *"Tc(CO);-RFND, and (3) *"Tc-EMB
in saline.
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Fig. 2. Comparison of the stability of (/) **"Tc-RFN,
(2) ®"Tc(CO);-RFND, and (3) *"Tc-EMB in serum.

REND [17], and *"Tc-RFN [18] is shown in Fig. 3.
The *"Tc-EMB uptake in live MBT was 25.8 + 0.5,
56.3 £ 0.6, 74.3 + 0.6, and 52.5 £ 0.5%, and that in
heat-killed MBT, 9.5 £ 1.5, 10.0 = 1.2, 12.5 + 1.0, and
10.0 £ 1.4% in 30, 50, 90, and 120 min, respectively.
The data obtained for **"Tc¢(CO);-RFND [17] and
99mT¢-RFN [18] are similar.

Biodistribution of *"Tc-labeled EMB in various
organs of mice infected with live (group A) and heat-
killed (group B) MBT is presented in the table. In
groups A and B, the uptake of labeled EMB at differ-
ent intervals (~30 to 120 min) in normal muscle (1 g)
remained stable between 2.00 to 3.00% ID/g. Similar
stable pattern was observed in the inflamed muscle of
both groups of the animals. The distribution of labeled
EMB in the infected muscle of group A and B animals
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Biodistribution of labelled EMB in mice (% ID/g) at indicated times post injection

Organs, tissues In live strains In heat-killed strains

’ 30 min 60 min 90 min 120 min 30 min 60 min 90 min 120 min
Infected muscle 49+0.5 |11.4+04 [15.0+0.6 [10.5£0.5 1.9+0.5 20+06 | 25+04 | 2.0+04
Inflamed muscle 25+03 | 3.5+04 | 3.0+04 | 3.0+£04 | 20+0.5 | 3.5+04 | 3.0+£04 | 3.0£04
Normal muscle 2.00+0.25(3.00+ 025 3.0+0.3 ({2.50+0.20|2.00+0.20| 3.0+0.3 | 3.0+04 |2.50+0.25
Blood 225+04 [14.6+04 |109+03 | 52+04 |21.6£04 |150+0.5 [11.0+04 | 5.0+04
Liver 21.9+0.5 |12.5+£05 [11.9+0.6 | 6.5+0.5 |209+0.5 [12.0+0.5 |103£0.5 | 6.4+0.6
Spleen 10604 | 96+04 | 6.6£05 | 50+04 |105+05 | 93+0.6 | 6.4+05 | 51+0.5
Kidneys 85+£06 [17.8+£0.5 |19.2£0.5 |21.6+0.5 | 83£0.5 |17.5+0.5 [19.5+04 [21.8+04
Stomach + intestines |10.0+0.5 | 89+04 | 7.5+£04 | 47+04 |10.0+£0.5 89+0.5 | 80+£0.5 | 46=+0.6

showed a different profile. Initially the **"Tc-EMB
uptake in infected muscle of group A was low, and
then it increased from 4.9 + 0.5 to 15.0 + 0.6% ID/g at
90 min after of intravenous (IV) injection. Later it de-
creased to 10.5 + 0.5% ID/g. However, in group B
the radioactivity uptake in the infected muscle was
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Fig. 3. Comparison of the bacterial uptake of (1, 2) *"Tc-
REN, (3, 4) *"Tc(CO);-REND, and (5, 6) *"Tc-EMB in
(1, 3, 5) live and (2, 4, 6) heat-killed strains of MBT.

Time, min
Fig. 4. Uptake ratios for *"Tc-EMB in mice: () infected
to normal muscle, (2) inflamed to normal muscle, and
(3) infected to inflamed muscle.

significantly lower and similar to that in the normal
and inflamed muscles. The distribution pattern of la-
beled EMB in the infected, inflamed, and normal mus-
cles of groups A and B was similar to that reported for
other labeled drugs in [17, 18].

The activity uptake in other organs and body fluids
was similar in both groups. The uptake in blood, liver,
spleen, stomach, and intestine decreased with time,
whereas the kidney uptake increased. The pattern was
similar to that observed with **"Tc(CO);-REND [17]
and *"Tc-RFN [18].

Figure 4 shows how the uptake ratios in muscles in
group A mice vary with time. At 90 min, the activity
uptake in the muscle infected with live MBT was al-
most five time higher than in the normal and inflamed
muscles.

In vivo imaging. Figure 5 illustrates the uptake of
#"Tc-EMB in a group A rabbit at different times.
The IV injection of *"Tc-EMB gave better images of
various organs of experimental animals as compared to
the reported tuberculosis drugs. At 30 min post injec-
tion, no significant difference was observed between
the infected, inflamed, and normal animals. At 60 min,
slightly higher accumulation was observed in the in-
fected part as compared to the normal part. The differ-
ence became considerable at 90 min post injection.
The uptake of labeled EMB in blood, liver, and spleen
was initially high but decreased with time. The kidney
images show that, on the contrary, the uptake was ini-
tially low and increased with time.

Thus, we have labeled EMB with **"Tc. The radio-
chemical purity in normal saline, stability in serum,
substantial in vitro MBT uptake, high accumulation in
vivo in the infected site, and accurate scintigraphy of
the infected site make **"Tc-EMB promising for the
diagnosis of tuberculosis.
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Fig. 5. Whole body imaging of rabbit model. (/) Infected
muscle, (2) inflamed muscle, (3) lower kidney, (4) heart,
(5) upper kidney, and (6) urinary bladder. The times in
which the images were taken are indicated at the images.
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