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Abstract °“™Tc-paclitaxel was synthesized by using
sodium borohydride as a reducing agent. Greater than 95 %
labelling efficiency was achieved. Radiochemical purity of
the synthesized *™Tc-paclitaxel was validated by thin
layer chromatography (TLC) scanner and high perfor-
mance liquid chromatography (HPLC). *°™Tc-paclitaxel
passed in vitro stability tests. Biodistribution and scintig-
raphy studies were performed in Sprague—Dawley rats. The
biodistribution study results of “*™Tc-paclitaxel were
related mainly to the metabolism and excretion routes
followed by the parental drug, paclitaxel. Apart from that,
biodistribution of **™Tc-paclitaxel was altered after pre-
treatment with cold paclitaxel. Hence, *°™Tc-paclitaxel
may be used as a tracer for paclitaxel.
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Introduction

In recent years, the use of organometallic radioactive bio-
molecules for diagnostic and therapeutic purpose has made
a tremendous progress. In conjugation with that molecular
imaging has achieved a pivotal role in the drug develop-
ment process. It can provide an essential link between
in vitro studies and those performed in vivo [1]. Currently
the molecular imaging techniques that employ radiotracers
are one of the most sensitive techniques. For drug devel-
opment studies, radionuclide imaging has received the
most attention. Radionuclide imaging can be performed
with single photon emission computed tomography
(SPECT) or positron emission tomography (PET). SPECT
and PET are based on the molecular tracer principle and
they are established tools in non-invasive imaging of
radiolabelled drugs administered in the nano or picomolar
range [2—4]. Drugs administrated at these low amounts do
not produce any pharmacological effects which reduce the
risk of serious adverse effects in human volunteers or
patients. Depending on the ligands and radionuclides used,
it is possible to generate pharmacokinetic data of radiola-
belled drug molecules in humans using a microdose
imaging approach [4]. In this report, paclitaxel was used as
a model drug, and **™Tc was used as a 7y-emitting
radionuclide.

Paclitaxel (C47H5;NOy4) is a pseudoalkaloid. It acts as
an antineoplastic agent due to its inhibitory effect of
cellular growth by stabilising the microtubule assembly
and, thus, blocking the cell replication in the late G2
mitotic phase of the cell cycle [5]. Paclitaxel is

@ Springer



634

J Radioanal Nucl Chem (2015) 304:633-643

prescribed mainly to treat breast and ovarian cancers, but
it is known that various cancer cells can be killed
effectively by this drug [6]. A number of clinical trials
are going on with paclitaxel to explore its potential for
the treatment of various cancers [7]. If we can determine
the biodistribution of paclitaxel at microdose level, it will
be helpful to monitor drug targets as well as possible
reaction of taking new medications in heterogeneous
patient populations.

There are different methods to determine biodistribution
of drugs such as fluorescence imaging, radiotracing and
mass spectrometry. Among these methods, radiolabelling is
one of the most suitable methods to determine quantitative
biodistribution [8]. To determine biodistribution of drugs,
radionuclide *™Tc is used extensively in nuclear medicine
for economic reasons, as well as favourable imaging
characteristics of technetium (y energy of 140 keV and 6 h
half-life). Stannous salts are used for reduction of sodium
pertechnetate (Na99mTcO4) to obtain lower valency state of
99™Tc but during labelling by this method radiocolloids are
generated [9, 10]. The biodistribution of desired molecule
is affected by these radiocolloids. We have to optimize the
amount of stannous salts and pH of the reaction for getting
maximum labelling efficiency. Some time we have to pass
the mixture of compounds through a column to obtain ra-
diocolloids free labelled compound [11]. These processes
are time consuming.

In this article, we report a novel, rapid and effective
method for radiolabelling of paclitaxel by “*™Tc using
sodium borohydride as a reducing agent. Sodium borohy-
dride was used for reduction of °™Tc (VII) ions, and
subsequent complexation was done with paclitaxel mole-
cules. Synthesized *™Tc-paclitaxel has been undergone for
quality control, characterization, biodistribution and scin-
tigraphy studies.

Materials and methods

Paclitaxel was obtained as a gift sample from Fresenius
Kabi Oncology Ltd., Kalyani, India. Diethylene-
triaminepentaacetic acid (DTPA), and Cremophor EL were
purchased from Sigma-Aldrich, St. Louis, USA. Sodium
borohydride was purchased from Merck, Hohenbrunn,
Germany. *’Mo/**™Tc kits were obtained from Board of
Radiation and Isotope Technology (BRIT, Mumbai, India).
99MTc extraction was performed in Council of Scientific
and Industrial Research-Indian Institute of Chemical
Biology (CSIR-IICB), Kolkata, India. All other reagents
and solvents were obtained from Merck, Hohenbrunn,
Germany or SRL, Mumbai, India, and they are either
HPLC or analytical grade. All chemicals were used without
further purification. Animal experiments were performed in
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compliance with the regulations of Institutional Animal
Ethics Committee, CSIR-IICB, Kolkata, India. In-house
Sprague-Dawley rats (weighing approximately 200-250 g)
were used for quantitative biodistribution as well as scin-
tigraphy studies.

Synthesis of **™Tc-paclitaxel

Radiolabelling of paclitaxel was done with previously
reported method with modifications [12, 13]. Nitrogen
purging, prior to mixing was carried out to degas all
solutions. To 100 pl of *™Tc (111 MBq) in saline, 5 mg
of solid sodium borohydride was added directly with
continuous stirring followed by immediate addition of
500 pl of the paclitaxel solution (1 mg/ml, paclitaxel was
dissolved in a mixture of ethanol and Tris—HCI buffer, pH
7.4; ethanol: Tris—HCI buffer = 2:1). The solution was
stirred for 45 min at room temperature (25 + 2 °C). The
contents were filtered using 0.22-micron filter (Millipore
Corporation, Carrigtwohill, Ireland) and transferred into
an evacuated sterile sealed vial and used for further
experiment.

Quality control and stability study

Quality control was performed by following the method
described earlier [14]. The labelling efficiency of **™Tc to
paclitaxel was assessed by ascending instant thin layer
chromatography using silica gel plates (ITLC-SG). The
ITLC-SG was performed using acetone as the mobile
phase. Approximately, 2-3 1l of the radiolabelled complex
was applied at the bottom point, 1.0 cm from the end of an
ITLC strip. The strip was developed until solvent front
reached 8.5 cm from the origin. The labelling efficiency
was estimated after dividing the ITLC sheets into two equal
halves and counting radioactivity of each segment using
gamma ray spectrometer: GRS 23C, ECIL, Mumbai, India.
The stability of *™Tc-paclitaxel was checked for 24 h at
room temperature. Labelling efficiency was calculated
using the following equation.

(i) Labelling Efficiency (%) = [(Total counts — counts
of free pertechnetate)/Total counts] x 100 %

Radiochemical purity of *™Tc-paclitaxel
and Na®*™TcO,

One to two pl of synthesized *™Tc-paclitaxel was applied
at the bottom point, 1.0 cm from the end of an ITLC strip
(6 cm long). The chromatogram was developed in acetone
solution. After the run, the strips were dried and scanned
under a mini Gita TLC scanner (Ray test, Straubenhardt,
Germany). Similarly, an ITLC of Na®*™TcO, used for the
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synthesis of *™Tc-paclitaxel was developed in acetone and
scanned under the mini Gita TLC scanner.

HPLC analysis of *™Tc-paclitaxel

For HPLC analysis of ?*™Tc-paclitaxel, reversed phase
C-18 column (3.9 mm x 300 mm, p bondapak column
from Waters, Bangalore, India) suitable for radiolabelled
molecule detection was used. The mobile phase used in
RP-HPLC for gradient system (Gradient I) consisted of
water (solvent A) and acetonitrile (solvent B). Gradient I:
0 min 100 % A (0 % B), 2 min 90 % A (10 % B), 6 min
80 % A (20 % B), 12 min 50 % A (50 % B), 25 min 10 %
A (90 % B), 30 min 0 % A (100 % B), 35 min 100 % A
(0 % B). To obtain chromatogram, 10 pl of the complex
was injected into the HPLC system fitted with radioactive
detector. Here, flow rate was 1 ml/min.

In vitro stability tests

In vitro stability of the °°™Tc-paclitaxel complex was
determined in phosphate buffer saline (PBS) [pH 7.4] and
in rat serum separately at different time points, at room
temperature [15]. The labelled complex (0.1 ml) was
incubated with 0.4 ml of PBS or freshly collected rat
serum. The stability tests were performed by determining
the changes in labelling efficiency. The samples were
analyzed by using ITLC at regular intervals up to 24 h.
Chromatograms were obtained in gamma ray spectrometer.

DTPA challenge test

In order to check the strength of binding of **™T¢ with pac-
litaxel, 0.1 ml of the labelled preparation was challenged
against various concentrations (10, 30 and 50 mM) of DTPA
and incubated for 1 h at 37 °C [16]. The effect of DTPA on
labelling efficiency was measured on ITLC-SG using acetone
as the mobile phase, which allowed the separation of free
pertechnetate  (Rf = 0.9-1.0) and DTPA-complex
(R; = 0.8-0.9) from the 99"‘Tc-paclitaxel, which remained at
the point of application (R; = 0). ITLC was carried out in
11 cm long ITLC strip. Ry values of free pertechnetate and
9mTc-DTPA were validated by using standard solutions of
them, respectively. Standard **™Tc-DTPA was prepared as
described previously [17], and standard pertechnetate was
prepared by adding saline in extracted **™Tc. Percentage
Transchelation was calculated by the following formula.

(i) % Transchelation = [decrease in labelling effi-
ciency of %’™Tc-paclitaxel after 1 h incubation
with DTPA/labelling efficiency of *™Tc-paclitaxel
at 1 h in room temperature] x 100 %

Lipophilicity test of **™Tc-paclitaxel

The octanol/buffer partition coefficient was measured
using a standard protocol [18]. Two ml of 1-octanol and
two ml of PBS (pH 7.4) were mixed in a centrifuge tube.
One hundred pl of *™Tc-paclitaxel was added to the sys-
tem, and the mixture was vortexed at room temperature for
1 min and then centrifuged at 5,000 rpm (1,398 xg) for
5 min. From each phase, 0.1 ml of the aliquot was pipetted
and counted in gamma spectrometer. Care was taken to
avoid cross contamination between the two phases. The
measurement was done in triplicate. The partition coeffi-
cient was calculated by using the following equation.

(iii)) Log P = Log [(cpm in octanol — cpm in back-
ground)/(cpm in buffer — cpm in background)]

Blood clearance and total plasma protein binding study

Blood clearance and plasma protein binding [10] of 99mTe-
paclitaxel was studied in rats (Sprague—Dawley) injecting
18.5 MBq (500 pCi) of the radiopharmaceutical through the
femoral vein. Blood (250 pl) was collected by puncturing
heart of rat. The radioactivity of the withdrawn blood at
different time intervals (5 min, 30 min, 1 h, 2 h, 6 h and
24 h) was measured by using gamma ray spectrometer to
obtain the blood clearance curve of the complex.

The total plasma protein binding of **™Tc-paclitaxel was
determined by 10 % trichloroacetic acid (TCA) method from
heparinized blood. Blood cells and plasma were separated by
precipitation at 10,000 rpm for 6 min. Plasma proteins were
precipitated and isolated by centrifugation for 6 min at
10,000 rpm following the addition of an equal volume of
10 % TCA in the plasma. The supernatant was decanted, and
the pellet was re-suspended in 1 ml TCA (10 % v/v). Again
centrifugation was done, and the supernatant was decanted.
Radioactivity in both the supernatants was measured. This
count was expressed as a percentage of count obtained with
the same volume of unprocessed plasma.

(iv) % Protein bound = [(counts in plasma — counts in
both the supernatants)/counts in plasma] x 100

Quantitative biodistribution study

Biodistribution studies were performed in rats (Sprague—
Dawley rats weighing approximately 200-250 g) [13].
99mTc-paclitaxel complex solution (approximately 500 pCi,
200 pl) was administered through the femoral vein of
anaesthetized rats with 0.5 mm polyethylene (PE) catheter.
At different time intervals (5 min, 30 min, 1 h, 2 h, 6 h and
24 h), the animals were sacrificed by intravenous injection of
air. Urine samples were obtained by puncturing urinary
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bladder. Other organs (brain, heart, liver, lungs, spleen,
muscle, kidney, intestines, stomach and pancreas) were
removed, rinsed with saline and blotted to remove any
adherent material. The organs were collected in pre-weighed
scintillation tubes after drying. Then organs were weighed
and radioactivity was counted in a well-type counter (gamma
ray spectrometer) with respect to suitably diluted aliquots of
the injected solution as standard. The biodistribution of
99mT¢ labelled paclitaxel in each organ was calculated as a
percentage of the injected dose per gram of the tissue (%ID/

g).

(v)  %ID/g of Tissue = [(counts in sample)/(weight of
sample X total counts injected after decay
correction)] x 100 %

Quantitative biodistribution study after pre-treatment
with cold paclitaxel

This study was done according to previously reported
method [19] with modifications. Briefly, 20 mg/kg of
paclitaxel was injected intravenously into the Sprague—
Dawley rats weighing approximately 200-250 g at day 1.
After that, *™Tc-paclitaxel was injected in those rats at
day 5 (approximately 500 pCi, 200 pl), and biodistribution
of 99mTc-paclitaxel was determined at 30 min, 1 h,2 h,6 h
and 24 h by following the method indicated in “Quanti-
tative biodistribution study” section.

99mTc-paclitaxel scintigraphy

Imaging studies were performed on normal Sprague—
Dawley rat, 200-250 g at Thakurpukur Cancer Research
Centre (Regional Radiation Monitoring Centre, Kolkata,
India) under dual-head gamma camera (GE Hawkeyes,
Pittsburgh, USA). The urethane-anaesthetised rat was
injected via the femoral vein with a bolus containing
99mrc-paclitaxel (approximately 500 pCi, 200 ul). Rat was
placed in a typical position for planar imaging under a
small field of view experimental gamma camera, suitable
for both planar and tomographic imaging. Whole body
image acquisition study was done at 5 and 90 min after
injection, and scan time was 1 min. Image data were
obtained and analyzed using a gamma camera (GE
Hawkeyes) fitted with a low energy high-resolution all
purpose collimator using static procedure of the Xeleris
(Functional Imaging) Workstation system.

Statistical analysis
The calculations of mean and standard deviation (SD) were

performed on Microsoft Excel. Statistical significance was
considered when p < 0.05 and calculations were done
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using GraphPad InStat (GraphPad Software Inc., San
Diego, USA) Software.

Results

More than 95 % of *™Tc was found to label the paclitaxel
molecules as calculated from the labelling efficiency
equation. The complexation of *™Tc with paclitaxel was
found to be rapid, and within 30 min greater than 85 %
labelling efficiency was achieved, while labelling effi-
ciency was maximum after 40-45 min (~98 %) (Fig. 1).
The resulting complex of **™Tc-paclitaxel was found to be
quite stable up to 4 h (labelling efficiency was main-
tained ~95 %). Then labelling efficiency decreased
slightly at 6 h (~94 %), and the calculated labelling effi-
ciency was found greater than 90 % at 24 h (Table 1).

Radiochemical purity of the complex (**™Tc-paclitaxel)
was checked by TLC scanner. TLC scanning of **™Tc-
paclitaxel illustrates that the radiochemical purity of the
complex was >95 % (Fig. 2), forming a single major peak
at the point of spotting (Ry = 0). Similarly, TLC scanning
of Na”™TcO, indicates that the pertechnetate
(Rf = 0.9-1.0) used for the synthesis of 99"“Tc-paclitaxel
was highly pure (Fig. 2). Synthesized **™Tc-paclitaxel was
used without further purification.

Radiochemical purity of the complex (**™Tc-paclitaxel)
was also validated by RP-HPLC. HPLC analysis of **™Tc-
paclitaxel illustrates that the radiochemical purity of the
complex was >95 % (Fig. 3), forming a major peak at
8.42 min (retention time of 99mTc-paclitaxel) with minor
impurity (i.e. Na”™TcO,, retention time ~ 4.5 min).

In vitro serum stability determination of the radiola-
belled complexes is a decisive parameter for their stability.
The serum contains proteins which may chelate and bind to
99mTe, disturbing the stability of labelled complexes. Apart
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Fig. 1 Labelling efficiency as a function of the stirring time for
99mTc_paclitaxel (each point represents average value, n = 5; error
bars were omitted as standard deviation for each point is very small)
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1 99m
Tab!e 1 Stability of ~""Tc- Time Labelling efficiency
paclitaxel at room temperature (h) (%)

at different time points, values

represent mean =+ standard 1 97.39 + 0.42
deviation (SD) (n = 3) ) 97.14 + 036

4 95.11 £ 1.21

6 94.36 + 0.83

24 90.66 + 1.63

<_L Na®mTcO,
(R¢=0.9-1.0)
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Re=0)
0o 60 mm

paint of spotting

Fig. 2 A typical thin layer chromatogram for **™Tc-paclitaxel and
Na”™TcO,

from that, physiological pH (i.e. 7.4) may also affect the
stability of the complex. It was found that **™Tc-paclitaxel
complex was stable in PBS and rat serum (Table 2) for
24 h post labelling. The stability of the labelled complex in
PBS and serum supports its stability in biological envi-
ronment upon administration into the body.

DTPA challenge was performed to get information on
the transchelation (a measure of strength of binding) of the
synthesized ’™Tc-paclitaxel. Transchelation can be
defined as a form of chelation in which one chelate group
replaces another. When “*™Tc-paclitaxel was incubated
with DTPA, a small amount of DTPA complex was
formed. The formed complex was **™Tc-DTPA as sug-
gested by our TLC studies using standard **™Tc-DTPA.
So, transchelation occurred as some amount of 99m
paclitaxel was replaced by *™Tc-DTPA. Challenge studies
demonstrated that the labelling efficiency of **™Tc-paclit-
axel did not alter much in the presence of DTPA (Table 3).
At 50 mM concentration of DTPA, the transchelation was
found to be 4.76 % for **™Tc-paclitaxel which confirms the
in vitro stability of the radiolabelled complex [20].

Log P was calculated from the octanol/buffer (pH 7.4)
partition coefficient method. The partition coefficient of the
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Fig. 3 HPLC peak for *™Tc-paclitaxel

Table 2 Stability of 99“‘Tc—pac:litaxel in PBS and rat serum, values
represent mean + SD (n = 3)

Time  Labelling efficiency in PBS Labelling efficiency in serum
(%) (%)
5min 9532+ 0.17 93.58 + 1.28
30 min 94.88 + 1.25 92.13 + 147
1h 92.81 + 1.92 91.33 + 0.57
2h 92.35 + 1.87 90.59 + 0.96
6h 90.13 + 1.26 89.18 £+ 1.81
24 h 88.62 £ 1.91 86.24 £+ 1.09

Table 3 In vitro stability of **™Tc-paclitaxel in presence of DTPA,
values represent mean £+ SD (n = 3)

Concentration of DTPA (mM) % Transchelation

10 0.82 £ 0.26
30 1.94 £+ 1.18
50 4.76 + 0.36

99mTc-paclitaxel complex was —1.46 & 0.03 (n = 3). It
clearly indicates that the complex was hydrophilic in nature.

The blood clearance curve of **™Tc-paclitaxel (Fig. 4)
showed that the initial accumulation of radioactivity in the
blood of animal increased up to 1 h, then decreased rapidly
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Fig. 4 Blood clearance curve for °“™Tc-paclitaxel (each point
represents average value, n = 10; the error bar of the 4th point is
too small to observe)

in radioactivity up to 6 h. The complex showed a decrease
in the clearance rate after 6 h. This indicates a triphasic
clearance pattern of the complex from the system.
Approximately, 75 % of the complex was removed from
the blood after 6 h.

The extent of free *™Tc-paclitaxel in rat plasma was
calculated by trichloroacetic acid (TCA) method. TCA
method provided the total plasma protein binding level of
the complex. The percentage of protein bound drug was
found to be 26.13 £ 2.59 (n = 3), indicating that signifi-
cant amount of the drug was free in rat plasma.

The organ distribution pattern of °°™Tc-paclitaxel
expressed as the %ID/g of tissue in rats after 5 min,
30 min, 1 h, 2 h, 6 h and 24 h is presented in Table 4.
99mTc_paclitaxel was distributed rapidly after intravenous
administration as shown by its biodistribution. Although
intestine, stomach, kidney, urine and urinary bladder
uptake were noteworthy, but liver uptake of the complex
was maintained a high level up to 2 h of biodistribution
study (at 5 min: highest uptake; at 30 min, 1 h and 2 h: 3rd
highest uptake; Table 4). It is known that paclitaxel is
mainly metabolized in the liver. The organ distribution

pattern of **™Tc-paclitaxel indicates that the same in vivo
system (i.e. liver) is responsible for the metabolism of
99mTc-paclitaxel. Biodistribution of *™Tc-paclitaxel also
suggests that the complex was rapidly eliminated mainly
through hepatobiliary system and partially through kidney
(Table 4).

The biodistribution (%ID/g) of **™Tc-paclitaxel after
pre-treatment with cold paclitaxel is presented in Table 5.
Here, it was observed that the relative organ distribution
pattern of **™Tc-paclitaxel was similar to *™Tc-paclitaxel
injected alone, but with decreased %ID/g (p < 0.05 for
most of the data) of tissue. It was in agreement with the
previously reported literature where it was shown that
paclitaxel pharmacokinetics is altered by previous paclit-
axel exposure up to 96 h earlier [19]. These data suggest
that *™Tc-paclitaxel can be a tracer for paclitaxel in rats.

Whole body images of normal rats at 5 min and 90 min
after **™Tc-paclitaxel administration are presented in
Fig. 5. The complex was seen in rat liver soon after
intravenous injection, and it was distributed to almost every
organ as it was found in biodistribution study. At 90 min,
the accumulation of radioactivity has been observed mostly
in liver as well as in intestine and stomach. Apart from that
distribution of **™Tc-paclitaxel can also be observed in
urinary bladder.

Discussion

Paclitaxel is practically insoluble in water with extremely
low aqueous solubility (less than 0.3 mg/ml) [21]. It is
soluble in organic solvents like acetone, ethanol and ace-
tonitrile. Complete [IUPAC name of paclitaxel is tax-11-en-
9-one-5B, 20-epoxyl-1, 20a,4,7B,13a-hexahydroxy-4,10-
diacetate-2-benzoate  13-B-benzoylamino-a-hydroxyben-
zenepropionate (structural formula shown in Fig. 6).

Table 4 Biodistribution studies

Som . : Organ 5 min 30 min 1h 2h 6h 24 h

of ““™Tc-paclitaxel in Sprague—

Dawley rats, values represent Heart 091 4+ 0.14 069 +0.09 0.76+0.13 081 +0.11 044+ 0.08 0.18 + 0.02

mean # 8D (2 = 5) Liver 2534008 3.12+ 004 3334002 161 +027 078+003 068+ 007
Lungs 123+ 0.17 096+ 0.18 076+ 0.11 0.69 + 0.07 048 + 0.13 046 + 0.08
Spleen 177 4021 2224017 2.8+ 004 067 +004 021 +001 020+ 0.02
Muscle 046 + 001 030+ 0.06 0.33 +£0.09 0224005 0.16 +0.03 0.07 = 0.01
Kidney 1.67 + 0.07 3.93 +028 5394026 133+009 0.85+0.12 069+ 0.08
Tntestine 055+ 001 057+ 015 1214031 567 +0.14 433 +024 3.14 + 023
Stomach 1254+ 009 129+ 006 1534005 3.62+0.18 409+0.19 2.14+ 0.13
Urine & Urinary 151 4+ 0.12 440 + 0.16 5.54 + 0.14 1.05 + 0.07 0.92 4+ 0.04 0.72 + 0.06

bladder

Pancreas 0.66 +0.02 051 +0.05 0.69+003 0754012 023 +003 0.11 + 0.02
Brain 0.13 + 001 007 +0.02 0.07 4004 005+ 001 0.03 +0.00 0.02 + 0.00
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Tag)gle 5 Biodistribution studies Organ 30 min 1h 2h 6h 24 h

of "™Tc-paclitaxel after pre-

treatment with cold paclitaxel in - Heart 0.42 + 0.02%  0.56 & 0.08* 0.62 + 0.04* 0.24 £ 0.03* 0.09 + 0.01*

féﬁiﬁ;ﬁgfgg (V:liess) Liver 207 + 0.09% 229 + 0.05% 1.01 + 0.12% 045 + 0.08* 047 + 0.09%
Lungs 0.68 £ 0.08* 051 £ 0.06% 049 £ 0.05% 0.38 £ 0.06% 0.21 %+ 0.03*
Spleen 1.62 £ 0.07% 149 + 0.13% 037 £ 0.03% 0.12 £ 0.02% 0.15 + 0.02*
Muscle 0.15 £ 0.01%* 0.15+0.01* 0.11 £ 0.03* 0.09 & 0.01* 0.04 £ 0.00
Kidney 248 £ 0.17% 3.69 £ 0.16% 0.74 + 0.09% 0.46 & 0.06% 0.49 + 0.04*
Intestine 031 £ 0.03* 0.81 £ 0.05% 3.02 +0.18% 291 & 0.14* 1.53 £ 0.18%
Stomach 0.76 £ 0.06% 1.09 £ 0.02% 2.17 £ 0.11% 2.35 &+ 0.07% 1.06 £ 0.11%
Urine & Urinary bladder 2.38 + 0.09% 3.39 & 0.08% 0.65 £ 0.06* 0.49 + 0.05% 0.52 £ 0.08*
Pancreas 033 £ 0.04* 041 £ 0.03%* 047 £ 0.06% 0.14 £ 0.04* 0.04 £ 0.01*

* Indicates significant Brain 0.03 £ 0.01*% 0.02 £ 0.01* 0024000 000000 0.00 % 0.00

(p < 0.05)

Fig. 5 Scintigraphic image of
99mTc-paclitaxel in rat at 5 and
90 min

5 min

Synthesized °“™Tc-paclitaxel was characterized radio-
chemically. Single peak in TLC scanner confirms the
radiochemical purity of the synthesized **™Tc-paclitaxel. It
also validates the identity of **™Tc-paclitaxel with respect
to Na””™TcO,. HPLC analysis of **™Tc-paclitaxel also
supports our observation in ITLC. We found that the
complex was fairly stable in room temperature. Paclitaxel
possesses four main binding sites (=O, —OH, > NH,
and = O at 1’, 2/, 3’ and 4’ position of paclitaxel molecule,
respectively; Fig. 6) which can participate to form stable
complex with **™Tc. Probably, two molecules of paclitaxel
bind with **™Tc (Fig. 7), which can explain the stability of
the formed complex. We expected the structure of *™Tc-
paclitaxel from literature [22] and MM2 energy minimized
structure by energy minimization computation of all

90 min

possible structures using Chem-3D ultra software (Fig. 8)
[23]. It has been reported in the literature that 4, 5 or 6
membered ring containing *™Tc can form stable complex
[22].

We have also evaluated 99"‘Tc-paclitaxel biologically.
Evaluation of radiolabelled paclitaxel in animals is
important to the study of its possible use for the prediction
of chemotherapeutic efficacy with paclitaxel in cancer
patients. Rapid clearance (as well as clearance pattern) of
99mTc_paclitaxel from the system, its liver accumulation as
well as elimination pattern, and organ biodistribution data
after pre-treatment with cold paclitaxel suggest that syn-
thesized complex has the potential to be used as a tracer for
paclitaxel in vivo. The organ distribution of **™Tc-paclit-
axel was related mainly to the metabolism and excretion
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Fig. 6 Structure of paclitaxel

Fig. 7 Radiolabelled complex
of *™T¢-paclitaxel (probable
structure)

routes reported for the parental drug, paclitaxel [24]. This  paclitaxel in solid tumors. Apart from that, paclitaxel is a
study confirms that **™Tc-paclitaxel biodistribution pro-  known substrate for P-glycoprotein (Pgp). Pgp is a mem-
vides a good estimate of paclitaxel biodistribution. There-  brane pump whose overexpression has been shown to result
fore, *™Tc-paclitaxel may be able to predict the uptake of  in multidrug resistance (MDR) [25]. For this reason, it may
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Fig. 8 MM2 energy minimized structure of 99""Tc—paclitaxel

also be assumed that *™Tc-paclitaxel may have role to
image MDR, however, comparison with **™Tc-sestamibi
and other related MDR imaging radiotracers is mandatory.

99mTc radiopharmaceutical imaging is used in approxi-
mately 85 % of nuclear medicine procedures [26], and it is
well known that cost effectiveness of SPECT imaging is
higher than that of PET imaging. Previously, a number of
articles described the radiolabelling of paclitaxel with
different radioisotopes [11, 27, 28] for SPECT imaging.
9MT¢-paclitaxel was synthesized by stannous chloride
method [11], but its potential as a tracer for paclitaxel was
not evaluated. Indium-111-DTPA-paclitaxel was synthe-
sized and biologically evaluated [27]. Limitation with
indium-111 is that its high affinity for transferrin receptors.
This leads to excessive radiation burden to the bone mar-
row of patients treated with indium-111 labelled product.
I'*? was also used to radiolabel paclitaxel, but this complex
was not biologically evaluated [28].

In this work, we radiolabelled paclitaxel with **™Tc by
using sodium borohydride as a reducing agent. Sodium
borohydride has long been used in radiolabelling purpose
[12, 13, 29]. It is worth noting that radiolabelling by tri-
carbonyl method also uses sodium borohydride in labelling
procedure [30]. Boric acid is generated as a by-product

when sodium borohydride is used in radiolabelling purpose
[29]. It has been reported in the literature that up to 611 mg
of boric acid was administered by the intravenous route in
human being with no signs of toxicity [31]. It has also been
reported that 350 parts per million (ppm) of boric acid had
no adverse effects on fertility, lactation, weight or
appearance of rats [32]. The amount of boric acid gener-
ated by the reaction described in this work was less than
10 mg, and in agreement with the literature report we
haven’t seen loss of weight or change of appearance in
Sprague-Dawley rats during 24 h biodistribution study.

Anaphylaxis and severe hypersensitivity reactions
characterized by dyspnea and hypotension requiring treat-
ment, angioedema, and generalized urticaria have occurred
in some patients receiving paclitaxel (Taxol) in different
clinical trials. Fatal reactions occurred in patients despite
premedication [33]. Taxol formulation contains paclitaxel
dissolved in a 50:50 (v/v) mixture of the surfactant poly-
oxyethylated castor oil (Cremophor EL) and dehydrated
ethanol. Cremophor EL has been shown to cause those
acute hypersensitivity reactions, one of the most severe
side effects associated with discontinuation of paclitaxel
therapy [34]. We radiolabelled paclitaxel in the presence of
Cremophor EL (composition similar to Taxol formulation
and amount of paclitaxel 1 mg/ml) by the method descri-
bed in this article. We have found similar radiochemical
purity and stability data, but we did observe altered total
plasma protein binding (71.54 + 2.06, n = 3) and biodis-
tribution pattern [13] in the presence of Cremophor EL as
indicated by others also [35-37]. It has been demonstrated
that Cremophor EL induced the appearance of a lipoprotein
dissociation product for which paclitaxel has a high affinity
[35], and Cremophor EL can change the biodistribution of
drugs [38].

Dose, regimen and effect of combination of paclitaxel
with other anticancer drugs are still evolving [7]. Further,
low-dose paclitaxel has shown antiangiogenic activity
in vivo and this antiangiogenic activity of paclitaxel was
not linked with its cytotoxicity [39]. It is worth noting that
chemotherapy doses of paclitaxel (minimum dose
180 mg/m?) are quite high compared to 200 pg dose of
99mTc-paclitaxel used for imaging purpose. A maximum
activity of 740 MBq (20 mCi) was used to radiolabel
80 pg of paclitaxel and no effect on stability and radio-
chemical purity was noticed as such when compared to
111 MBq (3 mCi) **™Tc-paclitaxel. Multiple scan of a
patient may be performed during the course of chemo-
therapy by using 20 mCi °°™Tc-paclitaxel [18]. Hence
99mTc-paclitaxel may also be used as a tracer for paclit-
axel in human being. Possible reaction of taking new
medications and treatment modalities can be determined
based on the test results obtained from administration of
9mT¢-paclitaxel.
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Conclusion

Radiosynthesis of *™Tc-paclitaxel was done successfully by
using sodium borohydride as a reducing agent. No such
interference of colloid was observed by this labelling pro-
cedure as both the radiolabelling efficiency (97.79 + 0.42,
n = 3) and radiochemical purity (96.77 £ 0.31, n = 3) of
the complex was found to be >95 %. Labelling of paclitaxel
by sodium borohydride was found to be easy and effective.
The complex was hydrophilic in nature, and the majority of
this complex (without Cremophor EL) remains free in
plasma. Cremophor EL has a profound effect on biodistri-
bution and plasma protein binding of *’™Tc-paclitaxel.
Scintigraphy and biodistribution indicate that significant
accumulation site for *™Tc-paclitaxel is liver for up to 2 h.
The doses of **™Tc-paclitaxel can be reduced by using
higher activities of **™Tc in labelling procedure. Pre-treat-
ment with cold paclitaxel altered the biodistribution of
99mTc-paclitaxel in rats. These studies endorse that *™Tc-
paclitaxel has the potential to be used as a tracer during the
course of chemotherapy, however further evaluation is
mandatory.
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