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Abstract Celecoxib was labelled effectively with *™Tc.
The labeling yield was found to be influenced by the
amount of celecoxib, the amount of stannous chloride
dihydrate, the reaction time, the temperature and the pH of
the reaction mixture. The importance of stannous chloride
dihydrate arises from its function as a reducing agent for
pertechnetate to form complex celecoxib. The suitable
amount required to produce high labeling yield of **™Tc-
celecoxib was 500 pg SnCl,-2H,0. The pH of the reaction
medium was found to play a significant role in this labeling
process. The labeling reaction was performed at a neutral
medium (pH 7). The labeling reaction proceeds well at
room temperature (25 £ 1 °C) and the complex decom-
poses by heat. The labeled celecoxib (**™Tc-celecoxib)
showed a good localization in inflamed foci and a good
imaging must be taken 4 h post injection.
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Introduction

Functional imaging with radiotracers has been found to
detect inflammatory processes with high sensitivity. This
technique is also of great importance in monitoring response
to therapy [1, 2]. Both specific and nonspecific radiophar-
maceuticals have been tested to image inflammations as the
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result of infectious and noninfectious causes. The nonspe-
cific mechanisms of tracer accumulation include enhanced
blood flow, increased vascular permeability and possibly
other factors. Specific accumulation of radiolabeled com-
pounds in inflammatory lesions results from binding to
activated endothelium (e.g. radiolabeled anti-E-selectin) [3],
the enhanced influx of leukocytes (e.g. radiolabeled autolo-
gous leukocytes, anti-granulocyte antibodies or cytokines),
the enhanced glucose-uptake by activated leukocytes (‘*F-
fluorodeoxyglucose) [4] or by direct binding to micro-
organisms (e.g. radiolabeled ciprofloxacin [5, 6], pefloxacin
[7] and levofloxacin [8] or antimicrobial peptides). Although
a multitude of agents have been tested and used for imaging
infections and inflammations, gallium-67 (67Ga citrate) [9],
labeled leukocytes with technetium-99m (®™T¢) or indium-
111 (*""In) [1], and "®F-fluorodeoxyglucose (FDG) [4] have
gained a wide acceptance for routine use. The ideal charac-
teristics of an effective radiolabeled imaging agent in this
setting include high sensitivity and specificity, ease of
preparation, minimal toxicity and radiation dose and low
cost in addition to rapid localization and good retention at
site of infection and uptake in infection not in sterile
inflammation in case of imaging infectious inflammation
[10]. During the past decade, the focus in the development of
new radiopharmaceuticals has greatly increased and studies
are continuing to improve their effectiveness for diagnostic
imaging in the future.

Celecoxib;  4-[5-(4-methylphenyl)-3-(trifluoromethyl)
pyrazol-1-yl] benzene sulfonamide; (Fig. 1) is a nonste-
roidal anti-inflammatory drug that exhibits anti-inflamma-
tory, analgesic, and antipyretic activities [11]. It is used in
the treatment of osteoarthritis, rheumatoid arthritis, acute
pain, painful menstruation and menstrual symptoms [12].
It’s mechanism of action is believed to be due to inhibition
of prostaglandin synthesis, primarily via inhibition of
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Fig. 1 Chemical structure of celecoxib

cyclooxygenase-2 (COX-2), and at therapeutic concentra-
tions in humans, it does not inhibit the cyclooxygenase-1
(COX-1) isoenzyme. In animal colon tumor models, cele-
coxib reduced the incidence and multiplicity of tumors
[13].

In this work, celecoxib was labelled with *°™Tc. The
reaction parameters were investigated and the labelled
compound was examined as a possible diagnostic agent for
inflammation imaging.

Experimental
Materials

All chemicals and laboratory reagents used in this work
were of the highest purity grade. In all cases, double dis-
tilled water was used. Celecoxib, 4-[5-(4-methylphenyl)-3-
(trifluoromethyl) pyrazol-1-yl] benzene sulfonamide, MF
(C17H14F53N50,S), MW 381.38 was obtained as a gift from
Amoun Pharmaceutical Co. Cairo, Egypt. Stannous chlo-
ride dihydrate (SnCl,-2H,0), MW 225.6, was purchased
from Sigma-Aldrich, Germany. Pertechnetate-99 m solu-
tion was obtained by elution from the sterile **Mo/**™Tc
generator (Elutic, Brussels, Belgium). All other chemicals
and reagents used were of analytical grade (AR). White
Albino mice were used for biodistribution studies.

Methods
Preparation of stannous chloride dihydrate

The solution was prepared by dissolving 100 mg of the
crystalline salt in 0.5 mL of conc. HCI with heating, and
then the volume was completed to 10 mL using nitrogen
purged double distilled water. One mL was again diluted to
10 mL with the same water. The solution was dispensed in
10 mL clean penicillin vials (0.5 mL each) and stored at
25 £ 1 °C.
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99mre-celecoxib preparation

Stannous chloride dihydrate solution (500 pL) was added
to a solution of celecoxib in ethanol (0.5 mg/0.05 mL) in a
clean sterile penicillin vial under positive nitrogen pres-
sure. Pertechnetate solution (0.5 mL, ~750 MBq) was
added and the reaction mixture was left for 30 min at
25 £ 1 °C.

Determination of the radiochemical purity of **™Tc-
celecoxib

(a) The percentages of colloids were determined by fil-
tration of the reaction mixture through 0.22 um Mil-
lipore filter [14] according to the following equation:

Colloids %
_Activity before filtration — Activity after filtration

Total activity
x 100. (1)

(b) Instant thin layer chromatography-silica gel/methyl
ethyl ketone (ITLC-SG/MEK) system was used to
determine free pertechnetate and the labelled cele-
coxib in the filtrate. Free *™TcO,~ moves with the
solvent front (R¢ = 1), while **™Tc-celecoxib com-
plex remains at the starting line (Ry= 0). The
labeling yield percent was calculated as follows:

Activity at Ry = 1

— x 100 .
Total activity

Free pertechnetate % =

(2)
Radiochemical yield %

3
100 — (% colloid + % free”™TcO}) . ®)

Biodistribution studies

Sterile inflammation was induced by injecting sterile tur-
pentine oil (200 pL), intramuscularly [15] (IM), into the
right thigh muscle [16], while infectious (septic) inflam-
mation was induced by IM injection of E. coli suspension
[17]. When swelling of the muscle was apparent, **™Tc-
celecoxib was injected intravenously (i.v.). Groups of three
mice were used for each experiment. The mice were sac-
rificed by decapitation under chloroform anesthesia at 0.5,
1 and 4 h post injection, respectively. Blood samples were
collected at the time of decapitation. Both thighs (right
thigh muscle as target, left thigh muscle as control) and
organs were dissected, weighed and their radioactivity
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measured using a well-type Nal scintillation detector. The
activity distribution was determined in weighed fractions
of blood, bone, and muscle and then calculated by using the
following assumptions; blood represents 7%, bones repre-
sent 10% and muscles represent 40% of the body weight of
the mouse [18].

Results and discussion

Factors affecting the labeling yield % of **™Tc-
celecoxib:

Effect of stannous chloride dehydrate amount

The amount of tin (II) required to reduce pertechnetate
from its heptavalent state to the reactive reduced state must
be adjusted to prevent the formation of undesirable radio-
chemical species; such as colloids and free pertechnetate
9mTc0,~ especially in alkaline pH medium. To study the
effect of stannous chloride dihydrate content on the for-
mation of **™Tc-celecoxib complex, different amounts of
stannous chloride dihydrate were ranged from 25 to
1,000 pg. The results obtained from the analysis of the
reaction mixture after 30 min reaction time at room tem-
perature (25 £ 1 °C) are shown in Fig. (2). As indicated in
the figure, at low amounts of stannous chloride dihydrate
(25 and 50 pg), the radiochemical yields of *“™Tc-cele-
coxib are 52 and 58%, respectively indicating that the
amount of the reducing agent was not sufficient to reduce
all the pertechnetate present in the reaction medium. By
increasing the amount of SnCl,-2H,0 to 500 pg, the
radiochemical yield of °™Tc-celecoxib increased to
99.67%. On the other hand, above 500 pg SnCl,-2H,0,
colloidal solution was obtained and this may be due to the
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Fig. 2 Effect of reducing agent concentration on the radiochemical
yield of **™Tc-celecoxib

formation of Sn(OH), which is insoluble in the reaction
medium.

Effect of celecoxib amount

The effect of the amount of celecoxib on the radiochemical
yield % of **™Tc-celecoxib complex was studied and the
results are shown in Fig. (3). The data indicate that at
500 pg of celecoxib, the radiochemical yield is 99.7%. No
significant change in the radiochemical yield of **™Tc-
celecoxib was observed in the range of 500-1,000 pg
celecoxib. At low amounts of celecoxib (50 and 100 pg),
the radiochemical yields of **™Tc-celecoxib were 85 and
90% indicating the insufficiency of celecoxib to complex
all the reduced **™Tc ions.

Effect of pH of the reaction medium

The effect of pH of the reaction mixture on the radio-
chemical yield % of *™Tc-celecoxib was studied. The
reaction was carried out at pH values ranging from 4 to 11.
Labeling at pH 4 led to the formation of **™Tc-celecoxib
complex with a radiochemical yield of 90%, while the
radiochemical yield increased at pH 5, 7 and 9 to 98, 99.67
and 97.84%, respectively as shown in Fig. (4). At pH 10
and 11, the radiochemical yields decreased to 82 and 20%,
respectively which is due to the formation of undesired
radiochemical species as colloids.

Effect of reaction time

The effect of reaction time on the radiochemical yield % of
99mTc celecoxib was investigated. The results are pre-
sented in Fig. (5). A gradual increase of the labeling yield
with time was clearly observed. At 5 min reaction time, the
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Fig. 3 Effect of celecoxib amount on radiochemical yield of **™Tc-
celecoxib
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Fig. 4 Effect of pH of the reaction medium on radiochemical yield of
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Fig. 5 Effect of reaction time on the radiochemical yield of **™Tc-
celecoxib

radiochemical yield of 99mT_ celecoxib was 83.7%, while
by increasing the reaction time to 15 min the radiochemical
yield increased to 97%. The results also indicate also that,
the highest labeling yield (99.67% of **™Tc-celecoxib) was
achieved after 30 min at room temperature. Hence, 30 min
would be enough for complete complex formation of
99mTc_celecoxib. Upon increasing the reaction time to 60
and 120 min, no significant change in the radiochemical
yield was observed.

Effect of reaction temperature

The labeling of celecoxib with *™Tc was performed at
25+ 1,50 £1,75 £ 1 and 100 £ 1 °C for 30 min. The
results showed that the complexation between **™Tc and
celecoxib was completely done at room temperature after
30 min with a high radiochemical yield of 99.67%. **™Tc-
celecoxib complex was decomposed gradually by heating
the reaction mixture in a water bath. The rate of
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decomposition increased as the reaction temperature
increased. At 50+ 1 and 75 £ 1 °C, 99mT ¢ _celecoxib
complex decomposed by 11.5 and 13.2%, respectively,
while it decomposed by ~30% in a boiling water bath.

In vitro stability of **™Tc-celecoxib

The stability of **™Tc-celecoxib was studied in order to
determine the suitable time for injection to avoid the for-
mation of undesired products that result from the radiolysis
of labeled compound. These undesired radioactive products
may accumulate in non-target organs. The results of the in
vitro stability of **™Tc-celecoxib are presented in Table
(1). The data clearly show that **™Tc-celecoxib complex is
stable for up to 24 h which is suitable for nuclear medicine
applications.

Our results are in good agreement with previous con-
firmatory studies where H. Thakkar et al., who reported
that celecoxib and albumin microspheres were labeled with
%MT¢ by direct labeling method. Also the labeling effi-
ciency of celecoxib reached 98% at pH 6.5 [19].

Table 1 Stability post labeling

Time post labeling (h)

99mTe_celecoxib %

0.5 99.67 + 0.1
99.04 £ 0.3

984 £ 1.0

975+ 1.2

12 973+ 14
24 969 £ 1.5

Mean + S.D (mean of three experiments)

Table 2 Biodistribution of *™Tc-celecoxib in normal mice

Organs & body fluids Percent 1.D./gram organ

Time post injection

15 min 1h 4h
Blood 2790 £1.70 15.70 £ 1.20 13.10 £ 0.90
Liver 23.60 £ 1.20 20.60 + 1.30 15.00 £ 1.10
Urine 08.40 = 0.19 11.20 £ 0.60 16.00 &+ 1.00
Kidneys 07.30 &£ 0.60 08.40 £ 0.50 05.30 &+ 0.10
Heart 00.50 & 0.07 00.40 £ 0.01 00.30 £ 0.05
Lung 01.20 = 0.09 00.80 £ 0.03  00.60 & 0.10
Stomach 6.40 £0.50 12.80 & 0.80 9.10 £ 0.40
Intestine 5.40 £ 030 10.80 &£ 0.70 15.10 £ 0.40
Spleen 00.80 = 0.20 00.60 £ 0.01 00.40 &+ 0.07
Muscle 02.30 &£ 0.08 02.20 £ 0.07 01.80 &+ 0.06

 Injected dose/organ, mean & S.D. (mean of three experiments)
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Table 3 Biodistribution of **™Tc-celecoxib in sterile inflamed mice

Organs & body Percent 1.D./gram organ

fluids - .

Time post injection

15 min lh 4 h
Blood 2490 £ 1.50 16.70 = 1.10 12.10 £ 0.70
Liver 21.60 = 1.20 18.60 £+ 1.30 14.00 £+ 1.10
Urine 0640 £ 0.19 1.20 £ 0.60 18.00 £+ 1.00
Kidneys 06.30 = 0.40 07.40 £ 0.50 06.10 £ 0.10
Heart 00.40 £ 0.07 00.30 £ 0.01 00.25 £ 0.05
Lung 01.40 £ 0.09 00.90 £ 0.03 00.70 £ 0.010
Stomach 8.40 £ 0.50 13.80 = 0.80 10.10 £ 0.40
Intestine 6.40 £ 030 11.80 +£0.70 16.10 £ 0.40
Spleen 00.70 &+ 0.20 00.50 & 0.01 00.30 & 0.01
Normal muscle 02.10 £ 0.08 02.30 £ 0.07 01.90 £ 0.06
Inflamed muscle 03.50 £ 0.09 04.80 £ 1.01 04.70 £ 0.09
Bone 01.70 £ 0.10 01.30 £ 0.04 00.40 £ 0.07

 Injected dose/organ, mean & S.D. (mean of three experiments)

Biodistribution of **™Tc-celecoxib in normal mice

The results of the in vivo biodistribution studies carried out
in normal Albino Swiss mice at different time intervals
after injection of 9mTe_celecoxib are shown in Table (2).
The blood uptake was 27.9% at 15 min post injection and
decreased to 13.0% at 4 h, indicating that the labelled
compound cleared from the systemic circulation within 4 h
post injection. The liver uptake decreased by time from
23.6 to 20.6 and 15.0% after 15 min, 1 and 4 h post
injection, respectively. Kidneys showed high uptake indi-
cating that the excretion was done through the kidneys to
urine. Heart and lung uptake was not high as observed from
the Table. The majority of organs showed significant
decrease in uptake of “*™Tc-celecoxib.

Detection of infections and sterile inflammatory foci
in mice

Table 3 shows the biodistribution data of **™Tc-labeled
celecoxib in sterile inflamed mice. The mice were injected
with 0.2 mL of sterile turpentine oil (for sterile inflam-
mation induction). It was observed that biodistribution of
99mTc_celecoxib nearly looks like that in normal mice.
Inflamed muscle receives *“™Tc-celecoxib more than nor-
mal muscle. The difference in uptake between inflamed
and non inflamed muscle may be due to high vascularities
to inflamed area so blood supply deliver more *™Tc-
celecoxib to the inflamed muscle. The target/non target
ratios for sterile inflamed mice were equal to 3.5/2.1, 4.8/
2.3 and 4.7/19 at 15 min, 1 h and 4 h post injection,
respectively. This means that this **™Tc labeled compound

is able to localize in sterile inflammation and can be used
as an inflammatory imaging agent.

The biodistribution of radioiodinated celecoxib con-
firmed its importance as a tumor imaging agent [20].

Conclusion

Conventional imaging typically provides information on
only one part of the body and detects disturbance to the
normal anatomy. In contrast, nuclear medicine can scan the
whole body and localize occult disease processes. Nuclear
medicine is very important in the diagnosis and localizing of
the inflammations when conventional imaging is unsuc-
cessful. The preliminary studies of a newly developed
radiopharmaceutical, 9ngc—celecoxib; have proven its
effectiveness as inflammation detecting agent. The product
appeared to be safe, stable, and reproducible. High labeling
efficiency of 99.67% could be achieved using 500 pg of the
substrate and 500 pg stannous chloride dihydrate in a neu-
tral medium of pH 7. Labeling reaction was simple and
accomplished after 30 min at 25 + 1 °C.
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