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Abstract
In this study we are presenting the development of technetium-99m (99mTc) labeled ibuprofen for the imaging of aseptic 
inflammation. 99mTc-Ibuprofen complex was developed by optimizing the radiolabeling conditions such as reaction time, 
ligand and reducing agent concentration, pH, reaction time and temperature. Following the addition of 600 µg of ibuprofen, 
4 µg of stannous chloride as reducing agent and 300 MBq 99mTc radioactivity; the pH of reaction mixture was adjusted to 
11 and allowed to react for 15 min at room temperature. Chromatography analysis revealed > 94% 99mTc-ibuprofen complex 
formation with promising stability in saline and blood serum up to 6 h. Biodistribution study using normal and sterile inflam-
mation induced mice indicated low accumulation of labeled compound in key body organs; however, kidneys (14.76 ± 0.87% 
ID/g organ) and bladder (31.6 ± 3.0% ID/g organ) showed comparatively higher radioactivity due to main excretory path. 
Inflamed to normal tissues ratio (T/NT), at 1 h post-injection, showed promising value (4.57 ± 0.56). The SPECT imaging of 
artificially inflammation induced rabbit model also verified the biodistribution results. In conclusion, radiochemical purity 
and biological evaluation of 99mTc-ibuprofen complex indicates the agent can be utilized for imaging of deep seated aseptic 
inflammation.

Keywords Radiopharmaceuticals · Nuclear medicine · Infection imaging · Ibuprofen · 99mTc-Ibuprofen

Introduction

Infection is serious illness which commonly originates as 
a result of invasion and multiplication of microorganisms 
such as bacteria, viruses, and parasites that are not normally 
present within the body. Inflammation of infected tissues 

is a primary indicator of invasion and multiplication of 
microorganisms—which is termed as septic inflammation. 
On contrary, aseptic inflammation relates to non-bacterial 
issues occurred in body e.g. physical injury or internal stress 
[1]. In medical setup it is important to diagnose both pro-
cesses with quite sensitivity and accuracy to treat the roots 
of inflammation. The inflammatory process, although is 
an asymptomatic or shows non-specific symptoms but its 
early diagnosis allows well-in-time treatment which may 
prevent the onset of complications [2]. Nuclear medicine 
technique (NMT) helps in early diagnosis of abnormali-
ties due to its specificity even at molecular level. Despite of 
the outstanding sensitivity and accuracy of state-of-the-art 
diagnostic radiological instruments such as magnetic reso-
nance imaging (MRI) and computed tomography (CT), they 
do not work until some morphological and entomological 
changes not occur at infected site, while NMT shows the 
physiological function of the tissue or organ being inves-
tigated. Due to target specific detection at molecular level 
NMT are gaining ample intention in diagnosis of deep-
seated inflammation, infections and many hard to detect/treat 
malignancies [3–5]. Recent advances in the understanding 
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of the pathophysiological process of inflammation at cel-
lular level and to diagnose them through NMT has boosted 
the development of radiopharmaceuticals [6]. The 99mTc-
labeled white blood cells [7] and immunoglobulins [8] 
and gallium-67 labeled citrate [9] was studied to locate 
the inflammation-infection cites and reported its promis-
ing credibility in infection-inflammation imaging accu-
racy [10]. However, most of the imaging-agents showed 
poor function in discriminating the septic-inflammation 
from aseptic-inflammation, which created the confusion 
in selecting the therapy. The development of 99mTc-cipro-
floxacin (the first antibiotic radiopharmaceutical) in 1993, 
helped to discriminate the both processes [11]. The agent 
was reported to diagnose the septic-inflammation with good 
accuracy by targeting the bacterial DNA gyrase-II enzyme 
[12, 13]. However, the enthusiasm was drained off when 
different contradictory reports were published regarding the 
imaging sensitivity and specificity of 99mTc-ciprofloxacin 
for septic-inflammation but still it is in practice to diagnose 
bacterial infection [14]. Differentiation between septic- and 
aseptic-inflammations can be made possible by developing 
aseptic-inflammation imaging radiopharmaceutical and then 
by adopting the nuclear medicine procedure in combination 
with 99mTc-ciprofloxacin (as septic-inflammation imaging 
agent) then both processes can be identified.

Ibuprofen (IBF), as shown in Fig. 1a, is an anti-inflam-
matory non-steroidal drug which targets cyclooxygenase 
enzyme, especially COX-2 at inflamed tissues with promis-
ing therapeutic efficacy [15, 16]. The drug can be devel-
oped as radiopharmaceutical for discrimination of septic-
inflammation from aseptic-inflammation. The aim of this 
study is to develop 99mTc-IBF complex (proposed chemical 
structure is shown in Fig. 1b) with promising purity, yield, 
stability and biodistribution in aseptic-inflammation induced 
mice model.

Experimental

Materials and methods

IBF and stannous chloride dihydrate was purchased from 
Sigma-Aldrich (Germany). 99mTc activity was obtained 
through elution of PAKGEN 99Mo/99mTc-Generator at Iso-
tope Production Division (IPD), Pakistan Institute of Nuclear 
Science and Technology (PINSTECH), Islamabad, Pakistan. 
Sodium phosphate, Sodium hydroxide, hydrochloric acid, 
and methanol (HPLC grade) were purchased from Merck 
(Germany). All the chemicals were of analytical grade. The 
stock solution of IBF was prepared in methanol and stored 
at 4 °C for further use. Whatman No.3MM (W3) strip and 
Instant thin layer chromatography impregnated with silica 
gel (ITLC-SG) were obtained from Agilent (Singapore). 
Chromatographic strips were analyzed with Well-type NaI 
(Tl) detector (Genesys Gamma-1, USA) and 2π-Scanner 
(Berthold, Germany). Deluxe electrophoresis chamber (Gel-
man-Germany) system was used for the determination of 
charge of the complex. Sprague-Dowley mice were obtained 
from National Institute of Health (NIH), Islamabad, Paki-
stan. Animal ethics committee [ethical review committee 
(ERC)], Government College University, Faisalabad gave 
approval for animal study. All equipment and apparatus were 
calibrated before use.

Animal ethical review committee approval 
and informed consent from human volunteer

All protocols used for handling animals i.e. the induc-
tion of sterile inflammation, giving anesthesia, admin-
istration of 99mTc-IBF, and biodistribution studies, were 
carried out after institutional ERC approval (Document 
Nos. GCUF/ERC/16/03 & GCUF/ERC/18/06). The blood 
was taken from healthy human volunteer for harvesting 

Fig. 1  Chemical structure of 
ibuprofen (a) and the proposed 
chemical structure of 99mTc-
ibuprofen complex (b)
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blood serum after informed consent (Document No. 
GCUF/NRPU5612/08/17).

Radiosynthesis of 99mTc‑IBF

Optimization of reaction conditions for the radiosynthesis 
of 99mTc-IBF was performed through series of experiments. 
For this took 300 to 700 µg of IBF in the form of methanol 
solution in five separate sterilized vials. Added 2 to 6 µg of 
 SnCl2.  2H2O in each vial as reducing agent. The labeling 
was carried out at pH 5–13. After addition of reactants in 
each vial, added ~ 300 MBq of 99mTcO4

−1 in saline solution 
and shaked well for 10–15 s. Then the reaction mixture was 
allowed to react at different temperatures and time i.e. 4 °C 
to 65 °C for 10–60 min. All experiments were performed by 
keeping the total volume 2.5 ± 0.2 mL in each vial.

Chromatographic analysis

The labeling purity and yield of 99mTc-IBF was determined 
with the help of paper chromatography and ITLC-SG sys-
tems in terms of percent radiochemical purity (%RCP). 
About ~ 2 µL of an aliquot of 99mTc-IBF reaction mixture 
was spotted on the base line of W3 and ITLC-SG strips 
having dimensions of (1.5 × 14) cm each. For the determi-
nation of free 99mTc, W3 paper was developed with ace-
tone as mobile phase while for hydrolyzed 99mTc, ITLC-
SG strip was developed with 0.5N NaOH as mobile phase. 
After the development, each strip was dried and cut into 
segments of 1 cm. The radioactive counts on each segment 
were recorded by Well-type NaI (Tl) gamma (γ) counter 
(Genesys Gamma-1, USA). The strips were also scanned by 
2π-scanner (Berthold-Germany) for confirmation of radio-
chemical yield. The experiments were performed thrice a 
day and periodically during the course of work to confirm 
the results and reproducibility. The percent radiochemical 
purity was determined by using the following expressions;

Saline stability of 99mTc‑IBF complex

Following the optimization of reaction conditions for the 
radiosynthesis of 99mTc-IBF complex, the stability of com-
plex was determined in saline from 0.25 to 24 h at room. At 
predefined time intervals ~ 2µL aliquot was withdrawn from 
incubated reaction mixture and spotted at W3 and ITLC-SG 

Percent Colloid (ITLC) =
Activity at stripwith Rf = 0.0 − 0.1

Total activity over strip
× 100

Percent Free99mTcO−
4
(W3)

=
Activity at stripwith Rf = 0.9 − 1

Total activity over strip
× 100

Percent Radiochemical Purity = 100 − (%Colloid + %Free)

strips. After developing and drying, the strips were analyzed 
for recording intact fraction of 99mTc-IBF.

Serum stability of 99mTc‑IBF complex

For in-vitro investigation of 99mTc-IBF complex stability in 
blood serum, the serum was harvested from fresh blood col-
lected from healthy volunteer by centrifuging 3 mL blood 
at 3000 rpm for 15 min. Then took 0.2 mL of 99mTc-IBF 
complex in a sterilized reaction vial, added equal amount of 
blood serum, fit the vial in vortex machine for 30 s to shake 
the reaction mixture and then incubated for 24 h at 37 °C 
in 5%  CO2 incubator. An aliquot of ~ 2µL were taken out 
from incubated mixture at specific time intervals, spotted on 
chromatographic strips, developed and analyzed to record 
percent fraction of intact 99mTc-IBF complex up to 24 h.

Electrophoresis analysis

The electrical charge on 99mTc-IBF complex was determined 
by paper electrophoresis. Whatman No. 1 paper was used 
as supporting medium. Phosphate buffer (0.02 M) of pH 
6.8 was used as an electrophoretic electrolyte. An aliquot of 
~ 10 µL of 99mTc-IBF complex was spotted at the center of 
strip (1 × 20 cm), dried and placed the strip in chamber of 
deluxe electrophoresis (Gelman-Germany) system to allow 
electrophoretic mobility for 1 h at 300 V direct current (DC). 
Following the completion of electrophoresis procedure the 
strip was dried and scanned from anode to cathode end using 
2π-Scanner.

Biological distribution study

In-vivo biodistribution of 99mTc-IBF complex was inves-
tigated in Sprague-Dowley mice (~ 50–100 g) following 
the protocol reported previously and guidelines of ERC, 
Government College University, Faisalabad [17]. Biodis-
tribution study of 99mTc-IBF was assessed in normal as 
well as in aseptic-inflammation induced mice at 30 min, 
1 h and 4 h time points. At each time point the group of 
three mice was studied. Aseptic-inflammation was induced 
in right thigh muscles using turpentine oil (target tissues) 
under sterile condition and the normal left thigh muscles 
were used as non-target tissues. At each time point, about 
200 µL of 99mTc-IBF saline solution (120–130 MBq activ-
ity) was injected intravenously through tail vein of mice and 
dissected at 30 min, 1 h and 4 h post-injection intervals. 
The chloroform anesthesia was given before dissection. Dur-
ing dissection procedure, 1 mL blood sample was collected 
by cardiac puncture, considering it 5% of the total body 
weight followed by separating the different organ such as 
heart, lungs, liver, stomach, kidney, spleen, intestine, blad-
der, femur, urine, carcass A, carcass B, thyroid and brain; 
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washing with saline solution, dried on filter paper and placed 
each organ in pre-weighed vials to note the organ weight. 
Activity in each organ was measured through NaI (Tl) well 
type detector in connection with single channel gamma-
counter (SR-7) and calculated the %ID/g organ of 99mTc-IBF 
by using the following expression;

SPECT scintigraphy

SPECT Scintigraphy study was performed using healthy 
male rabbits (~ 1.0 to 1.5 kg weight) artificially induced 
with sterile inflammation using turpentine oil at its left 
thigh muscle. After 36 h, when visible swelling was seen, 
the rabbit was anesthetized by injecting diazepam injection 
through rear ear vain followed by placing the rabbit under 
dual headed SPECT gamma camera (connected to an on-line 
dedicated computer system) by stretching the fore and rear 
legs out with polythene tape. Then, 99mTc-IBF (185 MBq) 
was administrated through rear ear vain of rabbit and SPECT 
images were taken at 5, 15 and 60 min.

Results

To optimize the reaction conditions for maximum purity and 
yield of 99mTc-IBF, a series of radiolabeling reactions were 
performed considering different quality control parameters 
such as amount of IBF, reducing agent, pH, time and tem-
perature, which showed different results at different sets of 
parameters as shown in Fig. 2. The optimized set of reaction 
conditions resulted > 94% RCP, however, during the reaction 

%ID∕g organ =
counts in organ

Total biological activity
× 100∕organweight

optimization process a critical effect of each parameter was 
noted on the yield of radiolabeling.

Effect of ligand concentration on percent RCP

To optimize the ligand concentration for maximum RCP, hit-
and-trial methodology were adopted by sequentially chang-
ing the concentration of IBF from 300 to 700 µg and fixing 
the other reaction parameters (reducing agent, pH, radioac-
tivity and reaction time) at room temperature. At 300 µg, 
45% RCP was recorded that was increased to 94% at 600 µg. 
Above 600 µg IBF concentration, the radiochemical yield 
graph declined to lower values as shown in Fig. 2a.

Effect of reducing agent on RCP

Figure 2b shows the effect of reducing agent on the RCP 
and yield.  SnCl2·2H2O in acidic solution (2–6 µg) was used 
as a reducing agent in different radiolabeling reactions. 
 SnCl2.2H2O solution was prepared in 1N HCl at boiling 
temperature. The maximum radiochemical yield (> 94%) 
was obtained with 4 µg  SnCl2·2H2O, however, at lower and 
higher concentration the reaction resulted lower radiochemi-
cal yield.

Effect of pH on percent RCP

The pH effect was exercised at different pH values i.e. from 5 
to 13 in combination with variety of other sets of parameters. 
The pH 11was noted, the most compatible value, to achieve 
maximum radiochemical yield i.e. 94%, however at other 
pH values less than 94% radiochemical yield was noted as 
shown in Fig. 2c.

Fig. 2  Effect of different quality control parameters on the yield of 99mTc-IBF
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Effect of reaction time

The effect of reaction time on maximum formation of 99mTc-
IBF complex was monitored by withdrawing an aliquot of 
2 µL at 10, 15, 30, 40, 50 and 60 min from reaction vial and 
analyzed using chromatography. The chromatography analy-
sis revealed that maximum 99mTc-IBF complex was formed 
at 15 min reaction period. Above this time no change was 
noted in radiochemical yield as shown in Fig. 2d.

Effect of temperature on RCP

Radiosynthesis was performed at different temperatures i.e. 
from 5 to 65 °C. Maximum radiochemical yield (> 94%) 
was obtained at 25 °C. Below and above this temperature 
slight decrease in yield was noted which was negligible. The 
overall temperature effect on radiochemical yield is shown 
in Fig. 2e.

Chromatographic analysis of 99mTc‑IBF

The percent formation of bound, free and hydrolyzed 99mTc 
at experimental and optimized reaction conditions was 
analyzed using W3 paper and ITLC-SG chromatographic 
analysis. In case of former analysis (Fig.  3a) the free 
99mTc was found to travel along with solvent front (Rf = 1; 
2.76 ± 0.14%) leaving bound and hydrolyzed 99mTc at base 
line (Rf = 0.0–0.1; 96.56 ± 1.34%). While in case of later 
analysis (Fig. 3b), the hydrolyzed 99mTc remained at base 
line (Rf = 0.0; 2.14 ± 0.21%) and the bound and free 99mTc 
was found to travel along with solvent front (Rf = 0.9–1.0; 
96.14 ± 1.71%). Through the calculations of counts on both 
strips > 94% 99mTc-IBF was recorded.

99mTc‑IBF stability in saline solution

Stability of 99mTc-IBF complex in saline was determined 
by incubating the saline solution of 99mTc-IBF up to 24 h 
at room temperature. An aliquot of 2 µL was withdrawn 
from incubating saline solution for chromatography analysis 
at pre-defined time intervals. The 99mTc-IBF complex was 
remained intact up to 4 h followed by slight decomposition 
(i.e. 4–5%) was noted in next two hours as shown in Fig. 4a.

99mTc‑IBF stability in blood serum

99mTc-IBF complex stability was evaluated at definite time 
intervals in freshly harvested human blood serum. The 
99mTc-IBF complex was found quite stable i.e. more than 
91% intact complex was recorded up to 24 h as shown in 
Fig. 4b.

Determination of electrical charge on 99mTc‑IBF

Electrophoresis analysis showed that maximum activity 
i.e. > 93% of 99mTc-IBF complex remained at origin (point 
of sample introduction) of electrophoretogram and only a 
small portion (~ 7%) of free 99mTcO4

− moved toward anode 
as shown in Fig. 5. The results revealed that the maximum 
fraction of reaction mixture (93%) is neutral while about 7% 
comprises of negatively charged species.

Biodistribution evaluation of 99mTc‑IBF

Biodistribution of 99mTc-IBF complex was assessed in nor-
mal and inflammation induced Sprague-Dowley mice at 
30 min, 1 h and 4 h post-injection, as shown in Fig. 6. It 
was counted that at 30 min post-injection interval the liver, 

Fig. 3  Chromatographic analy-
sis of radiochemical reaction 
to determine the radiochemica 
yield and radioactive impurities; 
(a) chromatography analysis 
using Whatman No. 3 paper 
while (b) shows the analysis 
using ITLC-SG

Fig. 4  Stability study of 99mTc-
IBF complex in (a) physi-
ological saline and (b) freshly 
harvested healthy human blood 
serum 
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stomach, kidneys and blood showed 5.3 ± 0.9, 6.8 ± 1.03, 
5.16 ± 0.43 and 17.5 ± 2.5%ID/g organ, respectively which 
continuously increased in kidneys and liver but decreased 
in stomach and blood at 1 and 4 h post-injection periods. 
Inflammation induced mice showed significant higher accu-
mulation at inflamed thigh muscles as compared to normal 
thigh muscles at all three post-injection time intervals as 
shown in Fig. 7.

SPECT scintigraphy

Figure 8 shows the SPECT images of 99mTc-IBF admin-
istrated inflammation induced rabbit model at 5, 15 and 
60 min post-injection. The SPECT scintigraphy results at 
5 min showed absence of activity at inflamed and healthy 
tissues while the activity started to accumulate at inflamed 
tissues at 15 min image which increased to considerable 
counts at 1 h post-injection scintigraphy study.

Discussion

The present study was designed to develop 99mTc-IBF 
radiopharmaceutical (Fig.  1b, proposed structure [18, 
19]) for the imaging of aseptic-inflammation and possi-
ble assistance in discriminating from septic-inflammation 

in clinical setups. Inflammation is an ultimate indicator of 
septic and aseptic events occur in human body. The dis-
crimination between the septic- and aseptic-inflammation 
always remained a challenge to clinicians, radiologist and 
physicians [20]. The state-of-the-art instrumental diagnos-
tic procedures i.e. MRI and CT work poorly to diagnose 
physiological abnormalities that not associated with change 
in anatomy or structure of tissues or organs [10]. Nuclear 
medicine technique non-invasively offers wide range of 
procedures to meet the clinical diagnostic and therapeutic 
demands. An important clinical issue which remained a pri-
ority order challenge in clinical setup is to discriminate the 
septic-inflammation from aseptic-inflammation for making 
right therapeutic decision. Although variety of radiopharma-
ceuticals such as 99mTc-labeled antibiotics were developed to 
make difference between the two processes but appeared less 
effective especially in case of osteomyelitis inflammation. 
Ibuprofen which specifically bind to cyclooxygenase enzyme 
especially COX-2 at inflamed tissues with excellent efficacy 
[21], is an ideal candidate that can be selected as labeling 
ligand with 99mTc to specifically bind at inflamed tissues 
and to discriminate the two processes in combination with 
the radiopharmaceutical that can specifically accumulate at 
infected foci.

For the radiosynthesis of 99mTc-IBF; as a result of serial 
of experiments, a set of optimized reaction parameters were 
obtained which resulted maximum radiochemical yield 
i.e. 94.23 ± 1.34% (Fig. 2)—such that subsequent addition 
of 600 µg IBF, 4 µg of  SnCl2.  2H2O, 300 MBq of 99mTc, 
adjusting the pH at 11, and gently shaking reaction mixture 
periodically for few seconds up to 25 min at room tempera-
ture. The 99mTc-IBF complex stability in saline and freshly 

Fig. 5  Electrophoresis analysis to determine the charge on 99mTc-IBF 
complex

Fig. 6  Biodistribution study of 99mTc-IBF in healthy mice

Fig. 7  Biodistribution of 99mTc-IBF at normal and inflammed thigh 
tissues of mice
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harvested blood serum (93.83 ± 1.71 and 93.17 ± 1.69%, 
respectively) at 4 h time period ensures safe administration 
to carry out successful nuclear medicine procedures [22]. 
Electrophoretic analysis revealed the complex is electrically 
neutral—IBF itself a weak acid (pKa = 4.91) and binds with 
cyclooxygenase enzyme I or II in its undissociated form 
(neutral form); results in least formation of precursors of 
prostaglandins and thromboxane, thereby inhibit platelet 
aggregation. So the neutral nature certainly intact the bind-
ing potential of 99mTc-IBF complex with cyclooxygenase 
enzyme I or II [15, 21].

The biodistribution study, as shown in Fig. 6, reveals 
low accumulation of 99mTc-IBF in most of the body organs. 
Stomach, at 30 min post-injection interval showed higher 
uptake (6.8 ± 1.03%ID/g organ) which on 4 h time point 
showed 3.6 ± 0.53%ID/g organ. Two organs showed increas-
ing trend up to 4 h, i.e. liver and kidneys—the former associ-
ated with metabolic excretory pathway and the latter organ is 
main excretory organ. As long as the toxicity of IBF concern, 
IBF is known among the safest NSAIDs and is generally 
well tolerated but can, nevertheless, rarely cause clinically 
apparent and serious acute liver injury [23]. But the adminis-
tration of 99mTc-IBF for nuclear medicine procedure requires 
nano-molar quantity so the chance of acute liver injury not 
possible. The 99mTc-IBF complex showed promising uptake 
at inflamed tissues (target) as compared to normal thigh tis-
sues (non-target) which was further indicated by the scintig-
raphy images taken at different time intervals. The promising 
target-to-nontarget (T/NT) ratio i.e. 2.58 ± 0.67, 4.57 ± 0.56 
and 3.71 ± 0.31 at 30 min, 1 h and 4 h post-injection time 
intervals showed its admirable target specificity. Base on the 
biodistribution profile both in normal and inflamed animals, 
the 99mTc-IBF could safely be administrated for the localiza-
tion of septic- and aseptic-inflammation.

Conclusion and prospects

The discrimination of septic-inflammation from aseptic-
inflammation is a serious issue in clinical setup. Currently, 
the available radiopharmaceuticals, which are being used 
to diagnose inflammation, are unable to detect the roots 
of inflammation i.e. either due to bacteria, cancer, viral, 
chemical or mechanical injury. The need to discriminate 
the cause of inflammation looks more important in case of 
orthopedic infections, osteomyelitis, arthritis and endocar-
ditis. Different macromolecules, for example, antimicrobial 
peptides (AMPs) [24], antibiotics [22], monoclonal antibod-
ies [25], cytokines [26], polyclonal and immunoglobulins 
(IgG) [27], etc. labeled with various gamma radiation emit-
ter radionuclides like Gallium-67, Indium-111, Iodine-131, 
99mTc, Fluorine-18 have been developed to discriminate 
between two events, but commonly these agents, either due 
to one or more reasons, showed poor results. In this study, 
the introduction of NSAIDs based 99mTc-IBF new radiop-
harmaceutical is being developed with high chemical yield, 
purity, promising stability in saline and blood serum, electri-
cally neutral complex, admirable favorable biodistribution 
and scintigraphy results and high inflamed to non-inflamed 
muscle ratio revealed that agent is an intelligent candidate 
to image inflammation. However, as prospects, the agent 
can be evaluated in combination with 99mTc-ciprofloxacin to 
discriminate between septic- from aseptic-inflammation that 
can provide the ground to clinicians in deciding therapeutic 
strategies for successful therapeutic outcome.
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Fig. 8  Scintigraphy images of uptake of 99mTc-IBF at inflammation induced thigh tissues in rabbit model at (a) 5 min, (b) 15 min and (c) 1 h
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