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Abstract

A procedure for radioiodination of ibuprofen with iodine-125 is earried out via an 
electrophilic substitution reaction. The reaction parameters were studied Ibuprofen 
concentration, pH of the reaction mixture, reaction time, temperature, and different 
oxidizing agents to optimize the conditions for the labeling of Ibuprofen to obtain a high 
radiochemical yield of the 1-lbuprofen ( 1-lbup). Using 3.7MBq ofN al25I, 100جدل of 
Ibuprofen as substrate and 100|j.g of iodogen as oxidizing agent in ethanol at 6 0 t for 10 
min, a maximum radiochemical yield of 1-lbup (78%) was obtained. The labeled 
compound was separated and purified from inactive Ibuprofen by means of high-pressure 
liquid chromatography (HPLC). ٦١١٠ biological distribution in normal and inflamed mice 
indicates the suitability of radioiodinated Ibuprofen for imaging of inflammation only 
induced with turpentine oil.

K eyw ords: Ibuprofen; N a l25l; electrophilic substitution reaction; radioiodination;
in flam  mation

الخالصة

ى وتوزيعه المشع 125—باليود االيبوبروفين ترقيم ج و ول يي  التجارب فئران فى ال

ى اإلحالل تفاعل خالل من ا25”المشع باليود االيبوبروفين ترقيم عملية إجراء تم روفيل مت ب المؤثرة العوامل درست حيث ا

هيدروجينى األس درجة ،اإليبوبروفهن تركيز مثل التفاعل  والعوامل حرارته ودرجة التفاعل زمن ،التفاعل لوسط ال

صول المختلفة المؤكسدة ى للح إليبوبروفين ترقيم عائد أعنى عل ء المظى الظروف أن فوجد .ل 100 :هى التفاعل إلجرا
إليبوبروفين من ميكروجرام ل أيودوجين ميكروجرام 100 ،ا س ى (مؤكسد ) أ درجة 60 حرارة درجة ف ر لمدة ش ث  ع

خدام المرقمة غير المادة من المرقم المركب وتنقية فصل تم لقد .دقائق ست فى التحليل جهاز با  الكفاءة عالى الكروماتوجرا

رب فئران فى المرقم المركب حقن وعند ب والمصابة السليمة التجا إللتها ت النتائج أوضحت قد با صالحيته المركب ثبا ؛و

صوير ت ت ا ب ها ت ل .ا



Introduction

The ؛deal radiopha^aceutical for imaging infection/inflammation should fulfill the
fo llow ing criteria:

٠ rapid accumulation in inflammatory foci,
٠ low physiological accumulation in organs (i.e. liver, spleen, gastrointestinal tract, 
kidneys) which can interfere with the scintigraphic visualisation of inflammation;
٠ rapid plasma clearance and increased retention in target tissues;
٠ possibility to discriminate between infection and sterile inflammation;
٠ absence or minimal pharmacological effects;
• low cost and read>'-t(>use preparation ؛ ١ .

Nevertheless, nowadays it is difficult to believe that there will be such an ideal 
radiopharmaceutical for imaging all types of inflammatory conditions. It is much more 
likely that we will have a panel of a few compounds to be used in different diseases and 
in different diseases stages. The spectrum of inflammatory diseases has also changed 
over the last few years, hence the requirements for radionuclide imaging for the detection 
of inflammation are becoming more demanding so that, although gallium-67 and labeled 
leukocytes still remain useful agents for imaging acute inflammation and infections, there 
is currently great interest in the development of new agents especially for those able to 

target chronic inflammation.

Ibuprofen showed in figure (1) is a non-steroidal anti-inflammatory drug (NSA1D) 
that is used for the treatment of pain, fever, and inflammation. Ibuprofen was derived 
from propionic acid by the research arm of Boots Group during the 1960s ٠. Non-
steroidal nti-inflammatory drugs (NSAIDs) are, as a group, the most frequently 
consumed drugs worldwide رم .

Ibuprofen is also used for relief of symptoms of arthritis and primary 
dysmenorrhoea.; ibuprofen may be also useful in the treatment of severe orthostatic 
hypotension ( ٠. It is sometimes used for the treatment of acne, because of its anti- 
inflammatory properties . In March 2011, researchers at Harvard Medical School 
announced in Neurology that ibuprofen had a neuroprotective effect against the risk
of developing Parkinson's disease <6>.

Ibuprofen is believed to work by inhibiting the enzyme cyclooxygenase (COX), 
and thus inhibiting prostaglandin synthesis and reducing inflammation, pain, and 
fever. There are at least two variants of cyclooxygenase (COX-1 and COX-2). 
Ibuprofen inhibits both COX-1 and COX-2.It appears that its analgesic, antipyretic, 
and anti-inflammatory activity are achieved principally through COX-2 inhibition; 
whereas COX-1 inhibition is responsible for its unwanted effects on platelet 
aggregation and the GI mucosa.



The pharmacological mechanisms focusing on chiral isomer o f ibuprofen are not 
fully understood. Only the (S)-isomer o f ibuprofen inhibits ^clooxygenases, which 
mediates the generation o f prostanoids and thromboxanes. Consequently, (S)-isomers 
represent a major promoter o fthe  anti-inflammatory effect, and the effects o f the (R)- 
isomers have not been widely discussed. However, more recently, the 
cyclooxygenase-independent pharmacological effects o f ibuprofen have been 
elueidated. Pharmacokinetic studies with individual isomers o f ibuprofen by positron 
emission tomography should aid our understanding o f the pharmacological 
mechanisms o f ibuprofen. After intravenous injection o f each enantiomer o f  [ C] 
ibuprofen, significantly high radioactivity was observed in the joints o f arthritis mice 
when compared to the levels observed in normal mice. However, the high 
accumulation was equivalent between the enantiomers, indicating that ibuprofen is 
accumulated in the arthritic joints regardless o fthe  expression ofcyclooxygenases.

The present work deals with the labeling o f Ibuprofen by 125I (as a new 
inflammation imaging agent) and the factors that affect the labeling were 
investigated. The suggested structure o f ؛٩ -  Ibuprofen obtained via an e  c؛،؛ectroph؛
substitution reaction in the presence o f an oxidizing agent like iodogen; where 125I+ 
for H+ exchange in the phenol ring is in ortho position to the chain o fth e  propionioc 
acid.

OH

Pig (!):Ibuprofen [2-(4-(2-methylpropyl)phenyl)propanoic acid] C i3 2 إلاا-ا ه

Experimental 

Materials and methods

All chemicals used in the present work were o f analytical grade. Ibuprofen was 

obtained from Sigma, Germany and was used without any purifieation. N a '^ J  (185 

MBq/5 mL) in diluted NaOH, pH 7 -1 1 was purchased from Institute o f  Isotopes, 

Budapest, Hungary.

Labeling of Ibuprofen with Na125I

The experiment was performed by adding (25- 300j.ig) o f ibuprofen into iodogen coated 

glass vial. The coating process was carried out by the precipitation o f (25- 300جأإ) 

chloroformic solution o f  iodogen on the glass wall o fth e  vial and evaporated to dryness 

using nitrogen gas pressure. Then 10 juL (3.7 MBq Na آل ) o f NaOH solution were added



and the ceaetion mixture was kept at different temperature for speeifie time. The use of 

Iodogen coated vial greatly control the reaction time as it is easily removed the reaction 

mixture without need to add a reducing agent(7). The different parameters that affect the 

radiochemical yield of I- ibuprofen were studied.

Radiochemical yield and purity
The radiochemical yield was determined by TLC and Electrophoresis then radiochemical 

purity by HPLC.

I. Labeling of !buprofen with I 

١. Effect of substrate Amount
The radiochemical yield of I-Ibup as a function of Ibuprofen amount was 

studied as shown in figure (2). The results indicate, at low amount of Ibuprofen, 25جلز the 

radiochemical yield of '25I-Ibup was 33%. At lOOng the radiochemical yield of 125I-Ibup

increased to 78%, further increase in the amount of the substrate didn’t affect the

radiochemical yield.

s^$tfate amount (رص
Figure (2): Variation ofthe rd io^em ica l yield of 125I-Ibup as a function of Ibup amount [100 |ig 
CAT and 10اإل of 3.7 MBq Na125I, X Îg Ibup in ethanol] at 60°c for 20 min.

2. Effect of oxidizing agents Amount



The amounts of different oxidizing agents affecting the labeling of ibuprofen with iodine- 

125 were studied as shown in Figure (3) to select the suitable oxidizing agent required to 

give the maximum radiochemical yield of 1-Ibuprofen .

The influence of CAT amount on the radioiodination of Ibuprofen was studied. 

Chloramine-T was used to produce H20I+ and HOI from sodium iodide ٠. The data 

clearly show that 2جلرئ and 50pg of CAT was not sufficient to oxidize radioiodide ions in 

the reaction mixture ؛رو . By increasing the concentration of CAT to 100 ٣؛؟ , the yield of 

I-Ibup was increased to 41%. Increasing the CAT concentration above 200ي؛لر leads to a 

decrease in the yield due to the formation of undesirable oxidative side reactions like 

chlorination, polymerization and denaturation of substrate ’ ؛٠٠ .

The iodination of Ibuprofen using iodogen as an oxidizing agent was achieved by 

the precipitation of iodogen on the wall of glass tube using chloroformic solution of 

iodogen. Figure (3) showed that the radiochemical yield of I-Ibup was 51% with 25^g 

of iodogen. By increasing the concentration of iodogen to 100 ٣١, the radiochemical yield 

increased to 78%. Any farther increase in the amount of iodogen to 200 pg and 300 pg 

didn’t cause any increase in the radiochemical yield of Ibuprofen.

The effect ofthe N-bromosuccinamid (NBS) as an oxidizing agent was studied. 

We noticed that at low concentration the radiochemical yield was low. But with further 

increase in the amount of NBS the radiochemical increased reaching 65% at 50pg of 

NBS. Any other increase in the NBS the radiochemical yield decreased reaching 40% at 

300pg. From the pervious experiment the suitable oxidizing agent required to give the 

maximum radiochemical yield of I-Ibuprofen is iodogen.



Oxidizing agents amount(ng)

Figure (3): Variation o f r^iochemical yield125l-Ibup as a function of oxidizing agents amount 
at 60°c within 20 min [Ibup, (x ^g)oxidizing agents and 3.7MBqNa125I جدء100]

5. Effect ofthe reaction temperature

The effect of the reaction temperature (25- 80°C) on the radioiodination of 

Ibuprofen with ’ I was studied using lOO^g Ibup and 100jj,g iodogen for different 

intervals of time .The data indicate that the reaction temperature was found to be 

significant factor affecting the radiochemical yield. As shown in Figure (4) the 

radiochemical yield of I-Ibup was low at room temperature and at 40°c. Increasing the 

reaction temperature to 60°c within ١٠ min the radiochemical yield of I-Ibup reached 

to 78% and by increasing the reaction time or the reaction temperature the radiochemical 

yield didn’t change.
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Figure (4): Variation of radiochemical yield of 125I-Ibup as a function of reaction t؛me[100 ^g 
Ibup and 100 iodogen and 3.7MBq Na ll at different reaction temperature.

6. Effect of pH
The effect of the hydrogen ion concentration of the reaction mixture on the 

radiochemical yield of I-Ibup in presence of iodogen as oxidizing agent was studied. 

Different buffers system at pH ranging from 2 to 11 were used. The results of this study 

were presented in figure (5), which clearly showed that the optimum yield of I-Ibup 

was obtained at pH 4 where the radiochemical yield reached 78%. When the pH ofthe 

reaction medium was shifted toward alkaline pH, the radiochemical yield of ̂؛ I-Ibup 

decreased. This could be explained as increasing the pH value leads to a decrease in HOI

which is responsible for electrophilic substitution reaction ٠ ٠ ,
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8. In-vitro stability
The stability of I-Ibup was studied ؛٨  order to determine the suitable time for 

injection to avoid the formation of the undesired produets that result from the radiolysis 

of the labeled compound. These undesired radioactive products may be toxic or 

accumulate in undesired organ. Table (!) shows that 1-lbup was stable up to 24 h.

I-Ibup؛^ Table (1): In-vitro stability o f
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Radiochemical ?urity and Yield 

Electrophoresis
The radiochemical yield of Ibuprofen was determined by Electrophoresis. The cellulose 

acetate strips were moistened with 0.02M phosphate buffer pH 7 and then were placed in 

the chamber. Samples of 5 fiL were applied at a distance of 12cm from cathode. Standing 

time and applied voltage were continued for 90 min. developed strips were removed, 

dried, and cut into 1cm segments. They were counted using a well-type Nal (Tl) detector 

connected with a single-channel y-counter. Analysis of samples from the reaction mixture 

resulted in two peaks as shown in Figure (6), one corresponding to the free iodide which 

moved towards the anode withl2 cm distance while I-Ibuprofen remained at the point 

ofspotting.
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Figure (6): Electrophoretic pattern o f '̂ en; condition: Solvent: 0؛©Ibupr؟ .02M phosphate buffer 

pH7 paper type: cellulose acetate; 300V; running time: 1.5 hours

HPLC؛

The radiochemical purity of Ibuprofen was determined by injection of 10jaL of 

reaction mixture into the column (Rp-18, 250-4 mm ٠ 4-6 ٣٦٦, Eischrosorb) using 

A ^onitrile:M etlool:l% A cetic acid (40:20:40) as mobile phase with flow rate 

lml/min( ). The free radioiodide was separated at retention time 2.6 min while

I-Ibup is separated from unlabeled Ibup, where the retention times are 17.2 and 

15.9 min, respectively as shown in Figure (7). The fractions were collected and 

evaporated under reduced pressure, dissolved in saline solution and sterilized by



MilJipore filter (0.22 mm) under aseptic conditions in a well type Nal (Tl) 

detector connected to a silge-channel analyzer(13).
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Figure (9). H ig-^rform ance liquid chromatography elution profile o f Ibuprofen, $eparated on 
reversed phase column (230*4.6mm t̂ flow rate 1 mL/min).

Biodistribution

The ١- Ibuprofen was injected into normal mice ٧١٤١ intravenous route to 

estimate its biological distribution. The data of this study is presented in table (2). Data 

were collected and coded prior to analysis; all data were expressed as mean ± SD. The 

average percent values of the administrated dose/organ were calculated blood, bone and 

muscle were assumed to be 7%, ١٠% and 40%of the total body weight, respectively ٠ ٠ . It 
was noticed that the blood uptake was high at 1/2 h reaching 20% post injection this may 

be that all non-steroidal antiinflammatory drugs (NSAIDs) are characterized by a high 

degree of protein binding and small volumes of distribution ٠ ٠ . The uptake ofthe tracer 

by the liver was about 1© % atl/2 hr post injection this uptake slowly decreased to 6% at 

4 h post injection, this percentage maybe due to that the majority of NSAIDs are 

metabolized by the liver* ١. At 4 h post injection, the activity held by the collected urine 

increased to 28% as the urinary excretion is the most important route of elimination for 

metabolites of NSAIDs in human . It was highly absorbed by the stomach reaching 

14% at l/2hr post injection reaching 22% at 2hr post injection, this is due to that 

ibuprofen is a relatively weak acid (pka 4.4). This results in a relatively long residence 

time in the acid environment of the stomach, which slows down absorption of the



substance (8ل\  The uptake of the muscle was 14.5% at l/2hr post injection and slightly 

decreased to reach only 10.5 % at 4hr post injection.

Table (2): Biodistribution of 125I -Jbup in normal mice

O rg a n s
& body 
fluids

Deteeted dose/Organ percent at different intervals time

;.;؛ة 60 120 240
Blood 20± 1 16± 1.2 13±1.5 10±1
Bone 6 ±0.4 5.5 ± 0.3 4 ±0.35 3.5± 0.3

Muscle 14.5 ±0.3 13.7 ±0.4 ١? ±0.7 10.5 ±0.6
Lung 2.5 ±0.4 2 ± 0.2 ١ يم ± 0 2 1.1 ± 0.1
H eart 0.7 ±0.1 0.5 ± 0.04 0.4 ± 0.01 0.3 ±0.05

Stomach 14 ±1 18.5 ±1.6 22 ± 1.8 16± 1.5
Intestine ± 1ل1 11.5±1.4 13±1.6 13.5 ±1

Liver ا0±م.و 8 ±0.7 6.7 ± 0.7 6 ± 0.6
Kidney 3.8± 0.2 2.8 ± 0.1 2 ± 0.2 1.8± 0.1
Urine 8.3 ±1.1 13.5 ±1.3 20 ±1.5 28 ± 2
Spleen 0.6 ± 0.04 0.6 ± 0.04 0.5 ±0.02 0.4 ± 0.03

We also studied , injecting '25I- Ibup tracer in inflamed mice, the inflammation 

was induced this time with sterile turpentine oil injected in the right thigh ofthe mice and 

we considered the left thigh as the control, the results are shown in table (3) ,we found 

that the uptake of the tracer was 18% after l/2hr post injection and slightly decreased to 

16% after 4hr post injection in the inflamed muscle. While the uptake by the normal 

muscle (control) was 12% at l/2hr post injection decreasing to 8.5% at 4hr post injection. 

Using the Student's unpaired test, statistical differences were assumed to be reproducible 

when p<0.05, the difference between the uptake of the inflamed muscle and the normal 

muscle was significant, which means that 1-lbup is able to localize in inflammatory 

foci induced by turpentine oil.



Table (3): Biodistribution ٠٢ ا25أ  -Ibup in inflammed miee

gans &)(■* 
ds؛bod>flu

Detected dose/Organ percent at different
intervals time post injeetion (min)

30 min 120 min 240 min
Blood 18 ±1.5 <? + ١١ 9 ±1.5
Bone 5.8± 0.5 4.5 ±0.5 4 ± 0.4
Musele 12 ±0.5 10 ±0.7 8.5+ 0.7

Inflammed
Musele

18 ± 1.2 17 ±0.8 16 ±0.7

Heart 0.6 ±0.05 0.4 ±0.07 0.2 ±0.03
Lung 3.2± 0.2 2.8 ± 0.1 1.9 + 0.04
Stomach 14.5± 1.2 20 ±1.5 15.5 ±0.5
Intestine 8.5 + 07 10 ±0.5 11.5±1
Liver 8.7 ±0.3 6.4 ± 0.3 5.5 ±0.1
Kidneys 3 ±0.2 2.5 ±0.2 2 ± 0.1

Urine 7 ± 0.5 14 ±1 22.3 ±1.6
Spleen 0.6 ±0.06 0.4 ± 0.06 0.4 ±0.05

Furthermore, figure ( ١٠) summarized the elimination of ’2؛I-Ibup tracer from the 

blood and its washout from the normal muscle and the inflamed one (induced by 

turpentine oil). It was observed that at l/2hr the ratio between the uptake ofthe blood and 

the inflamed muscle was approximately the same which may affect the clarity of the 

imaging.

While at 2hr and 4hr post injection the uptake of the inflamed muscle was higher 

than the background, which is blood in our case, which is a best time for the imaging of 

the inflamed muscle to obtain a clear image.
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Fig. ( ١٠): Time course of blood elimination, normal musele and inflamed musele 
washout 30 -  240 minutes after the injection of 1-lbup into inflamed mice (induced 
with turpentine oil)

Conclusion
The labeling of Ibuprofen with radioactive iodine-125 was done. The optimum 

conditions ofthe labeling of Ibuprofen to give a radiochemical yield of 78 % were ١٠٠ 

Jj-g Ibuprofen, 100 ^g of iodogen at pH 4 when the reaction mixture was heated at 60 C 

for 10 min. Biodistribution ofthe labeled drug demonstrate that the tracer was distributed 

rapidly throughout the body after intravenous injection and cleared through the urinary 

system and through the liver. In addition, the biodistribution of the tracer in inflamed 

mice demonstrated the possibility of the use of this tracer as imaging agent for 

inflammatory foci.
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