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 I

Abstract 

 

A radiopharmaceutical is defined as a chemical or 

pharmaceutical preparation labeled with a radionuclide in 

tracer or therapeutic concentration, used as a diagnostic or 

therapeutic agent. A radiopharmaceutical agent is usually 

administrated into a vein. Depending on which type of scan 

is being performed, the imaging will be done either 

immediately, a few hours later, or even several days after 

the injection. Imaging time varies, generally ranging from 

20 to 45 minutes. 

 

In this thesis, we are more interested in the drugs that 

can be used for the treatment of all kinds of inflammation 

whether septic or aseptic. The inflammation by itself can be 

a controllable disease, but as the inflammation, specially 

the chronic type, can be the reason and the beginning of 

many more serious diseases as autoimmune disease, 

pulmonary disease, cardiovascular disease, neurological 

disease and cancer, the study and the early diagnosis of the 

inflammation can prevent many future problems for the 

patient. The study of the inflammation has been discussed 

before by labeling drugs with Iodine-125 for the imaging of 

inflammatory foci like etodolac, meloxicam, piroxicam and 

other drugs.  



 II 

The work in this thesis is interested in the labeling  of 

three biologically active organic compounds, from different 

classes, with radioactive 
125
I aiming to image septic and 

aseptic inflammation.  

 

Chapter I: Radioiodination of Cephalexin with 
125
I and 

its biological behavior in mice 

In this chapter we studied the labeling of Cephalexin 

with Iodine-125 via an electrophilic substitution reaction. 

The labeled compound was separated and purified from 

inactive Cephalexin by means of high-pressure liquid 

chromatography (HPLC). The biological distribution in 

normal and inflamed (septic and aseptic) mice was also 

studied. 

 

The obtained results in this chapter showed that:          

 

The optimum conditions of the labeling of Cephalexin to 

give a radiochemical yield of 95 % were 200 µg 

Cephalexin, 200 µg of iodogen at pH 2 when the reaction 

mixture was heated at 40
o
C

 
for 20 min. The biodistribution 

of the tracer in inflamed mice demonstrated the possibility 

of its use as a tracer for imaging inflammatory foci induced 

by turpentine oil and E.Coli.                                                               

 



 III 

Chapter II: Radioiodination of Ibuprofen with 
125
I and 

its biological behavior in mice 

In this chapter we studied the labeling of Ibuprofen 

with Iodine-125 via an electrophilic substitution reaction. 

The labeled compound was separated and purified from 

inactive Ibuprofen by means of high-pressure liquid 

chromatography (HPLC). The biological distribution in 

normal and inflamed (septic and aseptic) mice for imaging 

of inflammation was studied. 

The obtained results in this chapter showed that: 

 The optimum conditions to obtain a high  radiochemical 

yield of 
125
I-Ibuprofen 76 % were 100 µg Ibuprofen, 100 

µg of iodogen at pH4 when the reaction mixture was 

heated at 60
o
C

 
for 10 min. The biodistribution of the tracer 

in inflamed mice demonstrated the possibility of the use of 

this tracer as an imaging agent for inflammatory foci 

induced by turpentine oil only.  
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Chapter III: Radioiodination of Allopurinol with 
125
I 

and its biological behavior in mice 

In this chapter we studied the labeling of Allopurinol with 

Iodine-125 via an electrophilic substitution reaction. The 

labeled compound was separated and purified from inactive 

Allopurinol by means of high-pressure liquid 

chromatography (HPLC). The biological distribution in 

normal and inflamed (septic and aseptic) mice was also 

studied. 

The obtained results in this chapter showed that: 

The optimum conditions to obtain 76 % of 
125
I-Allopurinol 

were 100 µg Allopurinol, 150 µg of CAT at pH2, the 

reaction mixture was heated at 60
o
C

 
for 10 min. The 

biodistribution of the tracer in inflamed mice demonstrated 

the possibility of the use of this tracer as an imaging agent 

for inflammatory foci induced by turpentine oil or E.Coli.                                            

               

 



 

 

 

List of abbreviation 

Abbr.                  Referent 

CAT Chloramine-T 

Iod. Iodogen 

NBS N-bromo-succinamide 

HPLC High Performance Liquid Chromatography 

TLC Thin Layer Chromatography 

Temp. (T) Temperature 

Conc. Concentration 

Min.  Minute 

Rt  Retention time 

Rf  Retardation factor 

DMF  Dimethyl Formamide 

DMSO              Dimethyl Sulfoxide 

Ibup                  Ibuprofen 

125
I-Ibup           Iodoibuprofen 

Ceph                 Cephalexin 

125
I-Ceph           Iodocephalexin 

Allop                 Allopurinol 

125
I-Allop          Iodoallopurinol 

PET                   Positron Emission Tomography 

SPECT              Single Photon Emission Tomography 

MBq                 MegaBecquerel 
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1. Nuclear Medicine 

This is a branch of medicine that uses radiation to 

provide information about the functioning of a person's 

specific organ or to treat a disease. In most cases, the 

information is used by physicians to make a quick, accurate 

diagnosis of the patient's illness. Thyroid, bones, heart, 

liver and many other organs can be easily imaged and the 

disorders of their function revealed. In some cases radiation 

can be used to treat diseased organs or tumors.  

Nuclear medicine was developed in the 1950s by 

physicians with an endocrine emphasis, initially using 

Iodine-131 to diagnose and then treat thyroid disease. 

Recently specialists have also come from radiology, as dual 

CT/PET procedures have become established. 

1. 1. Diagnosis 

      Diagnostic techniques in nuclear medicine use 

radioactive tracers which emit gamma rays within the body. 

These tracers are generally short-lived isotopes linked to 

chemical compounds which permit specific physiological 

processes to be scrutinized. They can be given by injection, 

inhalation, or orally. The first types are where single 

photons are detected by a gamma camera which can view 
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organs from many different angles. A more recent 

development is PET which is a more precise and 

sophisticated technique using isotopes produced in a 

cyclotron. A positron-emitting radionuclide is introduced, 

usually by injection, and accumulates in the target tissue 

1. 2. Radiotherapy 

      Rapidly dividing cells are particularly sensitive to 

damage by radiation. For this reason, some cancerous 

growths can be controlled or eliminated by irradiating the 

area containing the growth. External irradiation can be 

carried out using a gamma beam from a radioactive cobalt-

60 source. 

    Radiation therapy works by damaging the DNA of cells. 

The damage is caused by a photon, electron, proton, 

neutron, or ion beam directly or indirectly ionizing the 

atoms which make up the DNA chain. In the most common 

forms of radiation therapy, most of the radiation effect is 

through free radicals. Because cells have mechanisms for 

repairing DNA damage, breaking the DNA on both strands 

proves to be the most significant technique in modifying 

cell characteristics.  
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     One of the major limitations of radiotherapy is that the 

cells of solid tumors become deficient in oxygen. This is 

because solid tumours usually outgrow their blood supply, 

causing a low-oxygen state known as hypoxia. There is also 

interest in the fact that high-LET (linear energy transfer) 

particles such as carbon or neon ions may have an 

antitumour effect which is independent of tumour hypoxia . 

2.  Radioisotopes 
 

Many of the chemical elements have a number of 

isotopes. The stability of an isotope depends, generally, on 

the ratio of the number of protons to that of neutrons in its 

nucleus.  

 

When a combination of neutrons and protons, which 

does not already exist in nature, is produced artificially, the 

nucleus will be unstable and is called a radioactive isotope 

or radioisotope. There are also a number of unstable natural 

isotopes arising from the decay of the primordial uranium 

and thorium. Overall there are more than 2000 

radionuclides. 

  

The characteristics of an ideal radioisotope for therapy 

are quite different from those required for imaging. For 

imaging, the radioisotope’s energy must be deposited in the 
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camera crystal, without significant absorption by the tissue.  

Whereas, the energy of a therapeutic radioisotope must be 

deposited in the tissue to damage the DNA chains in order 

to keep the diseased cells from replicating. 

 

3. Instrumentations for Radioisotope Production 

Radioisotopes can be manufactured in two main ways: 

• In a cyclotron through charged particle reactions in 

which protons, or other charged particles,  are 

introduced to the nucleus, and a neutron, or more, is 

expelled (neutron deficient radionuclides)  

• In a reactor through neutron activation which 

involves the capture of a neutron by the nucleus of an 

atom resulting in an excess of neutrons (neutron rich 

radionuclides).   

3.1 The Cyclotron  

The cyclotron is a tool to provide a source of energetic 

charged particles, mainly, protons, deuterons, helium-3 and 

helium-4, which can produce the desired radionuclide via 

nuclear reactions.  

 

The idea of the cyclotron is to force the positive ions, 

generated by an ion source, to circulate in a helical path 
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under the effect of a magnetic field perpendicular to the 

circulation plane (Fig.Ι). The ions acquire energy each time 

they cross the potential difference between the two dee 

electrodes.  

 

Fig. (Ι): The idea of the cyclotron 

 

 

 Cyclotrons are finding increasing applications in the 

production of radioisotopes, especially for medical 

purposes. Several types of cyclotrons and accelerators 

have been developed to meet the specific demands of 

radionuclide production. One of these types is Egypt’s 

MGC-20 cyclotron shown in Figure (ΙΙ). Egypt’s 
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Cyclotron was delivered under the supervision of the 

IAEA (International Atomic Energy Agency) technical 

cooperation program. This cyclotron is a variable energy 

machine designed for the acceleration of hydrogen and 

helium ions over the final energy range from 5-20 Z
2
/A 

MeV 
(1).

 

 

Fig (ΙΙ) The MGC-20 Cyclotron with a beam line 

 

3.2 The Nuclear Reactor 

 

The nuclear reactor is a device for performing 

controlled fission reactions (especially 
235

U fission). The 

fission occurs when a slow neutron hits a 
235

U nucleus. 

Each fission process produces three energetic neutrons, one 
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of them is slowed down in order to fission a second 
235

U  

nucleus (causing the so called chain reaction), and the two 

other neutrons will be available to perform any other 

required  nuclear reactions, especially to produce 

radioisotopes.   

 

4.  Radiolabeling and Radiopharmaceuticals 

 

Radioisotopic labeling is a technique for tracking the 

passage of a sample of substance through a system. The 

substance is "labeled" by including radionuclides in its 

chemical composition. When these decay, their presence 

can be determined by detecting the radiation they emit. 

Radioisotopic labeling is a special case of isotopic labeling. 

Strictly speaking, radioisotopic labeling includes only cases 

where radioactivity is artificially introduced by 

experimenters. 

 

A radiopharmaceutical is a chemical or pharmaceutical 

preparation, labeled with a radionuclide in tracer or 

therapeutic concentrations, used as a diagnostic or 

therapeutic agent. A radiopharmaceutical agent is usually 

administrated into a vein. Depending on which type of scan 

is being performed, the imaging will be done either 

immediately, a few hours later, or even several days after 
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the injection. The imaging time varies, generally, from 20 

to 45 minutes. 

 

The radiopharmaceutical that is used is determined by 

what part of the body is under study, since some 

compounds collect in specific organs better than others. 

Depending on the type of scan, it may take several seconds 

to several days for the substance to travel through the body 

and accumulate in the organ under the study, thus the wide 

range in scanning times. 

 

5. Chemical Properties of Iodine 

Iodine (chemical symbol I) is a nonmetallic, purplish-

black crystalline solid element. Iodine has the unusual 

property of ‘sublimation'. It sublimes to a deep violet vapor 

at room temperature. This vapor is irritating to the eyes, 

nose, and throat. Iodine dissolves in alcohol.  

6. Nuclear Properties of Iodine 

Iodine is among the most widely used radionuclides, 

especially in the medical field, because of its short half-life 

and useful beta emission for radiotherapy. There are thirty–

three known isotopes of iodine, from 
110

I to 
142

I, all of them 

are radioactive except the stable 
127

I.  
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Among these thirty-two radioactive iodine isotopes, 

four are of special interest, namely 
123

I, 
124

I, 
125

I, and 
131

I. 

Table (Ι) summarizes some of the nuclear properties of 

these four isotopes. 

Table (Ι): Nuclear properties and uses of some 

radioiodines 

Radionuclide 
Half-life 

( T1/2 ) 

Mode of 

decay 

Main γ 

ray (keV) 
Application 

123
I 13.2 h EC  159 SPECT 

124
I 4.18 d β

+ 
603 PET 

125
I 59.4 d EC 35.5 

RIA, Auger 

electron 

therapy 
131

I 8.02 d β
- 

364 Therapy 

 

6.1. Iodine - 123 

Among the numerous radioisotopes of iodine, 
123

I is 

the most ideal nuclide for in-vivo applications. It is 

increasingly used for diagnosis of thyroid function. It is a 

gamma emitter without beta radiation. 
123

I can be produced 

in the Egyptian Cyclotron via the following nuclear 

reaction 
123

Te (p, n) 
123

I.   
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The advent of efficient high speed cameras, SPECT, 

and PET technologies, increased the labeling of 

pharmaceuticals by 
123

I 
(2)

. The absence of β
-
 particles 

emission, the relatively short half-life of 13.2h and the 

convenient γ-energy of 159keV make 
123

I an ideal 

radionuclide for diagnosis in nuclear medicine 
(3,4)

. A 

variety of 
123

I labeled radiopharmaceuticals e.g.; 

renography with 
123

I-hippuran in renography 
(5)

 
123

I-rose 

Bengal for hepatobiliary and 
123

I-fatty acids, have been 

employed in clinical use for functional diagnosis of both 

heart and brain 
(6)

. 

Iodine 123 is the most suitable cyclotron produced 

radioisotope for single photon emission computed 

tomography (SPECT). About 25 nuclear reaction have been 

suggested and investigated for its production. In practice, 

however, four routes are followed 
(7)

 : 

 

 

                                     EC, β
+
 

(a)   
127

I (p,5n) 
123

Xe  
123

I 

                                     20.1h 

 

 

 (b) 
124

Xe (p, x) 
123

I 
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(c) 
124

Te (p,2n) 
123

I 

 

(d) 
123

Te (p,n) 
123

I 

 

6.2. Iodine - 124  

124
I may be produced by numerous nuclear reactions 

via a cyclotron. The most common starting material used is 

124
Te.

124
 I is produced at a cyclotron and 2 nuclear routes 

are often used: 

(a)     
124

Te (d, 2n) 
124

I 

(b)     
124

Te (p, n)
124

I and 
125

Te (p, 2n)
124

I 

The radionuclide 
124

I (T½ = 4.18 d; E ß+ = 2.13 MeV) is 

the only long-lived ß
+
-emitting radioisotope of iodine. It is 

used both as a therapeutic and a diagnostic radionuclide, 

the former due to its high radiation dose (comparable to 
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that of 
131

I), and the latter in connection with in-vivo 

studies on uptake kinetics of iodo-radiopharmaceuticals via 

Positron Emission Tomography (PET).  

A further application entails quantification of 

biodistribution of 
123

I–radiopharmaceuticals used in Single 

Photon Emission Computed Tomography (SPECT) with 

the help of 
124

I and PET.  
124

I is used in medicine as a 

radiotracer in the body. It can be chemically bonded to a 

pharmaceutical and injected into the body. The 

radionuclide 
124

I is often produced in MBq amounts via the 

124
Te (d, 2n) 

124
I reaction 

(8,9)
 . 

 

6.3. Iodine – 125 
 

125
I can be produced at the reactor according to the 

following nuclear reaction: 

 

 
125m

Xe 

 σ=28b   (57s) 

 

124Xe(n,γ) IT 

 σ=137b EC 

 125g
Xe 

 125
I 

 (16.9h) (55.4d) 



 ١٣

 

It can also be produced at the cyclotron from 
125

Te as; 

                                                          

                                  
  (p, n)                            (d, 2n) 

                 125
Te                 

125
I 

      
or    

125
Te                 

125
I         

125
I emits gamma energy and Auger electron. Auger 

– emitters emit low-energy electrons with a short path 

length in the range of 0.06-14 µm, which is too short to 

reach the DNA of a tumor cell unless the radionuclide is 

internalized into the cell 
(10)

.
  125

I is used mainly in a lab 

work 
(11)

.
 
The gamma energy of 35.5 keV is not strong 

enough to be detected outside the body. Its 59.4 days half-

life permits the storage of the labeled materials for 

sometime, subject to their chemical and radiochemical 

stability. 
125

I is used for labeling proteins, hormones such as 

insulin, thyroid related hormones and steroids which find 

wide applications in radioimmunoassay
 (12)

. This procedure 

uses antibodies raised against a special molecule called 

antigen for its detection in minute amounts 
(13)

. 

 

6.4. Iodine - 131 

It can be produced at the reactor from TeO2. 

Production of 
131

I by (n,γ) reaction followed by β
- 

decay, 

the reaction sequence is as follows`: 
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131m

Te 

 (30h) β
-
 

               σ=0.03b 

130
Te (n,γ) 22% 

131
I 

                σ=0.02b β
-
 (8.02d) 

131g
Te 

(25min) 

 

131
I can also be recovered from uranium (

235
U) fission 

products. Its half-life of 8.02 days is sufficiently long to 

permit commercial distribution of labeled compounds but 

limits its use for in-vivo applications. 
131

I is used in high 

doses in the treatment of the thyroid cancer, and may also 

be used in small doses in the treatment of the overactive 

thyroid. The β
− 

emission of 606 keV of 
131

I prohibits its use 

in situations where the radiation dose to the patient must be 

minimized but this medium energy beta emission can kill 

cells and it has proven to be useful in the therapy of thyroid 

cancer 
(14,15)

.
 
Its radiotherapeutic potential and its very good 

commercial availability make 
131

I and 
123

I radioisotopes 

widely used in the labeling of monoclonal antibodies 
(16)

.  
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7. Labeled Compounds  

A labeled compound has one of its atoms or larger 

structural units substituted in a way, which distinguish that 

atom or unit from others. Labeled compounds of interest in 

the field of nuclear medicine will either be used in 

biochemical research or in medical diagnosis or therapy. 

 

7.1. Classification of Radioiodination Methods 
   

The radioiodination process is the introduction of 

radioiodine into organic molecules and categorized as 

electrophilic substitution of hydrogen or other group, 

addition to multiple bonds and nucleophilic substitution. 

 

7.1.1. Electrophilic substitution 
 

Electrophilic substitution reactions are achieved by 

introducing radioactive iodine that represents a foreign 

element to the compounds without any change of its 

properties. The replacement of aromatic hydrogen by 

electrophilic iodine in activated aromatic system such as 

phenols have been widely used as means of protein labeling 

(17)
. The electrophilic substitution is performed in 2 steps:  
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Step 1: Attack of benzene on the electrophile to form resonance 

stabilized carbocation 

 

Step 2: Abstraction of proton to regain aromaticity and give 

substituted product 

 

 

An electrophilic iodine can be generated by a variety 

of oxidizing agents, such as iodine mono-chloride, 

chloramine-T, lactoperoxidase, iodogen,…etc, but 

chloramine-T (N-chloro-p-toluene sulfonamide, sodium 

salt) appears to be the most effective. 

7.1.1.1. Chloramine-T (CAT) 

The use of chloramine-T for protein iodination is 

extensively used because of high yield was obtained 
(18)

. In 

aqueous solution, chloramine-T forms HOCl which is 

thought to be the actual oxidizing species 
(19)

. HOCL reacts 

with the radioactive iodide present to form some 
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electrophilic iodine species, possibly an iodonium ion 

(H2OI
+
) 

(20)
. One problem with the chloramine-T method of 

radioiodination is that the compound to be labeled is 

exposed to harsh oxidizing conditions. This causes a 

number of undesirable side reactions, including 

chlorination 
(21,22)

 oxidation of thiol and thioether groups 

(23,24)
. Despite of these difficulties, chloramine-T has been 

used to radioiodinates a number of small organic molecules 

e.g. tyrosine 
(25)

, thyronine analogous. Markwell has 

described a method in which chloramine-T is immobilized 

on polystyrene beads 
(26)

.Figure (ΙΙΙ) shows the chemical 

structure of Chloramine-T. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (ΙΙΙ): Chloramine-T 

 

SO2 Na+

Cl

N

CH3
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7.1.1.2  Iodogen 

Fraker and Speck 
(27)

 were first described the use of 

1,3,4,6-tetrachloro-3α,6α-diphenylglycouril (Iodogen) as a 

reagent for the iodination of proteins Fig (ΙV) represents 

the structure of iodogen. 

  

 

 

 

     

 

 

 

Figure (ΙV): Iodogen  

 

Iodogen is an oxidizing agent resembling 4 - fold of 

chloramine-T. The main advantage of iodogen is its 

insolubility in water. Thus, it was used as a thin film for 

coating the wall of the radioiodination vessel. This permits 

labeling with very short contact time of the organic 

compound in iodination mixture with iodogen. The 

technique is simple, expensive, easy to perform, gives a 

high labeling yield and no denaturation of protein. Iodogen 

has been extensively used in the radioiodination of a series 

Cl

O

NN

N N

O

ClCl

Cl
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of uracils , proteins and peptides 
(28)

, and thiouracils 
(29)

 

with excellent yield as compared to chloramine-T. 

Receptors e.g. [
123

I]-iodobenzo-diazepine, pindolol and 

benzamide derivatives were also labeled by iodogen 

method 
(30,31)

. Other receptors were labeled by chloramine-

T, iodogen or lactoperoxidase 
(32,33)

. 

 

7.1.1.3  N- BromoSuccinimide (NBS) 

N-Bromosuccinimide or NBS is a chemical reagent which 

is used in radical substitution and electrophilic addition 

reactions in organic chemistry. NBS can be considered a 

convenient source of cationic bromine.The chemical 

structure of  NBS is presented in Fig (V) .  

 

 

 

 

 

Fig (V):1-Bromo-2,5-pyrrolidinedione 

N-bromosuccinimide; NBS 
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7.1.2. Nucleophilic substitution 

 

  This method is used with all compounds containing one or 

more iodine or bromine or fluorine atoms in their structure, 

which is known as isotopic or non-isotopic reaction, 

respectively. Nucleophilic substitution reactions are 

commonplace in organic chemistry, and they can be 

broadly categorised as taking place at a saturated aliphatic 

carbon or at (less often) a saturated aromatic or other 

unsaturated carbon centre.
(34)

 

 A nucleophile attacks a carbon atom due to the 

attraction between opposite charges. A nucleophile is a 

species that is attracted to positive charges, and oftentimes 

may even have a full negative charge. Since the leaving 

group invariably draws electrons from the carbon that it is 

attached to, it gives the carbon a partially positive charge 

(δ+), making it an attractive candidate for nucleophilic 

substitution 
(35,36)

 . Nucleophilic substitution generally has 

the following form:  
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8. Purification of Radioiodinated Compounds   

 Many radioiodination techniques are used in 

preparation of iodine labeled compounds. Unreacted iodide 

must be removed from the solution. Several conventional 

separation methods could be used e.g High Pressure Liquid 

Chromatography (HPLC), Thin Layer Chromatography 

(TLC) and Electrophoresis.                     

9. Inflammation 

Even in most recent decades, infection and 

inflammation remain important reasons of mortality and 

morbidity globally. Infections, especially internal 

infections, were difficult to detect at early stages, resulting 

in delayed diagnosis, treatment and sometimes death. 

Clinicians use a variety of clues, e.g. clinical, laboratory, 

and radiological tests to give a good diagnosis of infection 
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as early as possible. Inflammatory diseases can be 

successfully detected by nuclear medicine imaging with 

some radiopharmaceuticals. 

Inflammation is the complex biological response of 

vascular tissues to harmful stimuli, such as pathogens, 

damaged cells, or irritants 
(37)

. It is a protective attempt by 

the organism to remove the injurious stimuli as well as 

initiate the healing process for the tissue. Inflammation is 

not a synonym for infection. Even in cases where 

inflammation is caused by infection it is incorrect to use 

the terms as synonyms: infection is caused by an 

exogenous pathogen, while inflammation is the response 

of the organism to the pathogen. 

       In the absence of inflammation, wounds and infections 

would never heal and progressive destruction of the tissue 

would compromise the survival of the organism. However, 

inflammation which runs unchecked can also lead to a host 

of diseases, such as hay fever, atherosclerosis, and 

rheumatoid arthritis. It is for this reason that inflammation is 

normally tightly regulated by the body. 

9.1. Types of  Inflammation 

Inflammations can be classified as either acute or chronic.  
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Acute inflammation: is the initial response of the body to 

harmful stimuli and is achieved by the increased movement 

of plasma and leukocytes from the blood into the injured 

tissues. A cascade of biochemical events propagates and 

matures the inflammatory response, involving the local 

vascular system, the immune system 
(38)

, and various cells 

within the injured tissue. The process of acute 

inflammation is initiated by the blood vessels local to the 

injured tissue, which alter to allow the exudation of plasma 

proteins and leukocytes into the surrounding tissue. The 

increased flow of fluid into the tissue causes the 

characteristic swelling associated with inflammation since 

the lymphatic system doesn't have the capacity to 

compensate for it, and the increased blood flow to the area 

causes the reddened color and increased heat.  

Chronic inflammation: It is a prolonged inflammation 

which leads to a progressive shift in the type of cells which 

are present at the site of inflammation and is characterized 

by simultaneous destruction and healing of the tissue from 

the inflammatory process. Chronically inflamed tissue is 

characterized by the infiltration of mononuclear immune 

cells (monocytes, macrophages, lymphocytes, and plasma 

cells), tissue destruction, and attempts at healing, which 
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include angiogenesis and fibrosis. Chronic inflammation is 

a major cause of cancer in the world because it releases 

powerful oxidants which both stimulate cell division and 

are mutagens. Types of inflammation are shown in table 

(ΙΙ). 
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Table (ΙΙ): Types of inflammation 

 

 

Comparison  

between acute and chronic inflammation 

 Acute Chronic 

Causative 

agent 

Pathogens, 

injured 

tissues 

Persistent acute inflammation due to 

non-degradable pathogens, persistent 

foreign bodies, or autoimmune reactions 

Major 

cells 

involved 

Neutrophils, 

mononuclear 

cells 

(monocytes, 

macrophages) 

Mononuclear cells (monocytes, 

macrophages, lymphocytes, plasma 

cells), fibroblasts 

Primary 

mediators 

Vasoactive 

amines, 

eicosanoids 

IFN-γ and other cytokines, growth 

factors, reactive oxygen species, 

hydrolytic enzymes 

Onset Immediate Delayed 

Duration Few days Up to many months, or years 

Outcomes 

Healing, 

abscess 

formation, 

chronic 

inflammation 

Tissue destruction, fibrosis 
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SCOPE OF WORK 

During the last decades new powerful imaging procedures have 

been developed in medicine to improve the diagnosis of diseases. In 

this thesis the radioiodination of new drugs for imaging of 

inflammation is under study. Therefore the work is divided into: 

Chapter I: Radioiodination of Cephalexin with 
125
I and its 

biological behavior in mice 

This deals with the labelling of Cephalexin, and studying all the 

conditions affecting the radiochemical yield. We also studied the 

biological evaluation of 125I-Ceph in normal and inflamed mice.   

Chapter II: Radioiodination of Ibuprofen with 
125
I and its 

biological behavior in mice 

This deals with the labelling of Ibuprofen via electrophilic 

substitution reaction. The biodistribution of the labeled 

Ibuprofen(125I-Ibup) in normal and inflamed mice is also studied. 

Chapter III: Radioiodination of Allopurinol with 
125
I and its 

biological behavior in mice 

This deals with the labeling of Allopurinol, and studying all the 

condition affecting the radiochemical yield. We also studied the 

biological evaluation of 125I-Allop in normal and inflamed mice.   
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Chapter I 
 

I.1. Introduction 

Cephalexin is a first-generation cephalosporin 

antibiotic, introduced in 1967 by Eli Lilly 
[39]

. Cephalexin is 

used to treat urinary tract infections 
[40]

, respiratory tract 

infections, skin and soft tissue infections. It is also 

sometimes used to treat acne. In addition to being a rational 

first-line treatment for cellulitis, it is a useful alternative to 

penicillins in patients with penicillin hypersensitivity. 

Caution should always be taken when prescribing 

cephalosporins to those with strong history of true 

penicillin hypersensitivity 
[41]

. However, cephalexin and 

other first-generation cephalosporins are known to have a 

modest cross-allergy in patients with penicillin 

hypersensitivity.  

Cephalexin fights bacteria in the body. It works by 

interfering with the bacteria's cell wall formation. This 

weakens the cell wall, causing it to rupture, and kills the 

bacteria.  

A study of 
125

I-Labeled derivatives of the beta-lactam 

antibiotics cephalexin, cephradine, cefaclor and 6-alpha-

aminopenicillanic acid have been obtained by reacting 
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these compounds with (
125

I)-Bolton-Hunter reagent .The 

iodinated derivatives showed a very high affinity of binding 

to their target proteins with apparent half-saturating 

concentrations in the nano -molar range 
[42]

. Another study 

interested in the pharmacokinetics of cefaclor and 

cephalexin were characterized in patients with creatinine 

clearances ranging from 0 to 147 ml/min. Serum and urine 

levels of the antibiotics were measured by bioassay. For 

cephalexin, corresponding half-lives were 15.4 h and 58 

min, that study did present a dosage monogram for 

calculating the appropriate adjustments to the loading dose 

based on patient weight and maintenance dose based on 

corrected creatinine clearance 
[43]

. 

The present work deals with the labeling of 

Cephalexin by 
125

I and the factors that affect the labeling 

yield were investigated. The suggested structure of 
125

I- 

Cephalexin, which forms via an electrophilic substitution 

reaction in the presence of an oxidizing agent like iodogen; 

where 
125

I
+
 for H

+
 exchange in the phenol ring is in para 

position. Fig (VΙ) represents the chemical structure of 

Cephalexin.  
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Fig (VΙ): Cephalexin 

 

 

I.2. Experimental 
 

The experimental work has been carried out in the labs of 

the Cyclotron Project, Egyptian Atomic Energy Authority. 

 

I.2.1. Materials  

 

I.2.1.1. Chemicals 

All the chemicals and laboratory reagents used in this work 

are of the highest purity grade. In all cases the water used is 

double distilled. The following chemicals were used: 

1. Cephalexin : Pharco Company, Egypt 

2. Thin layer chromatography (TLC) aluminum sheets 

(20 x 25 cm) SG-60 F254 (Merck), Germany.  
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3. Chloramine-T (N-chloro-p-toluene sulfonamide 

sodium salt) (CAT): M=281.69 g/Mol, 99%Riedel-de 

haen, Germany.  

4. Iodogen (1,3,4,6-tetrachloro-3α,6α-diphenyl 

glycoluril) from Pierce Chemical Company, 

M.Wt=408.07, Germany. 

5. N-Bromo Succinimide (1-Bromo-2,5-

pyrrolidinedione) from Pierce Chemical Company, 

Germany.       

6. Acetone:  Ubichem limited, Germany.  

7. Glacial Acetic acid: 99.8%, Riedel- de Haen , 

Germany. 

8. Sodium metabisulphite (Na2S2O5) is purchased from 

British Drug House (BDH) LTD, England 

9. Citric acid: BDH laboratory, Germany. 

10. Sodium hydroxide (NaOH): Molecular weight 40, 

Pellets, Riedel-de Haen Seelze- Hannover, Germany. 

11. Sodium phosphate dibasic dihydrate (Na2 

HPO4.2H2O): M=177.99 g/Mol, Riedel- de Haen, 

Germany. 

12.  Sodium phosphate monobasic (NaH2PO4): M = 

119.98 g/Mol, Riedel-de Haen, Germany. 

13.  Sodium bicarbonate (NaHCO3): BDH laboratory, 

Germany. 
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  I.2.1.2 Equipment  

1. Precision electronic balance: Model AAA160L, ae 

ADAM, France. 

2. pH meter: Model 315i/set,WTW (Wissens chaftlich- 

Technische Werkstatten), Germany.  

3. γ-counter (Nucleous Model 2010) connected with a 

well type NaI (Tl) crystal. 

4. HPLC : the column (Rp-18. 250⋅4 mm
2
,
 

4-6 µm, 

Lischrosorb) built in HPLC Merck model 2010 and 

Shimadzu model, which consists of pumps LC-9A, 

Rheohydron injector (Syringe Loading Sample Injector 

-7125) and UV spectrophotometer detector(SPD-6A). 

5. Hot plate and magnetic stirrer : Model 210 T. Thrmix. 

Fisher.USA. 

6. Electrophoresis: Model PS 9009TX.Apelex.France 

 

I.2.1.3  Animals 

Albino type mice weighing 25-35gm were used for 

biological distribution studies. 

 

I.2.1.4  Radioactive material 

Iodine-125 was purchased from (H-1121 Budapest, 

Konkoly-Thege Miklòsùt 29-33) as no-carrier-added 

solution.  
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I.2.2 Preparation of  the Buffers. 
(44) 

 

Citric acid buffer (pH =2) 

1 ml 2M NaOH solution was added to 10 ml 2M 

citric acid and the volume was completed to 100 ml 

using bi-distilled water. 

Citric acid buffer (pH = 4) 

13 ml 2M NaOH solution was added to 10 ml 2M 

citric acid and the volume was completed to 100 ml 

using bi-distilled water. 

Phosphate buffer (pH = 7) 

30.5ml 0.2M Na2HPO4 ( Disodium Hydrogen 

Phosphate) was added to 19.5ml 0.2M NaH2PO4 

(Sodium Dihydrogen Phosphate)  and the volume 

was completed to 100 ml using bi-distilled water. 

 Bicarbonate Buffer (pH = 9) 

50 ml 0.05M NaHCO3 (Sodium Bicabonate) was 

added to 5 ml 0.1M NaOH (Sodium Hydroxide) and 

the volume was completed to 100 ml using bi-

distilled water. 

         Bicarbonate Buffer ( pH = 11) 

50 ml 0.05M NaHCO3 (Sodium Bicabonate) was 

added to 22.7 ml 0.1M NaOH (Sodium Hydroxide) 
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and the volume was completed to 100 ml using bi-

distilled water. 

I.2.3 Labeling of Cephalexin with Iodine-125 using 

Iodogen as Oxidizing Agent 

Radioiodinated cephalexin was prepared as follows:  

(1) 1 mg of cephalexin was dissolved in 1ml of acetone 

then 200µg (200µl) of cephalexin was added to 

200µg (200µl) iodogen previously precipitated on 

the wall of the reaction vial. 

(2) To the previous solution, 10µl of Na
125

I (7 – 14 

MBq) was added and the pH was adjusted to 2. 

(3) The reaction volume was adjusted to 200µl with 

acetone. 

(4)  The reaction was left to proceed for different time 

and temperature.  

(5) The reaction was stopped by decantation of the 

reaction mixture into another vial as iodogen. 

I.2.4 Radiochemical Yield Determination of 
125

I-

Cephalexin  

I.2.4.1. Using Thin Layer Chromatography (TLC)  

Thin Layer Chromatography is based on the use of 

silica gel plated on alumina sheet. In this method, a small 

aliquot of the labeled compound was spotted at the base 
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line of a strip of the TLC ( approximately 10cm) , then 

chromatography  was carried out by dipping the spotted 

strip into an appropriate solvent which was in our case 

Methylene chloride and Ethyl acetate (2:1 v/v) 
(45)

. After 

the developer traveled to a suitable distance the TLC was 

taken off the solvent and the strip was dried and divided 

into several equal segments (each 1cm). The radioactivity 

of each segment was measured in an appropriate counter, 

particularly using a NaI detector. The free iodide remained 

at the origin with Rf = 0.1 – 0.2, while the labeled 

Cephalexin migrated with the solvent front  Rf = 0.7 – 1.0 

as shown in Figure (1). 
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Fig (1): Radiochromatogram of 
125

ICeph TLC-SG-60strip / 

methylene chloride: ethyl acetate (2: 1v/v) system 
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I-Ceph 

Free Iodide 

125 
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100%, ×=
activityTotal

productlabeledofActivity
YieldcalRadiochemi  

I.2.4.2. Using HPLC  

The radiochemical yield% and the purity of 

Cephalexin was determined by injection of 10 µl of labeled 

drug into the column (Rp-18. 250⋅4 mm
2
,
 

4-6 µm, 

Lischrosorb) .The fractions were collected separately using 

a fraction collector, evaporated under reduced pressure, 

dissolved in saline solution then counted in a well type NaI 

detector connected to a single channel analyzer.  

I.2.4.3. Using Electrophoresis  

          Electrophoresis was done using cellulose acetate 

strips. These strips were moistened with 0.02M phosphate 

buffer pH 7 and then were placed in the chamber. Samples 

of 5 µl were applied at a distance of 12cm from cathode. 

Standing time and applied voltage were continued for 90 

minutes; developed strips were removed, dried and cut into 

1cm segments. They were counted using a well-type NaI 

detector connected with a single-channel analyzer. 
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I.2.5 Study of the Factors Affecting the Radiochemical 

Yield of 
125

I-Cephalexin 

I.2.5.1  Effect of the substrate amount  

The experiment was performed by dissolving 1mg of 

Cephalexin in 1ml of acetone, then  known µg of 

Cephalexin was transferred to a reaction vial where 

200µg(200µl) of iodogen is precipitated on the wall of the 

reaction vial, then 10µl of 0.01M NaOH solution 

containing 3.7 MBq Na
125

I was added. The reaction was 

performed at 40˚C and allowed to proceed for 20min.  

I.2.5.2  Effect of the Chloramine-T (CAT) amount  

The experiment was carried out by adding 200 

µg(200µl) of cephalexin and (x) µg of CAT. Then, 10µl of 

0.01M NaOH solution which contained 3.7 MBq Na
125

I 

was added. The reaction was performed at 40˚C and 

allowed to proceed for 20min. The reaction was quenched 

by adding 50µl of Na2S2O3 (20mg/ml).   

I.2.5.3  Effect of the iodogen amount  

The experiment was carried out by adding 200 µg(200µl)  

of cephalexin to (x) µg of iodogen previously precipitated 

on the wall of the reaction vial. Then, 10µl of 0.01M NaOH 

solution which contained 3.7 MBq Na
125

I was added. The 
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reaction was performed at 40˚C and allowed to proceed for 

20min. Since iodogen is virtually insoluble in aqueous 

solution a 2 phase technique has been developed that uses 

iodogen. Iodogen does not need reducing agents 
(46)

.  The 

reaction was stopped by decantation of the reaction mixture 

to another vial. 

I.2.5.4  Effect of the N-Bromosuccinimide (NBS) amount 

The experiment was carried out by adding 200 

µg(200µl)  of cephalexin and (x) µg of NBS. Then, 10µl of 

0.01M NaOH solution which contained about 3.7 MBq 

Na
125

I was added. The reaction was performed at 40˚C and 

allowed to proceed for 20min. The reaction was quenched 

by adding 50µl of Na2S2O3 (20mg/ml).   

I.2.5.5  Effect of the reaction temperature  

The effect of the reaction temperature on the labeling 

of cephalexin with 
125

I was studied in the range from room 

temperature (25
º
C) to 80

º
C. The experiment was performed 

by adding 200µg (200µl) of cephalexin  to 200µg(200µl) of 

iodogen previously precipitated on the wall the reaction 

vial, then 10µl of 0.01M NaOH solution  (3.7 MBq Na
125

I)  

was added. For each temperature the radiochemical yield 

was calculated.  
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I.2.5.6  Effect of the pH of the reaction medium 

The effect of pH of the reaction on the labeling of 

cephalexin with 
125

I was studied in the range from 2 to 11. 

The experiment was performed by adding 200µg(200µl)  of 

cephalexin at different pH values (2, 4, 7, 9, and 11) to 

200µg(200µl)  of iodogen previously precipitated on the 

wall the reaction vial, then 10µl of 0.01M NaOH solution  

(3.7 MBq Na
125

I)  was added. The reaction was carried out 

at 40˚C and allowed to proceed for 20 minutes.  

I.2.5.7  Effect of solvents  

           The reaction between 200 µg(200µl)  of cephalexin 

dissolved in different solvent such as acetone, water and 

glacial acetic acid and Na
125

I 3.7 MBq was added, in the 

presence of 200 µg(200µl)  iodogen as oxidizing agent 

precipitated on the wall of the reaction vial. The reaction 

was carried out at 40˚C for 20 minutes. The radiochemical 

yield percent was calculated for each solvent. 

I.2.5.8  In-vitro Stability of the labeled Cephalexin 

        The in-vitro stability of the labeled Cephalexin was 

studied. The reaction mixture was prepared with the 

condition which gave the best radiochemical yield, which 

included 200 µg(200µl)  Cephalexin, 200 µg(200µl)  of 
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iodogen precipitated on the wall of the vial, 10µl of 

3.7MBq Na
125

I at pH 2. The reaction mixture was heated at 

40
o
C

 
for 20 min.  Then the reaction vial was left at the 

room temperature for 24 hours, each 3 hour the in-vitro 

stability of the labeled Cephalexin was tested by taking a 

spot of the reaction mixture on a TLC, then 

chromatography was carried out.    

I.2.6 Radiochemical Purity of 
125

 I-Cephalexin 

I.2.6.1 Using  HPLC  

The radiochemical yield and the purity of Cephalexin 

were determined by injection of 10 µl of labeled drug into 

the column Rp-18. 250⋅4 mm
2, 

and UV spectrophotometer 

detector adjusted to the 254 nm wavelength using Water: 

Methanol: Acetonitrile: Glacial acetic acid (50:20:30:1) as 

mobile phase with flow rate 1.5ml/min
 [47]

 by isocratic 

process. 

I.2.6.2  Using Electrophoresis  

Electrophoresis was done using cellulose acetate 

strips. These strips were moistened with 0.02M phosphate 

buffer pH 7 and then were placed in the chamber. Samples 

of 5 µl were applied at a distance of 12cm from cathode. 

Standing time and applied voltage were continued for 90 
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minutes. Developed strips were removed, dried and cut into 

1cm segments. They were counted using a well-type NaI 

detector connected with a single-channel analyzer. 

I.2.7   Biodistribution of 
125

 I-Cephalexin in Mice 

Albino mice were used for quantitative 

biodistribution studies. Normal mice were used and other 

inflamed mice either with sterile inflammation which was 

induced by the injection of sterile turpentine oil 

intramuscularly into the right thigh muscle or non sterile 

inflammation which was induced by the injection of a 

suspension of Escherichia coli (E. coli). When swelling of 

the muscle was apparent, 
125

I-Ceph was injected 

intravenously into the tail vein. Groups of three mice were 

used for each experiment. The mice were sacrificed by 

decapitation under chloroform anesthesia at 1/2h, 2h and 4h 

after injection. 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 was measured using a NaI 

detector connected with a single channel analyzer. Results 

were expressed as detected dose per organ or body fluid. 

Blood, bone and muscles were assumed to be 7%, 10% and 

40% respectively of the total body weight 
[48] 
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I.3 Results and Discussion 

I.3.1. Effect of the Substrate Amount  

           The radiochemical yield of 
125

I-Ceph as a function of 

Cephalexin amount was studied as shown in figure (2). The 

results indicate that at low amount of cephalexin, 

25µg(25µl)  up to 50 µg(50µl)  the radiochemical yield of 

125
I-Ceph was 30% and 56% respectively. The 

radiochemical yield was increased by increasing the 

amount of cephalexin to 100 µg(100µl)  reaching 85%, but 

further increase in the amount of the substrate to 200 

µg(200µl)  the yield increased reaching 95%. Any further 

increase of the cephalexin amount didn’t affect the 

radiochemical yield.  

Figure (2): Variation of the radiochemical yield of 
125

I-Ceph as a 

function of Ceph amount [200 µg iodogen and 10 µl of 3.7 MBq 

Na
125

I, x µg Ceph in acetone] at 40°°°°C for 20 min. 
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This may be attributed to the fact that the yield reached the 

saturation value (95%) because the entire generated 

iodonium ions in the reaction are captured at that amount of 

Cephalexin 
[49]

 

I.3.2. Effect of Chloramine-T(CAT) Amount  

           Sodium iodide is the simplest and versatile source of 

iodinating reagent for organic molecules
 [50]

. Elemental 

iodine was formed by the oxidation of sodium iodide with 

oxidizing agents as Chloramine-T which is the most 

famous oxidizing agent used to produce H2OI
+
 and HOI 

from sodium iodide 
[51]

. The influence of CAT amount on 

the radioiodination of Cephalexin was studied as shown in 

figure (3). The data clearly showed that 25µg(25µl)  and 50 

µg(50µl) of CAT was not sufficient to oxidize all 

radioiodide ions in the reaction mixture 
[52]

. By increasing 

the concentration of CAT to 100 µg(100µl), the yield of 

125
I-Ceph was increased to 80%. Increasing the CAT 

concentration above 200µg(200µl)  leads to a decrease in 

the yield possibly due to the formation of undesirable 

oxidative side reactions like chlorination and 

polymerization
 [53]

.  
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Figure (3): Variation of radiochemical yield
 125

I-Ceph as a function 

of Chloramine-T amount [200µg Ceph. (xµg) CAT and 

3.7MBqNa
125

I] at 40°°°°C within 20 min 

 

I.3.3. Effect of the Iodogen Amount  

The iodination of Cephalexin using iodogen as an 

oxidizing agent was achieved by the precipitation of 

iodogen on the wall of the reaction vial using chloroformic 

solution of iodogen. Figure (4) showed that the 

radiochemical yield of 
125

I-Ceph was low with small 

amount of iodogen. By increasing the amount of iodogen to 

200 µg(200µl), the radiochemical yield increased to 95%. 

Any further increase in the amount of iodogen to 300 
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µg(300µl)  didn’t cause any increase in the radiochemical 

yield of cephalexin. 

 

Figure (4): Variation of radiochemical yield
 
of 

125
I-Ceph as a 

function of Iodogen amount [200 µg Ceph, x µg Iodogen and 

3.7MBqNa
125

I] at 40°°°°C within 20 min 

 

I.3.4. Effect of N-Bromo Succinimide (NBS) Amount  

 The effect of the NBS as an oxidizing agent was 

studied as shown in figure (5). We noticed that at low 

amount of NBS, the radiochemical yield was very low. But 

with further increase in the amount of NBS the 

radiochemical increased reaching 74% at 300 µg(300µl)  of 

NBS. 
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Figure (5): Variation of radiochemical yield

 
of 

125
I-Ceph as a 

function of NBS amount [200 µg Ceph, x µg NBS and 

3.7MBqNa
125

I] at 40°°°°C within 20 min 

 

By comparing the radiochemical yield of 
125

 I-Cephalexin 

obtained with the three oxidizing agent used, it was found 

that 200µg(200µl)  of iodogen is the best oxidizing agent 

which gave the highest radiochemical yield. The 

comparison is shown in Table (1). 

 

Table (1): Variation of radiochemical yield % of 
125

 I-

Cephalexin as a function of different oxidizing agent. 
 

Type of oxidizing 

agent 
Amount (µg) 

Radiochemical 

yield % 

CAT 100µg 80% 

Iodogen 200µg 95% 

NBS 300µg 79% 

 

[200µg Cephalexin, 3.7MBq 
125

I ,pH2 at 40°C for 20 min]  



 46 

I.3.5. Effect of the Reaction Temperature  

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

the radioiodination of Cephalexin by 
125

I was studied. The 

data indicated that the reaction temperature was found to be 

a significant factor on the radiochemical yield. As shown in 

figure (6) the radiochemical yield of
 125

I-Ceph was low at 

room temperature all over the time. Increasing the reaction 

temperature to (40°C) within 20 min the radiochemical 

yield of
 125

I-Ceph reached 94% and by increasing the 

reaction time at the same temperature, the radiochemical 

yield didn’t change.  

            
Figure (6): Variation of radiochemical yield of 

125
I-Ceph as a 

function of reaction time [200 µg Ceph and 200 µg iodogen and 

3.7MBq Na
125

I] at different temperatures  

 

On the other hand, increasing the reaction temperature to 

60°C up to 80 °C the radiochemical yield decreased. This 
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may be attributed to the thermal decomposition of the 

labeled compound or distortion of the oxidizing agent 
[54]

. 

 

I.3.6. Effect of pH of the Reaction Medium  

The effect of the hydrogen ion concentration of the 

reaction mixture on the radiochemical yield of 
125

I-Ceph in 

presence of iodogen as oxidizing agent was studied. The 

results presented in figure (7) clearly showed that the 

optimum yield of 
125

I-Ceph was obtained at pH 2 as the 

yield reached 95%. This may be due to that Cephalexin is 

an acid-stable cephalosporins
[55]

.  

 

Figure (7): Variation of radiochemical yield of 
125

I-Ceph as a 

function of pH [200 µg Ceph, 200 µg iodogen and Na
125

I in 50µl of 

buffer of different pH] at 40°°°°C within 20 min 
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When the pH of the reaction medium was shifted 

toward alkaline pH, the radiochemical yield of 
125

I-Ceph 

decreased. This could be explained as increasing the pH 

value leads to a decrease in HOI which is responsible for 

electrophilic substitution reaction 
[56]

. 

I.3.7. Effect of  the Solvents  

The results given in Table (2) indicate that the most 

suitable solvent is acetone as the radiochemical yield 

reached 95%. 

 

 

Table (2): Effect of different solvents on the 

radiochemical yield of  
125

 I -Cephalexin 
                

Solvent Type 
Radiochemical yield 

% of
 125

I-Ceph 

Acetone 95% ± 1.5  

Water 5% ± 0.5  

Gl.Acetic Ac 25% ± 0.8 

 

I.3.8. In-vitro Stability of 
125

 I-Cephalexin 

The in-vitro stability of 
125

I-Ceph was studied in 

order to determine the suitable time for injection to avoid 

the formation of the undesired products that result from the 

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

undesired organ. Table (3) showed that 
125

I-Ceph was 

stable up to 24 h. 

 

Table (3): In-vitro stability of 
125

I-Cephalexin 

Time (h) 
Radiochemical yield % 

of
  125

I-Ceph 

1 95% ± 1.8 

2 96% ± 2.0 

4 94% ± 1.5 

8 93% ± 1.6 

12 95% ± 1.4 

24 97% ± 2.2 

 

I.3.9. Radiochemical Purity of 
125

 I-Cephalexin 

I.3.9.1. Using HPLC  

The free radioiodide was separated at retention time 4 min 

while 
125

I-Ceph is not completely separated from 

Cephalexin as shown in figure (8), which clarifies the 

overlapping between 
125

I-Ceph and Ceph, where the 

retention times were 10 and 8 min, respectively. The 

fractions were collected and evaporated under reduced 

pressure, dissolved in saline solution and sterilized by 

millipore filter (0.22 mm) under aseptic condition. The 
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radioactivity was measured in a NaI crystal single-channel 

analyzer
[57]

.  

       

Figure (8). High-performance liquid chromatography elution 

profile of 
125

I- cephalexin, separated on reversed phase column 

(254*4.6mm at flow rate 1.5 ml/min). 

 

I.3.9.2.  Using Electrophoresis  

 An analysis of samples from the reaction mixture 

resulted in two peaks as shown in fig (9), one 

corresponding to the free iodide which moved towards the 

anode with 14 cm distance while 
125

I- Cephalexin remained 

at the point of spotting. This result indicates that 

iodocephalexin does not carry any charge (neutral).                                   
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Figure (9): Electrophoretic pattern of 
125

I-Cephalexin; condition: 

Solvent: 0.02M phosphate buffer pH7 paper type: cellulose acetate; 

300V; running time: 1.5 hours 

 

I.3.10. Biodistribution of  
125

I-Cephalexin in Mice 

 The 
125

I- Cephalexin was injected into normal mice 

via intravenous route to estimate its biological distribution. 

The data of this study is presented in table (4). Data were 

collected and coded prior to analysis; all data were 

expressed as mean ± SD. It was noticed that the blood 

uptake was high at 1/2h equal to 24% post injection this 

may be due to the binding of the drug with plasma protein. 

The uptake of the tracer by the liver was about 6.5 % at 1/2 

h post injection this uptake slowly decreased to 5% at 4h 

post injection. At 4hr post injection, the activity held by the 

collected urine increased to 20% as 80% of cephalexin is 

125
I-Cephalexin 

Free iodide 

125 
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excreted in the urine
 [58]

. It was also noticed that it was held 

in the intestine by 12% and increased to 17% after 4h post 

injection. 
125

I-Ceph was also highly absorbed by the 

stomach reached 16% at 1/2h post injection increased to 

23% at 4 h post injection; this was due to the rapid 

absorption of the drug from the gastrointestinal tract
 [55]

. 

The uptake of the muscle was 15% at 1/2h post injection 

and decreased to reach only 5 % at 4h post injection. In 

addition, the ratio of the muscle to the blood has decreased 

gradually with time reaching 0.45, which may be due to the 

rapid clearance of the tracer from the muscle and its 

binding to the plasma protein in the blood.  

The biodistribution of
 125

I-Cephalexin tracer in E.coli 

inflamed mice was studied and the data were presented in 

table (5). Inflammation was induced by the injection of a 

suspension of Escherichia coli (E.coli) into the right thigh 

muscle and the left thigh muscle was taken as control. It 

was found that the uptake by the inflamed muscle was 30% 

at 1/2h post injection till reaching 15% at 4h post injection, 

while the uptake of the non inflamed muscle (control) was 

10% at 1/2h post injection decreased to 4% after 4h post 

injection. Using the Student's unpaired test, statistical 

differences were assumed to be reproducible when p<0.05, 



 53 

the difference between the uptake of the inflamed muscle 

and the normal muscle was significant.  This means that 

125
I-Ceph is able to localize in inflammatory foci induced 

by E.coli. The thyroid uptake was mostly ranged between 

0.05 to 0.15% within 4h post injection indicating that 
125

I-

Cephalexin free form radio- iodide and which assure the in 

vivo stability of 
125

I-Ceph. The ratio of the inflamed muscle 

to the muscle proved the high uptake of the tracer by the 

inflamed muscle and its rapid clearance from the normal 

muscle especially at 2h and 4h post injection as the ratio 

reached 4 and 3.75 respectively. These high ratios proved 

that the tracer can be used for the imaging inflamed muscle. 

While the ratio of the inflamed muscle to the blood showed 

that at 2h post injection reaching 2.28 is the best time for 

imaging as the picture will be clear as the tracer uptake by 

the inflamed muscle was high in contrast to that of the 

blood considered as the background. 
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Table (4): Biodistribution of 
125

I –Cephalexin following 

IV injection in normal mice 

 

 

 

 

 

 

 

 

 

 

Detected dose/Organ percent at 

different time intervals  post injection 

(min) 
Organs & 

body fluids 

30 min 60 min 120 min 240 min 

Bone 7.0 ± 0.6  6.8  ± 05 6.5 ± 0.2 6.0 ± 0.3 

Heart 0.4 ±0.02  0.35±0.01  0.3 ±0.01  0.3  ± 0.01 

Lungs 1.0  ± 0.05 0.9  ± 0.04 0.9  ± 0.03 0.8  ± 0.05 

Liver 6.5  ± 0.5 6  ± 0.5 5.7  ± 0.6 5  ± 0.4 

Kidneys 4 ± 0.3 3.5 ± 0.4           2 ± 0.2             1.8 ± 0.2 

Urine 7 ± 0.7         10 ± 1.2           15 ± 1.1              20 ± 1.4 

Intestine 12 ± 0.6        13.5 ± 0.7         15.8 ± 0.7            17 ± 0.9 

Stomach 16 ± 1.0       20 ± 1.7         22.5 ± 1.1           23 ± 0.9 

Thyroid 0.05 ± 0.1 0.08 ± 0.1 0.1 ± 0.07 0.15± 0.01 

Blood 24 ± 1.4 20 ± 1.5 17 ± 1 11 ± 1.2  

Muscle 15  ± 1.2 14  ± 1.2 11  ± 0.8 5  ± 0.5 

Muscle/Blood 

Ratio 
0.625 0.7 0.625 0.45 
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Table (5): Biodistribution of 
125

I –Cephalexin following 

IV injection in inflamed mice with E.coli 
 

 

T= Target (Inflamed Muscle) 

NT= Non-Target (Muscle) 
 

 

Detected dose/Organ at different  time 

intervals  post injection (min) Organs & 

body fluids 
30 min 120 min 240 min 

Bone 5.6 ± 0.4 5 ±  0.3 5 ±  0.3 

Heart 0.4 ± 0.05 0.2 ± 0.03 0.2 ±  0.03 

Lung 1 ± 0.1 1 ± 0.05 0.9 ± 0.1 

Stomach 10 ± 1 14 ± 1.2 20 ± 1.5 

Intestine 10 ± 0.6 11 ± 0.9 14 ± 1.2 

Liver 4 ± 0.2 4 ±  0.3 5 ±  0.5 

Kidneys 3 ± 0.2 2 ± 0.2 2 ±  0.09 

Urine 6.5 ± 0.5 10  ± 1 24 ± 1.6 

Spleen 0.3 ±  0.01 0.2 ±  0.01 0.2 ±  0.01 

Thyroid 0.06 ± 0.02 0.09 ± 0.04 0.13 ± 0.1 

Blood 18 ±±±±  1.2 14 ±±±± 1 10 ±±±±  0.7 

Muscle 10 ±±±±  0.5 8 ±±±±  0.6 4 ±±±±  0.4 

Inflamed 

Muscle 
30 ±±±± 1.2 32 ±±±± 1.5 15 ±±±±  0.8 

T/NT Ratio 3 4 3.75 

T/Blood 

Ratio 
1.66 2.28 1.5 
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 On the other hand, injecting 
125

I- Cephalexin tracer 

in inflamed mice, the inflammation was induced this time 

with sterile turpentine injected in the right thigh of the mice 

the left thigh was considered as the control, it was found 

that the uptake of the tracer reached 16% after 1/2h post 

injection and slightly decreased to 10% after 4h post 

injection in the inflamed muscle. While the uptake by the 

normal muscle (control) reached 10% at 30 min post 

injection, at 4h post injection reached 5%. 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. This means that 
125

I-Ceph is able to localize in 

inflammatory foci induced by turpentine oil. The ratio of 

the inflamed muscle to the muscle proved the high uptake 

of the tracer by the inflamed muscle and its rapid clearance 

from the normal muscle especially at 4h post injection as 

the ratio reached 2. This high ratio proved that the tracer 

can be used for the imaging inflamed muscle.   The results 

are shown in table (6).  
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Table (6): Biodistribution of 
125

I –Cephalexin following 

IV injection in inflamed mice with sterile turpentine oil 

 

T= Target (Inflamed Muscle) 

NT= Non-Target (Muscle) 
 

Detected dose/Organ at different time 

intervals  post injection (min) Organs & 

body fluids 
30 min 120 min 240 min 

Bone 5.6± 0.4 6.2 ± 0.3 6 ± 0.4 

Heart 0.4 ± 0.05 0.3 ± 0.03 0.3 ± 0.03 

Lung 1.1 ± 0.1 1 ± 0.04 0.9 ± 0.1 

Stomach 18 ± 1 20 ± 1.2 21 ± 1.5 

Intestine 12 ± 0.5 12.7 ± 0.8 16 ± 1 

Liver 5.2 ± 0.3 5 ± 0.3 4.8 ± 0.3 

Kidneys 3.8 ± 0.4 2.9 ± 0.3 2 ± 0.1 

Urine 7 ± 0.5 10.5  ± 1.1 18.5 ± 1.6 

Spleen 0.5 ± 0.01 0.4 ± 0.02 0.4 ± 0.01 

Thyroid 0.06 ± 0.02 0.09 ± 0.01 0.18 ± 0.07 

Blood 20 ±±±±  1.2 16 ±±±± 1 14 ±±±±  0.9 

Muscle 10 ±±±±  0.8 10 ±±±±  0.6 5 ±±±±  0.5 

Inflamed 

Muscle 
16 ±±±±  0.9 15 ±±±± 1.5 10 ±±±±  0.8 

T/NT Ratio 1.6 1.5 2 

T/Blood 

Ratio 
0.8 0.94 0.7 
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Furthermore, figure (10) summarizes the elimination 

of 
125

I-Ceph tracer from the blood and its washout from the 

normal muscle and the inflamed one (induced by E.Coli). It 

was observed that at 1/2h and 2h post injection the uptake 

of the inflamed muscle was higher than the background, 

which is blood in our case, the obtained data give an 

indication that 1/2h and 2h post injection is the best times 

for the imaging of the inflamed muscle to obtain a clear 

picture. While at 4h post injection the ratio between the 

uptake of the blood and the inflamed muscle decreased 

which may affect the clarity of the imaging. It was also 

noticed that the uptake of the normal mice was lower than 

that of the blood along the different times. This will help us 

to differentiate easily between the normal and the inflamed 

muscle.  

 

Fig. (10): Time course of blood elimination, normal muscle and 

inflamed muscle washout 30 – 240 minutes after the injection of 
125

I-Ceph into inflamed mice (induced with E.coli) 



 59 

Conclusion 

The labeling of Cephalexin with radioactive iodine-

125 was done. The optimum condition of the labeling of 

Cephalexin to give a radiochemical yield of 95 % were 200 

µg Cephalexin, 200 µg of iodogen at pH 2 when the 

reaction mixture was heated at 40
o
C

 
for 20 min. The 

biodistribution of the tracer in inflamed mice demonstrated 

the possibility of the use of this tracer as an imaging agent 

for inflammatory foci induced by turpentine oil and E.Coli.                                                

               



 60 

Chapter II 
 

II.1 Introduction 

  

Ibuprofen showed in figure (VΙΙ) is a non-steroidal 

anti-inflammatory drug (NSAID) 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 
(59)

. Non-steroidal anti-

inflammatory drugs (NSAIDs) are, as a group, the most 

frequently consumed drugs worldwide 
(60)

. 

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 
(61)

. It is sometimes used for the treatment of 

acne, because of its anti-inflammatory properties 
(62)

. 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 
(63)

. 

Ibuprofen is believed to work by inhibiting the 

enzyme cyclooxygenase (COX), and thus inhibiting 

prostaglandin synthesis and reducing inflammation, pain, 
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and fever. There are at least 2 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 present work deals with the labeling of 

Ibuprofen by 
125

I and the factors that affect the labeling 

were investigated. The suggested structure of 
125

I- 

Ibuprofen obtained via an electrophilic substitution reaction 

in the presence of an oxidizing agent like iodogen; where 

125
I

+
 for H

+ 
exchange in the phenol ring is in ortho position 

to the chain of the propionioc acid. 

                  

Fig (VΙΙ): Ibuprofen [2-(4-(2-methylpropyl) phenyl)propanoic acid] 

C13 H18 02 
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II.2 Experimental 
 

The experimental work has been carried out in the labs of 

the cyclotron project, Egyptian Atomic Energy Authority. 

All the materials, equipment, animals, radioactive material, 

and buffers mentioned in Chapter I are still used, except for 

main drug which is replaced with Ibuprofen ( Sigma, 

Germany).  

II.2.1 Labeling of Ibuprofen with Iodine-125 using 

Iodogen as Oxidizing Agent 

Radioiodinated Ibuprofen was prepared as follows:  

(1)  1mg of Ibuprofen was dissolved in 1 ml of  ethanol, 

then 100µg of Ibuprofen was added to 100µg 

iodogen precipitated on the wall of the reaction vial. 

(2) To the previous solution, 200- 400µCi Na
125

I (7 – 14 

MBq) was added. 

(3) The reaction volume was adjusted to 200µl with 

ethanol. 

(4)  The reaction was left to proceed for different time 

and temperature.  

(5) At the end, the reaction was stopped by decantation 

of the reaction mixture to another vial. 
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II.2.2 Radiochemical Yield Determination of 
125

I
- 

Ibuprofen  

II.2.2.1 Using Thin Layer Chromatography (TLC)  

In this method, a small aliquot of the labeled 

compound was spotted at the base line of a strip of the TLC 

( approximately 10cm) , then chromatography  was carried 

out by dipping the spotted strip into an appropriate solvent 

which was in our case Methylene chloride and Ethyl 

acetate (2:1)v/v
(45)

. After the developer traveled to a 

suitable distance the TLC was taken off the solvent and the 

strip was dried and divided into several equal segments 

(each 1cm). The radioactivity of each segment was 

measured in an appropriate counter, particularly using a 

NaI well-type detector.In the present work, the TLC strips 

were previously impregnated with Na2S2O3 (20 mg/ml) to 

reduce all the unreacted iodine. The free iodide remained at 

the origin with Rf = 0.1 – 0.2, while the labeled Ibuprofen 

migrated with the solvent front  Rf = 0.7 – 1.0 as shown in 

figure (11).  

100%, ×=
activityTotal

productlabeledofActivity
YieldcalRadiochemi
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Fig (11): Radiochromatogram of 
125

I-Ibup TLC-SG-60strip / 

methylene chloride: ethyl acetate (2: 1v/v) system 

 

II.2.2.2 Using HPLC  

The radiochemical yield% and the purity of 

Ibuprofen was determined by injection of 10 µl of  labeled 

drug into the column (Rp-18. 250⋅4 mm
2
,
 

4-6 µm, 

Lischrosorb) .The fractions were collected separately using 

a fraction collector up to 12, evaporated under reduced 

pressure, dissolved in saline solution then counted in a well 

type NaI detector connected to a single channel analyzer.  

II.2.2.3 Using Electrophoresis  

          Electrophoresis was done using cellulose acetate 

strips. These strips were moistened with 0.02M phosphate 

buffer pH 7 and then were placed in the chamber. Samples 

Free iodide 

125 

125
I-Ibup 
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of 5 µl were applied at a distance of 12cm from cathode. 

Standing time and applied voltage were continued for 90 

minutes; developed strips were removed, dried and cut into 

1cm segments. They were counted using a well-type NaI 

detector connected with a single-channel analyzer. 

 

II.2.3 Study of the Factors Affecting the Radiochemical 

Yield of 
125

I-Ibuprofen 

II.2.3.1 Effect of the substrate amount  

The experiment was performed by dissolving 1mg of 

Ibuprofen in 1ml of ethanol, there after known µg of 

Ibuprofen was transferred to a reaction vial followed by 

100µg(100µl) of Chloramine-T then 10µl of 0.01M NaOH 

solution (3.7 MBq Na
125

I) was added. The pH was adjusted 

to pH 4. The reaction was performed at 60˚C and allowed 

to proceed for 20min. The reaction was quenched by 

adding 50µl of Na2S2O3 (20mg/ml). 

II.2.3.2  Effect of the Chloramine-T (CAT) amount  

The experiment was carried out by adding 100 

µg(100µl)  of Ibuprofen at pH4 and (x) µg of CAT. Then, 

10µl of 0.01M NaOH solution which contained 3.7 MBq 

Na
125

I was added. The reaction was performed at 60˚C and 
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allowed to proceed for 20min. The reaction was quenched 

by adding 50 µl of Na2S2O3 (20mg/ml).   

II.2.3.3  Effect of the iodogen amount  

The experiment was carried out by adding 100 µg(100µl)  

of Ibuprofen  at pH4 and (x) µg of iodogen precipitated on 

the wall of the reaction vial. Then, 10µl of 0.01M NaOH 

solution which contained 3.7 MBq Na
125

I was added. The 

reaction was performed at 60˚C and allowed to proceed for 

20min. Since iodogen is virtually insoluble in aqueous 

solution a 2 phase technique has been developed that uses 

iodogen. Iodogen does not need reducing agents 
(46)

. The 

reaction was stopped by decantation of the reaction mixture 

to another vial. 

II.2.3.4  Effect of the NBS amount  

The experiment was carried out by adding 100 

µg(100µl)  of Ibuprofen at pH4 and (x) µg of NBS. Then, 

10µl of 0.01M NaOH solution which contained 3.7 MBq 

Na
125

I was added. The reaction was performed at 60˚C and 

allowed to proceed for 20min. The reaction was quenched 

by adding 50 µl of Na2S2O3 (20mg/ml).  
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II.2.3.5  Effect of the reaction temperature  

The effect of the reaction temperature on the labeling of 

Ibuprofen with 
125

I was studied in the range from room 

temperature to 80
º
C. The experiment was carried out by 

adding  100µg(100µl)  of Ibuprofen at pH4  to a reaction 

vial coated with  100µg(100µl)  of iodogen film followed 

by adding 10µl of 0.01M NaOH solution containinig  3.7 

MBq Na
125

I. For each temperature the radiochemical yield 

was calculated. The reaction was stopped by decantation of 

the reaction mixture to another vial. 

II.2.3.6  Effect of the pH of the reaction medium  

The effect of pH of the reaction medium on the labeling of 

Ibuprofen with 
125

I was studied in the range from 2 to 11. 

The experiment was performed by taking 100µg(100µl)  of 

Ibuprofen at different pH values (2, 4, 7, 9, and 11) added 

to 100µg(100µl)  of iodogen precipitated on the wall of the 

reaction vial and 10µl of 0.01M NaOH solution containing  

3.7 MBq Na
125

I was added. The reaction was carried out at 

60˚C and left to proceed for 10 min. The reaction was 

stopped by decantation of the reaction mixture to another 

vial. 
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II.2.3.7  Effect of solvents  

        The reaction between 100 µg(100µl)  of Ibuprofen 

dissolved in different organic solvent such as acetone, 

ethanol, methanol and DMF with Na
125

I 3.7 MBq in the 

presence of 100 µg(100µl)  iodogen as oxidizing agent 

precipitated on the wall of the reaction vial. The reaction 

was carried out at 60˚C and left to proceed for 10 min. The 

reaction was stopped by decantation of the reaction mixture 

to another vial. 

II.2.3.8  In-vitro stability of 
125

I-Ibuprofen 

        The in-vitro stability of the labeled Ibuprofen was 

studied. The experiment was carried out by adding 

100µg(100µl)  of Ibuprofen to a reaction vial coated with 

100µg(100µl)  iodogen at pH4. Then the reaction mixture 

was heated at 60
o
C

 
for 10 min, the reaction was stopped by 

decantation of the reaction mixture into another vial.   Then 

the reaction vial was left at the room temperature for 24 

hours, each 3 hour the stability of the labeled Ibuprofen 

was tested by taking a spot of the reaction mixture on a 

TLC, then chromatography was carried out.    
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II.2.4  Radiochemical Purity of 
125

I-Ibuprofen 

II.2.4.1  Using HPLC  

         The radiochemical yield and the purity of Ibuprofen 

was determined by injection of 10 µl of  labeled drug  into 

the column  built in HPLC Merck model 2010 and UV 

spectrophotometer detector adjusted to the 230 nm 

wavelength using Acetonitrile:Methanol:1%Acetic acid 

(40:20:40) as mobile phase with flow rate 1ml/min
 (64)

by 

isocratic process. 

II.2.4.2  Using Electrophoresis  

Electrophoresis was done using cellulose acetate 

strips. These strips were moistened with 0.02M phosphate 

buffer pH 7 and then were placed in the chamber. Samples 

of 5 µL 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 NaI 

detector connected with a single-channel analyzer. 

II.2.5   Biodistribution of 
125

I-Ibuprofen in Mice 

Albino mice were used for quantitative 

biodistribution studies. Normal mice were used and other 

inflamed mice either with sterile inflammation which was 
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induced by the injection of sterile turpentine oil 

intramuscularly, into the right thigh muscle or non sterile 

inflammation which was induced by the injection of a 

suspension of Escherichia coli (E. coli). When swelling of 

the muscle was apparent, 
125

I-Ibup injected intravenously 

into the tail vein. Groups of three mice were used for each 

experiment. The mice were sacrificed by decapitation under 

chloroform anesthesia at 1/2h, 2h and 4h after injection. 

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 was measured using a well-type NaI detector 

connected with a single channel analyzer. Results were 

expressed as detected dose per organ or body fluid. Blood, 

bone and muscles were assumed to be 7%, 10% and 40% 

respectively of the total body weight 
[48] 

 

II.3 Results and Discussion 

II.3.1. Effect of Substrate Amount on the Radiochemical 

Yield 

           The radiochemical yield of 
125

I-Ibup as a function of 

Ibuprofen amount was studied and the result were shown in 

figure (12). The results indicated that at low amount of 
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Ibuprofen 25µg(25µl), the radiochemical yield of 
125

I-Ibup 

was 33%, but further increase in the amount of the 

substrate up to 300µg(300µl)  the radiochemical yield was 

increased to 56%.  

 
 

Figure (12): Variation of the radiochemical yield of 
125

I-Ibup as a 

function of Ibup amount [100 µg CAT and 3.7 MBq Na
125

I, x µg 

Ibup in ethanol] at 60°°°°C for 20 min. 

 

II.3.2. Effect of Chloramine-T (CAT) Amount  

        The influence of CAT amount on the radiochemical 

yield of 
125

I-Ibup was studied and the results were shown in 

figure (13). The data clearly showed that 25µg(25µl)  and 

50 µg(50µl)  of CAT was not sufficient to oxidize all 

radioiodide ions in the reaction mixture 
(52)

. By increasing 

the concentration of CAT to 100 µg(100µl), the yield of 
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125
I-Ibup was increased to 41%. Increasing the CAT 

concentration above 200µg (200µl) leads to a decrease in 

the yield due to the possible formation of undesirable 

oxidative side reactions like chlorination 
(53)

 polymerization 

and denaturation of substrate 
(56)

.  

 

Figure (13): Variation of radiochemical yield
125

I-Ibup as a function 

of Chloramine-T amount [100µg Ibup, (xµg) CAT and 

3.7MBqNa
125

I] at 60°°°°C within 20 min 

II.3.3. Effect of Iodogen Amount  

Figure (14) showed that the radiochemical yield of 

125
I-Ibup was 51% with 25 µg(25µl)  of iodogen. By 

increasing the amount of iodogen to 100 µg(100µl)  the 

radiochemical yield increased to 78%. Any further increase 

in the amount of iodogen to 200 µg(200µl)  and 300 
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µg(300µl)  didn’t cause any increase in the radiochemical 

yield of 
125

I- Ibuprofen. 

 

  

Figure (14): Variation of radiochemical yield
 
of 

125
I-Ibup as a 

function of Iodogen amount [100 µg Ibup, x µg Iodogen and 

3.7MBqNa
125

I] at 60°°°°C within 20 min 

 

 

II.3.4. Effect of N-Bromo Succinimide (NBS) Amount  

 The effect of the NBS as an oxidizing agent on the 

radiochemical yield of 
125

I-Ibuprofen was studied and the 

results were shown in figure (15). It was noticed that at low 

amount of NBS, the radiochemical yield was low. But with 

further increase in the amount of NBS, the radiochemical 

increased reaching 65% at 50 µg(50µl)  of NBS. Any 
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further increase in the NBS the radiochemical yield 

decreased reaching 40% at 300 µg(300µl). With NBS, as 

oxidant, generally lower radiochemical yields are obtained 

and simultaneously radical side reactions are observed 

[65,66,67]
. 

 

Figure (15): Variation of radiochemical yield
 
of 

125
I-Ibup as a 

function of NBS amount [100 µg Ibup, x µg NBS and 

3.7MBqNa
125

I] at 60°°°°C within 20 min 
 

By comparing the radiochemical yield of 
125

 I-Ibuprofen 

obtained with the three oxidizing agent used, it was found 

that 100µg(100µl)  of iodogen is the best oxidizing agent 

which gave the highest radiochemical yield. The 

comparison is shown in Table (7). 
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Table (7): Variation of radiochemical yield % of 
125

 I-

Ibuprofen as a function of different oxidizing agent. 
 

Type of oxidizing 

agent 
Amount (µg) 

Radiochemical 

yield % 

CAT 100µg 41% 

Iodogen 100µg 78% 

NBS 50µg 65% 

 

[100µg Ibuprofen, 3.7MBq 
125

I , pH4 at 60°C for 10 min]  
                                             

 

II.3.5.  Effect of the Reaction Temperature  

 

 The effect of the reaction temperature in the range of 

25- 80°C on the radioiodination of Ibuprofen with 
125

I were 

studied using 100 µg(100µl)  Ibup and 100 µg(100µl)  

iodogen   .The data indicated that the reaction temperature 

was found to be significant factor affecting the 

radiochemical yield. As shown in figure (16) the 

radiochemical yield of
 125

I-Ibup was low at room 

temperature and at 40°C. Increasing the reaction 

temperature to 60°C within 10 min the radiochemical yield 

of
 125

I-Ibup reached to 75% and by increasing the reaction 

time the radiochemical yield didn’t change. By increasing 

the reaction temperature to 80 °C the radiochemical yield 

was the same.  
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Figure (16): Variation of radiochemical yield of 
125

I-Ibup as a 

function of reaction time [100 µg Ibup and 100 µg iodogen and 

3.7MBq Na
125

I] at different temperatures  

 

II.3.6. Effect of pH of the Reaction Medium  

The results of this study were presented in figure 

(17), which clearly showed that the optimum yield of 
125

I-

Ibup was obtained at pH 4 reaching 75%. When the pH of 

the reaction medium was shifted toward alkaline pH, the 

radiochemical yield of 
125

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 
(56)

. 
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Figure (17): Variation of radiochemical yield of 

125
I-Ibup as a 

function of pH [100 µg Ibup, 100 µg iodogen and Na
125

I in 50µl of 

buffer of different pH] at 60°°°°C within 10 min 

 

II.3.7. Effect of the Solvents  

The results in table (8) indicated that the most 

suitable solvent is ethanol as the radiochemical yield 

reached 78%, while other solvent gave lower radiochemical 

yield. 
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Table (8): Effect of different solvents on the 

Radiochemical yield of 
125

I- Ibuprofen 
                

Type of 

Solvent 

Radiochemical yield 

% of 
 125

I-Ibup 

Ethanol 78% ± 1.6 

Acetone 65% ± 1.2 

DMF 45%  ± 0.7 

Methanol 50% ± 0.5 

 

II.3.8. In-vitro Stability of 
125

I-Ibuprofen 

  The in-vitro stability of 
125

I-Ibup was studied in order 

to determine the suitable time for injection to avoid the 

formation of undesired products that result from the 

radiolysis of the labeled compound. These undesired 

radioactive products may be toxic or accumulate in 

undesired organ. Table (9) showed that 
125

I-Ibup was stable 

up to 24 h. 
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Table (9): In-vitro stability of 
125

I-Ibup 

 

Time (h) 
Radiochemical yield % 

of
 125

I-Ibup 

1 75% ± 1.1 

2 77% ± 0.8 

4 76%  ± 0.6 

8 75% ± 1.5 

12 76% ± 1.3 

24 79% ± 0.8 

 

 

II.3.9  Radiochemical Purity of 
125

I-Ibuprofen 

II.3.9.1  Using HPLC 

The free radioiodide was separated at retention time 

2.6 min while 
125

I-Ibup was completely separated from 

non-labeled Ibup as shown  in figure (18), where the 

retention times were 17.2 and 15.9 min, respectively. The 

fractions were collected and evaporated under reduced 

pressure, dissolved in saline solution and sterilized by 

Millipore filter (0.22 mm) under aseptic condition and the 

activity were counted in a NaI detector connected to a 

single-channel analyzer 
(57)

. 



 80 

0

5

10

15

20

25

30

35

40

0 2 4 6 8 10 12 14 16 18 20

Retention time (Min.)

C
o
u
n
ts
/m
in
 x
 1
03

UV absorbance Radioactive

 

 
      Figure (18): High-performance liquid chromatography elution 

profile of 
125

I-Ibuprofen, separated on reversed phase column 

(230*4.6mm at flow rate 1 ml/min) 

II.3.9.2 Using Electrophoresis  

        An analysis of samples from the reaction mixture 

resulted in two peaks as shown in fig (19), one 

corresponding to the free iodide which moved towards the 

anode with 12 cm distance while 
125

I-Ibuprofen remained at 

the point of spotting indicating that 
125

I-Ibuprofen does not 

carry any charge.   

  

Free iodide 

125 

125
 I- Ibup 
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Figure (19): Electrophoretic pattern of 
125

I-Ibuprofen; condition: 

Solvent: 0.02M phosphate buffer pH7 paper type: cellulose acetate; 

300V; running time: 1.5 hours 

 

II.3.10. Biodistribution of 
125

I-Ibuprofen in Mice 

 The 
125

I- Ibuprofen was injected into normal mice via 

intravenous route to estimate its biological distribution. The 

data of this study is presented in table (10). This data were 

collected and coded prior to analysis; all data were 

expressed as mean ± SD. It was noticed that the blood 

uptake was high at 1/2h reaching 20% post injection this 

due to that all non-steroidal anti inflammatory drugs 

(NSAIDs) are characterized by a high degree of plasma 

protein binding and small volumes of distribution 
(68)

 .The 

uptake of the tracer by the liver was about 10 % at 1/2h 

125
I-Ibup 

Free iodide 

125 
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post injection and this uptake slowly decreased to 6% at 4h 

post injection. This percentage maybe due to that the 

majority of NSAIDs are metabolized by the liver through a 

variety of pathways
 (68)

. At 4hr 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 
(69)

.It was noticed that the 

activity in the intestine was 11% and slightly increased to 

13.5% after 4 h post injection. It was highly absorbed by 

the stomach reaching 14% at 1/2h post injection reaching 

22% at 2h post injection, this is due to that ibuprofen is a 

relatively weak acid (pka 4.4) and its solubility in water or 

at acid pH is very low. This results in a relatively long 

residence time in the acid environment of the stomach, 

which slows down absorption of the substance 
(70)

. The 

uptake of the muscle was 14.5% at 1/2h post injection and 

slightly decreased to reach only 10.5 % at 4h post injection. 

In addition, the ratio of the muscle to the blood has 

increased gradually with time reaching 1.05 at 4 h post 

injection1, which may be due to the rapid clearance of the 

tracer from the blood and its slow washout from the 

muscle. 
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 The biodistribution of
 125

I- Ibuprofen tracer was also 

studied in E-coli- inflamed mice as cleared from the data 

presented in table (11). It was found that the uptake by the 

septic (inflamed) muscle was 10.5% at 1/2h post injection 

and slightly decreased to 8.5% at 4h post injection, while 

the uptake of the non inflamed muscle (control) was 10% at 

1/2h post injection decreasing to 8% after 4h post injection. 

By 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 non significant.  This means that 

125
I-Ibup isn’t able to localize in inflammatory foci induced 

by E.coli which is due to its degradation by bacterial 

environment 
(71)

. The ratio of the uptake of the inflamed 

muscle to that of the normal muscle considered as the 

control, was the same and didn’t change through the time.  
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Table (10): Biodistribution of 
125

I –Ibup following IV 

injection in normal mice 

 

On the other hand, injecting 
125

I- Ibup tracer in 

inflamed mice where the inflammation was induced this 

time with sterile turpentine oil injected in the right thigh of 

the mice and the left thigh was considered as the control. 

The results are shown in table (12) , it was found that the 

Detected dose/Organ percent at different 

time intervals  post injection (min) Organs & 

body fluids 
30min 60min 120min 240min 

Bone 6 ± 0.4 5.5  ± 0.3 4 ± 0.35 3.5± 0.3 

Lung 2.5  ± 0.4 2  ± 0.2 1.6  ± 0.2 1.1  ± 0.1 

Heart 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 11 ± 1 11.5 ± 1.4 13 ± 1.6 13.5 ± 1 

Liver 10 ± 0.9 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 

Thyroid 0.05 ± 0.1 0.08 ± 0.1 0.1 ± 0.07 0.15± 0.01 

Blood 20± 1 16± 1.2 13 ± 1.5 10 ± 1 

Muscle 14.5  ± 0.3 13.7  ± 0.4 12  ± 0.7 10.5 ± 0.6 

Muscle/Blood 

Ratio 
0.725 0.85 0.92 1.05 
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uptake of the tracer was 18% after 1/2h 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 1/2h post injection decreasing to 8.5% 

at 4h 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 
125

I-Ibup is able to localize in 

inflammatory foci induced by turpentine oil. The ratio of 

the inflamed muscle to the muscle increased gradually 

reaching 1.9 at 4h post injection proving the high uptake of 

the tracer by the inflamed muscle and its rapid clearance 

from the normal muscle. This high ratio proved that the 

tracer can be used for the imaging inflamed muscle. In 

addition, the ratio of the inflamed muscle to the blood 

increased also gradually reaching 1.77 at 4 h post injection 

which is the best time for the imaging of the inflammation. 
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Table (11): Biodistribution of 
125

I –Ibuprofen following 

IV injection in inflamed mice with E.coli 

 

T=Target( Inflamed muscle) 

NT= Non Target ( muscle) 

 

Detected dose/Organ percent at 

different time intervals  post 

injection (min) 

Organs & body 

fluids 

30 min 120 min 240 min 

Bone 6 ± 1.1 5.5 ± 1.3 4 ± 0.3 

Heart 0.6 ± 0.05 0.4 ± 0.07 0.3 ± 0.03 

Lung 2.5± 0.4 2.1 ± 0.2 0.9 ± 0.04 

Stomach 13 ± 1.5 18 ± 1.5 14 ± 1.5 

Intestine 12.8 ± 1.5 11.5 ± 1.8 11 ± 1 

Liver 10.5 ± 0.5 9 ± 1.5 8.5 ± 0.4 

Kidneys 3.8 ± 0.2 3 ± 0.3 2 ± 0.1 

Urine 8.5 ± 1 17 ± 1.6 25.8 ± 1.1 

Spleen 0.7 ± 0.1 0.5 ± 0.06 0.4 ± 0.05 

Thyroid 0.05 ± 0.1 0.08 ± 0.1 0.1 ± 0.07 

Blood 16 ±±±± 1.5 12 ±±±± 1.8 10 ±±±± 1.5 

Muscle 10 ±±±± 0.7 9 ±±±± 0.5 8 ±±±± 1.1 

Inflamed Muscle 10.5 ±±±± 0.7 9.5 ±±±± 0.5 8.5 ±±±± 0.7 

T/NT Ratio 1.05 1.05 1.05 

T/Blood Ratio 0.65 0.79 0.85 
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Table (12): Biodistribution of  
125

I –Ibuprofen following 

IV injection in inflamed mice with sterile turpentine oil 

 

 

T=Target ( Inflamed muscle) 

NT= Non Target ( muscle) 

Detected dose/Organ percent at different 

time intervals  post injection (min) Organs & body 

fluids 
30 min 120 min 240 min 

Bone 5.8± 0.5 4.5 ± 0.5 4 ± 0.4 

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 ± 0.7 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 

Thyroid 0.05 ± 0.1 0.08 ± 0.1 0.1 ± 0.07 

Blood 18 ±±±± 1.5 12 ±±±± 1 9 ±±±± 1.5 

Muscle 12 ±±±± 0.5 10 ±±±± 0.7 8.5 ±±±± 0.7 

Inflamed Muscle 18 ±±±± 1 17 ±±±± 0.8 16 ±±±± 0.7 

T/NT Ratio 1.5 1.7 1.9 

T/Blood Ratio 1 1.4 1.77 
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Furthermore, figure (20) summarized the elimination 

of 
125

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 1/2h the ratio between the 

uptake of the blood and the inflamed muscle was 

approximately the same which may affect the clarity of the 

imaging.  

While at 2h and 4h 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.  

 

 

Fig. (20): Time course of blood elimination, normal muscle and 

inflamed muscle washout 30 – 240 minutes after the injection of 
125

I-Ibup into inflamed mice (induced with turpentine oil) 
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Conclusion 

The labeling of Ibuprofen with radioactive iodine-

125 was studied. The optimum conditions to obtain a high 

radiochemical yield of 76 % were 100 µg Ibuprofen, 100 

µg of iodogen at pH4 when the reaction mixture was heated 

at 60
o
C

 
for 10 min. The biodistribution of the tracer in 

inflamed mice demonstrated the possibility of the use of 

this tracer as imaging agent for inflammatory foci induced 

by turpentine oil only.                                                            
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Chapter III 
 

III.1. Introduction 
 

 Allopurinol is a medicine used to treat gout, which is 

a type of arthritis caused by a build up of uric acid crystals 

in the joints. Allopurinol is a structural isomer of 

hypoxanthine (a naturally occurring purine in the body) and 

is an enzyme inhibitor, inhibiting xanthine oxidase.[72] 

Xanthine oxidase is responsible for the successive 

oxidation of hypoxanthine and xanthine, resulting in the 

production of uric acid, the product of human purine 

metabolism.[72]The chemical structure of Allopurinol was 

presented in figure (VΙΙΙ).  

The primary use of allopurinol is to treat 

hyperuricemia (excess uric acid in blood plasma) and its 

complications. Allopurinol does not alleviate acute attacks 

of gout, but is useful in chronic gout to prevent future 

attacks. Likewise, allopurinol commonly is used as 

prophylaxis with chemotherapeutic treatments (Ex: 

mercaptopurine and thioguanine), which can rapidly 

produce severe hyperuricemia. Other established 

indications for allopurinol therapy include ischemic 

reperfusion injury, kidney stones with a uric acid 
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component (uric acid nephrolithiasis), and protozoal 

infections (Leishmaniasis). 

Because allopurinol is not a uricosuric, it can be used 

in patients with poor kidney function. However, allopurinol 

has two important disadvantages: Its dosing is complex,[73] 

and some patients will be hypersensitive to it. Therefore, 

use of this drug requires careful monitoring. 

Allopurinol can be used in patients with poor kidney 

function, but it may also help them. A study of allopurinol 

use in patients with chronic kidney disease suggested that 

"Allopurinol decreases C-reactive protein and slows down 

the progression of renal disease in patients with chronic 

kidney disease. In addition, allopurinol reduces 

cardiovascular and hospitalization risk in these subjects."[74] 

Allopurinol is rapidly converted in the body to the 

active metabolite oxypurinol whose total body exposure 

may be 20-fold greater than that of the parent compound 

due to a much longer elimination half-life [75]. Oxypurinol is 

slowly excreted by the kidneys over 18-30 hours. For this 

reason, oxypurinol is believed to be responsible for the 

majority of allopurinol's effect. 
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  Oxypurinol is cleared almost entirely by urinary 

excretion and, for many years, it has been recommended 

that the dosage of allopurinol should be reduced in renal 

impairment. A reduced initial target dosage in renal 

impairment is still reasonable, but recent data on the 

toxicity of allopurinol indicate that the dosage may be 

increased above the present guidelines if the reduction in 

plasma urate concentrations is inadequate. Measurement of 

plasma concentrations of oxypurinol in selected patients, 

particularly those with renal impairment, may help to 

decrease the risk of toxicity and improve the hypouricaemic 

response. [76] 

The incidence and potentially severe and lethal 

consequences of allopurinol hypersensitivity syndrome and 

toxic epidermal necrolysis could be kept to a minimum by 

strictly adhering to the established indications of 

allopurinol treatment [77]. Therapeutic options appropriate 

for treating the acute flare include colchicine, nonsteroidal 

anti-inflammatory drugs, and corticosteroids. After flare 

remission, prophylaxis with a flare prevention medication, 

such as colchicine, should be administered followed by 

initiation of urate-lowering therapy with allopurinol or 

febuxostat. [78] 
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A new assay was developed for the simultaneous 

determination of allopurinol and oxipurinol in plasma and 

urine using ultrafiltration and ion exchange purification 

steps for plasma and urine, respectively. Reversed-phase 

high-performance liquid chromatography with ultraviolet 

detection was applied for the separation and quantitation of 

both compounds. The limit of detection was 0.1 

microgram/ml for both compounds in plasma and 0.2 and 

0.5 microgram/ml for allopurinol and oxipurinol, 

respectively, in urine. [79] 

            

           The present work deals with the labeling of 

Allopurinol by 125I and the factors that affect the labeling 

yield were investigated. The suggested structure of 125I- 

Allopurinol, which will be obtained via an electrophilic 

substitution reaction in the presence of an oxidizing agent 

like CAT; where 125I+ for H+ exchange in the phenol ring is 

in position 2 of the imidazole ring .  
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Fig (VΙΙΙ): Chemical structure of Allopurinol 

(1,5-dihydro-4H-pyrazolo [3,4-d]pyrimidin-4-one) 

 

 

III.2 Experimental 
 

The experimental work has been carried out in the 

labs of the cyclotron project, Egyptian Atomic Energy 

Authority. 

          All the materials, equipment, animals, radioactive 

material, and buffers mentioned in Chapter I are still used, 

except for main drug which is replaced with Allopurinol ( 

Eipico Company, Egypt).  

III.2.1 Labeling of Allopurinol with Iodine-125 using 

CAT as Oxidizing Agent 

Radioiodinated Allopurinol was prepared as follows:  

(1) 1 mg of Allopurinol was dissolved in 1 ml of 

ethanol. 
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(2) To the previous solution, 10µl of Na125I (7 – 14 

MBq) was added followed by 150 µg of CAT. 

(3) The reaction volume was adjusted to 400µl with 

ethanol. 

(4)  The reaction was left to proceed for different time 

and temperature.  

(5) At the end, the reaction was quenched by adding 

50µg of sodium metabisulphate. 

III.2.2 Radiochemical Yield Determination of 
125

I-

Allopurinol  

III.2.2.1 Using Thin Layer Chromatography (TLC)  

Thin Layer Chromatography is based on the use of 

silica gel plated on alumina sheet. In this method, a small 

aliquot of the labeled compound was spotted at the base 

line of a strip of the TLC ( approximately 10cm) , then 

chromatography  was carried out by dipping the spotted 

strip into an appropriate solvent which was in our case 

Methylene chloride and Ethyl acetate (2:1)v/v (45). After the 

developer traveled to a suitable distance the TLC was taken 

off the eluent and the strip was dried and divided into 

several equal segments (each 1cm). The radioactivity of 

each segment was measured in an appropriate counter, 

particularly using a NaI  well-type detector.In the present 
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work, the TLC strips were previously impregnated with 

Na2S2O3 (20 mg/ml, 0.12M) to reduce all the unreacted 

iodine. The free iodide remained at the origin with Rf = 0.1 

– 0.2, while the labeled Allopurinol migrated with the 

solvent front  Rf = 0.7 – 1.0. The radiochromatogram of 

125I-Allop was shown in Fig. (21). 
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Fig (21): Radiochromatogram of 
125

I-Allop TLC-SG-60strip / 

methylene chloride: ethyl acetate (2: 1v/v) system 

 

III.2.2.2  Using HPLC  

The radiochemical yield and the purity of 

Allopurinol was determined by injection of 10 µl of labeled 

Free 
Iodide125 

125I-Allop 
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drug into the column .The fractions were collected 

separately using a fraction collector up to 12, evaporated 

under reduced pressure, dissolved in saline solution and 

sterilized by Millipore Filter (0.22 µm) under aseptic 

condition then counted in a well type NaI detector 

connected to a single channel analyzer.  

III.2.2.3  Using Electrophoresis  

          Electrophoresis was done using cellulose acetate 

strips. These strips were moistened with 0.02M phosphate 

buffer pH 7 and then were placed in the chamber. Samples 

of 5 µl were applied at a distance of 12cm from cathode. 

Standing time and applied voltage were continued for 90 

minutes developed strips were removed, dried and cut into 

1cm segments. They were counted using a well-type NaI 

detector connected with a single-channel analyzer. 

III.2.3 Study of the Factors Affecting the Radiochemical 

Yield of 
125

I-Allopurinol  

III.2.3.1 Effect of the substrate amount  

The experiment was performed by dissolving 1mg of 

Allopurinol in 1ml of ethanol, there after known µg of 

Allopurinol was transferred to a reaction vial followed by 

100µg of Chloramine-T at pH 2 then 10µl of 0.01M NaOH 
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solution (3.7 MBq Na125I) was added. The reaction was 

performed at 60˚C and allowed to proceed for 10min. The 

reaction was quenched by adding 50µl of Na2S2O3 

(20mg/ml). 

III.2.3.2  Effect of the (CAT) amount  

The experiment was carried out by adding 100 µg of 

Allopurinol at pH 2 and (x) µg of CAT. Then, 10µl of 

0.01M NaOH solution which contained 3.7 MBq Na125I 

was added. The reaction was performed at 60˚C and 

allowed to proceed for 10min. The reaction was quenched 

by adding 50 µl of Na2S2O3 (20mg/ml).   

III.2.3.3  Effect of the iodogen amount  

The experiment was carried out by adding 100 µg of 

Allopurinol at pH2 to (x) µg of iodogen precipitated on the 

wall of the reaction vial. Then, 10µl of 0.01M NaOH 

solution which contained 3.7 MBq Na125I was added. The 

reaction was performed at 60˚C and allowed to proceed for 

10min. Since iodogen is virtually insoluble in aqueous 

solution a 2 phase technique has been developed that uses 

iodogen. Iodogen does not need reducing agents (46). The 

reaction was stopped by decantation of the reaction mixture 

to another vial. 
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III.2.3.4  Effect of the (NBS) amount  

The experiment was carried out by adding 100 µg of 

Allopurinol at pH 2 and (x) µg of NBS. Then, 10µl of 

0.01M NaOH solution which contained 3.7 MBq Na125I 

was added. The reaction was performed at 60˚C and 

allowed to proceed for 10min. The reaction was quenched 

by adding 50 µl of Na2S2O3 (20mg/ml).  

 III.2.3.5  Effect of the reaction temperature  

The effect of the reaction temperature on the labeling 

of Allopurinol with 125I was studied in the range from room 

temperature to 80ºC. The experiment was performed by 

taking 100µg of Allopurinol at pH2  followed by 150µg of 

CAT and 10µl of 0.01M NaOH solution  (3.7 MBq Na125I)  

in a reaction vial. For each temperature the radiochemical 

yield was calculated. The reaction was quenched by adding 

50µl of Na2S2O3 (20mg/ml).   

III.2.3.6  Effect of the pH of the reaction medium  

The effect of pH of the reaction medium on the 

labeling of Allopurinol with 125I was studied in the range 

from 2 to 11. The experiment was performed by taking 

100µg of Allopurinol at different pH values (2, 4, 7, 9, and 
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11) followed by the addition of 150µg of CAT and 10µl of 

0.01M NaOH solution containing 3.7 MBq Na125I. The 

reaction was carried out at 60˚C .The reaction was 

quenched after 10 minutes by adding 50µl of Na2S2O3 

(20mg/ml) to confirm that all the unreacted 125I is in a 

reduced state.   

III.2.3.7  Effect of the solvents  

            The reaction between 100 µg of Allopurinol at pH 2 

dissolved in different solvent such as water, ethanol and 

DMSO with Na125I 3.7 MBq in the presence of 150 µg 

CAT as oxidizing agent .The reaction was carried out at 

60˚C .The reaction was quenched after 10 minutes by 

adding 50µl of Na2S2O3 (20mg/ml) to confirm that all the 

unreacted 125I is in a reduced state.   

III.2.3.8  In-vitro Stability of the labeled Allopurinol 

        The in-vitro stability of the labeled Allopurinol was 

studied. The reaction mixture was prepared with the 

conditions which gave the best radiochemical yield, which 

was 100 µg Allopurinol at pH 2, 150 µg of CAT, the 

reaction mixture was heated at 60oC for 10 min, then the 

reaction vial was left at the room temperature for 24 hours, 

each 3 hour the stability of the labeled Allopurinol was 
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tested by taking a spot of the reaction mixture on a TLC, 

then chromatography was carried out.    

III.2.4 Radiochemical Purity of 
125

I-Allopurinol  

III.2.4.1  Using HPLC  

        The radiochemical yield and the purity of Allopurinol 

was determined by injection of 10 µl of labeled drug into 

the column built in HPLC Merck model 2010 and UV 

spectrophotometer detector (SPD-6A) adjusted to the 254 

nm wavelength using 50mM phosphate buffer (pH 5.5)/ 

methanol (97/3, v/v) as mobile phase with flow rate 

1ml/min [80]
 by isocratic process. 

III.2.4.2  Using Electrophoresis  

          Electrophoresis was carried out using cellulose 

acetate strips. These strips were moistened with 0.02M 

phosphate buffer pH 7 and then were placed in the 

chamber. Samples of 5 µl were applied at a distance of 

12cm from cathode. Standing time and applied voltage 

were continued for 90 minutes developed strips were 

removed, dried and cut into 1cm segments. They were 

counted using a well-type NaI detector connected with a 

single-channel analyzer. 
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III.2.5   Biodistribution of 
125

I-Allopurinol in Mice 

Albino mice were used for quantitative 

biodistribution studies. Normal mice were used and other 

inflamed mice either with sterile inflammation which was 

induced by the injection of sterile turpentine oil 

intramuscularly, into the right thigh muscle or non sterile 

inflammation which was induced by the injection of a 

suspension of Escherichia coli (E. coli). When swelling of 

the muscle was apparent, 125I-Allop injected intravenously 

into the tail vein. Groups of three mice were used for each 

experiment. The mice were sacrificed by decapitation under 

chloroform anesthesia at 1/2h, 2h and 4h after injection. 

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 was measured using a well-type NaI detector 

connected with a single channel analyzer. Results were 

expressed as detected dose per organ or body fluid. Blood, 

bone and muscles were assumed to be 7%, 10 % and 40% 

respectively of the total body weight [48] 
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III.3 Results and Discussion 

III.3.1. Effect of the Substrate Amount  

           The radiochemical yield of 125I-Allop as a function 

of Allopurinol amount was studied and the result were 

shown in figure (22). The results indicated that at 50 µg  of 

Allopurinol the radiochemical yield was 60%,by further 

increase in the amount of the substrate reaching 100 µg the 

radiochemical yield reached 70% and that yield wasn’t 

affected by any increase in the substrate amount.  

 

 
 

Figure (22): Variation of the radiochemical yield of 
125

I-Allop as a 

function of Allop amount [100 µg CAT and 3.7 MBq Na
125

I, x µg 

Allop in ethanol] at 60°°°°C for 10 min. 
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III.3.2. Effect of Chloramine-T (CAT) Amount  

        The influence of CAT amount on the radioiodination 

of Allopurinol was studied and the result were presented  in 

figure (23). The data clearly show that 50µg and 100 µg of 

CAT was not sufficient to oxidize all radioiodide ions in 

the reaction mixture 
(52). By increasing the amount of CAT 

to 150 µg, the yield of 125I-Allop was increased to 70%. 

Increasing the CAT concentration above 200µg leads to a 

decrease in the yield due to the possible formation of 

undesirable oxidative side reactions like chlorination (53)
 

polymerization and denaturation of substrate (56).  

 

 

Figure (23): Variation of radiochemical yield
125

I-Allop as a 

function of Chloramine-T amount [100µg 
125

I-Allop, (xµg) CAT 

and 3.7MBqNa
125

I] at 60°°°°C within 10 min 
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III.3.3. Effect of Iodogen Amount  

Figure (24) showed that the radiochemical yield of 

125I-Allop was 45% with 50 µg of iodogen. By increasing 

the concentration of iodogen to 100 µg the radiochemical 

yield increased to 52%. Any further increase in the amount 

of iodogen to 200 µg and 300 µg didn’t cause any increase 

in the radiochemical yield of Allopurinol. 

 

 

 
Figure (24): Variation of radiochemical yield

 
of 

125
I-Allop as a 

function of Iodogen amount [100 µg Ibup, x µg Iodogen and 

3.7MBqNa
125

I] at 60°°°°C within 10 min 
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III.3.4. Effect of N-Bromo Succinimide (NBS) Amount  

 The effect of the NBS as an oxidizing agent on the 

radiochemical yield of 125I-Allop was studied and the 

results were shown in figure (25). It was noticed at 50µg of 

NBS the radiochemical yield was 25%. But with further 

increase in the amount of NBS the radiochemical decreased 

reaching 10% at 300 µg of NBS. With NBS as oxidant, 

generally lower radiochemical yields are obtained and 

simultaneously radical side reactions are observed [65,66,67]. 

 

 

 
Figure (25): Variation of radiochemical yield

 
of 

125
I-Allop as a 

function of NBS amount [100 µg Allop, x µg NBS and 

3.7MBqNa
125

I] at 60°°°°C within 10 min 
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By comparing the radiochemical yield of 125 I-Allopurinol 

obtained with the three oxidizing agent used, it was found 

that 150µg of CAT is the best oxidizing agent which gave 

the highest radiochemical yield .The comparison is shown 

in table (13). 

 

Table (13): Variation of radiochemical yield % of 
125

 I-

Allopurinol as a function of different oxidizing agent. 
 

Type of oxidizing 

agent 
Amount (µg) 

Radiochemical 

yield % 

CAT 150µg 70% 

Iodogen 100µg 52% 

NBS 50µg 25% 

 

[100µg Allopurinol, 3.7MBq 125I  ,pH2 at 60°C for 10 min]  

 

III.3.5  Effect of the Reaction Temperature  

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

radioiodination of Allopurinol with 125I were studied using 

100 µg Allop and 150 µg CAT , 10µl of 3.7 MBq Na 125I at 

pH2 .The data indicated that the reaction temperature was 

found to be significant factor affecting the radiochemical 

yield. As shown in figure (26) the radiochemical yield of 

125I-Allop was low at room temperature and at 40°C. 

Increasing the reaction temperature to 60°C within 10 min 
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the radiochemical yield of 125I-Allop reached to 75% and by 

increasing the reaction time at the same temperature, the 

radiochemical yield didn’t change. By increasing the 

reaction temperature to 80 °C the radiochemical yield was 

the same without any change which means that the labeled 

compound was not affected by the temperature.  

 

 

                                                  
Figure (26): Variation of radiochemical yield of 

125
I-Allop as a 

function of reaction time [100 µg Allop and 150 µg CAT and 

3.7MBq Na
125

I] at different temperatures  

 

III.3.6 Effect of pH of the Reaction Medium  

The results of this study were presented in figure 

(27), which clearly showed that the optimum yield of 125I-

Allop was obtained at pH 2.The radiochemical yield in the 

neutral media was low reaching 50% as Allopurinol is a 
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weak acid that has an acidity constant (pKa) of 

10.2[81].Therefore, Allopurinol are expected to be in the 

unionized form at neutral media exhibiting low 

solubility[82]. When the pH of the reaction medium was 

shifted toward alkaline pH, the radiochemical yield of 125I-

Allop decreased. This could be explained as increasing the 

pH value leads to a decrease in HOI which is responsible 

for electrophilic substitution reaction (56). 

 

 

  
Figure (27): Variation of radiochemical yield of 

125
I-Allop as a 

function of pH [100 µg Allop, 150 µg CAT and Na
125

I in 50µl of 

buffer of different pH] at 60°°°°C within 10 min 

 

 

 



١١٠ 

III.3.7. Effect of the Solvents  

The results in table (14) indicated that the most 

suitable solvent is ethanol as the radiochemical yield 

reached 75%, while other solvent such as water and DMSO 

gave 50% and 35% radiochemical yield respectively. 

 
Table (14): Effect of different solvents on the 

Radiochemical yield of 
125

I-Allopurinol 

 

 

Type of Solvent 
Radiochemical yield 

% of 125I-All 

Ethanol 75% ± 1.1 

Water 50% ±0.7 

DMSO 35% ±0.3 

 
                
 

III.3.8  In-Vitro Stability of 
125

I-Allopurinol  
 

The in-vitro stability of 125I-Allop was studied in 

order to determine the suitable time for injection to avoid 

the formation of the undesired products that result from the 

radiolysis of the labeled compound. These undesired 

radioactive products may be toxic or accumulate in 

undesired organ. Table (15) showed that 125I-Allop was 

stable up to 24 h. 
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Table (15): In-vitro stability of 
125

I-Allop 

 

Time (h) 
Radiochemical Yield % 

of  125I-All 

1 75% ± 0.6 

2 74% ± 0.5 

4 73% ± 0.9 

8 75% ± 1.0 

12 76% ± 1.2 

24 78% ± 1.3 

 

III.3.9. Radiochemical Purity of 
125

I-Allopurinol  

III.3.9.1. Using HPLC  

The free radioiodide was separated at retention time 4 min 

while 125I-Allop wasn’t completely separated from non-

labeled Allop as shown in figure (28), where the retention 

times were 10 and 9 min, respectively. The fractions were 

collected and evaporated under reduced pressure, dissolved 

in saline solution and sterilized by Millipore filter (0.22 

mm) under aseptic conditions and the activity was 

measured in a well type NaI detector connected to a single-

channel analyzer (57). 
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      Figure (28): High-performance liquid chromatography elution 

profile of Allopurinol, separated on reversed phase column 

(254*4.6mm at flow rate 1 mL/min). 

 

III.3.9.2  Using Electrophoresis  

           An analysis of samples from the reaction mixture 

resulted in two peaks as shown in fig (29), one 

corresponding to the free iodide which moved towards the 

anode with 11 cm distance while 125I-Allopurinol remained 

at the point of spotting indicating that125I-Allopurinol is 

neutral compound.    

Free Iodide 
125 

125I-Allop 
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Figure (29): Electrophoretic pattern of 
125

I-Allop; condition: 

Solvent: 0.02M phosphate buffer pH7 paper type: cellulose acetate; 

300V; running time: 1.5 hours 

 

III.3.10  Biodistribution of 
125

I-Allopurinol in Mice 

 The 125I- Allopurinol was injected into normal mice 

via intravenous route to estimate its biological distribution. 

The data of this study is presented in table (16). Data were 

collected and coded prior to analysis; all data were 

expressed as mean ± SD. It was noticed that the blood 

uptake was high at 1/2h reaching 20% post injection this 

maybe due to following IV administration of  allopurinol 

the peak plasma concentration occurs in 30 minutes[83] .The 

blood uptake decreased reaching 11% after 4h post 

125I-Allop 

Free Iodide 

125 
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injection this fast decline maybe due to that allopurinol is 

not bound to plasma protein having a serum half-life of 3 

hours[84,85,86]  .The uptake of the tracer by the liver was 

about 8 % at 1/2h post injection this uptake decreased to 

5.5% at 4h post injection as allopurinol  is rapidly 

metabolized by hepatic oxidation to the active compound 

oxipurinol [83,87] . At 4h post injection, the activity excreted 

in the collected urine increased to 38.5% as oxipurinol 

(main metabolite of allopurinol) was eliminated primarily 

by the kidneys [87]. It was noticed that the activity in the 

intestine reached 10% and slightly increased to 14% after 

4h post injection. 125I-Allop was absorbed by the stomach 

reaching 8.5% at 1/2h post. The uptake of the muscle was 

16% at 1/2h post injection and decreased to reach 7 % at 4h 

post injection. In addition, the ratio of the muscle to the 

blood has decreased gradually with time reaching 0.63, 

which may be due to the clearance of the tracer from the 

muscle. 
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Table (16): Biodistribution of 
125

I –Allop following IV 

injection in mormal mice 

 

The biodistribution of 125I- Allopurinol tracer was 

also studied in E-coli- inflamed mice as cleared from the 

data presented in table (17). It was found that the uptake by 

the septic (inflamed) muscle was 17% at 1/2h post injection 

till slightly increasing to 21% at 4h post injection, while the 

uptake of the non inflamed muscle (control) was 15% at 

Detected dose/Organ percent at different time 

intervals  post injection (min) 
Organs & 

body 

fluids 30min 60min 120min 240min 

Bone 6 ± 0.6 5.5  ± 0.5 4.3 ± 0.2 4 ± 0.3 

Lung 1.8  ± 0.3 1  ± 0.1 0.9  ± 0.2 0.7  ± 0.04 

Heart 0.5 ± 0.04 0.6 ± 0.02 0.4 ± 0.01 0.3  ± 0.05 

Stomach 8.5  ± 1 10  ± 0.8 12  ± 1 8.5  ± 0.7 

Intestine 10 ± 1 13 ± 0.9 15 ± 1.5 14 ± 1 

Liver 8 ± 0.9 8.5 ± 0.7 7 ± 0.8 5.5 ± 0.5 

Kidney 3± 0.6 2.4 ± 0.2 2 ± 0.3 1.2± 0.4 

Urine 18 ± 1.1 23 ± 1.3 28.5 ± 1.1 38.5 ± 2 

Spleen 0.5 ± 0.04 0.3 ± 0.04 0.2 ± 0.02 0.2 ± 0.01 

Blood 20± 1.4 17± 0.7 14 ± 1 11 ± 1.2 

Muscle 16  ± 0.9 12  ± 1.2 10  ± 0.8 7 ± 0.9 

Muscle/ 

Blood Ratio 
0.8 0.76 0.71 0.63 
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1/2h post injection decreasing to 9% after 4h post injection. 

By 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 125I-

Allop is able to localize in inflammatory foci induced by 

E.Coli. The ratio of the inflamed muscle to the muscle 

proved the high uptake of the tracer by the inflamed muscle 

and its clearance from the normal muscle especially at 2h 

and 4h post injection as the ratio reached 1.66 and 2.3 

respectively. These high ratios proved that the tracer can be 

used for the imaging inflamed muscle. While the ratio of 

the inflamed muscle to the blood showed that at 4h post 

injection reaching 3 is the best time for imaging as the 

picture will be clear as the tracer uptake by the inflamed 

muscle was high in contrast to that of the blood considered 

as the background. 
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Table (17): Biodistribution of 
125

I –Allop following IV 

injection in inflamed mice with E.Coli 

 

T=Target (Inflamed Muscle) 

NT= Non- Target (Muscle) 

 

Detected dose/Organ percent at different time 

intervals post injection (min) Organs & 

body fluids 
30 min 120 min 240 min 

Bone 5.8±±±± 0.3 5.3 ±±±± 0.3 4.6 ±±±± 0.3 

Heart 0.3 ±±±± 0.05 0.2 ±±±± 0.03 0.2 ±±±± 0.03 

Lung 1.9±±±± 0.1 0.7 ±±±± 0.1 0.6 ±±±± 0.06 

Stomach 9 ±±±± 1 10 ±±±± 1.3 7 ±±±± 0.5 

Intestine 10.5 ±±±± 1.1 11.5 ±±±± 1.2 9 ±±±± 0.9 

Liver 7.7 ±±±± 0.6 6.8 ±±±± 0.4 6 ±±±± 0.3 

Kidneys 1.6 ±±±± 0.2 1.4 ±±±± 0.2 1.1 ±±±± 0.1 

Urine 10 ±±±± 0.7 22  ±±±± 1 30 ±±±± 1.6 

Spleen 0.3 ±±±± 0.01 0.3 ±±±± 0.02 0.4 ±±±± 0.05 

Blood 14.8 ±±±± 1.2 9.5 ±±±± 1 7 ±±±± 0.9 

Muscle 15 ±±±± 0.5 12 ±±±± 0.6 9 ±±±± 0.3 

Inflamed 

Muscle 
17 ±±±± 1 20 ±±±± 1.1 21 ±±±± 0.9 

T/NT Ratio 1.1 1.66 2.3 

T/Blood Ratio 1.1 2.1 3 
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On the other hand, injecting 125I- Allop tracer in 

inflamed mice, the inflammation was induced this time 

with sterile turpentine oil injected in the right thigh of the 

mice and the left thigh was considered as control. The 

results are shown in table (18), we found that the uptake of 

the tracer was 16% after 1/2h post injection and slightly 

increased to 19% after 4h post injection in the inflamed 

muscle. While the uptake by the normal muscle (control) 

was 14% at 1/2h post-injection decreasing to 7% at 4h 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 

125I-Allop is able to localize in inflammatory foci induced 

by turpentine oil. The ratio of the inflamed muscle to the 

muscle proved the high uptake of the tracer by the inflamed 

muscle and its rapid clearance from the normal muscle 

especially at 2h and 4h post injection as the ratio reached 2 

and 2.7 respectively. These high ratios proved that the 

tracer can be used for the imaging inflamed muscle. While 

the ratio of the inflamed muscle to the blood showed that at 

4h post injection reaching 2.7 is the best time for imaging 

as the picture will be clear as the tracer uptake by the 
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inflamed muscle was high in contrast to that of the blood 

considered as the background.  

Table (18): Biodistribution of 
125

I –Allop following IV 

injection in inflamed mice with sterile turpentine oil 

 

T=Target (Inflamed Muscle) 

NT= Non-Target (Muscle) 

Detected dose/Organ percent at different time 

intervals  post injection (min) Organs & 

body fluids 
30 min 120 min 240 min 

Bone 5.8 ± 0.4 4.8 ± 0.3 3.9 ± 0.3 

Heart 0.3 ± 0.05 0.3 ± 0.03 0.2 ± 0.03 

Lung 1.9 ± 0.1 0.9 ± 0.1 0.8 ± 0.1 

Stomach 10.5 ± 1 11.5 ± 1 6 ± 0.5 

Intestine 10 ± 0.6 10.5 ± 0.4 11.8 ± 0.6 

Liver 8.5 ± 1 6 ± 0.4 5.5 ± 0.3 

Kidneys 2.4 ± 0.2 1.4 ± 0.2 0.9 ± 0.1 

Urine 14 ± 0.8 28 ± 1.5 37.5 ± 1.6 

Spleen 0.2 ± 0.01 0.2 ± 0.01 0.3 ± 0.02 

Blood 15 ±±±± 1.2 9.5 ±±±± 1 7 ±±±±  0.7 

Muscle 14 ±±±±  0.5 9 ±±±±  0.6 7 ±±±±  0.4 

Inflamed 

Muscle 
16 ±±±±  0.5 18 ±±±± 1 19 ±±±±  0.8 

T/NT Ratio 1.1 2 2.7 

T/Blood 

Ratio 
1.07 1.8 2.7 
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Furthermore, figure (30a&b) summarized the 

elimination of 125I-Allop tracer from the blood and its 

washout from the normal muscle and the inflamed one. It 

was observed that at 1/2h post injection the uptake of the 

inflamed muscle was the same as the background, which is 

blood in our case, which not allow us to obtain a clear 

image. While at 2h and 4h post injection, the ratio between 

the uptake of the blood and the inflamed muscle increased 

which gives an opportunity to obtain a clear image.  

 

 

Fig. (30a): Time course of blood elimination, normal muscle and 

inflamed muscle washout 30 – 240 minutes after the injection of 
125

I-Allop into inflamed mice (induced with E.Coli) 
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Fig. (30b): Time course of blood elimination, normal muscle and 

inflamed muscle washout 30 – 240 minutes after the injection of 
125

I-Allop into inflamed mice (induced with Turpentine oil) 

 

Conclusion 

The labeling of Allopurinol with radioactive iodine-

125 was studied. The optimum conditions to obtain a high 

radiochemical yield of 76 % were 100 µg Allopurinol, 150 

µg of CAT at pH2, 10µl of  3.7MBq of Na125I , the reaction 

mixture was heated at 60oC for 10 min. The biodistribution 

of the tracer in inflamed mice demonstrated the possibility 

of the use of this tracer as an imaging agent for 

inflammatory foci induced by turpentine oil or E.Coli.                                                
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 ١

 ملخص الرسالة

 

 مادة كيمائية أو صيدالنيه مت ترقيمها هيإن املادة الصيدالنية املشعة 

  .عالجيةالتشخيصية أو الغراض تناسب األ اتبنظري مشع بتركيز

 

اعتمادا و ،عن طريق احلقن الوريديعادة تعطى املادة الصيدالنية املشعة 

أيام بعد  أو حىت  ، أو بعد ساعات،ريا يكون التصوير إما فوعلى نوع الفحص

 ٤٥ و ۲۰ ابنيالتصوير يكون عادة ميستلزمه إن الوقت الذي  .  احلقنمن

 . دقيقة

 

لتهابات عبارة إلن اإ .اإللتهاباتباألدوية املستعملة يف عالج  تم هذه الرسالة

املادة  باستخدام  .لدموية ألي مؤثر ضار كالبكتريياعن رد فعل األوعية ا

 يف . مبكرااإللتهابات الطب النووي ميكن لنا أن نشخص الصيدالنية املشعة يف

ن إ .اإللتهاب  لعالجميكن استخدامها األدوية اليت مت دراسةهذه األطروحة 

 غري أن عليه هميكن السيطر امرض أن يكون  ميكنيف حد ذاته اإللتهاب

 األمراض لكثري من وبداية ايكون سبب ميكن أن على األخص املزمن اإللتهاب

القلب ، أمراض الرئةأمراض املناعة الذاتية، أمراض مثل  ثر خطورةاألك

الدراسة فإن هلذا السرطان ، و و،العصبية، األمراض واألوعية الدموية

 املستقبليةاملشاكل  العديد من نعميكن أن ميلتهاب اللالتشخيص املبكر و

 املشع اليودب  املرقمةاألدويةدراسة بعض  قبل من تمتوقد  .بالنسبة للمريض

وغريها  بريوكسيكام، ميلوكسيكام، اتدوالك مثل امللتهبة البؤرتصوير ل ١٢٥

 .األدويةمن 

 

 



 ٢

 باليود البيولوجيةبترقيم بعض املواد  هتمتفقد ا هذه األطروحة أما

 .اإللتهاباتاملشع لتصوير 

 

 ترقيم السيفالكسني باليود املشع ودراسة تقييمه : الفصل األول

 البيولوجي بالفئران

 

 فصل و مت. املشع١٢٥-باليود  السيفالكسني دراسة ترقيم مت يف هذا الفصل

وهذا   .وتنقية املركب املرقم باستخدام جهاز الفصل الكروماتوجراىف

 .اإللتهاباتتصويرل
 

 : النتائج التالية ذا الفصل أوضحت الدراسة
 

 املرقم سيفاليكسنيمن ال٪۹٥ئد  للحصول علي أعلي عا الظروف املثلىأن

 ۲۰۰   وسيفاليكسنييكروجرام من ال م۲۰۰ هي ١٢٥باليود املشع 

 يسخن خليط  .٢تركيز األيون اهليدروجيىن يكروجرام من األيودوجني يف م

 إيل  توافر اخلواص الالزمةوتشري النتائج  .  دقيقة۲۰ ملدة ٤٠ºعند التفاعل 

 . بأنواعهااإللتهابات بالسيفالكسني املرقم لتصوير

 

 ترقيم االيبوبروفني باليود املشع و دراسة تقييمه :ثاين ل الالفص

 البيولوجي بالفئران

 

 فصل و مت. املشع١٢٥-باليود  االيبوبروفني دراسة ترقيم مت يف هذا الفصل

وهذا   .وتنقية املركب املرقم باستخدام جهاز الفصل الكروماتوجراىف

 .اإللتهاباتتصويرل



 ٣

 :ائج التالية النت ذا الفصلأوضحت الدراسة
 

 املرقم االيبوبروفنيمن ٪۷٦ للحصول علي أعلي عائد  الظروف املثلىأن

 ١۰۰  وااليبوبروفنييكروجرام من  م١۰۰ هي ١٢٥باليود املشع 

 يسخن خليط  .٤تركيز األيون اهليدروجيىن يكروجرام من األيودوجني يف م

 اخلواص إيل  توافروتشري النتائج  . ائق دق١۰ ملدة ٦٠ºعند التفاعل 

 املسببه بزيت التربنتني اإللتهابات  املرقم لتصويرااليبوبروفني  يف الالزمة

 .فقط

 
 

لوبيورينول باليود املشع ودراسة تقييمه أل ترقيم ا:ثالث الفصل ال

 البيولوجي بالفئران

 

 فصل ومت . املشع١٢٥-باليود  لوبيورينولألا دراسة ترقيم مت يف هذا الفصل

وهذا   .رقم باستخدام جهاز الفصل الكروماتوجراىفوتنقية املركب امل

 .اإللتهاباتتصويرل

  

 : النتائج التالية ذا الفصلأوضحت الدراسة
 

 املرقم لوبيورينولألامن ٪۷٦ للحصول علي أعلي عائد  الظروف املثلىأن 

 ١٥۰ ولوبيورينولألايكروجرام من  م١۰۰ هي ١٢٥باليود املشع 

 يسخن  .۲تركيز األيون اهليدروجيىن  يف ت-الكلورامنييكروجرام من م

إيل  توافر اخلواص وتشري النتائج  . ائق دق١۰ ملدة ٦٠ºعند خليط التفاعل 

 . بأنواعهااإللتهابات  املرقم لتصويرلوبيورينولأل يف االالزمة

  



الترقيم باليود املشع والتقييم البيولوجي لبعض 

 العقاقري لتصوير بؤر االلتهاب
 

 

 رسالة مقدمة من

 مروة شكرى أمحد الرفاعى

 صيدالنيات ماجستري

  مركز البحوث النوويـة–شروع السيكلوترون م

 هيئة الطاقة الذريـة

  الصيدلية يف العلوم دكتوراهللحصول على درجة ال

 )صيدالنيات(
          

 إشرافحتت 
 

 

 

 

 

 

 

 

 

 

 

  والصيدلة الصناعيةالصيدالنياتقسم 

 القاهرة جامعة – الصيدلةكلية 
 

 أمحد عبد الباري/ أستاذ دكتور

 الصيدالنيات والصيدلة الصناعيةأستاذ 

 الصيدلةالعميد السابق لكلية 

 القاهرةجامعة 

 عفاف الوتريى/ أستاذ دكتور

 شعاعيهإلأستاذ الكيمياء ا

 مركز املعامل احلارة

 هيئة الطاقة الذرية

 


