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 بسم هللا الرحمن الرحيم 
 

 

 باللغة االنجليزية  صخمل

 دينا مصطفي محمد الشعراوي/ من الصيدالنيةعلى الرسالة المقدمة 

 (صيدالنيات)في العلوم الصيدلية  الدكتوراهللحصول على درجة 

 و عنوانها

 

دوري باليود المشع لالستخدام في تطبيقات الترقيم و التقييم البيولوجي لبعض االدويه المستخدمه في عالج القصور في الجهاز ال
 الطب النووي 

 

Radioiodination and Bioevaluation of Some Cardiovascular Drugs for Nuclear 

Medicine Application 

 

Nuclear medicine specialists use safe, painless, and cost-effective techniques 

to image the body and treat disease. Nuclear medicine imaging is unique, because it 

provides doctors with information about both structure and function. It is a way to 

gather medical information that would otherwise be unavailable, require surgery, or 

necessitate more expensive diagnostic tests.  

Today, nuclear medicine offers procedures that are essential in many medical 

specialties, from pediatrics to cardiology to psychiatry.  

Radiopharmacy is the science that deals largely with the preparation, 

compounding, Quality Control (QC), and dispensing of radiopharmaceuticals and 

radioisotopes for human use.  Radiopharmacists are the personnel who perform these 

functions at large hospitals or medical centers. They are involved in manufacturing 

cold kits and in developing new agents and procedures.  

In this thesis it was studied the labeling of Deltiazem , Nefidipine and 

Valsartan with iodine -125 via an electrophilic substitution reaction. The biological 

distribution of these tracers were studied and was found the possibility of their use in 

cardiovascular disorders. 

 

     

 



1 

 

INTRODUCTION 

 

1.Nuclear medicine 
(1-3)

 

This is a branch of medicine that uses radiation to 

provide information about the functioning of a person's 

specific organs or treat a disease. 

Nuclear medicine specialists use safe, painless, and 

cost-effective techniques to image the body organs and 

treat disease. Nuclear medicine imaging is unique, because 

it provides doctors with information about both structure 

and function. It is a way to gather medical information that 

would otherwise be unavailable, require surgery, or 

necessitate more expensive diagnostic tests. Nuclear 

medicine imaging procedures often identify abnormalities 

very early in the progress of a disease—long before many 

medical problems are apparent with other diagnostic tests. 

Today, nuclear medicine offers procedures that are 

essential in many medical specialties, from pediatrics to 

cardiology to psychiatry. New and innovative nuclear 

medicine treatments that target and pinpoint molecular 

levels within the body are revolutionizing our 

understanding to approach a range of diseases and 

conditions. 

 



2 

 

1.1.Radiopharmacy 
(4) 

     

Radiopharmacy is the science that deals largely with 

the preparation, compounding, quality Control (QC), and 

dispensing of radiopharmaceuticals and radioisotopes for 

human use.  Radiopharmacists are the personnel who 

perform these functions at large hospitals or medical 

centers. They are involved in manufacturing of cold kits 

and in developing new agents and procedures.  

 

1.2.Diagnosis 
(5) 

 

Diagnosis is a technique in nuclear medicine that 

uses a radioactive tracer 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 were 

single photons which detected by a gamma camera which 

can view organs from many different angels . A most 

recent development is PET which is the most 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. 

 

 



3 

 

1.3.The Main Developed Instrumentations Used in 

Nuclear Medicine 

 

1. Single Photon Emission Computed Tomography 

(SPECT). 

2. Dual and triple head camera. 

3. Positron Emission Tomography (PET). 

 

1.3.1.Single Photon Emission Computed Tomography 

(SPECT) 

 

SPECT system is based upon a conventional gamma 

camera detector mounted on an arm capable of 360° 

rotation around the patient. SPECT capability adds 15-20% 

to the cost of basic gamma camera / computer system. 

SPECT system allows a three dimensional visualization of 

radionuclide distribution its main use is in the evaluation of 

brain, heart and oncology. 

 

1.3.2.   Dual and Triple Head Camera 

 

     It allows better evaluation of different organs with 

higher degree of resolution. Dual head allows examination 

of whole body interiorly and posterior within 15 minutes. 

Triple head especially needed if the main field of 

application is neurology or cardiology. 



4 

 

 
1.3.3   Positron Emission Tomography (PET) 

 

PET technique relies on the coincidence counting in 

opposing detector of (511 KeV) gamma photon arising 

from positron annihilation. The major disadvantage of PET 

system is the cost and need for the presence of cyclotron in 

the same area for the supply of short lived positron emitting 

radionuclides. 

Table (I) Differences between PET and SPECT 

  

 

Factor PET SPECT 

Decay mode of used 

radionuclide 

Positron 

emission 
Gamma emission 

Half-life of used 

radionuclides 
Short half-life Long half-life 

Example of used 

radionuclides 

18
F and  

11
C 

99m
Tc and 

123
I 

Special requirements 
On-site 

cyclotron 

No special 

demands 

Cost Expensive Less expensive 

Image resolution High Lower 
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1.3.4. Gamma camera  

          The gamma radiation emitted from the 

radiopharmaceuticals is detected or measured externally by 

a gamma camera shown in Figure (I) giving rise to images 

enabling nuclear physicians to evaluate the functional and 

/or morphological characteristics of the organs of interest. 

Gamma camera consist of gamma-ray detector, such as a 

single large thallium-doped sodium iodide NaI (TL) 

scintillation crystal ,coupled with an imaging sub-system 

such as an array of photomultiplier tubes and associated 

electronics. Gamma camera employ collimators as shown 

in Figure (II) to form an image on the crystal ,accepting 

photons arriving perpendicular to the camera face, and 

rejecting off-axis photons which would degrade the desired 

image.  
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Figure (I) Gamma camera 

 

Figure (II) Schematic diagram depicting the operation of a 

gamma camera 
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1.4.Radiolabeling Methodology 
(6)

 

 

        Isotopic labeling in which an element occurring 

naturally in an organic compound is replaced by a 

radioactive isotope of the same element has been in practice 

for a long time. Compounds of biological interest were first 

labelled using β
-  

emitters such as tritium ,
14

C, 
32

P and 
35

 S, 

which represent tools often referred to as “biological 

indicators”. As the radiation emitted by these radionuclides 

does not allow external in vivo detection, nuclear medicine 

has to adapt itself to other radionuclides with more 

appropriate nuclear properties such as positron emitters or 

single-photon emitters. 

      Among the “organic” positron emitters 
11

C, 
13

N, 
15

O , 

18
F and 

76
Br, in most of the cases 

11
C is the only 

radionuclide allowing an isotopic radiolabeling . 

Concerning the single-photon emitters usable for in vivo 

functional imaging, their corresponding stable isotopes do 

not generally occur in the compound. Under these 

conditions, the only solution for the radiochemist is switch 

over from isotopic to non-isotopic or analogous labeling. 

The most prominent example for the analogous approach is 

the labeling with 
123

I . The reason to use 
123

I as an “organic” 

labeling atom is because of : 
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1- Its ideal nuclear properties. 

2- Its covalent bond to carbon  

3- The relatively modest structural alteration it induces 

4- The wide variety of radiochemical methods available 

for its attachment to organic molecules. 

 

2.Labeling Methods with Radioiodine 

 

         Radioiodination techniques can be divided according 

to the nature of the process into physicochemical, chemical 

and enzymatic methods. 

        Many methods have been described, but it appears that 

only a few chemical techniques allow radiopharmaceutical 

preparation with a good labeling yield and high specific 

activity. 

        Based on the reaction types used, chemical 

radioiodination process can principally be divided into: 

Nucleophilic and Electrophilic substitution reactions.   

        Generally, the concentration of the radioactive entity 

in the reaction medium is 10
6
 to 10

9
 times lower than that 

of the molecule to be labeled. This explains the high 

labeling yields obtained in reversible substitution reactions, 

as the backward reactions, as the forward reaction. These 

sub-stoichiometric condibackward reaction is also 10
6 

to 
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10
9
 times lower than the ions also apply for side reactions 

with impurities pseudo indifferent salts or solvent rendering 

a labeling reaction more critical than conventional chemical 

reactions with higher concentrations of reagents. 

As a wide range of efficient electrophilic 
(7-9)

 as illustrated 

in Figure (III) and nucleophilic 
(10-12)

 techniques as 

illustrated in Figure (IV), exist for the radioiodination of 

pharmaceuticals, the following aspects also have to be 

considered during selection: 

1- Site of incorporation of a radioiodine, leading to a 

minimal change in the biological activity. 

2- Knowledge of the pharmacological and toxicological 

properties of the iodinated compound 

3- In vivo stability. 

4- Achievement of the labeling within a few hours and 

preferentially in one step 

5- High labeling yields (of multi-mega-Bequerel 

amounts) due to the high coast of 
123

I. 

6- Knowledge of the specific radioactivity for 

successful in vivo diagnosis in patients. 
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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 

 

 

Fig (III) :  Electrophilic Substitution reaction 

 

 

 

 
 

 

Fig (IV) : Nucleophilic Substitution reaction 
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2.1.Nuclear properties of iodine 
(13-16)

 

 

There are thirty-three known isotopes of iodine from 

110
I to 

142
I all of them are radioactive except the stable 

127
I. 

Among of the thirty-two iodine radioactive isotopes, four 

of them are of special interest, namely 
123

I ,
124

I, 
125

I , and 

131
I as listed in Table (II). 

 

Table (II) : Nuclear properties of some iodine isotopes 

 

Radio-  

nuclide 
Production Method 

Gamma 

KeV (%) 

Emitted   

Particle 

(MeV) 

Half 

life, 

Decay 

Mode 

Decay 

Product 

123
I 

123
Te (p,n)

123
I 

159 

(83%) 
_ 

13.2h, 

E.C. 
123

Te 

124
I 

124
Te (d,2n) 

124
I 

603 

(63%) 
2.13 (β

+
) 

(22%) 
4.18 d 

124
Te 

125
I 

124
Xe (n,) 

125
Xe 

(E.C.)  
125

I 

0.35 

(7%) 
_ 

60.2d, 

E.C. 

Auger e
-
 

125
Te 

131
I 

130
Te(n,)

131
Te 



 

131
I 

364 

(81%) 

0.6  

(

) 

8 d, 


 

131
Xe 

 

 

Both 
125

I &
123

I have the same properties but 

according to the data mentioned above we use 
125

I in lab 

instead of 
123

I due to it's longer half life. (60.2 days) 
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However, its low energy (27-35 KeV) photons make it 

unsuitable for in-vivo imaging. Rather than 
123

I is most 

suitable for imaging because it's γ radiation equal to 159 

KeV which is most suitable for gamma camera ,  Iodine-

131 is most widely used in clinical medicine, particularly 

for in-vivo studies, because it has an 8-days half-life , its β
-
 

emission gives a larger radiation dose to the patient than 

123
I. 

 

 

2.2.Pharmaceutical Properties : 
(17-19)

 

 

1- Chemical and radiochemical purity : 

Radiochemical purity may be defined as the “fraction 

of a specific radionuclide that is present in the 

desired chemical form and in the specified molecular 

position”.The main reason for seeking radiochemical 

purity is to avoid unnecessary errors on 

measurements in vivo. 

Radiochemical impurities may come from chemistry; 

 Incomplete reactions 

 Side reactions 

 Reactions with impurities or solvents 

 Incomplete removal of protective group 

 Failed or incomplete preparative separation 



13 

 

 Chemical change during storage (e.g. by 

radiation damage) 

 

2-Stability in vitro and shelf-life. 

3-Pharmacological characteristics. 

 

3.Cyclotron produced Radionuclides 
(20-22)

 

 

A cyclotron is a type of particle accelerator. 

Cyclotrons accelerate charged particles using a high 

frequency, alternating voltage (potential difference). A 

perpendicular magnetic field causes the particles to go 

almost in a circle path so that they re-encounter the 

accelerating voltage many times. As illusterated in Figure 

(V) cyclotron can be considered as a tool to provide a 

source of charged particles, mainly protons, deuterons, 

helium-3 and helium-4, which can bring the desired 

radionuclides via the nuclear reactions. 

 

A simple cyclotron photo is presented in Figure (VI). 

The Figure shows Egypt's MGC-20 cyclotron, located in 

the cyclotron project, Nuclear Research Center, Egypt 

Atomic Energy Authority 

  

 

http://en.wikipedia.org/wiki/Particle_accelerator
http://en.wikipedia.org/wiki/Charged_particle
http://en.wikipedia.org/wiki/Voltage
http://en.wikipedia.org/wiki/Magnetic_field
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Fig (V): The idea of the cyclotron 

 

 

Fig (VI): Egypt's MGC-20 Cyclotron with Beam Lines 
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4.Different Separation Methods 

 

4.1.Thin layer chromatography 

          Thin layer chromatography (TLC) is a 

chromatography technique used to separate mixtures.
(23)

 

Thin layer chromatography is performed on a sheet of 

glass, plastic, or aluminum foil, which is coated with a thin 

layer of adsorbent material, usually silica gel, aluminium 

oxide, or cellulose (blotter paper). This layer of adsorbent 

is known as the stationary phase as shown in Figure (VII) 

After the sample has been applied on the plate, a 

solvent or solvent mixture (known as the mobile phase) is 

drawn up the plate via capillary action. Because different 

analytes ascend the TLC plate at different rates, separation 

is achieved.
(24)

 

Thin layer chromatography can be used to: 

-Monitor the progress of a reaction 

-Identify compounds present in a given substance 

-Determine the purity of a substance 

-Specific examples of these applications include: 

*analyzing ceramides and fatty acids 

*detection of pesticides or insecticides in food and 

    water 

http://en.wikipedia.org/wiki/Chromatography
http://en.wikipedia.org/wiki/Adsorbent
http://en.wikipedia.org/wiki/Silica_gel
http://en.wikipedia.org/wiki/Aluminium_oxide
http://en.wikipedia.org/wiki/Aluminium_oxide
http://en.wikipedia.org/wiki/Cellulose
http://en.wikipedia.org/wiki/Blotter_paper
http://en.wikipedia.org/wiki/Stationary_phase_%28chemistry%29
http://en.wikipedia.org/wiki/Solvent
http://en.wikipedia.org/wiki/Mobile_phase
http://en.wikipedia.org/wiki/Capillary_action
http://en.wikipedia.org/wiki/Analyte
http://en.wikipedia.org/wiki/Thin_layer_chromatography#cite_note-1
http://en.wikipedia.org/wiki/Ceramide
http://en.wikipedia.org/wiki/Fatty_acid
http://en.wikipedia.org/wiki/Pesticide
http://en.wikipedia.org/wiki/Insecticide
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*analyzing the dye composition of fibers in forensics, 

or assaying the radiochemical purity of 

radiopharmaceuticals, identification of medicinal plants and 

their constituents 
(25) 

 

 

 

Fig (VII) Thin Layer Chromatographic Technique 

 

 

4.2.Electrophorises 
(26)

 

 

Electrophoresis is a separation technique that is based 

on the the mobility of ions in an electric field. Positively 

charged ions migrate toward a negative electrode and 

negatively-charged ions migrate toward a positive 

electrode.For safety reasons one electrode is usually at 

http://en.wikipedia.org/wiki/Forensic
http://en.wikipedia.org/w/index.php?title=Radiochemical_purity&action=edit&redlink=1
http://en.wikipedia.org/wiki/Radiopharmaceutical
http://en.wikipedia.org/wiki/Medicinal_plants
http://elchem.kaist.ac.kr/vt/chem-ed/sep/sepintro.htm
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ground and the other is biased positively or negatively. Ions 

have different migration rates depending on their total 

charge, size, and shape, and can therefore be separated. 

An electrode apparatus consists of a high-voltage 

supply, electrodes, buffer, and a support for the buffer such 

as filter paper, cellulose acetate strips, polyacrylamide gel, 

or a capillary tube. As shown in Figures (VIII&IX) open 

capillary tubes are used for many types of samples and the 

other supports are usually used for biological samples such 

as protein mixtures or DNA fragments. After a separation is 

completed the support is stained to visualize the separated 

components.  

Resolution can be greatly improved using isoelectric 

focusing. In this technique the support gel maintains a pH 

gradient. As a protein migrates down the gel, it reaches a 

pH that is equal to its isoelectric point. At this pH the 

protein is netural and no longer migrates, i.e, it is focused 

into a sharp band on the gel.  
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Fig (VIII) Schematic of zone electrophoresis 

apparatus 

 

 

 

Figure (IX) Electrophorises Apparatus 
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4.3.HPLC 
(27-30)

 

High-performance liquid chromatography (sometimes 

referred to as high pressure liquid chromatography), HPLC, 

is a chromatographic technique that can separate a mixture 

of compounds and is used in biochemistry and analytical 

chemistry to identify, quantify and purify the individual 

components of the mixture. Figure (X) 

HPLC typically utilizes different types of stationary 

phases, a pump that moves the mobile phase(s) and analyte 

through the column, and a detector to provide a 

characteristic retention time for the analyte. The detector 

may also provide additional information related to the 

analyte, (i.e. UV/Vis spectroscopic data for analyte if so 

equipped). Analyte retention time varies depending on the 

strength of its interactions with the stationary phase, the 

ratio/composition of solvent(s) used, and the flow rate of 

the mobile phase. It is a form of liquid chromatography that 

utilizes smaller column size, smaller media inside the 

column, and higher mobile phase pressures. 

With HPLC, a pump (rather than gravity) provides the 

higher pressure required to move the mobile phase and 

analyte through the densely packed column. The increased 

density arises from smaller particle sizes. This allows for a 

http://en.wikipedia.org/wiki/Chromatographic
http://en.wikipedia.org/wiki/Biochemistry
http://en.wikipedia.org/wiki/Analytical_chemistry
http://en.wikipedia.org/wiki/Analytical_chemistry
http://en.wikipedia.org/wiki/Ultraviolet-visible_spectroscopy
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better separation on columns of shorter length when 

compared to ordinary column chromatography. 

 

 

Fig (X) HPLC 

 

 

5.Cardiovascular system 
(31-34)

 

 

       The cardiovascular system is composed of  heart , 

blood vessels and blood . In simple term it’s main function 

as illustrated in Figure (XI) are: 
(31)

 

1- Distribution of O2 and nutrients  (e.g . glucose and 

aminoacids ) to all body tissue. 
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2- Transportation of CO2 and metabolic waste product 

(e.g urea) from the tissue to the lung and excretory 

organs . 

3- Distribution of water and electrolytes and hormones 

(32)
throghout the body . 

4- Contributing to the infrastructure of the immune 

system. 

5- Thermoregulation . 

 

 

 

 

 

Fig (XI) : Cardiovascular System 
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5.1.Cardiovascular disorder : 
(35-39)

 

 

Heart disease is the commonly used phrase for a 

number of disorders affecting both the heart and blood 

vessels. It is a leading cause of death and illness that affect 

millions of people, worldwide. 

 

The cardiovascular system works in tandem with the 

respiratory and nervous systems. It works with the 

respiratory system by taking the oxygen inhaled into the 

lungs to the rest of the body, and delivering carbon dioxide 

from the body to the lungs for expulsion. Impulses from the  

sympathetic and parasympathetic nervous systems help 

regulate the heartbeat. 

 

Cardiovascular disease comprises of several symptoms and 

disorders;  

Arteriosclerosis also called hardening of the arteries, 

arteriosclerosis means the arteries become thickened and 

are no longer as flexible. 

Atherosclerosis a buildup of cholesterol and fat that makes 

the arteries narrower so less blood can flow through. Those 

buildups are called plaque. 
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Angina: people with angina feel a pain in the chest that 

means the heart isn't getting enough blood. 

Heart attack: when a blood clot or other blockage cuts 

blood flow to a part of the heart. 

Stroke: when part of the brain doesn't get enough blood 

due to a clot or a burst blood vessel. 

 

 The doctor can do some tests to find out more about 

how the heart and blood vessels are working. These tests 

include: 

Electrocardiogram: This test records the heart's electrical 

activity. A doctor puts the patient on a monitor and watches 

the machine to see the heart beat and determine if it's 

normal. 

Echocardiogram: This test uses sound waves to diagnose 

heart problems. These waves are bounced off the parts of 

the heart, creating a picture of the heart that is displayed on 

a monitor. 

Stress test. For this test, the person exercises while the 

doctor checks the electrocardiogram machine to see how 

the heart muscle reacts. 

Catheterization :In this test a long, thin tube is inserted 

into the patient's body to inject a special dye, which can 
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show narrowed areas in arteries due to plaque buildup and 

find other problems. 

Carotid artery scan. This test uses sound waves to check 

for blockages in the carotid artery, a large blood vessel in 

the neck that supplies blood to the brain. 

 

5.2.Heart disease Prevention 
(38)

 

       Fortunately, there are many things you can do to 

reduce your chances of getting heart disease. You should 

 Know your blood pressure and keep it under control 

 Exercise regularly 

 Don't smoke 

 Get tested for diabetes and if you have it, keep it 

under control 

 Know your cholesterol and triglyceride levels and 

keep them under control 

 Eat a lot of fruits and vegetables 

 Maintain a healthy weight 

5.3.What are cardiovascular drugs? 
(40,41)

 

Cardiovascular drugs encompass a large number of 

prescription medications that are used to control heart 

disease. It is a complicated group of drugs with many being 

used for multiple heart conditions. 

http://www.nlm.nih.gov/medlineplus/highbloodpressure.html
http://www.nlm.nih.gov/medlineplus/diabetes.html
http://www.nlm.nih.gov/medlineplus/cholesterol.html
http://www.nlm.nih.gov/medlineplus/triglycerides.html
http://www.nlm.nih.gov/medlineplus/weightcontrol.html
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For example, Propranolol is a common 

cardiovascular drug that can be used to treat hypertension 

as well as arrhythmias. 

You may also encounter patients who have one or 

more cardiovascular conditions such as (CHF) "congestive 

heart failure", hypertension and an arrhythmia. These 

patients may be taking multiple medications for each 

condition. 

Cardiac glycosides 

 

Cardiac (digitalis) glycosides are commonly used in 

the treatment of CHF.  

Mechanism 

 increases force & strength of myocardial contractions 

 makes heart a more efficient pump 

 increases cardiac output 

 reduces heart size, helping it function more 

effectively 

 removes & eliminates from body fluid accumulated 

in tissues 
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Antiarrhythmic agents 

Antiarrhythmic drugs are used in the treatment of 

arrhythmias (abnormal rhythms of the heart). As 

Amiodaron and Verapamil 

 

Antianginal agents 

Nitroglycerin-like compounds were initially the only 

drugs capable of relieving the symptoms of angina, but now 

other classes of drugs (beta-adrenergic blocking agents as 

atenolol , metoprolol & calcium channel blockers as 

nefidipine and deltiazem) are equally as effective.  

 

Antihypertensive agents 

Antihypertensive medications control blood pressure 

by several different mechanisms. In many cases, several 

different classes of hypertensive drugs are used to maintain 

adequate control of the person’s blood pressure. As 

diuretics & beta-adrenergic blocker & ACE inhibitor & Ca 

channel blocker and alpha adrenergic blocker. 
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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 

cardiovascular disorders are under study. Therefore the work is 

divided into: 

Chapter I: A Comparative Study on Radiolabeling of two 

Calcium Channel Blockers with Radioactive Iodine (
125

I) as 

Tracers for Cardiovascular Disorders Imaging 

 

This deals with the labeling of Deltiazem and Nefidipine with 

125
I , and studying  the conditions affecting the radiochemical yield. 

We also studied the biological evaluation of 
125

I-Del and 
125

I-Nef  in 

normal and high calcium loaded mice.  

  

Chapter II: Radioiodination and Biological Evaluation of 

Valsartan as a Tracer for Cardiovascular Disorder 

Detection 

 

This deals with the labelling of Valsartan via electrophilic 

substitution reaction. The biodistribution of the labeled 

Valsartan(
125

I-Val) in normal mice was studied. 
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A Comparative Study on Radiolabeling of two Calcium 

Channel Blockers with Radioactive Iodine (
125
I) as 

Tracers for Cardiovascular Disorders Imaging 
 

 

I.1.Introduction 

 

A calcium channel blocker (CCB) is a chemical 

substance that disrupts the movement of calcium (Ca
2+

) 

through calcium channels. A calcium channel is an ion 

channel which displays selective permeability 

to calcium ions. It is sometimes synonymous as voltage-

dependent calcium channel, although there are also ligand-

gated calcium channels.
(42)

   These channels are responsible 

for regulating the influx of calcium into muscle cells, which 

in turn stimulates smooth muscle  contraction and cardiac 

myocyte contraction.
(43) 

CCB drugs are devised to target neurons and are 

used as antiepileptic 
(44)

. However, the most widespread 

clinical usage of calcium channel blockers is to 

decrease blood pressure in patients with hypertension. 

CCBs are particularly efficacious in treating elderly 

patients.
(45,46) 

 Calcium channel blockers are also frequently used 

to alter heart rate, to prevent cerebral vasospasm, and to 

reduce chest pain caused by angina pectoris. 
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I.1.2.Mechanism of action 
(47-49)

 

 

Calcium channel blockers work by blocking voltage-

gated calcium channels (VGCCs) in cardiac 

muscle and blood vessels as shown in Figure (XII), This 

decreases intracellular calcium leading to a reduction 

in muscle contraction. In the heart, a decrease in calcium 

available for each beat results in a decrease in cardiac 

contractility. In blood vessels, a decrease in calcium results 

in less contraction of the vascular smooth muscle and 

therefore an increase in arterial diameter (CCBs do not 

work on venous smooth muscle), a phenomenon 

called vasodilatation. Vasodilatation decreases total 

peripheral resistance, while a decrease in cardiac 

contractility decreases cardiac output. Since blood pressure 

is determined by cardiac output and peripheral resistance, 

blood pressure drops. Calcium channel blockers are 

especially effective against large vessel stiffness, one of the 

common causes of elevated systolic blood pressure in 

elderly patients as mentioned above.  

With a relatively low blood pressure, the after 

load on the heart decreases. This shows how hard the heart 

must work to eject blood into the aorta, and so the amount 
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of oxygen required by the heart decreases accordingly. This 

can help ameliorate symptoms of ischemic heart 

disease such as angina pectoris. 

 

 

 

 

 

Fig (XII) Mechanism of Action of Calcium 

Channel Blockers. 
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Unlike beta blockers, calcium channel blockers do 

not decrease the responsiveness of the heart to input from 

the sympathetic nervous system. Since moment-to-moment 

blood pressure regulation is carried out by the sympathetic 

nervous system (via the baroreceptor reflex), calcium 

channel blockers allow blood pressure to be maintained 

more effectively than do beta blockers. 

However, because calcium channel blockers result in 

a decrease in blood pressure, the baroreceptor reflex often 

initiates a reflexive increase in sympathetic activity leading 

to increased heart rate and contractility. A beta blocker may 

be combined with a dihydropyridine calcium channel 

blocker to minimize these effects. 

Ionic calcium is antagonized by magnesium ions in 

the nervous system. Because of this, bioavailable 

supplements of magnesium, possibly including magnesium 

chloride, magnesium lactate and magnesium aspartate, may 

increase or enhance the effects of calcium channel 

blockade.
(50,51)
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I.1.3.Classes of Calcium channel blockers 

 

1-Dihydropyridine 
 

Dihydropyridine calcium channel blockers are 

often used to reduce systemic vascular resistance and 

arterial pressure, but are not used to treat angina (with the 

exception of amlodipine, nicardipine, and nifedipine, which 

carry an indication to treat chronic stable angina as well 

as vasospastic angina) because the vasodilation and 

hypotension can lead to reflex tachycardia. Dihydropiridine 

calcium channel blockers can worsen proteinuria in patients 

with nephropathy.
(52)

 This CCB class is easily identified by 

the suffix "-dipine". 

For example Nefidipine which have the following 

structure illustrated in Figure (XIII) 
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Fig (XIII) Structure of Nefidipine  

 

2-Non-dihydropyridine 

 

-Phenylalkylamine 

An example is verapamil 

-Benzothiazepine 

Benzothiazepine calcium channel blockers are an 

intermediate class between phenylalkylamine and 

dihydropyridines in their selectivity for vascular calcium 

channels. By having cardiac depressant and vasodilator 

actions, benzothiazepines are able to reduce arterial 

pressure without producing the same degree of reflex 

cardiac stimulation caused by dihydropyridines. For 
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example Deltiazem which have the following structure 

illustrated in Figure (XIV) 

 

 

 

 

 

 

Fig (XIV) Structure of Deltiazem  

 

3-Nonselective 

While most of the agents listed above are relatively 

selective, there are additional agents that are considered 

nonselective. These include Mibefradil, Bepridil and 

Fluspirilene, Another example is Fendiline 
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The aim of the present study is to investigate all 

factors affecting the labeling process to optimize the 

condition required to get a labeled compound with high 

radiochemical yield. Also, the biodistribution and the 

efficiency of labeled Nefidipine and labeled Deltiazem in 

detecting heart and blood vessels disorders will 

experimentally be evaluated in animals. During this study, 

125
I will be used in the labeling process due to its ease of 

handling and the ease of availability and it's long half life. 

 

Diltiazem and Nefidipine were labeled with 
99m

Tc by 

Sn
++

 reduction method with an efficiency of greater than 

99% as determined by ITLC 
(53)

. The biodistribution of 

both agents were studied in normal mice at various 

intervals. Scintigrams were also obtained at 1 h post-

injection of mice and at 30 min intervals up to 3 h in 

rabbits. The results indicated a very high accumulation in 

liver with negligible uptake by other organs in mice. 

Chromatographic analyses of urine samples indicated 

excretion of a soluble metabolite of 
99m

Tc-diltiazem in high 

quantity. Because of high liver accumulation and no 

selective uptake in myocardium (max. 0.72±0.01 %/g for 

99m
Tc-diltiazem and 0.312±0.224 %/g for 

99m
Tc-nifedipine) 
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the labeled compounds cannot be used for the scintigraphic 

visualization of myocardium. 
(53)

 

 

I.2.EXPERIMENTAL 

 

The experimental work was carried out in the 

laboratories of the Cyclotron Project, Nuclear Research 

Center; Egyptian Atomic Energy Authority. 

 

I.2.1.Materials 

 

     All chemicals and laboratory reagents used in this work 

were of the highest purity grade. In all cases the water used 

was double distilled. The following chemicals were used: 

 

1- Deltiazem and Nefidipine both were obtained from 

EPICO Pharmaceutical Company, Egypt and were 

used without any further purification.  

2- Thin layer chromatography (TLC) aluminum sheets 

(20 x 25 cm) SG-60 F254  from Merck,Germany.  

3- Chloramine-T(N-chloro-p-toluenesulfonamide 

sodium salt)(CAT) , M.Wt = 227.65 was purchased 

from Aldrich  Chemical Company, Germany. 
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4- Iodogen(1,3,4,6-tetrachloro-3α,6α-diphenyl 

glycoluril) from Pierce Chemical Company,Germany 

M.Wt=408.07. 

5- N-Bromosuccinamide (NBS) (1-Bromo-2,5-

pyrrolidinedione)  from Merck company,Germany, 

M.Wt=177.98. 

6- Sodium metabisulphite : (Na2S2O3) , M.WT=190, 

was       purchased from British Drug House (BDH) 

LTD England. 

7- Ethanol: (C2H5OH) , M.WT= 46, was purchased from 

LTD ,England. 

8- Citric acid : BDH Laboratory. 

9- Sodium hydroxide (NaOH) pellets : M.Wt = 40 , 

Riedel-de Haen Seelze-Hannover. 

10- Sodium phosphate dibasic dehydrate  

(Na2HPO4.2H2O) M.WT = 177.99 , Riedel-de Haen. 

11- Sodium phosphate monobasic (NaH2PO4..H2O) 

M.WT = 119.98 , Riedel-de Haen. 

12- Sodium bicarbonate (NaHCO3) , BDH laboratory 
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  I.2.2. Equipment 

 

1- Precision electronic balance: Model HA120M-A.D 

Company limited. Japan. 

2- pH meter: Model 601 A-digital ionalizer.Orien 

research.USA. 

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

well type NaI (Tl) crystal. 

4- High Performance Liquid Chromatography (HPLC) 

[Sykam Model], S 2100 Solvent delivery system, 

S5111 injector valve bracket, S 3240 UV/VIS 

spectrophotometer  and Lichrosorb analytical column 

(250mm x 4-6mm, 5µm). 

5- Electrophoresis was performed with an EC-3000 P-

series programmable device (EC Apparatus 

Corporation) and chamber supply units using 

cellulose acetate strips. 

 

I.2.3.Animals 

 

Swiss Albino mice weighing 31-36 g were purchased 

from the animal house of National Research Center. The 

animals were kept at constant environmental and nutritional 

conditions throughout the experimental period and kept at 
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ambient temperature with a 12 h on/off light schedule. The 

food and water was standard. 

 

I.2.4.Radioactive Material 

 

Na
125

 I (185 MBq/5 µL) in diluted NaOH, pH 7-11 

was purchased from institute of isotopes,Budapest, 

Hungary . 

 

 I.2.5 Methods  

 

I.2.5.1.Preparation of stock solution of Deltiazem 

One mg of Deltiazem was accurately weighed and 

dissolved in 1ml ethanol (1µg/1µl). 

 

I.2.5.2.Preparation of stock solution of Nefidipine 

One mg of Nefidipine was accurately weighed and 

dissolved in 1ml ethanol (1µg/1µl). 

 
 

I.2.5.3.Preparation of stock solution of chloramine-T 

One mg of chloramine-T was weighed and dissolved 

in 1ml ethanol (1µg/1µl). 
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I.2.5.4.Preparation of Stock solution of Iodogen 

 
       Five mg of Iodogen was weighed in a clean glass 

culture tube and dissolved in 5.0 ml chloroform. An 

appropriate volume of this solution was added to clean 

glass culture tubes and dried under nitrogen atmosphere. 

Iodogen was deposited on the wall of the glass tubes as a 

thin film. The tubes were then closed and stored at 4°C till 

use. 

 

I.2.5.5.Preparation of stock solution of  

                 N-bromosuccinamide 

One mg of N-bromosuccinamide was weighed and 

dissolved in 1ml ethanol (1µg/1µl). 

 

I.2.5.6.Preparation of Buffers 
(54)
 

 

Citrate buffer (pH =2) 

One ml of 2M NaOH solution was added to 10 ml of 

2M citric acid and complete the volume to 100 ml using bi-

distilled water. 

 

Citrate buffer (pH =4) 

Therteen  ml of  2M NaOH solution were added to 10 

ml of  2M citric acid and complete the volume to 100 ml 

using bi-distilled water. 
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Phosphate buffer (pH =7) 

1-  To prepare 0.2M Na2HPO4.2H2O solution, 

accurately weigh and dissolve (35.61g) disodium 

hydrogen phosphate (Na2HPO4.2H2O) in  1 liter bi-

distilled water to get (Solution A). 

2-  To prepare 0.2M NaH2PO4.H2O solution , 

accurately weigh and dissolve (27.6 g)  Sodium 

dihydrogen phosphate (NaH2PO4. H2O)  in 1 liter 

bi-distilled water to get (Solution B). 

3- Add 30.5ml from (Solution A) to 19.5ml from 

(Solution B) and complete the volume to 100 ml using 

bi-distilled water. 

 

Bicarbonate Buffer (pH = 9) 

1- To prepare 0.05M bicarbonate solution, accurately 

weigh and dissolve (2.1) g of sodium bicarbonate  in 

500 ml bi-distilled water to get (Solution C) 

2- To prepare 0.1M sodium hydroxide solution, 

accurately weight and dissolve  (2 g) of sodium 

hydroxide in 500 ml bi-distilled water to get (Solution 

D) 
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3- Add 50 ml from Solution C to 5 ml from Solution D 

and the volume was completed to 100 ml using bi-

distilled water. 

 

Bicarbonate Buffer pH=11 

By using the Solutions C&D mentioned above. Add 50 

ml from Solution C to 22.7 ml from Solution D and the 

volume was completed to 100 ml using bi-distilled water. 

 

I.2.6.Labeling of Deltiazem with Na
125
I 

 

Radioiodinated Deltiazem was prepared as follows: 

(1) One mg of Deltiazem was dissolved in 1 ml 

ethanol, then 100µl of Deltiazem solution 

containing 100 µg was added to reaction vial 

coated with 25µg  iodogen.  

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

I (8-12 

MBq) was added and the pH was adjusted to 4. 

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

ethanol. 

(4)  The reaction was left to proceed at different 

temperatures and for different  time intervals. 

(5)  The reaction was stopped  simply by decantation 

.
(55)
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I.2.7.Labeling of Nefidipine with Na
125
I 

 

Radioiodinated Nefidipine was prepared as follows: 

(1)  One mg of Nefidipine was dissolved in 1 ml 

ethanol then 200µl of Nefidipine solution 

containing 200 µg was added to reaction vial 

coated with 200µg  Iodogen . 

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

I (8-12 

MBq) was added and the pH was adjusted to 4. 

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

ethanol. 

(4)  The reaction was left to proceed at different 

temperatures and  for different time intervals. 

(5)  The reaction was stopped simply by decantation. 

(55)
 

 

I.2.8.Radiochemical analysis 

 

The radiochemical yield and purity of [
125

I]Del & 

[
125

I]Nef were determined using TLC & electrophoresis and 

the radiochemical purity was determined using HPLC. 
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I.2.8.1.TLC 

 

The radiochemical yield% of [
125

I] Del & [
125

I]Nef 

were determined using aluminum-backed silica gel 60. As 

shown in Figure (1,2),respectively. The plates were 

previously impregnated with Na2S2O3 (20 mg/ml, 0.126 M) 

to inhibit the oxidation of radioiodide to a volatile form. A 

volume of 5 µl from the reaction mixture was placed on the 

start line, then chromatography using methylene 

chloride:ethyl acetate (2:1 v/v) 
(56)

 as a developing system. 

The strips were removed, dried and cut into 1 cm segments 

and assayed for radioactivity using gamma counter. The 

relative first Rf for 
125

I = 0.1–0.2 and Rf for labeled 

Deltiazem = 0.9.  and Rf for 
125

I = 0.1–0.2 and Rf for  

labeled Nefidipine = 0.8 , The radiochemical yield% at 

time (t) was calculated as the percent ratio of activity of 

labeled compound relative to the total activity on the TLC-

strip. 

100%, ×=
activityTotal

productlabeledofActivity
YieldcalRadiochemi
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Fig (1): Radiochromatogram of [
125
I]Del TLC-SG-60 

strip / methylene chloride: ethyl acetate (2: 1v/v)system. 
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Fig (2): Radiochromatogram of [
125
I]Nef TLC-SG-60 

strip / methylene chloride: ethyl acetate (2: 1v/v) system 
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I.2.8.2.Electrophoresis 

 

       Electrophoresis was done using cellulose acetate strips. 

These strips were moistened with 0.02 M phosphate buffer 

pH 7 and then placed in the chamber. Samples of 5 µl were 

applied at a distance of 12 cm from cathode. Standing time 

and applied voltage were continued for 90 min, developed 

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

They were counted using a well-type NaI (Tl) detector 

connected with a single-channel analyzer. An analysis of 

samples from the reaction mixture resulted in two peaks as 

shown in Figures (3,4) , one corresponding to the free 

iodide which moved towards the anode with 11 cm distance 

while [
125

I]Del & [
125

]Nef remained at the point of spotting 

,depending on their charge and ionic mobility 
(57)

. It gave 

RCY equal to 92.99 & 98.2%, respectively. 
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Fig (3) : Electrophorises pattern of [
125
I]Del 

 

 

 

 

Fig (4) :  Electrophorises pattern of [
125
I]Nef 
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I.2.9.Factors affecting the radiochemical yield 
 

Various factors affecting the radiochemical yield of 

[
125

I]Del and [
125

I]Nef have been studied .These factors 

include the following: substrate amount, type and amount 

of oxidizing agents, pH, reaction time and temperature. 

 

 I.2.9.1. Effect of different substrate amounts on the 

radiochemical yield of [
125
I]Del and [

125
I]Nef 

 

The experiment was performed by dissolving 1mg of 

Deltiazem in 1ml ethanol, then different amounts of  

Deltiazem (25,50,100,200,300 µg)  were transferred to 

glass culture tube coated with  25µg Iodogen , adjust the 

pH of the reaction to 4, then 10µl of Na
125

I (8-12 MBq) 

were added. The reaction proceeded at ambient temperature 

for 30 min. The reaction was stopped simply by removing 

the aqueous phase. 
(55)

 

The same was done with Nefidipine by dissolving 

1mg of Nefidipine in 1ml ethanol , then different amounts 

of  Nefidipine (25,50,100,200,300 µg)  were transferred to 

glass culture tube coated with  200µg Iodogen ,adjust the 

pH of the reaction to 4, then 10µl of Na
125

I (8-12 MBq)  

was added. The reaction proceeded at ambient temperature 
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for 30 min. The reaction was stopped simply as mentioned 

before.  

 

I.2.9.2. Effect of different types and amounts of 

oxidizing agents on the radiochemical yield of [
125
I]Del 

and [
125
I]Nef 

 

To achieve an electrophilic substitution reaction, a 

suitable oxidizing agent should be used to produce the I
+
, 

which is required to give the maximum RCY. Three 

different  oxidizing agents were selected and tested, namely  

chloramine-T (CAT) which is the sodium salt of N-chloro-

4-toluenesulfonamide
(56,57)

,Iodogen(1,3,4,6-tetrachloro-

3α,6α-diphenylglycouril) and N-bromosuccinamide. 

 

      The experiment was carried out by adding different 

CAT & Iodogen and N-bromosuccinamide amounts 

(25,50,100,200,300 µg) to  100 µg Deltiazem , adjust the 

reaction pH to 4,then 10 µl of Na
125

I (8-12 MBq)  was 

added, the reaction proceeded at ambient   temperature for 

30 min. The same was done with  200µg Nefidipine, adjust 

the pH of the reaction medium to 4, then  10 µl of Na
125

I 

(8-12 MBq)  were added, the reaction proceeded at ambient 

temperature for 30 min too. In the case of chloramine-T 
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and N-bromosuccinamide the reaction was quenched by 

adding 50µl of Na2S2O3 (20mg/ml), and in the case of using 

Iodogen as oxidizing agent the reaction was quenched  

simply by decantation. 
(55)

  

 

 I.2.9.3. Effect of pH of the reaction medium on the 

radiochemical yield of [
125
I]Del and [

125
I]Nef 

 

       The effect of pH of the reaction medium on the 

labeling of Deltiazem and Nefidipine with 
125

I was studied 

in the pH range from 2 to 11. The experiment was 

performed by adding 100µg of Deltiazem to glass culture 

tube coated with 25µg Iodogen, then 10µl of Na
125

I (8-12 

MBq) were added, the reaction proceeded at ambient 

temperature for 30 min & the same was done with 200µg 

Nefidipine which was added to a glass culture tube coated 

with  200µg Iodogen, then 10µl of Na
125

I (8-12 MBq) were 

added ,the reaction proceeded at ambient temperature for 

30 min too. The reaction was stopped simply as mentioned 

before. 
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I.2.9.4.Effect of the reaction temperature on the 

radiochemical yield of [
125
I]Del and [

125
I]Nef 

 

The effect of the reaction temperature on the labeling 

of Deltiazem and Nefidipine with 
125

I was studied in the 

range from ambient temperature (25
 º

C to 100 
º
C). The 

experiment was performed by taking 100µg of Deltiazem 

in glass culture tube coated with 25µg Iodogen , the pH 

was adjusted to 4 , then 10 µl of Na
125

I (8-12 MBq) were 

added and the reaction proceeded for 30 min at different 

temperatures &the same was done with 200µg of 

Nefidipine in glass culture tube coated with 200µg Iodogen 

, the pH was adjusted to 4, then 10 µl of Na
125

I (8-12 MBq)   

were added , the reaction  proceeded for 30 min at different 

temperatures. 

Both reactions were quenched simply as mentioned 

before.  For each temperature the radiochemical yield was 

calculated. 
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I.2.9.5.Effect of the Reaction Time on the 

Radiochemical yield of [
125
I]Del and [

125
I]Nef 

 

The experiment was performed by adding 100 µg of 

Deltiazem into glass culture tube coated with 25µg Iodogen 

, the pH was adjusted to 4, then 10µl of Na
125

I  (8-12 MBq)  

were added to the reaction ,the reaction proceeded at 

ambient temperature for different time intervals (5,15,30,60 

min). Also the same reaction was performed by adding 

200µg Nefidipine into a glass culture tube coated with 

200µg Iodogen, the pH of the reaction medium was 

adjusted to 4, 10µl of Na
125

I (8-12 MBq)    were added to 

the reaction tube, the reaction was preceded at ambient 

temperature for different time intervals. Both reactions 

were quenched simply as mentioned before. 

 

I.2.9.6.Effect of Solvents on the Radiochemical 

yield of [
125
I]Del and [

125
I]Nef  

 

 The experiment was performed by taking 100 µg of 

Deltiazem dissolved in different solvents as 

ethanol,methanol,acetic acid,chloroform,acetone and 

DMSO introduced into glass culture tube coated with 25µg 

Iodogen ,  pH was adjusted to 4, then 10µl of Na
125

I (8-12 
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MBq)  were added to the reaction mixture ,the reaction was 

proceeded at ambient temperature for 30 min , Also the 

same experiment was performed by adding 200µg 

Nefidipine which dissolved in the same different solvents 

as mentioned before, to a glass culture tube coated with 

200µg Iodogen ,the pH of the reaction medium was 

adjusted to 4, then  10µl of Na
125

I (8-12 MBq)  were added 

to  the reaction mixture the reaction proceeded at ambient 

temperature  for 30 min. Both reactions were quenched 

simply as mentioned before. 

 

I.2.10.In-Vitro Stability of Labeled Deltiazem and 

Nefidipine 

The in-vitro stability of the labeled Deltiazem and 

Nefidipine was studied by preparing the reaction mixture 

with the condition which gave the best radiochemical yield. 

the experiment was performed by adding 100 µg of 

Deltiazem into a glass culture tube coated with 25µg 

Iodogen , the pH was adjusted to 4,then 10µl of Na
125

I (8-

12 MBq)  were added to the reaction  mixture. The reaction 

mixture was proceeded at ambient temperature for 30 min. 

The same experiment was carried out by adding 200µg 

Nefidipine into glass culture tube coated with 200µg 
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Iodogen, the pH of the reaction mixture was adjusted to 4, 

then 10µl of Na
125

I (8-12 MBq) were added and the 

reaction mixture was proceeded at ambient  temperature for 

30 min . Both reactions were remained for 24h, and labeled 

tracer was tested at different time intervals by taking a spot 

of the reaction mixture on TLC. 

 

I.2.11.Radiochemical purity and yield of [
125
I]Del 

and [
125
I]Nef   

 

I.2.11.1.HPLC of [
125
I]Del and [

125
I]Nef 

The radiochemical yield and the purity of 

[
125

I]Del were determined by injection of 10µl of 

labeled drug (tracer) into Lichrosorb analytical column 

(250mm x 4-6mm, 5µm) and UV spectrophotometer 

detector was adjusted to  wave length ( λ = 230 nm) 

using Acetonitrile : Water ( 85 : 15) as an eluant at a 

flow rate  1 ml / min 
(58)

 by Isocratic mode. 

          The same was done with [
125

I]Nef using 

Acetonitrile : Methanol : Water ( 35 : 17 : 48 ) 
(59)

 , 

UV (λ = 240 nm) and flow rate  1 ml / min by Isocratic 

mode too. 
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I.2.11.2.Electrophorises of [
125
I]Del and [

125
I]Nef 

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 then the 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.2.12.Biodistribution of [
125
I]Del and [

125
I]Nef in mice 

Albino mice were used for quantitative 

biodistribution studies. It was done in two steps after 

injection of the mice with 200 µl reaction mixture which 

containing (2-3 MBq) of labeled drugs, the first was in 

normal mice and scarified after (0.5 , 1, 3 h) and the second 

step was done after calcium loading with high amounts , 

the mice were orally administered 10 times (200µl) the 

daily calcium normal dose 5ml (2.5 mg /10 kg) 
(60) 

the mice 

groups were left for one hour , then injected with the 

labeled Deltiazem & Nefidipine then scarified after one and 

3h.  
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*All the injected animals were discarded according  

To the legal regulations of radioactive waste by the 

responsible radioactive waste management team. 

 

 I.3. RESULTS AND DISCUSSION 

The results of this study can be given under the 

following headlines:  

 

I.3.1.Effect of substrate amount on the 

radiochemical yield of [ 
125
I]Del and [ 

125
I]Nef  

 

The influence of different Deltiazem and Nefidipine 

amounts on the percentage of RCY of [
125

I]Del & [
125

I]Nef 

was studied and the results are shown in Fig (5).The results 

presented show that the radiochemical yield increased with 

increasing the amount of Deltiazem up to 100µg where a 

maximum yield was attained (89 %). The data given in 

Table (1) clearly show the maximum yield of  [
125

I]Del  has 

a significant percent labeling yield according to one way 

ANOVA test with subsequent least significant of difference 

(L.S.D) test (P≤0.05).  

 In case of Nefidipine as shown in Table (2) the 

maximum yield of [
125

I]Nef (95 %) at 200 µg had a 

significant percent labeling yield (P≤0.05).Other yields at 

different amounts of Nefidipine were significantly lower 
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than the maximum yield at 200 µg according to one way 

ANOVA test with subsequent least significant of difference 

(L.S.D) test (P≤0.05).  

This may be attributed to the fact that the yield 

reaches the saturation value because the entire generated 

iodonium ions in the reaction were captured at 

concentration of 100 µg Deltiazem and 200µg Nefidipine 

(61)
.   

 

 

 

 

Fig (5) : The Radiochemical yield of [
125
I] Del & 

[
125
I]Nef  as a function of Deltiazem & Nefidipine 

amount 
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Table (1) Analysis of variance of the percent labeling 

yield of [
125
I]Del at different amounts of Deltiazem 

 

(I) Optimum 

deltiazem 

amount(µµµµg) 

(J) Other deltiazem 

amounts (µµµµg) 

Mean Difference (I-J) Sign.(p) 

100 25 7.2667(*) 0.000 

 50 2.5333(*) 0.001 

 200 1.6000(*) 0.016 

 300 1.6000(*) 0.016 

* The mean difference is significant at the 0.05 level. 

 

 

Table (2) Analysis of variance of the percent labeling 

yield of [
125
I]Nef at different amounts of Nefidipine 

 

(I) Optimum 

Nefidipine 

amount(µµµµg) 

(J) Other Nefidipen 

amounts (µµµµg) 

Mean Difference (I-J) Sign.(p) 

200 25 22.6000(*) 0.000 

 50 11.9333(*) 0.000 

 100 8.4000(*) 0.000 

 300 4.8000(*) 0.000 

* The mean difference is significant at the 0.05 level. 
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I.3.2.Effect of different types and amounts of 

oxidizing agents on the radiochemical yield of [ 
125
I]Del 

and [ 
125
I]Nef  

 
To achieve an electrophilic substitution reaction, we 

have to use a suitable oxidizing agent to have the iodonium 

ion ( I
+ 

) from the Na
125

I to proceed the reaction , and to 

give the maximum radiochemical yield. Different oxidizing 

agents were tested such as chloramines-T (CAT),Iodogen 

and N-bromosuccinamide. 

 

      The influence of different amounts of CAT on the 

percentage of RCY of [
125

I]Del using 100 µg Deltiazem at 

ambient temperature,  pH was adjusted to 4,within 30 min 

was illustrated in Figure (6). Optimum RCY from Table (3) 

of [
125

I]Del  was achieved 75% at 200 µg  CAT according 

to one way ANOVA test with (L.S.D) test (P≤0.05).The 

RCY was decreased with increasing the amount of CAT . 

This is may be due to the fact that the high concentration of 

CAT causes a number of undesirable oxidative side 

reactions including chlorination 
(62,63)

 polymerization of 

substrate 
(64)

. 
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Regarding the influence of different amounts of CAT 

on the percentage of RCY of [
125

I]Nef using 200 µg 

Nefidipine at ambient temperature  within 30 min, and pH 

was adjusted to 4, was illustrated in Figure (7) , Optimum 

RCY of [
125

I]Nef 83.3 % at 200 µg CAT was achieved as 

shown in Table (4).The RCY was decreased with 

increasing the amount of CAT for the same reason as 

mentioned before. 

 

The RCY of [
125

I]Del increased up to 89% using 

25µg Iodogen , and this may be due to negligible side 

reactions 
(55)

. Optimum RCY of [
125

I]Del 89%  at 25 µg 

Iodogen was achieved as shown in Table (3) according to 

one way ANOVA test with (L.S.D) test (P≤0.5) . Deltiazem 

works best with Iodogen than with CAT which may be due 

to the presence of phenol ring 
(65)

 

        In case of Nefidipine the RCY of [
125

I]Nef increased 

up to  (95%) using 200 µg Iodogen , and this may be due to 

negligible of the side reactions. Optimum RCY of [
125

I]Nef 

(95 %) at 200 µg Iodogen was achieved as shown in Table 

(4) according to one way ANOVA test with (L.S.D) test 

(P≤0.5) 

The RCY of [
125

I]Del decreases down to be (57.2%) 

when N-bromosuccinamide was used as oxidizing agent 



 

 

 

61 

 

and this may be due to the side reactions 
(66,67) 

and the RCY 

of [
125

I]Nef decreases down  to be (86%). 

 

 

Fig (6) : The radiochemical yield of [
125
I]Del as a 

function of type and amounts of oxidizing agent.  

 
 

 

 

Fig (7) : The radiochemical yield of [
125
I]Nef as a 

function of  type and amounts of oxidizing agent.  
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Table (3) Analysis of variance of the percent labeling 

yield of [
125
I]Del at different types and amounts of 

oxidizing agents 

 

 (I) Optimum CAT 

amount(µµµµg) 

(J) Other CAT 

amount(µµµµg) 

Mean Difference (I-J) Sign.(p) 

200 25 24.8333(*) 0.000 

 50 12.6667(*) 0.000 

 100 11.0000(*) 0.000 

 300 4.8333(*) 0.000 

* The mean difference is significant at the 0.05 level. 

(I) Optimum Iodogen 

amount(µµµµg) 

(J) Other Iodogen 

amount(µµµµg) 

Mean Difference (I-J) Sign.(p) 

25 50 2.5333(*) 0.000 

 100 3.2000(*) 0.000 

 200 5.8667(*) 0.000 

 300 -7.6000(*) 0.000 

* The mean difference is significant at the 0.05 level. 

(I) Optimum N-

bromosuccinamide 

amount(µµµµg) 

(J) Other N-

bromosuccinamide 

amount(µµµµg) 

Mean Difference (I-J) Sign.(p) 

100 25 39.8000(*) 0.000 

 50 1.9000(*) 0.000 

 200 7.0667(*) 0.000 

 300 6.4000(*) 0.000 

* The mean difference is significant at the 0.05 level. 
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Table (4) Analysis of variance of the percent labeling 

yield of [
125
I]Nef at different types and amounts of 

oxidizing agents 

 (I) Optimum CAT 

amount(µµµµg) 

(J) Other CAT 

amount(µµµµg) 

Mean Difference (I-J) Sign.(p) 

200 25 28.5000(*) 0.000 

 50 11.8667(*) 0.000 

 100 5.8333(*) 0.000 

 300 8.6667(*) 0.000 

* The mean difference is significant at the 0.05 level. 

(I) Optimum Iodogen 

amount(µµµµg) 

(J) Other Iodogen 

amount(µµµµg) 

Mean Difference (I-J) Sign.(p) 

200 25 4.1333(*) 0.000 

 50 4.1667(*) 0.000 

 100 3.1667(*) 0.000 

 300 .5333 0.102 

* The mean difference is significant at the 0.05 level. 

(I) Optimum N-

bromosuccinamide 

amount(µµµµg) 

(J) Other N-

bromosuccinamide 

amount(µµµµg) 

Mean Difference (I-J) Sign.(p) 

50 25 2.0000(*) 0.000 

 100 2.0667(*) 0.000 

 200 53.9667(*) 0.000 

 300 54.6000(*) 0.000 

* The mean difference is significant at the 0.05 level. 
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I.3.3.Effect of pH of the reaction mixture on the 

radiochemical yield of [ 
125
I]Del and [ 

125
I]Nef  

  

Figure (8) shows the variation of the RCY of 

[
125

I]Del & [
125

I]Nef  as a function of pH of the reaction 

medium in presence of Iodogen as oxidizing agent. The 

data clearly show that a high RCY for [
125

I]Del & [
125

I]Nef  

was obtained at acidic pH due to the presence of the HOCl . 

The hypohalous acid undergoes further hydrolysis to give 

H2OCl The possible oxidizing species in acidic medium are 

HOCL and H2OCl 
(66)

.and in alkaline region the yield 

decreases for both [
125

I]Del & [
125

I]Nef   as a result of 

formation of hypoiodite ion (IO
-
) and iodate (IO3

-
) which 

are not suitable forms for radioiodination. 
(57)

.  

The presence of buffer pH 4 has a highly significant 

effect on the RCY. When using 200 µg Nefidipine  & 25µg 

Iodogen and proceeded at ambient temperature for 30 min 

without using the buffer the yield was 49.4% and when 

using 100µl buffer pH 4 ( Citrate buffer ) the yield raise up 

to 95% 

          Tables (5,6) clearly show that the maximum yield for 

[
125

I]Del & [
125

I]Nef  in acidic medium are significantly 

higher than other yields according to one way ANOVA test 

with (L.S.D) test (P ≤ 0.05). 
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Fig (8): The radiochemical yield of [
125
I]Del & [

125
I]Nef 

as a function of pH of the reaction medium 

 

Table (5): Analysis of variance of the percent labeling 

yield of [
125
I]Del at different pH values 

 

(I)  Optimum pH (J) Other pH Mean Difference (I-J) Sign.(p) 

4 2 8.3167(*) 0.000 

 7 10.4667(*) 0.000 

 9 20.8000(*) 0.000 

 11        22.8000(*) 0.000 

* The mean difference is significant at the 0.05 level. 

 



 

 

 

66 

 

Table (6) Analysis of variance of the percent labeling 

yield of [
125
I]Nef at different pH 

 

(I)  Optimum pH (J) Other pH Mean Difference (I-J) Sign.(p) 

4 2 48.9833(*) 0.000 

 7 25.7083(*) 0.002 

 9 32.9667(*) 0.001 

 11 37.4667(*) 0.000 

* The mean difference is significant at the 0.05 level. 

 

 

I.3.4.Effect of the reaction temperature on the 

radiochemical yield of [ 
125
I]Del and [ 

125
I]Nef  

 

The reaction temperature plays an important role in 

the electrophilic substitution reactions. The leaving 

hydronium ion requires energy to break C–H bond and to 

initiate the introduction of the radioactive iodonium ion 

into the ring 
(63)

. The effect of the reaction temperature on 

the percent RCY of [
125

I]Del using 100 µg Del, 25 µg 

Iodogen and the pH was adjusted to 4 ,was studied within 

30 min at different temperatures (25-100°C). Figure (9) 

shows that the radiochemical yield of [
125

I]Del is high at 

ambient temperature reaching to 89% with a slight decrease 
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when the temperature rises. Hence [
125

I]Del is a stable 

compound.  

Table (7) shows that the maximum yield for [
125

I]Del 

(89%) at ambient temperature have no significant 

difference than 40°ʗ ʗ & 60°  , but significantly difference 

than other temperatures according to one way ANOVA test 

with (L.S.D) test (P≤0.05). 

 

The effect of the reaction temperature on the percent 

RCY of [
125

I]Nef using 200 µg Nef, and 200 µg   Iodogen 

with 100 µl buffer pH 4 was studied within 30 min at 

different temperatures. Figure (9) shows that the 

radiochemical yield of [
125

I]Nef is  high at ambient 

temperature  reaching to (95%) with a slight decrease when 

the temperature raised. Hence [
125

I]Nef is a stable 

compound. 

Table (8) shows that the maximum yield for [
125

I]Nef 

(95 %) at ambient temperature is significantly higher than 

other yields at different reaction temperatures according to 

one way ANOVA test with (L.S.D) test (P≤0.05). 
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Fig (9): Radiochemical yield of [
125
I]Del &[

125
I]Nef   as a 

function of reaction temperature 

 

 

 

Table (7) Analysis of variance of the percent labeling 

yield of [
125
I]Del at different reaction temperatures 

 

(I) Optimum 

temperature (ºC) 

(J) Other 

temperatures (ºC) 

Mean Difference (I-J) Sign.(p) 

25 40 .8333 0.076 

 60 .3333  0.448 

 80 2.8333(*) 0.000 

 100 8.8333(*) 0.000 

* The mean difference is significant at the 0.05 level. 
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Table (8) Analysis of variance of the percent labeling 

yield of [
125
I]Nef at different reaction temperatures 

 

(I) Optimum 

temperature (ºC) 

(J) Other 

temperatures (ºC) 

Mean Difference (I-J) Sign.(p) 

25 40 3.7000(*) 0.000 

 60 4.5000(*)  0.000 

 80 4.0000(*) 0.000 

 100 4.7667(*) 0.000 

* The mean difference is significant at the 0.05 level. 

 

 

 

I.3.5.Effect of reaction time on the radiochemical 

yield of [ 
125
I]Del and [ 

125
I]Nef  

 
The radiochemical yield of [

125
I]Del was determined 

at different time intervals using 100 µg Deltiazem, and 25 

µg Iodogen, the pH was adjusted to 4, at ambient 

temperature , the highest RCY was 89 % after 30 min 

obtained as illustrated in Figure (10). It could be concluded 

that the reaction was time dependant and the RCY stay 

stable up to 60 min.  

Table (9) shows that maximum yield for [
125

I]Del 

(89% at 30 min) is significantly higher than other yields at 
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different reaction times according to one way ANOVA test 

with (L.S.D) test (P≤0.05). 

 

 The effect of the reaction time intervals on the 

percent RCY of [
125

I]Nef using 200 µg Nefidipine, and 200 

µg Iodogen with 100 µl buffer pH 4 at ambient  

temperature was investigated, The result shows that the 

highest RCY was 95% after 30 min as shown in Figure (10)  

and It could be concluded that the reaction was time 

dependant and the RCY  stay stable up to 60 min. 

 

Table (10) shows that maximum yield for [
125

I]Nef 

(95% at 30 min) is significantly higher than other yields at 

different reaction times according to one way ANOVA test 

with (L.S.D) test (P≤0.05). 
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Fig (10): Radiochemical yield of [
125
I]Del & [

125
I]Nef  as 

a function of the reaction time 

 

 

Table (9) Analysis of variance of the percent labeling 

yield of [
125
I]Del at different reaction time 

 
(I) Optimum 

reaction time (min) 

(J) Other reaction 

times (min) 

Mean Difference (I-J) Sign.(p) 

30 5 39.9000(*) 0.000 

 15 18.9667(*) 0.001 

 60 -1.0000E 0.706 

* The mean difference is significant at the 0.05 level. 
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Table (10) Analysis of variance of the percent labeling 

yield of [
125
I]Nef at different reaction time 

 
(I) Optimum 

reaction time (min) 

(J) Other reaction 

times (min) 

Mean Difference (I-J) Sign.(p) 

30 5 46.0000(*) 0.000 

 15 6.6667(*) 0.001 

 60 .0000 1.000 

* The mean difference is significant at the 0.05 level. 

 

 

I.3.6.Effect of different solvents on the 

radiochemical yield of [ 
125
I]Del and [ 

125
I]Nef  

 
The reaction between 100 µg Deltiazem and 10µl 

Na
125

I (8-12 MBq) in the presence of 25 µg Iodogen as 

oxidizing agent and pH was adjusted to 4, was examined in 

different organic solvents namely methanol, acetone, 

DMSO , acetic acid, chloroform and ethanol as shown in 

Table (11). The results indicated that the most suitable 

solvent was ethanol. This may be due to the complete 

solubility of Deltiazem in ethanol. In spite of the 

advantageous characteristics of the dipolar aprotic solvent 

DMSO which include a high boiling point, ability to 

solvate a broad variety of solutes and to be useful in 
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radioiodination reactions 
(67,68)

 the labeling using DMSO as 

a solvent gave poor radiochemical yield of [
125

I]Del. 

          The same was done between 200 µg Nefidipine and  

10µl  Na
125

I (8-12 MBq) in the presence of 200 µg Iodogen  

as oxidizing agent in presence of 100 µl buffer pH 4  was 

examined in different organic solvents as mentioned before. 

The results shows that the high RCY was with ethanol and 

also gave RCY up to 83.9% with DMSO as a solvent rather  

than it's polar solvent .
(69) 

 

Table (11): Effect of different organic solvents on the 

radiochemical yield of Deltiazem & Nefidipine 

 

Solvent Radiochemical 

yield of 

Deltiazem (%) 

 

Solvent 

Radiochemical 

yield of 

Nefidipine 

(%) 
1-Ethanol 89±1.2 1-Ethanol 95 ±1.7 

2-Acetone 86±1.7 2-DMSO 83.9±1.8 

3-Chloroform 63.5±1 3-Methanol 74.2±1.3 

4-Acetic acid 61±1.5 4-Chloroform 72.5±1.3 

5-Methanol 53±1.3 5-Acetone 70.9±1 

6-DMSO 32.4±1.2 6-Acetic Acid 60.9±1.2 
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I.3.7.In- vitro stability 

 

The stability of [
125

I]Del &  [
125

I]Nef was studied in 

order to determine the suitable time for imaging to avoid 

the formation of the undesired radioactive products that 

result from the radiolysis of the labeled compound. These 

undesired radioactive products may be toxic or 

accumulated in undesired organ. This experiment was 

conducted by using 100 µg Deltiazem , 25 µg Iodogen, 100 

µl of buffer pH 4 at ambient temperature and 8-12 MBq of 

Na
125

I. & 200 µg Nefidipine , 200 µg Iodogen with 100µl 

buffer pH 4,  the reaction was proceeded at ambient 

temperature . The stability of the labeled Deltiazem and 

Nefidipine were performed at different time intervals 

ranging from 1 to 24 h. Table (12) shows that both [
125

I] 

Del &  [
125

I]Nef  were stable for up to 24 h. 

 

  Table (13) clearly shows that in vitro stability of 

[
125

I]Del & [
125

I]Nef  for 12 hours post iodination isn’t 

different significantly from its in vitro stability for 24 

hours post iodination according to one way ANOVA test 

with (L.S.D) (p > 0.05), this results indicate the stability of 

both labeled products for 24h. 
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Table (12): On-Table stability of [
125
I] Del &[

125
I] Nef  

 

Radiochemical yield, % 

Time, h Deltiazem Nefidipine 

0.5 
89 ±1.5 95 ± 1.7 

1 89 ± 1.2 95 ± 2 

2 88.4 ± 1.6  94.7 ± 1.2 

3 87.6 ± 1.4 94.3 ± 1.6 

4 87 ± 2  94 ± 1.8 

8 86.2 ± 1.7 93.6 ± 1.5 

12 85.7 ± 1.3 93.2 ± 1.4 

16 85.3 ± 1.5 93 ± 1.6 

24 85.3 ± 1.7 92.7 ± 1.2 
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Table (13) Analysis of variance of the percent labeling 

yield of [
125
I]Del &[

125
I]Nef in vitro stability study 

(I) Maximum 

stability time (hour) 

(J) Other times 

(hour) 

Mean Difference (I-J) Sign.(p) 

24 1 -3.1333(*) 0.000 

 2  -3.0000(*)     0.000  

 3  -2.1333(*) 0.000 

 4 -1.9667(*) 0.000 

 8 -1.3333(*) 0.000 

 12 -.4333 0.068 

 16 .0000 1.000 

* The mean difference is significant at the 0.05 level. 

(I) Maximum 

stability time (hour) 

(J) Other times 

(hour) 

Mean Difference (I-J) Sign.(p) 

24 1 -2.5333(*) 0.000 

 2   -1.8667(*)    0.000  

 3 -1.8000(*)  0.000 

 4 -1.6000(*) 0.000 

 8 -.9000(*) 0.001 

 12 -.3667 0.130 

 16 -.7000(*) 0.008 

* The mean difference is significant at the 0.05 level. 
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        During labeling and storage, the main factors 

responsible for the degradation of radioiodinated tracers 

are: 

1. Radiation decomposition ( especially at high specific 

activity and high concentration), structural 

alterations are caused by high levels for radiation 

during radioiodination and storage. 

2. Loss of radioiodide due to oxygen,light,heat,solvent 

and pH. 

3. Chemical damage due to radioiodide,reagents and 

impurities in radiopharmaceuticals solutions. 

 

I.3.8.Radiochemical separation of [
125
I]Del & [

125
I]Nef  

         using HPLC 

 

The separation of [
125

I]Del with RP-C18 column in 

HPLC was done using  Acetonitrile : water with ratio ( 85 : 

15 )as an eluant ,at wave length ( λ = 230 nm ) and at a 

flow rate  1 ml/min 
(58)

. As illustrated in Figure (11) the 

labeled and unlabelled compound were not separated 

indicating that the labeling with I-125 did not change the 

chemical structure of Deltiazem so both labeled and 

unlabeled compounds are overlaped. 
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And The separation of [
125

I]Nef with RP-C18 

column in HPLC was done using  Acetonitrile : Methanol : 

water with ratio ( 35 : 17 : 48 ) as an eluant , at wavelength 

( λ = 240 nm ) at a flow rate 1 ml/min 
(59)

. As illustrated in 

Figure (12). 

The [
125

I]Nef was completely separated from 

unlabeled Nef indicating that the chemical structure 

modification may be occurred. 

 

Both fractions were collected and evaporated under 

reduced pressure, dissolved in saline solution and sterilized 

by Millipore filter (0.22 µm) under aseptic condition. Then 

radioactivity was measured in a NaI crystal single-channel 

analyzer. 
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Fig (11) : The HPLC separation of the labeled [
125
I]Del 
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Fig (12): The HPLC separation of the labeled [
125
I]Nef  
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I.3.9.Biodistribution 

 

Biodistribution was studied in two steps: 

 The first step was in normal mice to elucidate the 

normal biological pathway of the tracer and also to use it as 

external control. Table (14) shows the data collected from 

the injection of 200 µl [
125

I]Del  containing 2-3 MBq Na 

125
I injected intravenously (i.v.) in the tail vein of normal 

mice ( 3 mice in each group) which were sacrificed after 

0.5, 1 and 3 h post injection.  

 

The data show that [
125

I]Del due to it's protein 

binding (70%-80%) 
(70)

 it hold to blood with high ratio( 2.8 

, 5.5 , 4,4 % / g blood ) after 0.5 , 1, 3 h, respectively and 

found with high ratio in heart  (3.4 , 1.3 , 1.25 % / g organ) 

after 0.5 , 1, 3 h . Hence it could be use in heart and 

cardiovascular disorder imaging because Deltiazem 

increased blood flow and reduced vascular resistance in the 

coronary circulation 
(70)

 and this was noticed also in the 

normal mice fatigue after injection.  

 

Deltiazem absorbed from gastro intestinal tract 
(71)

 

and this indicates high activity of [
125

I]Del in GIT reach to 

25.6 % / g organ after 3h  
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Deltiazem mainly excreted renaly 
(72)

 and this was 

indicated the high activity found in urine up to 51.8 % / g 

after 3h . These findings are in agreement with the reported 

pharmacokinetics of unlabeled deltiazem. 

 

It's also noticed that the high activity accumulated in 

male organs reached to 25% / g organ after 30 min and this 

may be due to enrichment of this organs with blood vessels.  
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Table (14): Biodistribution of [
125
I]Del in normal mice 

(x ± S.D., N=3), expressed as % injected dose /g organs 

and body fluid 

 

 

% Detected dose / g organ at different 

time intervals post injection 

 
organs & 

body fluid 30 min 60 min 180 min 

Blood 2.8 ± 0.01 5.5 ± 0.02 4.4 ± 0.01 

Bone 0.3 ± 0.01 1.5 ± 0.02 0.04 ± 0.01 

Muscle 1.8 ± 0.02 2.1 ± 0.03 0.16 ± 0.01 

Heart 3.4 ± 0.01 1.3 ± 0.01 1.25 ± 0.01 

Lung 3.3 ± 0.03 2.9 ± 0.02 2.1± 0.02 

Intestine 3.5 ± 0.02 4 ± 0.04 2.45 ± 0.01 

Stomach 24 ± 0.5 32 ± 0.5 25.6 ± 1 

Spleen 1.3 ± 0.02 0.5 ± 0.01 0.26 ± 0.01 

Liver 4.4 ± 0.02 2.6 ± 0.02 1.8± 0.01 

Kidney 8.2 ± 0.03 6.1 ± 0.02 2± 0.01 

Urine 17.2 ± 0.2 18 ± 0.3 51.8 ± 1.2 

Male organ 25 ± 0.4 10.4 ± 0.4 7.1 ± 0.3 

Thyroid 0.05 ±0.1 0.03 ± 0.01 0.07 ± 0.2 
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From the previous table it was noticed that the most 

suitable time for heart imaging (maximum heart uptake) at 

30 min and  for vascular disorders imaging at 1h post 

injection , it's significantly higher than other uptakes at 

different times  ,as shown in Table (15) according to one 

way ANOVA test with (L.S.D) test (P≤0.05) 

 

Table (15) Analysis of variance of heart and blood 

uptake percent of [
125
I]Del at different time intervals 

post injection 

(I) Optimum time of 

heart uptake (min) 

(J) Other times of 

heart uptake (min) 

Mean Difference 

(I-J) 

Sign.(p) 

30 60 2.1000(*) 0.000 

 180 2.1500(*) 0.000 

* The mean difference is significant at the 0.05 level. 

(I) Optimum time of 

blood uptake (min) 

(J) Other times of 

blood uptake (min) 

Mean Difference 

(I-J) 

Sign.(p) 

60 30 2.7000(*) 0.000 

 180 1.1000(*) 0.000 

* The mean difference is significant at the 0.05 level. 

 

 

           The second step after calcium loading with high 

amounts, the mice was orally administered 10 times the 
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daily calcium normal dose, the mice groups were left for 

one hour then injected the labeled Deltiazem and sacrified 

after one and 3 hours.  It is noticed in Table (16) that the 

labeled drug go to the places rich with calcium channels as 

heart & muscles & bone 
( 73-75)

 with high ratio than normal 

mice as shown in Figures (13,14) & Tables (17,18).Using 

the student's paired t-test, statistical difference were 

assumed to be reproducible when P�  0.05 , the difference 

between the uptake of the [
125

I]Del after calcium loading 

and uptake of  [
125

I]Del was very statistically significant [ 

P= 0.0048] after 1h and [P=0.0034] after 3h . This 

indicating that the labeled Deltiazem [
125

I]Del doesn't affect 

the selectivity of the drug to go to it's  binding sites 
(76)

and 

do it's normal biological effect.   
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Table (16): Biodistribution of [
125
I]Del in mice (x ± S.D., 

N=3), expressed as injected dose /g organs and body 

fluid after calcium loading 

 

Detected dose / g organ 

% at different time 

intervals post injection organs & 

body fluid 60 min 180 min 

Blood 7.3 ± 0.2 6.5 ± 0.1 

Bone 3 ± 0.01 2.4 ± 0.01 

Muscle 3 ± 0.2 2.6 ± 0.1 

Heart 2.8 ± 0.02 2.6 ± 0.02 

Lung 3.2 ± 0.1 3.8 ± 0.09 

Intestine 1.8 ± 0.03 1.6 ± 0.01 

Stomach 13.5 ± 1 10 ± 0.9 

Spleen 1.4 ± 0.02 0.75 ± 0.01 

Liver 2.13 ± 0.21 1.9 ± 0.13 

Kidney 4.3 ± 0.2 3.7 ± 0.1 

Urine 4.6 ± 0.1 26 ± 1 

Male organ 5 ± 0.2 6.7 ± 0.3 

Thyroid 0.06±0.02 0.04 ±0.01 
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Fig (13) : Biological distribution of [
125
I] Del after  1h 

from  calcium loading 

 

 

 
 

Fig (14) : Biological distribution of [
125
I]Del after 3h 

from calcium loading 
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Table (17) :Biological comparison for [
125
I]Del after 1h 

calcium loading and before calcium loading 

 

Target organ Before Calcium 

loading 

After calcium 

loading 

Blood 5.5 7.3 

Heart 1.3 2.8 

 

 

Table (18) :Biological comparison for [
125
I]Del after 3h 

calcium loading and before calcium loading 

 

Target organ Before Calcium 

loading 

After calcium 

loading 

Blood 4.4 6.5 

Heart 1.25 2.6 

 

 

 

The same was done for [
125

I]Nef ,  Biodistribution 

was studied in two steps, the first step, in normal mice to 

elucidate the normal biological pathway of the tracer and 

also to use it as external control. Table (19) shows that the 

data collected from the injection of 200 µl [
125

I]Nef 2-3 

MBq   injected intravenously (i.v.) in the mice tail vein of 

normal mice ( 3 mice in each group) which were sacrificed 

at 0.5, 1 and 3 h post injection.  
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The data shows that due to the highly protein binding 

up to 92-98% 
(77)

 it's found in blood with high ratio 17.7 , 7, 

4 % / g blood after 0.5 , 1 and 3 hours , and go to the heart 

with high ratio up to 5.4 , 8, 3.3 % / g organ and that refer 

to the possibility of using  [
125

I]Nef in heart and 

cardiovascular disorder imaging . Nefidipine inhibits 

movement of calcium ions across cell membrane in 

systemic and coronary vascular smooth muscle and 

myocardium. Decreases peripheral vascular resistance 

reduces myocardial oxygen demand; relaxes and prevents 

coronary artery spasm, 
(78-82)

 and this was clearly noticed in 

the mice fatigue after injection of the tracer. 

Nefidipine is highly non-polar compound, 

completely absorbed in GIT 
(83,84)

 , predominantly from the 

jejunum. This clearly observed in high ratio in stomach up 

to 31.3 , 31.7 , 40.2 % / g organ after 0.5 , 1 and 3 hours, 

but has a very low bioavilability mainly due to presystemic 

metabolism 
(85-89)

. Following absorption, Nefidipine is 

further metabolized in the small intestine and liver to more 

polar compounds which are primarily eliminated by the 

kidney 
(90-92)

 Nefidipine is a photolabile compound, 

undergoing oxidative biotransformation in human body into 

pharmacologically inactive metabolites 
(92)
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Nefidipine is eliminated in urine 
(94)

 and this was 

clear in high ratio in urine 30.3 % / g after 3 h. 

These findings are in agreement with the reported 

pharmacokinetics of unlabeled Nefidipine.  

It's also noticed the high activity accumulated in 

male organs reaching to 11 % / g organ after 3 h and this 

may be due to the enrichment of these organs with blood 

vessels. 
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Table (19): Biodistribution of [
125
I]Nef in normal mice 

 (x ± S.D., N=3), expressed as % injected dose /g organ 

and body fluid 

 

 

%Detected dose / g organ at different 

time intervals post injection 

 
organs & 

body fluid 30 min 60 min 180 min 

Blood 17.7 ± 0.3 7 ± 0.21 4 ± 0.09 

Bone 1.9 ± 0.02 2 ± 0.01 1 ± 0.01 

Muscle 0.8 ± 0.01 1.6 ± 0.03 1.05 ± 0.02 

Heart 5.4 ± 0.2 8 ± 0.5 3.3 ± 0.09 

Lung 5.4 ± 0.3 5.4 ± 0.23 3.75 ± 0.2 

Intestine 1.3 ± 0.04 1.4 ± 0.03 1.2 ± 0.01 

Stomach 31.3 ± 1 31.7 ± 1.2 40.2 ± 1.4 

Spleen 1.2 ± 0.03 1.5 ± 0.04 0.75± 0.02 

Liver 1.6 ± 0.04 2.4 ± 0.03 1.6 ± 0.03 

Kidney 4.6 ± 0.05 3.9 ± 0.03 1 ± 0.02 

Urine 0.6 ± 0.01 18 ± 0.4 30.3 ± 1 

Male organ 6.7 ± 0.13 10 ± 0.34 11  ± 0.4 

Thyroid 
0.05 ± 0.01 0.06 ± 0.01 0.09±0.02 
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         From the previous table it was noticed that the most 

suitable time for heart imaging (maximum heart uptake) at 

60 min and  for vascular disorder imaging at 30 min post 

injection , it's significantly higher than other uptakes at 

different times  ,as shown in Table (20) according to one 

way ANOVA test with (L.S.D) test (P≤0.05) 

 

Table (20) Analysis of variance of heart and blood 

uptake percent of [
125
I]Nef at different time intervals 

post injection 

(I) Optimum time of 

heart uptake (min) 

(J) Other times of 

heart uptake (min) 

Mean Difference 

(I-J) 

Sign.(p) 

60 30 2.6333(*) 0.000 

 180 4.7333(*) 0.000 

* The mean difference is significant at the 0.05 level. 

(I) Optimum time of 

blood uptake (min) 

(J) Other times of 

blood uptake (min) 

Mean Difference 

(I-J) 

Sign.(p) 

30 60 10.5333(*) 0.000 

 180 13.5333(*) 0.000 

* The mean difference is significant at the 0.05 level. 

 

The second step after calcium loading with high 

amounts, the mice was orally administered 10 times the 

daily calcium normal dose, the mice groups were left for 

one hour then injected the labeled Nefidipine. It was 
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noticed as shown in Table (21) that after one h the tracer is 

less than normal mice without loading of calcium but after 

3 h it go with high ratio to heart and  the same in blood  as 

shown in Figure (15,16) & Tables (22 &23) , Using the 

student's paired test, statistical difference were assumed to 

be nonreproducible when P�  0.05 , the different between 

the uptake of the [
125

I]Nef after calcium loading and uptake 

of  [
125

I]Nef was not statistically significant [ P= 0.6202] 

after 1h and [P=0.7414] after 3h 

So in this case the tracer need longer time after 

injection to be imaged and this may due to after labeling 

with radioactive nuclides some differences in the biological 

behavior are expected due to electrostatic and structural 

changes introduced into molecules.
(53)

 

 

* For both [
125

I]Del and [
125

I]Nef after injection into 

the blood stream small colloidal particles of labeled 

compounds might have formed and cleared by the liver, 

spleen and macrophages in the lungs.
(53)
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Table (21): Biodistribution of [
125
I]Nef in mice (x ± S.D., 

N=3), expressed as % injected dose /g organ and body 

fluid after calcium loading 

 

%Detected dose / g organ 

different time intervals post 

injection 
organs & body 

fluid 60 min 180 min 

Blood 3.9 ± 0.05 4 ± 0.04 

Bone 2.7 ± 0.02 3.9 ± 0.02 

Muscle 1.9 ± 0.03 0.5 ± 0.01 

Heart 2.5 ± 0.06 3.9 ± 0.08 

Lung 2.7 ± 0.05 4.3 ± 0.04 

Intestine 2.2 ± 0.1 1.7 ± 0.02 

Stomach 42.4 ± 1.6 31.4 ± 1 

Spleen 0.7 ± 0.01 0.4 ± 0.02 

Liver 2.8 ± 0.16 1.3 ± 0.03 

Kidney 3.9 ± 0.02 5.4 ± 0.03 

Urine 5.2 ± 0.13 30.2 ± 1.3 

Male organ 
8.3 ± 0.3 19.7 ± 0.9 

Thyroid 0.05 ±0.01 0.04±0.01 
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Fig (15) : Biological distribution of [
125
I] Nef after  1h 

from  calcium loading 

 

 
 

 

Fig (16) : Biological distribution of [
125
I]Nef after 3h 

from calcium loading 
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Table (22) :Biological comparison for [
125
I]Nef after 1h 

calcium loading and before calcium loading 

 

Target organ Before Calcium 

loading 

After calcium 

loading 

Blood 7 3.9 

Heart 8 2.5 

 

 

Table (23) :Biological comparison for [
125
I]Nef after 3h 

calcium loading and before calcium loading 

 

Target organ Before Calcium 

loading 

After calcium 

loading 

Blood 4 4 

Heart 3.3 3.9 
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 Conclusion 

 

On the basis of the previous findings the following 

conclusion was obtained, To have the maximum 

radiochemical yield up to 89 % of labeled Deltiazem and 

the specific activity of [
125
I]Del was 54.05 MBq/ µM : 

 

1. The best amount of Deltiazem used was 100 

µg. 

2. The best Oxidizing agent used was Iodogen 

with amount equal to 25 µg. 

3. The reaction work best in acidic medium in 

pH equal to 4 

4. The suitable time for the reaction was 30 min. 

5. The best temperature was at ambient 

temperature. 

6. The biological distribution of the tracer 

indicates that it's possibility to be used in 

cardiovascular disorder imaging.  
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To have the maximum radiochemical yield up to 

95% of labeled Nefidipine, and the specific activity of 

[
125
I]Nef was 20.76 MBq/ µM : 

 

1. The best amount of Nefidipine used was 200 

µg. 

2. The best Oxidizing agent used was Iodogen 

with amount equal to 200 µg. 

3. The reaction work best in acidic medium in 

pH equal to 4. 

4. The suitable time for the reaction was 30 min. 

5. The best temperature was at ambient 

temperature. 

6. The biological distribution of the tracer 

indicates that it's possibility to be used in 

cardiovascular disorder imaging.  
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Figure (17) : The predicted structure for [
125
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Radioiodination and Biological Evaluation of 

Valsartan as a Tracer for Cardiovascular Disorder 

Detection 

 

 

II.1.  INTRODUCTION 

Valsartan (Angiotan or Diovan) Figure (XV) is 

an angiotensin II receptor antagonist (more commonly 

called an "ARB", or angiotensin receptor blocker), with 

particularly high affinity for the type I (AT1) angiotensin 

receptor. By blocking the action of angiotensin, valsartan 

dilates blood vessels and reduces blood pressure.
(95)

 

 

 

Figure (XV) Structure of Valsartan 
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Angiotensin II is involved in regulating blood 

pressure and fluid balance. It has two main actions. It 

causes the blood vessels to narrow and the kidneys to retain 

salt and water. 

Valsartan blocks the receptors that angiotensin II acts 

on, and so prevents its actions. These drugs " Angiotensin 

II blockers " are selective blockers 
(96)

 Figure (XVI) shows 

the mechanism of action, The main result of this is that the 

peripheral blood vessels are allowed to widen, which 

means that there is more space and less resistance in these 

blood vessels. This is the main mechanism by which the 

pressure in the blood vessels is lowered. 
(97,98)

 

Blocking the actions of angiotensin II also increases 

the amount of fluid removed from the blood by the kidneys. 

This decreases the amount of fluid in the blood vessels, 

which also lessens the resistance and pressure in the blood 

vessels. 

The combined effect of these changes is to lower the 

blood pressure, hence Valsartan is used to treat high blood 

pressure. 
(99-101)

 

The reduced pressure within the blood vessels also 

means that the heart doesn't have to work as hard to pump 

the blood around the body. For this reason, Valsartan may 

be prescribed to people with heart failure, or to certain 
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people who have had a heart attack. Sometimes a heart 

attack can damage a chamber of the heart known as the left 

ventricle. This damage means that the heart doesn't pump 

as effectively as it should. Valsartan reduces the workload 

of the heart and has been shown to improve survival in 

people who have this problem following a heart attack. 

 

 

 

 

Fig (XVI) Mechanism of Action 
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Pharmacokinetics, disposition and biotransformation 

of [
14

C]-radiolabeled Valsartan in healthy male volunteers 

after a single oral dose was studied 
(102)

, Several clinical 

trials have demonstrated that AT-II-receptor antagonists are 

as effective as calcium-channel blockers, b-blockers, and 

ACE inhibitors in the treatment of hypertension and induce 

fewer adverse effects.
(103)

 . There were several trials to 

image cardiovascular disorders for example Positron 

emission tomography (PET) imaging of atherosclerosis 

using the metabolic marker fluorodeoxyglucose (FDG) 

allows quantification of arterial inflammation across 

multiple vessels. 
(104)

, Imaging of coronary inflammation 

with FDG-PET feasibility and clinical hurdles.
(105)

 . 

Labeling of Valsartan by 
131

I or 
123

I radioactive 

isotopes can help in imaging of any cardiovascular disorder 

all over the human body. Hence, the aim of this study is to 

investigate all factors affecting the labeling process to 

optimize the conditions required to get a labeled compound 

with high radiochemical yield. Also, the biodistribution and 

the efficiency of labeled valsartan in heart and blood 

vessels will be experimentally evaluated in animals. During 

this study, 
125

I was used in the labeling process due to its 

availability, energy and the suitability of it's half life (60 

days). 
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 II.2. EXPERIMENTAL 

 

The experimental work was carried out in the 

laboratories of the Cyclotron Project, Nuclear Research 

Center; Egyptian Atomic Energy Authority. 

 

 

 II.2.1. Materials 

 

     All chemicals and laboratory reagents used in this work 

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

was double distilled. The chemicals used were the same as 

mentioned in chapter I, in addition to: 

 

- Valsartan, was obtained from Global Naby 

Pharmaceutical Company, Egypt and was used 

without any purification. 

 

II.2.2. Equipment 

 

        As mentioned in chapter I. 

 

II.2.3. Animals 

        As mentioned in chapter I 

   

II.2.4.Radioactive Material 

         As mentioned in chapter I. 
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II.2.5.Method  

 

II.2.5.1.Preparation of stock solution of Valsartan 

One mg of valsartan was accurately weighed and 

dissolved in 1ml ethanol (1µg / 1 µl). 

 

II.2.5.2.Preparation of stock solution of chloramine-T 

                

           As mentioned in chapter I. 

 

 

II.2.5.3.Preparation of Stock solution of Iodogen 

 

 

               As mentioned in chapter I. 

        

 

II.2.5.4.Preparation of Buffers 
(54)
 

 

              As mentioned in chapter I. 

 

II.2.6.Labeling of Valsartan with Na
125
I 

 

Radioiodinated Valsartan was prepared as follows: 

 

(1)  One mg of Valsartan was dissolved in 1 ml 

ethanol then  50µl (50µg) of Valsartan were 
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added to glass cultured tube coated with 25µg  

iodogen and the pH was adjusted to be 7. 

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

I (8-12 

MBq) was added. 

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

ethanol. 

(4)  The reaction was left to proceed for different 

time intervals at different temperatures. 

(5)  The reaction was stopped simply by decantation 

of the reaction mixture. 
(55)

 

 

II.2.7.Radiochemical analysis 

 

The radiochemical yield and purity of [
125

I]Val was 

determined using TLC and electrophoresis. 

 

II.2.7.1.TLC 

 

The radiochemical yield% of [
125

I]Val were 

determined using aluminum-backed silica gel 60. As shown 

in Figure (19) The plates were previously impregnated with 

Na2S2O3 (20 mg/mL, 0.126 M) to inhibit the oxidation of 

radioiodide to a volatile form. A volume of 5 µL reaction 

mixture was placed on the start line, then chromatographed 

using methylene chloride:ethyl acetate (2:1 v/v) as a 
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developing system 
(56)

 . The strips were removed, dried and 

cut into 1 cm segments and assayed for radioactivity using 

gamma counter. The relative first Rf for 
125

I = 0.0–0.1 and 

Rf for labeled compounds = 0.9. The radiochemical yield% 

at time (t) was calculated as the percent ratio of activity of 

labeled compound relative to the total activity on the TLC-

strip. 
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Fig (19): Radiochromatogram of [
125
I]Val TLC-SG 60 

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

125
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91.9% 
125

I
-
 

8.1% 
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II.2.7.2.Electrophoresis 

 

Electrophoresis was run using cellulose acetate 

strips. These strips were moistened with 0.02 M phosphate 

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

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

Standing time and applied voltage were continued for 90 

min the developed strips were removed, dried and cut into 

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

(Tl) detector connected with a single-channel analyzer. 

An analysis of samples from the reaction mixture 

resulted in two peaks as shown in Figure (20), one 

corresponding to the free iodide which moved towards the 

anode with 11 cm distance while [
125

I]Val remained at the 

point of spotting depending on their charge and ionic 

mobility.
(106)

 it gave RCY equal to 98.6% 
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Fig (20) Electrophorises of the labeled [
125
I]Val  

 

 II.2.8. Factors affecting the radiochemical yield  

 

II.2.8.1.Effect of the substrate amount on the 

radiochemical yield of [
125
 I]Val 

The experiment was performed by dissolving 1mg of 

Valsartan in 1ml ethanol, then different amounts 

(25,50,100,200,300 µg) of  Valsartan were transferred to 

glass culture tube coated with  25µg of  Iodogen , then 10µl 

of Na
125

I (8-12 MBq) were added, the pH was adjusted to 

7, the reaction was performed at ambient temperature for 

125
I-Val 

98.6% 

125
I

-
 

1.4
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30 min. The reaction was stopped simply by decantation. 

(55)
 

II.2.8.2.Effect of the amount of Chloramine-T (CAT) on 

the radiochemical yield of [
125
 I]Val 

The experiment was performed by adding 50µg of 

Valsartan to different amounts (25,50,100,200,300 µg) of 

CAT, then 10µl of Na
125

I (8-12 MBq)   were added, the pH 

was adjusted to 7, the reaction was performed at ambient 

temperature  for 30 min. The reaction was quenched by 

adding 50µl of Na2S2O3 (20mg/ml) as mentioned before. 

II.2.8.3.Effect of the Iodogen amount on the 

radiochemical yield of [
125
 I]Val 

The experiment was carried out by adding 50 µg 

valsartan to a glass culture tube coated with different 

amounts (25,50,100,200,300 µg) of  Iodogen. Then, 10µl of 

Na
125

I (8-12 MBq) were added, the pH was adjusted to 7. 

The reaction was performed at ambient temperature and 

allowed to proceed for 30min. The reaction was stopped as 

mentioned before. 
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II.2.8.4. Effect of different amounts of N-

Bromosuccinimide (NBS) on the radiochemical yield of 

[
125
 I]Val 

The experiment was carried out by adding 50 µg 

Valsartan and (25,50,100,200,300 µg ) of NBS. Then, 10µl 

of Na
125

I (8-12 MBq) were added, the pH was adjusted to 

7. The reaction was performed at ambient temperature and 

allowed to proceed for 30min. The reaction was quenched 

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

II.2.8.5. Effect of the pH on the radiochemical yield of 

[
125
I]Val 

       The effect of pH of the reaction medium on the 

labeling of Valsartan with 
125

I was studied in the range 

from 2 to 11. The experiment was performed by taking 

50µg of Valsartan added to glass culture tube coated with 

25µg Iodogen, then 10µl of Na
125

I (8-12 MBq)   were 

added and allowed to proceed at ambient temperature for 

30 min. The reaction was stopped simply as mentioned 

before. 
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II.2.8.6.Effect of the reaction temperature on the 

radiochemical yield of [
125
 I]Val 

The effect of the reaction temperature on the labeling 

of Valsartan with 
125

I was studied at temperatures ranging 

from (25
º
C to 100

º
C). The experiment was performed by 

adding 50 µg Valsartan to a glass culture tube coated with 

25µg Iodogen , then 10 µl of Na
125

I (8-12 MBq)  were 

added, the pH was adjusted to 7.  The reaction was stopped
 

as mentioned before. For each temperature the 

radiochemical yield was calculated.  

 

II.2.8.7.Effect of the reaction time on the radiochemical 

yield of [
125
 I]Val 

The effect of the reaction time on the labeling of 

Valsartan with 
125

I was studied at different time intervals. 

The experiment was performed by adding 50 µg Valsartan  

to a glass culture tube coated with 25µg Iodogen, then 10µl 

of Na
125

I (8-12 MBq)  were added, the pH was adjusted to 

7, the reaction was stopped as mentioned before ,and then 

the radiochemical yield was calculated 
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II.2.8.8.Effect of different solvents on the radiochemical 

yield of [
125
I]Val 

           The reaction between 50 µg Valsartan dissolved in 

different solvent namely Methanol, Acetone, DMSO, DMF, 

Chloroform and ethanol, in glass culture tube with  25 µg 

Iodogen  , then added 10 µl of Na
125

I (8-12 MBq)  , the pH 

was adjusted to 7. The reaction was carried out at ambient 

temperature for 30 min. the reaction was stopped as 

mentioned before. 

II.2.9.In-vitro Stability of the labeled Valsartan 

        The in-vitro stability of the labeled Valsartan was 

studied. The reaction mixture was prepared with the 

condition which gave the best radiochemical yield, which 

included 50 µg valsartan  in glass culture tube with 25µg 

Iodogen as an oxidizing agent  , then 10 µl of Na
125

I  (8-12 

MBq)  were added , the pH was adjusted to 7 . The reaction 

mixture was stand at ambient temperature for 24 hours, and 

the test performed at different time intervals. The labeled 

Valsartan was tested by taking a spot of the reaction 

mixture on a TLC, and then chromatography was carried 

out.    
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II.2.10.Radiochemical separation of [
125
 I]Val by 

HPLC 

 

The radiochemical separation and purification of 

[
125

I]Val  was carried out using high performance liquid 

chromatography. The separation was done using 0.2M 

Sodium dihydrogen phosphate : Acetonitrile in ratio ( 58 : 

42 ) , UV ( λ = 225 nm ) and the flow rate was 1 ml/min . 

(107)
  

 

 

 

II.2.11.Biodistribution studies 
 

 Swiss Albino mice were used for quantitative 

biodistribution studies. Exactly measured 200µl [
125

I]Val ( 

with 2-3 MBq activity) were injected intravenously (i.v.) in 

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

experiment. The mice were sacrificed by cervical 

dislocation at 0.5,1 and 3 h after injection of the tracer, 

respectively. Blood samples were collected at the time of 

scarification. The different organs were removed, washed 

with bidistilled water , weight and counted then compared 

to the standard solution of the labeled Valsartan. The 

average percent values of the administrated dose/g organ 
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were calculated. Blood, bone, and muscles were assumed to 

be 7, 10, and 40% of the total body weight, respectively 

(108)
. 

II.3.Result and discussion 

The results of this study can be given under the 

following headlines: 

II.3.1.Effect of the amount of Valsartan on the 

radiochemical yield of [
125
 I]Val 

  

The influence of different amounts of valsartan on 

the percentage of RCY of [
125

I]Val using glass cultured 

tube with 25 µg Iodogen, 10 µl Na
125

I, the pH was adjusted 

to 7  at ambient temperature within 30 min was investigated 

and the results are shown in Figure (21). The data indicated 

that Valsartan amount has a no significant effect on the 

RCY of [
125

I]Val . Optimum RCY of [
125

I]Val was 91.9% 

achieved by 50 µg  valsartan .The RCY was not affected by 

increasing the amount of Valsartan higher than 50 µg . This 

may be attributed to the fact that the yield reaches the 

saturation value because the entire generated iodonium ions 

in the reaction are captured at that amount of Valsartan 
(60)

. 
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Fig (21): Radiochemical yield of [
125
I]Val as a function 

of valsartan amount 

 

Table (24) shows that the maximum yield of 

[
125

I]Val (91.9 % at 50 µg) had a significant percent 

labeling yield (P� 0.05) according to one way ANOVA test 

with subsequent least significant of difference (L.S.D) test 

(P≤0.05).  
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Table (24) Analysis of variance of the percent labeling 

yield of [
125
I]Val at different amounts of Valsartan 

 

(I) Optimum 

valsartan 

amount(µµµµg) 

(J) Other valsartan 

amounts (µµµµg) 

Mean Difference (I-J) Sign.(p) 

50 25 16.4333(*) 0.000 

 100 2.5333(*) 0.000 

 200 4.8333(*) 0.000 

 300 10.7667(*) 0.000 

* The mean difference is significant at the 0.05 level. 

 

 

II.3.2.Effect of CAT amount on the radiochemical yield 

of [
125
 I]Val 

 

The influence of  different amounts of  CAT on the 

percentage of RCY of [
125

I]Val using 50 µg Valsartan at 

ambient temperature, pH was adjusted to 7, within 30 min 

was investigated and the results are presented in Figure 

(22). The data indicated that the amount of CAT has a 

significant effect on the RCY of [
125

I]Val , the low 

concentration of CAT gives low RCY which may be due to   

its amount was not sufficient to oxidize  all the radioiodide 

ions in the reaction mixture,
(109)

 but the Optimum RCY of 

[
125

I]Val (89.6%) was  achieved with CAT amount equal to 

(50 µg)  The RCY was decreased by increasing the amount 
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of CAT . This is due to the fact that the high concentration 

of CAT causes a number of undesirable oxidative side 

reactions including chlorination 
,(61,62)

 polymerization and 

denaturation of substrate 
(63)

. 

 

 
 

 

 

Fig (22): Radiochemical yield of [
125
I]Val as a function 

of CAT amount 

 

 

Optimum RCY from Table (25) of [
125

I]Val  was 

achieved (89.6%) at 50 µg CAT according to one way 

ANOVA test with (L.S.D) test (P≤0.05). 
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Table (25) Analysis of variance of the percent labeling 

yield of [
125
I]Val at different amounts of  CAT as 

oxidizing agent 

 

 (I) Optimum CAT 

amount(µµµµg) 

(J) Other CAT 

amount(µµµµg) 

Mean Difference (I-J) Sign.(p) 

50 25 11.6000(*) 0.000 

 100 2.0667(*) 0.000 

 200 8.5333(*) 0.000 

 300 11.9333(*) 0.000 

* The mean difference is significant at the 0.05 level. 

 

II.3.3.Effect of the amount of Iodogen on the 

radiochemical yield of [
125
 I]Val 

The iodination of Valsartan using Iodogen as an 

oxidizing agent was carried out by coating with Iodogen on 

the wall of the reaction vial using chloroformic solution of 

Iodogen. Figure (23) shows that the radiochemical yield of 

125
I-Val increases up to 91.9% using 25µg Iodogen , and 

this may due to negligible side reactions
(64)

, and by 

increasing Iodogen amount  up to (300µg) the RCY 

decreases down to 27%. This may attributed to 

precipitation of Iodogen on the wall of the reaction vial 

with large amounts and the reaction total volume is small 
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Fig (23): Radiochemical yield of [
125
I]Val as a function 

of Iodogen amount 

 

 
 

Optimum RCY of [
125

I]Val  from Table (26) was 

achieved (91.9%) at 25 µg Iodogen according to one way 

ANOVA test with (L.S.D) test (P≤0.05). 
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Table (26) Analysis of variance of the percent labeling 

yield of [
125
I]Val at different amounts of  Iodogen as 

oxidizing agent 

 

 (I) Optimum 

Iodogen amount(µµµµg) 

(J) Other Iodogen 

amount(µµµµg) 

Mean Difference (I-J) Sign.(p) 

25 50 1.1000(*) 0.000 

 100 4.7667(*) 0.000 

 200 38.7667(*) 0.000 

 300 64.7667(*) 0.000 

* The mean difference is significant at the 0.05 level. 

 

II.3.4.Effect of the amount of N-Bromosuccinimide 

(NBS) on the radiochemical yield of [
125
 I]Val 

 The effect of the NBS as an oxidizing agent was 

studied and the results are shown in Fig (24). It is noticed 

that the RCY decreases due to simultaneously radical side 

reactions. 
(110,111) 
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Fig (24): Radiochemical yield of [
125
I]Val as a function 

of N-bromosuccinamide amount 

 

Optimum RCY from Table (27) of [
125

I]Val  was 

achieved (55%) at 25 µg NBS according to one way 

ANOVA test with (L.S.D) test (P≤0.05). 
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Table (27) Analysis of variance of the percent labeling 

yield of [
125
I]Val at different amounts of NBS as 

oxidizing agent 

 

 (I) Optimum NBS 

amount(µµµµg) 

(J) Other NBS 

amount(µµµµg) 

Mean Difference (I-J) Sign.(p) 

25 50 3.8333(*) 0.000 

 100 4.1667(*) 0.000 

 200 13.8333(*) 0.000 

 300 14.5000(*) 0.000 

* The mean difference is significant at the 0.05 level. 

 

 

 

***By comparing the radiochemical yield of [
125

I]Val 

obtained with the three oxidizing agents used, it was found 

that  Iodogen  was the best oxidizing agent and 25µg of 

Iodogen is the optimum quantity  which gave the highest 

radiochemical yield .The results of the  comparison study is 

given in Figure (25). 
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Fig (25) Radiochemical yield of [
125
I]Val as a function of 

different oxidizing agents amounts 

 

 

 

II.3.5.Effect of pH of the reaction mixture on the 

radiochemical yield of  [
125
 I]Val 

 

Figure (26) shows the variation of the RCY of 

[
125

I]Val as a function of pH of the reaction medium in 

presence of Iodogen as an oxidizing agent. The data clearly 

showed that a high RCY was obtained at pH 7. A good  

labeling yield of [
125

I]Val was obtained around that pH due 

to the protonation of benzene ring giving H
+
, which was 

easily substituted by the radioactive iodonium ion I
+
. 

(112)
 

When the pH of the reaction medium was shifted towards 

the acidic region, the yield decreased to 48.5% at pH 2, In 
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case of alkaline region, the yield of [
125

I]Val is relatively 

poor, as a result of decreasing HOI, which is responsible 

for electrophilic substitution reaction 
(66)

.  

 

 

Fig (26)  Radiochemical yield of [
125
I]Val as a function 

of pH of reaction medium 

 
 

Table (28) clearly shows that the maximum yield for 

[
125

I]Val (91.9% ) at pH 7 according to one way ANOVA 

test with (L.S.D) test (P ≤ 0.05). 
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Table (28) Analysis of variance of the percent labeling 

yield of [
125
I]Val at different pH 

 

(I)  Optimum pH (J) Other pH Mean Difference (I-J) Sign.(p) 

7 2 30.7000 0.839 

 4 6.8333 0.964 

 9 -225.6667 0.157 

 11 37.8000 0.803 

* The mean difference is significant at the 0.05 level. 

 

II.3.6.Effect of the reaction temperature on the 

radiochemical yield of [
125
 I]Val 

The reaction temperature plays an important role in 

the electrophilic substitution reactions. The leaving 

hydronium ion requires energy to break C–H bound and to 

initiate the introduction of the radioactive iodoniom ion 

into the ring 
(63)

. The effect of the reaction temperature on 

the percent RCY of [
125

I]Val using 50 µg Val, and 25 µg 

Iodogen, pH was adjusted to 7, was studied within 30 min 

at different temperatures. Figure (27) shows that the 

radiochemical yield of [
125

I]Val was high at room 

temperature reaching to 91.9% and remains stable up to 

80°C and when the temperature rises up to 100°C the RCY 
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decreases to 60.9% .This may be attributed to thermal  

decomposition of the labeled compound 
(113)

. 

 

 

 

 
 

Fig (27) : Radiochemical yield of [
125
I]Val as a function 

of reaction temperature. 

 

 

Table (29) shows that the maximum yield for 

[
125

I]Val (91.9 %) at ambient temperature is significantly 

higher than other yields at different reaction temperatures 

according to one way ANOVA test with (L.S.D) test 

(P≤0.05). 
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Table (29) Analysis of variance of the percent labeling 

yield of [
125
I]Val at different reaction temperatures 

 

(I) Optimum 

temperature (ºC) 

(J) Other 

temperatures (ºC) 

Mean Difference (I-J) Sign.(p) 

25 40 .9000(*) 0.000 

 60 .8917(*)  0.000 

 80 .7667(*) 0.000 

 100 31.0333(*) 0.000 

* The mean difference is significant at the 0.05 level. 

 

II.3.7.Effect of reaction time on the radiochemical yield 

of [
125
 I]Val 

 

The radiochemical yield of [
125

I]Val was determined 

at different time intervals using 50 µg Valsartan and 25 µg 

Iodogen at ambient temperature and the  pH was adjusted 

to 7. The obtained results were illustrated in Figure (28). It 

could be concluded that the reaction is time dependant and 

the RCY decreases by increasing the time. The optimum 

time found to give the highest RCY was 30 min. 
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Fig (28) : Radiochemical yield of [
125
I]Val as a function 

of reaction time. 

 

 

Table (30) shows that maximum yield for [
125

I]Val 

(91.9 %) at 30 min is significantly higher than other yields 

at different reaction times according to one way ANOVA 

test with (L.S.D) test (P≤0.05). 
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Table (30) Analysis of variance of the percent labeling 

yield of [
125
I]Val at different reaction time 

 
(I) Optimum 

reaction time (min) 

(J) Other reaction 

times (min) 

Mean Difference (I-J) Sign.(p) 

30 15 8.6333(*) 0.000 

 60 6.8667(*) 0.000 

 120 11.8333(*) 0.000 

* The mean difference is significant at the 0.05 level. 

 

II.3.8.Effect of different solvents on the radiochemical 

yield of [
125
 I]Val 

 

The reaction between 50 µg Valsartan and Na
125

I (8-

12 MBq) in the presence of  25 µg Iodogen   as oxidizing 

agent was examined in different organic solvents namely 

Methanol,acetone, DMSO , DMF, chloroform and ethanol 

as shown in Table (31). The results indicated that the most 

suitable solvent was ethanol. This may be due to the 

complete solubility of Valsartan in ethanol. In spite of the 

advantageous characteristics of the dipolar aprotic solvent 

(DMSO), (DMF) which include a high boiling point, ability 

to solvate a broad variety of solutes and to be useful in 

radioiodination reactions 
(114,115)

 the labeling using DMSO 

as a solvent gave poor radiochemical yield of [
125

I]Val. 
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Table (31): Effect of different organic solvents on the 

radiochemical yield of [
125
I]Val 

 

Solvent RCY 

1-Ethanol 91.9% ± 0.7 

2-Acetone 85%±0.8 

3-Methanol 75%±1.5 

4-DMF 63%±1.3 

5-DMSO 58%±0.9 

6-Chloroform 53%±1 

 

 

 

 

II.3.9.In vitro stability 
 

The stability of [
125

I]Val 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 accumulated in 

undesired organ. This experiment was conducted by using 

50 µg Valsartan, 25 µg Iodogen, the reaction pH was 

adjusted to 7 and 10 µl of Na
125

I (8-12 MBq). The reaction 

mixture was kept at ambient temperature. The stability of 

the labeled Valsartan was performed by taking a spot of the 

reaction mixture on a TLC, then chromatography was 
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carried out at different time intervals ranging from 1 to 24 

h. Table (32) shows that [
125

I]Val  gradually decreased with 

time at ambient temperature and reaches 77% after 4h. The 

RCY shows continuous decrease with time and become 

70% after 24h. This indicate that [
125

I]Val must be used 

immediately after 30min where the maximum RCY was 

achieved.  

 

Table (32) The invitro stability of [
125
I]Val at ambient 

temperature at different time intervals ranging from 1-

24h 

 

Time h 

Radiochemical 

yield % 

0.5 91.9 ± 1.5 

1 89.5 ±1.3 

2 80±1.4 

3 77.4±2.2 

4 77±1.5 

8 75.6±1.2 

12 74±1.3 

16 72±1.1 

24 70.1±2 
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Table (33) clearly shows the significant difference in 

in vitro stability of  
125

I-Val  for 24 hours post iodination 

according to one way ANOVA test with (L.S.D)(p > 0.05). 

 

Table (33) Analysis of variance of the percent labeling 

yield of [
125
I]Val in vitro stability study 

 

(I) Maximum 

stability time (hour) 

(J) Other times 

(hour) 

Mean Difference (I-J) Sign.(p) 

24 1 -15.1000(*) 0.000 

 2 -10.1000(*)    0.000  

 3   -7.2333(*) 0.000 

 4 -7.0000(*) 0.000 

 8 -5.3333(*) 0.000 

 12 -4.1000(*) 0.000 

 16 -1.9333(*) 0.000 

* The mean difference is significant at the 0.05 level. 

 

II.3.10.Radiochemical separation of [
125
 I]Val using 

HPLC  

The free radioiodide was separated at retention 

time 2 min while [
125

I]Val and non active Val was 

separated at the same retention time "overlapped"  as 
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shown in Figure (29)The fractions were collected 

and evaporated under reduced pressure, dissolved in 

saline solution and sterilized by Millipore filter (0.22 

mm) under aseptic condition. Then the radioactivity 

was counted in a well type NaI crystal single-channel 

analyzer 
(116)

. 
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Fig (29) The HPLC analysis of the labeled [
125
I]Val  
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II.3.11.Biodistribution of [
125
I]Val in mice 

 The [
125

I]Val was injected ( 200 µl , 2-3 MBq) into 

normal mice via intravenous route to estimate its biological 

distribution. The data of this study is presented in Table 

(34). Data were collected and coded prior to analysis; all 

data were expressed as mean ± SD.  

The data shows that the activity holds by the blood 

and remain high after 1h post injection (15.8%), and 

decreases after 3h (6.85%) .This may be due to the binding 

of Valsartan with plasma protein. 

 

Angiotensin II is involved in regulating blood 

pressure and fluid balance, by blocking the binding of 

angiotensin II to the AT 1 receptor in vascular smooth 

muscle and the adrenal gland, producing decreased BP.
(117)

 

It has two main actions. It causes the blood vessels to 

narrow and the kidneys to retain salt and water , and that 

was noticed in high radioactivity found in urine which was 

collected and counted at the time of scarification. 

AT1 receptors are mainly found in the heart, adrenal 

glands, liver and kidneys.
(118,119)

 ,Valsartan is eliminated 

unchanged 
(120,121) 

The excretion of the tracer was attained 
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via two routes. The first one was via kidney through tubular 

excretion. This was confirmed as urine activity reached to 

(31.5%) at 3 h post injection. The second excretion route 

was via liver, that conveys to the intestines reached to (7%) 

at 3 h post injection  

It was noticed also the high uptake of the 

radiolabeled valsartan in muscels with ratio up to 25.5 

,24,15 in 30 min 1 and 3 h respectively. 
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Table (34): Biodistribution of [
125
I]Val in normal mice 

 (x ± S.D., N=3), expressed as % injected dose /g tissue 

Detected dose/ g organ percent at different 

time intervals  post injection (min) 

 

Organs & 

bodyfluid 

 

 

 

30 min 60 min 180 min 

Blood 11.2 ± 0.2 15.8 ± 0.31 6.85 ± 0.2 

Bone 8± 0.4 11.6 ± 0.3 9.9 ± 0.41 

Muscle 25.5 ± 1.2 24 ± 1 15 ± 0.9 

Heart 0.9 ± 0.02 0.7 ± 0.01 0.37 ± 0.01 

Lung 2.2 ± 0.03 1.4 ± 0.04 0.85 ± 0.01 

Stomach 19.7 ± 0.3 21.6 ± 0.6 20 ± 0.4 

Intestine 7.4 ± 0.2 7.2 ± 0.2 7 ± 0.3 

Liver 6.5 ± 0.3 4.2 ± 0.1 4 ± 0.12 

Kidney 1.8 ± 0.04 2.8 ± 0.03 1.5 ± 0.01 

Urine 6.3 ± 0.2 8.8  ± 0.4 31.5 ± 1.3 

Spleen 0.9 ± 0.01 0.8 ± 0.02 0.7 ± 0.01 

Thyroid 0.06±0.02 0.09 ± 0.01 0.18 ± 0.07 
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          From the previous table it was noticed that the most 

suitable time for heart imaging (maximum heart uptake) at 

30 min and  for vascular imaging at 60 min post injection , 

it's significantly higher than other uptakes at different times  

,as shown in Table (35) according to one way ANOVA test 

with (L.S.D) test (P≤0.05) 

 

Table (35) Analysis of variance of heart and blood 

uptake percent of [
125
I]Val at different time intervals 

post injection 

(I) Optimum time of 

heart uptake (min) 

(J) Other times of 

heart uptake (min) 

Mean Difference 

(I-J) 

Sign.(p) 

30 60 .2267(*) 0.000 

 180 .5533(*) 0.000 

* The mean difference is significant at the 0.05 level. 

(I) Optimum time of 

blood uptake (min) 

(J) Other times of 

blood uptake (min) 

Mean Difference 

(I-J) 

Sign.(p) 

60 30 4.5667(*) 0.000 

 180 8.9633(*) 0.000 

* The mean difference is significant at the 0.05 level. 
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Conclusion 

 

On the basis of the previous findings the following 

conclusion was obtained, to have the maximum 

radiochemical yield up to 91.9 %  of labeled Valsartan , 

and the specific activity of [
125
I]Val was 18.5 MBq/ mM  : 

 

1. The best amount of Valsartan used was 50 µg. 

2. The best Oxidizing agent used was Iodogen 

with amount equal to 25 µg in neutral 

medium. 

3. The suitable time for the reaction was 30 min. 

4. The best temperature was at ambient 

temperature. 

5. The biological distribution of the tracer 

indicate its possibility to be used in 

cardiovascular disorder imaging.  
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Fig (30): The predictable structure for [
125
I]Val 
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 ملخص الرسالة
يستخدم مختصوا الطب النووي تقنيه امنه و غير مؤلمه و قليله التكلفه لتصوير و 

المعلومات الخاصه عن و الطب النووي شئ فريد النه يزود الطبيب ب. عالج االمراض 

شكل المرض بالجسم و هو السبيل للحصول علي معلومات طبيه قد يكون صعب الحصول 

ي عمليه جراحيه لمعرفتها او قد تتطلب تحاليل و اختبارات اكثر عليها بدونه و تحتاج ال

يسمح بالتشخيص المبكر لالمراض قبل  و التصوير في الطب النووي. تكلفه لمعرفتها 

 .ظهور االعراض و قبل التحاليل التشخيصيه للمرض 

بدايه من حديثي  و العالج من اهم السبل للتشخيص  اليوم و يعد الطب النووي

ه و مرضي القلب و كذلك الحاالت النفسيه ايضا و لهذا فالبحث عن سبل عالج في الوالد

 .الطب النووي هدفا قيما لكل الباحثين 

و تعد الصيدله النوويه هي العلم الذي يتعامل مع تحضير و تركيب و اخراج 

قوم به المستحضر المستخدم في الصوره المثاليه الصالحه لالستخدام و هو ما ي

ن من الصيادله في التعامل مع المواد المشعه في المستشفيات الكبري و المتخصصو

 .المراكز الطبيه 

 و هناك ايضا ما نقوم بتحضيرههناك مواد مشعه طبيعيه موجوده بالطبيعه 

باستخدام باستخدام الجسيمات المشحونه التي يتم تعجيلها في المعجالت كالسيكلوترون او

ينه للحصول علي عمستقره بطاقه م ذرهلكي تصطدم بنواه  الذري المفاعل فيالنيترونات 

بطرق او الجسيمات ه و التي تهدف الي االستقرار عن طريق انبعاث االشعه عالماده المش

لالستخدام في  الماده المشعهيتم تحديد هل يمكن استخدام هذه  علي هذا االساسمختلفه و 

 .التصوير و العالج او ال 
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عمليه التصوير كميات ضئيله جدا من الماده المشعه  و يستخدم المتخصصون في

و التي لها طاقه معروفه لتهدف و تتمركز في العضو المراد تصويره و يتم استقبالها 

 .بكاميرات و اجهزه مختلفه للتشخيص 

و تهدف هذه الرساله الي ترقيم كال من الدلتيازم و النيفيديبين و الفالزارتان 

 . لتشخيص و تصوير القصور في الجهاز الدوري شع الم 521باستخدام اليود  

 :و للحصول علي هذه النتائج تم تقسيم الرساله الي فصلين 

 

مقارنه بين ترقيم مادتي الدلتيازم و النيفيديبين : الفصل االول 

لتصوير قصور الدوره  521الغالقتان لممرات الكالسيوم باستخدام اليود 

 الدمويه و القلب

لسيوم هي المنفذ الذي يعبردخوال و خروجا  عنصر الكالسيوم من تعد ممرات الكا

 .االنقباض و االنبساطعلي حيث يحفز العضالت و عضله القلب   خالله الي الجسم

ل االلكتروفيلي باستخدام تم ترقيم المادتين باستخدام االحال و في هذه الدراسه

 % 98)ترقيم عالي لكال من الدلتيازم  عائدااليودوجين كماده مؤكسده و اعطي 

ه امع مراعدقيقه  03و تم التفاعل في درجه حراره الغرفه لمده ( % 81)و النيفيديبين ( 

وسط التفاعل لكال منهما  و اوضحت النتائج ان الدلتيازم المرقم نظرا الرتباطه مع بروتين 

ما تمركز ايضا في القلب ك( جم % /  4.4-1.1-2.9)الدم فقد وجد في الدم بنسب عاليه 

ساعات من  0و ذلك بعد نصف و ساعه و ( جم % /  5.21-5.0-0.4) بنسبه عاليه 

كما انه عند حقن الفئران بجرعه  االشعاعي في التصوير من الممكن استخدامهالحقن لذلك 

كجم   53/  (ميلليجرام 2,1) مللي 1مرات من الجرعه اليوميه العاديه   53كالسيوم اكبر 

في االماكن الغنيه بممرات الكالسيوم و من هنا يتضح ان  رقمد لوحظ تمركز الدلتيازم المفق

 .عمليه الترقيم تمت بنجاح دون التأثير علي فاعليه الدواء
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و كذلك بالنسبه الي النيفيديبين المرقم نظرا الرتباطه مع بروتين الدم فقد وجد في 

-1.4) ركز ايضا في القلب بنسبه عاليه كما تم( جم % /  4-1-51.1)الدم بنسب عاليه 

 ايضا  ساعات من الحقن لذلك فانه يصلح 0و ذلك بعد نصف و ساعه و ( جم % /  9-0.2

كما انه عند حقن الفئران بجرعه  القصور في الجهاز الدوري  تشخيص لالستخدام في

فقد (  كجم 53/  جراممللي 2,1) مرات من الجرعه اليوميه العاديه  53كالسيوم اكبر 

لوحظ تمركز النيفيديبين المرقم في االماكن الغنيه بممرات الكالسيوم بنسبه اقل بعد نصف 

ساعات و من هنا يتضح ان عمليه  0و لكن زادت النسبه اكثر بعد  الحقنو ساعه من 

التصوير في هذه الحاله ستحتاج الي وقت اطول لكي يتم التصوير و قد يكون هذا نتيجه 

و اكد .في شكل المركب اثناء عمليه الترقيم و دخول اليود علي المركب حدوث تغير طفيف

ذلك في فصل المركب المرقم من المركب غير المرقم بواسطه جهاز فصل السوائل 

 .الكروماتوجرافي ذو الضغط العالي

 

تخدام في الترقيم و التقييم البيولوجي للفالزارتان لالس :الفصل الثاني 

 ويهقصور الدوره الدمكشف 

 

فيتم توسيع  2الفالزارتان من االدويه المستخدمه لغلق مستقبالت االنجيوتنسين يعد

االوعيه الدمويه و بالتالي تقليل الضغط و تم الترقيم عن طريق االحالل االلكتروفيلي 

و عند حقن %(  85,8)باستخدام االيودوجين كماده مؤكسده و اعطي ناتج ترقيم عالي 

نظرا (  جم% /51.9)هر بصوره واضحه في الدم بعد ساعه الفالزارتان المرقم ظ

 .الرتباطه ببروتين الدم كما لوحظ تمركزه في العضالت بصوره عاليه 


