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[bookmark: _Toc38808747]NUCLEAR PHARMACY/RADIO-PHARMACY:
[bookmark: _Toc38808748]INTRODUCTION:
It is defined as a “patient-oriented service that embodies the scientific knowledge and professional judgment required to improve and promote health through the safe and efficacious use of radioactive drugs for diagnosis and therapy.”
Radiopharmaceuticals:
The term radiopharmaceutical is actually derived from two words i.e.
· Radio [refers to Radionuclide / Radioactive isotope]
· Pharmaceutical [refers to dosage form / radioactive tracer (a chemical compound in which one or more atoms have been replaced by a radioisotope. Monitoring its radioactive decay, a radiotracer can be used to explore the mechanism of chemical reactions)]

Definition:
A Radiopharmaceutical is a radioactive pharmaceutical agent that is used for diagnostic or therapeutic procedures. 
OR
Radiopharmaceuticals are drug products that contain a biological moiety and a radioactive element. The biological construct targets a physiological or pathophysiological process of interest.

The facilities and procedures for the production, use, and storage of radiopharmaceuticals are subject to licensing by national and/or regional authorities. This licensing includes compliance both with regulations governing pharmaceutical preparations and with those governing radioactive materials. Additional regulations may apply for issues such as transportation or dispensing of radiopharmaceuticals.  

[bookmark: _Toc38808749]Radionuclide & Decay process:
Nuclide is a type of atom whose nucleus has specific numbers of protons and neutrons. Nuclides may be stable or unstable; those that are unstable are radioactive because their nuclei undergo rearrangement while changing to a stable state, and energy is released(Radioactive decay). So, a Radionuclide is an unstable form of nuclide that is radioactive and decays by the emission of nuclear radiations to attain stability.
[bookmark: _Toc38808750]Types of radiation decay:
The three main types of radiation decay are
1. [image: Radiation - Wikipedia]alpha particles, 
2. beta particles, and 
3. gamma photons (or gamma rays)
Of the three types, alpha particles have the largest mass and charge of radiation, consisting of two protons and two neutrons, identical with the helium nucleus. 
As an alpha particle loses energy, its velocity decreases. Most alphaparticles are unable to pierce the outer layers of skin or penetrate a thin piece of paper. However, because the charge is large, it causes a great deal of damage to the immediate area by breaking down DNA. 
[image: ]Beta particles may be either electrons with negative charge, negatrons, or positive electrons, positrons (anti-electron/anti-matter). These two particles, b− and b+, have a range of penetration. Beta particles are not as destructive as alpha particles, but they can be used therapeutically. 
Gamma rays are electromagnetic vibrations comparable with light but with much shorter wavelength. Because of their short wavelength and high energy, they are very penetrating.Nuclear medicine depends mostly on radiopharmaceuticals that decay by gamma emission.

[bookmark: _Toc38808751]Categorization of Radiopharmaceuticals 
1. Radiopharmaceutical preparation: is a medicinal product in a ready-to-use form suitable for human use (diagnostic or therapeutic) that contains a radionuclide.
2. Radiopharmaceutical precursor: A radionuclide produced for the radio-labelling process with a resultant radiopharmaceutical preparation.
3. Radionuclide generator : A system in which a daughter radionuclide (short half-life) is separated from a parent radionuclide (long half-life) and later used for production of a radiopharmaceutical preparation. 
4. Kit for radiopharmaceutical preparation:  A vial containing non-radionuclide components of a radiopharmaceutical preparation, usually in the form of a  sterilized, validated product to which the appropriate radionuclide is added  or in which the appropriate radionuclide is diluted before medical use. 
[bookmark: _Toc38808752]Desired Attributes/properties of Radiopharmaceuticals 

1. Easy Availability - easily produced, inexpensive, and readily produced
2. Types of Emission – Pure Gamma Emitter
3. Energy of Gamma Rays - 100-200 keV is ideal for gamma cameras and 511 keV for positron
4. Photon Abundance – Should be highminimizeimaging time.
5. Carrier-free - The radionuclide should be carrier-free—that is, it is not contaminated by either stable radionuclides or other radionuclides of the same element. Carrier material can negatively influence biodistribution and labeling efficiency.
6. Target to Non target Ratio - Should be high to differentiate the targeted organ from the background. Otherwise it may result into non-diagnostic scan, delayed diagnosis and unnecessary dose of radiation.
7. Effective Half-life –should beshort enough to minimize the radiation dose & long enough to perform the procedure. Ideally 1.5 times the duration of the diagnostic procedure. Example: For a Bone Scan which is a 4-h procedure, 99mTc- phosphate compounds with an effective half-life of 6 h are the ideal radiopharmaceuticals.
8. Patient Safety - Free of any toxicity or physiological effects.





[bookmark: _Toc38808753]Radio-pharmaceutical VS Traditional Pharmaceuticals

	Radio-pharmaceuticals
	TraditionalPharmaceuticals

	Specially prepared
	Ready to use

	No pharmacological effect
	Definite pharmacological effect

	Short shelf life
	Long shelf life

	Limited routes of administration. Usually parentral route
	Different routes of administration

	Radiopharmaceutical doses are dispensed to patients in units of activity, typically mCi or μCi.
	Traditional therapeutic agents are dispensed according to weight-based calculations to determine appropriate activity.

	Special Regulations required on practice including rules governing  radioactive materials
	Only drug regulations applicable 


[bookmark: _Toc38808754]FORMULATION OF RADIOPHARMACEUTICALS

BASIC PRINCIPLE:
Nulcear bombardment:
[bookmark: _GoBack]The basic principle involve the hitting nucleus of stable atoms with sub-nuclear particles: neutrons,protons, alpha particles etc.

[image: ]
[bookmark: _Toc38808755]PRODUCTION OF RADIONUCLIDE:

1. Direct method (Primary Source):
· Reactor
· Cyclotron

2. Indirect method (Secondary Source):
· Generators

[bookmark: _Toc38808756]DIRECT METHOD:

Production of radionuclide from reactor:
Principle: A nuclear reactor is a source of neutrons for the production of radionuclides.
Reactor produced radionuclides:
	Iodine-131    
	Molybdenum-99 

Construction:
1. An inner core.    
2. . An outer shieldin
An inner core:

a. Fuel rods: It is compose of the nuclear fuel which is to be converted into radionuclide.
Nuclear fuel is a material that can be 'burned' by nuclear fission or fusion to derive nuclear energy and to generate radionuclide.

b. Control rods:
Control rods are used in nuclear reactors to control the fission rate. They are made of chemical elements, such as boron, silver, indium and cadmium, that are capable of absorbing many neutrons without fissioning themselves.

c. Modulator:
 In nuclear engineering, a neutron moderator is a medium that reduces the speed of fast neutrons, thereby turning them into thermal neutrons capable of sustaining a nuclear chain reaction. 
Commonly used moderators include regular (light) water (roughly 75% of the world's reactors), solid graphite (20% of reactors) and heavy water (5% of reactors).Beryllium has also been used in some experimental types, and hydrocarbons have been suggested as another possibility. 

An outer shielding:  An access to the inner core is provided   by a massive radioactive shielding of special high density concrete, which surrounds the inner core of reactor.

[image: ]
CYCLOTRON:
 A cyclotron has a considerable K.E to cause a nuclear reaction. So it can accelerate the charged particle by an electrical field, due to a voltage across two electrodes.

Construction:
   A cyclotron consist of two D shaped hollow metallic boxes called DEES. These D’s are positioned so that there is slight gap b/w them. These Ds act as electrodes.
[image: ]
Drawback:
· Expensive
· Cyclotron produced radionuclides are short lived i.e. having short half life so that they can only used in institutions close to cyclotron setup.

Cyclotron produced radionuclides:
	Ga-67, I-123, In-111, Th-20, C-11, N-13, F-18

[bookmark: _Toc38808757] INDIRECT METHOD: 

                  Radionuclide Generators
Principle:

Long-lived parent radionuclide is allowed to decay to its short-lived    daughter radionuclide and the latter is chemically separated in a physiological solution.

*A -------> *B --------> C
Construction:

  A typical radionuclide generator consists of a glass or plastic column fitted at the bottom with the fritted disk. The column is filled with adsorbent materials such as cation or anion exchange resins, alumina or zaricona.

Ideal Generators: Characteristics
· Easily transportable
· Easy separation of daughter from parent in sterile, pyrogen free form.
· High yield of separation.
· No radionuclide impurities.
· Parent with reasonable half life.
· Daughter with ideal half life and gamma energy.
· Chemistry of the daughter allows hospital Preparation.

Important Radionulide Generators:

1.  99Mo-99Tc generator
2.  113Sn-113In generator

99Mo/99mTc Generator

· Parent:       99Mo as molybdate (99MO4-2)
· Daughter:  99mTc as pertechnetate (99mTcO4-1)
· Adsorbent material: Alumina (aluminum oxide, Al2O3)
· Eluent: Saline (0.9% NaCl)
· Eluate: 99mTcO4
· Half-life: 66 hr.
· High affinity to alumina compared to 99mTc.
Technetium-99m

· Most widely used radionuclide (excellent radiation characteristics)
· ideal physical half life: 6 hours
· Its daughter (99Tc) has a half-life of 2.12X105 Years ---> no extra radiation dose to the patient
· Suitable for in-house preparation of many radiopharmaceuticals.


[bookmark: _Toc38808758]Production of sodium-pertecnetate fromTc-99m in technetium generator:

1. Na passing through column, normal saline solution selectively carries only technetium-99m as sodium-pertecnetate form.
2. This collection of technetium-99m in a vial is called elution.
3. The molybdenum continues to decay to technetium-99m & after 23 hrs another technetium-99m elution with sodium chloride is possible.
4. The process can be repeated daily until one week when the yield of sodium pertechnetate becomes inconveniently small due to low level decay of molybdenum. 

[bookmark: _Toc38808759]Incorporation of Radionuclide into a Non-Radioactive Pharmaceutical Moeity i.e. the KIT Concept:

[bookmark: _Toc38808760]KIT:  (Vial)
 A kit is a single, sterile, freeze dried, rubber caped vial which contains all the necessary non-radioactive ingredients to prepare aseptic radiopharmaceuticals.
In general a vial containing the non radionuclide components of a radiopharmaceutical preparation, usually in the form of a sterilized, validated product to which the appropriate radionuclide is added or in which the appropriate radionuclide is diluted before medical use. In most cases the kit is a multidose vial and production of the radiopharmaceutical preparation may require additional steps such as boiling, heating, filtration and buffering. Radiopharmaceutical preparations derived from kits are normally intended for use within 12 hours of preparation.
Example:

Kits available for the preparations of Tc-99 radiopharmaceuticals (sodium- pertecnetate). The activity of radiopharmaceutical form injection required is calculated and is injected into the kit vial.  An equivalent volume of gas is drawn from the space above the solution before withdrawing the syringe from the vial.
· The manufacturer specifies the minimum & maximum range of activity that can be added to a particular kit.
· The vial is shaken to dissolve the contents.
· An aseptic technique is used throughout to maintain sterility of the final product and to ensure adequate protection of the operator from radiations.
            Radiation dose units:
· Radiation absorbed dose and effective dose in the international system of units (SI system) for radiation measurement uses "gray" (Gy) and "sievert" (Sv), respectively.
· In the United States, radiation absorbed dose, effective dose, and exposure are sometimes measured and stated in units called rad, rem, or roentgen 
· This exposure can be from an external source irradiating the whole body, an extremity, or other organ or tissue resulting in an external radiation dose. Alternately, internally deposited radioactive material may cause an internal radiation dose to the whole body, an organ, or a tissue.

Factors that determine radiation dose:

1. Amount of radioactivity administered
2. Types of radiation emitted
3. Chemical and physical state
4. Redistribution & clearance of radio nuclides
5. Pathologic conditions of patients 
6. Patient age and size can also affect radiation dose

Calculation of radiation dose

· Mathematical equation for dose ratio: 
D=KA.E 
m
Where D=dose/rate 
K=rate constant 
A=amount of activity in the tissue volume 
m=the time mass in grams (so A/m is the concentration) 
E=average energy released per transmission.

Factors Influencing the Design of New Radiopharmaceuticals

· Compatibility-incorporation radionuclide into the molecule 111In-DTPA
· Charge of the Molecule
· Size of Molecule
· Protein Binding
· Solubility
· Stability
· Biodistribution
[bookmark: _Toc38808761]LABELING

Every radiopharmaceutical preparation must comply with the labeling requirements established under Good Manufacturing Practice.

The label on the primary container should include:

1) A statement that the product is radioactive or the international symbol for radioactivity
2) The name of the radiopharmaceutical preparation;
· where appropriate, that the preparation is for diagnostic or for therapeutic use;
· the route of administration;
· the total radioactivity present at a stated date and, where necessary, time; for solutions, a statement of the radioactivity in a suitable volume (for example, in Meq per ml of the solution) may be given instead;
· the expiry date and, where necessary, time;
· the batch (lot) number assigned by the manufacturer;
· for solutions, the total volume.
· any special storage requirements with respect to temperature and light;
· where applicable, the name and concentration of any added microbial preservatives or, where necessary, that no antimicrobial preservative has been added;
[bookmark: _Toc38808762]RADIOPHARMACEUTICALS QUALITY CONTROL
Quality Control 
The control of variations of workmanship, processes and materials to ensure that a consistent, uniform product is produced.
[bookmark: _Toc38808763]PHYSICOCHEMICAL TESTS
It includes;
· Physical Characteristics
· pH and Ionic Strength
· visual inspection of the product
· assessment of radioactivity
· Radionuclide Purity…..e.g. 99Mo Breakthrough Test
· Radiochemical Purity (RCP) ……… must have a RCP of at least 90%
· Labeling
[bookmark: _Toc38808764]BIOLOGICAL TESTS 
It includes;
· sterility testing
· pyrogenicity tests
· Bacterial endotoxcin.

PHYSICOCHEMICAL TESTS:

· Visual Inspection of Product
· Visual inspection of the compounded radiopharmaceutical shall be conducted to ensure the absence of foreign matter and also to establish product identity by confirming that
(1) a liquid product is a solution, a colloid, or a suspension.
(2) a solid product has defined properties that identify it.
· Assessment of Radioactivity
· The amount of radioactivity in each compounded radiopharmaceutical should be verified and documented prior to dispensing, using a proper standardized radionuclide (dose) calibrator.
· Radionuclide Purity
· Requirements for radionuclide purity are specified in two ways:
1. by expression of a minimum level of radionuclide purity. Unless otherwise stated in the individual monograph, the gamma-ray spectrum should not be significantly different from that of a standardized solution of the radionuclide before the expiry date is reached.
2. by expression of maximum levels of specific radionuclide impurities in the individual monographs. In general, such impurities are those that are known to be likely to arise during the production of the material – for example, thallium-202 (t1/2=12.23d) in the preparation of thallium-201 (t1/2 =73.5h).
· Radiochemical purity
· Radiochemical purity is assessed by a variety of analytical techniques such as:
· liquid chromatography
· paper chromatography 
· thin-layer chromatography
· electrophoresis
· the distribution of radioactivity on the chromatogram is determined.
BIOLOGICAL QUALITY CONTROL TESTING:
Sterility Test
In the production of medicine, very strict hygienic and aseptic standards should be followed. Usually one living organism in a million units, is admissible in very extreme conditions. While this single microorganism can render a product non-sterile. For the sake of sterilization, autoclaving and radiation sterilization procedures are usually adopted. Sterility testing criteria vary in different pharmacopoeia. A method prescribed for the determination of bacterial contamination may be used as an in-process control as well as for the final test of the finished product. Test for microbial contamination in radioactive product is, in general, best carried out by the filter method. Within 24 hours of sterile filtration of the PET radiopharmaceutical, an aliquot of the batch may be inoculated for sterility testing. The USP sterility test consists of 2 components: fluid thioglycollate medium (FTM) and soybean-casein digest medium. FTM is incubated at 30o to 35o C for 14 days while the soybean-casein digest medium is incubated at 20o to 25o C for 14 days. If microbiological growth occurs in either medium, the product is considered non-sterile or contaminated. Often, the final PET product is passed through a 0.22 membrane filter as a means of cold  sterilization. Special difficulties arise, however, in carrying out the test for sterility for radiopharmaceutical preparations because of the short half life of most radionuclides, small size of batches and the radiation hazards. 
Apyrogenecity
Pyrogens may enter into a product from raw materials, personnel or equipment. One important source of pyrogens is water. Pyrogens cannot be removed by membrane filtration or autoclaving. Their introduction into the product must be avoided be using pyrogen free raw materials/utensils and preventing their entry at any stage during the production process and the storage. Pyrogen testing is carried out according to the prescribed recommendation in different pharmacopoeiae (British Pharmacopoeia 1988, European Pharmacopoeia, US Pharmacopeiae XX. and XXII.). It is checked through rabbit test where the temperature increase is determined after the intravenous administration of the radiopharmaceutical (US Pharmacopeiae XX and XXII). The exact amount of the test sample may vary in different investigations. The test has shown some drawbacks in case of unpredictable behaviour of animals towards different compounds and development of immunity to different pyrogens. 
Bacterial Endotoxin:
Test Prior to the release of PET radiopharmaceuticals, the bacterial endotoxin test (BET) is performed to determine the presence of bacterial endotoxins from gram-negative organisms.limulus amoebocyte lysate (LAL) test is available (US Pharmacopeiae XX and XXII) which does not need animal subjects. The principle of this test, is based upon gelation or precipitation of clottable proteins of lysate amebocyte of limulus polyhemus . This test uses limulus amebocyte lysate obtained from the common horseshoe crab (Limulus polyphemus) which reacts with bacterial endotoxins to form a gel-clot. This so called “gel-clot”a methods is a very sensitive, rapid, cost-effective procedure. The maximum allowable endotoxins in radiopharmaceutical injections, for all routes of administration except intrathecal, is 175 EU/V where V is the maximum volume (mL) of drug administered at the time of expiration. For radiopharmaceuticals intended for intrathecal administration, the endotoxin limit is 14 EU/V due to the greater risk for CNS toxicity from intrathecal administration. 
It has the advantage of high sensitivity, as a very small volume required and relatively rapid performance as it takes only 1 hr as compared to rabbit test which needs at least 3 hrs. The disadvantage is that chemicals/reagents present in the kit content, can possibly interfere which may lead to wrong conclusions. 
[bookmark: _Toc38808765]STORAGE:
Radiopharmaceuticals should be kept in well-closed containers and stored in an area assigned for the purpose. The storage conditions should be such that the maximum radiation dose rate to which persons may be exposed is reduced to an acceptable level. Care should be taken to comply with national regulations for protection against ionizing radiation. Radiopharmaceutical preparations that are intended for parenteral use should be kept in a glass vial, ampoule or syringe that is sufficiently transparent to permit the visual inspection of the contents. Glass containers may darken under the effect of radiation.
[bookmark: _Toc38808766]DISPENSING OF RADIOPHARMACEUTICALS
Dispensing refers to the manipulations necessary to transfer the prescribed or ordered amount of radiopharmaceutical into the final container (e.g., syringe or vial). Radiopharmaceuticals are prescribed according to unit of radioactivity. The actual dispensing of the patient dose involves how much radiopharmaceutical will be required to obtain the prescribed amount of radioactivity at a given time. Since radiopharmaceuticals are often prepared in advance of administration, calculations should take into account correction for loss of radioactivity by radioactive decay. Before dispensing, the amount of radioactivity in each radiopharmaceutical is assayed in a radionuclide dose calibrator to assure the accuracy of dose.
Dispensing can take place from single-use or multi-dose1 containers of prepared. Labeling of the final patient specific dose or ordered amount of a radiopharmaceutical is also a component of the dispensing process.  As part of  dispensing, the patient-specific dose may be diluted, as appropriate, to a larger volume with an appropriate diluent. 
[bookmark: _Toc38808767]PRECAUTIONS:
While handling and storage of radioactive substances: 
1. One should not touch the radioactive emitter with hand but it should be handled by means of forceps. 
2. Smoking, eating and drinking activities should not be handled in laboratory where radioactive material is handled. 
3. Sufficient protective clothing and shielding have to be used while handling of materials.
 4. Radioactive materials have to be stored in suitable labelled containers, covered (shielded by lead bricks) and preferably in a remote corner. 
5. Areas where radioactive materials are stored should be monitored and tested for radioactivity regularly. 
6. Disposal of radioactive materials should be carried out with great care. Pipettes operated by mouth should never be used.  Rubber gloves have to be used when working with radioactive liquids.
[bookmark: _Toc38808768]APPLICATIONS OF RADIOPHARMACEUTICALS:
Radiopharmaceuticals are the radioactive substances or radioactive drugs for diagnostic or therapeutic interventions. or Radiopharmaceuticals are medicinal formulations containing radioisotopes which are safe for administration in humans for diagnosis or for therapy. 
They find use in medicine in 4 different ways: 
1. Radioisotopes in Therapy (Emitted radiations used to destroy cells in condition like cancer) 
2. Radioisotopes in Diagnosis (Radioactive tracers) 
3. Research (Biological and medicinal studies by use of radioactive isotopes as tracers) 
4. Sterilization (For sterilization of pharmaceuticals and surgical instruments)
[bookmark: _Toc38808769]THERAPEUTIC APPLICATIONS:
“Therapeutic radiopharmaceuticals are radio-labelled molecules designed to deliver therapeutic doses of ionizing radiation to specific disease sites, such as cancerous tumors, with high specificity in the body.”
One strategy to increase the concentration of a dose-limited, rapidly cleared radionuclide in a tumor was to couple it covalently to a large molecule (e.g., MAB directed against a tumor marker on the surface of the tumor). Because to their large size, these radionuclide conjugates are not rapidly excreted by the kidneys; they are slowly removed from the systemic circulation over several days by the reticuloendothelial system RES. 
“Radiolabeled peptides are a new class of radiotracers that target a cell or tissue and deliver a diagnostic signal or therapeutic agent to the site of the disease.” 

COMMON THERAPEUTIC RADIOPHARMACEUTICALS:
Chromic phosphate P32  for lung, ovarian, uterine, and prostate cancers. Chromic phosphate P 32 is a suspension that is delivered through a catheter or tube, inserted into the sac surrounding the lungs, or into the abdominal or pelvic cavities. The usual dosage is 15-20 millicuries for abdominal administration and 10 millicuries for administration to the lung sac. Chromic phosphate P 32 also may be injected into the ovaries or prostate.
Sodium iodide I 131 for thyroid cancer. Sodium Iodide I 131 is taken by mouth as a capsule or a solution. The usual dose for treating thyroid cancer is 30-200 millicuries, depending on age and body size. Doses may be repeated. Treatment usually requires two to three days of hospitalization. For this therapy to be effective there must be high levels of thyroid-stimulating hormone (TSH, or thyrotropin) in the blood. This hormone can be injected prior to treatmentv
Samarium Sm 153 for cancerous bone tissue. The usual dosage of samarium Sm 153 lexidronam is 1 millicurie per kg (0.45 millicurie per lb) of body weight, injected slowly into a vein. Repeated doses may be necessary. Because samarium Sm 153 lexidronam may accumulate in the bladder, it is important to drink plenty of liquid prior to treatment and to urinate often after treatment. This reduces the irradiation of the bladder.
Sodium phosphate P 32 for cancerous bone tissue and other types of cancers. The dosage of sodium phosphate P 32 depends on age, body size, blood cell counts, and the type of treatment. The usual dosages range from 1–5 millicuries. Repeated doses may be required.
Stronium chloride Sr 89 for cancerous bone tissue. Strontium-89 is injected into a vein. The usual dosage is 4 millicuries, depending on age, body size, and blood cell counts. Repeated doses may be required.

[bookmark: _Toc38808770]DIAGNOSTIC APPLICATIONS:

Radiopharmaceuticals are used to diagnose disease or evaluate the progression of disease following specific therapy. The distribution pattern of radiopharmaceuticals can be used for imaging purposes.
Radiopharmaceuticals are useful to evaluate a patient’s response to drug therapy and surgery. These agents can detect early changes in physiologic function that come before morphologic or biochemical end points. An example is 
a) perfusion lung imaging  to detect pulmonary embolism,
b)  Cardiac radionuclide ventriculograms using Tc-labeled red blood cells are performed 
· To assess left ventricular function (e.g., ejection fraction)
· To evaluate the effect of surgery (e.g., coronary artery bypass graft, valve repair) or
· The response to drug therapy.
EXAMPLES OF DIAGNOSTIC RADIOPHARMACEUTICALS:
1. RADIOPHARMACEUTICALS FOR CARDIOVASCULAR IMAGING:

A: Agents used to measure cardiac functions:…………Tc Albumin 99m
B: Agents for imaging  MI…………………………………………pyrophosphate inj USP

2. SKELETAL IMAGING:
Tc labeled bone agents are used .For bone marrow imaging size range should be in the range of 0.1-3 micronmeter.
3. LUNG IMAGING:
                 A: Pulmonary perfusion imaging………………………………….Tc albumin 
                  B: Pulmonary ventilation imaging………………………………..Xenon-133

4. HEPATIC IMAGING:
It is done for liver spleen imaging,hepatobiliary imaging ………Tc sulphur colloid.

5. RENAL IMAGING:
                 It is performed  to determine renal function,renal vascular flow,renal morphology.
Tcpentate

Other uses of radioisotopes:

1. Americuun 241:Used in smoke detectors
2. Cadmium 109: Used to analyze metal alloys for checking stock, scrap sorting….
3. Calcium 47: Important aid to biomedical researchers studying the cellular functions and bone formation in mammals
4. Carbon-14:Major research tool. Used in biological research, agriculture, pollution control, and archeology
5. Cobalt-60: Used to sterilize surgical instruments
6. Nickle-63: Used to detect explosives, and in voltage regulators
7. Thallium 204: Measures the dust and pollutant levels on filter paper.and gauges the thickness of plastics, sheet metal,rubber, textiles and paper.
8. Uranium 235:  Fuel for nuclear power plants and naval nuclear propulsion systems.
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