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A Radioisotope, or radioactive isotope, is an atom characterized by an unstable 

nucleus, which results from an imbalance in the number of protons and 

neutrons. This instability causes the nucleus to undergo radioactive decay, 

emitting energy in the form of radiation such as alpha particles, beta particles, or 

gamma rays as it seeks a more stable state. The rate of decay is measured by the 

isotope's half-life, the time required for half of the radioactive atoms to decay, 

which can range from fractions of a second to millions of years. Due to their 

unique properties, radioisotopes have a wide array of applications across 

various fields. In medicine, they are crucial for both diagnostics and treatment, 

with isotopes such as Technetium-99m used in imaging and Iodine-131 

employed in treating thyroid disorders.  

 

In industry, radioisotopes are utilized for non-destructive testing and quality 

control, such as inspecting welds or detecting leaks in pipelines. They also serve 

as tracers in scientific research, allowing for the tracking of biological and 

chemical processes at a molecular level. Additionally, in agriculture, 

radioisotopes help in studying nutrient uptake in plants and improving food 

preservation through irradiation. However, the handling of radioisotopes 

requires strict safety measures due to the potential health risks posed by 

radiation exposure, making proper storage, usage, and disposal essential to 

minimizing danger. 
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I. TYPES OF RADIOACTIVE DECAY 

 

1. Alpha Decay: In alpha decay, the radioisotope emits an alpha particle, 

which consists of two protons and two neutrons. This emission decreases the 

atomic number by two and the mass number by four, resulting in a different 

element. 

 

2. Beta Decay: In beta decay, a neutron in the nucleus is transformed into a 

proton with the emission of a beta particle (an electron or positron) and a 

neutrino. This increases the atomic number by one without changing the 

mass number, also resulting in a different element. 

 

3. Gamma Emission: Gamma rays are high-energy photons emitted from the 

nucleus as it transitions from an excited state to a lower energy state. Gamma 

emission usually accompanies alpha or beta decay but does not change the 

atomic number or mass number. 

 

Applications of Radioisotopes 

 

1. Medical Applications: Radioisotopes are extensively used in medicine for 

diagnostics and treatment. For example, Technetium-99m is widely used in 

nuclear imaging to diagnose conditions such as bone fractures, heart disease, 

and cancer. Iodine-131 is used both to diagnose and treat thyroid disorders. 
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2. Industrial Applications: In industry, radioisotopes are used for non-

destructive testing, such as checking welds and detecting leaks in pipelines. 

They are also used in radiography to inspect the integrity of materials and 

components. 

 

3. Scientific Research: Radioisotopes serve as tracers in biological and 

chemical research. They allow scientists to track the movement of elements 

within organisms or chemical reactions, providing valuable insights into 

metabolic pathways and molecular dynamics. 

 

4. Agricultural Applications: Radioisotopes are used in agriculture to study 

nutrient uptake in plants, control pests, and improve food preservation 

through irradiation, which kills bacteria and other pathogens. 

 

 
         

Figure 1: Applications of Radioisotopes (Image Curtesy Adrian Ioan Stoian) 

 

Safety and Handling: Due to their radioactive nature, handling radioisotopes 

requires strict safety protocols to protect against radiation exposure. This 

includes using shielding, maintaining a safe distance, minimizing exposure 

time, and following regulatory guidelines for the storage, use, and disposal of 

radioactive materials. 
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Half-Life: One of the critical characteristics of a radioisotope is its half-life, 

which is the time required for half of the radioactive atoms in a sample to decay. 

The half-life can range from fractions of a second to millions of years, 

depending on the isotope. This property determines the suitability of a 

radioisotope for specific applications, such as short-lived isotopes for medical 

imaging or long-lived isotopes for geological dating. 

 

II. BIOCHEMICAL APPLICATIONS OF RADIOISOTOPES 

 

Investigating Aspects of Metabolism 

 

1. Metabolic Pathways: Radioisotopes are frequently used for their property 

to emit radiations thereby facilitating tracing of metabolic pathways. This 

commonly involves adding a radioactive substrate to the material under 

experiment and then taking samples at various intervals, followed by 

extracting and separating the products. (chromatographically or otherwise). 

To monitor radioactivity emitted during separation, radioactivity detectors 

are attached to gas liquid chromatography or high-performance liquid 

chromatography columns. 

 

Alternatively, radioactivity can be located by paper or thin-layer 

chromatography with either a Geiger-Muller chromatograph scanner or with 

autoradiography. To ascertain that a particular compound is metabolized by a 

pathway, radioisotopes are used. For instance, the fate of individual carbon 

atoms of [
14

C] acetate through the tricarboxylic cycle, or Krebs cycle can be 

predicted. There are methods developed whereby intermediates can be 

ascertained e.g.in the specific labelling pattern, if the actual pattern 

coincides with the theoretical pattern, it provides conclusively evidence for 

the mode of operation of the Krebs cycle. 

 

Another example of the use of radioisotopes is the studies carried out on 

glucose catabolism to confirm the mode of operation of a metabolic pathway. 

Glucose can be oxidized in numerous ways, the two most important ones in 

aerobic organisms being glycolys is followed by Krebs cycle together with 

the pentose phosphate pathway. 

 

2. Metabolic Turnover Times: Turnover times for particular compounds can 

be ascertained by radioisotopes techniques. One such technique can be 

demonstrated by taking into account an example of the turnover of proteins 

in rats. A group of rats is injected with a radioactive substrate i.e. radioactive 

amino acid and left for 24 hours; this allows most of the amino acid to get 



Bio Instrumentation: Tools and Techniques  

ISBN: 978-1-68576-523-1  

IIP Series, Chapter 7 

RADIO ISOTOPIC TECHNIQUES 

 

114 

assimilated into proteins. The rats are then neutralised (killed) at suitable 

time intervals and radioactivity in organs or tissues of interest is detected. 

This way, the rate of metabolic turnover of protein is determined. 

 

3.  Studies of Absorption, Accumulation and Translocation: Radioisotope 

techniques have been very extensively used to study the mechanisms and 

rates of absorption, accumulation and translocation of inorganic and organic 

compounds. In both plant and animal systems the techniques are equally 

applicable and helps in determining such phenomena. Such experiments 

yield results such as; the route of translocation, sites of absorption & 

accumulation of molecules in biological studies. 

 

4. Pharmacological Studies: A promising field where radioisotopes are widely 

used is in the development of new drugs. The process remains complicated 

for the reason, every new drug is needed to be studied in detail for intended 

effect and undesirable side effects if any, before it can be approved for 

treatment (human trials). For instance, the site and rate of drug accumulation, 

the rate of metabolism and the metabolic products, all the phenomena must 

be determined. 

 

Analytical Applications 

 

1. Enzyme and Ligand Binding Studies: Virtually any enzyme reaction can 

be assayed using radioisotope technique if a radioactive form of the substrate 

is available. Radiotracer-based enzyme assays as is widely known, are 

more cost-intensive than other methods, but have the advantage of a higher 

degree of sensitivity. Radioisotopes have also been used in the studies of 

ligand binding to membrane receptors and also in studying the mechanism of 

enzyme action. 

 

2. Isotope Dilution Analysis: Many compounds are present in such low 

amounts and in mixtures of similar compounds in living organisms that they 

cannot be accurately assayed by conventional methods. Isotope dilution 

analysis offers a convenient and accurate way of overcoming this problem 

and the compounds need not be quantitatively isolated. 

 

For example, if the amount of iron in a protein preparation is to be 

determined, conventional methods can be complicated, but if a source of 
59

Fe 

is available (radioactive substrate) the sample can be assayed for total iron 

on the basis of radioactivity. 
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Other Applications 

 

1. Molecular Biology Techniques: Radioisotope techniques have contributed 

significantly in recent advances in molecular biology especially the advances 

in genetic manipulation such as DNA replication, DNA and RNA 

sequencing, transcription, recombinant DNA technology, synthesis of 

complementary DNAand many similar studies. 

 

2. Clinical Diagnosis: Radioisotopes are extensively used in medical 

diagnostic tests. In Lung function tests (LFT) xenon-133 (
133

Xe) is used in 

diagnosis of malfunctions of lung ventilation. Kidney function tests using 

[133] iodo-hippuric acid are used in diagnoses of kidney infection& also the 

blockages or imbalance of function between the two kidneys can be detected. 

Radioisotopes are used invarious aspects of haematology which includes 

such aspects as blood volumes blood cell lifetimesand blood circulation 

times, all of which may vary in particular clinical conditions. 
 

3. Ecological Studies: A major part of radiotracer work is carried out in 

biochemical, clinical or pharmacological laboratories; nevertheless, 

radiotracers are also useful to ecologists. We frequently hear about Radio-

collars in felines in conservation methods which helps detect their migratory 

patterns and behaviour patterns, these collars are nothing but radiotracers. 

Another ecological application is in the demonstration of food chains where 

the primary producers can be bugged with non-lethal radioactivity and the 

path of radioactivity is followed unravelling the entire food chain. 
 

4. Sterilization of Food and Equipment: Pre-packed foods such as milk and 

meat are sterilized by very strong у-emitters, radioisotopes are widely used 

in the food industry for sterilization. Normally either 
60

Co or 
137

Ce is used, in 

such extent and intensity so that the food product itself is not affected in any 

way. Though the technique has limitation in terms of achieving complete 

sterilisation in some cases but nevertheless food spoilage can be greatly 

reduced and shelf-life is increased. 
60

Co and 
137

Ce are also used in 

sterilization of drugs that are administered by injection & also in sterilization 

of plastic disposable equipment such as Petri dishes and syringes. 
 

5. Mutagens: Radioactivity may cause mutations by interaction with genetic 

material, particularly in micro-organisms thus radioisotopes are used to 

develop mutant microbes in various microbiological studies. Radioisotope 

induced mutagenesis is widely employed in industrial microbiology e.g. 

developments of new strains of a micro-organism that produce higher yields 

of a desired microbial product.  
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6. Biochemical Analysis: Radioactive isotopes can also be used to label 

biological molecules &determine the concentration of different constituents 

of plasma, body fluids, sweat, urine, blood etc. This radioisotope technique 

is called Radioimmunoassay (RIA) which uses a radioactively labelled 

antigen as tracer. An example is Iodine bioassay which uses gamma emitters’ 

radionuclides of Iodine-125 and Iodine-131 that accumulates inside thyroid. 

 

Radioactive isotopes in medicine: Iodine-131 is effective in locating brain 

tumours and in determining liver and thyroid activity.Iodine-131 is used to 

locate brain tumors through a technique called radioactive iodine uptake test. A 

small amount of radioactive iodine-131 is injected into the bloodstream, which 

accumulates in the tumor cells. A special camera detects the radiation emitted 

by the iodine, creating an image of the tumor's location and size. This helps 

doctors diagnose and monitor brain tumors, such as gliomas and meningiomas. 

The iodine-131 scan can also help identify areas of high metabolic activity, 

indicating tumor growth or recurrence. This information guides treatment 

decisions and surgical planning. 

 

Radioimmunoassay (RIA) 

 

Immunoassay: An immunoassay is a laboratory test that uses antibodies or 

antigens to detect and measure specific biomolecules, such as proteins, 

hormones, or viruses, in a sample. It relies on the binding of antibodies to 

specific antigens, allowing for the quantification of the target molecule with 

high sensitivity and specificity. (An Antigen is a foreign substance that enters 

your body and antibody is a protein produced by immune system to attack and 

fight off antigens).The molecule detected by the immunoassay is often referred 

to as an ―analyte.‖ According to the label or detection system, an immunoassay 

can be divided into: 

 

 Radioimmunoassay (RIA) 

 Enzyme immunoassay (EIA) 

 Fluorescence immunoassay (FIA) 

 Chemiluminescence immunoassay (CLIA) 

 Colloidal gold immunolabeling technology 

 Immunosensors 

 Time-resolved immunofluorescence assay 

 Capillary electrophoresis immunoassay,   

 

Radioimmunoassay (RIA): RIA is a highly sensitive laboratory technique used 

to measure the concentration of specific antigens or antibodies in a sample. 
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Developed in the 1960s, RIA is based on the principle of competitive binding, 

where a known quantity of a radioactively labelled antigen competes with the 

unknown quantity of the same antigen in the sample for binding to a specific 

antibody. The antibody binds to both the labelled and unlabelled antigens, 

forming antigen-antibody complexes. By separating these complexes and 

measuring the radioactivity of the bound and free antigen, the concentration of 

the unknown antigen in the sample can be quantified. It involves labelling 

antibodies with radioactive isotopes, which bind to the target antigen. The 

bound radioactive antibodies are then separated from unbound ones, and the 

radioactivity is measured to quantify the antigen concentration. RIA is widely 

used to detect and measure hormones, viruses, and other biomolecules in small 

quantities, with applications in medicine, research, and diagnostics. Its high 

sensitivity and specificity make it a valuable tool for precise measurements. 

This method was developed by Rosalyn Sussman Yalow, Roger Guillemin, and 

Andrew Schally at the Veterans Administration Hospital in the Bronx, 

NewYork. This revolutionary development earned Dr. Yalow the Nobel Prize for 

Medicine in 1977. 

 

This method is highly sensitive and specific, capable of detecting substances in 

the picogram range, making it invaluable in fields like endocrinology, 

pharmacology, and clinical diagnostics. RIA has been instrumental in advancing 

medical research, enabling the precise measurement of hormone levels, 

monitoring therapeutic drug levels, and diagnosing diseases like diabetes, 

thyroid disorders, and various cancers. Despite its effectiveness, the use of 

radioisotopes in RIA requires stringent safety protocols to prevent radiation 

exposure, and the disposal of radioactive waste is strictly regulated. While 

newer methods such as enzyme-linked immunosorbent assay (ELISA) have 

largely replaced RIA in many laboratories due to safety and environmental 

concerns, RIA remains a gold standard for its sensitivity and reliability in 

specific applications. 

 

 
 

Figure 2 
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Principle of Radioimmunoassay (RIA): It involves competitive binding 

between a radioactive labelled antigen and an unlabelled antigen (in the sample) 

for a limited number of antibody binding sites. The more unlabelled antigen 

present, the less radioactive antigen binds to the antibodies. The bound 

radioactive antigen is separated from the unbound and measured. The decrease 

in radioactive binding is directly proportional to the concentration of the 

unlabelled antigen in the sample. This inverse relationship allows for the 

quantification of the antigen concentration. The high specificity of antibodies 

ensures accurate measurements, making RIA a highly sensitive and precise 

technique. 

 

It involves combination of three principles. 

 

 An immune reaction i.e. antigen-antibody binding. 

 A competitive binding or competitive displacement reactiongiving 

specificity. 

 Detection & measurement of radioactivity. (It gives sensitivity) 

 

Technique 

 

Here is the step-wise process involved in Radioimmunoassay (RIA): 

 

1. Preparation of Radioactive Labelled Antigen: Antigen is labelled with a 

radioactive isotope (e.g., Iodine-125). 
 

2. Preparation of Antibody: Specific antibody for the antigen is prepared and 

diluted to optimal concentration. 
 

3. Sample Preparation: Samples containing unknown antigen concentrations 

are prepared. 
 

4. Incubation: Radioactive labelled antigen, antibody, and samples are mixed 

and incubated together. 
 

5. Competition: Labelled and unlabelled antigens compete for binding to the 

limited antibody sites. 
 

6. Separation: Bound and free fractions are separated using techniques like 

centrifugation or chromatography. 

 

7. Measurement: Radioactivity in the bound fraction is measured using a 

gamma counter. 

https://microbenotes.com/introduction-to-antigen/


Bio Instrumentation: Tools and Techniques  

ISBN: 978-1-68576-523-1  

IIP Series, Chapter 7 

RADIO ISOTOPIC TECHNIQUES 

 

119 

8. Standard Curve: A standard curve is generated by plotting radioactivity 

against known antigen concentrations. 

9. Interpolation: Unknown antigen concentrations are determined by 

interpolating sample radioactivity on the standard curve. 

 

10. Calculation: Antigen concentrations are calculated and results are 

interpreted. 

 

 
 

Figure 3: 

 

Drawbacks and Limitations 

 

1. Radioactive Hazards: Handling and disposal of radioactive materials pose 

health risks and require special facilities and licenses. 

 

2. Limited Shelf Life: Radioactive reagents have a short half-life, requiring 

frequent preparation and calibration. 

 

3. High Cost: RIA requires specialized equipment, reagents, and trained 

personnel, making it a costly technique. 
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4. Cross-Reactivity and Interference: Non-specific binding or cross-

reactivity with similar antigens can lead to false results or reduced 

sensitivity. 

 

5. Time-Consuming and Labour-Intensive: RIA involves multiple incubation 

steps, separations, and measurements, making it a time-consuming and 

labour-intensive process. 

 

6. Additional Limitations Include: Requirement for specialized facilities and 

equipment; Limited dynamic range; Potential for human error; Need for 

careful quality control and standardization. 

 

Applications 

 

Radioimmunoassay (RIA) techniques have various applications in medicine, 

research, and diagnostics, including: 

 

1. Hormone Measurement: RIA is used to measure hormone levels, such as 

insulin, thyroxine, and cortisol, to diagnose and monitor endocrine disorders. 

 

2. Tumour Marker Detection: RIA detects tumor markers, like 

carcinoembryonic antigen (CEA) and prostate-specific antigen (PSA), to 

diagnose and monitor cancer. 

 

3. Infectious Disease Diagnosis: RIA identifies antibodies against pathogens, 

such as HIV, hepatitis, and rubella, to diagnose infections. 

 

4. Autoimmune Disease Diagnosis: RIA detects autoantibodies, like 

rheumatoid factor and anti-thyroid antibodies, to diagnose autoimmune 

disorders. 

 

5. Pharmacokinetic Studies: RIA measures drug concentrations, like digoxin 

and theophylline, to monitor drug levels and toxicity. 

 

6. Research Applications: RIA is used in basic research to study hormone 

regulation, immune responses, and disease mechanisms. 

 

7. Pregnancy Testing: RIA detects human chorionic gonadotropin (hCG) to 

confirm pregnancy. 

 

8. Allergy Testing: RIA measures IgE antibodies to diagnose allergies. 
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9. Neurotransmitter and Peptide Measurement: RIA measures 

neurotransmitters, like serotonin and dopamine, and peptides, like gastrin 

and somatostatin. 

 

10. Forensic Toxicology: RIA detects drugs of abuse, like opioids and cocaine, 

in biological samples. 

 

Enzyme Immunoassay (EIA): Enzyme Immunoassay (EIA) is a technique 

used to detect and quantify specific antigens or antibodies by using an enzyme-

linked antigen or antibody as a marker. The enzyme, upon reacting with a 

substrate, produces a detectable signal, usually a colour change, which is 

proportional to the amount of target molecule present. A common type of EIA is 

the Enzyme-Linked Immunosorbent Assay (ELISA). 

 

Fluorescence Immunoassay (FIA): Fluorescence Immunoassay (FIA) is a 

method that uses fluorescent-labelled antibodies or antigens to detect and 

quantify specific proteins, hormones, or other molecules. When the fluorescent 

tag binds to the target, it can be excited by a specific wavelength of light, 

emitting fluorescence that is measured to determine the presence and quantity of 

the target molecule. 

 

Chemiluminescence Immunoassay (CLIA): Chemiluminescence 

Immunoassay (CLIA) utilizes chemiluminescent labels that emit light during a 

chemical reaction. This light emission is used to detect the presence of an 

antigen or antibody in a sample. CLIA is highly sensitive and often used for 

clinical diagnostics, offering rapid results and a wide dynamic range. 

 

Colloidal Gold Immunolabeling Technology: Colloidal Gold Immunolabeling 

uses gold nanoparticles as labels to detect specific antigens or antibodies. When 

these gold-labeled antibodies bind to their target, they form visible red or purple 

precipitates, which can be observed visually or measured 

spectrophotometrically. This technique is commonly used in rapid diagnostic 

tests, such as lateral flow assays. 

 

Immunosensors: Immunosensors are analytical devices that combine an 

antibody or antigen with a transducer to detect the presence of specific 

molecules. The interaction between the antibody and its target generates a signal 

that the transducer converts into a measurable output, such as an electrical 

signal. Immunosensors are used for rapid, sensitive detection in various fields, 

including medical diagnostics and environmental monitoring. 
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Time-Resolved Immunofluorescence Assay: Time-Resolved  

Immunofluorescence Assay (TRFIA) is a sensitive method that uses fluorescent 

labels with long-lived emissions. After the label is excited by light, the emission 

is measured after a delay, reducing background noise and increasing sensitivity. 

TRFIA is often used in clinical and research settings for detecting low-

abundance analytes. 

 

Capillary Electrophoresis Immunoassay: Capillary Electrophoresis 

Immunoassay (CEIA) combines capillary electrophoresis with immunoassay 

techniques to separate and quantify specific antigens or antibodies in a sample. 

The capillary electrophoresis system separates molecules based on their size and 

charge, while the immunoassay component provides specific detection through 

antigen-antibody interactions. CEIA offers high resolution, speed, and the 

ability to analyse small sample volumes. 

 

Radiation Dosimetry 

 

Radiation dosimetry is the measurement and calculation of the absorbed dose of 

ionizing radiation in living tissues. It is a crucial field in radiation protection, 

nuclear medicine, and radiation oncology. Dosimetry aims to quantify the 

energy deposited by radiation in a specific volume of tissue, allowing for the 

assessment of potential biological effects. This involves understanding the type 

and energy of radiation, as well as the composition and density of the tissue. 

Accurate dosimetry is essential for ensuring safe radiation exposure limits, 

optimizing radiation therapy treatments, and predicting radiation-induced health 

risks. 

 

Principle 

 

The principle involved in radiation dosimetry is based on the measurement of 

the energy deposited by ionizing radiation in a given mass of tissue. The key 

concepts are: 

 

1. Absorbed Dose: The amount of energy deposited per unit mass of tissue, 

typically measured in grays (Gy). 

 

2. Energy Deposition: Ionizing radiation interacts with tissue, transferring 

energy through ionizations and excitations. 

 

3. Linear Energy Transfer (LET): The rate of energy transfer per unit path 

length, influencing biological effects. 
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4. Radiation Quality: Different types of radiation (e.g., alpha, beta, gamma, 

X-rays) have varying biological effects due to differences in LET and 

interaction mechanisms. 

 

5. Tissue Equivalence: Dosimetry often uses tissue-equivalent materials to 

simulate human tissue and measure absorbed doses. 

 

6. Calibration: Dosimeters are calibrated to relate measured signals to 

absorbed doses. 

 

7. Correction Factors: Applied to account for variations in radiation quality, 

tissue composition, and other influences on energy deposition. 

 

Dosimetry: Types & Application 

 

There are several types of dosimetry, each with its own applications: 

 

1. External Dosimetry: Measures radiation exposure from outside the body, 

using devices like film badges, thermoluminescent dosimeters (TLDs), or 

electronic personal dosimeters (EPDs). Applications: occupational radiation 

exposure monitoring, radiation safety. 

 

2. Internal Dosimetry: Assesses radiation absorbed by the body from ingested, 

inhaled, or injected radioactive materials. Applications: nuclear medicine, 

radiation therapy, radiation protection. 

 

3. Direct Dosimetry: Measures radiation absorbed by a specific organ or 

tissue. Applications: radiation therapy, cancer treatment planning. 

 

4. Indirect Dosimetry: Infers absorbed dose from measurements of radiation 

exposure or activity. Applications: radiation protection, environmental 

monitoring. 

 

5. Biological Dosimetry: Assesses radiation effects on living cells, using 

techniques like chromosomal analysis or gene expression. Applications: 

radiation exposure assessment, radiation risk estimation. 

 

6. Retrospective Dosimetry: Reconstructs past radiation exposures, often 

using techniques like electron paramagnetic resonance (EPR) or optically 

stimulated luminescence (OSL). Applications: radiation accident 

investigation, epidemiological studies. 
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7. Computational Dosimetry: Uses simulations and modeling to estimate 

radiation doses, often in complex scenarios. Applications: radiation therapy 

planning, radiation protection, nuclear safety. 

 

Each type of dosimetry has its strengths and limitations, and the choice of 

method depends on the specific application and requirements. 

 

Dosimeters: A dosimeter is a device used to measure the absorbed dose of 

ionizing radiation. It has applications in hospitals, food and spice inspection, 

nuclear power plants, oil exploration, and synchrotron particle accelerator 

facilities – environments where radiation are suspected. Radiation monitoring 

can be performed using different methods such as Thermo-Luminescence (TL), 

Radio-Luminescence (RL), Optically Stimulated Luminescence (OSL), 

chemical materials, and semiconductor-based devices. 

 

Autoradiography 

 

Autoradiography is a technique that has been used for decades to quantify and 

localise drugs in tissues and cells. It uses X-ray film, phosphor imaging plates, 

beta imaging systems, or photo-nuclear emulsion to see molecules or fragments 

of molecules that have been radioactively labelled. It is a powerful scientific 

technique used to visualize and localize radioactive substances within biological 

samples, such as tissues, cells, or molecules. When an erroneous emulsion of 

AgCl and iodide became black due to uranium exposure in 1867, the first 

autoradiography emission was recorded. The first photographic films and 

emulsions were employed in World War II. In 1924, the first autoradiography-

based biology experiment was conducted to determine the spread of polonium. 

It involves exposing a sample to a radioactive isotope, allowing the isotope to 

bind or incorporate into the sample, and then detecting the radiation emitted 

using a photographic emulsion or digital detector. The resulting image, called an 

autoradiogram, shows the distribution and concentration of the radioactive 

substance within the sample.  
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Figure 4: Schematic Representation of Autoradiograph 

 

Autoradiography has numerous applications in biology, medicine, and research, 

including: 

 

 Studying gene expression and protein synthesis 

 Visualizing metabolic pathways and cellular processes 

 Detecting and localizing specific molecules or receptors 

 Analyzing tissue distribution and pharmacokinetics of drugs 

 Investigating disease mechanisms and diagnosis 

 

Autoradiography provides valuable insights into the spatial and temporal 

dynamics of biological processes, enabling researchers to better understand 

complex biological systems and develop new treatments and therapies. 

 

Principle 

 

Autoradiography is a powerful imaging technique that relies on the use of 

radioactive isotopes to visualize the distribution of specific molecules within a 

biological specimen. The process begins with the incorporation of a radioactive 

isotope, such as tritium (³H), carbon-14 (¹⁴C), or phosphorus-32 (³²P), into a 

molecule of interest, such as DNA, RNA, proteins, or other biological 

compounds. These radiolabelled molecules are then introduced into the 

biological sample, where they interact with their targets—binding to specific 

cellular structures, incorporating into nucleic acids, or participating in metabolic 

pathways. After the sample is prepared, it is placed in close proximity to a 

photographic emulsion or X-ray film, which is sensitive to radiation. The 

radioactive isotopes within the sample undergo decay, emitting radiation 

(commonly beta particles) that interacts with the film, creating latent images. 

The exposure time can vary, depending on the radioactivity levels and the 
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desired resolution. After sufficient exposure, the film is developed, revealing a 

visual representation of the radioactive molecule's distribution as dark spots or 

regions corresponding to areas of high radioactivity. This allows researchers to 

pinpoint the exact locations and concentrations of the labeled molecules within 

the tissue or cell, providing crucial insights into biological processes, such as 

gene expression, protein localization, and metabolic activity, at the molecular 

level. Autoradiography is based on the principle of radioactive decay and the 

interaction between ionizing radiation and photographic emulsions or digital 

detectors. The process involves: 

 

1. Incorporation: Radioactive isotopes (e.g., 3H, 14C, 32P) are incorporated 

into biological samples, such as tissues, cells, or molecules. 

 

2. Radioactive Decay: The incorporated isotopes undergo radioactive decay, 

emitting ionizing radiation (alpha, beta, or gamma rays). 

 

3. Interaction with Detector: The emitted radiation interacts with a 

photographic emulsion or digital detector, causing a chemical change or 

generating an electrical signal. 

 

4. Image Formation: The chemical change or electrical signal is converted 

into a visible image, representing the distribution and concentration of the 

radioactive substance within the sample. 

 

5. Exposure and Development: The photographic emulsion is exposed to the 

radiation and then developed using standard photographic procedures, 

revealing the autoradiogram. 

 

The resulting autoradiogram shows the spatial distribution of the radioactive 

substance, allowing researchers to visualize and analyze biological processes, 

molecular interactions, and cellular dynamics. 

 

Applications 

 

Autoradiography has a wide range of applications in various fields, including: 

 

1. Molecular Biology: Studying gene expression, protein synthesis, and DNA-

RNA interactions. 

 

2. Cell Biology: Analyzing cell proliferation, differentiation, and signaling 

pathways. 



Bio Instrumentation: Tools and Techniques  

ISBN: 978-1-68576-523-1  

IIP Series, Chapter 7 

RADIO ISOTOPIC TECHNIQUES 

 

127 

3. Neuroscience: Mapping brain function, neurotransmitter distribution, and 

neurodegenerative diseases. 

 

4. Cancer Research: Investigating tumor growth, metastasis, and response to 

therapy. 

 

5. Pharmacology: Visualizing drug distribution, metabolism, and receptor 

binding. 

 

6. Toxicology: Studying the effects of toxins and pollutants on biological 

systems. 

 

7. Plant Biology: Examining plant growth, development, and responses to 

environmental stimuli. 

 

8. Forensic Science: Analyzing biological evidence, such as DNA and 

fingerprints. 

 

9. Medical Diagnostic: Detecting diseases, such as cancer, and monitoring 

treatment efficacy. 

 

10. Basic Research: Investigating cellular and molecular mechanisms, and 

understanding biological processes. 

 

 


