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Structure and Properties of the Nucleus,
Radioactivity

» Its an emission of particles or electromagnetic radiation from the nucleus,
» A nucleus 1s made of protons and neutrons Atomic Structur
» Neutron + proton : Nucleons ﬁ,ﬂ_—_ﬁ\ The nucleus
» Different nuclei are referred as Nuclides., ( -{’r h‘*_u._ . q&
& . .
» A proton is positively charged: denoted by Z; it represented atomic X // T e
number, Its mass is: m, = 1.67262 * 10" kg S

» A neutron is electrically neuiral. denoted by N: it m, = 1.67493 * 10-*" kg

» The sum of protons and neutrons in a given nucleus is the mass number ( 4
Atomic mass number ), N

- A=Z-N : i
X is the chemical ssmbol for the element; it contains the same information Z
as Z but in a more easily recognizable form.
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Isotopes

» Isotopes are members of a family of an element that all
have the same number of protons (Z: atomic no.) but
different numbers of neutrons (N: mass no.).

“Element ¢ ¢ S0 "o

Isotopes of Hydrogen are: ARRIICID-
- . - _-HEI'.r-'H'ﬂﬂ shed] — —
'H: stable. “H: Deuterium £ N N N
and *H: Tritium @ o @&
Y - .
S 3 -
Hydrogen-1 Hydrogen-2, Hydrogen-3,
MiaAas numtriur-. 1 outerium tritium

PbrriE g = R mass numbear: 2 mass numbar: 3
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Radioactivity

Towards the end of the 19t century, minerals
were found that would darken a photographic
plate even in the absence of light.

This phenomenon is now called radioactivity.

Marie and Pierre Curie isolated two new
elements that were highly radioactive; they are
now called polonium and radium.




Atomic Stability and Radiation

» the ratio of neutrons (N) to protons (P) : determines the stability
of an 1sotope.

» Stable 1sotopes tor elements with low atomic numbers tend to
have an equal number of neutrons and protons..

» Stability for elements of higher atomic numbers requires more
NEtrons.

» Unstable 1sotopes are called radioisotopes.

» Radioisotopes become stable isotopes by the process of
radioactive decay

» In radioactive processes, parficles or electromagnetic
radiation are emitted from the nucleus. The most common
formsof radiation emifted have been traditionally classified
as alpha (@), beta (p), and gamma (y) radiation.




Radioactivity

Radioactive rays were observed to be of three types:

1. Alpha rays, which could barely penetrate a piece
of paper

2. Beta rays, which could penetrate 3 mm of
aluminum

3. Gamma rays, which could penetrate several
centimeters of lead

We now know that alpha rays are helium nuclei, beta
rays are electrons, and gamma rays are
electromagnetic radiation.
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Properties of different types of radiations

Table 9.1 Properties of different types of radiation

Alpha Beta Gamma, X-rays and
Bremsstrahlung

Heavy charged particle  Light charged particle Electromagnetic radiation

More toxic than other Toxicity same as Toxicity same as beta
forms of radiation electromagnetic radiation radiation per unit of energy
per unit of energy

Not penetrating Penetration varies with source  Highly penetrating
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Radioactive decay and rate of Radioactive
decay

» Dunng the radioactive decay, it induess chanpess to occur 1 the atomic nuclsus, and particles
anid/ar electromagnetic radiation are enutied — to become an stable Isotopes

» Radicactive decay 15 a spomtansous process and measored as disintegrations per second
(d.p.s) orper minute (d.pm)

Radwactive decav 15 a nuclear evem
Radioactive decay 1= the electron volt (£V) or {M=V)
Majority of sotopes, the term million or mega lectron volts (MzV) s mhiore applicable

¥y ¥ ¥ ¥

Isotopes. emithing a-particles are normally the most energetic, falling in the range <.0 o
5 0MeT;

The 8 — and' v -emsitievs generlly have decay enermies of less than 5 TMsV.
The higher the enersv of radiation the more 1t can penetrate matter and the more hazardous it

Rate of radicactive decay: Radioactyve decay i1s a spontansous process and measured as
tﬂ;_ﬂnﬁpﬂﬁcmd{d p.5 ) or per minmie (d.pm).

T s =-gh-mny

Thus defined by the rate constant )




Rate of Radioactive decay

Fogure 5.2 Dempnstwation of the exponenthal
nature of rotiosciive deosy.

g
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# the number of atoms N 15 always decreases.

# This results 1n the rate of decay decreases with time.

# It follows first-order kinetics and a plot of
radioactivity agamst time thus vieldsa so-callad
exponential decay curve.

25% » Half lifs 15 the length of time 1t takes for half of the
radicactive atoms of a specific radionuchde to
decay. Denoted by 1, 5

# » denotes rate constant.

Nuinber of halldivas fos = #
I T 1.2 15 the mean lifenmes of the parent n:u.r.:l:t 15 o
by g b= 0 693T. Ias-amn)
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1';,; derivation using exponential decay curve

The mathematical equation that underpins the graph shown is as follows:

| Ny ; :

R-'"i"u = = A X1 [Er 9.11]
where A s the decay constant for an isotope, N, Is the nunber of radivactive atoms
present at time 1, and N, is the number of radicactive atoms originally present. There
is a natural logarithm {In = log,) in the equation; this means if we were to plot the
logarithm of d.p.s. values against time, we would get a ‘graph with a straight line and
a negative slape (AL

In practice it is ofien convenient to express the decay constant in terms of half-life
(£.). This is defined as the time taken for the activity o fall from any value to hall tha
value (sce Figure 9.2). When ¥, in Equation 9,11 is equal 10 0.5 x N, then 1 will equal
the hall-life of the isatupe, Thus:

| . 0,693
== = AN, of I =—
2 A
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Radioactive decay

a. Decay by Negatron Emission (fi]

b. Decay by Positron Emissien (fi7)

¢. Decay by alpha particle Enission (o7)

d. Electron Caprure and decay by emission of v
rays
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a. Decay by Negatron Emission ()

» Neutron is converted 10 a proton by the Section of 2 negatively charged beta (B)-particle caliad a negatron

(F}
newtran - pfons  Behtmn
» Negatron is an Slestron
» Result of nesatron emission. the rmcleus loses 3 neutron, bot game a proton.
» Massnumber 4 remams constant
» Example carbon-14 An [sotope frequently vsed m biological work that dacays by negatron emission is

carbon-14, which decays to nitrogen
Ir':t e ‘T ik [I'_

» Plays an important role in biological molecules shidies.
» Fxample pte of ** C, H_: labelling aroanic molemule
» 5P or ¥Pin laballing DNA (nuclic acid'melecular biolosy)
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b. Decay by Positron Emission (p%)

» Some 1zotopes decay &y eminiig posinively charged 2 -particles, referred 10 33 positrons ()

proton = neutron 4 positron
Postirons mie cand ciely unsauie.
They interact with elactrons:and ars antithilated
The mass and snergy of these two particles ars converted to two y-ravs emitied at 1807 to each other

¥y ¥ ¥ ¥

As aresult of positron emsssion. the nuclews foses a prows and gains ¢ newtron, the mass number 4 simys
thesame

» example of an 1sotope decaying by positron emission 15 sedmum-22, which decays to neon

i O 1

» Detection by 7 —admtion detector
» Jmportanca.
PET scan

To spectacular effect w brain scannins with the technigue itrun emission tomography ( PET scanmung)
used, for exampls, 1o idennify active and mactive areas of 1

Tais iz also caiied ar Bera decay :"'-'-uu:.& occurs when a nucleus endiz an Efﬁ.."".l'?‘-ﬂ'.l'l.]
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Fig. 3:5, Beta décays. &) Beta-minus decay, b) Beta-plus decay.
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c. Decay by alpha particle Emission (o)

Isotopes of clements with high atomic numbers (have too large a proton te neutron ratio)
frequently decay by emitting alpha (u)-particles

The nucleus emits a “He nucleus. an alpha (@) particle.

An alpha particle. with its two protons and two neutrons. is-a very stable configuration of
particles,

Alpha radiation reduces the ratio of protons to neutrons in the parent nucleus, bringing it to
a more stable configuration.

i.e. a decrease in atomic number ( Z ) of 2 and a decrease in the mass number (4) of 4.

The atomic number changes, so the original (or parent) atoms and the decay-product (or
daughter) atoms are different elements and thercfore have different chemical properties.

Nugclei. which are more massive than lead, frequently decay by this method,
Normally found in instroments such as scintillation counters and smoke alarms.
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Alpha Decay
Example of alpha decay:

Radium-226 will alpha-decay to radon-22

ZRa — FZRn + 3He

226 222
Ra %Rn

oy pmepEar CTopyrighl © 200 Posimon Praotios Med, inc
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d. Electron Capture and decay by emission of y rays

b A proton capiures an electron neas the nucleus.

The proton becomes & neutron and electromasnenc radiation (y-rays photons) 15 relsased.
p» Example Todine-123 decays 1o llunum-123 by an electron caprure mechamsm

125 12

ol —— glt & R

» ¢-Rays constitute electromagnetic radiation ar a very short wavelength, and therefors possess the
same seft of energy as X-rays

> Insome cases a- and P-particle emission also gives rise to'y —favs.
b +-radiation has low jomizing power, but high penetration

» In diapnesis and weatment of thyrowd disorders (thyroid hormone contains jodme); it decayvs to
xenon-151

The 4 emission has a very short half-life.
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Radioactive Decay Chains

b Somes radhonuchides o through a senies of transformations before they reach a smble

Siate.
b several types of radicacnve atoms are generated, This & calléd a desoy chion
 Example:
When uranium-238 decavys, it producess seseral =oloyes of Thorium, Radium Badon,

Bismuth and finally stable state — Po

Radium-226, for example, decays by -emission 1o radon-
222 which is itseif radioactive. This begins a compiex
decay senes, which cuiminates in the formalion
of lead-206.
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Linits o1 Radioactivity

» SI system : becquerel (Bq)
» It 1s one disintegration per second (d.p.s)
» No SI system unit still in use 1s curie (C1),

» One C1: defined as the quaniity of radioactive material in which
the number of d.p.s. 1s the sanie as that 1 1 g of radinm. that 1s
3.7> 10 10s -1 (or 37 GBq).

» In biological work its represented as microcurie (Ci) and
millicune (mCi)

» Detected decavs are referred to as counts and the corresponding
rate 1s thus reported as counts per second (e.p.s.).




Properties of Radioisotopes commonly used in t
biological sciences

Table 92 Properties of radisisstopes commaonly used in the hislogical sciences

Proparty H M 4 Hp p sy
b Pt yenrs  SPiDyears H24 days ER Y %A s ST g
Mode ul disay p p 1 h 1 X-ray (by eleatmi
capiure) sl Auger
wlectmmns
Man. [ onomy (MeV] G6is 0. 15 0167 LI {1,248 Atjger eectrons O35 0,806
ALF 480 (MEGF 34 (MHg) 15 (MBq) 6.3 IS 14 By 1.3 (Mg 0.9 [MEhgy
Mkl rande iy ale G 24 cany 16 vam TOU e 0 cm =1k =10 ey
Shieldmg reomimd tiome | emoaenilic  omoacrslie | omosorpdic | om aerytie  Lead 834 m ar fead- Lead
Fmpiredmaied syl V3 e
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'tﬂtlﬂ;ﬂT commiting - - - Tes - - -

Nuter: *Annual Timie on ke, based on e dose Hinlt of 20 miy uning the mow remrictive dose cocfTiclents for inhalaton or }ngﬁium Fﬂ-r explananon
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MEASUREMENT OF RADIOACTIVITY

» Three commenly used methods of detecting and quantifying radicactivity.

» The lonisation of gases, an the excitation of solids or solutions, and imaging
technigues.

» for example autoradiography (the use of photographic emulsions and films) or
phosphor imaging,

Detection of Radiation

Individual particles such as electrons,
neutrons, and protons cannot be seen directly,
so their existence must be inferred through
measurements. Many different devices, of
varying levels of sophistication, have been
developed to do this.
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MEASUREMENT OF RADIOACTIVITY
Methods Based Upon Gas lonisation

» Ifa charged parncle passes throuzh a gas. ts electrostatic field dislodges electrons from
atoms sufficientiy clos= to 1< path and causes jonisation

» The ability to induce jonisation decreases in the order
»  wxfey with a ratio of about 10 000:100:1.

» In ionisation counters, the ions travel to their respective electrodes; other
jonising particles entaring the tube during this time (the so-called dead time)
are not detected and this reduces the counting efficiency.
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MEASUREMENT OF RADIOACTIVITY
Methods Based Upon Gas Tonisation

(a)
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MEASUREMENT OF RADIOACTIVITY
Methods Based Upon Gas [onisation; Geiger Counter

Detection of Radiation
- Thin window

| The Geiger counter is a

— | _—Gasin tube gas—ﬂll&d tube with a wire
in the center. The wire is

:’:';E df‘f“““": at high voltage; the case

Merml mbe. 1S grounded. When a

L (eathode) charged particle passes

" Tnsuator through, it ionizes the gas.

The ions cascade onto the

v | wire, producing a pulse.

—A W ~ {— The Geiger—Miller counter ( Figure 93b | ¢, Figure 9 4a) |
cylindrical- shaped sas chamber and operates at a high vo
oL thus thn:unﬂtmg problems with voltage stablity; thersfg
e T T T counter 15 cheaper and lishter than ”mp-crtmnn! o

Copynght € 2002 Pearwnn Frorscs Hal e




MEASUREMENT OF RADIOACTIVITY
Methods Based Upon Gas Iomsation: Geiger Counter
Importance/Application

» lorusation counters are used for routine monstoring of the laboratory to check for
confamimnation.

» experimental situations where the presenice or absence of radioactrvity needsto be
known

ot s




b. Methods Based Upon Excitation

scintillation counter

1onisation and exeitation” two wavs the radioactive
elements imteracts with matter

Excitation phenomenon with respect to radipactive
elements leads to emission of photons and #ts known
as a scintillation.

Photons are detected using photomultipler. acts as
a base from scintillation count

photomultiplier convents the energy of radiation o
an electrical sional and the magnitude of the current
that results i dirsctly propertional to the enerzv of
the radiation,

This means that two, or even more, isotapes can be
separately detected and measured in the same sample
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Incoming Scatillation
particle crvital

/
Photon #'P_'L'ff““’*"“‘ A scintillation counter uses a
0V : <;]" scintillator — a material that emits

ol v light when a charged particle
A0V s goes through it. The scintillator
“5 | .eov  is made light-tight, and the light
PROOV flashes are viewed with a
~-+1w00v  photomultiplier tube, which has a
=100V — - photocathode that emits an
| THYY electron when struck by a
ey I{; \ photon and then a series of
; \ amplifiers.
Output F'hnl_l.l;:ll]litiplh:r
AHET
(ke coumter)

Capyrgnt © 2005 Pearsagn Pmntice Ml inc
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b. Methods Based Upon Excitation
Types of scintillation counter

> 2types

» Solid and Liguid.

» In solid scitillation counting, the samgplé 15 placed adjacent to a solid
fluor.

»  Solid scintillation counting is particularky useful for y <mutung 1sotopes,
mamly becavse -rays can penetrate the fluor

» The counters can be small hand-held dévices with the fluor attached to
the photomultiplier rube.
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b. Methods Based Upon Excitation
Types of scintillation counter

> In hguid semtillation counting the sample 1s mixed with a scintillation flusd contaming
a solvent and one ormore dissobved fluors

» This methed is particularly useful i quanntifying weak -emutiers such as *H. ¥C and *°S.
which are frequently used in-bislemical work

b Scanullstnon fluids aré called cockimls because there are different formulations. made of

a solvents.

» A such as toluene or diisopropvinaphihalene plus fiuors such as 2 5-diphenvloxszole
PPO),

B. such as toluene or dusopropyinaphthatens plus 1.4-bis(5-phenvioxazol-2-v1)benzens
(POPOP), 2-(4- 1 -butviphenv]}-5-(4-bi-pheny)-1.3 L-oxydiazole (butv!-PBD)
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Advantages and disadvantages of Scintillation
Counting

Very fast so there 15 effectively no dead time

Countine efficienciss are hugh

The ability to count samples of many tvpes, mcloding liquds, solids, suspensions and gels.

¥y ¥ v ¥

The abulity to sepamately count different isotopes it the same sample (used 1 dual labelling
-EXpEfUneits)

» Highly automated

Disadvrantages

# Cost of the mstrument and cost persample 15 high

» Quenchmg phospholuniinescence, and chermluminascence
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Determination of counting efficiency

One way to do this is to use an internal standard called a spike. The sample is
counted and gives a reading of A counts per minute (c.p.m.). Then, a small amount
of standard material of known disintegrations per minute with B d.p.m. is added. The
sample is measured again, yielding € c.p.m. This allows calculation of the counting
efficiency of the sample:

€A 100% (Eq 9.13)

Counting efTiciency =

ur T e TR i = w——




Cerenkov radiation

» The Cerenkov effect occurs when a particle passes through a substance with a
speed higher than that of light passing through the same substance.

» [If a B-emitier has a decay enerzy value in excess of D.3MeV, then this causes
water to emit a bluish white light usually referred to as Cerenkov lisht/
radation.

» Detection by conventional liquid scintillation counter.

» No requirement far organic solvents and fluors, this technique is relatively
cheap, sample preparation is very easy and there is no problem with chemical
guenching.

ur T e TR i = w——




C. Methods Based Upon Exposure of Photographic Emulsions
Autobiography
» Antoradiography - Jonising radiation acts upon 2 photographic smulsion or film to produce a latent
imag= very much like visible lisht
» silver halide crvstale

> Asenerey from the radioactive matenal is dissipated, the silver halide becomes sogatively
charged and Iy reduced 1o eiementary stver, thiy forming a particulars [etont image.

» Avery sensitive technique and has besn used in 3 wide variety of bidlogical expetiments

» An suteradiozraphy emulsion or X-1av film 15 placed as close as possible to the sample and
exposed at any cofnvenient temperae.

B Quantitative mmages areproducad until satusation 13 reachad.

» The shades of geev in the imace are related 10 2 combination of lavels of radiation and léngth of

exposure, until a black mage n:&ulﬁ Eaum:ﬁ with an energy of radiation equal to, or higher than,
carbon-14 ( £ max = 0.156MeV’) are required.

The higher the energy the-quicker the results wil] be obtained.
Weak-gmitine Botopes e g iritium, carbor-14 and sulfior-35) ars mos? suitable for
autoradicgraphy, particularly for call and riasue localisation sxperiments,

Enirtars with higher sy (e phosphorus-32) vield faster resudn, but goorer rezohution
Perrin g gy ey |




C. Methods Based Upon Exposure of Photographic Emulsions
Autobrography

Figure 9.10 Three autoradiographs showing the use of
differant radivisatopes in DNA sequancing The lsotops
with the highest energy (phosphorus-32) leads to the
peorest resolution, because the radiation spreatks out
further, making the DNA bands appear thicker The
lowest-energy radiation (from sulfur-35} ylelds Images
with the hest resolution. (Reproduged with permission
from Cunningham MW., Patel A, Simmonds A.C. and
Willlams D (2002) in vitro labeliing of nuclelc acids
and prateins. In Radiaisatapes in Bfafogy, 2nd Edn, ed.
Siater R, Owford University Prass, Oxlond, LK)
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Stable 1sotopes — measurement and
applications

Stable isotopes are non-radicactive forms of
atomis.

» Do not emit radiation
» Broad vanety of applicatons, including water

and soil management. environmental studies.
nuirition sssessment studies and forensics.

Eighty out of the first 82 elements in the
periodic table have stable tsotopes.

» Deunterium (°H) : nutrition research,

Nitrogen (1°N: agriculture

Stable 1sotopes include oxygen. carbon,
nitrogen. hydrogen and sulfuor.
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Stable 1sotopes — measurement and applications
[sotope Ratio Mass Spectrometry (IRMS)

»  Specialized technigue.
»  geographic; chemical, and biological ongins of substance

» The ability to accurately and precisely measure vanations mn the abundance of isctopic
ratios of light elements such PC/3C B0 MO DAH. ENN, and #8358,

» Isotope ratios of samples of interest are measured relative to umiversal standards and are
reported mn the delta notation, d:

b= lnmfﬂnunph = Riandara) Ruundard

By TR e T




Stable 1sotopes — measurement and applications
[sotope Ratio Mass Spectrometry (IRMS)

Computer
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Stable 1sotopes — measurement and applications
[sotope Ratio Mass Spectrometry (IRMS)



What Is Tracer Technique ?

A radioactive tracer, radiotracer, or radioactive label, is a chemical compound in which
one or more atoms have been replaced by a radionuclide [radiolsotopes] so by virtue of
its radioactive decay it can be used to explore the mechanism of chemical reactions by
tracing the path that the radicisotope follows from reactants to products .

It works on Dilution Principle..

Dot Aguisition
systam —a-

Datectore
- 4 Calimolors
adiotracer il
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Properties of a Tracer .

Used to follow particular element through various pathways and quantitative
measurements can be made

« They behave same as there stable counterparts but can be easily traced

« May be linked with colored dye

The major physical properties determining the usefulness of a tracer are -
- Half life
» Mode ol Decay

» Tecay Epergy




Important Radio Tracers

Soll fertility & root distnibution
Photosynthesis
S0l Fertility & K balance

Soil Tolerance & Cell premiability




Radiotracer Techniques

p The punciple of a tracer studv 15 that i allows tie analysis of a substance and itz
eraenmts n the boay througk the lobeling of the substance with o radionuciide i1 a
manner that does not alier the subsiances original properties.

» Thes main steps 1 a tracer study mclude selection and edmmisiration of the radioracer,
sampling, sampleé preparation and measurement.

» The most commeonly used cguipmem for sample measurements mclude: the gamma-
counter and the liquid scintillation counter

» Also external probes (e g for thvrosd uptake measurement, surgical probes for
detection of sentine] nods),

» the gamma-camera (bile malabsorphon) and

b the PET-camera (biomedical research in zeneral) are used.
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Isotope dilution

» Isotope dilution. radiochemical method of
analysis for measuring the mass and quantity of an
element 1n a substance,

» The procedure mvolves adding to a substance a
known quantitv of a radioisotope of the element to
be measwred and mixing it with the stable isotope
of the element.

» A sample is then taken from the mixture and
analyzed.

» By measiing the amount of racioactive

isotope and the amount of stable 1sotope present Sample
and determining the ratio of these amounts. both |
the quantity and mass of the element can
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Apphcations: Biochemistry, distribution studies. meta
studies, radio immuno assay for detection of Ag/A
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Applicafions: Biochemistrv, distribution studies, metabolite studie!
immuno assay for detection of Ag/Ab
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Applications: Biochenustry. disinnbution studies, metabolite studie!
applications. radio immuno assay for detection of Ag/Ab

Outlins of the Different Steps Intalved in an In Vive Steble fustope
Tracing Expermisat Appropriste stableqsoiope tracen chosen basadon
‘thia biolozical question of mnferest are adtminisiered to the modsl
‘offanizm usme vanous aporoschses such asinfitsiconsmiechons,
‘gavage, orzolid gped Geets. Tizsne or biood sampies gre later collected
from: the subyect and processed aceording to the readout of mterest For
tizsoe semples: thee may include: (1) whole-tistpe quenchme (nj
‘quenchins following call and'er crganelle isolation or {iil) preparation
for spatisl metabolomacs attalvne Metabolites are then sxtracted {o
mesamite fie inearporation of isotope:s label froen the tracer into
devwnzirsam msfabolic products, usine sralvheal techniques soch as
niasy spactromesry (MS) or NME. The isotome enrjchment profiles of
‘dafferent metabolites can thens be assssssd and 1 o zam
resight on the acnnties of differem ttracelinlacmetabolc pathways:
Altematively, theze ennchment profiles can be combined wrth
extracellnlar (blood) meanurements and {nferrated mio pystems-Jeyed
metabolic models. to achieve quantitanive readouty of the sobject’s
m=rzholis st
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v The radiation therapy in oncology, where both correct diagnoss imaging and proper treatment techmgucSEESRETRSTE
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Applications: Biochenustry. disinnbution studies, metabolite studie!
applications. radio immuno assay for detection of Ag/Ab
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Radioimmunoassay

» Radicimmunoassay Is one of the sensitive immunoassay technigues which helps in the
determination of autizen: or antibodies in a sample with the use of radioisetopes

» Is an i vitre assav that measures the prezence of an annigen with very high sensivny

» RIA was first descnibed in 1960 for the measurement of endogenous plasma msubin:
by Solomon Berson and Rosalva Yalow,

» The principie of competitive omding, wniabeled anrigen competes with a radiclabeled
anagen for Elnding 2 an anibody with the appropriate specificiy. -Radic emizsion 15
measured

»  The gamma rays from the radiolzheied antigen are measurad,

I ugen—mut‘mdtﬁ' complexes are precipitaied either by crosslinking with a second antbody
or by means of the asldfl:mn of reazents that promots the precipitation of antisen-antibody
camplexes.

Counting radioactivity m the precipriates allows the determunation of the amount of
radiolabeled antigen precipitated with the antibody,

A standard curve 15 constrocted by plotting the percentage of antibedy-bound radiclabelad
antizen against known concentrations of a standardized unlabeled antigen, and the
concentrations of antigen in panent samples are extrapolated from that curve:

Thus, when mixtures of radiviabeled and unlabeled antigen are incubared with the

cerresponding antibody, the amaount q.;'ﬁeg ot Bound to argibody) radiolabeled antigen is

directiy proporticaal te the quantity of unlateled antigen in the mixture. '
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Radioimmunoassay (RIA)- Definition, Principle,
Procedure, Results, Uses

Flgure: Radisimmunioassay {RIA} Procedurs; Image Source: Madskzine Howsl-Moroney, 2022
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Radioimmunoassay (RIA) Result Interpretat

» [Inicially: the labeled antigens will bind to the antibodies hence radioactivity
will be maximum.

> If the sample contains specific antigens of interest, it will bind to the
antibodies releasing labeled antigens and hence the radivactivity of the
salution will decrecse.

» if the radioactivity remains the same, it can be called a nesative t=st.

Radicimmunoassay (RIA) Applications

e |t was first used for the detestion of peptide hormones.
= Detaction of different viral antigens

= Detection of many hormanes and drugs

= Detection of Hepatltis B surface antinens

= Detection of mymtﬁmrrs

= Detection of the sarly stage of cancer

Radicimmunoassay (RIA) Advantages
= High specificity

F "B R T

= High sensitivity
* Can detect a very small amount (manograms) of antigen of antibodies.
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Question The hall-life of P is 14.3 days. How long would it take a solution containing
42 000 o.p.m. to decay 1o 500 dp.m.?
Answer Use Equation 9.12 to calculate the value of A

; 693
L _ 0693 069

= = D.0485 day
Yifs 14.3 days

Then use Equation 9.11 to calculate the time tnken for the counts to decrease. In
this equation, N, = 42 000 d.p.ni. and N, = 500 d.p.m.:

il
N | My [ 42000 d.p.m.
i = ey « In = 914 da
—A '} N, 00485 day ! 500 d.p.m. "

You can check this by a rough estimation: the calculatid time is approximately
6 half-lives:

6% 132 days = 79.2 days = 91.4 days

42000 d.prom.

W T ST L

= 656 d.p.m. ~ 500 d.p.m.
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Discoveries......

the proton number Z defines the element, the neutron number N defines the
iIsotope and the electron number determines the chemistry.

g

S

e

ilje=

Henn Becquerel Err=st Ristharford
JBE*_:quEﬁ! E‘Ech_zuanj | Profoms, o 208 E
el paze 1902 Mane Cune;  paiieles Wilhlm Conrad Regtgen  JF Thomson
etecirony, NP

S PSP — NP 1208 X-ravs; NP 1901



References

b= 'www.odc gownceh mdation/sotgpes nm!s — temr=HalH" e 2D % 2thsYe 2 Uthe? 5] Clenpth tha %l
Darnount®e 200 ol Uradintyon

hitps saviordoing github io/text geteral-chemistry princmles-paitems-and-apphcattons-v1 0/g 1¥-03-hn
and -radonetivedes

https . wawenl enerey gossoienne/doc-explamsisotlopess ~ text=Isopes
hitps/'vowinen g topics nuclear-soence isotopes/ stghle-1sotopes
hrip=wwwnEotope-orm com) Productz'Sigbulnve-olopy

brtgs 'y oo be -xlpE 51 YA

tirtps o trianmica comiscimce isotope <hlution )
Bttp | 'weew shdeslinre el AdavoParpshuie 3.0 pse-af -radio -ricer-techmque-mi-gonl - fertlite- evaluation - 2 '-J_:""ﬁl
hitps Swaew rin iv/eechep aceeleator- it imologis partic = acceleratoss-=nd socictal apphcabons/medical -

ra MEHODES

Dobarris yus - gy ey |



