
Week 6 lecture 12

Experimental and diagnostic application of isotopes. Accelerators, Gamma camera
/Yair Dan Meiry (YairMeiry@gmail.com)

This is a pretty easy going lecture, it shows us ways of using stable and radioactive 
isotopes for research and diagnostic, principles of imaging methods (Gamma camera, 
SPECT, PET (which will be discussed in a later lecture). You don't need to memorize a 
whole lot. I believe that understanding the experiment in question, and the function of 
the imagine devices, as well as an example for an isotope that can be employed in each 
method is enough. So lets get started.
It is quite common for the department to ask questions about imagining methods, most 
commonly ask about Gamma camera, PET, SPECT, CT – those are the major ones that 
can also appear in open essay question forms. (in 2011 4 open essay question about 
Gamma camera appeared on the 2nd SCT)
The   Meselson-Stahl Experiment   (Slide #4) – 
this experiment uses a stable isotope of 
Nitrogen to prove the semi-conservative 
replication of DNA. This means that from 
every DNA double strand, we will observe a 
splitting of those strands, each split strand is 
going to be replicated and joined with a new 
strand, and in this way the DNA replicates.
This is shown in the depiction of the right 
side (taken from “Oracle ThinkQuest”)
Nowadays we all know this is the case of 
how DNA replicates, but how did Meselson and Stahl prove it?
We know that N14 is the most abundant isotope of Nitrogen, and is all around us, it's 
also a component incorporated in the DNA of living organisms. What these guys did in 
their experiment is, they grew a culture of e-coli (a type of bacteria) in a sample dish 
containing exclusively the N15 isotope of Nitrogen, which means that the bacteria will 
build their DNA strands exclusively using the N15 isotope. So far so good.
What they did next, is that they took a few of these bacterias, took them out of their 

N15 environment and put them in a new environment solely containing  N14 . This 
means that each new generation of bacterias replicated will have to, in some way, 
incorporate the N14 isotope, since that's the only isotope they have in their environment 
now. 
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What did they observe? As shown in the lecture slide #4 they saw that with each 
generation the N15 was more and more rare. They concluded the way the DNA 
replicates is the way we know to be true nowadays, as shown in the picture incorporated 
in this page (semi-conservative replication).
This is an experiment employing a stable isotope of Nitrogen ( N15 ) for research.
Carbon dating (Slide #8) – put very very simply we can use an isotope of Carbon, C14

to determine the age of biological artifacts (bones and such). It's calculable since we 
know that the C14 isotope is taken up by biological organisms only while they are 
alive, and this isotope is radioactive and will decay. We also know its half life - 5730 
years. If we look into a biological artifact, by measuring the amount of C14 in it 
alongside other assessment we can speculate rather accurately its age.
How do we get a radioactive form of Carbon in our bodies? C14 Is constantly created 
by solar interactions with Nitrogen in our atmosphere and is absorbed by the soil, and 
the environment – plantlife, animals, and ourselves. Simply put as long as we eat and 
absorb from the environment we take in fresh C14 . When we die we stop 
eating/absorbing, and the C14 levels in our bodies slowly start to deplete according to 
its half life.
Determination of small concentrations (slide #6) – this method is not very well 
explained in the lecture slide, so lets give it a go here. The name of the game here is to 
identify the presence and concentration of certain components (e.g. hormones) in a 
sample I have. This and the next method are research methods that incorporate 
radioactive isotopes.
How can I do it? I prepare a small container (such as a dish) and place at the bottom of it 
antibodies that bind to that specific molecules of interest i'm looking for in my sample 
(an antibody is a Y shaped molecule that has the ability to seek out and bind to a specific 
target – called and antigen) The antibodies are now stuck to the bottom of my dish.
So now I pour my sample to my dish that has the specific antibodies. Now I know that if 
I have the molecules i'm looking for in the sample, they are all now stuck to those Y 
shaped antibodies in the bottom of my dish. Now I wash out the dish and, if I had those 
molecules in my sample they should remain stuck to the antibodies and not wash away.
Now I introduce new antibodies into the dish, that will also stick to my molecules of 
interest, only these new antibodies are labeled with a radioactive isotope. I take these 
new radioactive antibodies and I pour them into my dish.
Lets look back, if I had my molecules of interest in the sample, they should have stuck 
to the Y shaped antibodies I had at the bottom of the dish, now I introduce the second 
wave of radioactive labeled antibodies that will also stick to the molecule of interest if 
it's there. So in effect, if that molecule of interest existed in my sample it's now stuck to 
a radioactive isotope that gives off radiation I can read, and in this way I can read and 
calculate the concentration, if any, of my target molecule of interest.



The indirect, competitive method of determining concentrations (Slide #7) – I also think 
this is not well explained in the lecture slide, so i'll do my best to do so here. 
We'll still be using the antibodies, those Y shaped molecules that can specifically bind to 
target molecules of interest. Lets assume we have a bunch of those, and I place them at 
the bottom of two dishes. Now these antibodies can bind to my target molecule of 
interest, as well as another molecule I prepared that has the same structure as my target 
molecule, but is labeled with a radioactive isotope I can trace.
So I want to find out what concentration (if any) of my target molecule of interest I have 
in my sample. I have two dishes containing antibodies, and I pour my sample to one of 
them. If the target molecules i'm looking for are present in the sample, the amount that 
exists will bind to the antibodies. If the molecules of interest do not exist no antibody 
will be bound to, if a very very small concentration exists, only a small small portion of 
the antibodies will be bound to. So far so good.
I take my radioactive labeled molecule, that has a similar structure to my target molecule 
of interest, thus is will stick to the same antibodies, and pour it to the second dish I 
prepared that also have those antibodies, also I can expect the radioactive molecule to 
bind with the antibodies at the bottom of the dish. This is the control dish.
Now comes a trick, I take some radioactive molecules that I have left and pour them into 
the same dish that I poured my sample earlier, that means that these radioactive 
molecules that look similar to the target molecule i'm looking for, that attract to the same 
antibodies will stick to any antibody that is not “occupied”. In this case if I had zero 
concentration of my target molecule of interest all of my dish will be full of the 
radioactive molecule, and if there was a high concentration of the target molecule the 
radioactive isotopes will not have a lot of free antibodies to attach to.
Now I can wash off my dishes, and compare both of them, to measure the concentration 
of my target molecule of interest in one dish to the control dish.
Using radioactive tracers (Slide #11) – Radioactive tracers are used to measure the way 
different processes in biological systems occur. The radioactive tracer, usually material 
that is very common in a biological system, like radioactive Hydrogen, that may be 
incorporated to a molecule that interacts in a certain part of the body, and is injected in a 
small concentration to the subject. The tracer's radioactive property enables us to follow 
it, because we can detect the radiation it emits.
If it is a certain tracer molecule is a hormone that is absorbed in a particular process, 
we'll be able to follow this traced hormone as it goes through the biological system, 
being that it emits traceable radiation. 
In the slide it's shown how the subject (guinea pig) can be injected and then dissected 
and examined to see how the radioactive tracer made its way through the body and 
where it was absorbed. This is also the use of radioactive isotopes in research.



Lecture 12 mentions a “chase”, which is just injecting the same material only in a 
nonradioactive form right after the radioactive tracer, that is why it is called a “chaser”, 
it is injected after the radioactive material (it's the very same except it is not radioactive) 
and it “chases” after the tracer.
Volume determination of bodily compartment (Slide #13) – If, for example, I would like 
to know the volume of blood in the body, I can take a radioactive isotope of an element I 
know exists in the blood, lets say Iron (Fe) in red blood cells, and introduce it to a body. 
I know that element is going to diffuse throughout the blood plasma and give out 
radiation I can read, and use – to build an image of that bodily compartment, giving me 
the total volume of blood throughout the system.
The slide says “consider: short lifetime” because when we are talking about introducing 
radioactive potentially hazardous isotopes into the body, we would like them to have a 
short physical half life (fast rate of decay), that way we don't inject a patient with an 
isotope that would take a very long time to decay, thus making the person essentially 
emit radiation for a long time, i'd rather use a quicker decaying isotope that would 
enable me to get a reading and would leave the biological system as soon as possible, 
thus minimizing the damage.
Gamma Camera (Slides #17-19) – A gamma camera employs radioactive isotopes 
injected in the body that emit Gamma radiation, to obtain information about functional  
activity of different processes in the body. This is done by coupling a radioactive isotope 
(e.g. Tc99 ) with a biologically relevant molecule to create a “radiopharmacon”. The 
radiopharmacon is a molecule that has a specific relevant biological function in the 
body, and it emits radiation due to the coupling process with the radioactive isotope. e.g. 
if I want to determine the functionality and efficiency of the kidneys I can couple a 
radioactive isotope with a biological substance called DTPA that associates itself with the 
kidneys, once injected it will migrate towards the kidneys and emit radiation, which I 
will be able to read and observe the way the kidneys function.
Basically when a gamma camera imaging (lets say renal imaging of the kidneys) is 
required, the subject is injected with the radiopharmacon (the radioactively labeled 
specific biological molecule) and is placed, usually lying down with the gamma camera 
instrumentation pointing towards him/her to measure the Gamma rays emitted from the 
body, this gives us a 2D functional image of what is going on. Lets look further into how 
a Gamma camera works.



On the right side we can see a depiction of a 
Gamma camera taken from lecture slide #17.
Lets start in the beginning – here, a 
radiopharmacon that associates with elements in 
the skull is injected to the patient, migrated 
there and start emitting Gamma radiation. We 
can see the red lines coming out if the guy's 
head – those are gamma rays going in every 
direction. Those gamma rays interact with the 
first part of the gamma camera, the collimator 
(marked as “1”) also known as the rods. The job 
of the collimator is to narrow the beam of the 
gamma ray before it is further analyzed, by lead 
rods that extend towards the patient. Gamma rays that are not lined up at a straight 
orientation are absorbed into the lead collimator rods and are not read, simply that way 
only the gamma rays that are right in front of the radiation source will be read, in this 
way the collimator assures us proper lateral resolution.
The second step is the gamma ray collides with the scintillation crystal (marked as “2”), 
which absorbs the photon of light turning it into a flash that branches off and travels 
towards the photomultiplier tubes (marked “3”). each flash that branches out enters the 
photomultipleir tube as an electron. You can see in the picture above that the 
photomultipleir tube that will read the most flashes is the one 
that is closest to the radiation source. Then the flashes 
introduced as electrons in the photomultipleir tubes generate a 
current reading at the end, in this way we can detect which 
photomultipleir tubes show us more current flow, shown on 
the picture on the right side here, also taken from the lecture 
slide. (If you are unfamiliar with the way a photomultipleir 
tube works, it's important you get acquainted with it, you can 
review the function of it on the document about week 5 
lecture 10, towards the end there).
Essentially that way I can insert a radioactive isotope into a biological system and use it 
to read out the way different organs function. That is why a Gamma camera is a 
functional imaging method (very important to understand) 
the gamma camera is discussed in minimal #57
*Make a point to remember in each imaging technique a radioactive isotope that can be 
used in case you are asked to give an example, in the case of gamma camera (and also 
SPECT as indicated below) we can use the Technetium Tc99



SPECT (single photon emission computer tomography) – is a very fancy way of saying 
a few gamma cameras. Instead of having one Gamma camera in front of a patient, we 
can have him surrounded by a few such gamma cameras, and we can use those 2D 
images in combination to map a 3D image of the functional processes that take place. 
SPECT just like the Gamma camera is a functional imaging method since it's practically 
identical in nature. SPECT Is not mentioned in this lecture, but a later one, but it'll be a 
shame not going through it since we already virtually covered the principles of SPECT 
in this document.. So there.
Gamma Knife (Slide #21) – This is a nuclear therapy 
method employing gamma rays to irradiate tumors inside the 
the skull. We use an isotope of Cobalt to Generate gamma 
rays, these rays can be focused to a specific location 
inside the skull, targeting tumors inside a very specific 
volume unit.
The individual gamma rays entering the skull obviously 
cause ionization along their path, but in very small 
quantities, in the focus point (marked “target” in the 
picture on the right) where the gamma rays meet, they 
generate an immense ionization effect that may destroy the 
tumors. 
By generating the gamma rays from different direction towards the target we minimize 
the damage to the surrounding tissues. 
*If you are looking at this device, wondering why in the hell anyone would like to blast his skull with multiple highly  
radioactive high intensity gamma rays, you should consider that the people undergoing gamma knife therapy, well,  
don't have many other options. This technique is somewhat of a last resort, and is not used commonly to treat  
headaches...

Particle accelerators (Slide #23, 27) – I have not seen any representation of this topic in 
any SCTs/finals, and I don't imagine it would come in any other form than a T/F 
question, being that it's a very minute topic, so I will breeze through the main ideas and 
not hang up on details.
Particle accelerators use alternating electrical currents to accelerate ions either in a 
straight line (linear accelerators) or in a circle (circular accelerators). The way some of 
these accelerators work, is that they use Radio Frequency pulse to Specifically time 
alternating polar charges in the tube that would cause an ion to accelerate. How? Simple. 
An electron accelerates towards a positive charge and away from a negative charge, if I 
have a negative charge in point A and a positive charge in point B in the tube - the 
electron will accelerate to point B, when it reaches it I can use the RF pulse to alternate 
the current, and turn point B to negative and a point C after it positive, and the electron 
will the keep accelerating away from point B to point C, the process can continue until 
the particle reaches its terminal velocity. 



Minimum requirement questions
Minimals #47; 56-58 were discussed here. That's pretty much it for this lecture.
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