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OUR QUESTION IS:
What do salamanders have in their body that allows them to regenerate 

fully functioning limbs?

OUR HYPOTHESIS:
Injecting humans with the regenerating cells which salamanders occupy 
could result humans being able to redevelop lost and vital parts of their 

body without it affecting other cells.

WHAT WE'RE RECORDING:
Human cells (blood, bone, muscle) mixed with macrophages cells from 

salamanders to see if they react to each other.



Several animals can regenerate parts of their bodies during early development. For example, planarians, a type of flatworm, can grow 
back their entire bodies from small pieces of tissue. Even humans can regenerate the tips of their fingers and toes as children.
The first step to understanding the regeneration process is to identify the genes involved. The problem is that the salamander genome 
is 10 times the size of the human genome and is filled with repetitive DNA, making it incredibly difficult to sequence.

I:

But here, you can see that 
there are many more 
blood cells for human 
DNA.

the DNA 
sequence 
spreads by 
forming 
additional 
copies of itself 
genome, which 
causes the cells 
to become 
enormous.

This is salamander blood cells (left) and human blood cells 
(right). They are both under the same magnification, so you 
can see the differences ( shapes and sizes ) between the 
blood cells from different species.



II:
Salamanders are the only vertebrates that can replace complex body parts at any age. Salamanders can 
regenerate their limbs, ovaries, heart, brain and spinal cord. Macrophages are a type of organism that 
surrounds the kill micro-organisms, removes dead cells and stimulates action of other immune cells.

Macrophages under microscope

Immune cells moving to a regenerating axolotl's fingertip:

https://www.youtube.com/watch?v=MBwvEu9EKmQ&t=5s

A salamanders limb regenerating

https://www.youtube.com/watch?v=MBwvEu9EKmQ&t=5s


The process for the regeneration of organs and limbs in salamanders:

1) When, for example, a limb is cut, stem cells from the bones, the tissue and the blood 
will slowly form a scar-free wound and would form a wound epidermis ( last layer of the 
skin) .

2) These cells grow and divide all over the wound, and they all start to grow into a 
larger mass called a blastema.**

3) The blastema will grow larger and slowly start to form a rise to the structure e.g., if 
the arm was cut off from the shoulder, they will give a rise to the arm.

4) The nerves that were cut off from the amputation had removed the salamanders 
NAG protein (giant molecule that forms the cell wall that surrounds bacterial cells) . The 
nerves now zap the cells with electrical pulses so it can deliver small bunches of 
DNA carrying the genes for the protein NAG, and the macrophages will slowly go 
towards the large mass of blastema.

5) Within 40-50 days, salamanders will have fully functioning limbs, including the 
nerves and blood cells, but there will be less muscle mass in the new limbs compared 
to its original limbs.

III **The blastema can be made of cells 
from bone, cartilage, muscle or other 
cells that de-differentiate, similarly to 

stem cells. The blastema has restrictions 
on the type of cell it forms unlike stem 

cells.



IIII :

How do Salamanders Regenerate their limbs?
Once the wound is sealed the stem cells from the various tissues nearby are recruited. This overtime 
forms a blastema, which overtime helps the limb regenerate brand-new limbs to replace the old ones.
What is the Blastema?
Blastema’s are sometimes referred to as nature buds. They’re formed by a mass of undifferentiated, 
pluripotent cells. Blastema’s have the potential to form into an organism or even an appendage. 
Therefore, they play a key role towards regeneration.
Why can’t all organs regenerate?
As we grow and these pluripotent (cells that can renew itself by beginning to divide) cells divide, they 
lose their ability to form any type of cell. Therefore, since the regeneration of the liver is not carried 
out by pluripotent cells, it doesn't regain its original shape.
How far can humans heal/regenerate?
Recent studies have shown that the respiratory system has an extensive ability to respond to injury 
and regenerate lost or damaged cells. Generally, humans can regenerate injured tissues with a 
limited distances of up to 2mm. The further the wound distance is from 2mm the more the wound 
regeneration will need inducement. Human skin is also able to repair itself. However, doctors have 
not been able to figure out how to regenerate an entire limb.



HOW WE WOULD PLAN THE EXPERIMENT:

We get different human cells from different people: For example, we get red blood cells from 3 people who all have different type of 
blood.

1) We extract the macrophage cells from salamanders

2) We add the different human cells to a petri dish: One petri dish is several red blood cells, another is a 
few white blood cells, etc. however many human cells we have

3) After, we add the extracted macrophage cells from the salamanders onto each petri dish

4) We wait 48 hrs. to see if there is any reaction between the two cells

5) If there is, we must investigate why, and how they have affected the cell. We must also find out if the 
reaction between the two cells is harmful enough to ruin the human body, or if it only effects part of the 
cell.

Our idea is:

Extract macrophage cells from salamanders and add them to some cells humans have- red/white blood cells, 
bone marrow, cartilage etc.- and see if a reaction occurs. 

Equipment needed:

- Part of the salamander ( fingertip)
- Microscope
- Human cells FROM DIFFERENT 

PEOPLE (red and white blood 
cells, bone marrow, cartilage etc.)

- Petri dish



WHY WE CAN'T CARRY OUT THIS INVESTIGATION/RESEARCH:
-It would take a lot of large scale experimenting to see if any humans are even able to receive the cells 
without the body rejecting them, and we need to know if it does any changes to the body.
-This could take more than a month to complete, taking in the factors of environment and how far we can 
perform with the abilities we have- recording, analyzing as well as trial and error situations that could occur 
will also increase the time.
-We also need to identify if the side effects will be long or short term, or if this could produce a new disease.
-We need to consider if the immune cells will have a good relationship with the other cells, or if it will cause a 
reaction
-We would need to know how long it would take for humans to regenerate limbs, which we already know would 
take longer given the fact we have bigger and stronger/heavier limbs than salamander.
-We would have to accept that there would be less muscle mass, which could lead to the limb being weak and 
fragile.
-Also, those who would like to regenerate limbs, we would need to know how painful it could be- will this 
induce surgical trauma?

-Costs for equipment and resources are high, equipment might not be accessible.
-We need to take in account the risks/ hazards with this experiment also we are dealing with equipment that 
we haven't used in the past.



HOW IS OUR RESEARCH APPLICABLE TO HUMANS:

There are thousands of people who have lost their limbs, from birth, veterans from wars, and in accidents. If 
scientists could find out exactly how the immune macrophages cells in salamanders work and if they effect human 
cells and organs, then we could inject the cells into where the closed wound is on humans, and we could have 
several people growing new limbs that have full function, but less muscle mass than the other limbs.

We would like to find out what would happen to salamanders if there isn’t the right number of immune cells, and how it 
would affect the growth of the amputated limb, how long it would take or if the regenerating process will even occur. We 
would like to see if embryonic stem cells can adapt into regenerative cells so that we can be born with regenerative cells 
rather than receiving them.

We would also like to know if only certain group/race of people can adapt to regenerate faster than others similar to how 
blood cells change shapes- to deal with Malaria and became the sickle cell.

What we would also like to do is to see other species that do regenerate, such as the zebra fish, how they regenerate and 
if it is similar to salamanders or if it can be applicable to our experiment. 

FURTHER RESEARCH WE WOULD LIKE TO DO:



FACTS ABOUT REGENERATION:

- Regeneration can occur in the liver for humans, which is why when giving a liver transplant, the 
liver regenerates rapidly, and in a few weeks reaches its full volume.

-Many animals can regenerate lost limbs and tails such as the salamander.

-Planarians and hydras can regenerate a whole body as they have the highest regenerative 
power.
-Abraham Trembley was the first to discover regeneration in hydras.

-Your heart muscles can up to 40 years without being replaced.

- Sharks continuously replace their lost teeth.

-Regeneration is not possible for all types of animals because this is possible only for animals 
with simple cell structure.
-Ernest McCulloch and James Till discovered stem cells in 1961



Some pictures of salamanders to end this 
PowerPoint !
Thank you for listening :)


