
UROP Summary 
Introduction 

During my UROP, I worked with Axolotl regeneration. Axolotls have impressive 
regenerative capacities and are able to regenerate their limbs, hearts, brains and spinal cord. 
Mammals have very limited regenerative capacity and even simple wounds end in formation of 
scar tissue. As the human population ages and faces many diseases including neurodegenerative 
diseases, heart disease, diabetes etc, there is much interest in regenerative medicine and learning 
from animals with much higher regenerative capacities. My UROP focused on experiments 
revolving around the Axolotls’ forebrain activity following limb amputations. Interestingly, 
Axolotls’ forebrains were more active during regeneration. 
  

Objectives 
         I initially had three objectives: inhibit the Phospho-Erk activity in the forebrain of 
Axolotls to see how it affects their regenerative capacities, identify the type of neurons that were 
activated in the forebrain during regeneration, and injure other body parts of the Axolotls to see 
how their brain activity changes. I only accomplished the first of my three objectives. There was 
a lot more to learn than I initially expected when I started my UROP. For example, I had to learn 
to microinject, amputate, harvest samples, and utilize new antibody stains. 
         During my learning process I made mistakes that, unfortunately, increased my 
experimentation time. One particular issue that stood out was my staining process. I had trouble 
staining properly with my new antibodies so it took me a few extra days to get it right. 
Fortunately, Dr. Echeverri warned me that I was likely not going to accomplish everything I 
planned. This insight allowed me to focus more on the learning aspect of my experience. Even 
though I made many mistakes during my UROP, I ended up learning a lot more than I expected. 
   

Experimental Design and Results 
In order to understand how the forebrain activity of Axolotls affects their regeneration, I 

inhibited the activated areas with injections of Phospho-Erk inhibitors. I injected the inhibitors in 
4 animals and injected the vehicle into 4 control animals. Following the injections I amputated 
the left forelimb of the control and experimental animals. Then I fixed an injected and a control 
animal at 1 Day Post Injury (DPI), 6 DPI, and 2 injected and 2 control animals 7 DPI. There 
were two groups of animals that were fixed 7 DPI so they were designated as 7.1 and 7.2 DPI. 

After the animals were fixed, I harvested and cryosectioned the brains and injured limbs. 
The brains were stained with anti-Phospho-Erk antibodies and DAPI, while the limbs were 
stained with only DAPI. Finally, the samples were examined with fluorescence microscopy and 
the data was analyzed. 

The activity of the forebrain of injected and control animals was analyzed using the FIJI 
program. The images of the samples were analyzed for fluorescence intensity in a 8518 pixels2 
box. Figure 1 A indicates that the 6 DPI and 7.2 DPI groups had significantly decreased 
Phospho-Erk activity in the injected animals compared to the control animals. The inhibitor did 



not seem to significantly affect the remaining groups’ Phospho-Erk activity, which suggests that 
the injections were not effective in all experimental groups. Figure 1 B shows an example of a 
control and an injected forebrain that had significantly different Phospho-Erk activity. 

 
Figure 1. Phospho-Erk Activity in Various DPI Groups: A) T-test indicates that the control and injected groups in 6 DPI and 7.2 DPI were 
significantly different. P < 0.05. B) Phospho-Erk activity in a control and an injected forebrain.  
  
         All control and injected animals were compared to see how the inhibitors affected the 
brain activity of all injected animals. Figure 2 indicates that the inhibitors significantly decreased 
Phospho-Erk activity in injected animals. 

 
Figure 2. Phospho-Erk Activity in Control vs Injected Groups: T-test indicates that the control and injected groups were significantly different. P 
< a = 0.05. 
  
         Since the forebrain was more active during regeneration, it is important to understand 
how the inhibition of the forebrain affects Axolotl regeneration. The length of the blastema in the 
injured forearm was measured from the bone to the blastema’s edge using the Leica LAS 
program. Blastemas are clumps of cells that are capable of growth and regeneration. Figure 3 A 
indicates that the injected animals in the 6 DPI and 7.2 DPI groups, which had decreased 
forebrain activity, had significantly smaller blastemas than the control animals. Figure 3 B shows 
an example of a control and an injected limb with significantly different blastema lengths. 



 
Figure 3. Blastema Length of Various DPI Groups: A) T-test indicates that the control and injected groups in 6 DPI and 7.2 DPI were 
significantly different. P < 0.05. B) Blastemas in a control and an injected limb. Blastema length is represented by the white line while the bone is 
represented by the red oval. 
  
         The limb data of all control and injected limbs were compared to understand how the 
injections affected the regeneration of all injected animals. Figure 4 shows that the control and 
injected animals had similar blastema size when this comparison was made.  

 
Figure 4. Blastema Length in Control vs Injected Groups: T-test indicates that the control and injected groups were similar. P > 0.05. 
  
Conclusions and Future Directions  

The data suggests that decreased Phospho-Erk activity in the forebrain is correlated with 
decreased blastema length in the injured limb at certain timepoints. This is best seen in the 6 DPI 
and 7.2 DPI groups. This may indicate that the inhibitor’s effectiveness or the influence of the 
forebrain activity on regeneration is dependent on the time post injury. Interestingly, Figure 4 
indicates that overall the control and injected animals had similar blastema lengths. This data 
could have resulted from a small sample size.  

My UROP has raised new questions and opened the door for future work. For future 
research I would like to increase the number of experimental groups to decrease sample size 
error, pursue my remaining UROP objectives, and test if the forebrain’s influence on 
regeneration is dependent on the time post injury.  

 
 
 

Experience 



         Overall, I believe that I learned a lot from my UROP experience. My UROP was my first 
time working independently in a lab. I gained valuable experience on time management and 
critical problem solving. Each week I got the opportunity to plan my daily work and plan ahead 
for future experiments. I enjoyed the responsibility and freedom that came with my work 
environment. I also had opportunities to critically evaluate issues. When my stains did not work, 
I was able to analyze my images and reasoned that the primary antibodies were not binding. I 
was able to re-evaluate my staining process and fix the issue. The skills I developed will help me 
professionally and academically. 
         The experience I gained though this UROP allowed me to not only learn valuable skills 
but also appreciate a career in science. My genetics professor once told me that a satisfying job 
should have freedom, room for creativity and a sense of purpose. I found that a scientific career 
has freedom in scheduling your work, creativity in designing your experiments, and a sense of 
purpose in discovering knowledge that could advance medicine. My UROP experience has 
expanded my professional vision because I want to incorporate research into my future career. 
 
 


