
How do your 
heart and lungs 
work to k�p up?

Do your 
mitochondria 
become more
e�icient?

What does your 
DNA have to do 
with it?

Does your brain 
work le� we�?

Base Camp

Base Camp I

Base Camp III

Base Camp II

Base Camp I V
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L�k inside to find 
out what ha�ens 
when your body 
n�ds oxygen.

Very fu�y. do you think kids could 
do some of the same experiments 

we are doing in the Caudwe� Xtreme 
Everest Expedition?

Sure. Why not? I decided to 
become a doctor when I was ten 

years old. Let’s s� what they 
think of our research 

questions. 

No thanks. I’ve had plenty of 
experience trailing behind you on 
these treks and I’m here to find 
out why some of us adjust to 
low oxygen be�er than others.   

Hey, race you to 
Everest Base Camp.

Is that a talking 
mitochondrion?

I think mitochondria are 
awesome and become even 

more e�icient.

You must be having brain 
function problems due 
to the low oxygen.



Dr. De�y 
Leve�

Dr. Mike 
Groco�

Golgi bodies

endoplasmic 
reticulum

mitochondrion

nucleus

lysosome
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You already know me, 
Mighty Mitochondrion, 

but what are the other
 parts of a ce�? 

What ha�ens to your body 
when you n�d more oxygen? 

What is DNA? 
What does it l�k like?

What tests can we do to s� 
how fast your brain is working?

What’s Going On?You will need: 
stopwatch, stair steps or a small platform about 12” 
high that you can step on, a partner

1. Relax. Set your stopwatch for 60 seconds, lie 
quietly on the floor, push the start button and 
count how many times you breathe in and out.

 
2. The number of breaths you take in a minute is 

your respiration rate. Will it change after you 
exercise? But, before you start…

3. To feel your pulse, put your index and middle finger 
on the inside of your wrist.  When you can feel the 
beat, ask your partner to time you with the 
stopwatch.

4. When your partner says “go”,  start counting every 
time you feel a beat.  Ask your partner to say 
“stop” after 15 seconds.

5. To find out your beats per minute, multiply your number by 4.  An athlete’s pulse can be as low 
as 40 beats per minute.  How was yours?

6. Now, set the stopwatch for 2 minutes and go up and down the stair, saying “up, up, down, 
down, up, up, down, down” to keep an even rhythm. When 2 minutes are up, stop and check 
your respiration rate and pulse again. How have they changed? What is your body doing? 

 
7. Repeat the same activity, but this time it’s your partner’s turn.  How do your pulse and 

respiration rates compare? 

The Caudwell Xtreme Everest (CXE) scientists 
are taking cheek cells from all the volunteers 
in their experiments to study their DNA. Want 
to take a look at yours?

You will need: 
an adult to help you, paper cup, test tube with 
cover, ice cold ethyl alcohol, dish detergent 
solution (25% detergent -- ¼ c. detergent in ¾ c. 
water), salt solution (8% table salt -- a pinch of 
salt in 1 c. water), water

1. Ask an adult to help you make the detergent 
and salt solutions.

2. Fill your cup with 10 ml. of water (about 2 tbsp.).

3. Put the water in your mouth and swish as hard as you can for 
    at least 30 seconds. It’s also a good idea to run your tongue 
    against the insides of your mouth to loosen some cheek cells.  
    Spit the water back in the cup.

4. Make a pointed pouring spout on your cup and 
    pour the cheek solution into the test tube. 

5. Add 1 ml. of salt solution to the test tube (about 1 tsp.).

6. Add 1 ml. of detergent solution to the test tube (about 1 tsp.).

7. Cap the tube and gently rock it back and forth to allow the 
    contents to mix.  Don’t shake the tube!

8. Remove the cap and keep the test tube upright.

9. Fill the test tube with cold alcohol by gently letting the alcohol roll down the side. 

10. DNA is too small to see unless it is clumped together. Watch the test tube carefully to see the 
small white threads of your DNA forming between the lower layer (cheek, salt and detergent 
solution) and the upper layer (alcohol). Kay Mitchell, CXE Project 

Manager and ICU Nurse, 
made a cake in the shape 
of Mt. Everest which you 
can see on their website 
xtreme-everest.co.uk. 
Could she make a cell out 
of a cookie, too? Here’s 
how: 

You will need: 
large flat sugar cookie, 
icing, paper plate, plastic 
knife, 6 different kinds of 
candy decorations, paper, 
pencil.

1. Look carefully at the drawing of the parts of a cell. Think about what each part looks like and 
what it does. If you were going to make a cell model out of a cookie, what kind of candy or 
decoration would you use for each part of the cell?

 
2. Time to go to the grocery store candy aisle. Tell the person who’s taking you that it’s for an 

important science project and you promise to brush your teeth when you’re done. Pick out 6 
different types of candy for your cell cookie.

3. Set your cookie out on a paper plate and cover it with icing. The icing is your cytoplasm. 
Decorate your cookie with the candies you have chosen. 

4. Draw a key to your cell model. In your key list each part of the cell, what it does, what candy 
you have used to represent it and why. 

5. Why do you think the scientists on Everest are particularly interested in the mitochondria? Hint: 
They are studying what happens to you when you don’t have a lot of oxygen. And when 
you’ve figured that one out, you can eat your cell cookie!

The  CXE scientists’ “Brain 
Function Testing” is a lot 
more fun that it sounds. 
Try this.

You will need: 
a partner, paper, 
pencil, crayons, children’s 
puzzle less than 20 pieces, 
stopwatch

1. For the first test, take the 
crayons and write a list of colors on the paper. But, use the wrong color crayon for each word 
you write. For example, if you write “red”, don’t use the red crayon, use the green one or 
something else. 

2. Take your list of colors to your partner and ask them to tell you what each color is – 
    not to read the words, to tell you the colors. Keep track of how many mistakes they 
    make. If they do the same test again, can they improve? 

3. For the next test, ask your partner how many words she or he can think of that begin 
    with a certain letter -- any letter is fine. Again, record the results. Try again a few minutes later 

and see if there is a difference.

4. For the last test, set the stopwatch and see how fast your partner can do the children’s puzzle, 
once and then again. 

5. Now it’s your turn. Have your partner test your brain function and compare results. 

6. What do you think is happening inside your brain when you practice? If you took the 
    same tests again next week, how do you think you would do?

 
What happens to your body when 
you need more oxygen? 
In respiration, the lungs give your body 
oxygen it needs for any activity, even lying 
around.  The average respiration rate, if 
your age is 7 years or older, is 12 to 24 
breaths per minute.  If you are doing a 
step test, you need more oxygen so your 
lungs take in more air and your 
respiration rate goes up. Your pulse is the 
sound of your heart muscle pumping 
blood through your body.  If your age is 10 
years or older, the average pulse rate is in 
the range of 60 to 100 beats per minute. 
Your pulse speeds up during the step test 
because your heart is pumping more 
strongly to carry more oxygen in your blood. CXE scientists are testing the 
hypothesis that when people are in low oxygen conditions, their bodies 
change the way they use oxygen and their cells become more efficient.

What is DNA? What does it look like?
Your genes are sections of DNA that you inherit from your parents. Genes come in 
pairs, with each parent contributing half of a pair. DNA carries the instructions for 
what you will look like and many other things about you. DNA looks like a twisted 
ladder, a double helix, with the rungs of the ladder being pairs of nucleotide bases, 
and sides of sugars and phosphate molecules. Your genome is made of a specific 
sequence, or order, of all the rungs of the ladder -- 6 billion pairs altogether! If the 
CXE scientists can determine what is different about a person’s DNA who does well 
in a low oxygen environment, they can use that knowledge to design medicines to 
help patients whose bodies aren’t able to get enough oxygen on their own. 

What are the parts of a cell? 
The cell membrane is the outermost covering of the cell, represented by the edges 
of your cookie. The cytoplasm is the jelly-like part of the cell that the other parts of 
the cell float around in, like your icing. The other parts of the cell are the nucleus, 
which is sort of like the brain of the cell, the rough endoplasmic reticulum (with 
ribosomes), which makes proteins, the smooth endoplasmic reticulum, which makes 
the fat products of the cell, the Golgi bodies which sort and package proteins for 
delivery to other cells, the lysosomes which break down waste, and the 
mitochondria. The mitochondria are so important to the scientists because they 
convert oxygen and sugars into energy that powers the cell. The scientists’ 
hypothesis is that our mitochondria become more efficient over time as they adjust 
to a lower level of oxygen. 

What tests can we do to see how fast your brain is working? 
CXE scientists are testing their hypothesis that when your brain gets less oxygen it 
doesn’t work as well. They want to see how different people’s brain function changes 
in different ways. They will do the same tests that you did, first in their lab and then 
on top of the mountain, to see if people get worse. Since your brain has plenty of 
oxygen, you can practice and get better at the tests each time because the more you 
do them, the better your brain is at remembering how to do them. You store the 
information in your short term and then long term memory. If you were on Everest, 
you might not be able to get better, even with practice.
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Science Beyond the Boundaries is a network of science centers, large and small, reaching 
over 10 million visitors annually throughout the United States and Canada. The network’s 
purpose is to connect science center visitors with the advancing frontiers of science and 
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