"Energy Crisis: A Student Athlete's Journey™
A Case Study on Cellular Respiration & Metabolism

PART I: THE PROBLEM

Scene: The Running Track, Friday Afternoon

Maya is a competitive 17-year-old distance runner on her school's track and field team. For the past
three months, she's been training for the provincial cross-country championship, running 8-10 km
almost every day. Today is supposed to be an easy training day—just a 6 km run to warm up for the
race next week on Saturday.

About 4 km into her run, Maya feels like "hitting the wall." Her legs feel heavy. Her breathing becomes
labored. Her muscles burn. She slows to a walk, frustrated. /'ve trained so hard for this. Why am | so
tired? What's happening in my body?

That evening, Maya sits down with her older brother Kai, who is studying sports science at university.
She describes her experience.

"Kai, | don't get it. | trained harder than anyone on the team. | eat well. | sleep 8 hours. But today |
completely ran out of energy. It felt like my muscles just... stopped.”

Kai leans back and thinks. "It's not that you're weak or lazy. It's actually about what's happening at the
cellular level. Your muscles need energy, and energy comes from breaking down molecules. But
there are different ways your body can do that depending on whether you have enough oxygen. |
learned about this in my Kinesiology class. Want me to explain it?"

"Yes, please," Maya says. "Because if | don't figure this out, I'm going to crash at the provincial race."




PART II: CELLULAR RESPIRATION BASICS

The Email Conversation

The next morning, Kai sends Maya an email with some resources.

From: kai.torres@universityemail.ca

To: maya.torres@highschool.ca

Subject: Why Your Body Ran Out of Energy (And How to Fix It)
Date: Saturday, October 14, 8:47 AM

Hi Maya,

I've been thinking about your problem, and I think it all comes down to cellular
respiration—the process your cells use to break down glucose and create energy.

Here's the basic concept: Your cells need ATP (adenosine triphosphate), which is like the
energy currency of your body. Every time your muscles contract, your brain fires a
thought, or your heart beats, ATP is being used.

Your body can make ATP in two main ways, and it depends on whether oxygen is available:

1. AEROBIC RESPIRATION (with oxygen)

e Happens in the mitochondria

e Breaks down 1 glucose molecule completely

e Produces ~30-32 ATP molecules

e Process: Glucose - Pyruvate (glycolysis) — Acetyl-CoA - Krebs Cycle - Electron
Transport Chain

e Takes a bit longer, but VERY efficient

e No harmful byproducts (just CO; and H0)

e This is what happens during easy, steady runs

2. ANAEROBIC RESPIRATION (without enough oxygen)

e Happens in the cytoplasm

e Breaks down glucose only partially (just to pyruvate, then to lactate)
e Produces only 2 ATP molecules per glucose

e Much faster (your body produces ATP quickly)

e BUT produces lactate, which causes that muscle "burn"

e This is what happens when you sprint or do intense exercise

The problem you experienced? You shifted from aerobic to anaerobic respiration—your
muscles demanded more oxygen than your cardiovascular system could deliver, so your cells
switched to the "quick but dirty" method.

Let me know if you want me to explain the details more.

—Kai
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QUESTIONS FOR PART I

1. Understand (Bloom's Level 2):

e In your own words, explain the difference between aerobic and anaerobic respiration.

e Why does aerobic respiration produce more ATP than anaerobic respiration?

2. Analyze (Bloom's Level 4):

« Why would anaerobic respiration be an advantage if you needed to run away from danger
(even though it's less efficient)?

e What is the trade-off between speed of ATP production and amount of ATP produced?

3. Predict (Bloom's Level 3):

o What do you think would happen to Maya's lactate levels during her very intense 4 km section
of the run?

« Why does lactate cause that burning sensation in muscles?




PART Ill: WHAT'S HAPPENING IN MAYA'S CELLS?

Data: Maya's Metabolic Rates During a Training Run

Kai found some research on athletes' metabolic responses during endurance exercise. He created a
comparison table for Maya showing what scientists typically measure during a 10 km run.

TABLE 1: Maya's Physiological Response During Her 6 km Training Run

Measurement At Rest During Easy 2 km During Intense Recovery
(Aerobic) 4 km (Mixed) (Last 0.5 km)
Heart Rate (bpm) 65 155 185 140
Oxygen Consumption (mL/kg/min) 3.5 35 55 25
Blood Lactate (mmol/L) 1.0 2.5 12.8 6.5
Blood Glucose (mg/dL) 95 85 72 78
ATP Production Rate (umol/min per 2.1 18.5 22.0 12.5
gram muscle)
Muscle pH 7.0 6.9 6.2 6.6
Lactate Accumulation During 6 km Run 35
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Figure 1: Lactate accumulation during a 6 km Figure 2: ATP molecules produced per glucose

run. (Note: this data is shown as an example from between aerobic respiration and anaerobic
a runner different from Maya) respiration.




QUESTIONS FOR PART lli

1. Data Interpretation (Bloom's Level 2-3):

o Look at Table 1. At what distance did Maya's blood lactate level exceed 4 mmol/L (her lactate
threshold)?

« What happened to her blood glucose between the easy section (2 km) and the intense section
(4 km)?

e Why do you think her oxygen consumption increased from 35 to 55 mL/kg/min?

2. Analysis (Bloom's Level 4):

e According to Figure 2, how many times MORE ATP does aerobic respiration produce
compared to anaerobic respiration?

« If Maya's muscles were using anaerobic respiration at the 4 km mark, calculate how much
glucose she would need to break down to produce the same amount of ATP as aerobic
respiration would from ONE glucose molecule.

3. Critical Thinking (Bloom's Level 5):

« Why would it be IMPOSSIBLE for Maya to run a 10 km race using only anaerobic respiration?



PART IV: THE LACTATE QUESTION

The Myth Debunked
Maya has another question for Kai:

"Wait—isn't lactate BAD? Don't muscles produce lactate when they don't have enough oxygen? I've
heard that lactate is a 'waste product' that needs to be cleared out. That's why my muscles burn,
right?"

Kai smiles. "This is actually a common misconception! Let me explain."

From: kai.torres@universityemail.ca
To: maya.torres@highschool.ca
Subject: RE: The Lactate Myth
Date: Sunday, October 15, 10:23 AM

Great question, and honestly, a lot of people get this wrong—even some coaches!

Here's the truth: Lactate is NOT a waste product. It's actually an important molecule
that your muscles produce during intense exercise. And here's the key: Your muscles don't
hurt because of lactate accumulation. They hurt because of hydrogen ion (H+)
accumulation, which causes muscle acidosis.

Let me break this down:

During anaerobic respiration, pyruvate is converted to lactate. The lactate itself is not
harmful. But the process that creates lactate ALSO releases hydrogen ions (H+). These H+
ions lower the pH of muscle tissue, making it more acidic. THIS is what causes:

e That burning sensation
e Reduced muscle contraction force
e Fatigue

The Cool Part: Lactate is actually useful! Your muscles can:

1. Convert lactate back to glucose (in the liver) during recovery
2. Use lactate as fuel in OTHER muscles that are working aerobically
3. Send lactate to the heart and brain, which prefer lactate over glucose!

So, what you should actually think about:

The Lactate is doing its job. The problem is the acidity (H+ ions) slowing down your
muscles. The solution? Train to increase your lactate threshold so you can work harder
before H+ accumulates too much.

—Kai
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Figure 3: Diagram showing what happens during intense exercise in a muscle cell.

Table 2: Lactate Levels in Different Situations

Condition Blood Lactate (mmol/L) What's Happening
Resting 1.0 Normal baseline

Light exercise (walking) 1.5-2.0 Mostly aerobic

Moderate exercise (easy jog) 2.0-4.0 Aerobic dominant, some anaerobic
Lactate threshold (Maya at 4 km) 4.0-5.0 Lactate production = clearance rate
High-intensity exercise (sprinting) 8.0-15.0+ Significant anaerobic contribution
Post-exercise recovery 1.0 (returns in ~1 hour) Lactate converted back to glucose




QUESTIONS FOR PART IV

1. Understand (Bloom's Level 2):

e According to Kai, what is the REAL cause of the burning sensation in Maya's muscles?

o Is lactate a waste product? Explain.

« Name two things lactate can be used for after intense exercise.

2. Analyze (Bloom's Level 4):

« Why is the conversion of pyruvate to lactate actually HELPFUL during intense exercise, even
though it's not the most efficient way to make ATP?

o Look at Table 2. At what lactate level did Maya shift from primarily aerobic to primarily
anaerobic metabolism?

e Why do you think lactate levels return to normal (~1 mmol/L) about an hour after exercise?

3. Evaluate (Bloom's Level 5):

o Some athletes use "lactate buffer" supplements (like sodium bicarbonate) to reduce muscle
acidosis during competition. Based on what you've learned, would this actually improve Maya's
performance? Why or why not?

« Is lactate really the "enemy" of athletic performance? Defend your answer with evidence.



PART V: THE METABOLIC SOLUTION

Adjusting Training Strategy

Now that Maya understands the science, Kai suggests a metabolic approach to her training.
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Figure 4: Three training zones.

Table 3: Maya's Recommended Training Plan

Training Zone Lactate Level Heart Rate Duration Frequency Purpose
Zone 1 (Recovery) 1-2 mmol/L 120-140 bpm 45-90 min 2-3x/week Build aerobic
base, recover
Zone 2 (Steady State) 2-4 mmol/L 140-160 bpm 20-60 min 2x/week Develop lactate
threshold
Zone 3 (Threshold/VO, 4-8+ mmol/L 160-180 bpm 5-20 min 1x/week Improve max
Max) intervals capacity

Kai's Recommendation:

"Instead of running hard every day, structure your training like this:

e Three easy runs (Zone 1) to build your aerobic base

e Two steady-state runs (Zone 2) at your lactate threshold

e One high-intensity session (Zone 3) with interval training
e One rest day

This way, you're not constantly shifting into anaerobic metabolism. You're training your
body to clear lactate better, improve oxygen uptake, and handle the race pace without
'hitting the wall.'"



QUESTIONS FOR PART V

1. Understand (Bloom's Level 2):

« What is Maya's lactate threshold based on the data from Part 111?

« According to Table 3, if Maya wants to build her aerobic base, which training zone should she
focus on?

« How long should a Zone 2 steady-state run last?

2. Apply (Bloom's Level 3):

e Maya's maximum heart rate is 200 bpm. Calculate the heart rate range for:
o Zone 1 (60-70% of max)
o Zone 2 (70-80% of max)
o Zone 3 (80-90% of max)

« |f Maya completes one of each type of workout this week, how many TOTAL minutes will she
spend training?

3. Evaluate (Bloom's Level 5):

« Compare Maya's old training method (running hard every day) to Kai's new plan. What are the
advantages of the structured approach?

« Why would training in Zone 1 (easy runs) actually make Maya a BETTER distance runner than
training hard every day?

« Some coaches say "no pain, no gain" and recommend always training at high intensity. Based
on metabolic science, is this good advice? Why or why not?



PART VI: RACE WEEK NUTRITION

Carbohydrate Loading

One week before the provincial race, Maya meets with a sports nutritionist.

"l understand the metabolism now," Maya says. "But what should | eat to optimize my performance?"
The nutritionist explains: "Your body stores glucose as glycogen—primarily in the liver (100-120 g)
and muscles (400-500 g). During your 10 km race, you'll burn through your muscle glycogen. If you

start the race with FULL glycogen stores, you can maintain aerobic metabolism longer. If your stores
are low, you'll shift to anaerobic metabolism earlier and hit the wall."
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Figure 5: Muscle glycogen depletion over 90 minutes of running. (Note: “Wet” muscle refers to
muscle that appears full due to glycogen and water retention)

Table 4: Carbohydrate Loading Protocol

Duration of
Exercise

Days Before Race

Carbohydrate
Intake

Intensity

7-5 days Normal (5-7 g/kg) Normal training Normal Deplete glycogen
baseline
5-3 days High (8-10 g/kg) Decrease 50% Low Rebuild and elevate
3-1 days High (8-10 g/kg) Minimal (20-30 min Very Low Maximize storage
easy)
Race day 1-4 g/kg (2-4 hrs Rest — Fuel without
before) heaviness
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Figure 6: Muscle glycogen stores over a 3-day pre-race period.

QUESTIONS FOR PART VI

1. Understand (Bloom's Level 2):

What is glycogen and where is it stored in the body?

Why is it important to start a race with full glycogen stores?

According to Figure 6, at what point does glycogen depletion accelerate?




2. Data Interpretation (Bloom's Level 3):

e Look at Table 4. On Day 5 before the race, how much carbohydrate should Maya consume per
kg of body weight? (If Maya weighs 58 kg, how many grams of carbohydrates?)

e According to Figure 7, how much MORE glycogen can Maya store if she carb-loads vs. eating
a normal diet?

3. Apply (Bloom's Level 3):

e Maya's normal breakfast is:
o 1 bagel (459 carbs)
o 2 tbsp peanut butter (8g carbs)
o 1 banana (27g carbs)
o Total: 80g carbs

For race day (3 hours before the race), the nutritionist recommends 2-4 g carbs per kg of body
weight. If Maya weighs 58 kg and wants to stay in the recommended range, calculate:

e Minimum carbsneeded: g

e Maximum carbs needed: g
« Does her normal breakfast fit the recommendation? Why or why not?

4. Evaluate (Bloom's Level 5):

o Some athletes try to lose weight right before a race by eating less. Based on what you've
learned about glycogen and metabolism, why is this a TERRIBLE strategy?

« If Maya's race is 10 km (approximately 45-50 minutes for a competitive runner), will she
deplete her glycogen stores during the race itself? Explain your reasoning.



PART VII: RACE DAY

The Ultimate Test
Maya shows up at the provincial championships on Saturday morning. She has prepared:

o  Followed the lactate threshold training plan
e V Carb-loaded appropriately
e v Understood her metabolic zones

At the starting line, she takes a deep breath. The race director calls "30 seconds!"
Maya knows that:

o The first 2 km will feel easy (Zone 1, aerobic)

e Around 3-4 km, she'll enter Zone 2 (lactate threshold)

o For the final 2-3 km, she'll need to push into Zone 3 (VO, max)

e She has trained to handle this metabolic demand

The race begins.

Miles 1-2 (0-3.2 km): Her heart rate settles at 145 bpm. Breathing is steady. Legs feel strong. Aerobic
metabolism is humming. She's using oxygen efficiently.

Miles 3-5 (4.8-8 km): The pace increases. Her heart rate climbs to 165 bpm. She's at her lactate
threshold. Her muscles are producing more lactate, but she's trained to tolerate the burn. She knows
her body is handling this efficiently—lactate is being cleared as fast as it's produced. She's in Zone 2.
Miles 6-6.2 (9.6-10 km): Final kick. Heart rate spikes to 180 bpm. She's in Zone 3. Lactate floods her
muscles. The burn is intense. But her aerobic base is strong. She's not hitting the wall like she did in
training. She's not bonking.

She crosses the finish line in 42 minutes, 15 seconds. Provincial champion!

FINAL QUESTIONS: SYNTHESIS AND REFLECTION

Case Study Conclusion Questions
1. Understand (Bloom's Level 2):

« Describe what was happening metabolically in Maya's body during each phase of the race (0-3
km, 4-8 km, 9-10 km).



2. Analyze (Bloom's Level 4):

« Why did understanding her lactate threshold and training in different metabolic zones help
Maya avoid "hitting the wall" this time?

o Compare Maya's failed attempt in training (hitting the wall at 4 km) to her successful race.
What changed in her metabolism?

3. Evaluate (Bloom's Level 5):

o If Maya had NOT carb-loaded and showed up to the race with low glycogen stores, predict
what would have happened around the 8-9 km mark based on the glycogen depletion graph.

« Why was understanding the SCIENCE of metabolism (not just "running harder") the key to
Maya's success?



4. Create (Bloom's Level 6):

« Design a complete training program (2-week plan) for a soccer player who needs to improve
their anaerobic capacity for short, intense sprints. Include:
o Training zones and durations
o Frequency of each zone type
o Explanation of how this develops their anaerobic metabolism

« Create a visual representation (graph, chart, or diagram) showing how you would structure this
program and why.



EXTENSIONS & INVESTIGATIONS

If you want to extend this case study:
Investigation 1: VO, Max Testing

o Examine the relationship between VO, max and aerobic capacity
e Analyze how VO, max differs between trained athletes and untrained individuals
e Design an experiment to measure VO, max

Investigation 2: Lactate Testing

e Use pH paper or a pH meter to test how muscle activity affects pH
o Measure lactate in sweat using lactate test strips (available for athletic testing)
o Correlate lactate levels with exercise intensity

Investigation 3: Ergometer Study

o Use a stationary bike (ergometer) to measure power output at different intensities
« Correlate watts produced with heart rate and perceived exertion
« Calculate efficiency of aerobic vs. anaerobic contributions

Investigation 4: Nutrition and Performance

o Design a controlled experiment comparing performance with high-carb vs. normal-carb
breakfast

e Include control groups, placebo conditions, and quantifiable measures

« Analyze results using statistics

Investigation 5: Altitude Training
o Research how high altitude training affects oxygen availability and metabolism

e Investigate whether altitude training improves sea-level performance
e Analyze the cellular adaptations (RBC production, mitochondrial density)
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