How cellular rust forms, what it damages,
and how your body fights back.
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A SIMPLE GUIDE TO OXIDATIVE STRESS

How your cells make energy, what happens when reactive molecules accumulate,
and how everyday habits support health.

THE BIG IDEA

Your cells naturally produce reactive oxygen species (ROS). Small amounts
have useful jobs, including cellular signaling and immune defense. Oxidative
stress occurs when reactive molecules overwhelm protective and repair
systems—not simply because you breathe oxygen.

THE CELLULAR BALANCE

NORMAL ACTIVITY REACTIVE MOLECULES | BODY DEFENSES

Food and oxygen help ROS arise during Enzymes, glutathione,

mitochondria make metabolism and from and other protective

usable energy (ATP). other internal and systems help keep ROS
environmental sources. in balance.

The apple-browning and metal-rust comparisons can make this easier to picture.
They are analogies: oxidation in living cells is much more complex than food
turning brown or metal rusting.

Some contributors to oxidative stress include tobacco smoke, air pollution,
persistent inflammation, excess alcohol exposure, and certain metabolic
conditions. The effects of any one food depend on the larger dietary pattern and
individual health.

VISUAL AID 1 | HOW CELLS PRODUCE ENERGY
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SECTION 1: UNDERSTAND

TODAY FOR A
THE BASICS o=
TOMORROW

What Is It and Where Does It Come From?

Oxidative stress happens when there are more free radicals in your body
than your natural defenses can handle. Free radicals are unstable molecules
that can damage your cells as they try to become stable.

Free radicals are a natural byproduct of turning the food you eat into energy.
They're not all bad — in small amounts, they even help your body with
important tasks like fighting germs. Problems start when there are too many
free radicals and your antioxidant defenses can't keep up.

GOOD TO KNOW
Oxidative stress is a normal part of life. It's not about avoiding free

radicals completely — it's about keeping a healthy balance.

VISUAL AID 1 HOW FREE RADICALS ARE CREATED

OXYGEN + FOOD MITOCHONDRIA ENERGY (ATP) +
Your cells use oxygen Inside your cells, FREE RADICALS
and nutrients (like mitochondria break This process produces
glucose and fats) down food and convert energy for your body
for fuel. it into usable energy and also creates

(ATP). free radicals as a
. natural byproduct.
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CELLULAR ENERGY FREE RADICALS
PRODUCTION (A NATURAL BYPRODUCT)

THE TAKEAWAY
Your body needs oxygen and food to make energy, and free radicals are an

inevitable part of the process. The key is balance, not elimination.
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1 | WHAT CAN OXIDATIVE STRESS DAMAGE?

Excess reactive molecules can alter important cellular structures. The body also
has ongoing repair mechanisms, so not every oxidative event results in
permanent injury.

THREE MAJOR TARGETS

CELL MEMBRANES | PROTEINS e

Oxidation of membrane Oxidative changes can Oxidative lesions may
lipids can disturb the affect enzyme activity, form in genetic material;
cell’s protective structural proteins, and repair systems correct
boundary and how it normal cell functions. much of this damage.
works.

Why this matters over time

Researchers study oxidative stress as one contributor to chronic disease
processes. It usually acts alongside other factors, rather than serving as a single
explanation for illness.

BODY SYSTEMS

HEART & VESSELS BLOOD SUGAR BRAIN

Inflammation, LDL Insulin resistance Oxidative damage is
cholesterol, blood involves inflammation, studied in aging and
pressure, smoking, and liver and muscle neurological disease, but
other factors contribute metabolism, fat tissue, ordinary memory lapses
to atherosclerosis. genetics, and signaling or “brain fog” do not
Oxidative changes can pathways. Oxidative establish oxidative
participate in the stress can contribute. damage.

process.
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2 | YOUR BODY’S ANTIOXIDANT DEFENSES

The body has its own coordinated protection network. Food supplies nutrients that
support normal defenses, but antioxidant-rich foods are not a substitute for

medical care.

INTERNAL PROTECTION

SUPEROXIDE CATALASE & GPx GLUTATHIONE

DISMUTASE

SOD enzymes convert Catalase and glutathione  Glutathione is a small

superoxide radicals into peroxidases help antioxidant

hydrogen peroxide and process hydrogen molecule—not an

oxygen. peroxide into less enzyme—that
harmful products. participates in several

protective reactions.

Nutrients from foods

Vitamin C helps protect watery environments; vitamin E participates in protecting
cell membranes. Selenium is required for several antioxidant enzymes, while zinc
contributes to normal enzyme structure and function. Colorful plant foods provide
polyphenols and other useful compounds.

VISUAL AID 2 | ANTIOXIDANT-RICH FOODS
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SECTION 4:

NOURISH.

YOUR BODY’S prorec

DEFENSE SYSTEM ™
Your Two-Part Antioxidant Shield

Your body has powerful defense systems that help keep oxidative stress
in check. They work together like a shield, using both internal and external
sources of antioxidants.

Your body naturally makes antioxidant enzymes and other protective o
compounds. You also get help from antioxidants in the foods you eat, especially N
colorful plant foods. Together, these defenses neutralize free radicals, help ,3
repair damage, and keep your cells working properly.

VY N ANTIOXIDANT-RICH FOODS FOR YOUR DEFENSES

A colorful variety of whole foods provides natural antioxidants that help protect your cells
and support your body’s repair processes.

Rich in vitamin C Rich in vitamins A, C, E Packed with pulyphenols Provide selenium
and polyphenols and plant compounts and minerals and other key nutrients

7 oy ‘

Contain powerful
plant compounds
like curcumin

Rich in omega-3s Prowde vitamin E High in vitamin C
and selenium and healthy fats and flavonoids

REAL WORLD TIP

Aim for a variety of colorful plant foods each day. The more variety, the wider range
of antioxidants you get to support your body's natural defenses.
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3 | AGEs: IN FOOD AND INSIDE THE BODY

Advanced glycation end products (AGEs) are a varied group of compounds that
can form when sugars or reactive sugar-derived molecules react with proteins or
fats. These reactions occur naturally within the body. Higher blood glucose and
some metabolic conditions can accelerate certain AGE-forming pathways.

AGEs also form in food, particularly during dry, high-temperature cooking such as
grilling, frying, and broiling. Browning comes from many Maillard reactions: some
produce AGEs, while others produce different flavor and color compounds.

THE GRILL-CHAR CONNECTION

Dark grill marks provide a memorable visual analogy for chemical changes,
but food char is not the same thing as tissue glycation. You cannot see
internal AGE accumulation by looking at a grilled steak. Not all browning
represents AGEs, and dietary AGEs are not identical to AGEs made in the
body.

A CLEARER COMPARISON

OUTSIDE THE BODY INSIDE THE BODY WHY IT MATTERS

Heat can accelerate Glycation-related AGEs are being studied

Maillard chemistry and reactions can gradually for roles in inflammation,

AGE formation in foods, alter some proteins and vessel stiffness, diabetes

especially under dry tissues. The body has complications, and

conditions. maintenance and aging. Their impact
turnover systems. varies.
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SECTION 5: SMARTER

COOKING HEAT, AGEs &

CELLULAR DAMAGE TowoRROw

AGEs stands for Advanced Glycation End Products. They can form when foods
are cooked at very high heat, especially grilling, broiling, frying, or charring.
The dark char and heavy browning on food is an easy visual example of the kind
of wear-and-tear chemistry that can also happen inside the body over time.
Similar processes can contribute to cellular stress, inflammation, and damage

to proteins and tissues as we age.

GOOD TO KNOW

A little browning is common, but frequent heavily charred, blackened, or ultra-high-heat
cooking may increase AGE exposure.

VISUAL AID 3 AGEs, HIGH HEAT & THE CHAR CONNECTION

HIGH HEAT COOKING e BROWNING & CHARRING o AGES FORM o INSIDE THE BODY
Grilling, broiling, frying or These reactions create During high-heat cooking, Similar glycation processes
cooking at very high visible browning, grill marks Advanced Glycation can happen inside the body
temperatures can trigger and charred, blackened End Products (AGEs) over time, contributing to
chemical reactions areas on food. are formed in the food. oxidative stress, inflammation

and damage to proteins,

between sugars and
tissues and blood vessels.

proteins in food.

AGEs can make
*  proteins ant tissues
stiffer and less flexible

(ADVANCED GLYCATION A
over time.

END PRODUCTS)

The char on food is a useful visual reminder of similar stress-related damage that can build up in the body over time.

LOWER-AGE COOKING SWAPS SIMPLE CHANGES CAN HELP REDUCE UNNECESSARY AGE EXPOSURE
4. COOK UNTIL DONE,

o 1. LOWER HEAT o 2. USE MOIST METHODS o 3. MARINATE FOODS 0
Cook at moderate Choose steaming, Marinating with herbs, NOT BLACKENED
temperatures and avoid stewing, poaching spices, lemon juice or Cook foods thoroughly
heavy charring. or simmering instead vinegar may help reduce for safety, but stop before
of high-heat grilling AGE formation during they are heavily charred
cooking. . or blackened.

or frying.

THE TAKEAWAY
Frequently eating heavily charred foods may increase AGE exposure. Choosing gentler cooking methods and avoiding
blackened food can help lower unnecessary stress on the body.
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4 | SIMPLE DAILY ACTIONS

The aim is not to remove all reactive molecules or avoid every browned food.
Consistent habits are more useful than perfection.

* Eat a varied, minimally processed diet. Build meals around vegetables, fruit,
beans, whole grains, nuts, and appropriate protein sources. Dietary patterns
matter more than avoiding a single oil or ingredient.

* Cook with less extreme heat when practical. Steam, simmer, stew, or poach
more often. Avoid frequent heavy blackening; marinating with lemon or vinegar
may lower AGE formation in some cooking contexts. Always cook foods to safe
internal temperatures.

* Move consistently. Start with activity that fits your health and abilities. Adults
can work toward 150 minutes of moderate activity weekly and two days of
strength work, as appropriate.

* Protect sleep. Most adults need at least seven hours nightly, with
age-dependent recommendations. A consistent schedule and comfortable sleep
environment can help.

* Reduce avoidable exposures. Avoid tobacco smoke, moderate or avoid alcohol,
and address persistent stress and medical risks with professional support.
FOOD FIRST, NOT PILL FIRST

Large doses of isolated antioxidant supplements have not reliably prevented
heart disease or cancer in clinical research, and some may cause harm or
interact with treatment. Ask a clinician before taking supplements,
especially if you use prescription medicines.
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5| YOUR 7-DAY WELLNESS CHECKLIST

Use this page for practice, not perfection. Check a box when you make progress.
Choose small, realistic steps and adapt them to your needs.

Daily habit M T W T F S S
A colorful fruit or vegetable O ] O O ] L] ]
Move in a way | can safely manage ] O O O O O O
Aim for a consistent sleep schedule O O O O ] O L]

Choose gentler cooking / avoid heavy
char

Practice 5 minutes of stress relief O O O O O O O

What worked well this week?

One habit | want to keep next week:

REMEMBER

A useful routine is sustainable. If you have an ongoing health condition,
adapt nutrition, activity, and sleep goals with your healthcare team.
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6 | QUICK RECAP & HEALTH NOTE

* Reactive molecules are normal; excessive imbalance is oxidative stress.
* Over time, oxidation can affect membranes, proteins, and DNA.
* Body systems are complex: oxidative stress is one factor among many.

* Glutathione is an antioxidant molecule; enzymes such as SOD and catalase
work alongside it.

* AGEs can form inside the body and in food; charring is an analogy, not the same
process.

» Consistent food, movement, sleep, and cooking habits support overall health.

MEDICAL & EDUCATIONAL DISCLAIMER

This booklet is for general education and is not individualized medical
advice, diagnosis, or treatment. It cannot determine your oxidative-stress
level or diagnose cardiovascular, metabolic, or neurological disease. Food
choices, exercise, supplements, and sleep plans may need adjustment for
medical conditions, allergies, pregnancy, or medication use. Consult a
licensed healthcare professional before making major changes or beginning
supplements.

Learn more at www.iron-king-universe.com

Iron King Universe Publishing | The Wellness Compass
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REFERENCES & FURTHER READING

National Center for Complementary and Integrative Health — Antioxidant
Supplements: What You Need To Know

https://www.nccih.nih.gov/health/antioxidant-supplements-what-you-need-to-know

Reactive oxygen species, toxicity, oxidative stress, and antioxidants: chronic
diseases and aging (review)

https://pmc.ncbi.nim.nih.gov/articles/PMC10475008/

Advanced Glycation End Products in Foods and a Practical Guide to Their
Reduction in the Diet (review)

https://pmc.ncbi.nim.nih.gov/articles/PMC3704564/

Formation of advanced glycation endproducts in foods during cooking process
(review)

https://pubmed.ncbi.nIm.nih.gov/31699165/
American Heart Association — Inflammation and Heart Disease

https://www.heart.org/en/health-topics/consumer-healthcare/what-is-cardiovascular-disease/inflammation-an
d-heart-disease

CDC — Adding Physical Activity as an Adult
https://www.cdc.gov/physical-activity-basics/adding-adults/

CDC — About Sleep

https://www.cdc.gov/sleep/about/index.html

Sources are offered for further reading. Individual scientific mechanisms and dietary AGE measurements
remain areas of active research.
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