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No matter whether you are a human being, bat, or garden shrub,

you need iron to survive. Iron is required for life’s most fundamental

processes. However, it is very toxic to the body in excess. As a result,

when you have too little or too much iron in your body, it can make

you very sick. In this article, we will discuss how we get enough iron

and where the iron goes in our bodies after consumption. You will

also find out about the diseases related to iron, including one that

sickened bats at a zoo in the 1980s.

SICK BATS AT THE ZOO: A STORY OF IRON

About 30 years ago, a species of bat called the Egyptian fruit bat
(Rousettus egyptiacus) started getting seriously ill at the Toronto Zoo
[1]. These fruit bats got so sick that some even ended up dying. Around
the same time, fruit bats at other zoos were also showing similar
symptoms. What could have caused the fruit bats to get so sick? As
scientists worked to find a reason, they began to rule out certain
causes. For example, they did not think the illness was due to an
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Figure 1

Figure 1

Diet of Egyptian fruit
bats in the wild and at
the zoo. (A) Egyptian
fruit bats normally eat a
diet of (B) soft fruits,
but at the zoo, (C) a
powder containing iron
and other nutrients was
added to their food.

infectious disease, nor did they think these bats died of natural causes,
as they were of all di�erent ages and were healthy prior to the onset
of illness.

A potential clue stemmed from their diets. At the Toronto Zoo, bats
were mostly fed soft fruits, which is what Egyptian fruit bats living
in the wild in sub-Saharan Africa, North Africa, and the Middle East
also eat [2]. However, zookeepers added a powder to the bats’ food
that contained various nutrients, similar to vitamin gummies that you
could take (Figure 1). The zookeepers gave the bats this powder
to keep them healthy, but one of the components, iron, may have
unintentionally made them sick. Specifically, there was too much iron
in the powder compared to the amount of iron that fruit bats usually
eat in the wild.

Curiously, another species of bat at the zoo, the vampire bat, did not
get sick despite consuming an iron-rich diet. To better understandwhy
toomuch iron couldmake fruit bats so sick while sparing vampire bats,
it is first necessary to understand what iron is and why it is important,
in moderation, for the well-being of animals.

THE IMPORTANCE OF IRON

Iron is an element that is essential for most living organisms on Earth.
The trees outside your window need iron to survive as much as you,
your pet dog, or the bacteria living around you do. Animals generally
obtain iron by eating iron-containing foods. You may have already
heard that redmeat is rich in iron, but there is also iron in eggs, seafood,
spinach, tofu, and a variety of other foods. Sometimes a food may not
naturally contain iron, but iron will be added to it when it is processed,
because it is an essential nutrient to keep people healthy. As a result,
even your milk or breakfast cereal could contain iron.
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Figure 2

Figure 2

The path iron takes
through the human
body. (A) Structure of
the stomach, intestines,
and liver in humans.
Iron is absorbed
through the lining of
the small intestine with
the help of iron
transporters. (B)
Structure of a human
bone, showing bone
marrow and a close-up
of a red blood cell.

Why is iron so important? It is a key component of many fundamental
processes needed for staying alive. For example, we need it to create
energy to fuel our bodies, as well as to properly use the oxygen we
breathe [3]. There exists a delicate balance, however, because too
much iron can also cause us serious damage. As a result, our bodies
have found ways to regulate the amount of iron inside of us at any
given time.

IRON’S JOURNEY THROUGHOUT THE BODY

Are you curious about how our bodies actually take up and use iron?
To find out, let us track the journey of iron throughout the human
body. Although we will use the example of humans, similar processes
happen in other animals, such as bats.

When you eat an iron-containing food like red meat, it first enters
your stomach and begins to be digested (Figure 2). Next, in the small
intestine, which is a part of the digestive system that connects to your
stomach, the iron is absorbed. For this absorption to occur, there is
a special structure called an iron transporter that allows iron to travel

IRON

TRANSPORTERS

Structures that allow
iron to travel between
membranes to other
cells throughout
the body.

between the body’s cells. Iron needs iron transporters to move around
because each cell is bordered by a membrane, which is the outermost
layer of the cell. Think of the membrane as the walls surrounding your
room. Instead of hurling yourself at the wall and hoping to get to the
next room, you would use doors to get between the rooms, which
is similar to how iron uses iron transporters to move from cell to cell
inside the body [4].

Once iron gets absorbed by the digestive system, it travels through the
blood to get to other destinations throughout the body. Since iron can
be toxic, molecules in the blood called proteins surround it throughout
the transport process so it cannot harm us. Most of the iron in our
bodies goes to the bone marrow, which is a tissue at the center of our
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bones (Figure 2). This is because the bone marrow makes red blood
cells, which are cells that carry oxygen throughout the body. Red blood
containshemoglobin, which is a donut-shaped protein that needs iron

HEMOGLOBIN

A protein that carries
oxygen and requires
iron to function. It is a
component of red
blood cells.

to help it carry oxygen at its center. In other words, most of the body’s
iron goes to the bone marrow because the hemoglobin needs it to
carry oxygen to the rest of the body.

Some of the iron we eat is stored for later use. Specifically, the iron
goes to the liver, which is an organ in the top right part of our
abdomens, nestled under the rib cage (Figure 2). The liver has many
functions, one of which is the storage of iron.

IRON: IT IS ALL ABOUT BALANCE

Considering how many important life processes are dependent on
iron, you would be right to assume that without enough iron, you
would get quite sick. This condition is called iron deficiency anemia,

IRON DEFICIENCY

ANEMIA

A condition caused by
a lack of iron in the
body that results in
fatigue and weakness,
amongst
other symptoms.

and it can occur for a variety of reasons, including loss of blood and
insu�cient iron in your diet. Iron deficiency anemia causes you to be
weak and makes you tired, and it may even make you want to eat ice
or dirt. Fortunately, there is a relatively simple cure for this condition,
in the form of iron pills a doctor can prescribe [3].

On the opposite side of the spectrum, iron overload is a condition

IRON OVERLOAD

A condition caused by
an excess of iron in the
body that can cause
organ damage.

that occurs when there is too much iron in the body. Patients with
iron overload can also experience symptoms, such as weakness and
fatigue. The condition can even cause damage to organs, such as the
liver, where iron is stored. One treatment for iron overload involves
drawing blood from patients until their iron levels decrease. Both iron
deficiency anemia and iron overload can be diagnosed by a doctor
through blood tests.

Luckily for us, we have a substance called hepcidin that regulates iron
HEPCIDIN

A protein that regulates
iron in our bodies.
When there is too
much iron, hepcidin
causes iron to
decrease, and when
there is too little,
hepcidin causes iron
to increase.

levels within our bodies (Figure 3) [3]. When there is too much iron in
the body, the amount of hepcidin increases, which causes the level of
iron to drop. When there is not enough iron, the amount of hepcidin
decreases, which allows the body to absorb more of the iron that
is consumed.

THE FINAL PIECE OF THE PUZZLE: HEPCIDIN

Let us return to the case of the Egyptian fruit bats at the zoo. Knowing
the dangers of iron deficiency anemia, you can now understand why
the zookeepers wanted to add a nutritious powder containing iron
to their food. You also now understand how this powder led to iron
overload, which ended up making the bats very sick and hurting their
livers. Humans can get iron overload too, if they eat too much iron or
if their bodies improperly handle the amount of iron they take in.
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Figure 3

Figure 3

The importance of
hepcidin in regulating
iron in the body. (A) In
response to too much
iron in the body,
hepcidin levels increase
to help lower the iron
level. (B) When there is
too little iron, hepcidin
decreases to allow
more iron to enter the
body.

As mentioned earlier, there is one very curious remaining piece of the
puzzle. Even though vampire bats at the zoo ate the same iron-rich
diet as the Egyptian fruit bats, they did not get sick at all! The reason
could be due to hepcidin, the regulator that controls how much iron
can be absorbed by the body. Vampire bats drastically adjusted the
amount of hepcidin in their bodies to counteract the increased iron
in their food, but the Egyptian fruit bats had a di�cult time adjusting
their hepcidin levels [5]. Since vampire bats are used to consuming
blood, which is rich in iron, their bodies may have adapted to tolerate
high amounts of iron. Fruit bats, on the other hand, are used to eating
diets low in iron. This may be why their hepcidin had di�culty reacting
to the excess iron, and as a result, why they got so sick from an
iron-rich diet.

SUMMARY

Iron is essential to our well-being, but it is also harmful in excess.
From our food, we obtain iron, which goes through an extensive
process to get from our stomachs all the way to our bone marrows,
bloodstreams, and livers. Since it is necessary for life’s vital processes,
too little iron can result in a condition called anemia, but toomuch can
result in iron overload. This is exactly what happened to Egyptian fruit
bats at the Toronto Zoo! Thus, living organisms, including you, me, and
the Egyptian fruit bats, should eat iron-containing foods inmoderation
to stay healthy.
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