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Bones are the building blocks of our skeletons—they give our bodies
structure and allow us to walk, dance, and pick things up. Healthy
bones are strong, lightweight, hard, and even able to fix themselves
when they get worn out or damaged. But if bones get sick, they
can no longer repair themselves and they start to break down. One
disease that makes bones sick is called osteoporosis and it can be very
painful. Currently, doctors cannot cure osteoporosis. While there are
medications to slow bone loss, there are no safe treatments to repair
bone that is already damaged. Therefore, doctors and scientists are
working together to find ways to prevent and even cure diseases like
osteoporosis. One important challenge that needs to be addressed
is: how can medicine be delivered to sick bones? In this article, we
discuss how tiny carbon nanoparticles could help doctors deliver
medicine to sick bones to repair them.
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Figure 1

(A) The bones of

the skeleton can be
visualized using X-rays.
The femur and the
stapes are highlighted
as examples. (B)
Healthy people have
strong bone tissue, but
in people with diseases
such as osteoporosis,
bone tissue is weak. (C)
Bone tissues are
constantly being
broken down and
rebuilt by specialized
cells. In people with
osteoporosis, there are
more cells breaking
down bone than
rebuilding it. This
imbalance causes the
bones to become
brittle (Created with
Adobe Illustrator and
BioRender.com).
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THE SKELETON IS MADE UP OF BONES

The skeleton is the structure that gives shape to your body and allows
you to stand and move. The adult skeleton is made of about 206
interconnected bones, in various shapes and sizes (see here for a
Frontiers for Young Minds article on bones). For example, the longest
bone in the body is called the femur. It is located in the upper leg,
has a rod-like shape, and allows you to stand and run (Figure 1A). The
smallest bone in the body is called the stapes. It is located inside the
middle ear, has a padlock-like shape, and it allows you to hear sounds
(Figure 1A). Despite these differences in shape, size, and function, all
the bones in your body share several characteristics. All bones are
lightweight, strong, and hard. Bones start forming before birth and
continue to develop during a person’s teenage years and early adult
life. Bones are constantly rebuilt to restore damaged and worn-out
areas (Figures 1B, C). The best way to keep your bones healthy and
strong is to follow a healthy diet and exercise regularly.
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STICKS AND STONES MAY BREAK MY BONES

Bones are strong, but they can break because of accidents. Usually,
when a bone breaks, doctors put the broken pieces together and cover
the area with a cast to let the patient’s body repair the damage. If the
patient has healthy bones, the healing process can take between 4
and 8 weeks. If the patient’s bones are sick, the healing process will
take much longer or might never happen. One reason bones can be
sick is because of disease. The most common disease that makes
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OSTEOPOROSIS

A type of bone disease
that weakens bones.
Osteoporosis means
“porous bones” (pores
are tiny holes), because
bones that are sick with
osteoporosis look like
honeycombs under
the microscope.
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bones sick is osteoporosis, a type of bone disease that weakens bones.
Osteoporosis mostly affects adults over 50 years old. As many as two
out of ten adults have osteoporosis [1]. People with osteoporosis have
fragile bones because the rebuilding process that restores damaged
and worn-out areas is not working properly [1, 2]. In these people, the
processes that get rid of damaged bone are taking place at a normal
rate, but the processes that build new bone have slowed down (Figures
1B, C) [2]. Over time, the bones become weak, brittle, and can easily
break. If someone has a very serious case of osteoporosis, they might
even break a bone sneezing! Currently, doctors have no treatments to
cure osteoporosis. While doctors can prescribe medicine to prevent
the bones from becoming more fragile over time, they do not have
medications to help a patient’s body rebuild damaged bone [2].
Together with scientists, doctors are trying to find new treatments to
cure or even prevent osteoporosis and other bone diseases.

DIAGNOSING AND TREATING BONE DISEASE

To find where a bone is broken, doctors can use a variety of imaging
machines. For example, X-ray machines can take pictures of the
bones inside your body. While these machines can also be used to
detect bones that are sick, doctors do not recommend frequent X-ray
imaging because it can be dangerous. Therefore, people often do not
know that their bones are sick until they break a bone and have to
get an X-ray. By then, the bones have already weakened because the
body's process of removing damaged bone has continued without
new, healthy bone being added [2].

Once doctors diagnose osteoporosis, they prescribe medicines that
prevent further bone breakdown, stopping the bones from becoming
even weaker [2]. These medications do not help the patients’ bodies
make new healthy bone tissue, meaning their bones will remain
weak, painful, and at risk of breaking for the rest of their lives. To
strengthen sick bones, doctors would need to prescribe medicine that
encourages the bone cells to make more of themselves. Doctors do
not prescribe these medications because these medicines encourage
all the cells in the body—not just the bone cells—to make more of
themselves and grow. This can potentially lead to cancer—see this
Frontiers for Young Minds article to learn more about it. If scientists
could find a way to deliver these medications only to bones, then
it would be safe to give these bone-healing medications to people
with osteoporosis.

USING ZEBRAFISH TO STUDY DRUG DELIVERY TO
BONES

Before a medicine is given to a patient, it must go through many safety
tests. For example, doctors and scientists must know how much of the
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SIDE EFFECTS

A unwanted
consequence of taking
a drug or medical
treatment that was not
expected to happen
(ex. nausea, dizziness,
or even developing
another disease

like cancer).

COMPOUND

A chemical substance
that is composed of
many of the same
molecules, each
composed of two or
more different atoms.

CARBON
NANOPARTICLES
Tiny particles made of

carbon atoms that are
< 0.0001 mm across.
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medication to give to the patient, how long the patient should take
the medication, and whether there are side effects. Side effects are an
important medical concern because a medicine that is meant to help
in one tissue of the body can cause harm in a different tissue. For this
reason, doctors must make sure a medicine does not have side effects
and primarily targets the sick tissue.

Scientists can answer these questions by testing medicines in animals.
They do this carefully, under the supervision of other scientists and
community members, to make sure that the animals are treated
respectfully and do not suffer pain. In the past, medications have been
tested on mammals like mice, but recently other animals have become
popular because they have advantages that allow scientists to more
easily explore the activity and delivery of medications.

One animal that has become popular for testing medications in the
last 20 years is the zebrafish. Zebrafish are small fish with black and
silver stripes, like zebras, and are about the size of a human thumb.
Originally from India, zebrafish can now be found in laboratories all
around the world, and even at your local pet store [3]. One reason
zebrafish have become popular is that scientists discovered a type of
transparent zebrafish that do not have black and silver stripes. These
see-through zebrafish allow scientists to use microscopes instead of
X-ray machines to see their skeletons.

COULD CARBON NANOPARTICLES (C-DOTS) DELIVER
MEDICINE TO BONES?

Very often, scientists from separate fields work together to solve
difficult problems. Chemists are good at making new materials, and
biologists are good at testing materials in animals to see if and how
doctors could use those materials to help sick people. In the last 10
years, chemists and biologists have been interested in finding new
compounds that can deliver medications to specific tissues. One of
these new compounds are carbon nanoparticles, or C-dots for short.
C-dots are so small that 10,000 of them could fit inside a grain of salt
(Figure 2). Additionally, C-dots are peculiar in that they can “glow in the
dark” when observed under a special fluorescent light, which makes
them easy to see and follow in animals, especially in animals that are
see-through (Figure 3). To discover whether C-dots could be useful to
medical doctors, a group of chemists asked our lab to test these new
compounds in zebrafish [4].

When our lab injected the C-dots into transparent adult zebrafish,
we discovered that their skeletons glowed under fluorescent light
(Figure 3) [4]. To safely deliver C-dots to the fish, we first put the
fish to sleep using anesthesia, just like when humans get surgery, and
then carefully gave the fish a shot containing C-dots. After the fish
recovered in their tanks for several days, we anesthetized them again
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Figure 2

To make carbon
nanoparticles (C-dots)
in the laboratory,
chemists mix carbon
powder and acids for
16 hours. C-dots are
then purified from the
acid. C-dots look
brown under regular
white light. Under
fluorescent light—a
special light that can
make some materials
glow—C-dots appear
bright green. C-dots
are so tiny that 10,000
C-dots can fit inside a
grain of table salt.
Because they are so
small, we can only
observe C-dots using
powerful microscopes
(Created in
BioRender.com).

Figure 3

After C-dots are
injected into
transparent zebrafish,
their bones glow under
fluorescent light
(Created in
BioRender.com).
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and photographed them under fluorescent light using a microscope.
Because the zebrafish were transparent, we could easily see all the
places where the C-dots remained in the fish. Excitingly, we saw green
C-dots attached to the fish skeleton, but not other tissues, suggesting
that the C-dots were especially attracted to bones. Other than having
glowing bones, these injected fish were as healthy and active as fish
that did not receive the C-dots. Together these observations suggest
that C-dots specifically bind to bone tissue and do not interfere with
the wellbeing of fish.
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CONCLUSION

Finding a compound that collects only on bone tissue could provide
doctors with a novel and safe way to treat osteoporosis. For example,
if a medication that promotes tissue growth and repair was attached
to C-dots, then C-dots could deliver it straight to bones. This would
reduce the potentially dangerous side effects caused by delivering
these medications to all the tissues in the body. Another advantage
of delivering medicine directly to injured or sick bone is that it would
reduce the amount of medication needed, because the medicine
would be concentrated in the place where it needs to work. Our work
is the first step in identifying C-dots as compounds that can be used
to deliver medicines directly to bones. Further work is needed to show
that C-dots are safe and reliable, and that they don't interfere with the
activity of bone-healing medications.
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