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REGENERATION OF LIMBS

Most people would agree thatit would be wonderful if hu-
mans could rgéénerate limbs. Those who have lost their arms or
legs would be complete again. The last 10 years ,doctors have
reported regeneration in smaller parts of the body, most often
fingers.

Regeneration is not a newly —discovered process. For cen-
turies, scnentlsts have seen it work in some kinds of animals.
Break off a libard’s tail, for example,and it will grow a new
tail. Scinetists now are looking for a way to turn on this excit-
ing abilit'y in more highly developed animals, including hu-
mans. Their experiments show that';nggés, cell chemistry and
the natural electric currents in the body all seem to have a part
in this process.

The body of every animal contains general purpose cells
that change into whatever kind of cells the body needs . Ani-
mals such as the lizard or salamander use these cells to regener-
ate a new tail or leg when the old one is broken off. These cells
collect around the wound. They form a mass called a blastema
. The cells of the blastema begin to change. Some become bone
cells, some muscle cells, some skin cells. Slowly, a new part
regrows from the body outward. When completed, the new
part is just like the old one .

More than 200 years ago, Italian scientist Luigi Spallan-
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zani showed that younger animals have a greater ability to re-
generate lost parts than older animals. So do animals lower on
the\l'a'_cgehr) of evolutionary development. The major difference
seems to be that less—developed animals have more nerves in
their tails and legs than humans do in their arms and legs. Sala-
manders whose nerve supply is cut off, for example, lose their
baility to regenerate. And baby opossums will regrow a leg on-
ly if extra nerve tissue is implanted at the wound.

Another helpful piece of information was discovered in the
late 1800s Scientists found that when a creature is injured, an
electrical current flows around the wound.

The strength of the current depends on how severe the
wound is and on how much nerve tissue is present.

In 1945, American scientist Meryl Rose tested another
idea about regeneration. He thought a new limb might grow
only from an open wound. Doctor Rose cut off the front legs of
some frogs, below the knee. He kept the wounds wet with a
strong salty liquid. This prevented skin from growing over the
wounds. The results were surprising. Frogs do not regenerate
newlegs naturally. But these frogs began to grow new limbs.
About half of each cut-off leg grew back again. New bones and
muscle developed.

This research has led doctors to new ways of treating cut-
off fingers. Doctors have observed, for example, that many
children and some adults will regrow the top of a finger if the
wound is left open. And experiments by several researchers
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have confirmed that mice and monkeys can regrow the ends of
their toes. The researchers say the results depend on where the
cut is located and how it is treated.

Why is it necessary to keep the wound open? A number of
scientists suspect that the electrical current produced at the in-
jury causes and directs the regrowth. If the wound heals over,
the electrical current stops.

Doctor Robert Becker, in New York state, studied the
connection between regeneration and electricity. He measured
the electrical current produced when he cut off the leg of a sala-
mander, an animal that regenerate. Then he measured the cur-
rent produced when he cut off the leg of a frog, which usually
does not regenerate. The current was the same in both
wounds. But it did not remain the same. The current disap-
peared from the frog's wound as new skin grew over the
wound. It disappeared only after the salamander had grown a
newleg.

Doctor Becker developed an idea to explain this . He said
the nervous system creates an electrical force in the body. He
said an injury interferes with this force and the interference
could act as a signal to cells to repair the damage. Doctor Beck-
er looked for evidence. He measured the flow of electricity
found at many poinst on the skin of humans and animals. The
measurements showed the existence of an electrical force
around the nervous system of the body. Next, he attempted to
prove that cells are affected by differences in the levels of elec-
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tricity.

Doctor Becker studied how electricity affects bone cells. .
He found that when a bone bends under ‘pressure, a positive
electrical charge is produced on the stretched side. A negative
charge is produced on the other side, where the cells are
pushed together. The negative charge caused new bone cells to
form on that side. A negative electrical charge from outside the
body produced the same results.

Another scientist, Steven Smith, studied Doctor Becker’s
work. He decided to use electricity to regenerate the leg of a
frog. The scientist cut off the frog’s leg. He put a wire in the
remaining part of the leg . The wire acted as a tiny battery,
sending electricity into the wound.

Regeneration took place and about half the leg grew back.
The growth stopped only when the leg had grown beyond the
reach of the electrical current.

Steven Smith carried the experiment further with rats. He
developed a way to move the wire producing the electrical cur-
rent so it could follow the growth of the new leg. For the first
time, a rat—a mammal like humans—was able to regenerate a
new leg ,complete in every detail.

Scientists are now working to understand why regenera-
tion happens sometimes, but not always. Many believe the an-
swer will be found in the way genetic materialis turned on and

off
When an egg and sperm —unite, they quickly reproduce



into a mass of general—purpose cells. These first cells seem to
have the ability to develop into any kind of tissue. Each con-
tains all the genetic information that makes us who we are. But
as we develop, the cells take on special tasks. Some become
blood cells. Some nerve cells. Some skin of bone cells. They
on longer need to use all the genetic information they contain.
These cells never lose this genetic information. They simply
turn it off.

Scientists would like to k'now what causes this, and how
the genetic information is turned on again when it is needed to
grow new cells. They also want to learn how the cells seem to
know how to build a new part exactly like the old one. How do
they know where to begin building and when to stop?

David Stocum, an American scientist, says cells at a
wound have a memory for their position. He says that is how
they know to regrow only the missing part of an arm or leg.

Experiments with vitamin A have confirmed this “position
memory. ” An indian doctor, Igbal Naizi, cut off the legs of
tadpoles. The tadpoles began to regenerate new legs. Then
Doctor Naizi put vitamin A into the water in which they lived.
He was surprised to see that some tadpoles grew yet another
leg out of the regenerating one. Other tadpoles grew two legs
out of the same wound. The vitamin A had somehow inter-
fered with the cells’position memory.

Doctor Stocum says the next step is to study the chemical
reactions that are taking place between the cells and the vita-
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min. Somehow, he says, the vitamin A is causing the cells to

make mistakes in turning on their genetic information.
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MOON LANDING
* 20TH ANNIVERSARY

The 20th anniversary of the moon landing is being cele-
brated this week (July 1989)throughout the United States. All
kinds of events are planned: Contests for Fullerton, Californi-
a. A re—creation of the moon landing at the flight control cen-

ter in Houston, Texas.
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Some of the major events will take place in Washington at
the Smithsonian’s Air and Space Museum. The three Apollo—
11 astronauts — Neil Armstrong, Buzz Aldrin and Michael
Collins —will speak at a public ceremony at the museum. Presi-
dent Bush and other officials will join them.

The Air and Space Museum will remain open long past its
normal closing time for a huge public celebration. Telescopes
will be placed outside the museum so people can look at the
moon. Visitors will be able to touch tools and clothing similar
to those used by the Apollo crew. They can listen to the Nu-
clear Diodes, a group of robots that play rock music. And they
will watch a film of the moon landing shown on televisions thu-
oughout the museum. They will share ahain in one of the most
exciting events in human history.

Let us now go back in time 20 years. The Apollo—11 as-
tronauts were speeding toward the moon.

Neil Armstrong was the flight’s commander. He was a
test pilot. And he had flown in space before on one of the two
—person Geminiflights. Armstrong was a calm person, a man
who talked very little. Edwin“Buzz” Aldrin was the pilot of
the moon lander spacecraft, named Eagle. He also had flown
on a Gemini flight. And he also was a quiet man ,except when
he talked about space. Michael Collins was the pilot of the
command spacecraft, Columbia. He would wait in orbit around
the moon while Armstrong and Aldrin landed and explored the
surface. Collins, too ,had flown in space before. He was popu-
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lar and always ready with a smile.

Halfway to the moon,the astronauts broadcast a television
program to Earth. The broadcast showed how astronauts move
and work in the weightlessness of space. The broadcast also
showed the Earth behind Apollo — 11. And it showed the
moon growing larger in the blackness ahead.

The days passed. The pull of the moon’s gravity grew
stronger. As Apollo— 11 neared the moon, it was moving at
6,500 kilometers an hour. The astronauts fired rockets to slow
the spacecraft enough to put it into moon orbit. Apollo— 11
circled the moon while the crew prepared for the landing. Fi-
nally, it was time to separate the lander, Eagle, from the com-
mand spacecraft, Columbia.

Armstrong and Aldrin moved through the small opening
between the two spacecraft. Then they moved Eagle away
from Columbia. As Armstrong reported, “The Eagle has
wings. ” Humans were about to land on the moon.

On Earth, all activity seemed to stop. President Richard
Nixon gave federal government workers the day off to watch
the moon landing on television. Most state and local govern-
ments and businesses also declared the day a holiday. Around
the world, 500—million persons watched the television report.
Millions more listened to their radios.

Armstrong and Aldrin fired the lander’s rocket engine.
This slowed the spacecraft and sent it down toward the landing

place, an area known as the moon’s Sea of Tranquility. A
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