





Figure 1 (top) & Figure 2 (bottom):

Figure 1 (courtesy of Narayanan Kasthuri and
Kenneth Hayworth) shows a 38-nanometer-
thick tissue slice of aldehyde- and osmium-fixed
mouse brain cortex embedded in epon resin
and sectioned and collected on Harvard's Auto-
matic Tape Collecting Lathe Ultramicrotome
(ATLUM). This scanning electron microscope
(SEM) contrast-reversed image shows synapse
(large arrow), synaptic vesicles (V), synaptic cleft
(C) separating presynaptic and postsynaptic
membranes, and postsynaptic density (D).
Brain ultrastructure, including synapses which
are believed important for encoding memory,
appears to be well-preserved. Figure 2 (cour-
tesy of 21st Century Medicine), showing a SEM
image of a rabbit brain synapse perfused with
M22 for 60 minutes, shows comparable ultra-
structure preservation.

molecules are larger and thus do not penetrate
into tissue as fast. Using it in combination with
formaldehyde means getting what is actually a
good fixative, formaldehyde, in fast while the
even-better fixative, glutaraldehyde, can move
in at a more leisurely pace and make its extra
contribution. As one case in point, my relative’s
brain was preserved in a solution of 2%
formaldehyde, 4% glutaraldehyde.
Formaldehyde is the most widely used fix-
ative for the various requirements outside of
cryonics; it and glutaraldehyde have also been
most used in cryonics when called for by special
circumstances. Other fixatives have more spe-
cialized uses, which still may have importance.

Precipitating fixativs such as acetone, ethanol,
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methanol, and acetic acid achieve their effects
by reducing the solubility of the proteins that
largely comprise the tissues. Oxidizing fixatives
use oxidation to crosslink proteins; osmium
tetroxide is one fixative in this class that has
uses connected with high-magnification
microscopy.

Fixation of a tissue sample requites a reli-
able method of delivery. With a whole organ
such as the brain it may be possible to use per-
fusion or pumping the fixative solution into the
organ through the vascular system. The alterna-
tive is to immerse the sample in a fixative bath,
during which the fixative penetrates the tissue
more slowly through simple diffusion. For my
relative, diffusion was used since the brain’s vas-
cular system had been traumatized; probably
several days of diffusion was adequate for near-
ly complete penetration under refrigerated,

above-freezing conditions.
When the sample—a brain, say—is fixed,

we must ask (1) whether the preservation of
detail is adequate and (2) whether the sample
will remain stably fixed long enough to accom-
plish the desired purpose. These are demanding
requirements for alternative procedures. Since
decades or centuries may be needed to develop
technology to attempt resuscitation, long-term
stability becomes an especially important issue.
As with cryonics itself, the basic answers are
unknown. Some encouragement is provided by
the high level of detail seen in preserved brain
samples using, for example, formaldehyde fixa-
tion. Ultrastructural details under the high mag-
nification of electron microscopy (10,000x
plus) are quite clear, though this alone is not a
demonstration that all the details one would like
are present. However, the same problem exists
with tissue preserved cryogenically—the
answer to whether the preservation captures
fine enough details is unknown though there
are at least some encouraging signs along with
reasons for concern.

To return to the problem of long-term sta-
bility, one consideration is whether the fixative
is uniformly distributed throughout the sample.
Preservation could be compromised if there
are “islands” of tissue that were not propetly
fixed. (A somewhat analogous, though possibly
less serious, problem occurs with cryopreserva-
tion. If cryoprotectant is not uniformly distrib-
uted in the tissue prior to lowering the temper-
ature to the cryogenic range there could be
freezing damage in the “islands” of tissue not
protected, even though the cold penetrates uni-
formly everywhere and will prevent deteriora-
tion.) So far we have considered “wet” prepara-
tions only, in which the sample is to be kept
immersed in a liquid bath. Water molecules in
particular are small and move rapidly, and their
constant, reaction-prone hammering in, say, a
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specimen preserved in an aqueous aldehyde
solution could have unwanted long-term
effects. For greater stability and durability it
would thus be desirable to have some form of
dry preparation for long-term care; this will
now be considered.

Dry Preparations for Biostatic Care

A number of techniques, some dating
back more than a century, have been developed
for dry storage of preserved biological speci-
mens. One motivation for developing these
techniques has been to provide specimens, such
as whole, human organs, as a teaching aid. The
aim here is to render the organ in a lifelike but
inert and touchable form for macroscopic or
gross anatomical study or exhibits. One is not
concerned with microscopic details but only
those features visible to the unaided eye.

Another, very different application, for
which different embedding methods have been
developed, is to render specimens in a form
that can be cut into thin sections for micro-
scopic study. Here the focus is on capturing fine
structure but not with preserving the whole
mass intact. In cryonics, of course, we are inter-
ested in both the fine structure and in preserv-
ing the whole specimen intact, though not for
either gross anatomical study or microscopic
study requiring fine slicing. These differences
need to be borne in mind in the short survey
that follows. The techniques discussed next
look promising in some cases but could be
improved for our purpose.

Desiccation.® Nature has pioneered vati-
ous forms of preservation through desiccation.
In addition to amber fossils (normally quite
dehydrated) natural mummies found in desert
environments capture such detail as DNA and
large anatomical features, though brain tissue is
poorly preserved. For scientific purposes, desic-
cation in the form of freeze-drying has been
used to preserve anatomical specimens in a life-
like, inert form for study or exhibits. The spec-
imen is first frozen, then allowed to dry out at
below-freezing temperature, generally under
high vacuum to accelerate the process. As the
ice evaporates, the structural shapes remain
largely unchanged, even though the final result
is delicate and will need protection from oxida-
tion and moisture. Human brain tissue in large
sections (order of 200g or about 15% of a
whole brain) has been freeze-dried after
formaldehyde fixation and shows some struc-
tural details such as capillaries under the scan-
ning electron microscope, though much dam-
age has occurred. Some of the damage resulted
from freezing itself and might be mitigated
through use of cryoprotectants; as usual, the
potential of this process is unknown.




Early Embedding Techniques.” More
than a century ago paraffin embedding was
used to preserve biological specimens in a form
that would be amenable to fine sectioning for
microscopic study, and it is still used. In one
procedure from a 1902 reference, small tissue
samples fixed in formaldehyde and dehydrated
with ethanol are embedded in melted paraffin,
a white or colorless, tasteless, odotless, water-
insoluble, solid substance not easily acted upon
by reagents, which reaches a temperature of
55°C (131°F). The melt is rapidly cooled to
reduce crystallization and improve transparency
in the resulting solid embedding. A related tech-
nique in the same reference uses a plastic-like
material, celloidin, in place of paraffin. This
permits embedding at room temperature
through use of an ether-ethanol solvent; it is
more suited to larger specimens, though also
requiring full dehydration.

Plastination. An embedding technique
developed by Gunther von Hagens in Germany
in the 1970s,"” plastination starts with a previ-
ously fixed biological specimen in an aqueous
medium. Water and fats (lipids) are then
replaced with a liquid plastic resin monomer,
which is hardened or cured by polymerization.
The resulting, resin-impregnated specimen is
dry, odorless, and durable. Silicone resin yields a
flexible or rubbery specimen suitable for
macroscopic study or exhibits; epoxy resin can
be used to produce thin, rigid sections suitable
for microscopic study. Silicone impregnation
has also been adapted to microscopic study,
with good results."! Other desired effects are
possible using different polymers,” and sub-
stantial further adaptations might be feasible.

A possible drawback of this approach,
from the standpoint of preserving the fine struc-
tures that are especially important from a cryon-
ics standpoint, is the relatively harsh regimen
needed to produce the finished product. Typical-
ly, the process starts with an aldehyde-fixed spec-
imen in aqueous solution. The specimen is
placed in acetone, and successive changes of the
bath remove water and fats. Finally the resin
monomer is introduced, the remaining acetone is
removed by vacuum, and induced catalysis yields
the desired polymerization. Concerns have been
raised about whether defatting would obliterate
important brain information, though there does
not appear to be strong evidence of this. (Here it
is appropriate to mention that lipids nevertheless
could contain important information; preserva-
tion of lipids is a difficult process that has not
been covered in this preliminary survey but
deserves consideration.)

Polyethylene Glycol.” “Polyethylene gly-
col” (PEG) is actually a family of water-soluble

polymers of ethylene glycol in which the mole-
cules form long, linear chains. A typical batch
will contain a mixture or distribution of poly-
mer chains of varying lengths. Longer chains
result in a PEG with a higher melting point,
which is a waxy solid at room temperature or
below. Its water solubility and other characteris-
tics make it possible to introduce PEG into tis-
sue without using dehydration, defatting, heat-
ing, or additional polymerization, suggesting
that PEG could overcome possible problems
encountered with many other forms of embed-
ding. PEG, however, does not seem much used
for biological embedding and may not be as sat-
isfactory as other methods even for the special
requitements that relate to cryonics. As usual,
there are important unknowns here and further
investigation is called for.

Discussion and Conclusions

The agonizing question will continually
arise of what to do in an emergency where cry-
onics is desired but arrangements are not in
place. An alternative to just giving up is to con-
sider some non-cryonics procedures, such as
chemical preservation of the brain, as a tempo-
rary solution until cryopreservation can be
arranged or, if this eventuality is not feasible, as
a long-term option itself.

In such a case, the question arises of
whether the preservation is adequate to meet
the unknown, presumably demanding require-
ments if the patient is to be repaired without
deficits by future technology. Revival in such a
“perfect” form will happen only if enough
identity-critical structure is present in some
inferable form. The high degree of structural
preservation seen in some fixation methods
raises hopes that in fact such a degree of
preservation is achievable through non-cryo-
genic means.

In addition to the (by appearance) encour-
aging results obtainable with water-based fixa-
tives in a liquid bath, there is the prospect of
embedding the
patient’s brain) in a solid matrix for long-term

specimen (normally the

care. Certainly there are unknowns with such an
approach but one finds this in the standard cry-
onics procedures too.

The alternatives discussed herein offer the
additional advantage of more security per unit
cost for conditions of social unrest or econom-
ic hardship which may occur over the long
interval before revival will be attempted. In
addition, there is reason to consider preserva-
tion methods that knowingly fall short of the
best methods currently possible, when, for
example, the cost of better treatment is prohib-
itive. The alternatives must be taken seriously,
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then, for a number of reasons, and more work
is needed to both assess and enhance their
potential. Along with this, so long as invalidat-
ing difficulties are not discovered, it is impera-
tive that such alternatives become more readily
available—through some appropriate organiza-
tion—and widely advertised. W

Contact the anthor : mike@alcor.org
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WHAT IS CRYONIGS?

( :ryonics is an agtempt to preserye and proteet the gift of hundah life, not reverse death. It is the spec-
ulative practice of using extreme cold to preserve the life of a person who can no longer be support-

ed by today’s medicine. Will future medicine, including mature nanotechnology, have the ability to heal at
the cellular and molecular levels? Can cryonics successfully carry the cryopreserved person forward
through time, for however many decades or centuries might be necessary, until the cryopreservation
process can be reversed and the person restored to full health? While cryonics may sound like science
fiction, there is a basis for it in real science. The complete scientific story of cryonics is seldom told in
media reports, leaving cryonics widely misunderstood. We invite you to reach your own conclusions.

HOW DO LFHNDIOUY MORE?

he AlcorTife Extensiofi Foundation is™th€ world Teader in ctyonics research and techficlogy. Alcor

is a non-profit organization located in Scottsdale, Arizona, founded in 1972. Our website is one of
the best sources of detailed introductory information about Alcor and cryopreservation (www.alcor.org).
We also invite you to request our FREE information package on the “Free Information” section of our
website. It includes:
* A 30-minute DVD documentary “The Limitless Future”
* A fully illustrated color brochure
* A sample of our magazine
* An application for membership and brochure explaining how to join

e And morel!

Your free package should arrive in 1-2 weeks.

(The complete package will be sent free in the U.S., Canada, and the United Kingdom.)

HOW DO LENROUDI{?

Signing up for a cryoprescrvation-s casy!

Step 1:  Fill out an application and submit it with your $150 application fee.

Step 2: You will then be sent a set of contracts to review and sign.

Step 3: Fund your cryopreservation. While most people use life insurance to
fund their cryopreservation, other forms of prepayment are also
accepted. Alcor’s Membership Coordinator can provide you with a
list of insurance agents familiar with satisfying Alcot’s current fund-
ing requirements.

Finally: After enrolling, you will wear emergency alert tags or carry a special
card in your wallet. This is your confirmation that Alcor will respond
immediately to an emergency call on your behalf.

Call toll-free today to start your application:
877-462-5267 ext. 132

info@alcor.org
www.alcor.org
The Limitless Future
Get your FREE copy of Alcot’s
SR 30-minute DVD documentary by visiting the
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“Free Information” section of our website
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Your best chance at achieving future immortality is to protect
your precious health now so you can benefit from future medical
breakthroughs. Staying informed about the latest health discoveries
can mean the difference between life and premature death.

And the Life Extension Foundation can be your passport to
the future. As the largest anti-aging organization in the world, we
are dedicated to finding scientific ways to prevent disease, slow
aging, and eventually stop death.

For more than two decades, Life Extension has been at the fore-
front of the movement to support revolutionary anti-aging research
that is taking us closer to our goal of extending the healthy human
life span indefinitely. We inform our members about path-breaking
therapies to help keep them healthy and alive.

Join today and you'll receive
these life-prolonging benefits:

* A subscription to Life Extension magazine ($59.88 yearly
newsstand value)...Over 100 full-color pages every month are
filled with medical research findings, scientific reports, and prac-
tical guidance about using diet, nutrients, hormones, and drugs
to prevent disease and slow aging.

* Access to a toll-free phone line to speak with knowledgeable
health advisors, including naturopathic doctors, nutritionists,
and a cancer expert, about your individual health
concerns. You can also receive help in developing your own
personal life extension program.

» Discounts on prescription drugs, blood tests, and
pharmaceutical quality supplements that will greatly exceed

By | Je ]| ‘f.a:zy-." rom now?

your membership dues. You'll receive a directory listing the
latest vitamins and supplements, backed by scientific research
and available through a unique buyers club.

FREE BONUS!

e Disease Prevention and Treatment book ($49.95 cover price)
...this hardbound fourth edition provides novel information on
complementary therapies for 133 diseases and illnesses—from
Alzheimer's disease to cancer, from arthritis to heart
disease—that is based on thousands of scientific studies.

Life Extension Foundation funds advanced vitrification and
gene-chip research. Your $75 membership fee helps support
scientific projects that could literally save your life.

Call 1-866-820-4967 today.

LIVE

Healthier(>s Longer
LifeExtension

Join today. Call toll-free 1-866-820-4967. Or visit www.lef.org/pim




