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Each month for over a year, 
producing CRYONICS has been more 
difficult. During the earl y part 
of last year it was due to th e 
tremendous workload associated with 
relocating, then there was a susp
ension, and then another one -- and 
now the coroner's in ves tig a tion . 
Each month the Editors of CRYONICS 
sigh and say, well, it can't get 
any worse than this ... We ha ve 
been consistently wrong . On Feb-
ruary 23 , the River s ide County 
Coroner's Office filed a death 
certificate on Alcor Suspension 
Member Dora Kent listing the causes 
of death (in order) as: I) Pne umon
ia; 2) Arterioscleros is, and; 3) 
Barbiturate poisoning. The mod e of 
death was listed as H omicide. 

A corollary of such a death 
certificate being filed with th e 
Public Health Service by the Coron
er's office is an invest ig a ti on b y 
the District Attorney's office to 
determine if charges sho uld be 
filed and who specifically s hould 
be charged . 

At the time of this wntmg we do not know when or if a decision to bring charges 
will be made or who will be na~ed . Nevertheless, it seems possible that one or more 
members of the Alcor Suspension Team may be charged with some sort of homicide: anything 
from 1st degree murder to involuntary manslaughter. Not a pleasant prospec t. 

Much of our uncertainty stems from the fact that we are innocen t. (If we we re 
guilty, at least we'd know who did it!) The national press has covered the accusations of 
homicide by the Riverside Coroner's Office in a sketchy and incomplete way. There was a 
brief article in TIME magazine and considerably longer articles in a fair number of major 
metropolitan newspapers on both coasts. 

We have received many calls and questions regarding this case, and of course , it goes 
wi.thout saying we can discuss the case onl y in the "broadest brush strokes". 
Nevertheless, there are many practical questions about the case and about the future of 
Alcor which we can and will answer, and we make an effort to do so in an article entitled 
Some Questions and Answers, elsewhere in this issue. 

More For Your Money 

Despite the fact that we've been running behind with getting CRYONICS out to you, 
we've been putting out longer issues. While this issue and the previous issue may not 
look any bulkier in terms of pages than usual, we have gone. to a smaller type size (via 
the wonders of laser printing) and are now running about I 0% more copy per page . We can't 
promise to keep this up indefinitely, but at least it's some compensation for our 
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tardiness in the meantime . 

* * * * * * * • • • 
SOME QUESTIONS AND ANSWERS 

Q. Owsiders and those on the peri
phery of cryonics so metimes ask if 
th ere is any substance to charges 
that barbiturates were administered 
before legal death occurred? In 
other words. "Did you do it ?" 

A . We ask this questio n here so 
that we can clearly and unequivocal
ly answer it. No, we did not admin
ister any barbiturates to Mrs. Kent 
befo re her legal death . There was ;.&1 
no reason to do so -- and in fact a \!1 
considerable effort had to be made ~~+"' 
to (llaintain her vita l functions :,. '~ 
(i.e., keep her alive) until prepar- ,:.r 
ations for suspension were complete. 

Q. What is the status of the UCLA 
stolen property in vestigation? 

• • • • * • • • • • 

A. With all but a few exceptions, our property has been cleared for release, but it has 
not been returned to us . The major item UCLA police are contending was stolen is a large 
item of furniture (an $1,800 stainless steel medical cart) which was purchased by Alcor at 
UCLA Surplus and Excess Property. Witnesses to this purchase exist, as well as receipts . 
Despite early news reports to the contrary, UCLA has declined to file theft charges. We 
are confident that if they do, we will win. 

There was no stolen property from in the Alcor facility from UCLA or anywhere else. 

Q. What has been said by the District Attomey's 0 f /ice abow the Coroner's finding of 
homicide? 

A. Statements have been mixed . Initially very radical statements were made to the effect 
that crimes in the form of stolen property and homicide were known to have occurred. 
La ter, more moderate statem ents were made. But one thing seems clear: any trial of Alcor 
Suspension Team Members will be highly technical , attract enormous international press 
attention, and hinge on issues of fundamental importance to cryonics. 

By way of examp le we quote from an article in the February 24th Riverside Press 
Enterprise, wherein Deputy District Attorney Curt Hinman made a statement that, "even if 
the people at the Alcor labo ratory determined Kent was dead when the drugs were 
ad ministered , the question is why barbiturates, which are sedatives, were given . If the 
reaso n is to keep her from reviving, then is she really dead? If they keep her from 
waking up, that 's murder." 

Needless to say they ha ven' t asked why we give barbiturates (they reduce cerebral 
metabolic demands during poor tissue perfusion -- ischemia -- enormously) and the 
sta tement about preventing her from reviving only goes to illustrate the profound 
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ignorance and lack of even basic medical understanding which has surrounded this case from 
the start. 

If a person is a "no code" (i.e., not to be resuscitated in the event of respiratory 
and / or cardiac arrest) such as Dora Kent, and dies, and you restore circulation and 
breathing artificially (i .e ., via CPR) and you give them medications in the course of the 
procedure that would prevent them from resuming spontaneous respiration and breathing 
{which they wouldn't have done anyway unless you started CPR) and then you place them in 
cryonic suspension, have you killed them? Or to sum it up as one wag put it: "Those 
people at Alcor are a dangerous bunch . They killed a little old lady who died of natural 
causes and if they aren't stopped they may kill other people who die of natural causes1" 

Q. If A/cor Suspension Team Member(s) are indicted, what will happen to A/cor? 

A. Alcor will continue to function. The quality of service we offer will remain 
unchanged while we await trial providing we can make bail. We are planning aggressively 
right now to insure that everyone who might be charged makes bail. We did not commit a 
murder or engage in any other criminal wrongdoing and we have commitments and 
responsibilities to patients in suspension and to our members -- we are not going to run 
away. Apparently the DA knows that, and that is why we aren't all in jail with 
astronomical bails right now. 

If we are charged, it may well be as long as a year before we come to trial. Alcor 
will go on operating. A good measure of our continued effectiveness will hinge on our 
ability to make bail. If you can help in this regard please contact Alcor. You may be 
able to help by pledging property as collateral or by con tributing cash for bail. 

In any event, Alcor will continue to operate to the best extent 
Contingency plans covering a wide range of possible unfavorable outcomes are in 
provide for continued patient care and suspension services for members. 

possible . 
place to 

Q. What effect has this "investigation" had on the practical ability of A/cor and other 
cryonics organi z ations to make 
necessary arrangements to 
facilitate a member 's suspens
ion -- such as hospital and 
mortuary cooperation? 

A. Frankly, we don't know , but 
we can't imagine it would be 
good. If you have a working 
relationship with a mortuary, 
ambulance company, o r physician 
now wou ld be a good time to 
touch bases with the individ-

·.--~ uals involved and make sure 
things are still so lid . 

Generally we have found 
the community at large and 
people in general to be surpr
isingly supportive once they 
ge~ the full story. Our best 
advice is to pull no punches. 
Let people know what's going on 
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and th e natur e of th e troubl e. 
add itio na l informa tion . 

Don ' t be afraid to ha ve them call us if th ey need 

A nd, if yo u haven't made local ar ra ngemen ts for emergency transporta ti on and use of 
mortuary facilities in your com munity (i.e., yo u don't li ve in the Los Angeles o r Miami 
a reas) now is the time to do so. Also, co nside r con tacting your loca l coroner or medical 
examiner and explain ing yo ur interest in c ryonics and yo ur concern over the possibility of 
autopsy. It is never too soon to sta rt educating these officials. And if you find th ey 
can't be educa ted -- move. It 's just that si mple. 

Q. Are the A/cor pati ents still prot ect ed by the restraining order in th e fac e of 
criminal charges? 

A. Yes, to the best of our knowledge they are . Additionally, the nature of the case 
agai nst Alcor is suc h that a utopsy of Dora Kent's head is no t goi ng to yield any relevant 
informat ion . 

Why is the Coroner pursuing this course of action against A/cor? 

We wis h we knew for sure. Our best guess is that it is a mixture of ignorance, 
misunderstanding, and fear. Yes, fear. We know from published interviews tha t carrying 
out a cryonic suspe nsio n under optim um c irc umstances as we did in the case of Mrs. Kent 
made some of the deputies ve ry uncomfortab le (this is an understatement). Deputy Coroner 
Rick Bogan has stated on numerous occasions that he felt c ryon ics needed to regulated and 
it was appare nt to us from the s tart that no one in the Coroner's office seemed to 
understand what cryon ics was about -- let alone care in the slightest about the well-being 
of the patient's in s uspensio n. Patients are just debris, jus t pieces of meat to be 
buried or burned. 

If the Coroner thought eve n remote ly that cryo nics might work they would no more want 
to a utopsy Dora Kent th an they wo uld wa nt to go into an ICU and au topsy a patient 
str uggli ng for life with a bullet in his brain. 

No doubt another part 
23 started a chain reaction 
s id es. It becomes a game 
stake, on our side our li ves. 
convinced it won't work, 
position. 

of the problem is political. The press conference on December 
which has resulted in enormous expe nse and gr ief on both 
of "chicken". On their side thei r careers are potentially a t 

Because they don't understand cryonics and because they a re 
the y can't fully app reciate our 

Someone in Northern Ca lifornia sum med up their percept io n 
of th e si tu a ti o n nicely: "[The Co roner's staff ] thought this 
was just some crap game in the back of a sleazy little pool 
parlor and that everyone would run for the door as soon as they 
s houted 'Po lice!'". They were wrong. There is nothing dirty 
or ugly abo ut cryon ics -- it is o ne of the most powerful a nd 
positive things in our li ves and we wi ll s tand up and defend 
it. 

A nd as to ou r perception of them? AI Roca, one of our 
Associate Members on the East Coast, summed it up beautifully: 
"A n Aztec official , if taken into a n opera ting room today w he re 
open -heart surgery was being performed, wo uld probably imagine 
it was a new form of human sacr ifice . Likewise, Deputy Coroner 
C upido sees the headless corpse of Dora Kent and can see only 
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h o micid e, w hich h is princ ip les say mu s t be 
prosecuted. As c ryonicist Tho mas Do na ldso n wrote 
severa l yea rs ago: 

'l x lipotli the Aztec had a life fou nded upon firm 
m oral values. suc h as cannibal ism and per iod ic 
scar i fica ti on . Hi s h ig h eth ica l princip les gave 
structure and meaning to his li fe, and his achieve
ments ga ve him a sense of deep personal satisfact 
ion. T o be chosen to cut out the heart of a capt 
i ve was a great personal honor. signaling the resp
ect which he m erit ed t hroughout a ll T enochtitlan. 
It was the year 1492. though not on his calendar.' 

"We lcome to the third mille n n iu m, Mr. C up ido. 
Try not to cause too muc h d a mage. " 

Q. What is the utility of various political maneu
vers to a id A /cor. such as / e//e r writi ng cam 
paigns?. 

A. It is the optn JO n of o ur counse l tha t thi s no t 
an e ff ec t ive o r pa rti c ul a rl y d es ir ab le thin g t o do 
a t th is time . The Distri c t A ttorney has the matte r 

under considera tion a nd the DA is not like ly to be influe nced by le tt e r w r it ing or o the r 
s u c h acti o ns (as p ro pe rl y h e s h o uld not be ) . At this se ns ttt ve tim e, a tt e mpts a t 
"po liti ck ing" ca n ac tu a ll y be co un te r p r od uc ti ve . Co un se l has a d vised us t o adop t a 
co nser va ti ve s ta nce in this respec t. 

A lso, keep in m ind tha t eve n though you do no t speak or ac t for Alcor d irec tl y, yo ur 
actions a nd be hav ior may speak fo r us ind irec tl y. In a ll of yo ur commun ica ti ons a nd 
ac ti o ns, use t he hi g h es t s t a nd a rd s of i nt eg rit y a nd s t y le. We wa nt to r e m a in in thi s 
commun ity and be take n se riously as tho ughtful , ra tiona l people -- no t e mo tiona l kooks and 
fl akes. Cryo nics is n' t a c ult a nymore than a se lf -he lp lega l c linic is a c ul t. Gra nted , 
we a r e a ll ve r y hurt , a ng r y, a nd a bove a ll , fri g ht e ned a nd f ru s tra te d by w ha t has 
ha ppe ned, but we must not lose ou r coo l. We must d emonstra te co urage, whic h has bee n 
defined quite ap tl y as grace un de r pressure. 

A ll o f the Direc tors a nd Officers of A lco r fee l quite strong ly tha t th e image we 
s ho u ld s tri ve cease less ly to p r o j ec t is th e image w hi c h bes t re fl ec ts the rea l i t y of 
Alcor: one o f thoughtful integ r ity. A ma n is respected a tho usa nd times more for bo t tling 
his a nge r a nd c hanne lin g it to produc tive e nds tha n b y sho uting a nd co mpla ini ng in th e 
ni gh t. Ha rsh and angry words about those who oppose us onl y se r ve to brin g us down to a 
level w h e r e we do n ' t be lo ng. A nd besi d es, th ose k in ds o f thin gs w ill do no t h in g to 
reso lve the s itua tio n -- onl y polarize a nd c loud the judgment o f eve ryo ne in vo lved . They 
may make us fee l be tter in the sho rt run , but in the lo ng run they w ill o nl y serve to hurt 
us. 

Bea r in mi nd a lso tha t a n y rema rks yo u make about a n y o f A lcor's ope rat ions or th e 
ind ivid uals in volved may end up in the newspape r a nd co uld powe rfull y af fec t th e lives a nd 
we ll- bei ng of s uspension team me mbers. A nd the p ress ca n be a ve ry powerful too l -- fo r 
good or ill. It is so easy fo r remarks made o ut of co ntex t (o r even in con tex t, fo r tha t 
ma tte r) to be misi nte rpreted or de li be ra te ly disto rted. As has bee n sa id in o the r wa rs, 
"Loose L ips Sink Sh ips". It 's p robably bes t not to ta lk to the press a bo ut Alco r except 
in the mos t genera l way. O n the o the r ha nd , it 's perfec tl y fin e to ta lk abou t pe rso na l 



motivations for cryon i cs 
and ove rall impress ions of 
A lcor and the people in i t 
(hopefull y the se w ill be 
positive!) . 

Q. A reporter from th e 
LOS ANGELES TIMES ask ed 
what would happen if key 
A /cor peop le went to jai l 
over this affair? "Would 
n't tha t be th e end for 
A /co r and cry onics? " he 
ask ed. 

A . The answe r is "No and 
No." The quality of ser v 
ice may d rop for a while, 
but as l o ng as we ar e 
a llowed to by th e s ta te, 
we wi ll continue to oper
ate and care for the pat
ients we have in suspe ns
ion. 

We intend to defend 
ourse lves vigo r ously and 
we do n ' t believe we wi ll 
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Coroner says lethal 
lose. 

dose of drugs killed 
cryonics case figure 

By DON BABWIN 
The Press-Enterprise 

Dora Kent, whose head was 
surgically removed in December 
at a cryonics laboratory in River
side, was killed by a lethal dose of 
barbiturates, the Riverside County 
coroner 's office said yesterday. 

"We're saying this was an 83-
year-old lady that was ill and 
pushed over the edge by the use 
of a drug," said Supervising Depu
ty Coroner Dan Cupido. 

A death certificate amend
ment fil ed yesterday classifies 
Kent's uealh ns ;~ hom icide. The 
case has been referred to the 
Riverside County distri ct attor
ney's office, Cupido said. 

Cupido said the findings by 
the coroner ·s office are based on 
the opi nion of the pathologist con
tracted by the county, Dr. F. Rene Dora Kent, in 1986. 

Modglin, and those of toxologists 
who tested tissue samples and 
body fluids taken during Dora 
Kent's autopsy. 

Deputy District Attorney Curt 
Hir.man, said yesterday the case 
is still being investigated and that 
he is " fairly confident charges 
will be filed. " 

Hinman said he did not know 
when a decision on charges will 

be made. " One of the biggest 
questions is 'Who?' " he said. " The 
question is who committed it and 
who will be charged." 

Dora Kent's death has been 
under investigation since the cor
oner's office learned of her Dec. 
II death at the Alcor Life Exten
sion Foundation laboratory in Riv
erside. No doctor was present at 

(See CRIME, Page A-4) 
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the time of her death, which was 
one of the factors that prompted 
the coroner's office to Investigate 
whether she was alive when the 
procedure to remove her head 

·was started. 
The woman's son, Saul Kent, 

chose to freeze Dora Kent's head 
in the hopes that someday the rest 
of her body can be restored or 
replaced. Kent and other advo
cates of cryonics believe in stor
ing bodies or heads at subfreezing 
temperatures in hopes of someday 
bringing them back to life through 
advances in science. 

Yesterday, Saul Kent, who 
was present at the Alcor laborato
ry when his mother's bead was 
removed, denied his mother was 
alive when the drugs were admin
istered. 

"I was there and she died of 
natural causes and then the pro
cedure was started," said Kent. 

Michael Federowicz, who was 
president of Alcor at the time and 
who was present during the oper
ation, said finding barbiturates in 
Kent's system does not prove she 
was alive when the drugs were 
administered. 

Cardiopulmonary resuscita
tion was begun after Kent died to 
intentionally distribute the drug 
throughout her system, Fe
derowicz said. 

Hinman said the tests showed 
levels of pentobarbital and seco
barbital throughout Kent's system, 
including her liver, kidneys and 
bone marrow, indicating Kent was 
alive when she was given the 
drugs. 

Medical investigators found 
that Kent's body had metabolized 
the drugs, Hinman said. 

"We think they gave i t (the 
drugs) to her before she was 
dead," he said. 

Hinman said, even if the peo
ple at the Alcor laboratory deter
mined Kent was dead when the 
drugs were administered, the 
question is why barbiturates, 
which are sedatives, were given. 

" If the reason is to keep her 
from reviving, then is she really 
dead?" he said. 

"If they keep her from wak
ing up, that's murder," he said. 

Saul Kent said the barbitu
rates are given "after death," not 
to keep the patient from waking 
up, but rather to slow down the 
damage to the brain caused by 
the lock of oxygen. 

(7) The Press-Enterprise 

Dora Kent Chronology 

Dec. 9, 1987: Dora Kent, 83, in failing health, is taken from the Care 
West-Mission Nursing Center in Riverside to Alcor Life Extension 
Foundation to die. The foundation, a non-profit organization, had 
moved to a Doherty Street industrial building in February from 
Fullerton. 
Dec. 11 : Alcor officials pronounce Dora Kent dead and remove her 
head to be frozen. 
Dec. 23: The Riverside County Coroner's Office announces it is 
conducting an investigation to determine if the head of Dora Kent 
was removed before her death. 
Jan. 7, 1988: Authorities serve a search warrant on the foundation 's 
Doherty Street facility . Si;>~ people, including Alcor president Michael 
Federowicz, are taken into custody by the Riverside Police 
Department for questioning, then released. Boxes of documents and 
slides are seized and authorities discover Alcor has illegally dumped 
infectious body fluids into the city's sewer system. The head of Dora 
Kent is not found. 
Jan. 12: Authorities serving additional search warrants at Alcor's 
laboratory find equipment and supplies suspected of being stolen 
from UCLA, and Dora Kent's hands. Also found are a gun, silencer 
and armor-piercing bullets. 
Jan. 13: Riverside Superior Court Judge Victor Miceli issues a 
temporary restraining order prohibiting the coroner's office from 
thawing the head of Dora Kent, should it be found, or any of the six 
heads and one body at Alcor. 
Jan. 14: In a news conference, coroner's officials say Dora Kent was 
dead before her head was cut off. They also state she was in no 
immediate danger of dying when she was taken from her 
convalescent home to Alcor. 
Jan. 19: Alcor officials at a news conference call the coroner's 
investigation a " vicious smear campaign." 
Jan. 20: UCLA officials announce the man who surgically removed 
the head of Dora Kent has been placed on leave by the university , 
where he works as a technician at the medical center. 
Feb. 1: Judge Miceli issues a permanent order barring coroner's 
investigators from thawing Dora Kent's head or any of the heads and 
body being stored at AI cor. 
Feb. 23: Riverside County Coroner's Office files an amended death 
certificate reporting Dora Kent's death as a homicide. The coroner 
concludes Kent was administered a lethal dose of barbiturates. 

The sooner the procedure Is 
begun after death, Kent said, the 
better the chance for success. 

The death certificate amend
ment lists the immediate cause of 
death as pneumonia and general
ized severe arteriosclerosis. The 
death is, however, classi fied as a 
homicide. 

Kent said he did not under
stand why, if the coroner 's office 
believes barbiturates killed his 
mother, they did not say the ad
ministration of the drugs was the 
immediate cause of death. 

But Cupido said: "It's like you 
have a gunshot ·victim who devel
ops pneumonia in the hospital and 
dies. It doesn't mean he wasn't 
shot." 

The drugs, said Cupido, "ex
pedited Dora Kent's death." 

" A patient with that (the ill
nesses listed on the death certifi
cate) given barbiturates will go 
over the edge," he sa id. The 

amendment to the death certifi
cate says Dora Kent died between 
Dec. 9 and Dec. 11. 

The investigation of Kent's 
death has spawned other inqui
ries. 

The doctor who signed the 
death certificate, Dr. Steve Har
ris, a post-doctoral trainee in geri
atrics and pathology at UCLA, was 
placed under formal review last 
month, according to a medical 
center spokesman. 

Jerry Lea f, a research assis
tant at the university's School of 
Medicine and a member of Alcor, 
was placed on investigatory leave 
at UCLA last month. Leaf, accord
ing to Alcor officials, performed 
the operation on Dora Kent. 

UCLA has seized equipment 
from Alcor's Doherty Street lab
oratory to determine whether it 
was stolen from the university. 
That investigation has not been 
completed, school officials said. 
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ON BECOMING A COORDINATOR 

We ha ve r eceived seve ra l 
le tt e rs re ce ntl y from people 
asking about th e possibi lit y of 
becoming an Alcor Coordinator 
or wo rking throug h Alcor to get 
a loc a l cryonics group going. 
The Coo rdinator program has 
wo rk e d rea so nab ly well for 
A lcor in the past, although 
so mewhat disappointingl y, it 
has not generated any viable 
new loca l groups. What it has 
done is provided a ne twork of 
s upport people who can pass 
informa tion on in a crisis and 
ac t as back- u ps f o r Alcor in 
Southern California. 

Need For More Flexibility 

It has become c lear s ince 
the Coordinator pro gra m was 
s ta rt e d that there n eeds t o be 
a w ider variety of t ypes of Coordinators and that there needs to be some ag ree me nts in 
place defining w hat a Coordinator's rights and responsibi lities are -- as we ll as what the 
limits of their a uthority are. Right now A lc or has two basic kinds of Coordinators: 
Re sc ue Coordinators; who are people with training and equipment t o carry out initial 
stabilization and transport of Alcor cryonic suspension patients, and Info rmation 
Coordinators, who do follow-ups on information requests and other leads in their te rritory 
and generally act as a c learinghouse for information among members and potential members . 

Obviously both of these positions carry with them s ubs tantial respon sib ilit y and 
liab ility for Alcor. Anyone acting to represent us e ither in a rescue/ tra nsport capacity 
or in terms of providing information about A lcor has to be someone we trust a great deal. 
Thus, a requirement for a Coordinator has been that we have a relative ly lo ng base line of 
performance and interaction w ith th a t person to evaluate. It' s a d e licate posi tion a nd 
one tha t ca n't be given out lightl y. 

Logistic Problems 

On the other hand, it is difficult to es tablish s uc h a base line with people who are 
relatively new to cryonics a nd who s till want to tr y to gene ra te interes t and ac tion on a 
loca l level. Clearly, what is needed is a less form a l "third alternative" for folks who 
just wa nt to get the word out th at the y ex is t and want to hea r from others in their area. 

The fir s t step in tr ying to form suc h a loca l g roup for mutu a l support a nd to provide 
a spri ngboa rd for gene rating mo re interes t in a give n geographical area is to get together 
wi th o thers who a re interes ted a nd "discuss things". Thus, we get a lot of req uests for 
he lp in generating "c ryo nics discussion groups". 

There a re a f ew log is tic prob lems with Alcor f ac ilit a ting thi s, however. First is 
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the issue of confidentiality. We do not give out names, addresses, or phone numbers of 
members, or even of people who contact us for information, except to Coordinators. 
Members as well as people who make inquiries should be able to do so knowing tha t the y 
will be handled discreetly and that their identity will be held in confidence. 

After some thought on the matter we think we have a solution to the problems of 
maintaining confidentiality, not incurring liability, and encouraging the formation of 
discussion groups that can hopefully go on to develop into full-scale cryo ni cs groups in 
the long run. 

What we propose to do is to publish a list of people in each issue of CR YONlCS and / or 
send with each information request a list of people who are interested in getting together 
with other cryonicists in their area. We've decided to call this class of person a 
Discussion Group Coordinator (DGC). 

The Requirements 

The requirements for a DGC will be fairly straightforward. First there will be a 
disclaimer from Alcor pointing out the DCG's "limits of authority and responsibility": 
i.e ., they won't be representing Alcor in any formal way and Alcor make s no formal 
endorsement of them or their capabilities. 

Second, the DGC must be a signed up Alcor Suspension Member. This requirement is in 
place for several reasons: First, no one will take cryonics seriously unless you tak e it 
seriously. That means being signed up. Second, since we are trying to broaden our base 
of support and we will be providing literature and information either for free or at very 
reduced cost, we want your loyalties to be with us. Third, we want to have a short 

baseline of contact with you so that we know that you at 
lea s t understa nd the basics well enoug h not to be a 

liability. (Eve n if A DCG doesn't formall y represen t 
Alcor, we still won't support someone who pro vides 
misinformation.) 

We will provide support by re leas ing yo ur phone 
number and address to people who are already membe rs 
or who have requested information and are from your 

area. And of course we will provide you with 
support in the form of lite rature a nd information 

as well as one-to-one help (where we 
think it warranted) o n th e more 

practical matters of how to upgrade a 
discu ss ion group to th e leve l of a 
Rescue Coordinator or to a full-blown 
local cryonics o rgani zation. 

If yo u think you might be 
interes ted in getting a 
di sc ussion group going in you r 
area, please contac t Mike Darwin 
b y calling Alc o r (if he's not 

in, leave a message) at (714) 
736-1703. 

Good Luck! 



THE FUTURE OF MEDICINE 
Part 2 of 2 
by Mike Da rw in , with ass ista nce 
from Ste ve Harris, M.D. 

Anesthesia: 

Expect "modul ar" a nes thes 
ia b y th e 1990' s to the ea rl y 
20 00' s . The d eve lop m e nt o f 
po te nt a n x ieo ly t ics (a n x ie t y 
re move rs) whic h do no t de press 
co nsc io us ness a nd t he d eve lo p
me nt o f t o ta l pa in inhi b it ors 
wi ll a ll ow for co m p lica te d 
s ur g ica l procedu res o n co nsc 
io us p a ti e nt s. Expec t to see 
major thorac ic a nd limb surge ry 
o n h igh ri s k pa ti e nt s (i.e., 
pa ti e nts u n a b le t o tol e ra te 
a nes th es ia ) usin g s uc h age nt s . 
Majo r a bdo minal surge ry requir
in g deep musc le relaxa tio n w ill 
co ntinu e to r equire ske le ta l 
mu sc le p a ra lys is a nd ge ne ra l 
a n es the s ia. H oweve r , ex pec t 
new dru gs in th e mar ke t p lace 
in the la te 1990's wh ic h ind uce 
unconsc iousness witho ut resp ir
a tor y or ca rdi ac d e press io n . 
Surg ic a l a nd pos t s u r g ica l 
mo r ta l it y will d ec rea se sh a rpl y 
due to such a nes thetics a nd the 
use o f rea l -t im e ph ys io log ica l 
a nd b ioc he mi ca l mo nit o r i ng 
d uring and a f ter surge ry us in g 
biose nsors. 

Surge ry: 
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The bigges t revo luti on in surge ry will be in dec reas ing its use and i ts invasiveness. 
Less a nd less will a surgeo n c rack ope n a pa tient's entire abdo me n or ches t (o r eve n make 
a la rge "gapin g" wound) to e ffec t repa irs or trea t di sease. While tin y re mo te- o r ro bot
co ntroll ed na no tec hn o log ica l o r mi c rot echno logic a l "s u bm a rin es" crui s in g thr o u g h th e 
c irc ula tor y sys te m a re proba bly a lo ng way off, the ir prec ursors in the fo rm of ca th e te r
a nd fib e r-c o ntrol led in s trum e nt s a r e h e r e a lr ead y. Th e nex t t wo d eca d es w ill see a n 
e n o r mou s shift towa rd s minim a ll y in vas i ve surgi ca l procedur es . Ca th e te r s, laprascopes, 
a nd thora sco pes wi th se nso r s, o p e ra ti n g to o ls, and an impress i ve a rr ay of ca p a biliti es 
will be inc reas in gly used. 

Abd o min a l s ur ge r y wil l s hift m o re a nd mo r e towa rd s th e use o f th e fib e r o pti c 
lap rasco p e , e n doscope, a nd lase r as mini a turi za tion o f to o ls occ ur s and d isease is 
d iag nose d ea rli e r. Ea rl y di ag nos is wi l l cr ea te th e nee d f o r less dras ti c p rocedur es. 
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Fine-tuned repair of heart va lv es a nd blood 
vessels, and examination and biopsy of suspected 
abdominal and retroperitoneal lesio ns will be 
ea rl y candidates for app li catio n o f thi s 
tec hnology. 

Surger y will al so be used less for non
e lecti ve proced ures because man y of the co ndit
io ns which require it will be a me na ble to diag
nos is a nd trea tme nt ve ry early in their d evelop
ment, be fore the y infli ct major s tru c tural 
change. Also, a be tt e r und e rsta ndin g of th e 
fundamental mechanisms of disease gradually will 
shift tr ea tm e nt away from destructi o n of ti ss ue 
to me a nin gf ul chan ges or modific a tion s in the 
biochemistry of the ti ss ue in order to restore 
hea lth. By way of example, expanding unde r
standi ng of cancer, which is in rea lity a mo lec
ula r disease , not a gross o ne, w ill shift treat
ment away from cu ttin g and burning ce lls and 
towa rds lea rning how to turn them o n a nd off 
app ropria te ly. 

In co ntras t t o therape uti c s ur ge r y, the 
f r eq ue nc y o f cosmetic surgery will probably increase dram a ti ca ll y a s tec hniqu es are 
ref ined a nd prosthetics improve in qualit y and drop in cost. As peo ple li ve longe r , a nd 
s ta y productive longer as we ll, th ey will increas ingly turn to medicine to m a int a in not 
only their hea lth but their appearan ce. Cosmetic surgery will ex pe rience a boom until 
such time as the fund a me nta l mec ha nisms unde rl ying the agi ng process ca n be broug ht unde r 
con trol. 

Geriatrics: 

Advances will be slow here , but significant. Expect incr eas ing under s ta ndin g a nd 
application of trophic factors and bioregulatory compounds. Earl y ca ndid a tes f o r 
reju vena tion will be the immune sys tem and other s te m cell sys te ms o r sys tems with hi ghe r 

cell turno ve r. By the early decades of 2000, 
significant r e ju ve na ti o n a nd geroproph y lax is 
of skin, bone, immun e , a nd o th er "high turn
over" ti ss ues will be possible as th e na tural 
regulatory molecules which co ntrol th ese sys t
em are understood and app li ed. Expect seve ral 
s ignificant sy nth e tic compo und s to be discov 
ered with th ese kind s of properties as we ll. 
There will be the possibility of p rofo und 
improvement in perso na l appearance a nd genera l 
health as these agents e nte r th e marketplace. 

By the early yea rs of th e 2 1s t ce ntur y 
the first generation of compo unds effec ti ve a t 
"rejuvenating" (i.e ., r es toring so me degree of 
normal maintenance and repair to exis tin g 
brain cells) the central ne r vo us sys te m w ill 
be available. These dru gs will work by turn-



(12) 

ing on protein synthesis and stimulating natural repair mechanisms. However, pathologies 
of the brain and other nondividing tissues (renal, cardiac , and mu sc ulo ske letal system) 
will continue to be major sources o f morbidity and mortality over the nex t two decades. 
As a therosclerosis a nd immune-re la ted disorders are dealt with mo re effectively, expec t an 
incr easing shift of morbidity a nd mortality to ce ntral ner vou s sys te m-re la ted ca use s . 
Beyo nd 2000 thi s may be tr ea ted to a limited ex tent with fet a l tr a nsp la nt s, but a 
definiti ve solution w ill hav e to await a more sophisticated mo le c ul a r-l eve l med icine, 
capable of cell repair and regene ra tion . 

Psychiatry and Behavior: 

Diagnosis by brain scanning (metabolic MRI) and chemical a nal ys is of ce reb rospina l 
fluids will be commonplace in 20 years. As neuroregul a tor y compounds a re better 
understood and as the biochemistry underlying mental disorders is e lucid a ted the re will be 
more effective trea tments. Expec t 2nd and 3rd generation dru gs and comb inat io ns th ereof 
for tr ea tm e nt of d e press ion and psyc hosi s b y the la te 1990's. There will pr o bab ly be 
seve ral very effective th era peutic age nts for compulsive disorders in th e marketplace by 
the ea rl y to mid 1990's. 

One development likely within a decade is the crea tion of a new class of licit or 
semilicit drugs . Expect real aphrodisiacs and potentiators of sexual pleasure to be 
available by the late 1990's, if not before . It is already widely rumored that a certa in 
peptide fraction of cho lec ys tokinin (CCK) when take n by nasal administration is a poten t 
aphrodis iac in both men and women. How potent? Potent enough to exceed even the wildes t 
dreams every teen-age boy had about spanish fly. A va riety of mo lecules which regula te 
ce rtain bas ic kinds of hum an beha
vior (rage , fear, and so on) will 
probably be filt e rin g into th e 
ma rketpl ace for bo th legi tim a te 
a nd illegitimate purposes. Deve l
op me nts in biochemis try will a llow 
for the design o f car ri er molec ul
es to move such age nts ac ross the 
blood-brain barrier. Such drugs 
wi ll probabl y be us e d f o r both 
rec rea tion a nd the rape utic purpos
es. Rejuvenation of the sexua l 
sys tem in the aged is o ne possible 
ea rl y, " legi tim a te" app li cat ion of 
the CC K fracti on. 

Impl a nts and Pros th e tics: 

Trul y blood compa ti b le su rfa 
ces and lo ng te rm nonthromboge n ic 
surfaces w ill be e nt e rin g th e 
marketplace in th e mid to la te 
1990's . Initi a l app li ca ti o n of 
th ese devices will be to hea rt 
va lves, blood vessel graf ts, a nd 
heart-lung m ac hin e a nd other 
ex tracorporea l tu b in g surfaces. 
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Early spectacular applications will be small vessel prostheses (w id e use by th e ea rl y 
to mid 1990's) for use in traumatized and atherosclerotic limbs and organs a nd ve no us 
prostheses (mid to late 1990's) for use in treating traumatic injuries and de e p ve in 
incompetence (which results in varicosities, chronic pain, and edema-related skin changes 
in the leg, often leading to nonhealing ulcers or limb lo ss) . Another a ppli ca ti o n of 
nonthrombogenic surfaces will be a practical artificial heart and more wid es pread use of 
extracorporeal support for infants, trauma and cardiac arrest victim s, a nd o th e rs w he re 
anticoagulation provides a major barrier to the use of a rtificial c ircula tion . 

Good synthetic bone and skin should be available by th e late 1990's to ea rl y 2000's. 
Go od red cell and pla s ma substitutes (sy nthetic blood) s hould be se en in c reas in g in 
clinica l use throughout the early 1990's and in frequent use by the la te 1990's to ea rl y 
2000's. 

There will be steady improvement in other synthetic materia ls such as hip , knee , a nd 
other joints, as well as in other less dramati c materials s uch as co nn ec ti ve ti ss ue 
replacements. Expect a slow replacem ent of prosthetic approaches to the rapy as na tura l 
re pa ir and regen e ration process es a re be tter unders tood and utili zed. Expec t to see 
sy nthetic connecti ve tissu e products for te ndon rep a ir whi c h co nt a in b io reg ul a to r y 
mo le cule s (BRMs ) that s timul a te t e nd o n reg e ne ration . A rtifi c ia l te ndo ns made o f bo th 
synthetic and / or natural mate rials will come into use in the la te 1980's to ea rl y 1990's . 

In s ho rt, expe ct stunning advanc es in tissu e r e place me nt tec hn o logy f o r a ll ti ss ues 
tha t have primaril y structural function and which are not complica ted chemica l process in g 
pl a nts, s uch as the liver or kidneys, or mechanicall y active s uch a s th e hea rt. In 
addition to connective tissue and bone, a candidate for ea rl y (l a te 1980' s to ea rl y 
1990's) replacement is the cornea. Expect evolution in biocompatible mate ria ls to a llow 
for replacement of the cornea with an appropria te plastic , much like th e lens of the eye 
is a lread y replaced with pol ymer inserts. 

Of course, no disc ussion of prosthetics can occur without re ference to the a rtifi c ia l 
he art and to di a l ys is (the artifi c ial kidne y) . Perhaps in no othe r a rea is an adv an ce 
harde r to predict. The artific ia l heart suffe rs from Space Prog ra m Fac tor more tha n just 
about any other medical technolog y that comes to mind . 

The Jarvik Heart , which w as the first so- c alled long te rm impl a nt, ac tu a ll y has 
given a ste llar performance so fa r! While the public pe rce ives it as hav ing killed and 
maimed every patient it has been chronicall y implanted in , it has in rea lit y pe rformed 
quite well. Several patients have done ver y we ll (including one Sw iss bu sin ess man who was 
ambulatory, alert , and a c ti ve with the device for over a yea r!) short t e rm (wee ks to 
mo nths) . Contras ted with th e earl y da ys of di a lysis or op e n hea rt sur ge r y, thi s is a 
grea t success! Dial ys is patients ALL di ed in the pioneerin g days of its deve lop ment -
and they died of hideous, unthinkable complications of every imaginable sort -- bl eedin g, 
bone disease , nightmarish infections, depress ion ... 

The difference , of course, was that there were no (or few) human ex per imenta l rev iew 
committees and no public limelight. Most (but not all) of the ea rly dial ysis dea ths were 
necessary. You don't learn about a brand-new technology unless you try it out -- and not 
just on animals. People are not the same as cows or goats or sheep. Pa rti cula rl y no t 
sick people. 

Expect slow progress in the artificial heart area bec a use of th e neg a tiv e press. 
Progress may well come outside the US, in Japan or elsewhere, where failure is more 
acceptable and where transplantation is viewed as unacceptable (the Japanese in particul ar 
are opposed to transplants and do very few of them) . Leaving aside the soc ia l fac tors and 



conce ntr a ting sole ly on scie n
tifi c a nd engineering ones, a 
good, f ull y im p la ntable arti 
fici a l hea rt (i .e., one capab
le of givi ng a patient a mea n 
re maining life span of 3 to 5 
yea rs ) s hould be on-line b y 
the ea rly to la te 1990's. T he 
on ly reaso n i t isn' t ava il a ble 
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now is Space Pro g r a m Fac tor ~qr:Jt'1~~++~~(F~~~~~F~Ff=f=f=f=f==ijf-ff~ (SPF) and fea r o n the part of II 
th e gove rnme nt tha t they wil l ~~~1111-t-±-+-+-1-~~--±:-t-t-t-t-+-J-t--tt-rt-rriH;;tll 

e nd up picking up the tab for ~~~i~~g~~~~~5tft5~~~~~~~i~£f~ thi s expensive Band -Aid tec h-
no logy (see discussion a t th e 
end of thi s article). 

Due to th e cu rre nt a nd 
projec ted sho rt fal l in avai l
ab le org a ns for tr a nsp lantat
ion, th e pre ss ur e w ill rema in 
hi g h for d e ve lop m en t of th e 
a rtifici a l he a rt as at leas t a IE:f:EEl 
stopgap u nt il an organ becomes 
avai lab le. 

As opposed to to ta l artif ic ia l hea rts, s mall , chro ni ca ll y implanted balloon- o r 
impeller -type intraort ic pumps o r le ft ve ntr ic ular assis t devices may increas ingly be used 
until materials / b lood compatibi lit y problems ca n be so lved. 

Advances in he mod ia lys is wi ll a lso be ve r y increme nta l. There may be a gradua l shift 
to p e ritoneal dial ys is (PD) if good drugs to block g lu cosy la ti o n of protein s a nd inhibit 
c ho les tero l deposition are avai lab le. T he major proble m with PD toda y is tha t it raises 
b lood s uga r s to as tro nomical leve ls, ca usi ng diabetic-like side effects. Inhi bi t io n of 
these sid e effec ts may lead to re newed app lica tio n of this modalit y. 

Direct changes in dia lys is are li kely to be a lo·ng the lin es o f be t ter m e m b ra ne 
mat e rials whic h a ll ow f o r tran sport o f was tes not c urrentl y r e mo vab le by co n ve nti o na l 
dial ys is a nd nonthromboge nic surfaces which wi ll reduce the need for a nticoagu la tio n. The 
use of BRMs s uc h as e r y thr o po e t in to trea t anem ia and bone grow th factors t o t rea t 
d ia lys is bone disease will he lp to improve the qualit y and qua ntit y of patient's li ves on 
dialysis . Pe rhaps the biggest adva nce in this a rea will be adva nces in immunology a nd 
infec tious disease trea tment. The ab ilit y to administer BRMs to stimula te immune function 
and improve genera l hea lth sho uld ac t to ex tend dialysis patients' lives consid erabl y. 

A co ro ll ary o f better immune funct ion a nd advances in biocompatible ma ter ia ls wil l be 
a r evo luti o n in "access s it e" tec hn o logy for dial ys is pat ie nt s. Beca use dia lys is requires 
repea ted access t o th e patien t 's ci r c ul a tor y sys tem in order t o c leanse th e blood 
(typ ica ll y blood fl ow ra tes of 200 to 250 cc per minute a re required) nor ma l a rter ies a nd 
vei ns ca nno t be used. 

Currently th e best possib le access s it e is · a fistula a distended and 
"arter ia li zed" ve in created b y th e a rtifici a l cross-connec ti o n of an a rt ery to a vein. 
The fi s tula can th en be stuck with two la rge-bore need les for withdrawal a nd re turn of 
blood . Howe ve r, ma n y pa tie nts cannot d eve lop adequ ate fi s tulas , a nd those tha t do often 
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lose them (the vein is often destroyed by repeated punctures) . The nex t best thing to a 
fistula is a Goretex gra ft -- an artificia l Teflon connection be t wee n artery a nd ve in . 
Unfortunately Goretex grafts have m a ny complications, includin g c lottin g and infection, 
and they have a very short lifespa n. 

Be tter materia ls will be deve loped which will a llow for direc t access to arterial and 
venous circulation a nd the use of ports which penetra te the sk in and allow coup lin g to th e 
dialysis mac hine without the use of need les . Improvements in blood access tec hno logy will 
a lso be used to tr ea t cancer pati e nts a nd provide tota l intra ve nou s nutrit io na l s up po rt 
for patients who are una ble eat or unab le to absorb food due to bowel loss . 

Of course, the biggest improvement in the life expectanc y a nd health of dialysis 
patients wi ll probably come in the form of the inc reasi ng use of transplan ta t ion and its 
application to a w id er age ra nge of pa tients with better lo ng te rm res ults. 

The most s tri k ing re vo luti o n in prosthetics w ill probably occur in dentistry. 
Expect a who le fa mil y of new mater ia ls to ente r the dental ope rato ry. A wo rkab le vacc ine 
aga in s t strepto coccu s mutans sho uld be ava il able by th e mid to late 1990 ' s, grea tl y 
reducing the inc ide nce of too th deca y by e limina ting the major class of mouth organisms 
tha t ca use it. Simila r advances in prevention and in trea tmen t of gum d isease can be 
ex pec ted as we ll , a lthough probably not as soo n. 

Repairing dent a l d efec ts w ill a lso be revoluti o ni zed by th e introduction of good, 
tough, a nd reliable polymers which wi ll replace metallic a ma lgams. By the la te 1990's to 
earl y 2000's biocompatible ce ramics a nd coa ted polyme rs will be avai lable th at will a llow 
for workable single too th a nd multitooth gum - implanted prostheses. 

Organ Presenation: 

Pe rh aps no tec hnol ogy is dearer to cr yo nici s ts' hearts 
preservation . It is link ed to a ll o ur hopes and drea m s 
anima tio n. What will progress be like here? 

(and b rai ns?) th a n organ 
f o r reversible suspende d 

Seve ral po ss ibiliti es ope n up , and not a ll of th e m a re ro sy as f a r as c r yo nics is 
conce rned. I'll sta rt with the leas t favorab le and go on the to most favorabl e. 

Ever si nce the work of people like Mazur, Fahy, a nd Pegg was publi shed , it has become 
pretty c lea r w hat the constraints are on long term v ia ble c r yop reserva ti on of organs: 
don't form a n y s ignifi ca nt amount of ic e; it InJures m ec ha ni ca ll y a nd it injur es 
che mica ll y. The problem is that water loves to turn into ice whe n it's coo led be low o•c. 
To c irc um ve nt this, a lot of very drasti c c ha nges have to be made in the sys tem . Whene ve r 
yo u a ttempt to make a dras tic cha nge in a complicated, interdepend e nt li v in g sys tem -
like replacing half the wate r in it w ith industria l chemicals -- you a re in for troub le . 
The tro ub le wi ll come in the form of a ve ry t ig ht or nar row window for success: every thing 
wi ll have to be "just r igh t". This is where current v itrifica tion tech no logy is now. The 
exis te nc e of such a tight window m ea ns that vitrificat ion o f la rge masses w ill be a 
tec hnol og ica l tour-d e - force requiring ver y sophisticated compute r controlled perfusion 
equipme nt and exotic and ve ry costl y hig h pressure chambers. Quality co ntrol and re liable 
storage a nd rewa rm ing of organs will be ve ry costly and difficult. 

The future hold s the pos s ibilit y of developin g better so lut e sys tems which vi tri fy 
more eas il y and which are less toxic (have a wider window for success). It is difficult 
to predict the pace of advance in this a rea since it will be a rri ved a t by a mi xture of 
e mpirica l methods and theo retical insights. A big determining factor w ill be luck . Will 
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th e NIH and the Red Cross continue to fund such efforts? And, more to the point, will 
technological advances in other areas of organ preservation obviate the need for the m ? 

If we were betting men, we'd put o ur dollars on the la tte r ra ther tha n on the form e r. 
Major advances in organ preserva tion (as opposed to cell and ti ss ue prese rva tio n) over the 
nex t d ecade will probabl y be in three a reas: I) Exte nded hypothe rmic storage of orga ns in 
the 2 to 3 weeks ra nge; 2) Exte nded normothermic or room te mpe ra ture s to rage of orga ns in 
the wee ks to months range and; 3) mixtures of the above two modalities which yie ld s imila r 
available time courses of storage. 

By the late 1980's several sys te ms sho uld be in the med ica l ma rke tp lace w hic h a ll ow 
for s torage of kidneys a nd hea rts for 7 to I 0 da ys using hypo thermic techniques. Expect 
to see the debut of room te mpe rature systems in the very la te 80's o r early 90 's. These 
roo m te mperature sys te ms will e mplo y a pump, lung , and ta ilor-made perfusate and will be 
designed to support the organ b y mee ting its metabolic r equireme nt s for v it a min s , 
hormones , amino ac ids a nd so on. Expec t metabo lic wastes from the organ to be dealt with 
by freq ue nt perfusate changes a nd the use of adsorber cartridges si mila r to those used in 
he moperfusio n (for trea ting liver fa ilure and dru g overdose) and hemod ia lys is. 

Better net wo rking for d is tribution of organs and rap idl y esca la tin g demand (as a 
consequence of better immun o modul a tion technolog y) w ill p a radoxica ll y decr ease th e need 
for organ storage. The deve lop me nt of techniques which a llow for 5 to 7 day sto rage of 
maj or organs is probably adequ a te to meet the needs of th e tra nsp lan t comm unit y g iven the 
decreas ing (indeed disa ppea ring) need to carefull y match donor w ith recipie nt. 

The nex t 5 to 10 yea rs should a lso see major adva nces in ou r unde rsta nding of the 
effec ts of d ee p h ypo the rmia on the ti ss ues and organs of nonhibe rna tin g ma mm a ls. These 
adva nces should be readil y tra nsla tab le into bette r flu sh a nd perfusion s to rage tec hniqu es 
for orga ns. A good und ersta nding of lipid me tabolism and mechanisms of ce ll swe llin g in 
deep h ypothermia may a llo w for prese rvatio n of organs in the 2•c to I o·c te m pera ture range 
for periods of several months -- thus de finiti ve ly ending the need for long term so lid 
s tate preserva tion of transp lantab le organs. 

Unless a wi ld card breakthrough occ urs in vitrification tec hnology, s uc h as a rad ica l 
reduction in th e toxi c ity of v itrifica tion so lution s, obviating a need f o r hi g h pressure 
a nd exo tic rewarming -- our bet is on hypo the rmic a nd roo m te mpera ture su ppo rt sys te ms, 
not vitrifica tio n. 

Unless Fahy and / or others can d e mon s tra te r ea l breakthroughs in vitrific a ti on (i.e., 
s ucc ess ful a nd ro utin e long te rm recove r y of tr a nsplantable m a mm a lian orga ns in th e 
lab o ratory) within th e ne x t several yea rs, it see ms unlikel y th a t extensive Federal or 
private support w ill b e forth co min g to purs ue deve lopm e nt of thi s op ti on in the nea r 
future . 

Indeed, assess in g th e picture objectively w ith refe r e nce 
pr ese r va tion tec hn o log ies whi c h are d eve loping, it wo uld seem th a t 
organ prese r va tion in th e so lid s ta te ha s serio us application to 
medicine: medica l time trave l, i. e., cryonic s uspe ns ion . 

to the o th er o rg an 
ex tended long te rm 
only o ne a rea of 

A good analog y he re is blood banking . Despite the d eve lopme nt of c ryop rese rva tion 
tec hniques fo r blood , ve ry little blood is cryopreserved and that which is is co nfined to 
rare, ha rd to ma tc h types. This is so because the cost· is high a nd the demand fo r blood 
is hi gh -- so hi gh th at long term frozen inventories for major cell compo ne nts are not 
re a lly practical (a hh, would that only the supply be good enough and the prese rvation 
costs lo w enough tha t the y were!!) 
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Repeated and careful assessments of 
this area of technology wi ll thus be of 
great importance to cryonicists. Once 
again it is important to point out that 
we cannot count on cryobiologists to 
develop organ preserva tion techniques for 
cryontctsts. Our needs are unique and 
are rather likely to rema in so, given the 
rapid rate of advances in immunology and 
high temperature orga n preservation. 

However, in the a reas of ti ssue and 
cell preservation there is lik ely to be 
far wider application of lon g term pre
servation techniques, including vit rifi
cation . Expect a shift away from freez
ing for blood components and embryos and 
toward vitrification, since vitrification 
solutions a re rel ative l y nont oxic to mo st 
cell systems and obviate th e need for 
controlled rate freezing. 

Other Approaches to Organ and Organism 
Preservation: 

One possibility for a major advance over the next two decades is room temperature or 
hypo the rmic preservation of organs or organisms using metabolic inhibitors. There have 
been tantalizing clues in the examination of a wide variety of es ti va tors (animals which 
go into states of profoundly reduced metabo li sm at normal temperat ur es, such as th e 
African lungfish, which can shut off metabolism at tempera tures in the range of 3o•c to 

40.C) that antimetabolite compounds exist which may be able to induce s ta tes of profoundly 
reduced metaboli sm at ambient (i.e., 70.F) temperatures. Purification and experimen ta l 
(and perhaps even clinical) application of thes e compounds or synthetic deriva ti ves to 
humans or human organs for transplant may occur sometime during the next decade or two. 

Genetic Therapy: 

Expect very gradual application of this technology . Early candidates for gene 
replacement will be in storage diseases such as Lesch-Nyhan, Tay-Sachs, and other "s in gle 
enzyme missing" disorders. 

Later applica tions will include treatments for hypercholesterolemia, some forms of 
hype rtension, and other congenital missing enzyme syndromes. Very la te applicat ions (2000 
or late r) may be in the treatment of a wide range of mental illnesses and cancers. 

Prevention: 

Perhaps no other area of medicine will experience greater growth in capability -- and 
le ss success in application. Hopefully th e next two decades will see more widespread 
application of the basic lessons of prevention lea rned during the last two . 

And what are those lessons? The principal lesson is the lesso n of the impact of 



(18) 

ca lori e re s tri c ti on on ove r a ll he a lth, well-being, and lifes pan . The basic message he re 
is "you are what yo u eat." In terms of treating a therosclerotic di sease, th e role of 
preve ntion is a lready clear. By reducing fat intake and dec reasi ng se rum c holes terol to 
below 150 mg/ dl , most atherosclerotic disease can be avoided. Simila rl y, basic cha nges in 
nutrition such as trace element and vitamin supplementa tion ca n greatly reduce the number 
of late onset ma lignancies. Eliminating smoking will a lso be a major factor in ac hievi ng 
this end. 

But it wi ll t ake dec ades to do this. Making basic lifesty le changes wi ll proceed 
slo wly, a nd in the case of tobacco use may not be very amenable to wid espread c hange. 
Neve rthele ss, th e success of th e A m er ica n Hea rt Associa ti o n a nd Nathan Pritikin in 
reduc ing the hea rt disease dea th ra te b y dietary manipula tion a nd aggress ive trea tme nt of 
high blood press ure proves that it can be done . 

Calorie restriction ac hie ved by mea ns of education and th erape utic age nts seems the 
nex t big area of preventics to be explored by medicine. Expect the development of trul y 
ef fective anor ec tics for tr ea tment of gross obesity a nd ea ting disorders b y th e lat e 
1980's and then secondary use of these for trea tment of mild obesity and weig ht co ntrol in 
the normal m idd le aged. Products wi th reduced calories emplo ying fa t subst it utes suc h as 
sucrose polyeste r sho uld a lso be e nte rin g the marketplace in the ear ly 1990's and these 
w ill help to reduce the ca lor ie load further. 

The Downside: 

The v isio n pa inted above is no t as rosy as n a not ec hnolog y , but is pretty exc iting 
nevertheless. A relevant ques tion becomes: what will be the drawbacks to a ll of this? 
Will there be any? The answe r is: of course. A little informa tion is a dangerous thing , 
a nd sometimes a lot of informa tion can be an even more da nge rous thing. The reaso n is 
that progress in therapeuti cs, w hich is relati vely difficult, always lags far behind 
progress in diagnosis, which is re la ti ve ly easy. Thi s imb a la nce r es ults in a te nsion 
which forces premature treatme nt w hic h o fte n does more ha rm than good. It is we ll to note 
that each new diag nostic moda lity brin gs with it a flood of new information whic h w ill a t 
first be grossly mi s us ed before a n yo ne und e rs t a nds w ha t it m ea ns (Harris's L aw of 
Di agnostics Advance). 

A recent example of this so rt of thing is the EKG · mac hine, whic h for the first time 
showed that man y see mingl y no rm al people had stra nge cardiac rh ythms , some of w hic h we re 
see n a lso aro und the tim e people di ed s uddenl y of hea rt problems. Because of this 
associa tion , for the las t 15 yea rs, a numbe r of very powerful drugs have been used to 
tr ea t people wi th s uch rh y thm s. Many drug-induced fatalities result ed. Unfortunately, 
on ly now is it beginning to be understood tha t most people with good hea rt function a re 
less in danger from s uc h rhythms than they a re from the drugs used to tr ea t th e m -- a 
finding of little co nso lation to th e peop le a lready killed by the drugs. When th e reader 
co ns ide rs th e flood of ne w diagnostic informa tio n whic h wi ll pour out of the advanced 
im p lantable senso rs and fa ncy med ica l body imagers described above, he/ she ma y we ll fee l a 
c hill run up the spine . How will we know w ha t it all means? The answer is: a t first we 
won't, a nd only la ter wi ll we find out thro ug h the use of th a t most potent to o l f or 
discerning truth : s ta ti s tic s. Comp ut e rs wi ll he lp w ith this , but w ill not obviate th e 
problem comp lete ly because human mortality stud ies (by far the most important k in d) take a 
ce rtai n min imum time to comp lete. Also, it is a n unfortunate rea lit y of life that eve ry 
increase in comp ut a ti ona l power in c reases th e numb e r of new s tat is ti ca l qu es ti o ns whic h 
ca n be asked, f as ter than it a nswe r s the old ones. Eventually th e a nswe rs w ill be 
fo rthcomi ng, but in the mea ntime, a lo t of people are going to be killed b y th eir doctors 
a nd by their doctor machines. 
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What can b e done a bo ut 
this on a per so nal basis? It 
is not generally re a lized th at 
the proper answer to new and 
pow e rful medic in al drugs is 
sometimes the sa me one coined 
by the R eag a n Administration 
for recreational dru gs : Just 
say "No." Each patient, when 
evaluating a new therapy which 
carries sig nifi ca nt r isk, is 
responsible for finding out the 
answer to one question and one 
que s tion only: "What is the 
evidence th a t thi s intervention 
saves lives?" Not "W hat is the 
evidence that thi s intervention 
will fix th e funny numbers 
coming out of tha t new diagnos
tic machine?" The patient (and 
the doctor) who reme mbers the 
difference wi ll be ahead of the 
crowd. 

T here is a seco nd downside 
to advanced m edic ine , of 
course, bes ides the danger , and 
that is the cost of "middlingly 
advanced tec hn o logy" (such as 
what we' ll see in the ne x t 
fift y yea rs) in a soc iet y which 
tak es a soc ia li s t ic view of 
health care. Su c h as ours. 
Non -molecul a r tec h no logy is 
expensive. It should be obvi
ous to the reader, w ith a bit 

. of thought , that in a wo rld of 
non-molecular technology, the 
potenti a l demand for medi ca l 
care as tec hnology adva nces, is · 
(for all int en ts and purposes) 

infinite . In America, we have adopted the unfortuna te policy of letting everyone pay for 
everyone else's medical care , which has had exactly the sa me result as if we had let 
everyone pool thei r money and pay for each other's lunch: everyone orders lobs ter. We 
have paid for the lobste r only by spread ing the cos ts a round to places where they are not 
obvious. For instance, when you buy an American car, you pay more money for the hea lth 
care costs of the people who built it than you do the steel tha t goes into it. This kind 
of thing can continue ve ry subtly and very insidiously until a ve ry large fraction of the 
gross national product is eaten up by health ca re costs. (In our country, it is already 
11 % and rising). One day, yo u may find that you have had to forgo yo ur family vaca tion in 
orde r to buy Granny tha t new A UTODOC which measures 245 different chemicals in her blood 
every minute and transmits a ll of the results to Medical Multivac in Bethesda. 
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Of course yo u may not rea lize this: 
all yo u will know is that the vacation 
went because money is so tight, taxes are 
so hi gh, a nd inflation is so bad. But 
yo ur money went to Granny nevertheless. 
The only answer to this proble m, short of 
na no techno logy, is ra tioning . 

But ra ti o nin g i tse lf becomes the 
las t great soc ial cost of adva nced medical 
tec hnol ogy und e r socia li sm, because 
history shows that it is never done on a n 
indi vidua l (person by person) basis . When 
people do not pay for thei r own medical 
care, no one (not doctors, families, or 
the government) has ever bee n willing to 
make the decision of who should benefit 
from a given technology, and who should 
no t. Therefore, all sys te ms of rationing 
to c.ontrol m edic a l costs ultim a tely have 
co me down in th e p as t to r a tioning 
tec hnolog y ac ross th e board. 

To push the previous me tap hor , this 
is equivalent to remov ing lobs ter from the 
menu entirely, so tha t it is not ava ilable 
even if yo u want to pay ex tra for it. The 
soc ial cost of rationing a t the technolog y 
level should be obvious. The 
indiscriminate use of existing tec hnol ogy 
by people who do not need it drains money 
from a na tion a l economy whic h should be 
goi ng to ward research. In addi t io n , most 
new tec hnolog ies pass initia ll y throu g h a n 
"ex pensive " phase befo re th ey beco m e 
ge ne rall y ava il ab le a t an affordable 
price. If rationing c ut s t ec hn o lo gies off 
before they ca n pass through tha t phase, 
new technologies fa il to be developed, and 
the pace of prog ress slows. That nearl y 
happened to MRI (m ag ne ti c reso nance 
im ag ing) in thi s country, and it is 
happe ning to th e a rtifici a l hea rt. It 
will happe n more and more . 

So a ll of the rosy predictions made 
in this a rti c le must be tempered with the 
"soc ia l" r ea lit ies th a t m edic in e will have 
to deal with in the next 20 yea rs. Many 
of the adv a nc es we ha ve di sc ussed may 
simp ly no t ma teria lize because we are not 
wea lth y enough to afford them 
co ll ec ti ve ly. Th a t will be a g rea t 
tragedy . 
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A REVIEW: THE ENCYCLOPEDIA OF MEDICAL IGNORANCE 
R. Duncan and M. Weston-Smith, Eds. , Pergamon Press, 1984 . 
by Thomas Donaldson 

Duncan and Weston-Smith have had a ve ry happ y idea , which is the ir se ries T he 
Encyclopedia of Ignorance. R ather tha n just put toge the r a n acco unt of wha t we thi nk we 
know about various subjects (ph ys ics, astronomy, biology, and so o n) th ey approached a 
se ries of experts in particular fields , asking the m to write abo ut what we do NOT know. 
By now , so me years after s ta rting thi s effort, th ey have go t ·r o und to di sc uss i ng o ne 
va rie ty of igno ra nce nea r to o ur hearts, medical ignora nce. 

As cr yoni c is ts we' ll find th e di sc uss io ns in th is boo k bo th i n te r es tin g and 
fru stra ting. The edito rs did a "good" j ob. Tha t means tha t they ta lked to a ll the right 
peop le. Th e ri g ht peo pl e , o f co urse , ar e all th e pu b li cly ack now ledged experts in 
medic ine. T his mea ns tha t if they had writte n the ir e ncyc lopedia of ig nora nce, sa y, in 
1903 , th ey w o uld hav e mi ssed th e Wright Brothe rs. In 19 59 th ey wo ul d have missed 
space fl ig ht. 

And so, in 198 7 they have missed seve ra l ave nues o f medica l resea rch (a nd therefore, 
severa l fo rms of ignora nce) whic h so meday should become ve r y im po rta nt. Th ere is no 
d iscuss io n in thi s book at all a b o ut ne r vo u s ti ss u e r eg row th, r e p ai r, o r tr a nsp la nt a ti o n . 
The re is no disc uss ion a bout recove rin g ne rve ti ss ue fro m strokes or ische mia. Th e re is 
a lso no discussion of the who le iss ue of grow th a nd develop ment; contro l of grow th a nd 
d eve lo pm e nt will ev e ntu a ll y a f fec t med ic i ne mu c h m o r e p rofo un d ly th an a nti b io t ics eve r 
have. Th e re is a lso n o di sc uss io n of a n o th e r m ys te r y, th e ma n y ca uses of men ta l 
defec ti veness. 

They do prese nt a n a rti c le by T . Sa mo ra jsk i, "The hypo th alam us as an ag ing c lock", 
whi ch d iscusses ag in g, and another by Sir Ma rtin Ro th on sen il e dement ia. Of course, the 
d isc ussio n is quit e "es t a bli s hm e nt" . Am o n g o th e r lacks, Pa ul Sega ll 's work o n poss ib le 
b ioc he mica l orig ins of the rela tion be tween the hypo tha lam us a nd ag ing is o mitted fro m 
Sa mo raj ski 's a rtic le . T o be fai r to Samorajski , he does me nt io n the wo rk o n tryptop ha n 
(as done by Timiras , not by Segall) but does not discuss its bioc he mica l moti va tio n. 

Howeve r, it' s al so tru e that if we forg e t (willin g s us pe ns io n o f di s be li e f ??) th e 
fac t that seve ra l iss ues w hi c h are ve r y import a nt , are neg lec ted , a nd ought not to be, 
the n this book is quite inte res ting. 

N. G esc h w ind co ntri b ut es a n inte r es tin g a rti c le, r ea l ly mo r e h isto r y t ha n a 
d isc uss io n o f the un k now n , p o inting o ut t ha t G er m a n ne uro log is t s a t th e turn o f th e 
ce ntu ry ( 1900) a lready kne w abo ut the importa nce o f the ca llo usa l sys te m which sepa rates 
th e t w o h a lves o f th e br a in . They had d esc ribe d w ha t h a pp e ns if t h is con nec ti on is 
severed , eve n the pheno me non of two independent bra ins which it ca used . The ir wo rk was 
neg lec ted after WW I by the vic to rs, who had to red isco ve r the who le thin g ove r agai n in 
the 1950s. (This is ve ry si mila r to Ge rma n work o n developme nt in the 1930s, which the 
vic to r s , this time th e US, ind e pe nd e ntlk y r e di sco ve r ed w ith mu c h f a nfa r e in Scient ific 
American in the 1960s.) 

It also conta ins a n inte res ting a rticl e "Des tin y and the ge nes: ge ne tic pa thology a nd 
th e indi v idu a l", by P .G .H . Gel!. The articl e di sc usses how so me co nditi o n s run in 
f a mili es , but with sp o tt y inh e rit a nce w hi c h d oes no t f o ll ow th e ge ne exac tl y. Us ua ll y 
tra its in vo lve a comple x inte raction between genes and e nv ironment , which we need to trace 
out a nd understa nd (a nd we ha ve not done this ye t) . The mos t interes tin g pa rt of th is 
a rtic le was its discuss ion of particula r cases; everybody kno ws the ge ne ra l truth . 
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One very neglec ted a rea of medicine consists 6f the pa ras itica l di seases. We neg lec t 
these because we live in a reas o f the world w here (now) they prese nt few pro ble ms. The 
a rti c le by Keith Vi c ker m a n beg in s w ith th e se nt e nce , "It is diffi c ult fo r d we ll ers in 
te m pe r a t e c lim es to r ea li se th e s tr a n g le ho ld th a t infec ti o us di sease s till ma in tai ns on 
the li ves of those li vin g in th e trop ics." The po int tha t Vicke rso n makes in his artic le 
is tha t mos t of the huma n race still s uf fe rs from infec tio us di seases. We haven' t rea ll y 
le ft th e p e riod in whi c h infec ti o us dis ea se is a m a jor ca use o f d e ath , a nd we d o n' t 
und e rsta nd (ye t) ho w to d ea l with these diseases. 

Fin a ll y th e a rti c le b y J. Dick in so n ("Ca rdi ovascul a r sys t e m") t a lk s abo ut w ha t we 
do n' t abo ut reg ula tion of b lood p ress ure. It turns o ut tha t we d o n' t k now a good deal, 
a nd tha t this know led ge would be important to unde rsta nding blood press ure di seases and 
ca rd iovasc ula r diseases in ge nera l. 

On e stri kin g co mmona lit y in ma n y o f these pa pe rs is tha t (to m y interes t) they d id 
no t ac tu a ll y d isc uss ig no r a nce abo ut m a tt e rs o f f ac t , but go t in vo l ve d i n issues abou t 
mora l be hav ior too. I have read the Encyclopedia of Ignorance o n th e ph ys ica l sciences, 
wh ic h spe nds mu c h mo re a tt e ntio n o n matte rs of fac t whic h we do not know than on the 
de te rmina nts of huma n be hav ior. The medica l ve rs io n spe nds muc h mo re tim e on iss ues suc h 
as w hy peo ple smoke, wh y they vis it d octors in the fir s t place , a nd so on . T his probably 
has to do with the sec re t ro le of d oc tors , which is as mo ra l arb ite rs for the commun ity. 

If you ca n suspe nd your disbe lie f a t o m iss io n of suc h e le me nta ry un know ns as those of 
nerve t issue re pai r , th is is n' t a bad boo k. Someday it may even prove very in teresti ng, 
whe n histo ri a ns o f 2 187 read it to see just wha t d oc tors of 1987 tho ugh t were the leadi ng 
q ues tio ns of the ir day. 

* * * * * * * * * * 

Trudy 

by Dave Pizer 

Oh , w ha t I' d g ive to li ve aga in 
T o wa lk this wo rld w he re I a in't bee n 
While m y mind's fo reve r ad va nc iri' 
O h , w ha t I'd give to li ve aga in 

Oh , wha t I'd give to be yo ung aga in 

* 

In a bod y w hose age has been loc ked in 
T o a n ete rna l s tage o f te n plus te n 
Oh , wha t I'd give to be young agai n 

Oh , w ha t I'd give to love yo u aga in 
To hold yo ur ha nd on the day we w in 
As our time less loves once aga in beg in 
Oh , what I'd gi ve to love yo u aga in 

We wi ll come bac k somed ay to 
Li ve aga in 
Be yo un g aga in 
Love aga in 
... Fo reve r 

* * * 
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The following article was generated in large measure from one of the 
depositions provided in suppor t of A/cor's plea for a preliminary 
restraining order in the case of Dora Kent. It has been extensively 
edited and modified by Mike Darwin and the CRYONICS staff. 

THE CRYOBIOLOGICAL CASE FOR CRYONICS 

* * 
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Any casual newspaper reader will have decided quite confidently by now tha t cryonics 
has no chance whatever of success, due to the systematic misinformation contained in all 
media coverage of this subject to date . Not only has the scientific evidence suppo rti ve 
supportive of cryonics not been presented, but the unchallenged, supposedly scie ntific 
criticisms of cryonics presented in the media have been as harsh as the y have been vapid 
and without merit. In reality, it seems that no s up posedly scientific criticism of 
cryonics has ever addressed the real issues involved or ever bee n based on a grasp of 
them . The purpose of this discussion is to provide a summary of th e ex te ns ive 
cryobiological evidence which exists to s upport cryon ic ists' premise th at existing 
freezing techniques preserve the molecular basis of human memor y and personality and thus 
offer a reasonable chance of allowing future restoration of cryonics patients to life. 

Why has this evidence not been presented previously? Th e reason s are large ly 
political. Also it shou ld be appreciated that even a neutral position with respect to the 
emotiona ll y charged s ubj ect of cryonics is hazardous for a cryobiologist because of 
hardened opposition on the part of many key scientists who control job availability and 
grant support. This opposition is generally based on a gut react ion a nd / or philosophical 
objec ti ons that do not in v ite further conside ration. Unfortunately, almost no-on e ever 
se riously asks whether anything as seemingly outrageous as cryonics could have a n y 
compelling scientific foundation, despite the fact that it does . The problem is th at the 
relevant scien t ific facts are far from obvious or readily availab le, and th a t no well
establis hed scientist has ever dared or even been able to enunciate them. 

The result has been the suppression of discussion, the creat ion of anxie t y, th e 
propagation of gross misinformation among the general public, and the censorship of va lid 
scientific observations: in short, the antithesis of what science is supposed to be a ll 



(24) 

about. It is time to consider th e scientific facts and to s how that w hat is really 
ou tr ageo us is not cryonics but the notion that there is no scientific basis for cryonics 
or tha t cryonics cannot possibly work. 

A. Premises and their scientific evaluation 

What are the cryobiological issues ? Another way of asking this question is: wha t is 
the minimum cryobiological requirement for "success" with the cryonics endeavor? Since 
the o ne indispensable goal of cryonics is re s tor a ti o n of th e brain, we can limit our 
a ttention to the cryobiological requirements for the achievement of this goal. Questions 
concerning m a intena nce of the br a in after restoration are not cryob io log ica l a nd can 
therefore be neglec ted here. 

What the n would be required for the brain to be restorable? First, the brain mu st be 
preserved well enough to repa ir, i.e., it must be possible today to prese rve wi th some 
reasonable fidelity the basic biological components of the brains of humans short ly after 
these humans have clinically died. Second, repair technology must be available to car ry 
out any repairs required. 

The t wo indispensable premises of cryonics, then, are rea sonab le brain pr ese r vation 
a nd the dev e lopment of advanced molecular scale (nanotechnological) biological repair 
devices. Both premi ses are full y open to scientific scrutiny and falsification by 
ex pe rime nt or calculation and, in fact , both see m a t present to wi thstand suc h scru tin y, 
as th e experimental evidence which is prese nted in thi s paper as well as the work of 
others on th e problems of biological rep air (see K. Eric Drexler's book , Engines of 
Creation , and his tec hnical papers) should show. If both premises are va lid (ass uming 
c ryonic suspension is done under reasonable conditions and nonsc ie ntific problems do not 
intervene), then in principle cryonics should work to at least some extent. 

As not ed above, this a rticle is about the cryobiological basis of c r yo ni cs rather 
than the ce ll r epai r aspec t. But because the cryobiological premise of cryonics loses 
s ignificance without the na notechnologica l premise of cryonics, it is necessary to 
co mment at le as t briefly on nanotechno logy in order to clarify the r e le va nc e of th e 
evidence to be presented about cryobiology. There appear to be no significant flaws in 
K . Eric Drexl e r's concepts of molecular scale cell repair devices , and thi s judgm e nt is 
supported by the absence of eve n a single significant and coherent ob j ec ti on to his 
concepts. The concepts involved are powerful enough· to make it easy to imagine the 
technology not only for repai ring the fine structure of the brain but a lso th e technology 
for transp lanting a brain into a new body. It seems not o nl y possible but inevitab le 
tha t such tec hnologies will be de ve loped , and a person waiting in liquid nitroge n should 
remain changeless for centuries if need be while such technologies are developed. 

B. Short introductory summary of general conclusions 

It can be stated quite firmly th a t cell bodies, cell membranes, synapses , 
mitochondria , gene ral axon and dendrite patterns, metabolites suc h as neurotransmitters, 
chemical constituents such as prot eins and nucleic ac ids , and ge n e ral brain arc hit ect ure 
a r e preserved reasonably well or exce llentl y with c urre nt techniques. The brain can 
wi thstand seve re mec han ica l distortion by ice wi tho ut impairment of subsequent cognitio n, 
a nd a g lyce ro l co nce ntrati on of less than 4M -- a concentration ac hi eved in current 
c r yo nics procedures -- ca n be shown to lim it ice formation to quantities currentl y th ought 
to be consistent wit h good fun c tional recove ry of the intact brain. 

Information is lacking abo ut the ultrastructure of frozen-thawed brains, but much can 
be inferred from the customary observation of a high level of functional recovery of 
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frozen-thawed brains, brain tissue, or brain cells which depends on a high degree of both 
local and long-range ultrastructural integrity. Absolute proof is lacking about the 
quality of preservation in each and every brain region, since not all brain regions ha ve 
been examined by neurobiologists to date. However, in the experience of those who have 
histologically examined entire cross sections through the frozen-thawed brain at man y 
different levels, no clear differences in preservation quality from one brain region to 
another have ever been apparent. 

A reasonable way of summarizing the world literature on this subject at prese nt is to 
say that wherever either brain structure or brain function has been evaluated after 
freezing to low temperatures and thawing, robust preservation has almost always been 
demonstrable provided at least some minimal attention was paid to providing at least token 
cryoprotection, and in some cases good preservation has been documented in the complete 
absence of reasonable cryobiological technique . The implication of these findings is tha t 
structures and functions not examined to date will also respond in a favorable way to 
freezing and thawing. 

C. Detailed review of relevant current cryobiological knowledge 

I. General cryobiological background 

Freezing is not a process of total destruction . It is well known tha t human embryos, 
sperm, skin, bone, red and white blood cells, bone marrow, and tissues such as pa rathyroid 
tissue survive deep freezing and thawing, and the same is true for systems of animal 
ong1n. In 1980 a table was published listing three doze n mammalian organized tissues a nd 
even a few mammalian organs which had been shown to survive cooling to low tempera tures 
(I), and this list could now be expanded due to additional experiments on other systems. 
Such survival could not occur if the molecules compr1s1ng biological systems were 
generally altered by freezing and thawing and, in general, free z ing does not cause 
chemical changes or protein denaturation. 

Contrary to popular imagination, cells never burst a s a result of intracellular 
fr eezi ng. The expansion of water as it is converted to ice ca uses le ss th an a I 0% 
inc rease in volume, whereas cells can withstand far large r increases in vo lume, e.g. , 50-
I 00% increases. But the primary flaw in this concept is the idea that ice forms in ce lls 
at all under ordinary conditions of slow freezing : it does not. Inst ead, ice forms 
between cells and water actually travels from the interior of the cell to the ice outside 
the cell, causing shrinkage rather tha n bursting of the cell. 

Ce ll death during slow freezing may be related to changes in th e cell membrane 
produced by cell shrinkage, or to toxicity of cryoprotectants as th ey are progress i ve ly 
concentrated as a consequence of the formation of pure ice in initially dilute solutions. 
Both of these putative causes of dea th are relativel y mild on the molecular leve l a nd a re 
ce rtai nl y not irreversible in principle. But whatever the cause of death, ce lls exami ned 
in the frozen s tate appear to be structurally intact even when the y are known to be 
nonv iable upon thawing (with very few exceptions on the part of nonmammalian systems not 
re levant to the brain). This is true both for single plant and animal cells and for ce lls 
that comprise animal tissue . Hence, lack of functional recovery after thawing is not 
proof of lack of structural preservation in the frozen state before thawing, and it is the 
latter that is relevant to cryonics. 

A truism of cryobiology is that different types of cells require different protocols 
of cryoprotectant treatment, cooling and warming rate, and cryoprotectant washout in orde r 
to exhibit maximal survival. Some kinds of cells are particularly difficult to fr eeze 



(26) 

witho ut k illing the m. All of these differe nces can be minimi zed grea tl y by usi ng high 
co nce ntr a ti o ns o f c r yo pr o t ect a nt , pro v id e d s uc h co nce ntr a ti o ns a r e to le ra te d . 
Neve rth e less, o th e r th a n a f ew ge n e r a liz a ti o ns s uc h as th ose d esc ri be d a bove, i t is 
im poss ible to ex tra po late fro m o ne bio log ica l sys te m to an othe r in te rms o f p redic tin g th e 
de tai ls o f its c ryob io log ica l be hav ior. 

Fo r this reaso n , if we wish to unde rstand w ha t happens to the b ra in whe n it is 
froze n, we ca n' t a rgu e on th e bas is of results obta ined with kid neys . o r pl a nt ce ll s or 
e m bryos or gra nulocytes, but must, instead , focus spec if ica ll y on the b ra in . Here in lies 
one of th e la rges t e rrors c ryob io log ists and other sc ienti s ts have mad e 1n d ism iss in g the 
prospec ts for c r yo nics: mak in g sweep in g nega ti ve s ta te ments w itho ut kn owing anyt h ing abo ut 
th e c r yo biol ogy of th e br a in (o r , f o r th a t matt e r, th e prim acy of th e b ra in , o r th e 
co ncep ts o f na no tec hn ology). 

In o rde r t o exa min e th e sc ie nti f ic ev ide nce bea rin g o n th e o nl y i nd ispe nsab le 
c r yob io log ica l p r e mi se o f c r yo ni cs, th e n , th e ba la nce of thi s a rt ic le w ill be devoted to 
a n ex te ns ive rev iew of th e co nten ts of a la rge numbe r o f sc ie ntifi c papers o n th e f reez ing 
of bra ins, brai n t iss ue, a nd/ or bra in ce lls. As exte nsive as th e fo llow in g re ma rks a re, 
it should be unde rstood tha t th ey a re no t ex ha usti ve . No a tt e mp t has bee n made to ob tai n 
th e co m p le te scie nt i fi c lit e ra tur e des cribin g th e s t a te o f bra in s a ft e r f reez ing in ways 
w hi c h a r e r e leva nt t o th e iss ue o f c r yoni cs. Thi s rev ie w s impl y re fl ec ts a ll re leva nt 
info rm a tion c urre ntl y at ha nd . 

2. Li vin g adult a nim a l bra ins 

Dr. Robe rt J . White, the Cha irma n of the De pt. of Ne urology a t Case Wes te rn Rese rve 
U n ive rs it y' s Sc hoo l o f M e d ic in e, has f avo ra bl y di scusse d th e p rospec ts f or th e eve ntu a l 
s uccess ful cr yo prese r va ti o n o f hum a n br ai ns (2 , 3,4) . (Dr. Whit e is a lso a n exper t o n 
ce ph a li c tr a ns pl a nt a tion a nd h y po th e rm ic br a in prese r va tion a nd has p ub l is hed severa l 
sci e nt ifi c pa pe rs o n th ese s ubje c ts .) Ho we ver, it is cl ea rl y impossibl e t o e xp e rim e nt 
w ith e ntire li vin g huma n bra ins, so th e closes t we ca n co me to eva lua tin g th e deg ree of 
to ta l b rai n prese r va ti o n ac hi eve d in bes t- case cr yonics procedures is to rev iew th e 
res ults o f freezin g the bra ins o f a nima ls. 

The ea rli es t obse rva tio ns o f thi s so rt we re mad e b y Love loc k a nd Smith (5,6) in 1956. 
T hese in ves ti gato rs froze go lde n hamste rs to colonic te mpera tures be twee n -o. s·c and -1 •c 
a nd q ua ntita ted th e a mount o f ice fo rmed in the brai n , a llow ing them to d ete rmine how mu c h 
ice f o rm e d in th e b ra in s o f a nim a ls w hi c h m a d e f ull neur o log ica l recove ri es . T hey 
d e te rmined th a t a t leas t 60% of the wa te r in the bra in co ul d be co nve rted in to ice w it ho ut 
d a m ag in g th e a bilit y o f th e ha ms te rs t o r ega in no rm a l be hav io r a ft e r th aw in g . 
Co ns id e r a bl y m o re ice was c o ns is te nt w ith r es to r a ti o n o f br ea thin g, a co mpl ex ne u ra l 
fun c ti o n . Howeve r , th e exact qu a ntit y o f ic e ( a bov e 60 % ) co ns is t e nt w ith full 
ne urolog ica l recove ry could not be c learl y de te rmi ned , because o f d ea th du e to intes tin al, 
pul mo na ry, a nd re na l b leedin g. Neve rthe less, to le rance of a t leas t 60% ice by t he bra in 
shows tha t thi s o rga n is co ns ide ra bl y more tole ra nt o f freez ing tha n is the k idn ey . 

The prospec ts for success full y avoidin g da mage due to the fo rma tio n of ice a t mu c h 
lowe r te mp e r a tur es ca n be assesse d to a fir s t a pprox im a ti o n base d o n thi s f in d in g o f 
Love loc k a nd Smith . The q ua ntit y of glyce rol required in theo ry to preven t mec ha nica l 
injury fr om ice (Cgr) ca n be ca lc ula ted f ro m the equa tio n (de ri va ble from refe re nce 7) 

Cg r = 9.3 - .093Vt 

w he re V t is the pe rce ntage of th e liquid volu me of the b ra in w hic h can be co nve rted into 
ice w ith out ca usin g injury. Assumin g V t = 60%, Cgr is 3.72 M. 
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The work of Lovelock and Smith was followed up by Suda and his associates (8,9,10), 
who made a number of critical observations on frozen glycero lized cat brains. Their first 
publication, in 1966, demonstrated that cat brains gradually perfused with 15% vfv 
glycerol at I o·c and frozen very slowly for storage for 45-203 da ys at the very 
unfavorable temperature of -2o•c regained normal histology, vigorous unit (individual 
cell) activity in the cerebral cortex, hypothalamus, and cerebellar cortex, and s trong if 
somewhat slowed EEG activity (8) after very slow thawing. 

These results are remarkable in a number of ways. First, it is clear th at no other 
organ would be capable of the same degree of activity after such prolonged storage at such 
a high subfreezing temperature. Second, Suda et al. made no attempt to supplement the ir 
perfusion fluid (diluted cat blood) with dextrose, which must have become depleted fairl y 
rapid ly, worsening the EEG results. Third, Suda and colleagues did not wash the glyce rol 
from the brain carefully, and this may have caused injury during brain reperfusion. 
Fourth, the presence of EEG activity implies preservation of long-range neura l connections 
and sy nap tic transmission, and unit activity indicates preserva ti o n of ce ll membrane 
integrity, energy metaboli s m , and sodium and potassium pumping capability. In short, 
these br a in s appeared to be basica lly viable based both on function and on s tructure. 
Although "pial oozing" after abo ut an hour of blood reperfusio n was noted (bu t not 
described adequately), this defect see ms minor. 

Their seco nd publication, in 1974 (9), went considerably farther. After 7.25 years 
of sto rage at -2o•c, "well synchronized discharges of Purkinj e cells were obse rved" (i.e., 
normal ce r ebe llar unit activity) as well as "s ponta neous electrical activity ... from the 
thalamic nuclei and cerebellar cortex", and short-lived EEG activity from th e ce reb ra l 
cortex. Another brain stored for 777 days showed cortical EEG activity for 5 hours afte r 
repe rfusion . In both cases, EEG activity was of lower quality than EEG ac tivit y of fresh 
brains, but the existence of any activity at all after such extraordinary conditions is 
amazing. Cell loss after 7.25 yea rs and hemorrhage after reperfusion of brains stored for 
5-7 yea rs is not surprising. 

More important was a comparison of the frequency distribution of EEG ac!lv •t y in a 
fresh brain before perfusion and then after storage at -2o•c fo r 5 days. The EEG pattern 
before freezing and after thawing was ve ry nearly the same (9). It shou ld be noted tha t 
in a typica l cryonics operation, the time spent nea r -2o•c is measured in hours rather 
than days or yea rs and, based on the work of Suda et al., should not therefore in vo lve 
apprec iab le deterioration of the brain . 

It is noteworthy that in both reports of Suda's group, the brains were successfull y 
reperfu se d with diluted cat blood after thawing. The quality of reperfu s ion was not 
documented in detail, but the autocorrelogram comparing the EEG of the 5-day cryopreserved 
bra in to the EEG of the same brain before freezing could not have been as good as it was 
without r e latively complete restoration of cerebral circulation. This is a n imp ortan t 
question not only with respec t to viability and functional recove ry but a lso with respec t 
to the accessibility of the brain to nanotechnological repair devices which might be 
administered via the vasc ular system. 

Also relevant were unpublished results mentioned in passing (9) on storage at -6o•c 
and -9o·c and on the effectiveness of other cryoprotectants (dimethyl sulfoxide or 
polymers). Evidently, EEG activity could be obtained after freezing to -6o•c and storage 
for weeks, but not after freezing to -9o·c. and dimethyl sulfoxide was effective but not 
as effective as glycerol. This is confirmed in an unpublished manuscript by Sud a (I 0), 
which reveals also that unit (single cell) activity can still be recorded in brains frozen 
to -9o·c. This unpublished paper (written in Japanese) also shows that brain reperfusion 
was better after thawing when glycerol rather than DMSO was used. 
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These results can be e va lua ted with respect to the information obtained pre viousl y by 
Lo ve lock a nd Smith. For protec tion against mecha nical injury a t - 9o·c, as noted above, 
the results with ha msters suggest that 3.72 M glycerol, or 27.2% gl yce rol by volume, might 
be req uired, whereas Suda a nd colleagues used only 15% glyce rol by volume. It can be 
ca lculated (II) tha t at Sud a's s torage temperature of - 2o· c, 62% of the liquid co nten t of 
the bra in was con verted into ice , while at -6o•c, 77% of the liqu id volume of the brain 
was converted to ice, a quantit y w hich equals or exceeds the tolerab le d e gree of 
distortion by ice in the hamster brain. Therefore, the finding by Suda and his colleagues 
of no injury at - 2o•c for 5 days but of injury after freezing to -6o•c and especially to 
-9o·c is entirely consistent with predictions from the work of Lovelock a nd Smith and is 
a lso en tire ly consistent with a n a bsence of any such mechanical injury in the brai ns of 
cryo nic suspension patients perfused with more than 3.72M glyce ro l. 

The work with hams ters a nd with cat brains demonstrates tha t ex te nsive freezing of 
the brain a t high temperat ures is compatible with its full function a l recover y and tha t at 
leas t partial functional recovery from low temperat ures is a reasonab le prosp ec t, but 
these studies do not describe the hi s tological effects of free zi ng brains to the low 
temperatures required for trul y lo ng term preservation . This inform ation was provided by 
Fa hy a nd colleag ues ( 12-14a). They reported tha t with either 3M or 6M glyce rol, exce llent 
hi s tological prese rvation of the cerebral cortex a nd th e hippocampu s wa s obse r ved a fter 
s low freezing to dr y ice temper a ture (-79.C). In fact, there was no difference in 
structure between brains which had been perfused with glycerol only or bra ins wh ich had 
been perfused , froze n, and thawed. A lthough Fah y et a l. did not repo rt it fo rma ll y, thi s 
finding was also true in every other region o f the bra in exa mined, such as the cerebell um 
a nd the area of the ve ntral brain containi n g giant neurons and we ll-orga ni zed axona l 
bundles. It is of int erest that Fahy e t al. observed bra in sh rink age if th e p e rfu s io n 
temperature was held constant below room tempera ture ( 14a). Bu t Sud a and his colleagues 
also observed the sa me degree of bra in shrinkage ( I 0), ye t this did no t prevent appare nt 
sur viva l of their fro ze n cat brai ns. 

One report ( 14b) has appeared which briefly doc umented the ultras tru c tura l effec ts of 
now-obsole te cryonics procedure on the bra in . A sin gle dog was pe rfused direc tl y with 15% 
DMSO for 55 minutes a t 10-I ?"C. The head was then cooled a t O. I•c;min to - 14·c a nd then 
coo led at 0.5.C/ min to lowe r tem peratures . The brain was es tima ted to have reached - 79•c 
after 3 hours, a ft e r which it was shipped cross-country fo r th awing, fixation , and 
exa mina tion by lig ht and elec tron mic roscopy. Histoc hemica l sta inin g of undefined na tu re 
sho wed evidence for app reciable e nzyma tic ac ti v it y a nd· ce llul ar re te ntion of hi stoc he mica l 
reaction product, i.e . , intact cell m emb ran es . Ultras tructur e, as docum e nted in a sing le 
electron micrograph, r evea le d int ac t c e ll bodies, a n intact d o ubl e nu c lea r m e m b ran e, 
int ac t m ye lin s he a th s a round s mall m ye linat ed fib e rs, r ecog ni zab le organelles 
(mitochondria and endop las mic ret ic ulum), and recognizable synapses. Ex te ns ive da mage was 
a lso appare nt , but it was no t c lea r whether this was due to freezing a n d th aw in g, 
perfusion wit h DMSO in o ne step as opposed to grad ual add ition , or abrupt di lution of DMSO 
upon fixation. No de ta ils were provided as to DMSO washout a nd fi xa ti on procedures . 
Significantly, the co nce ntra tio n of DMSO e mployed was not suffic ie nt to pre ve nt mec ha nica l 
damage according to "the Smith crite r ion" men tioned ea rli er. Th e presumption wo uld be 
th a t c urr e nt cryo ni cs procedur es, e mpl oy in g the preferred cryoprotec tan t g lyce ro l in 
hi g he r co ncen tr a t ions, bette r preserve ultras tructur e. Neverthe less, it is not obvious 
from the published micrograph th at the o ri gi na l brain stru c ture co uld not be in fe rred. 

3. Lil•ing adult hum a n a nd anima l brain ti ss ue 

In 198 1, Haa n a nd Bowe n ( 15 ) reported tha t the y had collec ted sec ti ons of cerebra l 
co rtex from living huma n pa tie nts (during bra in operations requiring remova l of cortex to 
allow access to dee p tu mors) , a nd froze n the m usin g I 0% v f v dimethy l sulfox ide (DMSO) as 
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the cryoprotectant. The DMSO was added and removed essentially in one step each, with 
some agitation of tissue samples to promote equilibration in the short times allowed for 
equilibration at 4•c. Freezing was accomplished by a two-step method in which the tissue 
was placed at -3o·c for 15 min (5 min required to reach -3o·c, for a cooling rate of about 
6•c; min, and 10 min of equilibration at -3o•q and then transferred directly to liquid 
nitrogen . Thawing was rapid . For comparison, rat brain tissue was obtained b y 
decapitating rats and removing their brains (probably involving a warm isch em ic insult of 
5-10 min), and this rat brain tissue was equilibrated with dimethyl sulfoxide and frozen 
in the same way. 

The results? Norepinephrine uptake was 94-95% of control uptake for both ra ts and 
humans. Incorporation of glucose-derived carbon into acetylcholine was 89-100% of control 
incorporation for rats and 85% of control for humans. Incorporation of glucose-derived 
carbon into C02 was 86-100% of control for rats, 78% of control for humans. 

Haan and Bowen noted that their tissue prisms are mostly synapses, so the ir results 
imply that synapses of both rats and humans survive freezing by their tec hnique. This 
agrees with inferences noted above that synapses survive in whole brains frozen with 
completely different techniques. Although not strictly brain ti ss ue, the sup er ior 
cervical ganglion, considered part of the central nervous system, also demonstrated 100% 
recovery of synaptic function after freezing to dry ice temperature in 15 % glycerol, 
according to Pascoe's report in 1957 ( 16). It was noteworthy that Pascoe's ganglia also 
showed 100% recovery of action potential amplitude and conduction velocity after thawing 
from dry ice temperature ( 16). 

In 1983, Hardy et al. ( 17) confirmed the extreme survivability of synapses in human 
brain tissue beyond any doubt. Once again, normal living adult human cerebral cortex was 
removed during operations on deep brain structures and compared to viable rat forebrains 
in terms of freeze-thaw recovery. The best results were obtained by freezing 1-5 gram 
pieces of human brain (or I gram rat forebrains), as opposed to freezing homogenates. 
The cooling rate to -7o•c was slow but was not measured or controlled; the thawing ra te 
was fast but not measured or controlled; the sole cryoprotectant was 0.32 M sucrose (Far 
from an optimal regimen!). After thawing, synaptosomes were prepared from the tissue 
samples and tested for functional recovery . Here is a summary of the results: 

Measurement 

number of synaptosomes recovered 
number of mitochondria recovered 
increase in number of unidentifiable 

(damaged) structures 
amount of protein recovered 
oxygen uptake/ I 00 mg of protein 
stimulation of oxygen uptake by veratrine 
potassium accumulated/100 mg protein 
loss of potassium stimulated by veratrine 
retention of neurotransmitters (aspartate, . 

glutamate, GABA) 
stimulated transmitter release (amount, 

selectivity, and drug modulation 

• recovery compared to unfrozen control samples. 
•• suboptimal technique 

Percent recovery* 
human rat 

not done 
133** 

29 
91 
78 
86 
86 
39 

good 

good 

80 
67 

24 
70 
59 
86 
70 
85 

good 

good 
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As Hard y et a!. stated, it is apparent that both human and rat brain ti ss ue frozen to 
- 10•c with a lmost no cryoprotection has synapses "closely comparable to {those from). . . 
fr es h tissue" . 

As if this were not demonstration enough, Walder (18) has shown th a t not even 
cryosurgery destro ys synapses. He applied a -6o·c cryoprobe to the brain of cats for 5 
min and examined the resulting lesio ns in the electron microscope . No t only we re well 
preserved synapses found , but also cell bodies, organelles, and neuronal processes could 
be identified, despite considerab le damage to the organization of the neuropil and to 
astrocyte cell membranes. 

4. Living fetal human and an im al brain tissue 

In 1986, Groscurth et al. reported the successful freezing of human fetal brain 
tissue ( 19). I x2x2 mm brain fragments from a 9-14 week abortus were treated with I 0% DMSO 
and 20% fetal calf serum and placed into a -3o·c environment for 3 hours or overnight, 
then stored at -8o·c for several weeks, then finall y transferred to liquid nitrogen. 
After storage for 3-12 months, the samples were "thawed at room temperature", tr yps inized , 
a nd seeded on glass cover slips for 2-4 weeks of tissue culture at 37•c. The brain cells 
were found to be alive and to grow in culture: "Twenty-four hours afte r tr yps inization 
the cells formed clu s ters of variable size.... During further cu lti va tion num e rous fiber 
bundles were found to grow from the margin of the clusters. Single fibers showed 
va ric os ities as well as growth cones at the terminal projection . Bipolar sp indl e - s haped 
cells with a smooth surface were regularly apposed along the bundles." 

The first reports of attempts to freeze fetal animal brain tissue seem to be those of 
Houle and Das in 1980 (20-22). These attempts were fully successful, the frozen-th awed 
transplanted cerebral cortex being indistinguishable from non-frozen brain tiss ue 
tran sp lants in every way . Da s et al. have more recently described th ei r technique in 
finer detail (23). Briefly, they use 10% DMSO, a cooling rate of 1•c ; min, storage at 
-9o·c, and rapid tha wi ng. Survival was best if the ti ss ue was not dissociated o r minced 
before freezing. 

Although a variety of conditions allowed for 100% success ra tes for 16 and 17-day 
neocortex, brainste m tiss ue from 16-day fetuses showed at best a 50% survival rate, and 
Da s et al. suggested that these more differentiated cells, which have a low transplant 
survival rate even in the absence of freezing and thawing, might be more damaged by 
freezing and thawing. On the other hand , it should be kept in mind th at, as should be 
c le a r from the ear li e r discussion of cryoprotectant concentrations necessary for 
protection at low temperatures, 10% DMSO is a rather low concentration of a possibly 
suboptima l cryoprotectant (Suda indica ted that glycerol was superior to DMSO for brain), 
and better survival might well have been obtai ned usi ng the more gentle fre ez in g/ thaw in g 
condi ti ons employed in cryonics procedures. 

Jen se n and colleagues (24) reported their work on freezing fetal hippocampal ti ssue 
in 1984 , again usi ng 10% DMSO , a cooling rate of 1•c;min, storage in liquid nitroge n, and 
rapid thawing. Trea tment with DMSO at 4•c was for 2 hr, with rap id washout a t room 
tempe ra ture (not necessarily an innocuous approach; unfortunate ly, no DMSO co ntrols were 
done). Although 21 % of the c ryoprese rved hippocampi showed ideal s tru ct ural preservation 
afte r development i11 ocu /o, in general th e re was some struc tur a l alteration compa red to 
nonfrozen co ntro l hippocampal tra nsp lants. It was felt that this may have been due to the 
ext r a man ipul a ti ons of the cryopreserved tissu e (controls were not washed in DMSO 
so luti o ns, etc.). Only half of th e cryopreserved tr a nspl a nt s a t mo s t were found to be 
present a fte r 20-68 days i11 oculo , survival rate bein g dependent upon feta l age . It was 
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felt that this once again may have been due to loosening of the hippocampal structure by 
the experimental manipulations. 

This tended to be confirmed by transplants into the bra in ra ther than into the eye: 
the brain prov ides more confinement to transplanted hippocamp i, helping to prevent 
disi ntegra tion of the grafts , and, in fact, 100% of hippocampi transp lanted to the brai n 
survived . (It shou ld be obvious that the hippocampus of a frozen intac t bra in wi ll of 
course receive support from all surrounding structures and will thus be more a nalogous to 
the intracerebral transplants noted by Jensen et al. than to the intrao c ul a r tr a nsp la nt s, 
in addition to being spared from disruptive manipulations in vilro.) 

Frozen-thawed hippocampi grown in oculo were smaller than control grafts, and frozen
thawed hippocampi transplanted ei ther to the eye or to the brain showed a loss of dentate 
granu le cells (a 35% loss was see n in oculo). In several other ways, this complex brain 
st ructure important for encoding and decoding memorie s appeared to be un affec ted by 
freezing and thawing. Moreover, freezing in 10% DMSO, as no ted above, might not be an 
ideal procedure . It should be noted that Fahy et al. were no t impressed by any loss of 
dentate cells in whole adult rabbit brains after freezing and thawing ( 12-14a). 

Jense n's group followed up this work with more ex tensive work on ma ny different 
subr eg ions of the fetal rat brain , i.e . , the neocortex , habe nula, septum and basal 
forebrain, cerebellum, and retina (25) . All of these region s s howe d good s ur vival a nd 
preservation of normal structural o rganization a fter tr a nspl a nt a tion int o a n adult 
reci pient's cerebral cortex , despite wide, un co ntr o ll ed variations in cooling protocol 
from run to run . The only exception was the cerebellum: only 2 of 7 grafts were found at 
the time of sacrifice, although they were structurall y normal. The numbers in volved are 
too s ma ll for adequate s ta ti s ti ca l analysis, a nd no co ntr o l ce rebe ll ar grafts we re 
performed to determ ine if this rate of takes is normal fo r this ti ssue. A ll in a ll, then , 
this paper tends to confirm the impression from other studies that tissue from many quite 
d ifferent brain a reas survives free zi ng and thawing quite well. 

5 . Li ving human and animal isolated brain cells 

Silani et al. (26) dissociated human fetal cerebral cortex into ce ll s and fr oze th e 
cells at I oc;min in 7% DMSO plus 20% fetal calf serum . After more than 12 months in 
liqui d nitrogen, the cells were thawed ra pidly. Imm ed ia te ly af te r th awi n g, th e cel l 
reco ve ry was 96 .5+/ -2 . 1%, s howin g that brain cells are n o t ph ys ica li y d est ro yed b y 
freezing even under ra ther severe conditions. After 72 hours of c ulture , 53% of the tota l 
ce ll population was a li ve, but only 24% of the neurons were a li ve. The surviv ing neurons 
were , however, morphologica ll y and funct ionall y normal, as we re astrocytes. Silani e t al. 
co nside red their y ie ld of human neuron s to be a high o ne. Th ese r es ults show 
unequivocally that human brain cells can survive freezing and thawi ng and imply tha t, as 
was the experience of Hard y et al. (17) and Das et al. (23) (a nd as is suggested by the 
expe rien ce of Jensen et al. (24)), it is bes t to u se undi ssocia ted ti ss ues (analogous to 
th e intac t brain in cryonics procedur es) rather than di ssocia ted ce ll s to obt ai n optimal 
res ults. 

Kim e t al. (27) iso la ted living oligodendrocytes and astrocy tes from the white mat ter 
of brains of human cadavers aged 62, 86, and 93 years after 5, 14, and 6 hours of 
c linical dea th , respec ti ve ly. These ce lls were cultured for 2-28 days, the n sc raped from 
thei r substrat um, exposed abruptl y to I 0% DMSO, frozen to - 70oC a t an unknow n and 
un co ntrolled, exponentiall y d ec re as ing rate, immersed in liqu id nitrogen f o r 1-3 weeks , 
thawed rapidly, and abruptl y diluted to 1% DMSO, furth er washed, and recultured. The 
exce ll e nt m o rpholo gy of the cultured cells a ft e r th aw in g and the ro bu s t pres e nce o f 
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me mbra ne markers was not different from what exis ted before freezi ng. 70%, 60%, and 55% 
surviva l was obtain ed afte r 2, 7, and 28 days of culture befo re freezing , respective ly. 

Kim et a l. (27) a lso reported informally the following . "Recently, we have froze n 
va rious types of neura l t iss ue cultures a nd found tha t the recovery of frozen ne urons a nd 
glia l cells was excelle nt. The neural cultures tested were: (a) dissocia ted chick embryo 
spi na l co rd and do rsa l root gang lia; (b) dissoc iated ne wborn mouse cerebellum a nd dorsal 
root ga ng li a; (c) dissociated ad ult mo use d o rsal root ganglia, a nd ; (d) dissociated or 
exp la nt fetal huma n brain cultures." 

K awamoto a nd Barrett (28) froze rat fetus stri a tal (including overlying co rti ca l) and 
sp inal cord cells by dissociating th ese tissu es in 5-10% DMSO and placin g th em int o 
uninsu la ted boxes in a -9o•c freezer a nd leaving the m there for up to 88 days. The y were 
then thawed rapid ly a nd ex posed immediately to DMSO-free so lution , a procedure these 
scientists found to be damaging. Nevertheless , they observed "n e uron a l survival r a tes 
co mp arab le to th ose of brain ti ss ues plated immediately after di ssec tion ". Preliminar y 
res ult s indi cated s imil a r survival of neuroglia frozen in the sa me way . Survi va l was 
roughl y independent o f DMSO conce ntrat ion above 5%. Inc reased sensi ti vit y of the cells to 
mechanical forces was observed af te r thawing or after simple cold storage, but this was 
red uced by using cryo protectant carrier so lutions low in sodium. Beautiful morpholog y was 
see n af ter thawi ng, and v igorous reg row th of cellular processes occurred afte r thawi ng to 
give mature cultures indistinguishable from controls. Surpri s in g ly, dissociated cells 
sur vived free zin g a nd thawi ng better tha n cells em bedded in undissoc ia ted tissue. 

Scot t and Lew (29) gradua ll y exposed undisturbed cultured ad ult mouse dorsal root 
ga ng lion cells to I 0% DMSO, placed the m in a -15•c e nvi ronment for 30 min, then placed 
them in liquid nitroge n vapor. Thawing took 5 min , after which the DMSO was removed 
gradua ll y. Oth e r cultured neu rons we re dissoc ia ted a nd frozen a nd tha wed similar ly as a 
cell s us pension . Th e rel a ti ve numb e r of surviving neurons was not qu a ntita ted in thi s 
s tud y, a lth o ug h th e re was evidently co nsid e rabl e cell de a th (probably due to th e high 
coolin g ra te below -15·c, whic h wo uld be expected to induce intracellular fr eezi ng and 
ce ll death). Neve rthe less, ma ny ne urons survived and were capable of basically normal 
elec trica l ac tivity as we ll as regene ra tion of new ne rve fibers . 

6. Post-mortem hum a n and animal brains 

Human brain banks a re now in exis tence for inves tiga tors interested in understa nding 
human brain biochem ist ry a nd pathology (30-33). Sec tions or subregions of post-mortem 
hum a n brains, frozen rapi dl y seve ra l hours a ft e r d ea th, are sent to medical r esea rc hers 
w ho a na l yze th ese brains for neurotr a nsmitters, proteins, enzyme activity , lipid s , nucleic 
ac ids, a nd eve n histology. The re would be no reason for such ba nks if no molecular or 
stru c tura l preservation we re ach ieved by freezing. 

Haberland e t al. (34) iso lated synap toso mes a ft e r freezi ng the nucleus accumbens of 
ra ts and of 72 (plus or minus 5) yea r old humans. The humans were dead 15 +/ - 5 hours 
befo re thi s brain s tru ct ur e was removed a nd frozen. Previous studies in dica ted th at 
dopami ne uptake by sy naptosomes could still achieve 55% of the va lu es of fresh brains even 
24 hou rs aft e r deat h . In this stud y, the humans were not refr igera ted until 3-5 hou rs 
after death. Freezing was done wit h va ryi ng concentrations up to I 0% DMSO, 1.2•c; min to 
- 25•c , and subseq ue nt immersion in liquid nitroge n. Experiments o n rat nucleus accumbens 
(NA) removed 5-10 min a ft er decapitation of th e r a t indi ca ted that f re ezing to - 2 5•c 
ca used no measurab le reduct ion o f dopamine uptake. When ra t NA was froze n to -1 96•c, 
surviva l ra nged from 96% of cont rol usi ng 0.07 M DMSO to 99.7% of control usi ng 0.7 M 
DMSO. Human NA frozen to -196•c as desc ribed in the prese nce of 0.7 M DMSO (5% vfv) 
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yielded dopamine uptakes equaling 102.9+/-5.2% of unfrozen control uptakes. 

Stahl and Swanson (35) looked at the fidelity of subcellular localization of 6 brain 
enzymes and total brain protein after guinea pig or post-mortem human brain tissues were 
frozen to - 10•c without a cryoprotectant simply by being placed into a freezer . Their 
conclusion: "subcellular fractionation of brain material is possible even with post-mortem 
tissues removed from the cranial cavity some hours after death . Two other groups have 
subsequently fractionated human post-mortem brain and have come to a similar conclusion: 
"Our present study further shows that even after freezing and prolonged storage, human and 
guinea pig brains can be separated into biochemically distinguishable subcellular 
fractions .... Frozen storage for several months did not strikingly modify the fractionation 
characteristics of freshly homogenized cerebral cortex." 

Schwarcz (36) subjected rat brains to post-mortem conditions compa rable to th ose 
experienced generally by humans: 4 hours of storage in situ at room temperature followed 
by 24 hours of storage in situ at 4•c followed by brain isolation and freezing of brain 
regions by placement in a -so•c freezer for 5 days . Glutamate uptak e by striata l 
sy naptosomes prepared from striata frozen in this way amounted to 26% of control uptake by 
fresh tissue synaptosomes, an amazing degree of preservation . (Schwarcz noted, howe ver, 
that glutamate uptake processes may be more resistant than se rotoninergic, dopaminergic, 
and cholinergic uptake mechanisms.) 

Brammer and Ray (37) confirmed that it is possible to isolate intact , if no t li ving , 
o ligodend roglia! cells from bovine brain white matter after freezing to -3o·c wi thout any 
c r yopro tective agent, more than I hour after the slaughter of the cow. (The original 
paper describing isola tion of human oligodendroglia under similar circumstances is tha t of 
Iqbal et al. (38)) If the white matter was treated with polyvinyl pyrollidone ( PVP ) 
before freezing, cytoplasmic enzyme activities were not different from enzyme ac ti vities 
in ~:nfrozen cells (without PVP, enzyme activities were one half to one fourth of co ntrol 
values, which demonstrates significant preservation of enzyme structure and function even 
under these highly adverse circumstances.) Although no data were shown concerning the 
ef fects of glycerol or DMSO , it was stated that these agents did not impro ve enzyme 
activity . Nevertheless, it should be recalled that Kim (27) isol ated the same cells from 
post-mortem human brains before freezing and found that pretreatment with 10% DMSO a ll owed 
them to survive freezing to liquid nitrogen temperature. 

Morrison and Griffin (39) isolated undegraded messenger RNA from huma n brains afte r 4 
or 16 hours of death, with or without freezing in liquid nitrogen . The mRNA was used to 
direct protein synthesis in vitro, which was then anal yzed b y 2-D O'Farrell gel 
electrophoresis. Normal protein populations were observed, causing them to conclude "that 
post-mortem storage for 4 and 16 hours at room temperature had little effect on th e 
spect rum of isolated mRNAs" and "the profile of proteins synthesized ..... was not 
changed .... when the tissues were stored in liquid nitrogen." 

Many similar reports exist in the literature. Tower et al. showed preserva tion of 
oxyge n consumption and enzyme activities in brains of many species, including whales 
subject to many hours of warm ischemia, after isolation from the dead animal and freezing 
(40-42). Hopefull y, the point is clear that brain structure and even some brain function s 
and enzymatic activity survive freezing even · when freezing is done after hour s of 
unprotected clinical death and even with minimal or no cryoprotection. 

7. Post-mortem human spinal cord and outflowing nerves 

One report (43) is available documenting the effects of cryonics procedures on the 
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spinal cord, which is part of the central nervous system. A human cryopreserved by now
obsolete cryonics procedures was decapitated while frozen, the body thawed, and the spinal 
cord and spinal nerves examined histologically after aldehyde fixation and osmication. 
The basic finding was that myelin sheaths were intact and shrunken axoplasm could be seen 
w ithin the mye lin sheaths, conceivably indicating intact axolemmas. Large neuronal cell 
bodies were observed which appeared intact and normal in shape. In general, the 
histological preser va tion was impressive. Apparently intact blood vessels were observed 
within the spinal cord. (Other, non-neuronal tissues were also examined and were found to 
be surprisingly intact, with the exception of the liver and, to a le sse r extent, the 
kidney.) 

Summary 

The scientific literature allows no conclusion other than that brain structure and 
even man y brain functions are like ly to be reasonably well preserved by freezing in the 
presence of cryoprotective agents, especially gl yce rol in high concentrations. Thus, 
cryonics' premise of preser va tion would seem to be well supported by existing 
cryobiological knowledge. This is not to say that cryonics will inevitably work. But it 
is to say that cryonics ma y work and that it is a reasonable undertaking -- not the 
provenance of madmen or misguided fools. 
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Meeting Schedules 

Alcor business meetings are 
usually held on the first Sunday of 
the month . Guests are welcome. 
Unless otherwise noted, meetings 
start at I PM . For meeting 
directions, or if you get lost, call 
Alcor at (714) 736-1703 and page the 
technician on call. 

(37) 

The APRIL meeting will be held at the home of: 

(SUNDAY, 10 APR 1988) Virginia Jacobs 
29224 Indian Valley Road 
Palos Verdes, CA 

The MAY meeting will be held at the home of: 

(SUNDAY, 8 MAY 1988) Bill Seidel and Candy Nash 
10627 Youngworth 
Culver City, CA 

The JUNE meeting will be held at the home of: 

(SUNDAY, 12 JUN 1988) 
,.~, 

/); ..... 
f :r 

Paul Genteman 
535 S. Alexandria, #325 
Los Angeles, CA 

~ • -- !;:" _ _ ._ :0 --------------------------------------------------------- - -------------------

~ • • • 

The Alcor Cryonics Supper Club is an informal dinner get - together. Th es e 
me e tings are for newcomers and old-timers alike -- just an opportunit y to ge t 
together and talk over what's happening in cryonics -- and the world! 

If you've wanted an opportunity to ask lots of questions about c ryoni cs, or if 
you just want a chance to spend some time with some interesting and nice people, pick 
a date and come! All dinners are scheduled for Sundays at 6:00PM . 

SUNDAY, APRIL 24 
The Breakers (seafood) 
400 Fisherman's Wharf* 
Redondo Beach, CA 
(213) 376-0428 

*Take Torrance Blvd . all the way down to the ocean. 

DUE TO THE LIFE AGAINST DEATH WEEKEND MAY 27-30, 
NO SUPPER CLUB MEETING IS SCHEDULED FOR MAY 




