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Freeze-drying Systems
In every freese-drying installation the following facilities
must be provided:
1. The initial freesing of the material,
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applied externally, by direct electric heat i i
beated flid in the walls of the chamber, T LRHOD of

~ Storage of Freeze-dried Materials

2. The vacuum drying chamber in which the frozen ial
can be maintained under vacuum canditions wi melting,
that the ite sublimes directly to vapor. wxu:o.ut ”

3. A pumping system including both a vacuum pump for
pugping s b oo el o bl '

g 0 p evi ‘water
vapor from the drying material. The water vapor constitutes the
wmajor pumping load in a vacuum tight plant, and is in such
volume that it cannot be handled ynhevuuumpumgm
evanlgxm,innvnpor""" pump- less of prohibitively
large size. In the case of vapor pumps, incidentally, the rate of
drying from the frozen state is not significantly increased by
ressures below pum%mnge ‘(qumemjnrityuf

¥

Amoul £ is ¥

P ly stored j
. led ampules, although it i5 more o,
sirable to seal under an inert gas atmosphere which is ad
mitted to the vacuum system just before closure. Forlug‘;

containers, sealing by stoppers rather than glass fugion i,.

genenally used along with either ivert gas or vacu making
room tempe!_ature storage possible. o
Freeze-drying app is factured by several cor.
panies uzAtbe United States and England, and the details of
construction are described in their brochures. Simple freess
dryers are now listed in most catalogs of standard laborat v

i within the range of refrigeration
pai ent, wl is fortunate because the lication of re-
pengemnm mtemsmpxdlymwm‘hhwuopemgngtem—
4. vigion for mical drying i i
rmédu‘al‘cmn e:::nﬂ?thddyym.gmtwonagmvaety low
. illary equipment to indicate temperature snd pressure
~—for example, vacuum gages, thermoco: tempera!
pressure recorders. uples, ture and

Initial Freezing
There are three methods of initial freesing: P

TISSUE BANKS

"In recent years a surge of interest in procurement, storage,
and scheduled usage of certain human tissues has resulted in
the dgvelopment of suitable means t¢ make such procedures
& reality. Several different tissues are included, the most com-
monly used being segments of bone and various portions of
the blood arterial and venous systems. The use of the corness
of the human eye for transpiant to other individuals has es-

Shelf Freesing, and Centrifugal Evaporative Freezing. -
Prefreezing in suitable for material of sufficient bulk not to
melt while being transferred to a drying unit. It includes shell
Jreezing in which the botile containing the Liquid is rotated
a.lov(ly gbou_t an almost borisontal axis in a refrigerated
liquid, insuring peripheral freesing of the material with a
. central cavity that reduces thickness and increases the surface
exposed to the walls of the container, and subsequently to the
vacuurm, agsisting in heat absorption for rapid drying.
Verticol spin freezing is 8 modification of shell freesing which

accelerates the freezing process. !

Shdjjrezing is used for small bottles or vials containing
. only . Tew cubic centimeters of liquid or trays containing buik
quantities in a shallow layer. Bottles are placed on refri d

‘_”"j d the term Eye Bank, but the period of co
vn_abihty and hence usefulness is so short that simple l;m:
Irigeration of the container in which the eyes are placed and
transported covers this particular subject for purposes of thin
i, -
i erence to bone, artery and other tissue
some elaboration is since certain facets of the
preservation and storage of these materials are concerned
fm.h refri ion and refri ion p such as the
going freeze-dry techni Since the preservation and
use of these tissues is comparatively recent, there are dif-
ferences of opinion about methoda of storing and processing
tissues, all of which have their enthusiasts and detractors,
as well as another group which is primarily interested in

shelves for freezing within the chamber later used for drying.
This method does not give the large surfsce area and minimal
dept!l of the frozen product so valusbly supplied by the two
previous roeans, but is industriall ient and i
minimal bandling. N
Centnifugal evaporative freezing is a technique used for
ampule-eox}tamed quantities of liquid (or material in a single
bulk container) and employs a low speed centrifuge for com-
plete suppression of foaming, giving a porous dried product
which can readily be ituted. In additi ducti

y or p

their widest use in the surgery of the circulatory system where
nylon and orlon prostheses are used to replace segments of
sorta removed from aneurysm (permanent abnormal arterial
qdahhon) or other disease. The non-reactive metal (Vital-
lium) plates and screws and nails used in bone surgery are
usually ! Yy al.nd only ionally does metal

heti it rostheses. These synthetics have

oonsi an entire
he use of bone grafts from various sources has a long
?S?:\cd history which is reviewed with a most extensive
phy by Chase and Herndon.*

of thin shells or wedges of frozen material with Iarge surface
areas is obu}u:ed. About 20 percent of the water evaporates
befpre freesing occurs, thereby reducing the drying period.
This degree of liquid jon is d bly not
harmful to the product and ifugal evaporative freesi
bas been shown to yield a higher reliability than other
methods.

Drying Stage

The vital technique of f; drying depends upon the fact
g]mt ice will sublime with passage directly from eol;fd to vapor
if the frozen ial is maintained under The Jength
o['ﬁqxetgken to dry any material is variable and is affected
principally by the freexing point of the material; the thickness
of the material when frozen; and the restriction to vapor flow
which may be offered by bottle necks and filters. Drying is
usually lished in a hamber to which heat is

Principles of Preservation of Tissue for Later Trans-
plantation
é. gmltc, .ull.sé)f msu;ahould be kept viable.
served from dezel;::ﬁen. or Beee ! st be pre
3. Tissues must be maintained in the same aseptic (free of
microorganisms) state as when placed in the storage container.
m’l“liroy}n:;pl;mbaﬁhm li;‘ — 20 C or below. The md
- . o
fixation with both a cellular l’nmawx:?k‘;?mer:.l{ mpm
Several methods of bone preservation are presently in use,
falling i{xw four categories. i Y
(.'Iler_mad. The bone to be preserved is placed in aqueous
Merthiolate 1:1000 which is a simple, cheap, and aseptic
medium. The container is then sealed and kept in a refrig-
erator at 4 to 6 C until used. The solution is changed every
two weeks. The bone tolerates this procedure well and sen-

Medical Applications

sitivity 10 Merthiolate does not seem to preclude subsequent
implantation in a patient.

Freeze Drying. This process kills the
pot densture the p Various s b
are oL record but follow in general the principles described
Minthediswsinnoffme:&drying. The bone is usually
dow frozen 8t —15 C for four days, placed in block ice for
fourteen days, rapidly dried under high vacuum at ~40 C
and stored at room temperature in vacuum bottles. -

Boiding. Must be followed by storage in sealed sterile flask.

Frozen Starage. This is accomplished by storage in a deep-
freese at —20 C or by more extensive cold at —78 C. The
bone is procured sseptically, stripped of soft tissues and sealed
inamrﬂetube-’l‘hembeeonhiningthegmﬁis_then im-

in s methyl aleohol/solid CO, mixture for ten minutes
ot —78 C. Rapid freezing takes place. The bone is then placed
in an insulated box surrounded by solid GO, in a deep freeser
providing an i diate sur di perature of ~78 C.
When peeded it is withdrawn from the bank, placed in a
thermos container with solid CO; ,and taken to the operating
room where it is thawed in sterile normal saline at room tem-
perature just before implanting.

Sterilisation of bone transplants by Cobalt-60 irradiation
is described by DeVries!® using gamma radiation from 2
10,000 curie rudioactive cobalt source to render the bone
bacteriologically sterile without subsequent harmful effects to
the recipient. The radiation does not destroy the ability of
the graft to sti new bone formation. Since sterilization
is one of the major probl i i d is radiati

hnique is merely
storage.

Artery banks are set up under gimilar circumstances, using
similar methods and serving an equally necessary purpose.
mzhmepﬁncipalmethodsusedmdwmiml(wet-oold
sorage), in which the arterial segments are kept in sterile

T

e cells but does
ds and

n P s
) tary to the usual preservation
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any of such p plus the additional ti
and expensive freege-drying will usually be answered by the
surgeon using the grafts.

Banks of other tissues used in surgical repair such as car-
tilage, veins, durs, etc. following similar techoiques and con-
front the user with similar problems of sterility and storage.
It is evident that several methods for achieving satisfactory
results exist, and the one selected will depend in large meas-
ure on the thinking of the individual involved, and the space,
money and personnel available.

VIRUS PRESERVATION AND STORAGE

In the lsboratory studies of viruses, both research and
diagnostic, special low temperature refrigeration in the —40
C range is used. While the absolute composition or chamcteris-
ties of the numerous known viruses still leaves much to be de-
termined, certain aspects of beh of these mi i
are known, as well as some of .the physical properties that
promote their growth, activity and survival in unpatural cir-
cumstances. The actual laboratory studies of this group of

i [4 lly p ds at room temp or higher
temp up to body of 37 C, and are of no
particular concern in the consideration of the subject at
hand. However, in the preservation of viruses which are found
in various human and other tissues, quick freezing and con-
tinued subsequent maintenance of the material in the —20 C
to —40 C range provide the laboratory with a means of keep-
ing tissue and viruses contained therein for further study.
This proves of most value in clinical medicine in investigating
possible presence of virus-caused disease and in the research
Iaboratory supplies a ready source of living virus to be used in
the production of anti-serum or for animal inoculation to
study, in living tissue, modes of operation of the organism in

3 itable refrigeration these proced can be
in circumstances determined by the

By
flone Eielibemﬁdy and

containers in 70 percent alcohol or beta-proprio-lactate at
410 6 C; deep freezing; and ing. The arterial grafta
are usually obtained fmmasubjgct under 40 years ofa_gewho

The type of refrigerati ¥ to p and main-
tain such temperatures is pahlrslly special. Aside from the

bas died free of transmissible disease, usually an
death. The grafts are taken within 12 br after death under
axeptic conditions and are placed in sterile tubes. Quick freez-
ing follows in a methyl alcohol and solid CO;s bath for three
minutes, and the tube is then placed in a deep-freeze at —20

'y the freezer also has two com-
pressors, two coils and a low temperature refrigerant, which
not only provide the lower temperature, but also some margin
of security in the event of mechanical failure of a single com-~
pressor. Needless to say, this refrigerator is not entered with

Cor in an inner box (as noted above under bone-banking) at
~78 C. A technique for freeze-drying, which is similar to

iously described hods, is reported by Lehr and by
Fisher et al, the latter including a cathode ray sterilization
method. It is to be noted that this problem of whether the
graft is sterile or not becomes a major part of any of these
methods, both for arteries and for bones, since the ability of
certain microorganisms—both bacterial and viral—to with-
!!andextremesoiooolingismgnizednndhaabeenmen-
tioned earlier in this discussion.

Comments on these methods and their general applicability
are in order, The chemical or wet-cold storage method is the
timplest, and probably the best if sterilization is sttained and
maintained. It also avoids the loss of the apecimen through
thawing, if its use is unexpectedly precluded. Simple deep-
ing creates a situation of worry to some surgeons in that
the water of crystallization which comes out when the speci-
men is thawed is thought to cause notable weakening of the
Arterial wall. In the freeze-drying procedure, sterilization of
various forms is resorted to: X-radiation which is very ex-
Peusive; ethylene ozide, which must be used in a hood be-
¢ause of its volitility and potential explosiveness; beta-proprio-

a which is used as pre-freese soaking; and cathode ray
sterilization, The question a3 to the advisability of efecting

the freq: y of the more dard unit, and is used essen~
tially for i freezing and low p storage.
Certain viruses are better preserved in even lower tempera~
tures, and the addition of a solid COx container kept within
the mechanical cooler will provid tures jn the —70 C

range. .
An alarm system on this type of refrigeration is essential
gince the materials stored inside are particularly valuable in
the research sense, and certainly the human element in some
of the material stored for diagnostic study enhances the im-
portance of this facet of operation. Unless the refrigerator iy
situated in a corridor or other readily accessible area, an alarm
system of local lights or bells is not sufficient. An electric sys-
tem which operates an alarm light and bell in the main en-
gineering or mai office of the buildi ppl ted
by another bell in the refrigerator room, becomes quite es-
sential. Maintenance of such a low temperature is not se—
cured with ease, and escape from such a temperature occurs
with fair rapidity if mechanical or power failure occurs. -
The tissues and their contained viruses when preserved
under such conditions are stored in sesled glass vials or botiles
and present no hazard to the handler unless the container is
broken. Therefore, while a proper respect for the infectious
area and the possibilities of ination is r ded
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