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3 Cains. 

This invention relates to new lyophic bio 
logically active substances, and includes both the 
new substances and products and a method of 
producing them. More particularly the invention 
relates to new lyophilic Sera and other biologically 
active substances which are prepared in the lyo 
philic state by the removal of water therefron 
so that the lyophilic product, on being restored 
to the liquid state by the addition of water, will 
correspond closely in biological or therapeutic 
activities with the sera or other products in a 
fresh state. 
Substances known as biological products, being 

biologically active or possessing immunizing or 
therapeutic value, such as sera, are used in the 
diagnosis, prevention and treatment of diseases 
of man and animals. In the form in which they 
are generally available at the present time they 
are unstable and deteriorate under the influence 
of physical and chemical agencies such as heat, 
preservatives, enzyme action, oxidation-reduction 
phenomena, hydrolysis, and other intramolecular 
changes. 

Since the potency eficiency or biological activ 
ity of the substance is effected by such changes, 
and since such changes take place more readily in 
the presence of water, that is, when the colloids 
are dispersed in water, attempts have been made 
in the past, especially in the case of sera, to pre 
vent such changes or deterioration by evaporating 
or removing the water from the substances at 
temperatures near and above the freezing point 
of water; but the desiccation of such substances 
near and above the freezing point of water, that 
is, drying from the liquid or partial liquid state, 
has not given the desired results. 

In the case of sera, the removal of the water 
... by these methods brings factors into play such 
as formation of surface skins and gradual con 
centration of inorganic salts which alter the 
physical and chemical properties of the sub 
stances as is evidenced by their incomplete and 
slow solubility in water, in the formation of par 
ticles possessing a hard, granular, gritty struc 
ture with a relatively high density and marked 
yellow color, and in the denaturation of the pro 
teins. Such processed sera and other substances 
are not completely restored by the addition of 
Water and the rate of the partial restoration is 
slow compared with hyophilic substances is 
processed and herein described. 

Furthermore, since the biological or thera 
peutic activity of complex substances such as sera 
is extremely susceptible to physical and chemical 
changes, experience has shown that substances 

(C. 16-8) 
dehydrated from the liquid or partially liquid 
state, fail to conserve all of the original biological 
or therapeutic activities. 
The present invention overcomes the objec 

tions to prior products, such as those above re 
ferred to and provides new and valuable bio 
logical substances and products in a lyophilic 
state, which, on being restored by the addition of 
Water to the lyophilic products possess the same 
or practically the same biological and thera 
peutic activities originally possessed by the sub 
stance in the so-called fresh state. The new 
lyophilic products, when properly produced, and 
protected from deterioration, will be practically 
identical with the original fresh material both 
physically and biologically. 
According to the present invention, the serum 

or other biological product is transformed from 
the liquid to the completely frozen solid state by 
substantially instantaneous freezing of the liquid 
by indirect contact with a freezing agent such as 
liquid air, dry ice (solidified carbon dioxide) or 
other low temperature refrigerant or freezing 
mixture, and by subliming the ice from the frozen 
mixture while preventing melting thereof, while 
maintaining a high vacuum, the frozen water 
being removed from the frozen material without 
melting or softening the material. 
The substantially instantaneous freezing of the 

serum or other liquid biologically active product 
is advantageously carried out by placing the 
liquid material in a container, such as a spherical 
glass flask or metal cylinder and then freezing 
the material quickly, solidly and completely on 
the inside of the container, preferably in the form 
of a thin layer on the inner surface of the con 
tainer, by immersing the container in a freezing 
mixture at a temperature far below the freezing 
point of the material or by spraying the charged 
container with the cooling substance, using such 
cooling substances as liquid air, dry ice, or other 
freezing mixture at a temperature far below the 
freezing point of the material. 
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In order to insure quick and substantially in 
stantaneous and complete freezing it may be 
necessary or desirable to add the liquid material to 
the chamber or container by installments and to 
allow the material to freeze solidly in the form of 
layers on the inside of the chamber. When a 
layer of the material is thus frozen in a substan 50 
tially instantaneous manner to a temperature far 
below the freezing point, the addition of a further 
amount of the material will result in its substan 
tially instantaneous freezing by coming in con 
tact with the already frozen layer of material 
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at such a low temperature, and by the further 
cooling action of the liquid air or other refriger 
ant in contact with the outside of the container. 
When the chamber or container has become 

charged to the desired extent with the completely 
and solidly frozen serum, etc., which is frozen in 
a substantially instantaneous manner, the 
charged chamber or container is then connected 
to a condenser which is packed in or embedded 
in a freezing mixture at a sufficiently low tem 
perature and which is also connected with a 
high vacuum pump, and the air is exhausted 
and a high vacuum maintained to effect sublina 
tion or removal of the ice from the material in 
the chamber or container at a temperature be 
low that at which the material melts or becomes 
liquidd. The condenser may, for example, be cov 
ered or packed with or embedded in a freezing 
mixture such as dry ice, or a mixture of acetone 
and dry ice, or liquid air. The vacuum employed 
is as nearly a perfect vacuum as is readilly ob 
tainable with a high vacuum or supervacuum 
pump. When the vacuum becomes sufficiently 
high, water vapor leaves the frozen charge, with 
out melting the charge, and is collected in the 
form of ice in the condenser. In order to in 
crease the rate of evaporation of the water in the 
frozen material, where this material is at too 
low a temperature, the charged chamber may be 
Warned with warn circulating air or by inners 
ing it in a warm liquid, but the heat applied 
should not be sufficient to melt or even soften 
the frozen charge. 
By maintaining a sufficiently high vacuum, and 

by regulated Warning of the outside of the Con 
tainer of the solid frozen materlai to a tempera 
ture which still maintains the frozen material 
Solid and without melting or softening, the ice 
contained in the frozen material is sublimed and 
renoved without converting the frozen material 
into a liquid state and there remains, after the 
removal of the ice a dry product which has been 
freed from its frozen water while in a completely 
frozen state. When the frozen water has been 
completely or almost completely evaporated from 
the material, the charged chamber and its con 
tents take on the temperature of the surrounding 
atmosphere, but prior to that time the charged 
chamber and its contents are at a temperature 
Sufficiently below the freezing point to maintain 
the product in a Solid frozen state while the ice 
is being removed by sublimation therefrom. 
As a result of this treatment of the serum or 

Similar biological product there are avoided or 
prevented any apparent physical or biological 
changes in the substance which is instantane 
ously frozen and lyophlized while maintained in 
its frozen State, and as a result there is obtained 
a final product which has not been deteriorated 
by treatment in a liquid state while the water is 
being removed therefrom. By transforming the 
liquid substance quickly and completely into a 
frozen solid state, the component parts of the 
colloidal System are permanently fixed and 
changes are prevented in the chemical equilibri 
um such as would occur at the surface in the 
dehydration of a liquid product, and such as 
frequently results in the formation of polymers 
or anhydrides of the protein or other constitu 
ents. It is well known that when such surface 
films occur, in the evaporation of aqueous ma 
terials such as sera, they possess different prop 
erties from the rest of the proteins as is shown 
by their marked insolubility. 
The removal of the frozen Water from the solid 

20,989 
frozen material does not result in contraction of 
the volume of the material such as occurs when 
water is removed from liquid materials. As a re 
Sult, the lyophdlic material, after the removal of 
the frozen water therefrom, retains the same or 
practically the same volume as the frozen solid 
before the removal of the ice therefrom. 
The rapid freezing of the serum or similar 

material and the removal of the frozen water 
from the frozen solid material leaves the or 
ganic residue of the material in a porous and 
sponge-like condition, with the structure of the 
colloidal particles apparently unchanged. The 
sponge-like network of fine particles forming the 
lyophilic material is apparently interspersed 
with a relatively immense network of minute cap 
illary pores or passages from which the frozen 
water has been removed by Sublimation, without 
apparently otherwise affecting the organic ma 
terial in any objectionable way. When this ma 
terial is added to water, or when Water is added 
to it, the water readily and rapidly penetrates the 
material and reconverts it into a condition sim 
ilar to that of the fresh serum or other liquid 
biological products before treatment. The na 
terial is also restored with substantial complete 
ness to its original state or to a state similar to 
its original state without the presence of insolu 
ble products such as are present in evaporated 
liquid Sera, etc. 
The lyophilic material is characterized by a 

light, porous texture. The end product is very 
friable and on the application of even a slight 
pressure it can be rubbed into a fine light-colored 
powder. As a result of this peculiar structure 
the density of the product is very low. In the 
case of sera products the material may have a 
density of about 0.13 in an unpulverized state and 
a density of about 0.25 after reducing to a powder. 
Under the microscope the pieces present a capil 
lary, net-like structure. These characteristics 
impart to the products marked lyophilic prop 
erties. 
The new lyophilic substances of the present in 

vention may be brought back to a state similar to 
their original state by the addition of water 
equal in amount to that removed by the removal 
of Water therefron; or, where a more COIncen 
trated product is desired, by the addition of a 
lesser amount of water than that removed. 
The new lyophilic biological substances retain 

their activity and value in a practically unaltered 
state for longer periods of time, and are less Sus 
ceptible to changes due to heat and preservatives, 
than the original liquid preparations. The new 
materials, when properly prepared, will first float 
on the surface of water and then promptly dis 
solve and disappear, restoring a condition similar 
to that of the original serum or other material 
before treatment, being thus distinguished from 
substances dried or dehydrated in a liquid state 
and which usually pass down beneath the surface 
of the water and some of which remain intact 
for varying periods of time. 
The present invention is applicable to the treat 

ment of sera of various kinds, including normal, 
immune, or antitoxic sera, and other biological 
substances of similar nature used in the diag 
nosis and prevention or treatment of diseases of 
man or animals, and enables such materials to 
be converted into lyophilic products having im 
portant advantages in their increased stability 
to the effect of time, temperature and preserva 
tives, and in their capability of being recon 
verted into liquid products similar to the fresh 
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20,989 
sera, etc., before treatment. Among the sub stances which can thus be treated and specific 
lyophilic products obtained are sera of various 
kinds, for example, normal horse serum, anti 
toxins such as scarlet fever, tetanus and diph 
theria antitoxins, antivenin and other sera, etc. 
An apparatus suitable for carrying out the 

present process and for producing the new lyo 
phillic biologically active substances is illustrated 
in the accompanying drawing, and the practice 
of the process and the production of the new 
products will be further described in connection 
therewith, as an illustrative example. The draw 
ing shows part of the apparatus in vertical sec 
tion. 
In the accompanying drawing the container 

for the liquid material is shown at as a glass 
flask adapted to withstand the application of a 
high vacuum, and the material 2 is shown in a 
solid state contained in this receptacle. The con 
tainer is supported on the member 3 with a rub 
ber gasket or other packing 4 to insure a tight 
Seal. The member 3 is in turn supported on the 
container 5 which serves as a condenser, this 
Condenser being similarly provided with a rubber 
gasket or packing 6 to insure a tight seal. The 
condenser 5 is shown as surrounded by a re 
frigerant 8 contained in a tub or container T. 
The refrigerant may be a freezing mixture such 
as dry ice, dry ice and acetone, liquid air, etc. 
The condenser is connected thru a connection 

9 with a vacuum pump (not shown), this vacuum 
pump being a high vacuum pump or a super 
Vacuum pump which maintains as nearly perfect 
a Vacuun as possible, 
The container f may vary in size from a small 

flask or container to a large flask or container, 
for example, from a container of cubic centi 
meter or smaller capacity to a container of as 
much as 50 liters capacity or greater. 

In the carrying out of the process a small 
amount of the serum or other material may be 
placed in the container and this container then 
immersed in liquid air or other refrigerant which 
will bring about rapid and substantially in 
stantaneous freezing of the material and reduc 
tion of its temperature far below its freezing 
point. The addition of further amounts of the 
liquid material combined with further refrigera 
tion will result in the forming of successive layers 
of rapidly frozen material until a proper charge 
of frozen material is contained therein. The 
material 2 is shown as forming a thick layer on 
the walls of the container such as results where 
successive amounts of liquid are added and the 
container rotated so that successive layers of the 
material are frozen. In a flask of 50 liters ca 
pacity the charge may be, for example, thirty 
liters of material which is thus frozen to a solid 
state in the manner above described. In a flask 
of 20 inches diameter the layer of frozen ma 
terial may bc for example about 4 inches in thick 
ness on the inside wall of the container. 
When the container has thus been charged 

with the frozen material, which is frozen to a 
temperature far below the normal freezing tem 
perature, it is connected with the condenser and 
the air is exhausted and a high vacuum applied. 
When the vacuum becomes sufficiently high 
water vapor leaves the frozen charge, without 
melting or softening of the charge and is col 
lected in the form of a layer of ice 0 on the 
walls of the condenser. The rate of evaporation 
of the ice from the frozen material may be in 
creased by warning the container, where it is at 

3 
too low a temperature, by circulating warm air 
over it or by immersing it in a warm liquid, but 
the heat applied should never be sufficient to 
melt or even soften the frozen charge. The ma 
terial is maintained in a solid frozen state and 
at a low temperature until the ice has been 
evaporated or sublimed therefrom when the con 
tainer and its charge gradually takes on the 
temperature of its surroundings, this continua 
tion of the application of the high vacuum un 
til the substance attains a temperature substan 
tially above 0 C. having the important advan 
tage of promoting the removal of residual water 
stili present in the product after the lice has been 
sublimed therefrom and giving a final product 
of improved stability, keeping propertles and re 
sistance to deterioration. 

I have found it important to maintain a large 
and free opening or communication between the 
container of the frozen material and the con 
denser to permit the ready passage of the water 
Vapor to the condenser. If the passage is re 
stricted and free flow of Water vapor retarded 
there is danger of partial or complete melting of 
the frozen charge, and this should be avoided. 
The rapid freezing of the serum or other ma 

terial retains the structure of the colloid particles 
and constituents and prevents change in concen 
tration or degree of disperson in water such as 
would occur in the evaporation of the materials 
in a liquid state. Apparently the rapid freezing 
of the liquid material results in a substantially 
complete and permanent fixing of the constitu 
ents, including colloidal constituents and in 
Organic salts, in the state and relative relations 
in which they exist in the fresh liquid material, 
such that, when the resulting lyophilic products 
are subsequently treated with fresh water they 
reassume practically their original state and re 
produce a serum or other liquid biological 
product having the same or practically the same 
physical and biological properties as the fresh 
material. 

It will also be noted that the material is pro 
tected, during the removal of water therefrom, 
while in a solid frozen state, from contact with 
the atmosphere, and from contact with or use 
of any of the known desiccating materials. The 
material is also protected from bacterial and 
mold contamination and, when treated in a steri 
lized condition, maintains its sterility, so that 
dry, Solid, lyophilic sterilized product is directly 
obtained. 
The new lyophulic products can be kept in a 

lyophilic state for prolonged periods of time, for 
example, by sealing them in evacuated con 
tainers. The present invention therefore makes 
possible the preparation of products of improved 
keeping properties which can be stored and 
shipped and used when needed by the addition 
of a suitable amount of water thereto to reproduce 
a liquid product similar to the original fresh 
liquid serum, etc. A flask containing a mass of 
the lyophilic material and sealed in an evacuated 
state can be kept and shipped and used when 
desired by the addition of a suitable amount of 
water to reproduce the serum or other product 
for use. By the addition of less water than that 
originally removed from the fresh serum or other 
material a more concentrated serum, etc. can be 
produced. Individual doses of the lyophilic ma 
terial can be packaged in sealed ampules and used 
as desired by the addition of the proper amount 
of Water for an individual application of the 
material. 
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I clain: 
1. As new products, lyophilic sera and other 

biological substances in a solid state, obtained by 
the rapid freezing of the liquid substances by in 
direct exposure to a refrigerant maintained at a 
temperature of about -70° C. or colder and re 
moval of frozen water from the frozen material 
under a high vacuun, said Substances being 
porous, sponge-like substances, pieces of which 
under the microscope present a capillary net-like 
structure and adapted, when water is added 
thereto, to form a liquid product similar to the 
original substance in its biological and thera 
peltic properties. 

2. As new products, lyophilic Sera and other 
biological Substances in a porous form or in the 
form of a powder, said substance possessing a 
Sponge-like or net-like structure and having 
marked yophilic properties and being free from 
preservatives, Said porous product or powder 
being obtained by removing the original water 
from the substance after freezing said substance 
rapidly by indirect exposure to a refrigerant 
maintained at a temperature of about - 0° C. 
or colder while in a frozen state and under 
vacuun without having been brought in contact 
With or exposed to any other substance, and said 
substance readily reproducing a liquid, by the 
addition of Water, having substantially the same 
properties as the original liquid substance. 

3. The method of preparing lyophilic, biologi 
cally active substances from sera, etc. which com 
prises rapidly freezing the liquid material to a 
solid frozen state by indirect exposure to a refrig 
erant maintained at a temperature of about 
-70 C. or colder and removing the water from 
said frozen material by the application of a 
vacuum thereto while maintaining the material 
frozen and without melting or softening thereof. 

4. The process according to claim 3 in which 
the water is renoved from the frozen material 
Without allowing the frozen material to be ex 
posed to or conne in contact with any other sub 
stance. 

5. The process of obtaining lyophilic sera and 
other biological substances which comprises 
quickly freezing such substances in a container 
and removing water from the resulting solidly 
frozen substance under a vacuum suficient to 
remove water vapor from the frozen material 
without softening or melting thereof while expos 
ing the container to the atmosphere or to a bath 
malntained at a temperature Substantially above 
0° C. and with refrigeration of the escaping water 
Vapor sufficient to form ice therefron. 

6. The method of obtaining lyophilic sera and 
other biological substances which comprises 
quickly freezing the same to a solid frozen state 
in a container, removing water from the solid 
frozen material under a high vacuum, condensing 
the Water vapor removed from the material in the 
form of ice and applying sufficient heat to the 
solid frozen material during the removal of water 
therefrom by exposure of the container to the 
atmosphere or to a bath maintained at a tem 
perature substantially above 0º C. to hasten the 
evaporation of water without melting or soften 
ing the frozen material. 

7. The method of obtaining lyophilic sera and 
other biological substances which comprises sub 
jecting thin layers of said substances to substan 
tially instantaneous freezing by indirect contact 
with refrigerants at a temperature far below 
the freezing point of the substance, connecting 
the container of the frozen substance with a con 
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denser through a connection provdding free pas 
sage of water vapor, refrigerating the condenser 
with a refrigerant at a temperature far below 
the freezing point of Water and applying a high 
vacuum to the container and condenser while ex 
posing the container to the atmosphere or to a 
bath maintained at a temperature substantially 
above O' C. 

8. The method of renoving water from sera 
and other biological products which consists in 
quickly freezing the substance in a container, 
promptly connecting the container after such 
freezing With a condenser, exhausting air there 
from and producing and maintaining a vacuum in 
said container and condenser, subjecting the con 
denser to refrigeration with a refrigerant such as 
dry ice, dry ice and acetone or liquid air, main 
tained at a temperature far below the freezing 
point of Water, whereby water vapors are removed 
from the frozen substance into the condenser 
and are condensed therein into ice, and continu 
ing the process until the substance is converted 
into a solid lyophilic substance by the removal 
of water vapor from the frozen solid and until the 
temperature of the substance is substantially 
above O' C. 

9. As new products, lyophilic sera and other 
biological substances in a sold state, obtained by 
subjecting the liquid substances to rapid freezing 
by exposure to a refrigerant maintained at a tem 
perature of about -70° C. or colder, and removal 
of water from the solid, frozen material under a 
high vacuum, at a rate sufficient to maintain the 
substance solid, while exposing its container to 
the atmosphere or to a bath maintained substan 
tially above 0 C, such vacuum being applied until 
the substance attains a temperature substantially 
above 0 C., said substance having a porous, 
sponge-like structure, and adapted, when water 
is added thereto, to form a liquid product simi 
lar to the original liquid substance in physical, 
biological and therapeutic properties. 

10. A method of preparing lyophilic, biolo 
gically active substances from sera, etc., which 
comprises rapidly freezing the liquid material to 
a solid, frozen state by exposure of a container 
containing the sera, etc., to a bath maintained at 
a temperature of about -70° C. or colder, and 
removing water from said material by the ap 
plication of a high vacuum thereto while main 
taining the material in a solid state and while 
exposing the container to normal atmosphere or 
to a bath substantially above 0 C, whereby heat 
is supplied to the substance to hasten the removal 
of Water without causing it to melt, and con 
tinuing the application of a vacuum until the 
substance attains a temperature substantially 
above O C. 

11. The method of obtaining lyophilic sera and 
other biological substances which comprises sub 
jecting liquid serum or other biological substance 
to substantially instantaneous freezing by in 
direct contact with a refrigerant maintained at 
a temperature below the freezing point of the 
substance, and removing water from said ma 
terial by the application of a high vacuum thereto 
while maintaining the material in a solid state, 
and continuing the application of the high 
vacuum until the substance attains a tempera 
ture substantially above 0 C. 

12. The process of obtaining lyophillic sera 
and other biological substances which comprises 
quickly freezing liquid serum or other biological 
substance in a container in contact with the wall 
thereof and removing water from the resulting 
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solidly frozen substance under a vacuum suf 
cient to remove water vapor from the frozen ma 
terial without softening or melting thereof and 
continuing to remove water under sald vacuum 
while exposing the container to the atmosphere 
or to a bath maintained at a temperature sub 
stantially above 0 C., whereby heat flows to 
said material by conduction from the wall of the 
container. 

13. The method of obtaining lyophilic Sera 

S 
and other biological substances which comprises 
subjecting liquid serum or other biological sub 
stance to substantially instantaneous freezing and 
removing water from said material by the ap 
plication of a high vacuum thereto while main 
taining the material in a solid state, and con 
tinuing the application of the high vacuum until 
the substance attains a temperature substantially 
above 0 C. 

JOHN REICHEL. 

5 

0. 



Disclaimer 
Re. 20,969.-John Reichel, Wynnewood, Pa. LYoPHILIC BioLuuICALLY ACTIVE 

SUBSTANCES AND PROCEss of PRODUCING THE SAM E. Patent dated Jan. 3, 
1939. Disclaimer filed Jan. 10, 1950, by the assignee, Essdee Patents, Inc., 
Lyophile-Cryochem Corporation joining and consenting. 

Hereby enters this disclaimer to claims 5 and 6 of said patent. 
Official Gazette February 14, 1950.) 


