
4                                        949,946      squeeze or compress
the disintegrated  or  branes, are laid down by procedures akin to
homogenized membrane mass as this tends to  those used in laying down felts
of paper pulp,     cause the formation of hard aggregates on  or sheets of
paper in paper-making practice.     drying. The resulting dry solid
material con-  To accomplish this aspect of the present in- 5  sists of
aggregates of small particles of dis-  vention it is desirable that the
separated egg-  70     integrated egg-shell membrane. The particles  shell
membrane fibers contained in the dis-     may be mainly non-fibrous in form
or they  integrated egg-shell membrane material be of     may consist
mainly of fibers, depending on  sufficient average length to form a good
felt     the procedure used in their preparation. These  or felted-fiber
fabric or felted sheet from the 10  dry aggregates of particles are easily
dis-  suspension  of  egg-shell  membrane  fiber  75     aggregated into
separated particles by acting  particles contained in the disintegrated
egg-     on the above described aggregates in the  shell membrane
suspension. In producing the     homogenizer in the absence of any suspend-
aqueous suspension of egg-shell membrane     ing liquid, the aggregate
pieces being dis-  fiber particles wherein a homogenizer is em- 15
aggregated in air, or in other suitable gases,  ployed, it should be noted
that if the separated  80     by high speed action of the homogenizer. The
fibers are subjected too long to the action of     dry, fluffy mass of
egg-shell membrane fibers,  the cutting blades of the homogenizer the
or the dry mass of separated air-dispersed or  fibers may become
progressively shorter and     gas-dispersed  mainly  non-fibrous
particles,  there will be an increased proportion of ex- 20  depending on
the procedure used to dis-  ceedingly fine particles. It is distinctly pre-
85     integrate the membrane, is now removed from   ferred that the
disintegrating, homogenizing     the homogenizer. Hereinafter, for
simplicity,  or pulping step be carried out to reduce the     the two types
of products described above will  egg-shell membrane material mainly to a
sus-     be referred to as the " fluffy fiber pulp form,"  pension of
fibers or fiber pulp in which the 25  for the former, and simply as the
"powder  fibers of the egg-shell membrane material are  90     form" when
referring to the latter. The dis-  predominantly in the free form.
Excellent     aggregation of the dry aggregates of either  results are
obtained where the individual fiber     form  in the homogenizer or other
suitable  particles are mainly of a length of 20 to 600     high speed
disintegrator requires but a short  microns with an average within the
range 60 30  period of action at high speeds. Prolonged  to 300 microns,
and of an average thickness  95     subjection of the products to treatment
in the  or diameter of the order of 4 to 7 microns     disaggregating
apparatus at high speeds may  when measured in the moist condition.
build up elevated temperatures in the product   The egg-shell membranes
which constitute     which could damage it.                        the
starting material used in carrying out the 35    Pursuant to one aspect of
the present in-  invention can be separated from egg shells in  100
vention, the fluffy fiber pulp form  and the  any convenient manner. Thus,
for example,     powder form of the disaggregated disintegrated  this  may
be  accomplished  in  a  purely     egg-shell membrane substance may each
be  mechanical manner as, for instance, by rolling     used, in their
respective forms, separately or  and pulling the membranes away from  the
40  mixed together, for the therapeutic purposes  washed egg-shells after
removal of the yolk  105     previously described.
and albumen of fresh or uncooked eggs. In        Pursuant to another aspect
of the invention,  the case of cooked egg-shell membranes, these,      the
above described fluffy fiber pulp form, or  too, may be removed by pulling
them away      the powder form  of the disintegrated dis-  from  washed
egg-shells which  have been 45  aggregated egg-shell membrane, or a mixture
placed, for example, in boiling water to effect 110      of both forms, may
be applied as a coating  such cooking. In either case it is desirable to
to cotton gauze, to paper, to woven and to  effect the separation of the
egg-shell mem-      non-woven fabrics, to sheets of perforated and  branes
from  the egg-shells by grasping an 



imperforate synthetic plastics materials, or to  edge of the membranes and
rolling or pulling 50  other desirable base materials, on one or both  them
away from the calcareous part of the  115      sides, and the egg-shell
membrane products  egg shells.      may be made to adhere, if desired, to
the sur-    Instead of employing purely mechanical      face of the base
materials by means of suit-  means for effecting separation of the mem-
able adhesive compositions, such as composi-  branes from the egg shells, a
combination of 55  tions containing pectin, gelatin, starch and/or
chemical and  mechanical means  can  be 120      starch derivatives,
vegetable gums or soluble  utilized. One  convenient procedure  is to
synthetic resinous polymeric substances and  agitate, in a churn or the
like, water-washed,      like innocuous adhesive materials.            very
coarsely chopped or shredded egg shells        In another important
embodiment of the  containing  the  adhering  membranes  with  60
invention, a felt or felted sheet is formed in  several times their weight
of a dilute acid, for 125      which  the  separated  egg-shell membrane
instance, a 0.25 to 4%  solution in water of      fibers of the fibrous
form of disintegrated egg-  mineral acids such as hydrogen chloride, or a
shell membrane, mat together, or interlace, or  2 to 15% solution in water
of organic acids      become felted when these egg-shell membrane  such as
formic acid, or acetic acid or lactic  65  fibers, from boiled or unboiled
egg-shell mem-  acid or propionic acid, for a period of time, 130
949,946                                        5      generally one to
several hours, agitating until  separation of the precipitated calcium
sulfate     the membranes are loosened and fall away  by decantation and
filtration, makes further     from the egg shell particles. The membranes
regeneration of the dilute acid filtrate by     may then be separated from
the egg shell  treatment with  cation  exchange  resins in 5  pieces by
counter-current washing with water  hydrogen form a more efficient and
economical  70     or aqueous solutions and by decantation steps.
procedure.     In case a small proportion of shell particles    Another
suitable way of effecting separation     still remains attached  to  some
membrane  of the membranes from  the egg shells is     pieces, the membrane
pieces are collected,  illustrated  by  the  following  procedure. 10
washed with water by counter-current pro-  Approximately 37 grams of
water-washed egg  75     cedures and drained, then  agitated  for a  shells
containing  adhering  membranes are     period of one to four hours with a
small  chopped and placed in an acid resistant (for     amount of the
dilute acid solution, followed  example, enamelled) steel pressure vessel
to-     by separation of the acid solution and counter-  gether with 1200
ml of 6%  w/v acetic acid. 15  current washing of the membranes with de-
The air in the vessel is displaced by carbon  80     cantation from bits of
sedimented shell, using  dioxide gas and then a pressure of 450 to 500
several changes of water.                    psi of carbon dioxide gas is
maintained in       The separation of the membrane from the  said vessel
for one hour. The carbon dioxide     shell may be effected with carbonic
acid, that  is then removed and suction by vacuum means 20  is, with an
aqueous solution of carbon dioxide  is applied to the vessel. The suction
is cut  85     under pressure, though the process is time  off, applied
again, and again cut off. The     consuming. The time needed in this
process  vessel is then opened and the contents placed     may be decreased
by agitating the shell pieces  in a jar and agitated, any gases evolved
being     and by including with the shell material a  allowed to escape.
The membranes which are 25  cation exchange resin, for example, a cross-
separated from the egg shells are removed by  90     linked polystyrene
polysulfonic acid, in the  decantation. Repeated washing with water is
free acidic or hydrogen form, while the shell  followed by decantations
between washings     pieces are mixed with a solution of carbon  which
result in removal of substan-     dioxide in water, under compressed carbon
tially all of the membranes from  the egg 



30  dioxide. In these cases the separated mem-  shells and in removing all
of the shell particles  95     branes are finally washed  with  water or
from the membranes.     aqueous solutions using counter-current wash-   The
egg-shell membranes, after removal     ing and decantation steps and the
undissolved  from the egg shells, are desirably washed in     shell pieces
and the cation exchange resin  water or in aqueous media. For convenience
35  particles are separated with suitable sieves.  in  storage  or
subsequent handling, it is 100     The resin can then be regenerated to the
free  desirable to subject them to a partial or com-     acid or hydrogen
form by mineral acids, pre-  plete  drying  operation  depending  on  the
ferably hydrochloric acid, and is then ready  physical form  of the product
desired from     for re-use.                                  the
subsequent homogenization or disintegra- 40    In  separating  the
membrane  from  the  tion step. If the membranes are to be dis- 105
calcareous portion of the shell by means of  integrated, homogenized or
pulped, for ex-     dilute acids, separation is practically complete
ample, in an aqueous medium for the produc-     long before complete
solution of the mineral  tion chiefly of fibrous egg-shell membrane
part of the shell has taken place. It has been  particles, a partial
removal of the water con- 45  noted that the amount of mineral matter dis-
tained in the washed membranes may be  110     solved during the period
necessary for mem-  accomplished simply by pressing the drained     brane
separation is much higher in the case  membranes between absorbent
surfaces, for     of boiled egg shells than with uncooked egg  instance
bibulous paper such as blotting paper.     shells, although the time of
acid action is  In this form  the " blotter dry " egg-shell 50  essentially
the same. Evidently, boiling has  membranes contain about 3% by weight of
115     created conditions in the shell which make  membrane material, the
balance being water,     more rapid the dissolving  of the mineral  and
they may be stored under refrigerated or     matter by dilute acids.
freezing  conditions for subsequent use  in       The separated spent
organic acid solutions  accordance with the invention. Alternatively, 55
may be regenerated for re-use conveniently by  the drained membranes may be
dried in air 120     passing them through a column of appropriate  or in a
vacuum  drier and such dried mem-     cation exchange resin in acidic or
hydrogen  branes may be stored for prolonged periods,     form  and the
cation exchange resins them-  indeed almost indefinitely, at room tempera-
selves may be regenerated to their acid forms  tures without deterioration.
They may be used 60  with mineral acid solutions, such as dilute  in this
form in the subsequent disintegration  125     hydrochloric acid. Previous
removal of the  or homogenization step. However, in the case     major
portion of the dissolved calcium  from   of dry membranes used in the
disintegration     the spent acid by the addition of sulfuric acid  or
homegenization step in liquid media which     in amounts just insufficient
to combine with  are imbibed by the dry membrane and thereby 65  all the
calcium   present  and  subsequent  soften the membrane, it is essential
for best 130             6                                        949,946
results to allow the dry membrane material to  fiber suspension is poured
into a stainless steel     remain with the liquid medium  a sufficient
screen box having a bottom made from stain-     time to become saturated
with the liquid and  less steel woven wire screen having 200 open-
softened before commencing the mechanical  ings per lineal inch. The box is
held perfectly 5  disintegration,  homogenization  or  pulping  level and
the water is allowed to drain  70     action of the homogenizer or other
suitable  through the wire screen bottom; the fibres     equipment. For
disintegration or homogeniza-  intermesh on the wire screen to form a
felted     tion in liquid media which are not appreciably  mass of
egg-shell membrane fiber which is     imbibed by the membrane and/or do not
then  sucked  down  with  suction  and  an 



10  soften the membrane, the disintegrating or  aluminum  top plate is
pressed down on the  75     homogenizing action of the disintegrator or
sheet to assist in removing the water from on     homogenizer may be
started as soon as the  the sheet. After removing the top plate and
dried membrane pieces and the suspending  then stopping the suction, 10 ml
of a 10%     essentially unabsorbable liquid medium  have  w/v water
solution of glycerol is carefully 15  been mixed together in the
homogenizer.       poured over the felted membrane fiber sheet  80
The following examples are illustrative of  just formed, suction is then
momentarily re-     procedures which are useful in the production  applied
while the top plate is pressed down     of egg-shell membrane products
pursuant to  on the sheet to force out as much liquid as     the invention.
possible. Suction is now interrupted and, while 20                  EXAMPLE
1.                    keeping the top plate in place, the screen box  85
Preparation of Particulate Low-Bulk Product.  is placed in an inverted
position on top of a       To 1.25 grams of air-dried, very coarsely
conical receptacle so that the weight of the     shredded or sliced pieces
of uncooked egg-  screen box and contents is supported by the     shell
membrane placed in the receptacle of an  pressure of the rim of the top of
the receptacle 25  appropriate homogenizer approximately  170  against the
top plate. The resulting set-up is  90     ml of anhydrous methyl-ethyl
ketone  (2-  allowed to stand overnight to allow evapora-     butanone) are
added. There is no apparent  tion of water through the screen interstices
softening  of the  crisp  membrane  pieces,  and the top plate is then
removed leaving a     indicating little if any imbibition of the liquid
dry sheet of felted egg-shell membrane fibers 30  into the structural
elements of the membrane.  resting upon it and easily removable from it, 95
The machine is operated at gradually increas-  having an area of 16 square
inches.     ing speeds and finally for 12 minutes at 45000  The glycerol,
which is desirably utilized,     rpm  while the receptacle is cooled with
an  serves as a humectant so as to inhibit undue     ice-water bath. The
pieces of membrane  embrittlement or drying out of the felted sheet 35
rapidly disintegrate and in 12 minutes the  of egg-shell membrane fibers.
In place of 100     agitated  liquid looks like milk. It settles  glycerol
other humectants, generally aliphatic     rapidly, however, giving a
sediment of white  polyols, can be used, typical of which are     powder
and a hazy supernatant of methyl-  sorbitol and propylene glycol. The
humectant     ethyl ketone. The sediment product appears  can be
incorporated at any suitable stage of 40  to be composed of about equal
parts of pieces  the process.                                 105      of
membrane and pieces of fibers. After filtra-    In the above example the
egg-shell mem-      tion, washing out of methyl-ethyl ketone with  brane
fiber suspension in water may be mixed      dry acetone, or merely allowing
the residual  with an aqueous suspension of finely divided
methyl-ethyl ketone to evaporate spontaneously  fibers of cotton, of
cellulose, of oxy-cellulose, 45  from  the collected disintegrated membrane
of alpha cellulose, of regenerated cellulose, of 110      material, an
excellent particulate membrane  silk, of rayon, of wool, of nylon and of
other      material is obtained of great surface to weight  synthetic and
natural fibers. The resulting      ratio for the topical treatment of
wounds.  sheet will be composite as to fiber types though      Bulk density
of the disaggregated material is  each side of the sheet will be similar to
the 50  0.14 grams per cc.                            opposite side. Sheets
with dissimilar sides may  115                      EXAMPLE 2.
be prepared by developing on the screen box,         Preparation of Felted
Fibrous Sheet.    in the manner described, first a felted sheet         5
grams of "blotter dry" mechanically  of one type of fiber and subsequently
develop-      separated  egg-shell membranes  (equal to  ing on top of the
first sheet laid down, and  55  about 1.5 grams air-dried membranes), which
while the latter is still in the screen box, a 120      prior to " blotter
drying" had previously been  second felted sheet from  a different fibrous
washed, with water, are cut up into thin strips  material suspension. One
of the felted sheets      about [err] inch to [err] inch wide and [err] to
[err] inch  containing egg-shell membrane fibers may, if      long and
placed in the receptacle of an appro-  desired, be prepared from a
suspension of egg-  60  priate homogenizer, together with approxi-  shell
membrane fibers admixed with other 125      mately 170 ml distilled water.
The homo-  fibers by employing a suspension containing      genizer is
operated preliminarily (about 1 to  the mixture of fibers in the manner
previously      3 minutes) at low speed to break up the mem-  described.
branes and then is operated at full speed                     EXAMPLE 3. 



65  (45,000 rpm) for 13 minutes. The resulting   Preparation of Fibrous
Low-Bulk Product.  130                           949,946
7        1.5  grams  of  air-dried,  mechanically  medium  as, for
instance, gaseous nitrogen,     separated, egg-shell membrane (equal to 5
helium, argon, carbon dioxide and the like.     grams " blotter dry "
egg-shell membrane) to-   In place of acetone, other water-miscible
gether with approximately 170 ml of distilled  organic solvents having
specific gravities pre- 5  water are placed in the receptacle of an appro-
ferably less than water can be employed, 65     priate homogenizer. After
allowing the egg-  typical examples of which are methyl alcohol,     shell
membrane material to imbibe water so  ethyl alcohol and methyl-ethyl
ketone. Various     as to be in approximately equilibrium  con-  of such
materials, in addition to functioning     ditions with the water, the
homogenizer is  as dehydrating media and expediting the re- 10  first
operated at slow speed, as in Example 2,  moval of moisture, also have a
sterilizing effect 70     and then it is run at full speed for 13 minutes
on the egg-shell membrane fibers. Further,     to convert the membrane into
a fiber pulp. The  suspensions of egg-shell membrane fibrous     resulting
aqueous fiber pulp suspension is  material in such water-organic solvent
media     divided  into  two   approximately  equal  may be filtered
instead of centrifuged and 15  portions each in a centrifuge bottle. The
this is a convenient way to handle larger  75     bottles so prepared are
well shaken, then spun  quantities of product. Instead of removing     down
for a period of about 10 minutes and the  the water or other suspending
liquid from the     supernatant liquid is decanted. The residues  egg-shell
membrane fiber pulp suspension, in     are united in one bottle by washing
one residue  the manner described, the suspension of egg- 20  into the
other bottle with 70 to 100 ml of  shell membrane fibers resulting from the
action  80     acetone, the latter is then shaken to suspend  of the
homogenizer on the suspension of egg-     the residue, then spun down for
about 10  shell membrane pieces, the water or other     minutes in the
centrifuge and the liquid again  suspending liquid may be conveniently re-
decanted. The residue is then suspended in  moved by subjecting the
suspension of egg- 25  about 100 ml acetone and collected on a  shell
membrane fibers to commercial drying,  85     Buchner suction funnel
without using a filter  particularly spray-drying procedures, such as
paper. The acetone is allowed to drain away  are used for the recovery of
heat-labile solids     by gravity and the final residual acetone is  from
aqueous and other suspensions or solu-     allowed to evaporate
spontaneously while pre-  tions. The  dry  egg-shell membrane  fiber 30
venting access of dust particles by wrapping  aggregates resulting from
the spray-drying  90     the suction funnel in a cloth. The acetone-
operation may then be converted to the ex-     free, dry egg-shell membrane
fiber aggregate  tremely light fluffy product by subjecting     is broken
up by hand into small pieces, placed  these aggregates to the previously
described     in  the  appropriate  homogenizer  in  the  disaggregative
procedure for the preparation 35  receptacle without any liquid, and the
homo-  of the extremely light fluffy product. Further,  95     genizer,
after a preliminary operation of a few  the pulverulent form  of egg-shell
membrane     minutes at low speeds to break up the portions  product, which
may be produced in a suspen-     of egg-shell membrane fiber aggregate, is
run  sion in a liquid as described, may also be re-     at full speed for
just a few seconds where-  covered by such drying procedures and the 40
upon the egg-shell membrane fiber aggregate  aggregated pulverulent
particles so produced  100     is completely disaggregated and the
resulting  may be disaggregated by the previously de-     separated
egg-shell membrane fibers are dis-  scribed disaggregative step.     persed
to produce a white, extremely light    The following table shows the
results of     fluffy product, the bulk density of which is  several
experiments on egg-shell membrane 45  approximately  0.0195  grams  per cc.
In  disintegration utilizing various organic sus- 105 



general, utilizing the foregoing type of pro-  pending  liquids in the
homogenizer. The     cedure, the bulk density of the product will  coarsely
chopped membranes were allowed to     usually fall within the range of 0.01
to 0.08  stand for a time in the suspending liquid be-     grams per cc.
Care must be exercized in this  fore disintegration for periods up to
several 50  air-fluffing operation since, if the homogenizer  minutes to
permit any imbibition of liquid by  110     is run for too long a period of
time, the friction  the membrane to take place; 0.75 g. of the     set up
between the egg-shell membrane and air dried membrane in 80 ml. of liquid
was     parts of the homogenizer may tend to cause  then subjected to the
action of a homogenizer     some of the product to become scorched,
operating at a speed of 45000 rpm. The tem- 55  giving an odor to the
product. In general,  perature was controlled by a water bath or 115
treatment at high speed for approximately five  by  an  ice bath  around
the homogenizer     to fifteen seconds is usually sufficient to  receptacle
and the contents of the receptacle     achieve the desired results. Instead
of carry-  were thus kept from temperatures above 50[err]     ing out the
disaggregation or dispersion step  C. The diameters of the fibers were
measured 60  in air, it can be done in any desired gaseous  in the moist
condition.                     120         8
949,946                                                       Product
Formed        Suspending          Time of          Liquid
Disintegration      Description           Size (microns)     1.  Formamide
5 min.    Mainly separated fibers; Fiber length:
a few agglomerated or  longest 170,        readily imbibed
aggregated masses of   shortest 24,        by membrane
separated fibers. No   average 67.
particles of membrane.  Fiber diameter 3 to 7.     2.  Melted anhydrous
3 min.    Almost entirely fibers, Fiber length:        Phenol
mostly free individual  longest 218,
fibers but some matted shortest 37,        reaction carried out
agglomerated or        average 60.        at 45[err] C. (m.p.
aggregated fibers.    Fiber diameter 3 to 7.        phenol=41-42[err]C.).
No. pieces of original        Imbibed.                         membrane.
3.  Anhydrous             3 min.    All fibers, no bits of    Fiber length:
formic acid                      original membrane.    longest 290,
Mostly separated      shortest 30,        readily imbibed
individual fibers but  average 62.
some agglomerated or  Fiber diameter 3 to 7.
aggregated mats.     4.  Glacial acetic       2.5 min.   Entirely separated
Fiber length:        acid                             fibers with a few
longest 387,                                          mats of agglomerated
shortest 43,        readily imbibed                  separated fibers.
average 100.
Fiber diameter 3 to 7.  



5.  Mercapto-acetic     3.5 min.   Almost completely        Fiber length:
acid 98%                         separated fibers;     longest 265,
a few agglomerated    shortest 36,        imbibed
mats of separated     average 84.
fibers.                Fiber diameter 3 to 7.     6.  Mercapto acetic
3.5 min.   Almost entirely          Fiber length:        acid
separated fibers;      longest 290,        80% in water
a very few small       shortest 36,
agglomerations of     average 90.        imbibed
these.                 Fiber diameter 3 to 7.     7.  Beta-mercapto
3.5 min.   Preponderantly          Mats and pieces         propionic acid
separated fibers.      size: 242 x 121,         99%
Remainder agglomerated smallest 90 x 50.
separated fibers, small  Fiber length:         Softened slowly,
particles and          longest 195,         fair imbibition
occasional small bits  shortest 22,
of membrane           average 98.
Fiber diameter 3 to 7.      8.  Anhydrous            3.5 min.   Product
mainly          Size of pieces:         pyridine
small particles;       large 25 x 19,
a few fiber pieces,   small 16 x 13.         not imbibed
frequently stuck       Fiber pieces 6 x 16
together. Some bits or when moist.
pieces of membrane.      9.  2:4-Pentanedione    3.5 min.   Essentially a
powder.  Powder particles                                           A few
broken           size: large 47 x 53,         not imbibed.
bits of fibers.        small 19 x 38
Fiber pieces 6 x 16
when moist.                                                       949,946
9                                                                 Product
Formed              Suspending           Time of                Liquid
Disintegration      Description            Size (microns)          10.
Chloroform U.S.P.    6 min.    Product essentially      Small particles
a powder with a few   12 x 12 or less and              not imbibed.
fibres                  numerous. Average
particle 14 x 14.
Largest bit 120 x 84.
Fibers, longest 132,
others 12 to 36 long.
Fiber diameter 7. 



The smaller average particle size obtained  as a necrotic ulcer, then the
area is desirably     in experiment 10 in comparison with experi-  packed
with the dried egg-shell membrane     ments 8 and 9 is probably related to
the  material. To this end, the 100%  egg-shell 5  higher density of
chloroform.                  membrane material, if in sheet form, can be
55        The egg-shell membrane products obtained  cut into small pieces
and the latter packed or     from  experiments 1 to 7 in the foregoing
lightly tamped into the area throughout its     table can be effectively
utilized in the pre-  depth. However, in this type of situation it is
paration of the fluffy fiber pulp form and they  particularly desirable to
pack the area with the 10  may also be used effectively for the prepara-
dried egg-shell membrane material as produced  60     tion of the sheet
forms in the procedures as  in disaggregated particulate powder form or in
described above. Thus, for instance, the egg-  disaggregated particulate
fibrous form. The     shell membrane products shown in experiments  area is
again protected from contamination by     1 to 7 can be filtered off, and
then (a) sus-  hospital gauze as described above. As healing 15  pended in
water and sheeted in the manner  proceeds, additional amounts of the dried
egg-  65     described herein, or (b) washed with acetone,  shell membrane
materials may be applied to     air-dried and then disaggregated or fluffed
to  the denuded area as may be indicated by the     produce a fluffy fiber
pulp form of egg-shell  rate and degree of healing.     membrane product
having low bulk density.     The egg-shell membrane felted fiber fabrics 20
The products obtained from experiments 8,  or sheets and the egg-shell
membrane particu-  70     9 and 10 in the foregoing table are suitable
late products, both the fluffy fiber pulp form     for use in the
preparation of the powder form   and the powder form, produced in accord-
of egg-shell membrane product in the manner  ance with the present
invention, function,     described above.                              when
utilized in the manner described above, 25    The products obtained from
experiments 8,  as protective barriers for the denuded areas, 75     9 and
10 may each be filtered off, washed with  exercising a mechanical
protective action as     acetone to remove suspending liquid, air-dried
well as markedly assisting in the healing of     and disaggregated and
air-dispersed in the  the lesion. The body fluids present in the
homogenizer to give the powder form of egg-  tissues of the lesion may
become intimately 30  shell membrane product according to the pro-  admixed
with the particles of the egg-shell  80     cedure described herein.
membrane products and on drying form  a       The manner in which the dried
egg-shell  reinforced crust having considerable mechanical     membrane
particulate materials of the inven-  protective  strength. Further, the
enzymic     tion are used to assist the healing of denuded  substances
present in such body fluids and 35  areas on the human body is dependent,
in part,  tissue exudates may act on the egg-shell mem-  85     on the
nature of such areas. Thus, for ex-  brane particles, presenting as they do
an ex-     ample, if in the area the depth to which the  tensive surface
area for enzyme adsorption, and     tissue has been lost is relatively
superficial, a  such enzymic action may result in the formation     sheet
of felted egg-shell membrane fibers or  of substances which facilitate the
healing pro- 40  a sheet of other felted fibers admixed with  cess and/or
stimulate the growth of repair  90     fibrous or non-fibrous particulate
egg-shell  tissues and ultimately of new skin covering.     membrane
products described above is simply  The dried egg-shell membrane products
pro-     placed over said area to cover same. To this  duced pursuant to
the invention are character-     end the sheet may be cut to conform in
con-  ized by exceptionally great surface area per 45  tour to that of the
area to be covered. A pro-  unit of weight. This fact appears to play some
95     tective cover of hospital gauze or the like may  role in relation to
the manner in which said     be  laid  gently  and  preferably  relatively
materials of the invention function in assist-     loosely over the sheet
to protect the treated  ing the healing processes here involved, with
lesion and to prevent contamination.        due regard for the fact that
the exact mech- 50    If the denuded area is quite deep, as in the  anism
of the actions concerned in such pro- 100     case of the surgical removal
of an ulcer such  cesses is presently unknown.    



10                                       949,946       It should be
understood that, while it is  slightly elevated temperatures, for example
at      preferred to utilize uncooked egg-shell mem-  40[err] C. to 75[err]
C., and at pressures of 2 to 6      branes in the production of the novel
egg-shell  atmospheres for a period of 2 to 4 hours.      membrane products
of the invention, cooked  Sterilization may also be carried out using 5  or
partially cooked egg-shell membranes can  beta-propiolactone or, in certain
cases, with  70     be treated in the same manners as described  moist or
dry heat. However, depending upon     above in connection with the uncooked
egg-  the exact manner in which the egg-sheet mem-     shell membranes to
produce the particulate  brane  products  have  been  prepared  and
egg-shell membrane products as well as to pro-  handled, they may have a
practical degree of 10  duce felts or felted fiber sheets.
sterility without the necessity for any special 75       It has also been
found that the egg-shell  sterilizing treatments.     membrane fiber pulp
prior to drying, or    Further, it may be advantageous under     aqueous
suspensions of the egg-shell mem-  certain circumstances to combine the
dried     brane fibers or aqueous suspensions of the  egg-shell membrane
products, whether in 15  egg-shell membrane powder particles, pre-  sheet
forms or in disaggregated particulate  80     pared as described above, may
be treated in  forms, with drugs, with enzymes, with anti-     aqueous
media with enzymes, preferably puri-  biotics and/or with bacteriostatic
agents. To     fied, of proteolytic character, such as papain,  this end,
said dried materials may be impreg-     ficin, pepsin, trypsin  and
trypsin  related  nated with the desired enzyme, drug, anti- 20  enzymes,
bromelin  and  other  proteolytic  biotic or bacteriostatic substance or
mixtures  85     enzymes of vegetable and/or of animal origin  of these
either by mechanical admixing of the     so as to bring about partial
digestion of the  egg-shell membrane products with the drug in
egg-shell membrane material. Moreover, the  dry form or the drug may be
dissolved in a     finished products may contain active proteo-  suitable
solvent and the drug solution applied 25  lytic enzymes which serve, in
certain instances,  to the egg-shell membrane products at con-  90     to
enhance the utility of the egg-shell mem-  venient points in the
preparation of the egg-     brane digest product.
shell membrane products herein described or       Useful products can also
be prepared from   to the finished products themselves. Typical     the
egg-shell membrane particulate products  of such antibiotics are neomycin
and bacitracin, 30  herein described by oxidation and also by re-  and
particularly, broad spectrum  antibiotics  95     duction techniques
whereby to modify the di-  such as chlortetracycline, tetracycline, oxy-
sulfide linkages present in the egg-shell mem-  tetracycline,
chloramphenicol, the  " sulfa"     brane substance. Oxidations have been
carried  drugs and others.     out with hydrogen peroxide, urea peroxide,
While the invention is especially applicable 35  peracetic acid and
performic acid to oxidize  to  the treatment of egg-shell membranes 100
disulfide groups, present in egg-shell membrane  obtained from domestic
fowl's eggs, it is also     materials, to intermediate states of oxidation
useful in relation  to egg-shell membranes     of the disulfide link-ages
and to form cysteic  obtained from eggs of other birds and fowls     acid
groups. Such latter acidic groups can be  as, for instance, duck eggs. The
examples 40  reacted chemically for instance with basic  listed above were
carried out with egg-shell 105     amino acids such as lysine, arginine,
histidine  membranes  prepared  from  the  eggs  of     and with methionine
as well as with basic  domestic fowls because these represent the
peptides. Reductions have been carried out on  most available sources of
large supplies of     the egg-shell membrane particulate products
egg-shell membranes. 45  described herein with mercapto-acetic acid,
While certain preferred methods of treat- 110     mercapto-propionic  acid,
substances  which  ing egg-shell membranes have been described     contain
a reactive thiol group, and their  in detail, it will be understood that
other     soluble salts, to convert the disulfide groups  methods of
preparing products according to 



present in the egg-shell membrane products  the invention may be apparent
to those skilled 50  to thiol groups. The resulting reduced egg-  in the
art.                                   115     shell membrane products can
then very readily   WHAT I CLAIM  IS: -     be subjected to partial
digestion with proteo-    1. A  method of preparing an article of     lytic
enzymes to produce modified egg-shell  manufacture useful for assisting in
the heal-     membrane products useful for the treatment  ing of
skin-denuded areas on the human body, 55  of denuded areas on the human
body.           which  comprises  comminuting   egg-shell 120        The
dried egg-shell membrane products,  membrane to produce a product having a
whether in sheet forms or in disaggregated  greater total surface area than
that of the     particulate forms, can be sterilized, preferably  same
weight of egg-shell membrane.     prior to final packaging. This may be
accom-    2. A method according to claim  1, which 60  plished by
techniques known in the art as, for  comprises  mechanically  comminuting
the  125     example, by treatment with gaseous ethylene  membrane in air
or in a liquid which does not     oxide or propylene oxide, or mixtures of
each  soften the membrane, so as to convert it to     of these gases with
other gases such as mix-  an essentially non-fibrous product.     tures of
ethylene oxide gas with carbon di-    3. A  method according to claim  2,
in 65  oxide gas, preferably under pressure and at  which the membrane is
comminuted by the  130              10
949,946       It should be understood that, while it is  slightly elevated
temperatures, for example at      preferred to utilize uncooked egg-shell
mem-  40[err] C. to 75[err] C., and at pressures of 2 to 6      branes in
the production of the novel egg-shell  atmospheres for a period of 2 to 4
hours.      membrane products of the invention, cooked  Sterilization may
also be carried out using 5   or partially cooked egg-shell membranes can
beta-propiolactone or, in certain cases, with  70     be treated in the
same manners as described  moist or dry heat. However, depending upon
above in connection with the uncooked egg-  the exact manner in which the
egg-sheet mem-     shell membranes to produce the particulate  brane
products  have  been  prepared  and     egg-shell membrane products as well
as to pro-  handled, they may have a practical degree of 10  duce felts or
felted fiber sheets.            sterility without the necessity for any
special  75        It has also been found that the egg-shell  sterilizing
treatments.     membrane fiber pulp  prior to  drying, or    Further, it
may be advantageous under     aqueous suspensions of the egg-shell mem-
certain circumstances to combine the dried     brane fibers or aqueous
suspensions of the  egg-shell membrane  products, whether in 15  egg-shell
membrane powder particles, pre-  sheet forms or in disaggregated
particulate  80     pared as described above, may be treated in  forms,
with drugs, with enzymes, with anti-     aqueous media with enzymes.
preferably puri-  biotics and/or with bacteriostatic agents. To     fied,
of proteolytic character, such as papain,  this end, said dried materials
may be impreg-     ficin, pepsin, trypsin  and  trypsin  related   nated
with the desired enzyme, drug, anti- 20  enzymes,  bromelin  and  other
proteolytic  biotic or bacteriostatic substance or mixtures  85     enzymes
of vegetable and/or of animal origin  of these either by mechanical
admixing of the     so as to bring about partial digestion of the
egg-shell membrane products with the drug in     egg-shell membrane
material. Moreover, the  dry form or the drug may be dissolved in a
finished products may contain active proteo-  suitable solvent and the drug
solution applied 25  lytic enzymes which serve, in certain instances,  to
the egg-shell membrane products at con-  90     to enhance the utility of
the egg-shell mem-  venient points in the preparation of the egg-     brane
digest product.                         shell membrane products herein
described or       Useful products can also be prepared from   to the
finished products themselves. Typical 



the egg-shell membrane particulate products  of such antibiotics are
neomycin and bacitracin, 30  herein described by oxidation and also by re-
and particularly, broad spectrum  antibiotics  95     duction techniques
whereby to modify the di-  such as chlortetracycline, tetracycline, oxy-
sulfide linkages present in the egg-shell mem-  tetracycline,
chloramphenicol, the  " sulfa"     brane substance. Oxidations have been
carried   drugs and others.     out with hydrogen peroxide, urea peroxide,
While the invention is especially applicable 35  peracetic acid and
performic acid to oxidize  to  the  treatment of egg-shell membranes  100
disulfide groups, present in egg-shell membrane  obtained from domestic
fowl's eggs, it is also     materials, to intermediate stares of oxidation
useful in  relation  to  egg-shell membranes     of the disulfide link-ages
and to form cysteic  obtained from eggs of other birds and fowls     acid
groups. Such latter acidic groups can be  as, for instance, duck eggs. The
examples 40  reacted  chemically for instance with  basic  listed above
were carried out with egg-shell 105     amino acids such as lysine,
arginine, histidine  membranes  prepared  from  the  eggs  of     and with
methionine as well as with basic  domestic fowls because these represent
the     peptides. Reductions have been carried out on  most available
sources of large supplies of     the egg-shell membrane particulate
products  egg-shell membranes. 45  described herein with mercapto-acetic
acid,    While certain preferred methods of treat- 110
mercapto-propionic  acid, substances  which  ing egg-shell membranes have
been described     contain  a reactive thiol group. and  their  in detail,
it will be understood that other     soluble salts, to convert the
disulfide groups  methods of preparing products according to     present in
the egg-shell membrane products  the invention may be apparent to those
skilled 50  to thiol groups. The resulting reduced egg-  in the art.
115     shell membrane products can then very readily   WHAT I CLAIM  IS:-
be subjected to partial digestion with proteo-   1. A  method of preparing
an article of     lytic enzymes to produce modified egg-shell  manufacture
useful for assisting in the heal-     membrane products useful for the
treatment  ing of skin-denuded areas on the human body, 55  of denuded
areas on the human body.           which   comprises   comminuting
egg-shell 120       The dried egg-shell membrane products.  membrane to
produce a product having a     whether in sheet forms or in disaggregated
greater total surface area than that of the     particulate forms, can be
sterilized, preferably  same weight of egg-shell membrane.     prior to
final packaging. This may be accom-    2. A method according to claim  1,
which 60  plished by techniques known in the art as, for  comprises
mechanically  comminuting  the  125     example, by treatment with gaseous
ethylene  membrane in air or in a liquid which does not     oxide or
propylene oxide, or mixtures of each  soften the membrane, so as to convert
it to     of these gases with other gases such as mix-  an essentially
non-fibrous product.     tures of ethylene oxide gas with carbon di-    3.
A  method  according  to  claim  2, in 65  oxide gas, preferably under
pressure and at  which the membrane is comminuted by the  130
949,946                                      11      action of rapidly
moving cutting blades whilst    13. An article of manufacture useful for
it is suspended in a liquid selected from   assisting in the healing of
skin-denuded areas      methyl-ethyl ketone, 1: 4-dioxane, benzthiazol,  on
the human body, when prepared by a      pyridine and chloroform.
method according to any preceding claim.     55  5    4. A method according
to claim  1, which      14. An article of manufacture useful for
comprises  mechanically  comminuting  the  assisting healing of
skin-denuded areas on the     membrane in a liquid which is imbibed by
human body, comprising comminuted egg-     and softens the membrane, so as
to convert  shell membrane the total surface area of which     it to an
essentially fibrous product.        is greater than the surface area of the
same  60 



10    5. A  method according to claim  4, in  weight of egg-shell membrane.
which the membrane is comminuted by the        15. An article of
manufacture according to     action  of rapidly  moving  cutting  blades
claim  14, comprising comminuted membrane     whilst it is suspended in a
liquid selected from   in an essentially non-fibrous, particulate form.
water, methanol, formic acid, acetic acid,    16. An article of manufacture
according to  65 15  propionic acid, lactic acid, phenol, chloro-  claim
14, comprising comminuted membrane     phenol and formamide.
in an essentially fibrous form.       6. A method according to any of
claims 2     17. An article of manufacture according to     to 5, which
comprises separating the com-  claim 16, in which the diameter of the
fibres     minuted product from the suspending liquid,  is between 3 and 7
microns in the moist con-  70 20  drying the product to form  aggregates,
and  dition.     mechanically dispersing the aggregates in a    18. An
article of manufacture according to     gaseous medium to form a dry
fibrous or non-  claim  15, 16 or 17, in which the membrane     fibrous
product of low bulk density.         is in a dry, disaggregated form having
a bulk       7. A method according to claim  4 or 5,  density between 0.01
and 0.08 g./cc.          75 25  which comprises separating the comminuted
19. An article of manufacture according to     fibrous product from the
suspending liquid in  claim 16, 17 or 18, which comprises a dried,     the
form  of a felted fibrous sheet, and dry-  felted, fibrous sheet laid down
from a suspen-     ing the sheet.                               sion of the
comminuted fibers.       8. A method according to claim 7, in which   20.
An article of manufacture according to  80 30  the suspended fibrous
product is admixed with  claim  19, which  includes  glycerol as a     the
non-fibrous product produced according  humectant.     to claim 2 or 3 and
the mixture is formed into    21. An article of manufacture according to
the felted sheet.                            claim  19 or 20, which
includes natural or       9. A method according to claim 7, in which
synthetic textile fiber mixed with the com-  85 35  the suspended fibrous
product is admixed  minuted fibers.     with natural or synthetic textile
fibers and   22. An article of manufacture useful for     the mixture is
formed into the felted sheet.    assisting in the healing of skin-denuded
areas       10. A method according to any of claims  on the human body,
which comprises a base     1 to 6 in which the comminuted fibrous or  web
of woven or non-woven fabric, synthetic  90 40  non-fibrous product or a
mixture thereof is  plastics material, or paper, bearing upon at
applied to one or both sides of a woven or  least one side a felted fibrous
sheet as claimed     non-woven base web to form  a composite  in claim 19,
20 or 21.     article.                                       23. An article
of manufacture useful for       11. A method according to claim  10, in
assisting the healing of skin-denuded areas on  95 45  which the comminuted
product is attached to  the human body, substantially as hereinbefore
the fabric or plastic sheet with an adhesive.   described.       12. A
method of preparing an article of     manufacture useful for assisting in
the heal-    POLLAK, MERCER & TENCH,     ing of skin-denuded areas on the
human body,          Chartered Patent Agents, 50  substantially as
hereinbefore described with  Audrey House, Ely Place, London, E.C.1,
reference to the foregoing Examples.                  Agents for the
Applicant.             Leamington Spa: Printed for Her Majesty's Stationery
Office, by the Courier Press            (Leamington) Ltd.-1964. Published
by The Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained.    


