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BACKGROUND OF THE | NVENTI ON Field of The Invention The
present invention relates to dusting powders of the type used for
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ABSORBABLE DUSTING POWDER DERIVED FROM STARCH

‘BACKGROUND OF THE INVENTION

Field of The Invention

The present invention relates to dusting powders of the
type used for lubricating surgical gloves. More particularly,

the invention has to do with absorbable dusting powders made

from starches having reduced protein content, a low level of

carboxyl groups generated through the slight oxidation of
hydroxyl groups, and other hydroxyl groups cross-linked using a
relatively low level of phosphorus oxychloride (POCli).

Description of Related Art

Dusting powders used by the medical profession have been
associated with numerous problems. Such powders have
traditionally been based on talc. However, it has been
discovered that talc causes granulomas in the body. Talc also
has come under increasing scrutiny as possibly containing
asbestos, a carcinogenic substance., While pure mineral talc is
composed of a group of hydrous magnesium silicates, commercial
talc has varying compositions depending on the source and
method of production. Some of these compositions may be
contaminated with asbestos.

Talc has effectively been replaced by starch-based

' powders, but the starch-based powders have a number of
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surgeons' gloves and has heen associated with infections which
occur from glove~borne particles during optical surgery which
may cause the cornea to turn opaque, Microbial problems are
associated with starch because it is an excellent nut:i;nt
medium for virtuélly all vegetative bacteria such as various
pathogenic microorganisms,

Despite the aforementioned disadvantages associated with
starch-based powders, they are still used by the medical
profession because starch is an inexpénsive and readily
avajilable raw material. There is a need, therefore, for
improved starch dusting powders which overcome many of the
foregoing problems.

Starch-based dusting powders used for surgical gloves and
other medical apparatus (e.g., tubing, catheters and drains)
which may be exposed to internal parts of the body, such as the
peritoneal cavity during surgery, must meet strict United
States Pharmacopoeia (USP) standards for Absorbable Dusting
Powders. These standards are published by the United States
Pharmacopeial Convention, Inc., 12601 Twin Brook Parkway,
Rockvzlle, MD 20852 USA. All references to the USP or to USP
Standards are to the official standards from January 1, 1990
entitled "USP XXII, NF XVII, The United States Pharmacopeia,
The National For@ulaty.' The USP Standards require cross-

linking of the starch to prevent gelatinization which would
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di scovered that talc causes granulomas in the body. Talc al so has
cone under increasing scrutiny as possibly containing 20 asbestos, a
carcinogeni c substance. Wiile pure nmineraljtalc is conposed of a
group of hydrous magnesium silicates, conmerci al tal c has varying
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starch-based powders have a nunber_ of
in U.5. Patent No. 4,853 978 to Stokum, The patent relates to

antimicrobial medical gloves which can be coated with

5 epichlorohydrin cross-linked corn starch. The starch serves as
an antimicrobial agent and a donning assist. The starch powder
is believed to be biocabsorbable if left in a wound site. 1In
some applications, antimicrobials (e.g., compositions having
fungicidal, bactericidal and/or bacteriostatic properties)

in having an affinity for the cross-linked starch can be absorbed
on the starch,

When epichlorohydrin is used for cross-linking, there is
some risk that residual quantities of toxic chlorohydrins can
remain in the product. Thus, alternative types of absorbable

15 dusting powders have been developed. U.S. Patent No. 4,540,407
to Dunn, for example, discloses the use of a polyol powder
which also aveoids the problem of starch peritonitis,

A chitin-derived, finely divided biodegqradable powder is
described in U.S. Patent No. 4,064,564 to Casey for use as a

20 lubricant on surgical gloves., Derivatized chitin, however, is
believed to be expensive relative to modified starch and is
difficult to obtain in commercial quantities.

) :bther medical lubricants are disclosed in U.S. Patent No.
4,773,902 to Lentz et al., which is directed to the use of
25 oxidized cellulose, and U.S. Patent No. 4,152,783 to Choski

which is directed to a surgeon's glove provided with a sodium
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di sadvant ages too. The use of starch has been associated with

peritonitis flowng fromthe use of corn starch on or in sur geons

gl oves and has been associated with infectigons which occur from

gl ove-borne particles during optical surgery which 5 may cause the
cornea to higcacbhprate. powtierebi al problens are associated with starch

because it is an excellent nutrient
It has now been discovered in accordance with the present

invention that a new modified starch can be prepared which
meets USP Standards for absorbable dusting powders while

5 avoiding many of the problems associated with prior art
products. The starch is modified in two steps. First, it is
treated with sodium hypochlorite to remove protein, oxidize
some of the hydroxyl groups and whiten the product. Second,
the hypochlorite treated starch is cross-linked with POCly at a

in low level to allow better assimilation while meeting USP
Standards. The use of POCl; for cross-linking avoids any
risk of residual chlorohydrins associated with the use of
epichlorohydrin.

U.S. Patent No. 4,562,086 to Smolka et al. discloses a

15 modified starch for use in food applications which is prepared
by etherification with an alkylene oxide followed by cross-
linking. Phosphorus oxychloride is disclosed as a cross-
linking agent, Treatment of corn starch with hypochlorite is
disclosed in U.S. Patent No. 2,070,776 to Bochskandl, U.S.

20 Patent No., 2,951,776 to Scallet et al. and U.S. Patent No.
2,989,521 to Serti et al. The Serti et al. patent describes a
process whereby starch is first cross-linked with
ep&cﬁiﬁrohydrin followed by treatment with sodium hypochlorite.
These patents do not disclose the processing conditions, or the

25 products of the present invention and none of them relate to

the preparation of modified starches for medical uses.
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mediumfor virtually all vegetative bacteria such as various

pat hogeni ¢ m croor gani sns. Despite the aforenenti oned

di sadvant ages associated with 10 starch-based powders, they are stil
used by the nedi cal pr of essi on because starch is an inexpensive and
readily available raw material. There i% a need, therefore, for

| nproved starch dusting powders whi ch overcone nmany of the f or egoi ng
probl ems. 15 St ar ch- bas ctVMMARY nQF pTHBcAYVENTIO®or surgi cal gl oves
and ot her nedi cal apparatus (e.g., tubing, catheters and drains)

The absorbable dusting powder composition of the invention

is made by modifying starch, preferably corn starch, in two

5 steps. In the first step, the starch is treated with a
hypochlorite to remove most of the protein and oxidize some of
the hydroxyl groups. This step also causes whitening of the
product. It has been found that protein from plant sources can
cause allergenic response in humans. To reduce any possible

10 allergenic reaction from the protein in starch, treatment,
using hypochlorite, is important in the development of an
absorbable dusting powder,

In the second step, the hypochlorite modified starch is

partially cross~linked with POCl; to allow better assimilation

15 while meeting USP Standards. A sufficiently low level of
cross~linking with POCly prevents gelatinization during heat-
pressure based sterilization. The low levels of cross~-linking
also increase the opportunity for assimilation by normal
physiological functions., The USP requires that sedimentation,

2v a measure which depends on the degree of cross-linking, not
exceed a value of 75 milliliters (which, for the product of the
present invention, is approximately equivalent to bound
pgbsghorus levels of about 400 parts per million (ppm) as
explained later in this specification).

25 Magnesium oxide {MgO) can be added to the hypochlorite-

modified cross-linked starch if desired. Magnesium oxide is
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alkaline substance. The USP has limits on the maximum
quantities of magnesium oxide that can be used as well as a
maximum pH specification that would be indicative of the
generation of magnesium hydroxide in solution.

DETAILED DESCRIPTION OF THE INVENTION

The starting material starch used in accordance with the
present invention can be derived from various cereal and root
materials including corn, milo, wheat, rice, arrowrcot, beet,
potato, tapioca, waxy corn and waxy milo. Granular corn starch
which is made in the corn wet-milling process is preferred
because it is readily available, inexpensive and relatively
pure as it is produced so that it does not have to be heavily
refined after it comes from a corn-wet milling plant.

Corn starch is a carbohydrate polymer derived from corn of
various types and composed of about 25% amylose and about 75%
amylopectin., It is generally in the form of a fine white
powder having a granule size from about 5 to about 25 microns
with the average granule size being about 13.9 microns. Bulk
density ranges from about 38 to 47 pounds per cubic foot
dépé;ding on the drying technique used. Flash dried and spray
dried starches have bulk densities at the low end of the range

and belt dried starches have bulk densities at the high end.

‘Moisture content of corn starch is generally about 12%, but

This Sheet Has Been Replaced

NG




| i nking of the starch to prevent gel atinization which would

ot herwi se occur during sterilization when an autocl ave is used.

Epi chl orohydrin can be used for cross-linkin® as disclosed in US
Patent No. 4,853,978 to Stokum The patent relates to anti m crobi al
medi cal gl oxasiediwhttaamhéenbaredatiivie Mimiditiyhl dfioeygelaténdgatiibnked
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temperature, as defined by the loss of birefringence, is from
about 68 to 72° C.

The starting material starch can bhe unmodified or
modified, Suitable modified starches include oxidized starches
such as those prepared with hypochlorite or peroxide.

The hypochlorite used in accordance with the invention may

. be a hypochlorite of scdium, potassium, calcium or magnesium.

Sodium hypochlorite (NaOCl) is preferred because it is more
readily commercially available,

The phosphorus oxychloride (POC13) used in accordance with
the invention is a technical grade compound which generally has
a specification of 99.5% purity. Phosphorus oxychloride, which
is also known as phosphorus oxytrichloride or phosphoryl
chloride, is a colorless to pale yellow fuming liquid. It
reacts exothermically with water to produce phosphoric and
hydrochloric acids.

If magnesium oxide is used in accordance with the
invention, it should meet the requirements of USP Standards,

The process of the invention can be carried ocut in a
continuous or batchwise manner., The first process step
comprises treating a slurried starting material starch with a
h;pdéhlorite to remove most of the protein and oxidize some of
the hydroxyl groups. The slurried starting material starch
should have a dry substance (d.s.) from about 10% to about 435%.

The hypochlorite used can have a concentration from about
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an antim crobial agent and a donning assist. The starch powder S
believed to be bioabsorbable if left in a wound site. In sone
applications, antimcrobials (e.qg., conpositi ns havi ng fungi ci dal ,

pactert of 9gh, BB W LB IR SRlacdfe DYERIALI I l0r
Fosi dual _qBsh oired ke ko % 247 onyER| Raechipochloniite Ma kA dhat.
Thus, alternatlve %y%%%égiéﬁﬁ%¥f¥§4e at from about 5 to about 10.
Suitable reagents for this purpose are hydrochloric acid,
5 sulfuric acid, phosphoric acid, sodium hydroxide and potassium
hydroxide.

The starch is preferably reacted with hypochlorite at a
temperature from about 100°F, to about 150°F, for a period of
time sufficient to remove the protein to a level of less than

10 about 0.15% w/w, with levels of about 0.05% w/w or less being
particularly preferred, and oxidize from about 0.5% w/w to
about 0.05% w/w of the hydroxyl groups. Typical reaction times
are from about 15 minutes to about 2 hours. The degree of
oxidation is determined by measuring the carboxyl content of

15 the starch using standard analytical methods such as those set

forth in Whistler et al., STARCH: Chemistry and Technology,

Vol II (Academic Press 1967) Chapter XXV entitled
*Characterization and Analysis of Starches®™ pp. 620-621; and

Bernetti et al.,, Modern Methods of Analysis of Food Starches,

PAV) Cereal Foods World, Vol. 35, No. 11, November 1990 (American
Association of Cereal Chemists Inc, 1990) p. 1102,
Following the reaction with hypochlorite, any free
cglo;ine present in the reaction slurry should be neutralized;
otherwise the reaction can continue, even in the dry fornm,

25 although at a reduced rate., Neutralization, if needed, can be

accomplished by admixing a neutralizing compound such as sodium
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15 dusting powders have been devel oped. U.S. Patent No. 4,540, 407

to Dunn, for exanple, discloses the use of a pol yol powder whi ch al so
avoi ds the problem of starch peritonitis. A chitin-derived,
finely divided bi odegradabl e powder is 9 described in U S. Patent No.
4,064, 564 Hisbfbyef oscddamasud £ e, pdotusshnt bhsalfditesl pokaeeium

Derivatized chitin, however, is believed to be expensive relative to
nodi fi ed sgwtfhtendri sulfur dlidiidaildad oimhi asuf £ bcdenmeiguiaal igyanrid ti es.
O her nedical lubricants are disclosed in U S. Patent No. , 773,902

to Lentz eiclievahachallaediofesicediedtedtublisecivforine as determined by
suitable analytical methods for residual oxidants such as that
5 set forth in the USP Standards for starch, page 1986 [9005-25~
8] under "Oxidizing Substances®.

At this stage, the reaction slurry can either be directed
to the next reaction step, or dewatered and the hypochlorite
treated starch can be dried by conventional means and saved for

' subsequent processing, If the material is to be saved,
reaction slurry pH is adjusted to from about 5 to about 8§
before dewatering and drying. Suitable pH adjustment agents
include sodium hydroxide, potassium hydroxide; hydrochloric,
sulfuric or phosphoric acid; or any other acid or base that

15 will yield non~-toxic soluble salts. Suitable dewatering
techniques include centrifugation and filtration. Drying can
be carried out in a flash dryer, ring dryer, spray dryer, belt
dryer or the like.

The reaction slurry from the hypochlorite treatment stage

20 is adjusted by the addition or removal of water, if necessary,
to a d.s. from about 10% to about 45%., If dried hypochlorite
treated starch is used, it is reslurried with the addition of
wgéeftto a d.s. within the same range and mixed to prepare a
uniform dispersion. Slurry temperature at this stage is

25 preferably maintained at from about 100°F. to about 150°F,

A salt can be added at a level from about 1% to about 5%
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25 oxidized cellulose, and U. S. Patent No. 4,152,783 to Choski whi ch
Is directed to a surgeon's gl ove provided with a sodi um

4 bi car bonat e powder . gﬁflnom/been di scovered in
accordance with the present |nvent| hat a new nodified starch can

be preparedryhbasis (d.hEettso USRe Sshodaydasf ar galatrimabl sughisdd sgn poyeler s
mhite reduce the tendency of starch granules to swell in the presence
of base or alkali and to retard hydrolysis of the POCLj3
reagent., Commonly used salts include sodium chloride and
5 sodium sulfate. Then the pH is adjusted by adding caustic to
attain a slurry pH from about 11.5 to about 12.5. Suitable
caustic agents include sodium hydroxide and potassium
hydroxide. Phosphorus oxychloride is then added at a
concentration from about 0.05% to about 1.1% w/w, preferably
b} from about 0.5% to about 1.0% w/w, based on dry substance, to
cross-link the starch., Typical reaction times are from about
15 to about 45 minutes. At higher slurry temperatures shorter
times might be used and longer times may be suitable for lower
slurry temperatures. Higher concentrations will result in more
15 cross~linking and lower concentrations will result in less
cross~linking.

The degree of cross~linking of the product of the
invention is characterized by bound phosphorus levels from
about 1200 to about 200 ppm, preferably from about 475 to about

20 200 ppm and most preferably from about 475 to about 400 ppnm.
Bound phosphorus levels are determined by standard analytical
me;hq?s such as published in "Standard Analytical Methods of
tﬂé Member Companies of the Corn Refiners Association, Inc.”
Tentative Standard, 10-~-16-69, pages C-46-~1 through C-46-6,

25 The degree of cross~linking of the product of the

invention can also be expressed as that which will yield a USP
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standards. However, compositions having higher sedimentation
values may be more desirable since they are more easily
assimilated by the body.) Excessive cross-linking, yielding a
sedimentation value of less than bout 45 ml. is detrimental to
physiological assimilation which becomes difficult or reduced
at such levels,

The cross~linked product is then washed and neutralized.
Washing can be carried out either before or after neutralizing,
but it is preferred to neutralize first because it reduces the
presence of ash before washing. (Neutralization is necessary
because it converts hydroxides to salts and salts are easier to
remove.) Neutralization is accomplished by adding acid to
bring the slurry to a pH of from about 6§ to about 8. Suitable
neutralizing acids include hydrochloric, sulfuric and
phosphoric acids. Hydrochloric acid is preferred because it is
readily available and essentially all of the resulting salts
are soluble.,

Washing is necessary to remove residual inorganic and
organic components and is accomplished by dewatering and
rgﬁlarrying in one or more cycles until acceptable levels
(preferably the lowest possible levels) of such residual

components are reached. Dewatering can be carried out by means

' of a filter or centrifuge. Reslurrying following dewatering
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U S. Patent No. 4,562,086 to Snol ka et al. discloses a 15 nmodi fi ed
starch for use in food applications which is prepared by
etherification with an al kyl ene oxi de follpged by cross- | i nki ng.
Phosphor us oxychloride is disclosed as a cross- J.inking agent.

Treat nent shouddnbet ocrbfuth 1 dexakput e20% w/w Soéﬂ§§hos§3uKWYUNaShing
Patent No. 2,070,776 to Bochskandl, U.S. 20 Patent No. 2,951,776 to
Scal | et etcan. aisg besacrsmakigied usingosuscessiveossagess of al . The
Serti et al. patent describes a process whereby starch is first
cross-1inkeyidnpehones. epichlorohydrin followed by treatnment with sodi um

hypochl orite. .
The washed, neutralized slurry is then dried to a moisture

5 content from about 8% to about 14% using a spray dryer, flash
dryer, ring dryer, belt dryer or the like.

The dried modified starch product is a free flowing white
powder and is characterized by a protein content of less than
about 0.15%, preferably about 0.05% or less, hydroxyl groups

10 oxidized to a level of from about 0.05% w/w to about 0.5% w/w
and a degree of cross-linking of hydrbxyl groups characterized
by bound phosphorus levels from about 200 to about 1200 ppm.

The modified starch composition can be used as a medical
dusting powder for various applications including surgical

15 gloves, catheters, tubing, drains and the like. It can be
admixed with magnesium oxide if desired or if necessary to meet
regulatory standards. The magnesium oxide can be added in an
amount less than about 2% w/w dry substance and preferably from
about 0.5% to about 2% w/w dry substance, with the maximum

2y being based on USP specifications. When magnesium oxide is
added, the objective is to obtain an end product having USP
sedimentation values within the range of about 45 to about 95
mf.,mérefetably about 70-95 ml. and most preferably about 70-75
ml.,

25 EXAMPLES

Six samples of absorbable dusting powder were prepared.
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HFlnal processing steps were conducted in a batch process
using a 100 gallon tank provided with an agitator. A high
level of agitation was attained by adjusting a portable mixer
so that the impeller was near the liquid surface. Agitation
was continuous during all of the process steps from preparation
of the starch slurry through completion of the cross-linking
reaction. Each batch was made in the same way except for
variations in concentrations and quantities as indicated below.

Reaction Segquence

Cne hundred pounds of BUFFALO® food grade granular starch
available from Corn Products, Box 345, Summit-Argo, Illinois
60501 UsA, is treated with sodium hypochlorite in a continuous
process., The starch is slurried at 41% d.s. and combined with
sodium hypochlorite having a concentration of 15% w/w chlorine
and 31% w/w hydrochloric acid. The starch slurry is added to a
reaction hold tank at a rate of 10,2 liters per minute, sodium
hypochlorite is added at a rate of 14.5 liters per hour and
hydrochloric acid is added at a rate of 0.69 liters per hour.
The reaction mixture in the reaction hold tank is maintained at
a temperature of 47°C. (l17°F.) and a pH of 6.4 + 0.3,
Residence time in the reaction hold tank is 30 minutes,

Sodium bisulfite (having a concentration of 15% w/w) is
a&;iééd with the product leaving the reaction hold tank to
neutralize free chlorine., The addition takes place in a
neutralization pipeline on the way into a neutralization tank.

The flow of scdium bisulfite is adjusted as necessary to
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The JP-B-7 106 377 discl oses a treatnment nethod for nodified starch
characterized by the fact that starch in an
aqueous suspension is treated mnth 0.1-1. 0bslof an oxidizing agent and
0.1-1.0% based on the starc dlugh trimet aphosphate in the presence

of Na+ ion3&R1eveng Agtertp ]a? grﬁﬁ FRAQri@e&rom 8-12. U S. Patent No.

2,938, 901 discl oses rocess, for _making an inert dusting powder which
conpri ses trexu|$&ﬁ%t%£ BAYLNG a concentration of 5% w/w) is added to

the product leaving the neutralization tank. The addition
takes place in a neutralization pipeline on the way to a basket

S centrifuge for dewatering. The flow rate of soda ash is
adjusted as necessary to achieve a slurry pH of 5.0-5.5,

The slurry is dewatered in the basket centrifuge and the
dewatered hypochlorite-treated starch is dried in a flash dryer
to a moisture content of 12% w/w.

10 Alternatively, one hundred pounds of oxidized starch
having a protein content of about 0.15% d.s. is treated with
hypochlorite in the same manner as set forth above except that
sodium hypochlorite containing about 4% w/w free sodium
hydroxide is added at a comparable rate and ne hydrechloric

15 acid is added. |

For each reaction batch, 45 gallons of water were added to
a 100 gallon tank and heated to a temperature of about 110°F,
(43°C,) For each of five samples, 300 pounds of BUFFALO starch
{not hypochlorite~treated) was added to prepare starch slurries

«Jd having 40% starch solids while maintaining the temperature at
about 110° ¥, For the sixth sample, 100 pounds of the
hypochlorite~treated BUFFALO starch was added to 30 gallons of
w;;eE to prepare a starch slurry having 20% starch solids.
There was no other adjustment or control of temperature during

25 subsequent processing steps. Each starch slurry was mixed for

from about 15 to 30 minutes before further processing. The
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met aphosphat es or pol ynet aphosphates in an anount of 0.01 to 3.0 percent
based on starch.. A nedi cal dusting powder conprising a partially
etherified starch powder and 0.05 to 10 perc;g§ by wei ght of magnesi um
oxide is disclosed in U S. Patent No. 2,626,"
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objective of the SIMIRY wks Tt phephfeOn uniform dispersion.

Sodium chloride (NaCl) was added to each starch slurry as
a dry solid at a level of 3% based on starch dry substance.
About 15 minutes after NaCl addition, sodium hydroxide (NacCH)
was added as a 4% by weight solution., (The 4% NaOH solution
was prepared by adding 50% by weight NaCOH to dilution water.)
NaQH addition was gradual over a period of about 20 minutes
until a concentration of 2.05% by weight NaOH based on starch
dry substance was attained. The NaOH addition point was into
an area of high agitation on the liquid surface in the reaction
tank. Slurry pH after NaOH addition was from about 12.0 to
about 12.4.

About 10 minutes after NaOH addition was completed, POCIl,
was measured in a graduated cylinder before addition. Of the
six samples prepared, two were at a POCl3 concentration of 0.6%
by weight based on starch dry substance, two at 0.8% and two at
1.0%. The concentrations were varied to achieve different
levels of cross~linking. POCl, was added gradually over a
period of 30-60 seconds. Vapors were controlled with a vat
hose connected to an exhaust fan, The cross~linking reaction
was considered completed 10 minutes after POCly addition,
Reaction slurry pH following cross~linking was from about 11.3
tg about 11.9.

Washing and Neutralization

Some of the reaction slurries were separated into two

fractions with about one-third being neutralized before
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The absorbabl e dusti ng powder conposition of the invention I s made by
nodi fyi ng starch, preferably corn starch, in tw 5 steps. In the first
step, the starch is treated with a hydoghl orite to renove nost of the
protein and oxidi ze some of the hydroxyl groups. This step al so causes
whi teni ng ¥ashihag. The demaining htwobbbhr8esundrehaeustaildized rafihext ant
sources can cause all ergenic response in humans. To reduce any
possi bl e #@shiakl.er femtr aldaaat ion fwas adcoppdishrad dyswdddng tireatfrent ,
usi ng hypochlorite, is inmportant in the devel opnent of an - absor babl e
dusting pobwdrochloric acid to the slurries to bring the pH to about 7.
The cross-linked reaction product was washed in three
5 steps using a 36 inch diameter gravity nutsche filter. (A
nutsche filter is a tank equipped with a false bottom,
perforated or porous, that may support a filter medium or may
itself act as the septum.) Two different tightly woven filter
cloths were used in separate trials. One was a white
10 polyamide-nylon fabric made from a monofilament source having a
mesh of -3-53/21 xx and a width of 40-42 inches. This cloth is
sold under the trademark MITEX by Tetko Incorporated, 333 S,
Highland Avenue, Briarcliff Manor, New York 10523 USA. The
other was a gray cotton fabric made from a twisted
15 multifilament thread and sold under the Style Number EMPH 101
by TestFabrics Inc., 200 Blackford Avenue, Middlesex, NJ 08846
USA. Both filter cloths gave satisfactory results. A vacuum
generated by a vacuum pump at a level of 15 inches mercury (Hg)
was used. Each filtration cycle was conducted for about 5~15
v minutes resulting in filter cakes about 1-3 inches thick having
a moisture content of about 50%. The filter cakes were
reslurried to about 35-40% by weight solids between each step
and after the last filtration step.
Drying
25 The washed, neutralized slurries were each separately

spray dried in a DelLaval spray dryer (Delaval, Inc.,
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In the second step, the hypochlorite nodified starch is partially
cross-linked with POCl[err] to allow better assimlation 15 while neeting
USP Standards. A sufficiently |low | evel of cross-linking with

AN DR W T S gy 1 Lt i
USP " cqui r eembaraseBpnoRt J00SK, 1S80F defedutb) wnienOREA4RRE GROPRE aad ce
of cross-Ilinking, not exceed a value of 75 nmilliljters (which, for
the productf@fnaee. Supply slurry was atomized through a high pressure
nozzle at 2600 p.s.i.g. at a rate of 15 gallons/hour. OQutlet
5 air temperature was controlled at about 150°F. for a target
product moisture of 10%. The drying rate was about 50 pounds
of product per hour.
The spray dried product was free flowing with low dust
generation when handled and had a somewhat granular texture.
10 Microscopic examination revealed roughly spherical agglomerates
ranging in size from a few to several hundred individual starch
granules. In the presence of water, the agglomerates

immediately and totally dispersed.

Product Analyses

15 Analytical results are summarized in Tables I and II
below.
TABLE I

B POC13 3 Ash, 3 Sedi-
2v Sample dose moist, pH $ d.b, mentation

1a 0.6 6.7 8.9 1.6 52

1B 0.6 6.8 9.3 1.0 51

~ o 0.8 7.7 9.2 1.8 47

2G 0.8 9.9 9.3 0.7 59

25 3a3 1.0 8.3 8.8 1.5 45

K}: ] 1.0 10.0 9.3 1.1 50
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present invention, is approxi mately equivalent to bound phosphor us
| evel s of about 400 parts per mllion (ppm as explained later in
this specification). 25 Magnesi um oxi de (MgO can be added to the
hypochl ori t e- nodi fied cross-linked starch if desired. Magnesium
oxide is commonly used to increajelthe flowability of dry

starch
1 § 3.b. means % dry basis. Dry basis is calculated by

multiplying the sample weight by the dry substance (d.s.)
Dry substance is calculated by dividing the dried weight
5 (without moisture) of a sample by the total weight (with

moisture) of the sample before drying.

2 ysp Sedimentation in milliliters based on the method
associated with the USP specifications.
3 This sample was tested for heavy metals as
10 representative of the others and 1 ppm heavy metals was

detected.

The POCly dose was a percentage based on total starch, dry
substance.

The "A" samples and the “"G" sample were washed before the

15 neutralization step and the "B" samples were washed after

neutralization. The "A" and "B" samples were made using the
BUFFALO starch starting material and the *G®" sample was made
using the hypochlorite-treated BUFFALO starch starting
material.

yAY

25
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products. Wien the starch materials fornulated with MO are pl aced in

wat er, the MO becones magnesi um hydr oxi de, an al kal i ne substance. The
USP has Iimts on the nmaxinum 5 guantities of nagnesi um oxi de that can
be used as well as a maxi mum pH specification that woul d be indicative
of the generation of nmagnesi um hydrdxfjde in sol ution.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The starting materi al
starch used in accordance with the 10 TABKRNIIi nvention can be derived
fromvarious cereal and root materials including corn, mlo, wheat,
rice, arrow oot, beet,
Na, Protein, Solubles, Mold/
Sample ppm d.b. $ d.b. % d.b, Bact. Yeast
5 1A 6900 0.21 1.6 3500 5
1B 2700 0.34 1.0 5200 180
2A 7000 - 0.20 1.9 4800 70
2G 2800 0.05 1.3 7800 40
3a 4300 0.286 1.2 350 10
"1 33 1500 0.29 0.9 - -

Microbial analytical values for bacteria (Bact.) and mold

and yeast are in colony forming units per gram (cfu/g)}.

18 Sample Formulation With MgO

Each of the six samples was formulated in the laboratory
with 0.25, 0.50 and 0.75 percent magnesium oxide to determine
the effect on pH and sedimentation volume shown in Table III.
A magnesium level of about 0.5% was enough to reach the minimum
20 10.0 pH for all of the samples and still be within the

sedimentation specification,

25
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pot at o, tapioca, waxy corn and waxy mlo. Ganular corn starch whi ch

Is made in the corn wet-mlling process is preferred because it is
readirly avail abl e, inexpensive and relatively 15 pure as it is produced
so that it. does not have to be heavily refined after it conmes froma
corn-wet mlling plant. Corn st@@h is a carbohydrate polyner
derived fromcorn of vari ous types and conposed of about 25% anyl ose
and about 75% anylopectin. It is GAB&RBalII in the formof a fine white
20 powder having a granule size fromabout 5 to about 25 m crons
MgO, U.S.P. Sedi~-
Sample % on d.s. pH mentation, ml
la 0 8.9 52
5 0.25 9.65 68
0.50 9.95 70
0.75 10.0 70
18 g 9.3 51
0.25 9.9 58
0.50 10.05 62
0.75 10.1 65
2A 0 9.2 47
10 0.25 9.9 60
0.50 10.05 63
0.75 10.2 70
2G 0 9.3 59
0.25 10.2 73
0.50 10.25 74
0.75 10.35 76
ia 0 8.8 45
15 0.25 10.05 60
0.50 10.2 62
0.75 10.3 64
3B 0 9.3 50
0.25 10.05 64
0.50 10.25 66
0.75 10.3 68
2y

Having set forth the general nature and some specific
examples of the present invention, the scope is now more

sseéifically set forth in the appended claims.

25
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with the average granul e Si ze being about 13.9 m
density ranges fromabout 0.61 to 0.75g/cnferr] (38 to 47 poqﬂggmaﬂﬂ Hl”""
foot) dependi ng on the drying techni que used. Flash drie s x

dried starches have bul k densities at the | ow end of the range 25 and

belt dried starches have bul k densities atntshe hi gh end. Moi st ure
content of corn starch is generally about % % but
WE CLAIM:

1. A medified starch composition comprising a protein
content of less than about 0.15% by weight, from about 0.5 to
about 0.05% by weight oxidized hydroxyl groups and a degree of
cross-linking of hydroxyl groups characterized by bound
phosphorus levels from about 200 to about 1200 ppm.

2. The composition of claim 1 further comprising
magnesium oxide in an amount less than about 2% by weight dry

~substance.

3. The use of the composition of claim 1 as a medical
lubricant.

4, A modified starch composition comprising a protein
content of less than about 0.15% by weight, from about 0.5 to
about 0.05% by weight oxidized hydroxyl groups and having a USP
sedimentation value from about 45 to about 95 milliliters.

5. The composition of claim 4 further comprising

magnesium oxide in an amount less than about 2% by weight dry
substance.

6. The use of the composition of claim 4 as a medical
lubricant.

7. A process for preparing a modified starch composition
cBmﬁ%ising treating a starch with a hypochlorite to remove
protein to a level less than about 0.15% by weight and oxidize

from about 0.5 to about 0.05% by weight of the hydroxyl groups,

and then partially cross-linking the hypochlorite treated

This Sheet Has Been Replaced

ARG




Venperat ure, as defined by the ross of birerringence. i fronihll I ESOHN) I
68 to 72[err] C The starting mat®pial starch can Be &nnbdi'fiéd *

or 5 nodi fi abI nodi fied starches incluyde oxidized starches
such as t h9%R8%H eHéFB %HVBU%H?%V??g ?QﬁeFBXFd egree °é!°r°%§r inking
hypochl orite used in accordanc th the invention may
hypochlor|F€36P°§SaﬁGmd[Rﬁeﬁﬂﬂﬁ#xPQ%?EhﬂﬁFﬁr1ﬁﬁ§ﬁ§sﬁ6ﬂﬁ abO“tfiﬂﬂlﬁﬁ
hypochlorltgo A SE%% |snPreferred because it is nore

8. The process of claim 7 wherein the hypochlorite is
sodium hypochlorite.

9. The process of claim 7 wherein a starch slurry having
a dry substance from about 10% to about 45% is first reacted
with a hypochlorite at a pH from about 5 to about 10 and a
temperature from about 100 to about 150°F., for a period of time
sufficient to reduce the protein content of the starch to a
level of less than about 0.15% by weight and oxidize from about
0.5 to about 0.05% by weight of the hydroxyl groups, followed
by reacting with phosphorus oxychloride at a pH from about 11.5
to about 12.5 and a temperature from about 100 to about 150°F.
for a period of time sufficient to cross-link the hydroxyl
groups to a level characterized by bound phosphorus levels
from about 200 to about 1200 ppm.

10. A process for preparing a modified starch composition
comprising treating a starch with a hypochlorite to remove
protein to a level less than about 0.15% by weight and oxidize
from about 0.5 to about 0.05% by weight of the hydroxyl groups,
and then partially cross-linking the hypochlorite treated
starch with phosphorus oxychloride to obtain a composition
having a USP sedimentation value from about 45 to about 95

milliliters.
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10 readily comercially avail abl e. The phosphorus oxychl ori de

(POCl[err] wused in accordance with the invention is a technical
grade conpound whi ch generally has a specification of 99.5% purity.
Phosphorus oxychl ori de, which i s al so known as phosphorus
oxytrichloride or phosphoryl 15 chlorid@g3is a colorless to pale yellow
fumng liquid. It reacts exothermcally with water to produce
phosphoric and ABSYHBABNLEODUS TIGGI POWDER DERIVED f FROMNSBAROHOXI de is
used in accordance wth the Invention, 1t shoul'd neet the

requi renents of USP St andards.
ABSTRACT

5 Absorbable dusting powders suitable for medical
applications such as lubricating surgical gloves are prepared
by treating starch with a hypochlorite to remove protein and
oxidize some of the hydroxyl groups, and partially cross-
linking the hypochlorite~-treated starch with phosphorus

10 oxychloride. The modified starch dusting powders are free
flowing and are characterized by a protein content of less than
about 0.15% by weight; hydroxyl groups oxidized to a level of
from about 0.5 to about 0.05% by weight and a degree of cross-
linking of other hydroxyl groups characterized by bound

15 phosphorus levels of from about 200 to about 1200 ppm.

11/21/90
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20 - The cess of the invention can be carried out in a f3 £fes
conti nuous or Ea chw se manner. The first process step conpri ses
treating a slfirrfied starting material starch with a hypochl orite to
renove nost of the protein and oxidi ze sonme of This Sheet Hd3BednRApiESY| groups.
concentrati o from

The slurried:starting material starch 25 shou] subst ance
ave a
REPLACEMENT SHEET

(d.s.) fron1£d@6to 45% The hypochlor
ABSORBABLE DUSTING POWDER DERIVED FROM STARCH

'BACKGROUND OF THE INVENTION

Field of The Invention

The present invention relates to dusting powders of the
type used for lubricating surgical gloves. More particularly,
the invention has to do with absorbable dusting powders made
from starches having reduced protein content, a low level of
carboxyl groups generated through the slight oxidation of
hydroxyl groups, and other hydroxyl groups cross-linked usiné a
relatively low level of phosphorus oxychloride (POClj).

Description of Related Art

Dusting powders used by the medical profession have been
associated with numerous problems. Such powders have
traditionally been based on talc. However, it has been
discovered that talc causes granulomas in the body. Talc alsoc
has come under increasing scrutiny as possibly containing
asbestos, a carcinogenic substance. While pure mineral talc is
composed of a group of hydrous magnesium silicates, commercial
talc has varying compositions depending on the source and
method of production. Some of these compositions may be
contaminated with asbestos.

Talc has effectively been replaced by starch-based

powders, but the starch-based powders have a number of

v ' ¥ / ‘ i
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8 -5%to 25% by weight (ww) chlorine. 1f necessary, an

acid or alkali is added with the hypochlorite to naintain the pH of
the reaction mxture at from 5to 10. Sui t abl e reagents
for this purpose are hydrochloric acid, 5 sul furic acid, phosphoric
aci d, sodi um hydroxi de and potassi um Ehydroxide. The starch

s prefer%?igaéggggggeﬁﬁEBODVPQ%Ql%@é”%éﬂséitch has been associated with
peritonitis flowing from the use of corn starch on or in
surgeons' gloves and has been associated with infectiong which
occur from glove-borne particles during optical surgery which
may cause the cornea to turn opaque. Microbial problems are
associated with starch because it is an excellent nutri;nt
medium for virtuélly all vegetative bacteria such as various
pathogenic microorganisms.

Despite the aforementioned disadvantages associated with
starch-based powders, they are still used by the medical
profession because starch is an inexpénsive and readily
available raw material. There is a need, therefore, for
improved starch dusting powders which overcome many of the
foregoing problems,

Starch-based dusting powders used for surgical gloves and
other medical apparatus (e.g., tubing, catheters and drains)
which may be exposed to internal parts of the body, such as the
peritoneal cavity during surgery, must meet strict United
States Pharmacopoeia (USP) standards for Absorbable Dusting
Powders. These standards are published by the United States
Pharmacopeial Convention, Inc., 12601 Twin Brook Parkway,
Rockville, MD 20852 USA. All references to the USP or to USP
éfagéards are to the official standards from January 1, 1990
entitled “USP XXII, NF XVII, The United States Pharmacopeia,
The National Formulary.” The USP Standards require cross-

linking of the starch to prevent gelatinization which would
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tenperature from about 38[err] C(100[err]F)to about 66[err]C(150[err]F) for

a period of time sufficient to renove the protein to a level of |ess
than 10 about 0.15% ww, with | evels of about 0.05% w w or |ess being

particularly preferred, and oxidize from 0.5%wwto 0. 05%
w w of the hydroxyl groups. Typical reactiton tines are from 15

mnutes t@therwise2obewrs durfiyg degreblbiation whendan amtios ldeiecrig nesedy
measuring the carboxyl content of 15 the starch using standard

anal ytical netpdehivedbhigidiwseanecbe used fort briossWlisiklierg ais alisclosed

STARCH: Chem stry and Technol ogy,
in U.8. Patent No. 4,853,978 to Stokum. The patent relates to
antimicrobial medical gloves which can be coated with
epichlorohydrin cross-linked corn starch. The starch serves as
an antimicrobial agent and a donning assist., The starch powder
is believed to be biocabsorbable if left in a wound site. 1In
some applications, antimicrobials (e.g., compositions having
fungicidal, bactericidal and/or bacteriostatic properties)
having an affinity for the cross-linked starch can be absorbed
on the starch. -

When epichlorohydrin is used for cross-linking, there is
some risk that residual quantities of toxic chlorochydrins can
remain in the product. Thus, alternative types of absorbable
dusting powders have been developed. U.S. Patent No. 4,540,407
to Dunn, for example, discloses the use of a polyol powder
which also avoids the problem of starch peritonitis.

A chitin-derived, finely divided biodegradable powder is
described in U.S. Patent No. 4,064,564 to Casey for use as a
lubricant on surgical gloves. Derivatized chitin, however, is
believed to be expensive relative to modified starch and is
difficult to obtain in commercial quantities.

| ‘bther medical lubricants are disclosed in U.S. Patent No.
4,773,902 to Lentz et al. which is directed to the use of
oxidized cellulose, and U.S. Patent No. 4,152,783 to Choski

which is directed to a surgeon's glove provided with a sodium
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Vot |1 (Academ c Press 1967) Chapter XXV entitled "Characterization

and Anal ysis of Starches" pp. 620-621; and Bernetti et al., Modern
Met hods of Anal ysis of Food Starches, 20 Cereal Foods World, Vol. 35,
No. 11, Novenber 1990 (Anmerican Assqci ation of Cereal Chem sts Inc.
1990) p. 1102. Followi ng the réaction with hypochlorite, any

free bicdt96n a€e ppewdat.in the reaction slurry should be neutralized,

ot herwi se the reaction can continue, even in the dry form 25 al t hough
at a reduced rpgenasNgylr Beenadiigroveradkeledaccondbrce withachenmplrieseet by

adm xi ng a neutralizing conmpound such as sodi um
invention that a new modified starch can be prepared which
meets USP Standards for absorbable dusting powders while
avoiding many of the problems associated with prior art
products. The starch is modified in two steps. First, it is
treated with sodium hypochlorite to remove protein, oxidize
some of the hydroxyl groups and whiten the product. Second,
the hypochlorite treated starch is cross-linked with POCly at a
low level to allow better assimilation while meeting USP
Standards. The use of POClj for cross-linking avoids any
risk of residual chlorohydrins associated with the use of
epichlorohydrin.

U.S. Patent No. 4,562,086 to Smolka et al. discloses a
modified starch for use in food applications which is prepared
by etherification with an alkylene oxide followed by cross-
linking. Phosphorus oxychloride is disclosed as a cross-
linking agent. Treatment of corn starch with hypochlorite is
disclosed in U.S. Patent No. 2,070,776 to Bochskandl, U.S.
Patent No. 2,951,776 to Scallet et al. and U.S. Patent No.
2,989,521 to Serti et al. The Serti et al. patent describes a
process whereby starch is first cross-linked with
epiéhlbrohydrin followed by treatment with sodium hypochlorite.
These patents do not disclose the processing conditions, or the
products of the present invention and none of them relate to

the preparation of modified starches for medical uses.

-
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9 - bisulfite, sodiumsulfite, potassiumbisulfite, potassium

sulfite or sulfur dioxide gas in a sufficient quantity to achi eve a
val ue of no detectable chlorine as determ ned by sui tabl e anal yti cal
met hods for residual oxidants such as that 5 set forth in the USP

St andards for starch, page 1986 [ 9005- 25- 8] under "Oxidi zing

Subst ances". 5

SUMMARY OF THE INVENTION

The absorbable dusting powder composition of the invention
is made by modifying starch, preferably corn starch, in two
steps. In the first step, the starch is treated with a
hypochlorite to remove most of the protein and oxidize some of
the hydroxyl groups. This step also causes whitening of the
product. It has been found that protein from plant sources can
cause allergenic response in humans. To reduce any possible
allergenic reaction from the protein in starch, treatment,
using hypochlorite, is important in the development of an
absorbable dusting powder.

In the second step, the hypochlorite modified starch is
partially cross~-linked with POCl; to allow better assimilation
while meeting USP Standards. A sufficiently low level of
cross-linking with POCly prevents gelatinization during heat-
pressure based sterilization. The low levels of cross-linking
also increase the opportunity for assimilation by normal
physiological functions. The USP requires that sedimentation,
a measure which depends on the degree of cross-linking, not
exceed a value of 75 milliliters (which, for the product of the
present invention, is approximately equivalent to bound
pgésghorus levels of about 400 parts per million (ppm) as
explained later in this specification).

Magnesium oxide (MgO) can be added to the hypochlorite-

modified cross-linked starch if desired. Magnesium oxide is
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At this stage, the reaction slurry can either be directed to the next
reaction step, or dewatered and the hypochlorite treated starch can
be dried by conventional neans and saved for 10 subsequent processing.

If the material is to be saved, reacig on slurry pHis adjusted to
from 5to 8 before dewaterin and drying. Syitable pH

adj ust menccampanky used PQcERAEeEss hen Qkﬂlﬁﬁtﬁgsaﬁﬁlﬁ§éF69|de

hydr ochl ori c, sul furic or phosphoric acid; or any other acid or base
that 15 prdductsid Wonnt SREc SESGH @at@rials sim%iétaémméh. Hgo are

placed in water, the MgO beccmes magnesium hydroxide, an
alkaline substance., The USP has limits on the maximum
quantities of magnesium oxide that can be used as well as a
maximum pH specification that would be indicative of the
generation of magnesium hydroxide in solution.

DETAILED DESCRIPTION OF THE INVENTION

The starting material starch used in accordance with the
present invention can be derived from various cereal and root
materials including corn, milo, wheat; rice, arrowroot, beet,
potato, tapioca, waxy corn and waxy milo. Granular corn starch
which is made in the corn wet-milling process is preferred
because it is readily available, inexpensive and relatively
pure as it is produced so that it does not have to be heavily
refined after it comes from a corn-wet milling plant.

Corn starch is a carbohydrate polymer derived from corn of
various types and composed of about 25% amylose and about 75%
amylopectin. It is generally in the form of a fine white
powder having a granule size from about 5 to about 25 microns
with the average granule size being about 13.9 microns. Bulk
density ranges from about 38 to 47 pounds per cubic foot
dépéading on the drying technique used. Flash dried and spray
dried starches have bulk densities at the low end of the range
and belt dried starches have bulk densities at the high end.

‘Mcisture content of corn starch is generally about 12%, but
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techni ques include centrifugation and filtration. Drying can be
carried out in a flash dryer, ring dryer, spray dryer, belt dryer or
the |ike. The reaction slurry fromthe hypochlorite treatnent
stage 20 is adjusted by the addition or noval of water, if necessary,
to ad.s. from 10%to 45% If dried hypochlorite treated

starch is wfetesitith ambiunti ed hative Mtmmidityon ohe gelatialiofatimm d.s.
wi thin the sane range and nixed to prepare a uni f or m di sper si on.

Seler ) T BIREy 8 e aniong oy M oskcoRbb aelgened 2ud v
about 68 to 72° C.

The starting material starch can be unmodified or
modified. Suitable modified starches include oxidized starches
such as those prepared with hypochlorite or peroxide.

The hypochlofite used in accordance with the invention may

. be a hypochlorite of sodium, potassium, calcium or magnesium.
Sodium hypochlorite (NaOCl) is preferred because it is more
readily commercially available,

The phosphorus oxychloride (POC135 used in accordance with
the invention is a technical grade compound which generally has
a specification of 99.5% purity. Phosphorus oxychloride, which
is also known as phosphorus oxytrichloride or phosphoryl
chloride, is a colerless to pale yellow fuming liquid. It
reacts exothermically with water to produce phosphoric and
hydrochloric acids.

I1f magnesium oxide is used in accordance with the
invention, it should meet the requirements of USP Standards.

The process of the invention can be carried out in a

continuous or batchwise manner. The first process step

comprises treating a slurried starting material starch with a

-~

hypochlorite to remove most of the protein and oxidize some of
the hydroxyl groups. The slurried starting material starch
should have a dry substance (d.s.) from about 10% to about 45%.

The hypochlorite used can have a concentration from about
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A salt can be added at a level from 1%to 5%

10 =~ dry basis (d.b.) to the slurry as a gelation suppressant to

reduce the tendency of starch granules to swell in the presence of
base or alkali and to retard hydrol ysis of tde POCL3 reagent .
Commonly used salts include sodiumchloride™and 5 sodi um sul fate. Then

the pH isShdf@sebauby 288diDyg wak@h§ c(vhw) chlorine., If necessary, an
acid or alkali is added with the hypochlorite to maintain the
pH of the reaction mixture at from about 5 to about 10,
Suitable reagents for this purpose are hydrochloric acid,
sulfuric acid, phosphoric acid, sodium hydroxide and potassium
hydroxide.

The starch is preferably reacted with hypochlorite at a
temperature from about 100°F, to about 150°F. for a period of
time sufficient to remove the protein to a level of less than
about 0.15% w/w, with levels of about 0.05% w/w or less being
particularly preferred, and oxidize from about 0.5% w/w to
about 0.05% w/w of the hydroxyl groups. Typical reaction times
are from about 15 minutes to about 2 hours. The degree of
oxidation is determined by measuring the carboxyl content of
the starch using standard analytical methods such as those set

forth in Whistler et al., STARCH: Chemistry and Technology,

vol II (Academic Press 1967) Chapter XXV entitled
"Characterization and Analysis of Starches™ pp. 620-621; and

Bernetti et al,, Modern Methods of Analysis of Food Starches,

Cereal Foods World, Vol. 35, No. 11, November 1990 (American
Association of Cereal Chemists Inc. 1990) p. 1102,

Following the reaction with hypochlorite, any free
cglo;ine present in the reaction slurry should be neutralized;
otherwise the reaction can continue, even in the dry form,

although at a reduced rate. Neutralization, if needed, can be

accomplished by admixing a neutralizing compound such as sodium
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attain a slurry pH fromabout 11.5 to about 12.5. Suitable caustic
agent s include sodi um hydr oxi de and pot assi um hydr oxi de. Phosphor us
oxychloride is then added at a concentration fromabout 0.05%to
about 1.1% ww, preferably 10 fron1abo%§ 0.5%to about 1.0% w w, based
on dry substance, to cross-link thestarch. Typical reaction tines
are frommppsuifite, sd@ium BulBivd, potdesiuft bhsgned t2 Urgot dmes at ures

shorter times mght be used and | onger tinmes may be suitable for

| ower sulflusryrt sopeuat Wiexidd ghes LOnNsestEdicien thiquantdy teg n nore
achieve a value of no detectable chlorine as determined by
suitable analytical methods for residual oxidants such as that
set forth in the USP Standards for starch, page 1986 [9005-25-
8] under "0Oxidizing Substances®.

At this stage, the reaction slurry can either be directed
to the next reaction step, or dewatered and the hypochlorite
treated starch can be dried by conventional means and saved for
subsequent processing. If the material is to be saved,
reaction slurry pH is adjusted to from about 5 to about 8
before dewatering and drying. Suitable pH adjustment agents
include sodium hydroxide, potassium hydroxide; hydrochloric,
sulfuric or phosphoric acid:; or any other acid or base that
will yield non-toxic soluble salts. Suitable dewatering
techniques include centrifugation and filtration. Drying can
be carried out in a flash dryer, ring dryer, spray dryer, belt
dryer or the like.

The reaction slurry from the hypochlorite treatment stage
is adjusted by the addition or removal of water, if necessary,
to a d.s. from about 10% to about 45%. If dried hypochlorite

treated starch is used, it is reslurried with the addition of

- -~
-~

water to a d.s. within the same range and mixed to prepare a
uniform dispersion. Slurry temperature at this stage is
preferably maintained at from about 100°F. to about 150°F.

A salt can be added at a level f£rom about 1% to about 5%
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15 cross-linking and | ower concentrations will result in |ess
cross-1inking.

10
dry basis (d.b.) to the slurry as a gelation suppressant to
reduce the tendency of starch granules to swell in the presence
of base or alkali and to retard hydrolysis of the POCLj3
reagent. Commonly used salts include sodium chloride and
sodium sulfate. Then the pH is adjusted by adding caustic to
attain a slurry pH from about 11.5 to about 12.5. Suitable
caustic agents include sodium hydroxide and potassium
hydroxide. Phosphorus oxychloride is then added at a
concentration from about 0.05% to about 1.1% w/w, preferably
from about 0.5% to about 1.0% w/w, based on dry substance, to
cross~link the starch. Typical reaction times are from about
15 to about 45 minutes. At higher slurry temperatures shorter
times might be used and longer times. may be suitable for lower
slurry temperatures., Higher concentrations will result in more
cross-linking and lower concentrations will result in less
cross-linking.

The degree of cross-linking of the product of the
invention is characterized by bound phosphorus levels from
about 1200 to about 200 ppm, preferably from about 475 to about
200 ppm and most preferably from about 475 to about 400 ppm.
Bound phosphorus levels are determined by standard analytical
methgs such as published in "Standard Analytical Methods of
tgé Member Companies of the Corn Refiners Association, Inc.”
Tentative Standard, 10-~16-69, pages C-46~1 through C-46-6.

The degree of cross-linking of the product of the

invention can also be expressed as that which will yield a USSP
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20 The degree of cross-linking of the product of the I nvention

can be expressed as that which will yield a USP

sedinmentation value in milliliters (nm.) of 45 to 95,
preferably 70-95, and nost preferaffly from 70- 75. (The
nost preferred range is based on present USP standards. _ However,

conposi t i sedimantag ivngvalugedimehi blibhters (ml.) of about 45 to about
95, preferably about 70-95, and most preferably from about 70-
75. (The most preferred range is based on present USP
standards. However, compositions having higher sedimentation
values may be more desirable since they are more easily
assimilated by the body.) Excessive cross-linking, yielding a
sedimentation value of less than bout 45 ml. is detrimental to
physiological assimilation which beccomes difficult or reduced
at such levels.

The cross-linked product is then washed and neutralized.
washing can be carried out either before or after neutralizing,
but it is preferred to neutralize first because it reduces the
presence of ash before washing. (Neutralization is necessary
because it converts hydroxides to salts and salts are easier to
remove.) Neutralization is accomplished by adding acid to
bring the slurry to a pH of from about 6 to about 8. Suitable
neutralizing acids include hydrochloric, sulfuric and
phosphoric acids. Hydrochloric acid is preferred because it is
readily available and essentially all of the resulting salts
are soluble.,

Washing is necessary to remove residual inorganic and
organic components and is accomplished by dewatering and
rsﬁlgfrying in one or more cycles until acceptable levels
(preferably the lowest possible levels) of such residual
components are reached. Dewatering can be carried out by means

of a filter or centrifuge. Reslurrying following dewatering
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5 val ues may be nore desirable since they are nore easily
assimlated by the body.) Excessive cross-linking, yielding a
sedi nentation value of less than bout 45 mi. is detrinental to
physi ol ogi cal assim |l ation which becones ?ijicult or reduced at such
| evel s. 10 The cross-linked product 'Ts then washed and neutralized.
Washi ng cshobddcher itex ahautei thetobabons 303afw/er seduitdsd | Aiugry washbng
it is preferred to neutralize first because it reduces the presence
of ash betanealaohiteg.aqddrpl béhedt isdngs snccessdve stagedenfiuse it
converts hydroxides to salts and salts are easier to

hydroclones,

The washed, neutralized slurry is then dried to a moisture
content from about 8% to about 14% using a spray dryer, flash
dryer, ring dryer, belt dryer or the like.

The dried modified starch product is a free flowing white
powder and is characterized by a protein content of less than
about 0.15%, preferably about 0.05% or less, hydroxyl groups
oxidized to a level of from about 0.05% w/w to about 0.5% w/w
and a degree of cross~linking of hydrbxyl groups characterized
by bound phosphorus levels from about 200 to about 1200 ppm.

The modified starch composition can be used as a medical
dusting powder for various applications including surgical
gloves, catheters, tubing, drains and the like. It can be
admixed with magnesium oxide if desired or if necessary to meet
regqulatory standards. The magnesium oxide can be added in an
amount less than about 2% w/w dry substance and preferably from
about 0.5% to about 2% w/w dry substance, with the maximum
being based on USP specifications. When magnesium oxide is

added, the objective is to obtain an end product having USP

sedimentation values within the range of about 45 to about 95

- -
-

ml., preferably about 70-95 ml., and most preferably about 70-75
ml.
EXAMPLES

Six samples of absorbable dusting powder were prepared.
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15 renove.) Neutralization is acconplished by adding acid to bring

the slurry to a pH of from 6 to 8. Suitable neutral i zi ng
aci ds include hydrochloric, sulfuric and phosphori c aci ds.
Hydrochloric acid is preferred because it i readi ly avail abl e and

t

essentially all of the resulting salts 20 are sol ubl e. Washi ng
i's necessehy fdnadnprecess ihglstieps geare aodducted dmganiba oo ss and
i s acconplished by dewatering and reslurrying in one or nore cycles
until accepinyl @ L@Qelgmllon t4mk gfrowabdygdt kéthoamstagidsstidnt e |evieigl) of
such residual 25 conponents are reached. Dewatering can be carried out
by neans level of agitation was attained by adjusting a portable mixer
so that the impeller was near the liquid surface. Agitation
was continuous during all of the process steps from preparation
of the starch slurry through completion of the cross-linking
reaction. Each batch was made in the same way except for
variations in concentrations and quantities as indicated below.

Reaction Sequence

One hundred pounds of BUFFALO® food grade granular starch
available from Corn Products, Box 345, Summit-Argo, Illinois,
60501 Usa, is treatedlwith sodium hypochlorite in a continuous
process, The starch is slurried at 41% d.s. and combined with
sodium hypochlorite having a concentration of 15% w/w chlorine
and 31% w/w hydrochloric acid. The starch slurry is added to a
reaction hold tank at a rate of 10.2 liters per minute, sodium
hypochlorite is added at a rate of 14.5 liters per hour and
hydrochloric acid is added at a rate of 0.69 liters per hour.
The reaction mixture in the reaction hold tank is maintained at
a temperature of 47°C. (l17°F.) and a pH of 6.4 + 0.3.
Residence time in the reaction hold tank is 30 minutes.

Sodium bisulfite (having a concentration of 15% w/w) is
ad;i;éd with the product leaving the reaction hold tank to
neutralize free chlorine. The addition takes place in a
neutralization pipeline on the way into a neutralization tank.

The flow of sodium bisulfite is adjusted as necessary to
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of a filter or centrifuge. Reslurrying follow ng dewatering
should be to 10 to about 20% w w solids. Slurry washing can
al so be acconplished using successive stages of hydr ocl ones.
The washed, neutralized slurry is then dﬁ[qg to a noisture
achieve no detectable free chlorine.

Soda ash (having a concentration of 5% w/w) is added to
the product leaving the neutralization tank. The addition
takes place in a neutralization pipeline on the way to a basket
centrifuge for dewatering. The flow rate of soda ash is
adjusted as necessary to achieve a slurry pH of 5.0-5.5,

The slurry is dewatered in the basket centrifuge and the
dewatered hypochlorite~treated starch is dried in a flash dryer
to a moisture content of 12% w/w.

Alternatively, one hundred pounds of oxidized starch
having a protein content of about 0.15% d.s. is treated with.
hypochlorite in the same manner as set forth above except that
sodium hypochlorite containing about 4% w/w free sodium
hydroxide is added at a comparable rate and no hydrochloric
acid is added. |

For each reaction batch, 45 gallons of water were added to
a 100 gallon tank and heated to a temperature of about 110°F.
(43°C.) For each of five samples, 300 pounds of BUFFALO starch
(not hypochlorite-treated) was added to prepare starch slurries
having 40% starch solids while maintaining the temperature at
about 110° F. For the sixth sample, 100 pounds of the._
hypochlorite~treated BUFFALO starch was added to 30 gallons of
waler ﬁo prepare a starch slurry having 20% starch solids.
There was no other adjustment or control of temperature during
subsequent processing steps. Each starch slurry was mixed for
from about 15 to 30 minutes before further processing. The
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5 content from 8%to 14% usi ng a spray dryer, flash

dryer, ring dryer, belt dryer or the I|ike. The dried nodified
starch product is a free flowing white powder and is characterized by
a protein content of |ess than about 4.35% preferably about 0.05% or

| ess, hydroxyl groups. 10 oxidized to a level of fro 0.05% wWw to
0.5% w w objectdve LIdheambrlago¥ds| itﬁ’kiPﬁ@P@ffehwr\BQﬁOﬁ? o%%PerS(ion-
characterized . by bound phosphorus | evels from about 200 to about 1200
ppm Sorhaumueh teeidet AFaR 1 omdssiaddsd & qaFRiIstbaEch aShaFYaRS

dustin owder for various applicatiqns including surgical
J pa dry solid at a lggel of %% based on star égy substance.

About 15 minutes after NaCl addition, sodium hydroxide (NaCOH)
was added as a 4% by weight solution. (The 4% NaCH solution
was prepared by adding 50% by weight NaOH to dilution water.)
NaOR addition was gradual over a pericd of about 20 minutes
until a concentration of 2.05% by weight NaOH based on starch
dry substance was attained. The NaOH addition point was into
an area of high agitation on the liquid surface in the reaction
tank. Slurry pH after NaOH addition was from about 12.0 to _
about 12.4.

About 10 minutes after NaOH addition was completed, POClj;
was measured in a graduated cylinder before addition. Of the
six samples prepared, two were at a POCl; concentration of 0.6%
by weight based on starch dry substance, two at 0.8% and two at
1.0%. The concentrations were varied to achieve different
levels of cross~-linking. POCly was added gradually over a
period of 30-60 seconds. Vapors were controlled with a vat
hose connected to an exhaust fan. The cross-linking reaction
was considered completed 10 minutes after POCly addition.
Reaction slurry pH following cross~linking was from about 11.3
tg a;out 11.9.

washing and Neutralization

Some of the reaction slurries were separated into two

fractions with about one-~third being neutralized before
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15 gloves, catheters, tubing, drains and the like. It can be
adm xed with nmagnesiumoxide if desired or if necessary to neet
regul atory standards. The magnesi um oxi d éan be added in an anount
| ess than about 2% w w dry substance and ar ferably from about 0.5%

{0 o 11 calRBRAMa Y RO 8 Py OFTRAL WIE 2 o SR PRSP 08 U

OB S R o P Ao wa, SELGBIARGR o7 dAl N IS

most prefg&g o&hlorlc acx&w¥o the slurries to bring the pH to about 7.

The cross-linked reaction product was washed in three
steps using a 36 inch diameter gravity nutsche filter. (A
nutsche filter is a tank equipped with a false bottom,
perforated or porous, that may support a filter medium or may
itself act as the septum.) Two different tightly woven filter
cloths were used in separate trials. One was a white
‘polyamide-nylon fabric made from a monofilament source having a
mesh of -3-53/21 xx and a width of 40-42 inches. This cloth is
sold under the trademark MITEX by Tetko Incorporated, 333 S.
Highland Avenue, Briarcliff Manor, New York 10523 USA. The
other was a gray cotton fabric made from a twisted
multifilament thread and sold under the Style Number EMPH 101
by TestFabrics Inc., 200 Blackford Avenue, Middlesex, NJ 08846
USA. Both filter cloths gave satisfactory results. A vacuum
generated by a vacuum pump at a level of 15 inches mercury (Hg)
was used. Each filtration cycle was conducted for about 5-15
minutes resulting in filter cakes about 1-3 inches thick having
a moisture content of about 50%. The filter cakes were
reslurried to about 35-40% by weight solids between each step
and after the last filtration step.
Drying
The washed, neutralized slurries were each separately

spray dried in a DelLaval spray dryer (DelLaval, Inc.,
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m. 25 EXAMPLES Si x sanpl es of
absor babl e dusti ng powder were prepared.

13 The final processing steps were conducted in a batch process
using a 378 1(100 gal |l on) tank provided with7an agitator. A high

level of aigéa%ngngqiea,t glae'wn%%rbéle?dﬁé'f}' ngDryBO”aqleet rglxrerat a
temperature of 300°F (50°F wet bulb) was obtained from a gas
furnace. Supply slurry was atomized through a high pressure
nozzle at 2600 p.s.i.g. at a rate of 15 gallons/hour. Outlet
air temperature was controlled at about 150°F. for a target
product moisture of 10%. The drying rate was about 50 pounds
of product per hour.

The spray dried product was free flowing with low dust
generation when handled and had a somewhat granular texture.
Microscopic examination revealed roughly spherical agglomerates
ranging in size from a few to several hundred individual stgrch
granules. In the presence of water, the agglomerates
immediately and totally dispersed.

Product Analyses

Analytical results are summarized in Tables I and II

below.
TABLE I
POC14 % Ash, sedi-
Sample dose moist. pH $ d.b, mentation
1a 0.6 6.7 8.9 1.6 52
iB 0.6 6.8 9.3 1.0 51
) 2A 0.8 7.7 9.2 1.8 47
2G 0.8 9.9 9.3 0.7 59
3a3 1.0 8.3 8.8 1.5 45
3B 1.0 10.0 9.3
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so that the inpeller was near the liquid surface. Agitation 5 was
continuous during all of the process steps from preparation of the
starch slurry through conpletion of the cross-1linking reaction. Each
bat.ch was made in the same way except for variations in
concentrations and quantities as indicated bel ow. Reacti on Sequence
10 45kg (One hundred pounds) of BUFFALC)%gpglstered trademar k) food
grade granul ar _starch avai l able fromCorn Products, Box 345

Sunmi t-Argo, | itndd. means0b0dr PSA2sis -t r OfvePaAfkh LHFALTRIBERAI BYite
in a continuous process. The starch is slurried at 41%d.s. and
conbi ned with multiplying the sample weight by the dry substance (d.s.)
Dry substance is calculated by dividing the dried weight
{without moisture) of a sample by the total weight (with
moisture) of the sample before drying.

UsSp Sedimentation in milliliters based on the method
associated with the USP specifications.

This sample was tested for heavy metals as
representative of the others and 1 ppm heavy metals was
detected. N

The POCl; dose was a percentage based on total starch, dry
substance.

The "A" samples and the "G" sample were washed before the
neutralization step and the "B" samples were washed after
neutralization. The "A" and "B" samples were made using the
BUFFALO starch starting material and the *G" sample was made
using the hypochlorite-treated BUFFALC starch starting

material.
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sodi um hypochl orite having a concentration of 15% w w chlorine 15 and

31% w w hydrochloric acid. The starch slurry is added to a reaction
hold tank at a rate of 10.2 liters per mnute, sodium hypochl orite is
added at a rate of 14.5 liters per hour and hydrochloric acid is
added at a rate of 0.69 liters per hour. The reaction mxture in the
reaction hold tank is maintained at 20 1% tenperature of 47[err]C.
(117[err]F.) and a pH of 6.4 + 0. 3. Resi dence tinme in the reaction
hold tank is 30 minutes. So@ABREL I fite (having a
concentration of 15%ww) is
Na, Protein, Solubles, Mold/
Sample ppm d.b. $ d.b. $ d.b. Bact., Yeast
1A 6900 0.21 1.6 3500 5
18 2700 0.34 1.0 5200 180
2A 7000 - 0.20 1.9 4800 70
2G 2800 0.05 1.3 7800 40
3a 4300 0.26 1.2 350 10
3B 1500 0.29 0.9 - -

Microbial analytical values for bacteria (Bact.) and mold

and yeast are in colony forming units per gram (cfu/g).

Sample Formulation With MgO

Each of the six samples was formulated in the laboratory
with 0.25, 0.50 and 0.75 percent magnesium oxide to determine
the effect on pH and sedimentation volume shown in Table III.

A magnesium level of about 0.5% was enough to reach the minimum
10.0 pH for all of the samples and still be within the

sedimentation specification.

’ REPL ACEMteI oh

This Sheet Has Been Replaced 09 NQV 1996

TR




adm xed wth the product |eaving the reaction hold tank to neutralize
free chlorine. The addition takes place in a 25 neutralization pipeline

on the way into a neutralization tank. The fl ow of sodiumbisulfite
i s adjusted as necessary to 14
achi eve no detectable free chlorine. 5 Soda ash (having a
concentration of 5% ww is added to 0
TABLE IIIX
Mgo' g.8.pP. Sedi"
Sample $ on d.s. pE mentation, ml
1a 0 8.9 52
0.25 9.65 68
0.50 9.85 70
0.75 10.0 70
1B 0 9.3 51
0.25 9.9 58
0.50 10.05 62
6.75 10.1 65
2A 0 9.2 47
0.25 9.9 60
0.50 10.05 63
0.75 10.2 70
2G 0 9.3 59
0.25 10.2 73
0.50 10.25 _ 74
0.75 10.35 76
3A 0 8.8 45
0.25 10.05 60
0.50 10.2 62
0.75 10.3 64
3B ] 9.3 50
0.25 10.05 64
0.50 10.25 66
8.75 10.3 68

Having set forth the general nature and some specific
examples of the present invention, the scope is now more

sﬁacifically set forth in the appended claims.
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the product |eaving the neutralization tank. The addltlon

in a neutralization pipeline on the way to a basket centr |] Humﬁm&)ﬂlﬂl m“ ml
dewatering. The flow rate of soda ash is adjuste as necessary to® s
achieve a slurry pH of 5.0-5.5. The slurry is dewatered in the
basket centrifuge and the dewat ered hypochlorite-treated starch is

dried in a flash dryer to a nmoistur& tontent of 12%ww. 10

Al ternati vghYer, ﬁﬁ# g(one hundred pounds) oxidized starch havi ng a
protein content of about 0.15%d.s. is treated with hypochl orite in

the same manner; as geholQlelilk ARV AN CEPhpbS8tion comprising a protein
content of less than about 0.15% by weight, from about 0.5 to
about 0.05% by weight oxidized hydroxyl groups and a degree of
cross~linking of hydroxyl groups characterized by bound
phosphorus levels from about 200 to about 1200 ppm.

2. The éomposition of claim 1 further comprising
magnesium oxide in an amount less than about 2% by weight dry

~substance.

3. The use of the composition of claim 1 as a medical
lubricant.

4. A modified starch composition comprising a protein
content of less than about 0.15% by weight, from about 0.5 to
about 0.05% by weight oxidized hydroxyl groups and having a USP
sedimentation value from about 45 to about 95 milliliters.

S. The composition of claim 4 further comprising
magnesium oxide in an amount less than about 2% by weight dry
substance.

6. The use of the composition of claim 4 as a medical
lubricant.

7. A process for preparing a modified starch composition
cBmp;ising treating a starch with a hypochlorite to remove
protein to a level less than about 0.15% by weight and oxidize
from about 0.5 to about 0.05% by weight of the hydroxyl groups,

and then partially cross-linking the hypochlorite treated
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sodi um.hypochl orite containing about 4% w w free sodi um

added at a conparable rate and no hydrochloric 15 acid is lmmmmﬁ”mw
For each reaction batch, 1701(45 gallons)efowater were added to® " "a® ~
378 1 (100 gallon) tank and heated to a tefperature of about 110[err]F.
(43[err] GHaFch with phoBpheorswmmmxechlceside teoe gegrnee) obhfcRgFHF+Alinking
starch (not hypochlorite-treated) was added to prepare starch slurries
20 havi nthdpacsenichdsblyi doudd Iphosphoonsi hgvehe feoperadiaute 200 to

about 43[err]C (110[err]C. For the sixth sanmple, 45kg (100 pounds) of the
hypochol cabdwet t 1288 egpBUFFALO st arch was added to 114 1(30 gallons) of

8. The process of claim 7 wherein the hypochlorite is
sodium hypochlorite,

9. The process of claim 7 wherein a starch slurry having
a dry substance from about 1l0% to about 45% is first reacted
with a hypochlorite at a pH from about 5 to about 10 and a
temperature from about 100 to about 150°F. for a period of time
sufficient to reduce the protein content of the starch to a
level of less than about 0.15% by weight and oxidize from about
0.5 to about 0.05% by weight of the hydroxyl groups, followeé
by reacting with phosphorus oxychloride at a pH from about 11.5
to about 12.5 and a temperature from about 100 to about 150°F.
for a period of time sufficient to cross~link the hydroxyl
groups to a level characterized by bound phosphorus levels
from about 200 to about 1200 ppm.

10. A process for preparing a modified starch composition
comprising treating a starch with a hypochlorite to remove
protein to a level less than about 0.15% by weight and oxidize
from about 0.5 to about 0.05% by weight of the hydroxyl groups,
and then partially cross-linking the hypochlorite treated
starch with phosphorus oxychloride to obtain a composition

having a USP sedimentation value from about 45 to about 95

milliliters.
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wat er -t o' prepare a starch slurry having 20% starch soli ds. There was
no ot her adjustnent or control of tenperature during 25 subsequent

processi ng steps. Each starch slurry was m xed for from 15 to
30 m nutes before further processing. The

15 objective of the mxing was to prgﬁgre a uniform di spersion.

Sodi um chloride (NaCl) was added to each rch slurry as

ABSORBABLE DUSTING POWDER DERIVED FROM STARCH

ABSTRACT

Absorbable dusting powders suitable for medical
applications such as lubricating surgical gloves are prepared
by treating starch with a hypochlorite to remove protein and
oxidize some of the hydroxyl groups, and partially cross-
linking the hypochlorite-~treated starch with phosphorus
oxychloride. The modified starch dusting powders are free
flowing and are characterized by a protein content of less than
about 0,15% by weight; hydroxyl groups oxidized to a level of
from about 0.5 to about 0.05% by weight and a degree of cross-
linking of other hydroxyl groups characterized by bound

phosphorus levels of from about 200 to about 1200 ppm.

11/21/90
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. o quesrib-2 2862
a dry*solid at a level of 3% based on starch dry substance. About 15
m nutes after :NaC addition, sodium hydroxide (NaOH) 5 was added as a

4% by wei ght solution. (The 4% NaOH sol ution was prepared by adding
50% by wei ght NaOH to dilution water.) NaOH addi ti on was gradual over
a period of about 20 m nutes until a concentration of 2.05% by wei ght
NaCH based on starch "dry substance s attained. The NaCOH addition
point was into 10 an area of high agitation on the liquid surface in the
reaction t ankaBSORBAR LEH DS TEINGEBWDEERI PEROVEGS FROMNSAMRAE 12.0 to
about 12.4.

S ‘BACKGROUND OF THE INVENTION

FPield of The Invention

The present invention relates to dusting powders of the
type used for lgbricating surgical gloves. More particularly,
the invention has to do with absorbable dusting powders made

10 from starches having reduced protein content, a low level of
carboxyl groups generated through the slight oxidation of
hydroxyl groups, and other hydroxyl groups cross-linked using a
relatively low level. of phosphorus oxychloride (POClj).

Description of Related Art

15 Dusting powders used by the medical profession have been
associated with numerous problems. Such powders have
traditionally been based on talc. However, it has been
discovered that talc causes granulomas in the body. Talc also
has come under increasing scrutiny as possibly containing

20 asbestos, a carcinogenic substance. While pure mineral talc is
composed of a group of hydrous magnesium silicates, commercial
talc has varying compositions depending on the source and
method of production. Some of these compositions may be
contaminated with asbestos.

25 Talc has effectively been replaced by starch-based

' powders, but the starch-based powders have a number of

‘/ 23
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About 10 minutes after NaOH additi on was conpleted, POC [err] : was

nmeasured in a graduated cylinder before addition. O the 15 six sanples
prepared, two were at a POCl[err] concentration of 0.6% by wei ght

based on starch dry substance, two at 0.8%3nd two at 1.0% The

trati ied t hi di ff { I I f .
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mnutes af gor ROHsl el A ddPhas been associated with infections which

occur from glove-borne particles during optical surgery which

5 may cause the cornea to turn opaque. Microbial problems are
associated with starch because it is an excellent nut:i;nt
medium for virtuélly all vegetative bacteria such as various
pathogenic micr&organisms.

Despite the aforementioned disadvantages associated with
in starch-based powders, they are still used by the medical
profession because starch is an inexpénsive and readily
available raw material. There is a need, therefore, for
improved starch dusting powders which cvercome many of the
foregoing problens.

15 Starch-based dusting powders used for surgical gloves and
other medical apparatus (e.g., tubing, catheters and drains)
which may be exposed to internal parts of the body, such as the
peritoneal cavity during surgery, must meet strict United
States Pharmacopoeia (USP) standatdé for Absorbable Dusting

20 Powders. These standards are published by the United sgates
Pharmacopeial Convention, Inc., 12601 Twin Brook Parkway,
ﬁoc;vzlle. MD 20852 USA. All references to the USP or to USP
Sta;&ards are to the cofficial standards from January 1, 1990
entitled "USP XXII, NF XVII, The United States Pharmacopeia,

25 The National Formulary." The USP Standards require cross-

linking of the starch to prevent gelatinization which would
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React ifon sfurry pH foll ow ng cross-Ilinking was from 11.3 to

11. 9.

slurries were separated into two

Washi ng and Neutralization 25 Sonme of the reaction
fragtions with about one-third being

neutrali zed before 16

washing. TihdAIPERT BOchPoautinds & £ DELAE 8bhZGHed! WY autoclave is used.

1in

15

20

25

Epichlorohydrin can be used for cross-linking as disclosed
in U.S. Patent No. 4,853,978 to Stokum. The patent relates to
antimicrobial medical gloves which can be coated with
epichlorohydrin cross-linked corn starch. The starch serves as
an antimicrobial agent and a donning assist. The starch powder
is believed to be bioabsorbable if left in a wound site. 1In
some applicatioﬁs, antimicrobials (e.g., compositions having
fungicidal, bactericidal and/or bacteriocstatic properties)
having an affinity for the cross~linked starch can be absorbed
on the starch.

When epichlorohydrin is used for cross-linking, there is
some risk that residual quantities of toxic chlorohydrins can
remain in the product. Thus, alternative types of absorbable
dusting powders have been developed. U.S. Patent No. 4,540,407
to Dunn, for example, discloses the use of a polyol powder
which also avoids the problem of starch peritonitis.

A chitin-derived, finely divided biodegradable powder is
described in U.S. Patent No. 4,064}564 to Casey for use as a
lubricant on surgical gloves. Derivatizéd chitin, however, is
believed to be expensive relative to modified starch and is
difficult to obtain in commercial quantities.

.. nbther medical lubricants are disclosed in U.S. Patent No.
4,773,902 to Lentz et al. which is directed to the use of
oxidized cellulose, and U.S. Patent No. 4,152,783 to Choski

which is directed to a surgeon's glove provided with a sodium




washi ng. Neutralization was acconplished by addi ng 1% w w
hydrochloric acid to the slurries to bring the pH to about 7.

The cross-linked reaction product was washed in three 5 steps using a
91cm (36 inch) dianeter gravity nutsche fiater. (A nutsche filter is
a tank qukgg@@dﬂggbEbaﬁaég.botton] perforated or porous, that may
support da filter nmedi umor may itself act as the septum) Two

different tightdy niWeldodibé€h discovek@uS V@ dicithdd SLORI ke prbaknt
One was a white 10 pol yam de-nyl on fabric nmade from a nonofil anent

i?g[ﬁel ga\ih%rﬁ\:ion thdEsh Réw-Bo83E2e 06 tALE irithe OfréPadedi WBhER. This
meets USP Standards for absorbable dusting powders while
5 avoiding many of the problems associated with prior art
products. The starch is modified in two steps. First, it is
treated with sodium hypochlorite to remove protein, oxidize
some of the hydfoxyl groups and whiten the product. Second,
the hypochlorite treated starch is cross-linked with POCl,; at a
in low level to allow better assimilation while meeting USP
Standards. The use of POCly for cross-linking avoids any
risk of residual chlorchydrins associated with the use of
epichlorohydrin.
U.S. Patent No. 4,562,086 to Smolka et al. discloses a
15 modified starch for use in food applications which is prepared
by etherification with an alkylene oxide followed by cross-
linking. Phosphorus oxychloride is disclosed as a cross-
linking agent. Treatment of corn starch with hypochlorite is

disclosed in U.S. Patent No. 2,070;756 to Bochskandl, U.S.

20 Patent No. 2,951,776 to Scallet et al. and U.S. Patent No.
2,989,521 to Serti et al. The Serti et al. patent describes a
process whereby starch is first cross-linked with
epéchlﬁrohydrin followed by treatment with sodium hypochlorite.
These patents do not disclose the processing conditions, or the

25 products of the present invention and none of them relate to

the preparation of modified starches for medical uses.
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sol d under the trademark M TEX by Tetko I ncorporated, 333 S Hi ghl and
Avenue, Briiarcliff Manor, New York 10523 USA. The ot her was a gray
cotton fabric nade froma twi sted 15 multifilanment thread and sol d under
the Style Nunmber EMPH 101 by TesiFabrics Inc., 200 Bl ackford Avenue,
M ddl esex, NJ 08846 USA. Both filter cloths gave satisfactory
results. A vacuum generated by a vacuum punp at a | evel of
380nm( 15i nches) mercury (Hg) was used. Each filtration cycle was

conduct ethd Arp-=B-7 166 1577 28@ischoseses resulting in filter cakes 2,5-7,5
cn( 1- 3i nches) t hi ckhavi ng

a treatment method for modified starch characterized

by the fact that starch in an

aqueocus suspension is treated with 0.1-1.0% of an oxidizing
agent and 0.1-1.0%, based on the starch, of sodium

trimetaphosphate in the presence of Na® ion as a catalyst and

at a pH ranging from 8-12.

U.S. Patent No. 2,938,901 discloses a process for making an
inert dusting powder which comprises treating starch with

metaphosphates or polymetaphosphates in an amount of 0.01 to
3.0 percent based on starch..

A medical dusting powder comprising a partially etherified
starch powder and 0.05 toc 10 percent by weight of magnesium
oxide is disclosed in U.S. Patent No. 2,626,257.
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a nni@ture'content of about 50% The filter cakes were reslurried to

35-40% by wei ght solids between each step and after the | ast
filtration step. Drying 25 The washed, neutralized slurries
were each separately spray dried in a DeLaval spray dryer (DeLaval

I nc., . 5 28 JUL 1998

SUMMARY OF THE INVENTION
The absorbable dusting powder composition of the invention

is made by modifying starch, preferably corn starch, in two

5 steps. In the first step, the starch is treated with a
hypochlorite to remove most of the protein and oxidize some of
the hydroxyl groups. This step also causes whitening of the
product. It has been found that protein from plant sources can
cause allergenic response in humans. To reduce any possible

10 allergenic reaction from the protein in starch, treatment,
using hypochlerite, is important in the development of an
abscrbable dusting powder.

In the second step, the hypochlorite modified starch is

partially cross-linked with POCly to allow better assimilation

15 while meeting USP Standards. A sufficiently low level of
cross=-linking with POCly prevents gelatinization during heat-
pressure based sterilization. The low levels of cross-linking
also increase the opportunity for assimilation by normal
physiological functions. The USP'réquires that sedimentation,

zv a measure which depends on the degree of cross-linking, not
exceed a value of 75 milliliters (which, for the product of the
present invention, is approximately équivalent to bound
pgosghorus levels of about 400 parts per million (ppm) as
explained later in this specification).

25 Magnesium oxide (MgO) can be added to the hypochlorite-

modified cross-linked starch if desired. Magnesium oxide is
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17 . Law enceville, New Jersey USA). Dryer inlet air at a -
tenperature of 153[err] C(300[err]F) 10[err] C(50[ err] F)wet bul b) was obtai ned

froma gas furnace. Supply slurry masgﬁtonized t hrough a high
pressure nozzle at 18,000 kN 'nferr] gauge (2600 p.s.i.g.) at a rate
of 56.8 1/ bofuthdndyl luees] HowrjncOeabet the floaiabitldiperaf udeywasacohtrol | ed

at about 66[err] C(150[err]F). foratarget product noisture of 10%
The dryi ngpradactas. althen 28ke( 50poahdaiterial ff pmogdlategewihbuMgo are

placed in water, the Mg0O becomes magnesium hydroxide, an
alkaline substance. The USP has limits on the maximum

5 guantities of magnesium oxide that can be used as well as a
maximum pH specification that would be indicative of the
generation of magnesium hydroxide in solution.

DETAILED DESCRIPTION OF THE INVENTION
The starting material starch used in accordance with the

10 present invention can be derived from various cereal and root
materials including corn, milo, wheat, rice, arrowroot, beet,
potato, tapioca, waxy corn and waxy milo. Granular corn starch
which is made in the corn wet-milling process is preferred
because it is readily available, inexpensive and relatively

15 pure as it is produced so that it does not have to be heavily
refined after it comes from a corn-wet milling plant.

Corn starch is a carbohydrate polymer derived from corn of

various types and composed of about 25% amylose and about 73%
amylopectin., It is generally in the form of a fine white

20 powder having a granule size from about 5 to about 25 ﬁicrons
with the average granule - size being about 13.9 microns. Bulk
density ranges from about'&mtodisgmnaBsmAJpomMSpmcumcmoﬂ
5épéﬁding on the drying technique used. Flash dried and spray
dried starches have bulk densities at the low end of the range

25 and belt dried starches have bulg densities at the high end.

‘Moisture content of corn starch is generally about 12%, but
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The spray

dried product was free flowng with | ow dust generation

when handl ed and had a sonmewhat granular texture. 10 M croscopic
exam nati on reveal ed roughly spherical aggl orerates ranging in size
froma few to several hundred individual starch granules. In the

presence 05@#¥é¥,wﬂiﬁféﬁﬂi@ﬁ?rééiﬁtlve hdﬁ@@géfte|¥h@”§eﬁgkqlH&ation

di spersed.

Product Anal yses 15 Anal ytical ‘results are

sunmar i zed tiehpkid ©85rd , adl 8bfined byP&IHW.1oss of birefringence, is from

about 68 to 72° C.

The starting material starch can be unmodified or
modified. Suitable modified starches include oxidized starches
such as those prepared with hypochlorite or peroxide.

The hypochlorite used in accordance with the invention may

. be a hypochlorite of sodium, potassium, calcium or magnesium.

10

15

20

25

Sodium hypochlorite (NaOCl) is preferred because it is more
readily commercially available.

The phosphorus oxychloride (POC135 used in accordance with
the invention is a technical grade compound which generally has
a specification of 99.5% purity. Phosphorus oxychloride, which
is also known as phosphorus oxytrichloride or phosphoryl
chloride, is a colorless to pale yellow fuming liquid. It
reacts exothermically with water to produce phosphoric and
hydrochloric acids.

If magnesium oxide is used in accordance with the
invention, it should meet the reqhirements of USP Standards.

The process of the invention can be carried out in a
continuous or batchwise manner. The first process step

comprises treating a slurried starting material starch with a

-~ -~
-

hypochlorite to remove most of the protein and oxidize some of
the hydroxyl groups. The slurried starting material starch
should have a dry substance (d.s.) from 10%to 45%.

The hypochlorite used can have a concentration from
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TABLE- | ' POC3 % Ash, 1.

Sedi- 2 20 Sanple  dose noi st . pH % d. b.
nent ati on | A 0.6 G.é 8.9 1.6
52 | B 0.6 6.8 3 1.0 51
2A B8 to 7.25% by Weight (wiwd chlorine. 47 f necessary, 2§
0.8 9.9 9.3 0.7 59 25 3A3 1.0
8.3 8aBid or alkali ﬂ;)addeé5w1th the hypoch3Brite td.MaintainlPhf
9.3 1.1

pH of the reaction mixture at from 5 to 10.

Suitable reagents for this purpose are hydrochloric acid,
5 sulfuric acid, phosphoric acid, sodium hydroxide and potassium
hydroxide.

The starch is preferably reacted with hypochlorite at a
temperature from about_38“C(108°F)toaboutSGdC(150°F) for a period of
tine s;fficient to remcove the protein to a level of less than

10 about 0.15% w/w, with levels of about 0.05% w/w or less being
particularly preferred, and oxidize from 0.5% w/w to

-0.05% w/w of the hydroxyl groups. Typical reaction times
are from . 15 minutes to 2 hours. The degree of
oxidation is determined by measuring the carboxyl content of

15 the starch using standard analytical methods such as those set

forth in Whistler et al., STARCH: Chemistry and Technology,

Vol II (Academic Press 1967) Chapter XXV entitled
"Characterization and Analysis of Starches”™ pp. 620~621; and

Bernetti et al., Modern Methods of Analysis of Food Starches,

20 Cereal Foods World, veol. 35, Ne. 11, November 19%90 (Ame?ican
Association of Cereal Chemists Inc. 19%0) p. 1102.
Following the reaction with hypdchlorite, any free
cglo;iﬂe present in the reaction slurry should be neutralized;
otherwise the reaction can continge, even in the dry form,

25 although at a reduced rate. Neutralization, if needed, can be

accomplished by admixing a neutralizing compound such as sodium
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18 . . . 1 %d.b. neans % dry basis. Dry basis is cal cul ated by

mul tiplying the sanple weight by the dry substance (d.s.) : Dry
substance is calculated by dividing the dried weight 5 (wi t hout
nmoi sture) of a sanple by the total weight fwith

bisulfite, sodium sulfite, potassium bisulfite, potassium
sulfite or sulfur dioxide gas in a sufficient quantity to
achieve a value of no detectable chlorine as determined by
suitable analytical methods for residual oxidants such as that

5 set forth in the USP Standards for starch, page 1986 [9005-25-
8] under "Oxidizing Substances®.

At this stage,” the reaction slurry can either be directed
to the next reaction step, or dewatered and the hypochlorite
treated starch can be dried by conventional means and saved for

10 subsequent processing. If the material is to be saved,
reaction slurry pH is adjusted to from . -5 to 8
before dewatering and drying. Suitable pB adjustment agents
include sodium hydroxide, potassium hydroxide; hydrochloric,
sulfuric or phosphoric acid; or any other acid or base that

15 will yield non-toxic soluble salts. Suitable dewatering
techniques include centrifugation and filtration. Drying can
be carried cut in a flash dryer, ring dryer, spray dryer, belt
dryer or the like. _

The reaction slurry from the ﬁypochlorite treatment stage

20 is adjusted by the addition or removal of water, if necessary,
to a d.s. from . = 10% to - 45%7 If_éried hypoechlorite

treated starch is used, it is reslurried with the addition of

- -
-~

water to a d.s. within the same range and mixed to prepare a
uniform dispersion. Slurry temperature at this stage is
25 preferably maintained at from 38°C (100°F) to 66°C (150°F).

A salt can be added at a level from 1% to5% . -
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moi sture) of the sanple before drying. 2 USP Sedinentation in
mlliliters based on the nethod associated wth the USP

speci fications. 3 This sanmple was tested for heavy netals as 10
representative of the others and 1 ppm hea¥{) netal s was

detected. gry basis (H?b{}xlieiﬁé g9ﬁ?{ﬁi%ﬁiﬂpS&ﬁ%ﬁ%@ggﬁgﬂiﬁgpQ%gﬁg;§%|e

starch, dry subst ance.

wer e vashedes BoEQr @ Heh & ende MGV 68! EERTLAN gHaFR Y w1 SATPLES PEtEence

washed after
of base or alkali and to retard hydrolysis of the POCLj

reagent., Commonly used salts include sodium chloride and

5 sodium sulfate. Then the pH is adjusted by adding caustic to
attain a slurry pH from about 11.5 to about 12.5. Suitable
caustic agents include sodium hydroxide and potassium
hydroxide. Phoéphorus oxychloride is then added at a
concentration from about 0.05% to about 1.1% w/w, preferably

10 from about 0.5% to about 1.0% w/w, based on dry substance, to
cross-link the starch. Typical reaction times are from about
15 to about 45 minutes. At higher slurry temperatures shorter
times might be used and longer times. may be suitable for lower
slurry temperatures. Higher concentrations will result in more

15 cross-linking and lower concentrations will result in less

cross-linking.

20 The degree of cross~linking of the product of the

invention can . ', be expressed as that which will yield a USP
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neutralization. The "A" and "B" sanples were nmade using the BUFFALO

starch starting material and the "G' sanple was nade ~using the
hypochl orite-treated BUFFALO starch startbﬁf mat eri al .
~sedimentation value in milliliters (ml.) of 45 to ~
95, preferably 70-95, and most preferably from 70~

10

15

20

25

75. (The most preferred range is based on present USP
standards. However, compositions having higher sedimentation
values may be more desirable since they are more easily
assimilated by the body.) Excessive cross-linking, yielding a
sedimentation value of less than bout 45 ml. is detrimental to
physiological assimilation which becomes difficult or reduced
at such levels.

The cross-linked product is then washed and neutralized.
Washing can be carried out either before or after neutralizing,
but it is preferred to neutralize first because it reduces the
presence of ash before washing. (Neutralization is necessary
becauyse it converts hydroxides to salts and salts are easier to
remove.) Neutralization is accomplished by adding acid to
bring the slurry to a pH of from . - 6 to 8. Suitable
neutralizing acids include hydrochloric, sulfuric and
phosphoric acids. Hydrochloric acid is preferred because it is
readily available and essentially'ail of the resulting salts
are soluble.

Washing is necessary to remove residual inorganic and

organic components and is accomplished by dewatering and

- ~
-~

reslurrying in one or more cycles until acceptable levels
(preferably the lowest possible levels) of such residual
components are reached. Dewatering can be carried out by means

of a filter or centrifuge. Reslurrying following dewatering
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TABLE. 11 Na, Pr ot ei n, Sol ubl es,

Mol d/ Sanmpl e ppm d. b. % d. b. % d. b. Bact .

Yeast 5 1A 6900 O.ch) 1.6 3500

5 1B 2700 0.34 § 1.0 5200 180
2A be to 0-20 -10 to dbdut 20% w#80Qolids. 7@1 ash
S800 . -sHORLa. 1.3 7800 90 pEry washidy
8-36 canlafso be acconplished l¥sing succesdBve stage ¥ 0.29

hydroclones.
The washed, neutralized slurry is then dried to a moisture
5 content from 8% to 14% using a spray dryer, flash
dryer, ring dryer, belt dryer or the like.

The dried modified starch product is a free flowing white
powder and is characterized by a protein content of less than
about 0.15%, preferably about 0.05% or less, hydroxyl groups

10 oxidized to a level of from 0.05% w/w to ' O.S%IW/w
and a degree of cross-linking of hydrbxyl groups characterized
by bound phosphorus levels from about 200 to about 1200 ppm.

The modified starch composition can be used as a medical
dusting powder for various applications including surgical

15 gloves, catheters, tubing, drains and the like. It can be
admixed with magnesium oxide if desired or if necessary to meet
regulatory standards. The magnesiunm 6xide can be added in an
amount less than about 2% w/w dry substance and preferably from
about 0.5% to 2% w/w dry subséance, with the maximum

2y being based on USP specifications. When magnesium oxide is

added, the objective is to obtain an end preduct having USP

sedimentation values within the range of - 45 to 95
mi., éreferably ~70-95 ml. and most preferably 70-75
ml.

25 EXAMPLES

Six samples of absorbable dusting powder were prepared.
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M cr.obi al anal ytical values for bacteria (Bact.) and nold and yeast

are in colony formng units per gram (cfu/Qg). 15 Sampl e Fornul ati on
Wth MO Each of the six sanples was fornulated in the
| abor at ory with 0.25, 0.50 and 0.75 pkficent nagnesi um oxide to

deterninethe fiddE gtbeeksahgPts wdls sedi FeRbALLER &0l iWTE OV, | Prdabks

[, A magnesi um | evel _ of about 0.5% was enough to reach the m ni num
20 10. 0 i A@r aald7e o100 pailen tpikawovided with an agjtatet t hi n t he A high

level of agitation was attained by adjusting a portable mixer
so that the impeller was near the liquid surface. Agitation

5 was continucus duriné'all of the process steps from preparation
of the starch slurry through completion of the cross-linking
reaction. Each batch was made in the same way except for

variations in concentrations and quantities as indicated below.

Reaction Sequence
. |
16 45kg (oné hundred pounds) of BUFFALO (registered trademark) food grade granular starch

available from Corn Products, Box 345, Summit-Argo, Illinois
60501 UsSA, is treated.with sodium hypochlorite in a continuous
process. The starch is slurried at 41% d.s. and combined with
sodium hypochlorite having a concentration of 15% w/w chlorine

15 and 31% w/w hydrochloric acid. The starch slurry is added to a
reaction hold tank at a rate of 10.2 liters per minute, sodium
hypochlorite is added at a rate of 14.5 liters per hour and
hydrochloric acid is added at a rate of 0.69 liters per hour,

' The reaction mixture in the reactioﬁ hold tank is maint;ined at

20 a temperature of 47°C. (l17°F.) and a pH of 6.4 + 0.3.
Residence time in the reaction hold tank is 30 minutes.

Sodium bisulfite (having a concént:ation of 15% w/w) is
aé;igéd with the product leaving the reaction hold tank to
neutralize free chlorine. The addition takes place in a

25 neutralization pipeline on the way into a neutralization tank.

The flow of sodium bisulfite is adjusted as necessary to
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sedi nment ati on specification.

20

MO
d.s

8.9
68

10

15

ad

25

TABLE 111 :
U S P. Sedi- 14 Sanpl e % on
pH mentation, m - 1A 0
achieve m? detectable free chlorine, 0.25 9. 65
' 0.50 9.95 70

Soda ash (having a concentration of 5% w/w) is added to
the product leaving the neutralization tank. The addition
takes place in a neutralization pipeline on the way to a basket
centrifuge for dewatering. The flow rate of soda ash is
adjusted as necessary to achieve a slurry pH of 5.0-5.5.

The slurry is dewatered in the basket centrifuge and the
dewatered hypochlorite-treated starch is dried in a flash dryer
to a moisture content of 12% w/w.

Alternatively,. 45Kkg(one hundred pounds) oxidized starch

having a protein content of about 0.15% d.s. is treated with
hypochlorite in the same manner as set forth above except that
sodium hypochlorite containing about 4% w/w free sodium

hydroxide is added at a comparable rate and no hydrochloric

acid is added.

For each reaction batch, . 1701(45 galions) of water were added to
N - e

a 378 1 {100 galion) tank and heated to a temperature of about 1l0°F.

(43°C.) For each of five samples, 136 kg (300 pounds)- of BUFFALO starch

(not hypochlorite-treated) was added to prepare starch slurries
having 40% starch solids while maintaining the temperature at

about 43°C (110°C). For the sixth sample, 45kg {100 pounds) of the
hypocholorite-treated BUFFALO starch was added to 114 | (30 gailons) S - of

- ~.
-~

water to prepare a starch slurry having 20% starch solids.
There was no other adjustment or control of temperature during
subseqguent processing steps. Each starch slurry was mixed for

from 15 to 30 minutes before further processing. The

28 JUL 1998
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10. 0 70 1B 0
51 0.25 9.9

0. 50 10. 05 62

10. 1 65 195 2A 0

_objectivé7o¥0 the mixi%FSBas to prepare @& Q 2niform dispe?s?on.

3@d§5m chloride (Nd0Ql) was added ﬁg S?Eh starch lerry as

a dry solid at a leveD.6f 3% based okOs22rch dry substiﬂce.

10. 35 76 3A
About 154mitutes after NaCl addition, sodum hydroxzdéo(ﬁ5oa)
was added as a 4% by weight solution. (The 4% NaCOH solution
was prepared by adding 50% by weight NaOH to dilution water.)
NaOH addition was gradual over a period of about 20 minutes
until a'concenttation of 2.05% by weight NaOH based on starch
dry substance was attained., The NaOH addition point was into
an area of high agitation on the liquid surface in the reaction
tank. Slurry pH after NaOR addition was from about 12.0 to
about 12.4.

About 10 minutes after NaOH addition was completed, POCl,
was measured in a graduated cylinder before addition. Of the
six samples prepared, two were at a POCl; concentration of 0.6%
by weight based on starch dry substance, two at 0.8% and two at
1.0%. The concentrations were varied to achieve different
levels of cross-linking. POCly was added gradually over a
period of 30-60 seconds. Vapors Qefe controlled with a vat
hose connected to an exhaust fan. The cross~linking reaction
was considered completed 10 minutes after POCly addition.
Reaction slurry pH following cross-linking was from . 11.3

to 11l.%.

washing and Neutralization

Some of the reaction slurries were separated into twe

fractions with about one~third being neutralized before
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0.50 °
10.3
50
0.50
10. 3
CLAI M

10

15

20

25

10. 2 62 0.75

64 3B . 0 9.3
0.25 16 10.05 64

10. 25 66 0.75

washing. gphe remaining two-thirds were neutralized afxkr W

washing. Neutralization was accomplished by adding 1% w/w
hydrochloric acid to the "slurries to bring thé ph to about 7.
The crogs-linked reaction product was washed in three
steps using a gicm (36 inch) diameter gravity nutsche filter. . (A
nutsche filter is a tank equipped with a false bottom,
perforated or porous, that may support a filter medium or may
itself act as the septum.) Two different tightly woven filter

cloths were used in separate trials. One was a white

_polyamide-nylon fabric made from a monofilament source having a

mesh of -3-53/21 xx and a width of 40-42 inches. This cloth is
sold under the trademark MITEX by Tetko Incorporated, 333 S,
Highland Avenue, Briarcliff Manor, New York 10523 USA. The
other was a gray cotton fabric made from a twisted
multifilament thread and sold under the Style Number EMPH 101
by TestFabrics Inc., 200 Blackford Avenue, Middlesex, NJ 08846
USA. Both filter cloths gave satisfactq:y results, A vacuum
generated by a vacuum pump at a level of._380 mm (15ifxches) mercury (Hg)
was used. Each filtration cycle wés!conduc;gd for . - 5-15
minutes resulting in filter cakes‘ 2,5-7,5cmi1-3inches}t'hickhavi.ng
a moisture content of about 50%. The filter cakes were
reslurried to © 35-40% by weight éolidé between each step
and after the last filtration step.
Drying

The washed, neutralized slurries were each separately

spray dried in a DeLaval spray dryer (DeLaval, Inc.,

= [ .-'\"wi;.j".n\."r e
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1. A'nodified starch conposition conprising a protein content of |ess
than about 0.15% by weight, fromO0.5 to 0.05% by weight carboxyl groups,
obt ai nabl e by crosslinking with 0.05%to 1%296m/m/PC[13 and having a USP

sedi nent ati on val ue ("USP XXI'1, NF XVII, Uni ted States Pharnmacopei a,
The  Natibasrenseind ke )Neyodea5eyoUSh)ni | IDTyeerénlet alr at athe
conposition of claim1 further conprising nagnesium oxide in an anount
| ess than &leoge swbse wef §H1'CE10P°F) 10°C (50°F) wet bulb)l was obtained from a gas
furnace. Supply slurry was atomized through a high pressure
nozzle at'18,000 h:Mm2 gauge (2600 p.s.i.g.) at arate of 56.8 I/h (15 gaﬂons?hour). Outlet
5 air temperature was controlled at abc';ut 66_“C(150°F). for a target -
product moisture of 10%. The drying rate was about 23kg (50 pounds)
of product per hour.
The spray dried product was free flowing with low dust
generation when handled and had a somewhat granular texture.
10 Microscopic examination revealed roughly spherical agglomerates
ranging in size from a few to several hundred individual starch
granules. In the presence of water, the agglomerates

immediately and totally dispersed.

Product Analyses

15 Analytical results are summarized in Tables I and II
below.
TABLE I
POC13 % Ash, 1 Sedi-
20 Sample dose moist. pH $ d.b. mentation

1A 0.6 6.7 8.9 1.6 52

1B 0.6 6.8 9.3 1.0 51

i 2A 0.8 7.7 8.2 1.8 47

2G 0.8 9.9 9.3 0.7 59

25 3a3 1.0 8.3 8.8 1.5 45
3B 1.0 10.0 9.3 1.1 50
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subst ance. 3 The use of the conmposition of claim1 as a nedi cal

| ubricant. 4 . A process for preparing a nodified starch conposition
conprising treating a starch with a hypochlorite to renove protein to a
| evel | ess than about 0.15% by wei ght and oxidize from 0.5 to

0. 05% by wei ght of the hydroxyl groups, if pigfent, neutralizing any free
chlorine " by adm xing a chlorine neutrali zi conpound in a sufficient

quantity, —and ahgn gy tiallys cf 0§sy! bakiilg G RPN Of 4182 1EGRhEEa by
multiplying the sample weight by the dry substance {(d.s.)
Dry substance is calculated by dividing the dried weight
5 (without moisture) of a sample by the total weight {with
moisture) of the sample before drying.
USP Sedimentation in milliliters based on the method

associated with the USP specifications.

3 This sample was tested for heavy metals as
10 representative of the others and 1 ppm heavy metals was
detected.

The POCl; dose Qas a percentage based on total starch, dry
substance,
The "A™ samples and the "G" sample were washed before the
15 neutralization step and the "B" samples were washed after
neutralization. The "A" and "B" samples were made using the
BUFFALO starch starting material and ihe *G" sample was made
using the hypochlorite~treated BUFFALO starch starting

material.
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22 « starch with 0.05%to 1.1% w w phosphorous oxychloride to obtain a
conposition having a USP sedi nentation value ("USP XXII, NF XVII, The
United States Pharnmacopeia, The National Forrmulary") from45 to 95

mlliliters. 5. The process of claim4 wherein the hypochlorite is
19
TABLE 11
Na, Protein, Scolubles, Mold/
Sample ppm d.b. $ d.b. $ d.b. Bact. Yeast
5 1A 6900 0.21 1.6 3500 5
1iB 2700 0.34 1.0 5200 180
2A 7000 - 0.20 1.9 4800 70
26 2800 0.05 1.3 7800 40
3A 4300 0.26 1.2 350 10
10 " 3B 1500 0.29 0.9 - -

Micrcbial analytical values for bacteria (Bact.) and mold

and yeast are in colony forming units per gram {(cfu/g).

15 Sample Formulation With Mg0

Each of the six samples was formulated in the laboratory
with 0.25, 0.50 and 0.75 percent magnésium oxide to deternmine
the effect on pH and sedimentation volume shown in Table III.
A magnesium level of about 0.5% was énough to reach the.minimum
20 10.0 pH for all of the samples and still be within the

sedimentation specification.
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sodi um hypochl orite. 6. The process of claim4 wherein a starch
slurry having a dry subst-ance from 10% to 45%is first reacted
with a hypochlorite at a pH from 5to 10 and a tenperature
from38 (100) to 66[err]C (150[err]F) for a period of time sufficient to
reduce the protein content of the starch tg)@ | evel of |ess than about
0.15% by wei ght and oxidize from 0.5 to 0. 05% by wei ght of the

hydr oxyl groups, followed by, if pres®@AaBLEngutyalizing any free chlorine
by adm xing a chlorine neutralizing compound in a sufficient quantity and

Sample % on d.s. pHE mentation, ml

1a 0 8.9 52

5 0.25 9.65 68
0.50 9,95 70

0.75 10.0 70

1B 0 9.3 51

0.25 9.9 58

0.50 10.05 62

0.75 10.1 65

25 0 9.2 47

10 - 0.25 9.9 60
0.50 10.08 63

0.75% 10,2 70

26 e 9.3 59

0.258 10.2 73

0.50 10.25 74

0.75 10.35 76

s a 0 8.8 45
0.25 10.05% 60

0.50 10.2 62

0.75 10.3 64

3B 0 9.3 50

0.25 10.08 64

0.50 10.258 66

0.75 10.3 68




by.reacti,ng with 0.05%to 1.1% w w phosphorus oxychl ori de aﬂﬂ“ﬂ:ﬂmumw ‘“‘
11.5*to 12.5 and a tenperature from 38 (100) to 66[err]C ( v y "
a period of time sufficient to obtain a conposition having a USP

sedi nentation value ("USP XXI'l1, NF XVII, The United States Pharnacopei a,

The National Formulary") from45 to 95 mlliliters.

21

WE CLAIM:

1. A modified starch composition comprising a protein
content of less than about 0.15% by weight, from 0.5 to 0.05%
by weight carboxyl groups, obtainable by crosslinking with
0.05% to 1.1% w/w POCl3 and having a USP sedimentation value
("USP XXII, NF XVII, The United States Pharmacopeia, The
National Formulary") from 45 to 95 milliliters.

2. The composition of claim 1 further comprising
magnesium oxide in an amount less than about 2% by weight dry
substance,

2.  The use of the composition of claim 1 as a medical
lubricant.

4. A process for preparing a modified starch composition
comprising treating a starch with a hypochlorite to remove
protein to a level less than about 0.15% by weight and oxidize

from 0.5 to 0.05% by weight of the hydroxyl groups,

if present, neutralizing any free chlorine by admixing a

chlorine neutralizing compound in a sufficient quantity,

and then partially cross~linking the hypochlorite treated
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starch with 0.05% tc 1.1% w/vw phosphorous oxychloride to
obtain a composition having a USP sedimentation value ("USP
XXII, NF XVII, The United States Pharmacopeia, The Natiocnal
Formulary') from 45 to 95 milliliters.

5. The process of claim 4 wherein the hypochlorite is
socdium hypochlorite.

6. The process of claim 4 wherein a starch slurry having
a dry substance from 10% to 45% is first reacted
with a hypochlorite at a pH from 5 to 10 and a
temperature from 38 (100) to 66°C (S5Q0°F) for a pericd of time;
sufficient to reduce the protein content of the starch to a
level of less than about 0.15% by weight and oxidize fzom

0.5 to 0.05% by weight of the hydcoxyl groups, followed by,

if present, neutralizing any free chlorine by admixing a
chlorine qsutralizing compound in a sufficient quantity and followed
by reacting with C.OS% to 1.1% w/w phosphorus oxychloride at a pHE
from 11.5 to l2.5 and a temperature from 33 (100) to 66°C (15Q0°F)
for a period of time sufficient to obtain a composition
having a USP sedimentation value ("USP XXII, NF XVII, The

United States Pharmacopeia, The National Formulary”) from 45

to 95 milliliters.

REPLACEMENT SHEET
SRR
!

RBRRE

22 Jul 1998

|




10

15

23

ABSORBABLE DUSTING POWDER DERIVED FROM STARCH

ABSTRACT

Absorbable dusting powders suitable for medical
applications such as lubricating surgical gloves are prepared
by treating starch with a hypochlorite to remove protein and
oxidize some of'the-hydroxyl groups, and partially cross-
linking the hypochleorite-treated starch with phosphorus
oxychloride. The modified starch dusting powders are free
flowing and are characterized by a protein content of less than
about 0.15% by weight; hydroxyl groups oxidized to a level of
from about 0.5 to about 0.05% by weight and a degree of cross-
linking of other hydroxyl groups characterized by bound

phosphorus levels of from about 200 to about 1200 ppm.
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