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"Immunological and Resistant Response in
Mammary Glands",

BACKGROUND OF THE INVENTION

1. Field of the Invention

Of particular concern in dairy herds is
inflammation of the mammary gland referred to as
mastitis. Mastitis is an inflammation, which in the
acute form results in swelling, redness, heat, pain
and loss of function. The majority of occurrences of
mastitis are bacterial in origin.

The use of antibiotics has been highly
successful in curing and~feducing the incidence of
mastitis. However, the use of antibiotics has many
disadvantages. While antibiotics have been capable
of controlling the incidence of mastitis resulting
from Staphylococci and Streptococci infection, the
result has been that the effectiveness of the natural
protective resistance to other bacterial organisms
such as coliform has. been diminished. That is,
apparently when the immunological system of
resistance was stressed by either Staphylococci or
Streptococci, this system was able to counteract
invasion from other organisms. When antibiotics are
employed which destroy the aforementioned organisms,
the mammary gland becomes susceptible to infection
from other organisms which are antibiotic resistant.

It is therefore desirable to find ways to induce
this immunological and resistance system to protect
the hest from bacterial invasion.

2. Brief Description of the Prior Art.

U.S. Patent No. 4,202,329 relates to a method
and apparatus for inhibiting bacterial infection by
introducing into at least one gland cistern of an
udder, a non-toxic non-specific antigenic device of a
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~sufficient size to be restrained from entering the
teat cistern of the udder. 1In said patent, the
specifically desc:ibed device floats in the milk
present in the udder. The flecating device thus makes
intermittent tissue contact within the gland cisteran,
thus stimulating immune resistanée?'particularly by
inducing an increase in the number and activity of
phagocytic cells, particularly leukocyte cells, in
the udder. '

Although Ehe results obtained with the device as
specifically described in U.S. Patent No. 4,202,329
have been satisfactory, certain minor disadvantages
have been associated with such a device. 1In
particular, because the floating device relies upon
abrasion of the wall areas of the cistern to
stimulate the production of somatic cells, some
bleeding has been found to be associated with the
abrasion of the cistern wall area. Also, it has been
found that after approximately a nine-month period, a
biofilm buildup occurs on the device, causing a
substantial reduction in the stimulus effect of the
floating device. Additionally, the exterior of the
floating device which has been used in such a manner,
“typically has had a rough exterior surface which
provided sites for colonization of bacteria,
especially when the device was inadvertently placed
in an already infected quarter. _

An object of the present invention is to cbtain
the advantages of the device described in U.S. Patent
No. 4,202,329, while overcoming the aforementiocned
disadvantages thereof. ' '
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SUMMARY OF THE INVENTION

Surprisingly, it has now been found that by
continuously applying slight pressure on the
epithelial lining cells of the gland cistern of an
udder, stimulation of the producticon of somatic cells
results. Thus, it has been specifically found that
by applying a pressure to the floor of a gland
cistern, particularly the epithelium immediately
adjacent to the annular ring, a cell response is
elicited resulting in an increase and activation of
phagocytic cells, particularly leukocytes, thus
protecting the udder from bacterial invasion which
can result in disease and inflammation, particularly
mastitis.

'The present invention also provides a specific
method for inhibiting bacterial infection without
significantly deg:adingrmilk quality in the udder of
a host susceptible to bacterial infection. The
method comprises applying pressure to the floor of at
least one gland'cistern of the udder, sufficient
to stimulate epithelial lining cells of said
cistern f£loor. In one specific embodiment, the
aforementioned method is achieved by introducing into
at least one gland cistern of an udder, a non-toxic
non-specific antigenic device of a sufficient size to
be restrained from entering the teat cistern of said
udder, said device having a density sufficient to
cause the device to continuously rest on the floor of
the gland cistern of said udder. Thus, the effective
density of the device should usually be greater than
about one gram per cubic centimeter.

The present invention also provides a device
which is capable of being inserted into a gland
cistern of a bovine, caprine or ovine host, said
device being of a sufficient size such that after it
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is inserted into a gland cistern of an udder of said
fdost, it will be restrained from entering the teat
cistern of said udder, while having an effective
density greater than the milk in said udder.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Process and apparatus are provided for enhancing
immune resistance, including increasing the natural
production ofrphagocytic cells, including
macrophages, in mammary glands. The apparatus
employed is a non-toxic body or non-specific
antigenic device of a rigid solid, or solid
components, usually having moderate elasticity. The
device may be formed so it can be temporarily
constrained to a shape in which it can be inserted
through the lactiferous duct and past the shelf
between the teat and gland cisterns. Upon release of
the constraint, the device reforms to a size and
shape which inhibits the passage of the device from
the gland cistern.into the teat cistern, except by
exogenous mechanical means. The device remains in
the gland cistern until it is mechanically removed,
or is destroyed, as by the use of sonar,. or self-
destructs (as by being bio-degradable, consistent
with milk quality) after a certain residence time,
such as nine months. During its residence in the
Cistern the device continuously stimulates leukocyte
formation.

The device may be a rod or may assume various
other shapes, such as coils, rings, discs, rigid
strings of beads, or the like, which may be folded or
extended, so as to be able to pass through the
lactiferous duct. The device is provided in aseptic
condition, packaged in an aseptic'container-to 7
inhibit the introduction of undesirable organisms
when the device is introduced into the gland cistern.
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The device may be of any material having the
desired biological and physical characteristics and
its antigenicity may be further enhanced by using
organic polymers which provide enhanced stimulating
activity or by incorporating with the device
materials which stimulate immunological activity,
e.g., protein antigens.

The devices useful in the present invention
thus may have the same configurations as those
disclosed in the aforementioned U.S. Patent No.
4,202,329, which is incorporated herein by
reference. The distinction between the device of the
aforementioned U.S. patent and that of the present
invention is that in the present invention the device
has a sufficient density such that it does not float
in the milk in the udder, but rather rests on the
floor of the gland cistern. '

The present invention thus provides a process
and apparatus for stimulating naturally occurring
resistant systems and immunological defenses in
mammary glands. The present invention finds
particular application with the mammary glands of
milk-supplying domestic animals, such as cows
(bovine), goats (caprine), and the like. It also has
application in nursing animals, to increase milk
production and, therefore, weaning weights, such as
cows and sheep (ovine). The method employs a device
or body which is shaped so as to be capable of being
inserted through the lactiferous duct past the shelf
between the teat and gland cistern and is of such a
size and shape, that once inserted in the gland
cistern it is generally precluded from entering the
teat cistern without external manipulation.

Various shapes or forms of the device may be
employed. The simplest form is a small rod which may



WO 88/00817 PCT/US87/01891

be inserted through the lactiferous duct and will
then sink to the floor of the gland cistern. The 7
length of the rod will inhibit its moving down into
the teat cistern. Alternatively, forms can be
employed which may be constrained into a shape which
allows them to be introduced through the lactiferous
duct. Upon release from the constraint, the device
will reform its original shape, expanding to a size
which inhibits its passage beneath the shelf between
the teat and gland cistern.

These shapes include rods, discs, coils, rings,
spirals, hubs with extended spokes, with or without a
circumferential ring, and:the like. By employing
moderately elastic rigid materials, the form may be
rolled up or extended to a size where it may be
introduced into the gland cistern through the
lactiferous duct and teat cistern into the gland
cistern, where it will reform into its original form
and size and be prevented from passing beyond the
shelf between the two cisterns.

Various external materials may be used, which
for the most part will be organic polymers, either
‘addition or condensation polymers. Conveniently,
polyolefins of from 2 to 6, more usually of from 2 to
3 carbon atoms, including copolymers thereof, may be
employed, which are either atactic or tactic.
Illustrative polymers include polyethylene,
polypropylene, ethylene-propylene copoliymers and the
like. The condensation polymers which may be
employed include polyamides, polyurethanes,
polyethers, polyesters, and the like. Illustrative
polymers include nylon, pyran polymers, etc.

In one embcdiment, the structures may be
designed to self- destruct after a predetermined
period of time, such as nine months. Thus, a

LS
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protective coating, for example, may cover a
structure which is biodegradeable upon exposure to
milk. The protective coating may, consistent with
milk quality, dissolve over the desired period of
time, finally causing the interior structure to
degrade and pass from the udder. In another aspect,
the device may degrade upon exposure to sonar, or a
chemical agent which may be introduced into the
cistern, thus avoiding the need for mechanical
removal. Also, the device may be made of milk
proteins, designed after a period of time or upon the
application of an external force, such as sonar or a
chemical catalyzing agent, to dissolve into the milk
in the udder.

The materials which are employed should be
relatively rigid, normally having sufficient
elasticity to allow.for folding or extension and
returning to the original shape. The external
materials will also be non-toxic and preferably non-
biodegradable at least for some pre-determined
residence time, such as nine months. In addition,
different material may be used, depending on the
degree of stimulation of macrophage production which
is desired. To enhance immunological stimulation,
the device may incorporate antigenic materials such
as protein.

The constraints on the device size are that it
be capable of being introduced through the teat
sphincter and reside above the teat rcsette.
Therefore, the device should have a long dimension of
greater than about 0.5 cm, preferably greater than
about 1.0 cm and not greater than about 2.5 cm,
preferably not greater than about 2 cm. Imr addition,
where the device is to be constrained during
insertion through the teat sphincter, the device
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should have a cross- section of from about 0.1 em and
not greater than about 0.8 cm, more usually not
greater than about 0.5 cm. The significant factor is
the ability to-insert the device into the gland
cistern without injury to the teat, and be of a shape
once introduced into the gland cisternras to inhibit
its movement into the teat cistern.

Where rods are involved, the rods may be either
hollow or solid and, as indicated previously, may
assume a variety of shapes. Where discs are
involved, they may be continuous sheets or have
substantial portions of the sheets removed,'
preferably the latter. Where beads are involved, the
beads may be joined as by a central support rod,
string, or the like. The beads may be of a single
material or may have an external surface and an
interior material that differs. In one embodiment,
the means of- joining the beads may be of a material
which, after a residence time, such as nine months,
degrades, the beads being of such a size that they
then pass out of the udder. Alternatively, the means
of joining the beads may be degradable under certain
conditions, such as upon exposure to sonar waves, so
that after exposure, the beads simply pass out of the
udder. ,

Conveniently, the device will be inserted under
substantially aseptic conditions through the teat
sphincter by means of an insertion device. The
insertion device will usually be a tube, a rod, or a
combination of the two. The particular manner of
insertion will depend upon the nature of the device.

In the simplest situation, where a rod is to be
employed as the device, a tube may be inserted into
the lactiferous duct and extended into the gland
cistern. The rod may then be passed through the

4a
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tube, using an insertion rod to push the device up
into the gland cistern.

Where a circular device is employed, the device
may be extended by pushing the device through a rigid
tube, having an inner diameter, somewhat greater than
the outer diameter or cross-section of the rod or
ribbon which forms the device, and in the case of a
closed ring, about twice the cross-section. The
insertion tube is introduced through the teat
sphincter and extends up into the gland cistern. The
pre-loaded device or body is then pushed through the
tube while being expanded or uncoiled until the
device extends past the opening of the insertion tube
into the gland cistern where it begins to recover its
original form and completely expand or coil. A rod
is used to push the device through the tube and into
the gland cistern. The insertion tube and rod may
then be retracted.

: A third alternative is to have a flat object,
conveniently round such as a disc, which can be a
flat sheet, or a sheet with a plurality of openings,
or a hub with extending spokes, with or without a
circumferential ring. The sheet must be thin enough
SO as to be conveniently rolled to form a roll of
sufficient small diameter to be capable or passing
through an insertion tube. With the hub and spokes,
the spokes may be brought together, so as to be
substantially parallel and introduced into the
insertion tube. An insertion rod may then be used to
push the device through the insertion tube and into
the gland cistern. The most distant points in the
disc or other substantially circular device will

usually be not more than 3 cm, usually nct more than

1.5 ¢m and be at least 0.5 cm.
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In each instance, by employment of an
appropriate material, the device will reform to its
original shape, so as to be substantially inhibited
from entering into the teat cistern. '

Alternatively, tubes can be employed having none
or one closed end and the tube pulled onto a solid '
rod having an outer diameter about equal to or
slightly less than the inner diameter of the device
tube. With the various éircular devices, e.g., coil
or spiral, the device will be extended into a
substantially straight line or moderately curved line
onto the rod. The device in its extended form on the
insertion rod may now be introduced into the gland
cistern through the teat sphincter, so that the
device extends into the gland cistern. The rod may
now be retracted, while holding the device to prevent
its retraction from the gland cistern, until the
insertion rod is,cdmpletely removed, whereby the
device will recover its original'form and be
positioned above the shelf between the Cisterns.

The devices useful in the present invention may
thus be of many various geometrical configurations.
The principal consideration, as indicated previously,
is the effective density of the final device. Thus,
when employing many plastic materials such as
polyethylene as a component of construction of the
device, it is necessary to weight the device in some
manner so that when employed in practice, it will
have a density sufficient such that it will remain on
the floor of the gland cistern and will stimulate the
epithelial lining cells forming the floor of the
gland cistern. In general the effective density of
the device should be greater than about one gram per
cubic centimeter. However, when employing plastics
such as high density polyethylene (HDPE) it may be
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possible to avoid the use of an ancillary weight,
provided that the density of the plastic is
sufficiéntly high so that the formed device in
practice remains on the f£loor of the cistern.

One means of increasing the density of a device
formed from synthetic polymeric materials, such as
polyethylene, is to incorporate within the device a
material having a relatively high specific density,
such as a metal. 1In this respect, stainless steel
has been found to be a suitable material to increase
the density of devices useful in the practice of the
present invention. The use of stainless steel is
particularly efficacious when the device is in the
form of a hollow rod. In such an instance, a
stainless steel core can simply be inserted in the
form of a rod having a aiameter smaller than or equal
to the inside diameter of such a hollow rod.

The effective density of a device can be readily
ascertained by simply weighing the device, measuring
the total volume of liquid which is displaced by the
device, and dividing the weight by the measured
volume. It is generally preferable for the device to
have a uniform weight along its length but it is not
a critical factor. It is believed that the total
area of epithelial cells contacted by the device, the
weight applied to such cells, and the duration of
contact all have an impact upon the effectiveness of
the device. 1In general terms, however, the device
need only apply a continuous pressure to epithelial
cells of the gland cistern, sufficient to inhibit
bacterial infection. The mechanism is believed to be
the elicitation a cell response by the cells in

contact with the device, resulting in an increase and

activation of phagocytic cells.
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A preferred device useful in the practice of the
present invention is a polyethylene rod having a
length of about 5 inches and an outside diameter of
about 0.06 inch. Such a device has a core material
“which has a density greater than 1.0. Preferably,
the core material is compriséd of stainless steel.

In one embodiment, the weight of the rod is adjusted
with a stainless steel ccre having a diameter of
about 0.01 inch, to a total weight of 250

milligrams. Such a weight is just sufficient to
cause the rod, when inserted in the gland cistern of
an udder of a bovine host, to sink to the floor of
said gland cistern, but does not provide sufficient
continuous pressure to elicit a totally satisfactory
response. A similar rod, weighted to 400 milligrams
has also been empioyed in accordance with the present
invention, but has been found to be less satisfactory
than a similar rod weighted to 300'milligrams.' Thus,
there appears to be an optimum weight, or total
pressure, but the reason for, or the exact definition
of, such an optimum is not understood. o

The device in the form of the aforementioned rod
which has a weight of 250 milligrams does not always
consistently elicit a sufficient cell response
because it applies only a minimal amount of pressure
to the epithelial Cel;s on the floor of the gland
cistern, due to the fact that its effective density
is very close that of the milk in the cistern. On
the other hand, the rod which weighs 400 milligrams
gives a consistent, but sometimes excessive
reaction. The general final configuration of the
aforementioned rod when inserted was a spiral having
1.12 inch loops. The size of the loop is not
critical and may be varied, but, of course, should be
large enocugh so that the device does not drop through
the annular ring and into the teat cistern.



WO 88/00817 PCT/US87/01891

_13...

In practice, the device is not stationary on the
floor of the gland cistern, but does move on said
floor. Thus, the cell stimulation which results from
the pressure applied to the floor of the gland
cistern as a result of the device is essentially
concentrated to the floor of the gland cistern, but
due to the fact that it is not stationary, the
stimulation occurs over a number of epithelial cells
on the floor of the gland cistern.

The exterior surface of the device is preferably
made as smooth as possible. The rough surface on the
exterior of the device provides a site for
colonization of bacteria which is a major problem
when such a device is mistakenly placed in an already
infected quarter. In such an instance, the presence
of such a large number of bacteria can result in a
chemotactic message penetrating the milk secretion
parenchyma, creating high cell counts in the total
milk. Providing smooth surfaces on the exterior of
the device, can competently reduce the possibility of
bacterial colonization on the device itself. This is
feasible because abrasion of the device surface to
stimulate the lining of the gland cistern is not
being relied upon to stimulate cell response.
Furthermore, the smooth surface tends to likewise
minimize bleeding which might occur due to contact of
the device with the epithelial lining of the gland
cistern.

Of particular benefit is the fact that by use

of the present invention, it is the epithelium
immediately adjacent to the annular ring which is
stimulated to produce somatic cells. As it is the
epithelium immediately adjacent to the annular ring
which is the area of entry for any invading bacteria,
the present invention allows a relatively localized
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response to the device to occur within the Cistern,
while providing adequate de;ense to invading
bacteria.

The response to the pressure-induced stimulation
of the floor of the gland cistern results in a
chemotactic message which evidently remains local and
does not ascend to the milk secretlng parenchyma of
the gland.

The increase and activation of phagocytic cells
is limited to the area of the floor of the gland
Cistern, acting as a barrier to the migration of
infective agents into the alveoli where milk is
produced. Leukocyte cell production is diluted in
the total milk production of the gland and therefore
milk quality is not degraded.

The presence of the device in the gland cistern
has the effect of being a non-specific synthetic
antigen that can stimulate an increase and actlvatlon
of phagocytic cells, particularly leukocytes, in the
gland cistern, to protect the udder from bacterial
invasion resulting in disease and inflammation,
particularly mastitis. The device employed will not
interfere with the normal milking of the cow and will
remain effective throughout the period of lactation
and subsequent lactations; Due to its flexibility,
the device may be withdrawn mechanically without the

~aid of an insertion device. Alternatively, a
degradable version of the device, as discussed
previously, may be employed7 which dces not require
mechanical removal.

A device within the scope of the present
invention comprising a pdlyethylene rod S5 inches
long having an exterior diameter of 0.060 inch,
containing a stainless steel c§re, having a total
weight of 400 milligrams or less, shaped into 1.12
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inch loops, has been tested extensively and found to
inhibit bacterial infection without significantly
degrading milk quality in the udder of bovine hosts,
in nearly 100 percent of cases tested. The foregoing
is in contrast to the device which has been employed
in accordance with U.S. Patent No. 4,202,329, which
has been found to successfully inhibit bacterial
infection in about 70 percent of all cases tested.
Furthermore, the device of the present invention has
been found to remain effective and not result in any
substantial incidence of blcod in the milk.

It is evident from the aforementioned results
that the subject method and apparatus provide for a
method of protecting the udders of milk producing
animals from bacterial invasion. The method is
simple, it is readily administered to the animal, and
can remain in the animal for long periods of time, to
provide the desired protection agai@st bacterial
invasion., Furthermore, the process-and device do not
cause a degradation of milk quality.

Conveniently, the device can be supplied in an
asceptic condition by having one or more devices
enclosed in an hermetically sealed pouch or container
which maintains the device in its aseptic condition
until ready for use. Included in the same pouch or
container or a separate pouch or container can be the
insertion device, which is also aseptic. Depending
upon the nature of the device to be introduced into
the gland cistern, the insertion device may be either
a rod or a tube with plunger. Normally, the outer
diameter of the tube will not exceed 8 mm., more
usually , not exceed S mm., so that it can be

~conveniently inserted through the teat sphincter.

Although the foregoing invention has been
described in some detail by way of illustration
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and example for purposes of clarity of understanding,
it will be obvious that certain changes and
modificaticons may be practiced within the scope of
the appended claims. |

»
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WHAT IS CLAIMED IS:

l. A method for inhibiting bacterial infection
without significantly degrading milk quality in the
udder of a host suseptible to bacterial infection
comprising continuously applying pressure on
epithelial lining cells of at least one gland cistern
of said udder. '

2. The method of claim 1 wherein the pressure
is applied to the epithelial cells on the floor of
the gland cistern.

3. The method of claim 2 whereby the pressure
is applied by introducing into at least one gland
cistern of the udder, a non-toxic, non-specific
éntigenic device of a sufficient size to be
restrained from entering the teat cistern of said
udder, said device having a specific density
sufficient to cause the device to continuously rest
on the floor of the gland cistern of said udder.

4. The method of claim 3 wherein the device is
degradable.

5. The method of claim 4 wherein the device is
degraded and the degradation is caused by application

of sonar waves. 7
6. The method of claim 4 wherein the device is

degraded and the degradation is caused by dissolution
of a protective coating, after a predetermined period

of time.
7. The method of claim 4 wherein the device is

degraded and the degradation is continuous over a

predetermined period of time.
8. The method of claim 4 wherein the device is

comprised of milk proteins.
9. The method of claim 3 wherein 2he-host is

bcvine, caprine or ovine,.
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10. A method for inhibiting bacterial infection
without significantly degrading milk quality in the
udder of the host susceptible to infection which
comprises introducing into at least one gland cistern
- of the udder, a non-toxic, non-specific antigenic
‘device of a sufficient size to be restrained from
entering the teat cistern of said udder, said device
having a density greater than about one gram per
cubic centimeter. ' ,

11. The method of claim 10 wherein said device
is in the shape of a rod having a length of about 5
inches, an outside diameter of about 0.06 inches,
said rod being comprised of polyethylene which has
been adjusted to a denisty greater than one gram per
cc. _

12. The method of claim 11 wherein the rod has
a total weight_of 250 milligrams to about 400
milligrams.

‘ 13. The method of claim 12 wherein the rod has
been adjusted to said density with a stainless steel
core or higher density plastic.

1l4. The method of claim 13 wherein the rod has
a final configuration, when inserted into the gland
cistern, of a spiral having loops of about 1.12 inch.

15. The method of claim 10 wherein the device
is degradable.

16. The method of claim 15 wherein the device
is degraded and the degradation is caused by |
application of sonar waves.

17. The method of claim 15 wherein the device
1s degraded and the'degradation is caused by
dissolution of a protective coating after a
predetermined period of time.

18. The method of claim 15 wherein the device
is degraded and the degradation is continuous over a
predetermined period of time.

It
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19, The method of claim 15 wherein the device

is comprised of milk protein,
20. The method of claim 10 wherein the host is

bovine, caprine or ovine.

21. A device suitable for insertion into a
gland cistern of a udder of a bovine or a caprine
host, said device comprising a polyethylene rod
having a length about 5 inches and an outside
diameter of about 0.06 inch, said rod having a total
weight of about 250 to about 400 milligrams.

22. The device of claim 21 wherein the rod also
comprises a stainless steel core.

23. The device of claim 22 wherein the weight
of the device is about 400 milligrams.
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