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ABSTRACT

Methods and systems are provided for making a drug
microtablet. The method includes loading a lyophilization
capillary channel with a liquid drug solution; lyophilizing the
liquid drug Solution in the lyophilization capillary channel to
produce a lyophilized drug formulation; compressing the lyo
philized drug formulation in the lyophilization capillary
channel, or in a compression capillary channel, to form a
microtablet, and ejecting the microtablet from the lyophiliza
tion capillary channel or compression capillary channel. The
methods and systems may provide drug microtablets having
improved content uniformity and reduced weight variability.
29 Claims, 15 Drawing Sheets

U.S. Patent

US 8,192,659 B1

Sheet 1 of 15

Jun. 5, 2012

!z ,
Pate

Plug of powder being punched and dispensed into
a micro Weipiate,
(Prior Art)

FI G. 1

U.S. Patent

Jun. 5, 2012

Sheet 2 of 15

US 8,192,659 B1

O3

S N N ;:

N. O N. -I-T

Ny

S

'

'

'

'

t

---

W

U.S. Patent

Jun. 5, 2012

Sheet 3 of 15

US 8,192,659 B1

ZN

FIG. 2B

\

U.S. Patent

Jun. 5, 2012

US 8,192,659 B1

Sheet 4 of 15

3.

a

Z

Ø

M

'
'
' ' ' ' ' ' ' ' '
-------------'
" -

No.
|
&
&

:

:::::

s:s

Z

U.S. Patent

Jun. 5, 2012

1 O

Sheet 5 Of 15

US 8,192,659 B1

16

162

&

154

FG, 3A

U.S. Patent

Jun. 5, 2012

424

Sheet 6 of 15

US 8,192,659 B1

Jun. 5, 2012

US 8,192,659 B1

:

U.S. Patent

Jun. 5, 2012

Sheet 8 of 15

-

-sio2

US 8,192,659 B1

U.S. Patent

Jun. 5, 2012

US 8,192,659 B1

Sheet 9 Of 15

|
ogø

9(OI)

U.S. Patent

Jun. 5, 2012

Sheet 10 of 15

US 8,192,659 B1

s
N-712

U.S. Patent

Jun. 5, 2012

Sheet 11 of 15

US 8,192,659 B1

U.S. Patent

Jun. 5, 2012

Sheet 12 of 15

US 8,192,659 B1

U.S. Patent

Jun. 5, 2012

Sheet 13 of 15

-- - - - - s

i

it:i

US 8,192,659 B1

U.S. Patent

Jun. 5, 2012

Sheet 14 of 15

US 8,192,659 B1

Distribution of Tablet Weights
X Aggregate)

{XCake
Cake 2
SO

A Cake 3
X Cake 4

X Cake 5

O

3.
aiei

FG 9A

U.S. Patent

500

Jun. 5, 2012

Sheet 15 Of 15

US 8,192,659 B1

Capitary & Compress

450

400

350
3300

250
200

150
100.

C
A
X

9.
32
35
94.

US 8,192,659 B1
1.
METHODS OF MAKING MICROTABLETS
FOR DRUG DELIVERY
CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of U.S. Provisional Patent
Application No. 61/533,397 filed Sep. 12, 2011, the disclo
sure of which is incorporated herein by reference.
BACKGROUND

This disclosure generally relates to microtablets for drug
delivery and to methods of making microtablets which com
prise a drug. In particular, the disclosure relates to methods
for making microtablets in a process that is readily Scalable
and that produces consistent microtablets.
Solid forms of drug may be desirable for many reasons,
including formulations with low moisture content that allow
increased in vivo drug stability in implantable drug delivery
systems, and the ability to provide highly concentrated drug
formulation, which may be required for Small implants
(which need an efficacious drug payload in a small Volume).
However, the preparation and handling of Small amounts of
drug can present challenges in maintaining consistency and
reproducibility of the drug formulation.
U.S. Patent Application Publication No. 2004/0146434,
published on Jul. 29, 2004, and Kane et al., JALA 9(4): 218
227, published August 2004, describe one example of meth
ods and systems for the preparation and handling of Small
amounts of Solids, which generally involves forming a pow
der bed, inserting a tube into the powder bed to obtain a
“plug of powder, removing the tube from the bed, and eject
ing the plug of powder. (See Kane et al., and FIG. 1 of this
patent application). Such prior art methods, however, may
suffer problems, including difficulty reproducibly forming
Small amounts of Solids having consistent therapeutic dos
ages. Numerous factors contribute to these difficulties,
including non-homogeneous/non-uniform powder beds,
powder bed integrity during the coring process, changing
powderbed boundary conditions due to adjacent coring, inef
ficient use of the formulation (e.g., only ~50% of powderbed
surface area can be cored), and deleterious effects (on both

10

15

25

30

35

40

45

50

55

60

SUMMARY
65

In one aspect, methods are provided for making one or
more drug microtablets. In one embodiment, the method

tion.

In particular, the methods are readily scalable for making a
plurality of microtablets, for example simultaneously. Such
plurality of microtablets advantageously may be character
ized as having reduced weight variability and/or as having
improved content uniformity.
In another aspect, Systems are provided for making a drug
microtablet. In one embodiment, the systems includes a cap
illary tooling system having lyophilization capillary channel;
a liquid dispensing device operable to load a liquid drug
Solution into the lyophilization capillary channel; a freeze
dryer operable to lyophilize the liquid drug solution in the
lyophilization capillary channel and produce a lyophilized
drug formulation therein; and a compression device operable
to compress the lyophilized drug formulation in the lyo
philization capillary channel to form a microtablet. In an
alternative embodiment, the system includes a separate com
pression capillary channel and a transfer mechanism for mov
ing the lyophilized drug formulation from the lyophilization
capillary channel to the compression capillary channel, and
the compression device is instead operable to compress the
lyophilized drug formulation in the compression capillary
channel to form the microtablet. The systems preferably
include an array of multiple capillary channels so that a plu
rality of microtablets can be produced simultaneously.
BRIEF DESCRIPTION OF THE DRAWINGS

powder properties flow properties, density, compressibility,
agglomeration} and drug stability) of recycled powder beds

and/or previously compressed powder beds on formation of
Subsequent plugs. One of the Smallest tableting dosage forms
available using commercially available equipment is pro
vided by Colorcon Inc. Mini-Tabs are -2 mm in diameter and
can be enterically coated using perforated pan or fluid bed
coating technology.
A method for manufacturing tablets Smaller than 1-2 mm,
with good reproducibility and content uniformity, has not yet
been achieved. Furthermore, tableting biomolecules (regard
less of tablet size) using conventional techniques without the
loss of activity is not readily achievable.
Thus, a need exists for methods and systems for making
microtablets of solid drug formulations for drug delivery that
desirably overcome one or more of the foregoing problems
associated with prior methods. There also is a need for Such a
process that can be scaled to increase production of microtab
lets without deleterious effects on the product specifications,
Such as content uniformity.

2
includes (i) loading a lyophilization capillary channel with a
liquid drug solution; (ii) lyophilizing the liquid drug Solution
in the lyophilization capillary channel to produce a lyo
philized drug formulation; (iii) compressing the lyophilized
drug formulation in the lyophilization capillary channel to
form a microtablet; and (iv) ejecting the microtablet from the
lyophilization capillary channel. In an alternative embodi
ment, the lyophilized drug formulation is transferred from the
lyophilization capillary channel to a compression capillary
channel before being compressed to form the microtablet.
The compression capillary channel may be slightly larger
than the lyophilization capillary channel to facilitate ease of
transferring and tableting of the lyophilized drug formula

FIG. 1 is a schematic illustration of a prior art coring
method for forming small tablets.
FIGS. 2A, 2B, and 2C are cross-sectional views of systems
and methods for making microtablets according to three
exemplary embodiments.
FIGS. 3A and 3B are cross-sectional views of a piston
having a planar face (FIG. 3A) or concave face (FIG. 3B)
according to the embodiments illustrated in FIGS. 2A and 2C,
respectively.
FIGS. 4A and 4B are perspective views of a capillary
tooling system according to an embodiment.
FIG. 4C is a schematic, in a cross-sectional view, of a

method for preparing microtablets using capillary tooling
system of FIGS. 4A and 4B.
FIGS. 5A and 5B are cross-sectional views of capillary
channels according to two embodiments.
FIG. 6 is a schematic illustration of a system for preparing
microtablets according to an embodiment.
FIGS. 7A and 8A are exploded perspective views of a
capillary tooling system according to two embodiments.
FIGS. 7B and 8B are perspective views of the capillary tool
ing systems of FIGS. 7A and 8A, respectively.
FIGS. 9A and 9B are graphs showing the aggregate distri
bution of table weights for tablets produced using a prior art
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drawings, which illustrates non-limiting examples of meth
ods and systems according to embodiments of the present

3
coring method (FIG.9A) or using an exemplary embodiment
of the microtableting methods described herein (FIG. 9B).

invention.
DETAILED DESCRIPTION

Improved methods and systems for preparing drug
microtablets have been developed. The methods and systems
are particularly well suited for forming drug microtablets that
include sensitive protein and other macromolecule drugs. The
methods and systems provide drug stability and pharmacoki
netic advantages as compared to conventional tableting tech
niques and advantageously enable the manufacture of
microtablets using a scalable, rapid, and possibly automated
process for production of microtablets. The process advanta
geously avoids or minimizes the transfer and handling of
powders, and it avoids the difficulties associated with mea
surement of microscale volumes of solid powder by instead
relying on more accurate, reproducible liquid Volume mea
Surements. In one embodiment, the process requires no trans
fer of drug powder between lyophilization and tableting
equipment. Accordingly, the processes described herein
advantageously can produce microtablets having a reduced
weight variability and improved content uniformity com
pared to known conventional tableting or microtableting pro
CCSSCS.

As used herein, the terms “capillary channel” refers to an
enclosed passage, usually tubular, having an aperture, or
through-hole, having a cross-sectional dimension (e.g., diam
eter) up to 2000 um, such as between about 100 um and 1000
um, and having an aspect ratio of at least 1, Such as between
10 and 100. The capillary channel may be referred to as the
“bore” of a capillary tube.
A “microtablet, as used herein, refers to a shaped unit of
compressed powder having a size of 2000 microns or less in
the longest dimension. The shaped unit typically has regular
shape. Such as round, cubic, cylindrical, tapered cylinder,
conical, spherical, or the like. The “drug microtablet' is a
microtablet that comprises at least one active pharmaceutical
ingredient (API), with or without one or more excipients.
In various embodiments, the microtablets will be less than
1500 microns, less than 1000 microns, less than 750 microns,
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or less than 500 microns, in the longest dimension.
“Reduced weight variability,” as used herein, refers to
microtablets having an actual weight that deviates less than
about 10%, less than about 5%, less than about 2.5%, or less

45

than about 1% of the target weight. These values would apply
to total tablet weight and the drug content within the
microtablet will also be 10%.

“improved content uniformity, as used herein, refers to
microtablets having an active ingredient that differs from a
target amount by less than about 25%, less than about 15%,

50

less thanabout 10%, less than about 5%, or less than about 1%

of the target amount. For example, if a target amount of an
active ingredient of 100 micrograms is specified for a particu
lar formulation, microtablets having improved content uni
formity would have between about 75 micrograms to about
125 micrograms of active ingredient, between about 85
micrograms to about 115 micrograms of active ingredient,
between about 90 micrograms to about 110 micrograms of
active ingredient, between about 95 micrograms to about 105
micrograms of active ingredient, or between about 99 micro
grams to about 101 micrograms of active ingredient. In a
preferred embodiment, the present methods and systems pro
vide microtablet preparations that conform to U.S. Food and
Drug Administration specifications for content uniformity.
Embodiments of the methods and apparatus for making
microtablets may be further understood by reference to the
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A. Methods for Making Microtablets
In one embodiment, the method generally includes provid
ing a capillary tooling system having at least one lyophiliza
tion capillary channel for receiving a liquid drug solution;
filling the lyophilization capillary channel with the liquid
drug Solution; lyophilizing the liquid drug Solution in the
lyophilization capillary channel to obtain a lyophilized drug
formulation; compressing the lyophilized drug formulation
in the lyophilization capillary channel, or in a separate com
pression capillary channel, to form a microtablet, and there
after ejecting the microtablet from the lyophilization capil
lary channel or compression capillary channel. In certain
embodiments, the filling, lyophilizing, and compressing steps
are performed in the lyophilization capillary channel. In other
embodiments, the filling and lyophilizing steps are performed
in the lyophilization capillary channel and the compressing
step is performed in the compression capillary channel. In
such other embodiments, the method further comprises trans
ferring the lyophilized drug formation directly or indirectly
from the lyophilization capillary channel to the compression
capillary channel before compressing the lyophilized drug
formulation to form the microtablet.

In a preferred embodiment, the capillary tooling system
comprises a plurality of capillary channels, which may be
disposed in an array so that one or more of the filling, lyo
philizing, compressing, and ejecting steps can be performed
simultaneously in?on the plurality of capillary channels, in
order to scale-up the number of microtablets produced per
unit time. The array may comprise tens, hundreds, or thou
sands of capillary channels.
FIG. 2A shows the sequence of steps in one embodiment of
the method, using a capillary tooling system 100 that includes
an array of lyophilization capillary channels 102. Each chan
nel has a first opening 103 and an opposed second opening
105. In the method, the capillary channels 102 are each filled
with a selected quantity of a liquid drug Solution 104a (shown
as step A). Then, the liquid drug Solution in the capillary
channel 102 is lyophilized to produce a lyophilized drug
formulation 104b (shown as step B). In this step, solvent and
other Volatile components of the liquid drug Solution are
removed, leaving a solid drug formulation, i.e., the lyo
philized drug formulation. Next, the lyophilized drug formu
lation 104b is compressed by pistons 106 and 114 in the
lyophilization capillary channels 102 to form microtablets
104c (shown as step C). Finally, the microtablets 104c are
ejected from the lyophilization capillary channels 102
(shown as step D). In this embodiment, the microtablets 104c
are ejected using pistons 115. Piston 106 and piston 115 may
be the same piston. In FIG. 2A, one of the microtablet 104c is
shown being ejected directly into a device 120.
FIG. 2B shows the sequence of steps in another embodi
ment of the method, using a capillary tooling system 200 that
includes an array of lyophilization capillary channels 202.
Each channel 202 has a first opening 203 and an opposed
second opening 205. In the method, the capillary channels
202 are each filled with a selected quantity of a liquid drug
Solution 204a (shown as step A). Then, the liquid drug solu
tion in the capillary channel 202 is lyophilized to produce a
lyophilized drug formulation 204h (shown as step B). Next,
the lyophilized drug formulation 204b is compressed from
one side with pistons 206 inserted into the first opening 203 of
the lyophilization capillary channels 202 against Strike plate
207 positioned adjacent to the second opening 205 of the
lyophilization capillary channels 202 to form microtablets
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204c (shown as step C). Finally, the microtablets 204c are
ejected from the lyophilization capillary channels 202
(shown as step D). In this embodiment, the microtablets 204c
are ejected using pistons 215. Piston 206 and piston 215 may
be the same piston. In FIG. 2B, one of the microtablet 104c is
shown being ejected directly into a device 220.
The steps of filling and lyophilizing and the steps of com
pressing and ejecting may be conducted in the same capillary
channels, as shown in FIGS. 2A and 2B. Alternatively, the
steps of filling and lyophilizing may be conducted in a first
capillary channel, with the steps of compressing/tableting
and ejecting conducted in a second capillary channel. Such as
one having a larger diameter than the first capillary channel.
FIG. 2C illustrates an embodiment of such an alternative
method.

FIG. 2C shows the sequence of steps in another embodi
ment of the method, using a capillary tooling system 300 that
includes an array of lyophilization capillary channels 302.
Each channel 302 has a first opening 303 and an opposed
second opening 305. In the method, the capillary channels
302 are each filled with a selected quantity of a liquid drug
Solution 304a (shown as step A). Then, the liquid drug solu
tion in the capillary channel 302 is lyophilized to produce a
lyophilized drug formulation 304b (shown as step B). Next,
the capillary tooling system 300 is positioned adjacent to a
compression tooling system 350 with the lyophilization cap
illary channels 302 aligned with compression capillary chan
nels 352, so that opening 305 is in communication with the
opening 353 of compression capillary channel 352. Subse
quently, the lyophilized drug formulation 304b is transferred
into compression capillary channel 352 (shown as step C) and
then compressed from one side with pistons 306 inserted into
opening 353 of the compression capillary channels 352
against Strike plate 307 positioned adjacent to a second open
ing 355 of the compression capillary channels 352 to form
microtablets 304c (shown as step D). Finally, the microtablets
304c are ejected from the compression capillary channels 352
(shown as step E). In this embodiment, the microtablets 304c
are ejected using pistons 315. Piston 306 and piston 315 may
be the same piston. In FIG. 2C, one of the microtablet 304c is
shown being ejected directly into a device 320.
The size of the compression capillary channel 352 may be
the same size, larger, or Smaller than the lyophilization cap
illary channel 302. In a preferred embodiment, the compres
sion capillary channel 352 has a diameter that is larger than
the lyophilization capillary channel 302 in order to facilitate
the transfer of the lyophilized drug formulation 304b from the
lyophilization capillary channel 302 to the compression cap
illary channel 352. For example, the compression capillary
channel may have a diameter that is from about 5% to about
75% greater than the lyophilization capillary channel. In vari
ous examples, the cross-section of the compression capillary
channel is from 10% to 70% larger than that of the lyophiliza
tion capillary channel.
Any suitable method may be used to assist in transferring
the lyophilized drug formulation 304b from the lyophiliza
tion capillary channel 302 to the compression capillary chan
nel 352. For example, the lyophilized drug formulation may
be transferred by gravity, mechanical force, or a positive or
negative pressure differential, or a combination thereof. In
one case, a piston is inserted into the channel to drive out the
formulation. In another case, a fluid pressure or vacuum is
applied to the one of the openings in the compression capil
lary channel to drive out the formulation. Transferring the
lyophilized drug formulation from the lyophilization capil
lary channel to the compression capillary channel is believed
to mitigate binding of the drug formulation to the capillary

6
bore wall, thereby enhancing breakup and compression of the
cake structure of the lyophilized drug formulation to form the
microtablet.
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The lyophilization capillary channel of the capillary tool
ing system may be filled with the liquid drug solution using
any Suitable filling means. For example, in certain embodi
ments the capillary channel may be filled using a micropi
pette, needle and Syringe, nano or micro dropletinjector (e.g.
BioDot systems), or other suitable means for transferring a
precise amount (e.g., Volume) of the liquid drug solution
directly into the capillary. In other embodiments, the at least
one capillary channel may be filled by drawing the liquid drug
Solution into the capillary channel by capillary forces (e.g., by
wicking of the liquid drug Solution). In Such embodiments, an
open end of the at least one capillary channel is exposed
directly to the liquid drug solution, for example by bringing
the Solution into contact or close proximity to the open end of
the capillary channel.
Providing a capillary tooling system and filling the capil
laries with a precise Volume of the liquid drug Solution
enables the preparation of a microtablets having both reduced
weight variability and improved content uniformity as com
pared to conventional tableting methods and systems, such as
those disclosed in Kane et al., JALA 9(4): 218-27 (2004). This
is due at least in part to the technical feasibility of measuring
very small liquid Volumes and solution concentrations with
Substantial precision, which leads to betterprecision in meet
ing mass specifications than would generally be obtainable by
handling and measuring very small dry powder Volumes.
The liquid drug solution can be prepared using standard
techniques. For example, the drug may be dissolved in a
suitable organic or aqueous solventor co-solvent system. The
drug solution may be highly concentrated (e.g., 40% solids)
in order to achieve Small liquid capillary dimensions and
shorten lyophilization times. The liquid formulation may be
sterile filtered (0.22 Lum) prior to lyophilization. The solvent
or co-solvent system may comprise water and/or a volatile
organic solvent known in the art.
Lyophilization of the liquid drug Solution is performed
using techniques known in the art therefor, including the use
of known equipment and control systems for manipulating
the liquid drug solution and Surrounding atmosphere. In one
embodiment, the lyophilization cycle has both primary dry
ing (removal of frozen water and secondary drying (removal
of bound water) stages, resulting in a Substantially dry powder
(preferably less than 1% residual moisture) remaining in the
capillaries. The resulting lyophilized drug formulation may
be in a fluffy powder form.
The compression, or tableting step, of the process follows
the lyophilization step. The compression step preferably is
done in controlled environment, with or without an interven
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ing transfer step to move the lyophilized drug formulation
into a second capillary channel, i.e., transferring the lyo
philized drug formulation from a lyophilization capillary
channel into a compression capillary channel. In a preferred
embodiment, the compression includes application of a
dynamic mechanical force effective to compress the lyo
philized drug formulation into the form of a microtablet
inside one of the capillary channels. The mechanical force
may be applied by means of an actuator driving a piston inside
the capillary channel.
The force required to compress the lyophilized drug for
mulation into a microtablet will vary depending on various
factors, including the composition of the lyophilized drug
formulation (including any necessary binders or release
agents), the desired tablet density, and the desired friability of
the microtablet. In certain embodiments, the step of com
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pressing the lyophilized drug formulation comprises apply
ing a predetermined force to the lyophilized drug formulation
in the range of from about 1,000 to about 30,000 psi. The
microtableting force may be applied in a single step or may be
accomplished by using a series of steps. In embodiments, a
sequential series of pistons having increasing diameters may
be applied at an increasing force to pre-compact the microtab
let prior to applying the final microtableting force. This tech
nique may be used to prevent piston binding and to achieve a
denser microtablet. The force may be applied for a brief
period (such as 1 second) or a longer period (Such as 10
seconds to 600 seconds) to provide additional time for the

8
combination thereof to the microtablet. The capillary channel
may also be oriented to use gravity to facilitate microtablet
ejection.
In one embodiment, which is illustrated in FIGS. 4A-4C,

the step of ejecting the microtablet includes unmating (i.e.,
separating) two components of a capillary tooling, in which
each capillary channel is defined by two separable compo
nents, to release a microtablet formed therein.
10

microtablet to consolidate.

In one embodiment, a force feedback system is used to
achieve greater repeatability and control of the microtablet
compression process. For example, piston force, pressure or
displacement may be measured to achieve a desired microtab
let size or compaction. Thus, in embodiments, the step of
compressing the microtablets may further comprise control
ling either the force or position of the actuator/piston used to
apply the force and monitoring the other.
Other factors that also may influence the microtableting
and that may be modified accordingly include the compres
sion rate (linear or other), the design and material properties
of the capillary tooling system components (such as the pis
ton face, Surface finish, and material), vibration, and process
environment (Such as temperature and humidity).
For example, in embodiments the method further com
prises applying additional energy, Such as thermal or vibra
tion (such as tapping or ultrasonic vibration), to the piston
and/or capillary tooling system before and/or during the
microtableting process to aid in the consolidation process;
however, it is believed that energy and tableting forces should
be minimized to reduce the risk of damaging the drug, the
active pharmaceutical ingredient (API).
In still further embodiments, the microtableting methods
include controlling the process environment during the
microtableting process. Means for controlling Such condi
tions are known in the art and may be effective at controlling
the exposure of the drug formulations, microtablets and/or the
implantable drug delivery device into which the microtablets
may be ejected during the process. That is, to limit or prevent
exposure to microbes (sterility), water (humidity), air (oxy
gen), temperature and/or light. For example, in an embodi
ment all or a portion of the microtableting method may be
conducted under an inert environment (substantially free of
water and oxygen) using inert gases (such as nitrogen, argon,
orhelium), or under vacuum. The microtableting method also
may be conducted by controlling the system temperature
(such as by reducing the system temperature).
After the tablet is formed in the capillary channel, then the
tablet is ejected from the capillary tube. In one embodiment,
one or more microtablets may be ejected directly into a drug
delivery device or component thereof. In an embodiment, the
microtablets are ejected and inserted into a reservoir, such as
a microreservoir, of an implantable drug delivery device.
Multi-reservoir drug delivery devices for implantation into a
patient for controlled drug delivery are known in the art. The
reservoir Subsequently may be sealed. Such as by hermetic
sealing techniques known in the art or described in U.S.
Application No. 61/522.219, filed Aug. 10, 2011, which is
incorporated herein by reference.
The microtablets may be ejected from the capillaries using
any suitable technique. For example, in embodiments the
ejecting the microtablet from the capillary channel includes
application of a piston, vibration, a pressurized fluid, or a

15
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The ejection of the microtablet from the capillary can be
done at any appropriate time. For example, the microtablet
may be ejected Substantially immediately (i.e., within 1 Sec
ond) following the compression of the lyophilized drug for
mulation to obtain the microtablet or the microtablet may be
held in the capillary for a predetermined time prior to its
ejection to provide protection, storage and/or contribute to the
compaction of the microtablet.
In one embodiment, the microtableting methods and sys
tems are conducted with minimal or no handling of the drug
formulation or microtablets during the processing. For
example, the method may include a processing means for
automating the capillary filling, lyophilizing, compressing,
and ejecting (i.e., microtablet transfer) in a sterile, controlled
atmosphere. Such means may include the use of various com
binations of electromechanical or pneumatic actuators,
microprocessors, pumps, conveyors, power systems, and
other automation equipment and methods, which are well
known in the art.
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B. Systems for Making Microtablets
Systems for performing the microtableting methods
described herein may include new combinations of new tool
ing and new or conventional mechanical, electromechanical,
and computer control systems. Generally, in one embodi
ment, which is illustrated in FIG. 6, the microtableting system
includes a capillary tooling system 601) having a plurality of
capillary channels; a filling system 620 suitable for filling the
capillary channels with a liquid drug Solution; a lyophiliza
tion system 640 for lyophilizing the liquid drug solution to
produce a lyophilized drug formulation; and compression
system 660 for converting the lyophilized drug formulation
into microtablets within the capillary channels of the tooling
system. The microtableting system may also include a sepa
rate system (not shown) for ejecting the microtablets from the
capillary channels if the compression system is not also con
figured to eject the microtablets. In another embodiment (not
shown), the microtableting system further includes a second
capillary tooling system comprising compression capillary
channels and mechanisms for transferring the lyophilized
drug formulation from the lyophilization capillary channels
into the compression capillary channels.
Capillary Tooling System
Various embodiments of capillary tooling systems, or parts
thereof, are illustrated in FIGS. 4-8. One embodiment is
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shown in FIGS. 7A and 7B, illustrating a tooling system 700
that includes a tooling base 710 having a plurality of wells
701 into which a plurality of glass and/or metal capillary
tubes 709 with capillary channels 702 are disposed. FIG. 7A
also shows other components of a suitable tooling system,
including a lyophilization base 740 and lyophilization lid 750
that are secured on opposing sides of the tooling base 700
with screws 712. O-ring 715 is disposed between the tooling
base 710 and lyophilization lid 706. A second O-ring is (not
shown) is disposed between the tooling base 740 and 710. The
lyophilization lid 750 and lyophilization base 740 are config
ured to allow solvent (e.g., water) from the liquid drug for
mulation to egress from both open ends of the capillary chan
nels 702 during the lyophilization process. For example, the
lyophilization base 704 includes a depression 745, and a
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spacer 760 is positioned/dimensioned to provide gas egress
between the capillary channel opening and the lyophilization
base 740 and lyophilization lid 750. Such features improve
the lyophilization efficiency and speed and may promote
formation of a more uniform “cake' (i.e., the solid uncom
pressed lyophilized drug formulation).
The capillary tooling system 700 further includes lyo
philization plugs 752 to seal the system so that the drug
formulation has the environment of the last step of the lyo
philization chamber upon removal of the tooling system from
the lyophilization chamber. The lyophilization plugs 752
remain 'up' during the lyophilization cycle and then are
compressed into the seated position by the lyophilization
system, a process that is routine with lyophilization of stop
pered glass vials.

10

15

Another embodiment is shown in FIGS. 8A and 8B, illus

trating a tooling system 800 that includes a tooling base 810
having a plurality of slots 801 in each of which are disposed
one or more rows of glass or metal capillary: tubes 809. Each
capillary tube 809 has a capillary channel (not shown). The
capillary tooling system 800 is configured and designed to
enhance the heat transfer to/from the individual capillary
tubes 809 by maintaining good thermal contact between the
capillary tubes 809 and the tooling base 810 by including a
spacer 813 disposed in the slot 801 between rows of capillary
tubes 809 to secure the capillary tubes 809 against the walls of
the slot 801, thereby improving the heat transfer between the
tooling base 800 and the capillary tubes 809. Like tooling
system 700, tooling system 800 also includes a lyophilization
base 840 and lyophilization lid 850 which is secured to the
tooling base 810 with screws 812, as well as O-ring 815 and
lyophilization plugs 852 to seal the system.
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FIGS. 4A and 4B illustrate an alternative embodiment of a

capillary tooling base 400. It has two parts 422,424 that mate
together to define an array of capillary channels 402. That is,
first part 422 has a mating face that has a plurality of straight,
parallel, spaced grooves 426, each of which defines half of a
capillary channel 402, and second part 424 has a mating face
that has a matching plurality of Straight, parallel, spaced
grooves 428, each of which defines the other half of the
capillary channel 402.
FIG.4C illustrates a process of making a microtablet using
capillary tooling base 400. In step A, parts 422 and 424 are
mated and capillary channel 402 is filled with liquid drug
Solution 404a. In step B, the liquid drug solution is lyo
philized in capillary channel 402 to produce a lyophilized
drug formulation 404b. In step C, the lyophilized drug for
mulation is compressed in capillary channel 402 using piston
406 and strike plate 407 to form microtablet 404c. Finally, in
step D, the parts 422 and 424 are unmated to separate channel
402 into grooves 426 and 428 and thereby facilitate ejection
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of microtablet 404c.

The capillary channels are sized and shaped to hold a
selected Volume of liquid drug solution. For example, in
certain embodiments the capillaries have a diameter of about
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0.3 mm to about 2 mm and hold a volume of about 1 microliter

to about 50 microliters of liquid drug solution. The capillary
Volume is designed to produce a microtablet of predeter
mined weight and dimensions, taking into consideration the
Solids content of the liquid formulation, the tableting pres
sure, and the final density of the microtablet.
The tooling defining the capillary channels may be made of
a metal or metal alloy, a ceramic, a glass, or silicon. The

as illustrated in FIG. 2A. In another embodiment, the com

60

pression system includes a single piston 206 capable of being
driven toward a strike plate 207, with the lyophilized drug
formulation sandwiched therebetween, in a single capillary
channel as illustrated in FIG. 2B.

materials of construction and methods of fabrication are cho

sen to produce a smooth, well defined inner bore with rela
tively good heat transfer capability (preferable for the lyo
philization process). Each capillary channel may be

10
fabricated individually, for example where the channel is the
bore of a separate glass or metal tube. Alternatively, an array
of capillary channels may be created in unitary or multi-part
block. For example, an array of capillary channels may be
micro-machined into a silicon wafer. Alternatively, an array
of holes may be conventionally machined into a block, Such
as one of 316 stainless steel, and then the holes electropol
ished to create an optimal Surface finish.
In certain embodiments, the capillary ends may be coated
with a hydrophobic material (such as wax or a hydrophobic
same coupling agent) to prevent the spreading of the formu
lation droplet on the end of the capillary. The capillary ends
may be covered with a porous film or microscreen that would
allow water sublimation during lyophilization, but would
deter powder from escaping the capillary prior to tableting.
In one embodiment, the capillary channel walls are tapered
to prevent the microtablet from skiving during ejection. In
one embodiment, shown in FIG. 5A, the capillary tooling
system includes a tube or block 500 having a capillary chan
nel 502 with straight capillary channel walls (90 degrees to
the bore diameter, “d'). This enables compression of the
lyophilized drug formulation over the length. In another
embodiment, shown in FIG. 5B, the capillary tooling system
includes a tube or block 510 having a capillary channel 512
that includes tapered channel walls, which holds the com
pressed microtablet such that the bore diameter at the top of
the channel, d, is greater than that the bottom of the channel,
da, which may enable the compression and/or ejection forces
to be reduced compared to the same system with Straight,
untapered capillary channel walls. For example, tapering the
capillary wall by 0.25 degrees from the centerline circumfer
entially may reduce the ejection force required for ejecting
the microtablet from the capillary.
Filling System
In one embodiment, the filling system includes an injection
device or a dispensing device known in the art, such as a
micropipette, hypodermic needle and Syringe, or other Suit
able fluid transport and Volume control equipment known for
dispensing precise Volumes of liquid. In another embodi
ment, filling may be accomplished by dipping the capillaries
into the formulation and allowing the liquid to wick into the
capillary. The outside of the capillaries may be made non
wetting, while the inner bore is made to wet to promote
wicking of the liquid drug Solution into the capillary channel.
For example, silane coupling agents may be used to function
alize the outer surface of the capillary tube to make it non
wetting. Deposition processes and materials for non-wetting
coatings are known to those skilled in the art. Vacuum infil
tration may be used to aid the filling operation when the
outside of the bore is non-wetting.
Compression System
The compression system may include one or more pistons
and one or more actuators to drive the pistons into the lyo
philization capillary channels or the compression capillary
channels ifused. In one embodiment, the compression system
includes a pair of opposed pistons 106, 114, capable of being
driven toward one another, with the lyophilized drug formu
lation Sandwiched therebetween, in a single capillary channel
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The piston used to compress the lyophilized drug formu
lation may have any Suitable shape. For example, pistons 106
and 114 in FIG. 2A has a fiat face for contacting/compressing
the drug formulation. As another example pistons 206 and
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306 in FIGS. 2B and 2C, respectively, have a concave face for
contacting/compressing the drug formulation. Other con
toured shapes are possible. FIGS. 3A and 3B show other
possible variations of suitable piston shapes. In FIG. 3A,
piston 150 has a cylindrical body 152 that has a flat-faced
piston head 154 for contacting the lyophilized drug formula
tion and a groove relief structure 156. In FIG.3B. piston 160
has a cylindrical body 162 that has a concave piston head 164
for contacting the lyophilized drug formulation and no groove
relief structure. As shown in Example 2 below, the concave
face piston face may produce microtablets with less damage
the drug contained therein, as compared to microtablets
formed with a flat-faced piston.
Ejecting System
Essentially any suitable technique and devices may be used
for ejecting the microtablet from the capillary channels.
Desirably, the ejecting system is configured to gently dis
charge the microtablet so that it remains intact upon dis
charge. In various embodiments, the ejecting system includes
a piston (either the same as or different than pistons used for
compressing) and actuator, vibration means, a pressurized
fluid (e.g., gas or liquid), gravity, or a combination thereof,
which is effective to cause the microtablet to be discharged
from an open end of the capillary channel. In other embodi
ments the ejecting system includes mechanisms, such as
actuators, for unmating a first and second part of a two-part
capillary tube or block of capillary channels.

10
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Such embodiments.
25

C. Microtablet Formulations

The compositions of the liquid drug Solution, the lyo
philized drug formulation, and the compressed microtablets
resulting from the liquid drug Solution include at least one
drug. The compositions also may include one or more phar
maceutically acceptable excipients.
Drug
The methods and systems described herein can be used
with essentially any drug, or active pharmaceutical ingredient
(API). In a preferred embodiment, the microtableting meth
ods are specifically for use with potent biomolecules, such as
proteins, antibodies, vaccines, RNA, DNA, or the like) with
out loss of activity. In other embodiments, the methodology
can also be used for Small molecule pharmaceuticals.
In one embodiment, the methods and systems are used to
make microtablets comprising an anti-VEGF drug. Examples
of Such drugs include the antibody fragment ranibizumab/
LucentisTM, the antibody bevacizumab/AvastinTM, and the
fusion protein aflibercept/EyleaTM.
In one embodiment, the drug is a biomolecule and the
composition for the controlled release of the biomolecule is a
dispersible microtablet with a glassy amorphous matrix phase
containing the drug and a combination of lyoprotectant, bind
ing agent, buffer, Surfactant, and/or slip agent excipients.
Excipients
Suitable excipients are known in the art. In certain embodi
ments, the compositions include lyoprotectants, binding
agents, buffering agents, slip agents, and Surfactants, which
will aid the processing and handling of the microtablets.
Other excipients may be used to enhance stability of the API
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halose. Sucrose, mannitol, lactose, raffinose, Sorbitol, and

maltose. The specific lyoprotectant, and its concentration,

The microtablets preparedherein may be used in numerous
different drug delivery applications. A microtablet may be
implanted in a patient directly by itselfor the microtablet may
be contained in an implantable controlled release delivery
system, which may be inserted into the patient to provide
local, regional, or systemic administration of drug. In one
embodiment, the microtablets may be injected via a hollow
needle or other administration device. For example, in certain
embodiments the microtablets are suitable for drug delivery
in ophthalmology (e.g., via direct intravitreal injection of
microtablets or implantation of an implantable drug delivery
device into the Sclera, choroid, or other eye tissue or struc
ture); Subcutaneous drug delivery; drug delivery in the ear;
drug delivery in or under the nails (e.g., for treatment of
fungal infections); intra-tumoral drug delivery; or orthopedic
drug delivery (including dental, joints and bone).
The present methods and compositions can be further
understood and illustrated by the following examples.
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EXAMPLE 1.
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process.

In one embodiment, the microtablet composition includes
at least one lyoprotectant. For example, a glassy amorphous
solid can be produced by lyophilizing a biomolecule API with
a lyoprotectant. Examples of such lyoprotectants include tre

Essentially any suitable pharmaceutically acceptable buff
ering agent, Surfactant, or lubricant may be used. Examples of
a suitable buffering agent include phosphate, citrate, acetate,
histidine, glycine, or a combination thereof. The Surfactant
may be used to minimize interfacial denaturation in biomol
ecule Solutions. In one embodiment, the Surfactant comprises
polysorbate 20 or 80 (e.g., less than 1%). Essentially any
Suitable pharmaceutically acceptable lubricant, slip or release
agent may be used to facilitate release of the microtablets
from the tools, to prevent adhesion of the microtablet to the
fixture, and/or to facilitate ejection of the microtablet from the
capillary channel. In one embodiment, the slip agent com
prises magnesium Stearate (e.g., less than 1%).
D. Use of Microtablets

and/or to control dissolution or release characteristics of the

API in vivo. The excipient may be a non-volatile substance so
that it is not removed during the lyophilization step of the

12
will determine the glass transition (Tg) temperature of the
lyophile. Generally, a ratio of >300:1 molar ratio of lyopro
tectant:antibody is sufficient (See e.g., Cleland et al., J.
Pharm. Sci,90:310-21 (2001)). Since moisture affects the Tg,
the moisture content of the glassy amorphous matrix is pref
erably less than 1%, more preferably less than 0.5%. One
skilled in the art can determine the ratio of lyoprotectant to
drug.
A variety of binding agents known in the art may be used.
In an embodiment, the lyoprotectant also provides drug bind
ing properties to form the microtablet. For example, many
Sugars are routinely found in lyophilized parenterals and oral
tablets; however, trehalose may preferred due to its high Tg,
low hygroscopicity, good moldability and tablet hardness
(See e.g., Ohtake & Wang, J. Pharm. Sci. 100:2020-53
(2011)). Binding agents with controllable swelling properties
(upon hydration) are important, where little to no Swelling is
preferred. For example, a binding agent with low Swelling is
preferred to limit the mechanical stress on a drug delivery
implant device, in which the microtablets may be loaded.
Therefore, carboxymethylcellulose would not be preferred in
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A system was prepared using the prior art methods
described in FIG. 1 to evaluate the weight variability and
content uniformity of the tablets produced by a prior art
coring process. An anti-VEGF antibody (bevacizumab) in the
formulation Avastin was lyophilized (DURA freeze-drier
from FTS Systems; the residual moisture in an adjacent tre
halose cake was <1%) and lightly compressed (~2 psi) into a
powderbed using the fixture described in FIG.1. Tablets were
cored from the cake using a 500 micron ID Fine Sciences
coring tool. Tablets were cored and compressed against the
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strike plate at pressures between 5000 and 25,000 psi. Cored
tablets were immediately ejected and weighed using a Mettler
Toledo MT5 microbalance.

Comparative experiments were conducted using exem
plary embodiments of the capillary tooling systems and meth
ods described herein. Glass capillaries with a bore diameter of
0.46 mm and a length of 16 mm were filled with 2.6 uL of
Avastin and lyophilized using the same DURA freezer-drier
from FTS systems as described above. The lyophilizate was
compressed in the lyophilization capillary with a 0.450 mm
diameter piston at pressures between 5,000 and 20,000 psi.
The results of these experiments are illustrated in FIGS. 9A
and 9B, which show the aggregate distribution of tablet
weights for tablets produced from five different powder beds
(cakes) using the prior art coring method (9A) and the aggre
gate distribution of tablet weights for tablets produced from
four different runs using an exemplary method and capillary
system (9B). As can be seen from the data, there was a
significant variation in the tablet weights in the prior art
method, indicating there also would be a significant variation
in the effective dose of each tablet. Conversely, there was no
significant variation in the tablet weights in the exemplary
method of the methods and systems described herein, indi
cating that there would be significantly less variation in the
effective dose of each tablet.

10
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the use of a concave-shaped piston face reduced the turbidity
significantly and that there was very little difference between
the turbidity of these tablet portions. Not wishing to be bound
by any theory, it is believed that the shape of the piston-API
interface affects the distribution of forces during the compres
sion of the microtablet. The flat-shaped piston tip may have
damaged the API due to concentrated compression forces at
the interface, whereas the concave-shaped piston tip more
evenly distributed the compression forces at the interface,
thereby minimizing the damage to the API during the com
pression step.
This disclosure is illustrative and not limiting. Further
modifications will be apparent to one skilled in the artin light
of this disclosure and such modifications are intended to fall
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within the scope of the appended claims. Each publication
and patent application cited in the specification is incorpo
rated herein by reference in its entirety as if each individual
publication or patent application were specifically and indi
vidually put forth herein.
We claim:

25

1. A method for making a drug microtablet comprising:
loading a lyophilization capillary channel with a liquid
drug Solution;
lyophilizing the liquid drug Solution in the lyophilization
capillary channel to produce a lyophilized drug formu
lation;

EXAMPLE 2

Experiments were conducted to determine the effect the
shape of the piston face has on the resulting microtablet.
Approximately 2 LL of Avastin was filled into glass capillar
ies using the capillary tooling system illustrated in FIG. 2B
and lyophilized. The lyophylisate was then compressed into
tablets in the glass capillaries using a piston having a flat tip
(FIG. 3A) or a concave tip (FIG. 3B). The tableting pressure
was kept constant at approximately 8,000 psi for all samples.
Each tablet produced was divided in half, with one side of
the top half having contacted the tableting piston and one side
of the bottom half having contacted the strike plate.
A measurement of turbidity was used to analyze the
divided microtablet portions. A higher turbidity is associated
with unwanted modification of, or damage to the API. The
turbidity was quantified by re-dissolving tablet portions in
phosphate buffered saline and measuring the absorbance at
350 nm. The reported absorbance reading was normalized to
1 mg/mL of Bevacizumab and a 1 cm absorbance length. For
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Piston

Tablet

Tip

Sample

(350 nm)

Half

Shape

1

O.OS

Bottom

Flat

2

O.08

Top

Flat

3

O.OS

Bottom

Flat

4

O.18

Top

Flat

5

O.O3

Bottom

Concave

6

O.04

Top

Concave

7

O.04

Bottom

Concave

8

O.04

Top

Concave

The results indicate that the tablet portion in contact with the
piston (“Top' portion) have a consistently higher turbidity
than the tablet portion not in contact with the piston (“Bot
tom' portion). The results further suggested, however, that

4. The method of claim 3, wherein the lyophilized drug
formulation is transferred directly from the lyophilization
capillary channel to the compression capillary channel before
being compressed to form the microtablet.
5. The method of claim 3, wherein the diameter of the

sidered clear solutions. The results are shown in the table
below.

Normalized

channel to form the microtablet.

3. The method of claim 1, wherein the lyophilized drug
formulation is compressed in the compression capillary chan

reference, normalized absorbance values below 0.07 are con

Absorbance

compressing the lyophilized drug formulation in the lyo
philization capillary channel, or in a compression capil
lary channel, to form a microtablet, and
ejecting the microtablet from the lyophilization capillary
channel or the compression capillary channel.
2. The method of claim 1, wherein the lyophilized drug
formulation is compressed in the lyophilization capillary
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compression capillary channel is from 10% to 70% larger
than the diameter of the lyophilization capillary channel.
6. The method of claim 1, wherein the lyophilization or
compression capillary channel is defined by the sidewall of a
glass or metal capillary tube.
7. The method of claim 1, wherein the lyophilization or
compression capillary channel is defined in a tooling block
which comprises:
a first part having a first mating face having a straight
groove therein, and
a second part having a second mating face having a straight
groove therein,
wherein the first and second mating faces are configured to
mate together Such that the groove of the first part is
positioned adjacent and aligned with the groove of the
second part to define the lyophilization or compression
capillary channel.
8. The method of claim 7, wherein the ejecting the
microtablet comprises unmating the first and second faces to
release the microtablet from the lyophilization or compres
sion capillary channel.
9. The method of claim 1, wherein two or more microtab

lets are produced in parallel using an array of the lyophiliza
tion capillary channels.

US 8,192,659 B1
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10. The method of claim 1, wherein the loading of the
lyophilization capillary channel comprises injecting a
selected volume of the liquid drug solution into the lyo
philization capillary channel.
11. The method of claim 1, wherein the loading of the
lyophilization capillary channel comprises placing an open
end of the lyophilization capillary channel into contact with
or in proximity to the liquid drug solution to cause the liquid
drug Solution to wick into the lyophilization capillary chan
nel.

12. The method of claim 1, wherein the compressing the
lyophilized drug formulation comprises inserting a piston
into the lyophilization capillary channel, or into the compres
sion capillary channel if used, and pressing the piston into the
lyophilized drug formulation with a predetermined force, a
predetermined displacement, or a combination thereof.
13. The method of claim 1, wherein the compressing the
lyophilized drug formulation comprises:
inserting a first piston into a first open end of the lyophiliza
tion capillary channel, or of the compression capillary

10
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channel.

24. A method for making a drug microtablet comprising:
loading a lyophilization capillary channel with a liquid
drug Solution;
lyophilizing the liquid drug Solution in the lyophilization
capillary channel to produce a lyophilized drug formu

channel if used;

inserting a second piston into an opposed second open end
of the lyophilization capillary channel, or of the com
pression capillary channel if used; and
pressing one or both of the first and second pistons into the
lyophilized drug formulation with a predetermined
force, a predetermined displacement, or a combination

lation;

25

thereof.

14. The method of claim 1, wherein the compressing the
lyophilized drug formulation comprises application of a pre
determined force to the lyophilized drug formulation for a
period from about one second to about 600 seconds.
15. The method of claim 1, wherein the compressing the
lyophilized drug formulation comprises application of a pre
determined force to the lyophilized drug formulation from
about 1,000 psi to about 30,000 psi.
16. The method of claim 1, wherein the ejecting the
microtablet from the lyophilization capillary channel or com
pression capillary channel comprises application of a piston,
vibration, a pressurized fluid, or a combination thereof to the
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18. The method of claim 1, wherein the microtablet is from

20. The method of claim 1, wherein the microtablet com

a liquid dispensing device operable to load a liquid drug
Solution into the at least one capillary channel;
a freeze-dryer operable to lyophilize the liquid drug solu
tion in the at least one capillary channel and produce a
lyophilized drug formulation therein; and
a compression device operable to compress the lyophilized
drug formulation in at least one capillary channel to
form a microtablet.

device.

prises a drug selected from proteins, antibodies, antibody
fragments, vaccines, RNA, DNA, and combinations thereof.

channel.

channel;

17. The method of claim 1, wherein the microtablet is

50 microns to 2000 microns in its largest dimension.
19. The method of claim 1, wherein the mass of drug in the
microtablet is predetermined by selection of the volume of the
lyophilization capillary channel and the concentration of the
drug in the liquid drug solution.

transferring the lyophilized drug formulation into a com
pression capillary channel, which has a diameter from
10% to 70% larger than the diameter of the lyophiliza
tion capillary channel;
compressing the lyophilized drug formulation in the com
pression capillary channel to form a microtablet; and
ejecting the microtablet from the compression capillary
25. A system for making a drug microtablet comprising:
a capillary tooling system having at least one capillary

microtablet.

ejected from the lyophilization or compression capillary
channel into a reservoir of an implantable drug delivery
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21. A plurality of microtablets produced by the method of
claim 9, wherein the two or more microtablets are character
ized as having reduced weight variability.
22. A plurality of microtablets produced by the method of
claim 9, wherein the two or more microtablets are character
ized as having improved content uniformity.
23. A method for making a drug microtablet comprising:
loading a lyophilization capillary channel with a liquid
drug Solution;
lyophilizing the liquid drug Solution in the lyophilization
capillary channel to produce a lyophilized drug formu
lation;
compressing the lyophilized drug formulation in the lyo
philization capillary channel using at least one piston to
form a microtablet; and
ejecting the microtablet from the lyophilization capillary
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26. The system of claim 25, wherein the capillary tooling
system comprises a plurality of capillary channels defined
directly in a single block fixture.
27. The system of claim 25, wherein the capillary tooling
system comprises two or more capillary tubes, each tube
being disposed in one of an array of wells or slots and each
capillary tube having a single capillary channel.
28. The system of claim 27, wherein the capillary tubes are
formed of metal or glass and the array of microwells is
defined in a metal block fixture.

29. The system of claim 25, wherein the compression
device comprises at least one piston and an actuator to drive
the at least one piston into the at least one capillary channel.
k

k

k
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