a9y United States
12y Patent Application Publication o) Pub. No.: US 2024/0041781 Al

US 20240041781A1

Goldberg et al. 43) Pub. Date: Feb. 8, 2024
(54) TWO-STAGE MICROPARTICLE-BASED A6IK 31/407 (2006.01)
THERAPEUTIC DELIVERY SYSTEM AND A6IK 31/513 (2006.01)
METHOD A6IK 9/48 (2006.01)
A6IK 9/00 (2006.01)
(71) Applicant: Privo Technologies, Inc, Peabody, MA A6IK 9/51 (2006.01)
(US) A6IK 9/70 (2006.01)
A6IK 33/243 (2006.01)
(72) Inventors: Manijeh Nazari Goldberg, (52) U.S. CL
Newburyport, MA (US); Aaron Manzi, CPC ... AGIK 9/5036 (2013.01); AG6IK 31/7068
Atkinson, NH (US); Brandon LaPorte, (2013.01); A61K 31/282 (2013.01); A61K
Methuen, MA (US); Amritpreet Birdi, 31/519 (2013.01); A61K 31/407 (2013.01):
Hudson, NH (US) AGIK 31/513 (2013.01); A6IK 9/485
2013.01); A6IK 9/4866 (2013.01); A6IK
(21)  Appl. No.: 18/112,636 950053 (2())13.01); A6IK 955161 (2())13.01);
(22) Filed: Feb. 22, 2023 A6IK 9/70 (2013.01); A61K 337243 (2019.01)
Related U.S. Application Data (57) ABSTRACT
(63) Continuation of application No. 16/557,599, filed on =~ A system for delivery of a therapeutic agent to a site 1n
Aug. 30, 2019, now Pat. No. 11,617,722, which is a mucosal tissue 1s provided. The system includes a porous,
continuation of application No. 15/436,651, filed on mucoadhesive polymeric matrix having a first and a second
Feb. 17, 2017, now Pat. No. 10,398.655. opposed surfaces. The matrix 1s formed by a composition
- L including chitosan. The composition may also include any or
(60) Provisional appl.lc:.atlon No. ?2/ ?’_365209? filed on May all of a hydration promotor, a microparticle adhesion 1nhibi-
13, 2016, provisional ElppllC'El'[.lOIl No. 6_2/ 3_36?405 , tor, and a microparticle aggregation inhibitor. A plurality of
filed on May 13, 2016, provisional application No. microparticles having an average diameter between 500 nm
62/296,599, filed on Feb. 18, 2016. and 2000 nm are embedded within the matrix. The micropar-
L _ _ ticles contain a therapeutic agent and have a coating around
Publication Classification the therapeutic ageli. The gﬁrs‘[ surface of the nglatrix 1S
(51) Int. CL configured to be attached to the site 1n the mucosal tissue and
A6IK 9/50 (2006.01) the matrix 1s configured to provide controlled release of the
A6IK 31/7068 (2006.01) microparticles through the first surface. The coating of the
A6IK 31/282 (2006.01) microparticles includes chitosan so as to provide controlled
A6IK 31/519 (2006.01) release of the agent from the microparticles.




US 2024/0041781 Al

Feb. 8, 2024 Sheet 1 of 32

Patent Application Publication

I HA1O1A

-
P
-
@O
-,
T
-

a\moo O
O . 00
%00 01
%00 Gl

700 0C
-‘Nl o0z
%000
%00 'GE
%00 OF

%Q0'GY
%600 0%

)

—t

¢

=

1tk

| #g

_ . -~

SOIPE A WY unBidsN) 10 asesiay Jo 918y

SSEOIaY JUB2IBY



US 2024/0041781 Al

Feb. 8, 2024 Sheet 2 of 32

Patent Application Publication

a.n Pl BN AT ety e I Ao e
e i R '
L -..-I‘.. “-n.li.!‘.‘..!i.f. o B R lII

ry r - F ol . WP, o l_.____-. e
NS NS/ N

e )
r, ..-..__.... L ._......_-“.-..-_...._-___.
i ey

SR R

.-.“.-”.._.- b
W

.A___. ....”.1 _-.1.-1
Ve

o y ?1!.".-.

. o R A

;ﬁ-_ﬁ..lr‘ -h l.i...__“.u.,.i i-.-_.-.l-_.-. LI _1.-.-. lt L] .‘“.‘.__..1 L l.r. N " ll.-l ﬂ%wm%-&mq\mm”ww“"“”ﬂm .I1
N N N N 2
[ g LN I-.’. -

s t\._-_..__._.....r e e
i R e, s

.n-n. “__.1 ."

. & o
__..-..-.‘

...-.l-..-l I l.._-l." la.q\.w.‘! .-t
._‘R_..H ,..u.,..,.&\hﬁ.,..
O e A e T
S SIS
o .-.l.-”._.”-.“..‘..........“.r__.-.-iun....._ . .-__..-r“- ||...-..|__..””.“l .-.L......__-_...-.....l. e
S N S NS
Ty D R
.#.ﬁma@ﬁ..ﬂ..

ol e -.._.. - ._uu.. aiei .-_.-.- i ’

el Ot )

- _-
.h...‘.uﬂ-_ Lt .-.l.-_.-_-l.-,. -i-.-.-ll

N eSS SN

ar. W R
.

-
O I e Pl
e ONRCIC el at s [ 3

L A e

.. P ..‘f._w

Yy

. "I"-
.I:"J". N
SRR e

- m

'
BB e

. ;,‘
"a

L L e o e i)

SN
S

L AR A
B - ”.“_H.-.“__..".-nui N e ] ._..____...”.-."_”..”I“.l“ .
" .........- - .._.!”.-”.-.l.r....._.. = .".-.“-_.-. Ly l..”-” iy
R

L

LR

W,

. -
v om o ol o -
L ]

.___‘____.“.._.._.____.._.- H .\..;.......

' ]

l..r. ] l...-%l."“ ", l....-“.1

[ ] a l.l N !
RN

Dl

R

-!Jr:* : ;ll ':

+
-n Em

oy

-, u
L] :l.:l."
1]

i-..:::::

- .“.i‘ll. !
PN e
*

o
At
\Jﬂ-ﬁ“mmmmm‘tﬂ-hﬂfl L
.&uﬂﬁw ¢..“m,- /

-
[ ] ?l.ll

T
- .".,_"?..EE:‘

.

LA ._,._._“ -..L..-...l. .”.-_l--. . “.‘.1 lh”n.__-. .._....“.-

s .,.4,...“;““.“.”“‘“”._..”...Mm“..,m“.uu“@.._m,.m”"u”.nh...
LI - -.-_..”_...“_..“.”.-.... .—.--..-.....l.-.__..__._.__. -.-.-.--_......... ““L- m
N

=5 xr
[ LI

SN

LG 1“.-”.-_1._.-...1...._:.I ey

7

N

! a..”.-ll i .t.-... liuﬂ.hi”\ii“lﬂ?.—ﬂ.””l“l .‘_..__.____._ f
CIRRC e e ....._.._.r.._.._____.-..\\un o

" i . - . o

RN

L ) For W

.-..__- .._...-._“.._.._.ll-l .
AN

L]

RN “..u......... atetata, o At
DN

...m.u.".,....”...ﬂw:u"..,n

’ ......”.u.._..-uﬂ"t ..u.“_“.q_.q u"-___.....ﬁ.- ._.-hn-_..- T .

AN S A e

FIGURE 2

R SRR
N A o 2
S
W

L e N G S

l-..- * [ ]
e I\l\_\“wv‘l
-4

N e
.-.l.-. ‘._.u f”W"J“mHJ”@“"““\”\\“hﬂWW?-!

o
Lo e
hmonc ol o [ . &>
, u
1]

RN
= »...”H"-., ..“_%11 -u"".-.-......._._._. -
A L) ...uﬁm@nu@%u& ~

O *

R

N

L]
l. '{

&%\.‘.........w/.\ S

AN A‘.mm.!_, .e\..;. e

N NS AT

% -\g.\ﬂ.mw\w
.‘l-ﬁ r

L P
A
o
AN

Ve b A A A

m ' om l} lllll . '.I.-.“.l s ey

; Hﬁv. el

s
A
L

2

e Wy L L]
l' L) 'I,".._.:-:’.ﬂ ‘_I
. .-' -. -,

LT
AL

TSI
G
9 s

7

o
SR

]
-
‘~

" r
.
.'l.'.i".' ¥

. -....... n o .__.___ll
SIS
ey o xx..._.\. A ;.ﬁ..h..

S
.._%_

[ ]
=

s

»

ar,
\l_‘l:-pl",
4 -

o i e W i e b -

AL B ety | -.
- _--_ “... ...... .._.-.l ”l.”l.“...”..-..rmh...“\l!."".".-_-.r” .
..ﬁ\u,.ﬁ_...”.uﬁ.:“
._ l .._.._-_

» * -.__._....__- ta

gl S P

, Yy

R,
i

FIGURE 3



-+ L B N . . I N BN N
; . - » Y

_-.._.i..-..i
L N

v T PR

LA
L I NI R Y
LY
B RN e i
- .‘I‘.“hhh“il"#I*l + o
Fh'nm am
L)

C
LA
* x L N T A
v r of F o4 d F N

] .__..\..-.4.-_.
LI | r O F S
L} _-.-..'.__.-. 11..-.__..\.‘...‘..!.‘1
L A A

US 2024/0041781 Al

]
oy
& a

L L A
o l.t.-_..‘t. t.n...-h.._.1

ar
o

...:i"
N

L]

4 F |
et Ly FAE
LK I J

™
L‘_‘
L

rrl‘_l--l'ﬁ_-\.-p

r
- oa

L]

L

Tt F P S TP
LI
- LN

o
a s
L |

|
'I-““-f*‘"‘
b 111-‘
T
L
b
LI
a
K

I
L]
,
T,
L]
L]

[
+ 1 # FF A
Wt
-_.-_l..__l.-.ll.l.l.‘.....__.\..- R ¥ L
L Sl Y . L N T T o R A i
§ = r ._l.-.I..I... r -+ F LR N

L
L]
L]
o oa
a

] Ll
ARk Ly gy

P F
.l.._...-.l.-...‘.tv T

" = 5 a4 F
P
R HJ_.....‘.._..- et
o 4 # i

*

-
ol o
WA

* h

*
”

B %" E W ¥

L]

.l
” L
, .-..-..‘

.l..i A

L
’

L]
-:lr

"‘ﬁ

r
r
’,

L]

-
- v r

" .
rT-

LW |
LAY
LT
Y
L)
]
LY

LY

L T ’
Nk
r.__r._ ..-..-...I.‘.l.

»

...q_.l.___ _-_.
\._.._.._...-_...___.. ||Jﬁi.-.1u.......”.1\.‘.1h+r...rf-ﬂ-.nl
AP R w oy oard AR E Ly

UL AP,

Feb. 8, 2024 Sheet 3 of 32

fmm A
L I I -, A
1 .l.q..._____\.._..“._.h.l._n._n_-
- Farl |
4 A 5 p
LN L Pt A i
-~ F ok N
‘_._..._....u.-.\.... h L ke

ey .
Pt U B R

&
.
4

"o : ) . -
Lt e e r 3 L P! , L 3 3 T E E N A L
____..\._.__._-..__.._._-_._.r-_l.._-.”.-..-..._...l-..\...__...__..____.‘..__. Pt K 7 7] g ..1.....-..-..-_ 4 i K . ._......r.__ - ”.-..l\“.__..“”.___..- -.._...._ T

o ] L .-.1.-_. -

+ .
L LM
4 % 3

F E LW
E I R Y
+r __.-.

L N ]
R h

s r g
a A F gy FFE

FFd Rk
.._.-.__‘1__....-.‘.-.'_..1_.-.._.!

+ T &
n .._....I-.. r .-.l.l..-..l.‘.i.ll

]
¥

+ 0o
4 A
. .._.”J_.___ i F \.‘. s
]
L 1.-_-..1.1.1.1 - -

r‘.!l!tt.._..__
!l..-.

ol
11.‘....-.-._r .
L .
g Y *
___.rr___-_..-.l\

b d g
FE N B

.*'

i. ..
- x -
et b PN Pl I AR R i o g
LN F o - E % omoy ol e Bom
- __...ll.l..__. ..__..1..-......\..1..-.|._..-.r ..1..-..1..-.-. 9
P . / J

.‘-. -

it _-_t o
lﬂ.-_.‘.l.‘_ ) a
w xR
1.-.___..._..___..__. ..‘..1 ..1.__. ' ..1..- .-__-.-..-_.-.. -
- . 4 o

b

k]

LR
L]
L]

L

o
"'.
L |

- - 11\1\1! " ’ .1\1 _.__‘.. Cl o
S g Il gt FA T e
.___..1.._...'.___.¢.._r.. -
.-..___..__....\..-.r.-. -
4 & - ”’

L]

- 1
i ARk
l.\ “.\L_\“ﬁ.‘il.-.i-.
-
F Rl g
CAN O
»r o F4fr
1._..-.4._.__..-

LI T
_..i ...__...-..__.._. .._..-_.l.__. P
3 T -
- g F)

1.-_1.\.1-_...1l.r1-..-.-..ll.
I Ny
e

B Frr
LI B

Y
&+ li.‘i.!”l“l“l..-l. [ ]
- s

L R R

* u

+ B R
4

L 3
S RN N

“i‘.‘."\h\
AT
" *F

. .
Pl L TN

Patent Application Publication



US 2024/0041781 Al

Feb. 8, 2024 Sheet 4 of 32

Patent Application Publication

L]
.

L

]

L

e
b I i

b ]

|
]

Y

]
:.!Il'

i

i,
Y

F ]

A,
]
Y

.xl‘!l'!




US 2024/0041781 Al

Feb. 8, 2024 Sheet 5 of 32

Patent Application Publication

[

PLO N NN NN N

i g g g g g g g o g g g g g g g

T T T R R R PR R R R |

i e e g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g o g g g g g g g Sy

L# AL A A A A A A

T T T T R O TR O O R N DR N TR R R NN DTN DN PN P | T T T O O R O TR O O O R TR N R O R TR N R O R PR |

LN T N P N T N N W N O T N N W N O T N Y AE A S A e A e A e e e e e e e

.

PN N NP RPN T NN RPN WO NN

i e R e R g g g g g g g g g g g g g g g g

T T T R R O TR O R O O TR O R R O TR O R N |



i

US 2024/0041781 Al

i

i i

i i

T

oy
"m'e'»

i i
i

i i
'

i i
Ll

LN N N N R R RNy ]

i i

-

.

i i
L]

»

&

»

W OW W W W W

i i

b e e . .
Lo N N N

o Ty Ty

T P L]

L,

L,

L,

i o, TR ]

Iy PR

Feb. 8, 2024 Sheet 6 of 32

L

FF F FFFFFFFEFFEFEFEFEFEEFEEFEEFEEFEFREEEPEFREEFEEPEFEEFEEFREEEPFREEEFREEFEEFEPEFREEEFREEFEEPEFREEFREEEEEFEFEFEEEFEFEEFREEFEFFREF

F'F F F FFFFFFEFEFEEFEFEEFEEFEEFEFEEFEFEFREFEF

F'F F F FFFFFFEFFEEFEEFEEFEEFEPEFEEFEEFEEFREEFEEEFREEFEFEFEEFEEF

L,

L,

L L

e

Patent Application Publication

ax

.
*
)

R e e e

* ¥ 5 F ¥

-

Lt il i
.
B e e e L R

* ¥
LI IO I D I DO I B e |

-
n
=

A A N

ity

-

O

E | -'1

bl
»

L LK

P T )

*I.‘I.*I.‘I.*I.'I.‘l

3
L]

it

AL

I'l‘l.*I.'

st e e ey e e e e b

LR ]

» .
. :
A -
....- -...It.__.r.._.r.__.l.lttt'
4 LI LI I I |
L) ......-l_.-.l l.._.-..-..!.-.-.lllil

LA N

[l R O N

-'l'-l'l.*l.‘l.

b

N N N N

Lo T, S N O Y SO, UL U S Y L
L] I...................'ri.r‘.ri.r‘.rfl&.l..—.

I I |

g g 0 0 0 0 0 T B

!...l..!._lu.l._..-nlul?l._.l?!._.l........_. .___.n._...n._._.

e

F F F F F F F F F



Patent Application Publication  Feb. 8, 2024 Sheet 7 of 32 US 2024/0041781 Al

0%

STOMACH

f -'_._ 'J‘:"' "' '. ¢ .-_' . v el .
- ."-- _.'- ;H 1}..*#.;.‘&.&% H-;-u ll_l‘ w-) b .l.‘I'-.-.} b | :'1:
A ‘?-H'

»

L o= M N .
1;:-"! T W B ¥ :F . ¢ AW “".;‘; . L - o
A » ot ol A b e, ‘f s &q‘} -:. .-#' i_:.- -|--L o B -
L " 5 LWL .' J i ] o i Ty e e N e IR
. . " L . Y « o . : ; i‘F A w e o
Al ") o WA W e Al o i e ) .:h_".-::'f: o ]
i W o gy i o . v
oy o £ = . i 2y ol
L L

4

>
-

:

L indesting,
& et leng

8.7 17 )

)
&%
A
{?ﬁ

[ .
L] . . -
O
- [] )
1#-



Patent Application Publication  Feb. 8, 2024 Sheet 8 of 32 US 2024/0041781 Al

Dhlterend Py oan e synthessed ang oombaned by
L TEOIONRL dalvery

Stabie s pH 14, stabie gt pH 3, Stabie at pH 14,

rpieane Bt pH 5+ relpase @ pM B S




US 2024/0041781 Al

Feb. 8, 2024 Sheet 9 of 32

Patent Application Publication

..........

e i e e o e . e

R
. =

P
il"-

L]

:r,
*

'l
T

7

o
it

L |
L ]

-

-

Edn

-. 'I.

;
L

W
i

}

ol
L -.vu_.-
L
e,
o

e T Y

Bunenusssipc - jeyeuynds | |

L ..":.:
o
%

' .
L] 1 ¥
[ [ K 3
[ [
B
.. ™
I L}
-
-
- -
- F F
EPC I
L]
...................
I.
-
[
-
.
L
FF
'

R

 tn
R



US 2024/0041781 Al

Feb. 8, 2024 Sheet 10 of 32

Patent Application Publication

a4 N 4 4 4 4 4 4 4 4 4 4 4

L
v,
v,
L’
v,

ki  h  h d h

T T T N T T T T T T T T T T T T Y N T T, T L




US 2024/0041781 Al

Feb. 8, 2024 Sheet 11 of 32

Y T

.
]
A

Patent Application Publication

v_“x”xﬂr.” .”xﬂn”xn
i i
P X v”xr.xrxr.v_r

K. |
Hﬂvﬂ#ﬂﬂﬂﬂﬂ#ﬂﬂﬂ!ﬂv
A NN N

v.v__”..__.F!”l"l“ﬂ“ﬂ”ﬂ”ﬂ”ﬂ“ﬂﬂ.“l“l! 3
KKEREREZXTLTAAAXRER
HPHI.!IHHHHIIIHIHIHHHHIF

s

o M
2
o

i

A

A
L
E
H!H-H-Il
- |
Al
oA A
L |

i

b

v
H":IH'!;"
AL

; L o o
N

" F F F % F F ¥ ooy

L]

LN T L B

L]

L ]

L]

| ]

L]

F b % ¥ ¥ i FFA

% 8 h Bk

F % F % % F ¥

B F F % F F k F Froyh

LI I

L]

F s N

L]

F F F ¥ ¥ oy

LR B RN L B ]

L]

 F F FF¥ & ¥ F 55

LB B L L

B FFFEF FFrF oy

L]

LI B L LN B B |

L]

F FEF ¥ ¥ oy



Patent Application Publication  Feb. 8, 2024 Sheet 12 of 32  US 2024/0041781 Al

{%ﬁi& Panen ors Z%y Fernan st

i%zz sugh the acidic stomach

..................................................................................................................................................................

[l
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
-----

gw-&%mg ard degrad

1"'"'""-"'-"""-"'-"""-"""-"'-"""-""'""-"""""""""""""' """""""""""""""""""""""""""""""""""""""""""""""""

Pormestion of encan m%ﬁi@

,:;3 §§f ii%i‘




Patent Application Publication  Feb. 8, 2024 Sheet 13 of 32  US 2024/0041781 Al

L, |
[
-
'
r L ]
-

E ]
.

* k

dic

-Il-l-l-_

e

E]
-

33t
.
el

T
T
- . ' = .
] F] L] .
> £ . :
r r . P r
- - a . . a .
r r
. - - r .
[ ]
[
4 % 4 % 4 8 _ 4 _%_4 8 4 8 _4 8 _4 8 _4_ 8 _4 8 _4_ 8 4 8 4 _%_4 8 _ 4 8 4 _8_4_ 8 4 8 _ 4 _8_4_ 8 4 8 _ 4 _8_4 8 4 8 _ 4 _8_4 8 _4_8_4_8_4_8_4_81_4_1_4

4 iR

1_1_n
I. B
b T ]
C 3
- . r
LT T L
' L] '
4
i Ll
o

PO

i
3334

-‘i

w
Ll e kg

L]
-
r

£

oh

-

1 4 4 4 4. 4 4 4 4 4 4 4 4 4. 4. 4 4 4. 4 4. 4. 4 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4. 4 4 4. 4 4. 4 4. 4 49
r

-
L)
+

-
[ LI T I I L I I L

.. . #:,- LU "X L ""#"‘.*-'t - k
. i) LN ot
- - - [ | '
X .
kbbb - S -
A ;

L]

. N - XX N LXK RO I
" AR 'ﬁ: S
) . (o] Il - ' "‘ l_:
L] LRI L - . T
—ig .i " ‘ '
L) 3 .'. ..l: W] w; l‘........-"'f:*-
\ NN ) DR w e G
ﬂ?. IrJa-IIIE BE R R Y l-,‘_lnra-ba-'q_;‘_ ¢
A, NCOSSARERRSETRARIIRERIONSEAS
T TT, -'Jl-""
L Ld & - .
"\l.- . LML L I I O | -I_-
f_'.:::_ﬂ_uw-i-.*.*.*.*.*.*.*.-Hm:‘r't
A b '111‘_1*1*1‘_1*1-*#__-..-;!‘ -
O o RN, o4~

it

i

[
) ru
-l

[ ]

4
-4

3
*

a

-
-

-

-
-

N

;
3
34t

L)
L]
L)
-

"
E
X r
-
L
-

#0111 19191 i
il il Tl -
N RN RN N e .

-
-
-
F]

1

it

L}
F]

3
B ¢

i,

- a
.'hl.
-
]
. I

4 -
a
»
ra o r
L
w
. 1
A
-
LY

3
.4

i

F ]
-
-
-
4

L
L]
L)
P
-
w

a
L]

SBEHO-ERR
£

e
o3

'
=
+

-
L)
L}

FAHRE
i



US 2024/0041781 Al

Feb. 8, 2024 Sheet 14 of 32

Patent Application Publication

e LBl %.,,. o

U [NREEIRDY LIRS

Y

-

L]
e AN
R,
] [ ) .‘..l..l.l..l.l..#'i'l"

bR

TN
e

!!!!!

£

: .;;.":f:':" , gq
Sgien B

w
.

oty e
P ."-,'E‘,:?._-
.-}:':-!:T LN

o -




US 2024/0041781 Al

Feb. 8, 2024 Sheet 15 of 32

Patent Application Publication

L

.
4

-
F

W L

SRR e,

W ) LR e

GO sarsd

£
,

a
EY

SHYSORN RIS By

-

HOSS ek Bod

[y

F

-

| L T Y RN FON O PO FONL N PR JONNL PN PN N PN PN NN PN PN NN - NN NN PN PN NN PN PN PN PN PN N PN PN NN PPN RN RN |
T P R L R L R L L

W OW W W W W W W W W W W W W OW W W W -

m M g RE Y w.m.ww » g
22 % L XER G F TR

gl Lt g L gt gt gt s age Lt g L Vg g g g Vg gt e g g g e g g L g g e g g Ve g s L Vg g Ve g g e g g e g g g g Vg L g e g g g g e g Vg g g L g g g Vg g g g g L g g g g g e g g g g g g g g e g g e g L L g g g Vg g e g L g e g g g g e g s Vag g  Lag a g L Vage  g  Vag  g a Vag

r P FFFFFFFEFEFEEFEPEFEEFEEFEPFEFEEEFEEFREEEFREEFEEPEFREEEFREEFEEPEFREEEEFREEEEFEEFEEEFEEFREEFREEFEEFREEFREEFREEEPEFREEEEFREEFEEEFEEFREEEFEEFREEFREEREEFREEFEEFEPEFREEFEEFEEFREEEEFEFEEFEEFEEFREEFREEEFEEFREEPEFREEEPEFREEEEFREEFEEEFEEFREEEFREEFREEFREEEFREEFEEPEFREEEFEEFREEEEFEFEEFEEEFREEFREEEFEEFREEEFREEFEEEFREEFEEFREEFEEEFEEFEEEFEEFREEFREEFEEFEEFREEFREEEFEEFREEFEFEEFEFEEFEEFEEFEFEEFE

K
A B bk R R R T R R R R e



Patent Application Publication  Feb. 8, 2024 Sheet 16 of 32  US 2024/0041781 Al

. [ ] d ‘ .
. » » T
) :Jr:l-:lr:l:Jr:l-:-l:_l-:#:l:#:#:#:l:l:l-:lr:l-:lr:# . l':lr:l':lr:l:lr: wialaaly ey :Jr:l-:lr:l':Jr:l':l‘_ﬂ-:lr:l':Jr:l':Jr:l-:i:l':lr:l':lr:l':#llll:ir:l P I N NN :'Jr:#:k:l:#:l:k:l-:k:l:#:l-:k:l- -l:l- aialaa ey Il-"a-"a-"& aialy! l‘_ﬂ- alalaly ey i:a- laalxy” Jr'l":r"a- wxleln -l:l- R N A N, N S S :l-"&:a-:a-:k:&: ¥

Y r K- 4
N drb#bderrbderrbq'l Irdrblrbdrbﬁ'bdrb#bll‘_lrbﬂrbkbﬂrb#bﬂrbﬁ'-ii_lrbq'blrbﬂrb#bdrbk::b#;rblr;rbkbﬂr- drblrbdrblrbq'b#;r*ll}q'b#b#b#bﬂrb#bikbq'b#bq'bkb#bkl' JrIrdrIrJrIrdrIFJI'IrdrIFJr::'IrJrIrdrlrlrlrﬂrlrlrIrdrIr derrbﬂrblrIrdrbJrbﬂrIr-:._drblrbdrblrbﬂrIrJrbﬂr.:'Irdrblrbdrblrbﬂrblrb:'lrbﬂrIrlrbdrblrbdrblr'll._lrbﬂrblrIrdrblrbdrb#::blrIrdrblrbﬂrIrlrbdrb-:._drblrbﬂrIrJrbﬂrblrIrdr':'bdrblrbﬂrblrIrdrblrbq'lrbdrblrbdrbkbdrbkbl._#bﬂrb#;rb#b
- r

t't

"l"l"l"l"l"l " ‘I"l"l"l"l"l"l:.l"l"l"l"l_"l"l'::‘l"l"l"l"l"l"l'...‘I"l"l"l"l"l"lk"l"l"l"l"l"l' ] ‘I"l"l"l"l"l"l':;‘l"l"l"l"l"l"ll'#"‘l"l"l"l"l"l':*‘l"l"l"l"l"l"l;.l-‘l"l"l"l"l"l; ‘l"l"l"l"l"l':;‘l"l"l"l'l'i'i+i'|'l'|'i"l".f"l"l"l"l"l"l ‘.* "l"l"l"l'
RN #:-I- RN, a.a- D N R #L#L#lﬂﬂﬂ#:-;#lﬂﬂﬂﬂﬂi:_hﬂﬂhh#La-._lla-la-ﬂ-.#lal#ﬂklﬂﬂhﬂﬂh a-la-ﬂ-.a-la-ﬂ-ha-l-;ﬂ#lklﬂﬂalk:llﬂﬂ#lﬂﬂﬂa-:ﬂa- o e R e e e e :.kl#lklﬂﬂhkll;ﬂﬂﬂﬂﬂa-la-’fla-la-La-L#lhlﬂﬁ:ﬁlﬂﬂhﬂﬂ# TEREERRY
- . r .
Jiviviwieivieieleleie} ieieivieiel . eleiele] - ERRRERR o : tejwleinivleiole]
- .
¥ Jr"Jr"Jr"Jr"Jr'q-'q-'t'a-'#'#'a-'#'#'f#'Jr A N, A A S A N Jr:lr:lr:lr:#:lr:lr:l:Jr:Jr:Jr:Jr:Jr:Jr:t:lr:lr:lr xlnlaly ilJr:Jr:Jr:Jr:Jr:Jr:Jr::':Jr:Jr:Jr:Jr:Jr:Jr o ! Jr'l,_’r‘lr ittty xlxly q-"a-:l-:a-:q-"a- iyl a-"a-'l-"a- a-"q-:lr:a-:a-:!::'a- ittty l:_Jr Trlalala? Jrllr:ll Txlxly a-"a-:a-:q-:a-'a- ity
.
.....................!....................:.................... q-q-q-_q-q-q-:q-q-q-q-q-q-q-::q-q-q-q-q-q--t:q-q-q-qqqq.qqqqq#qquqqqq q-q-q-q-q-q-q-'q-q-q-q-q-q-q-:-l-q-qqq-qqr:-rqq-qqq-q:q-qqq-qq XX ..................:....................:...................
:’- """"""".""""‘."" "‘.'#'" ""'"'"'"".‘"" "'"""'..‘. '.'-'""."' > ‘.". '."."."'i.-' '-‘."‘. ""‘."‘. 'ﬂ"‘." "'""""‘l "'"" """' '.-"' "'"" "'" "‘.". "'""""“" "'"" "'"". '-‘."‘. "'"" "'-.-‘. "'"" "'"".‘"" "'"" ".J.‘. "'"" "'"""
. l--l--l--b-l-#1-'##b##bb#bb#b##iﬂ##b##bbi‘bb#i--l--l-_-bl--b-bi--b:‘_i--b-bb-b#b'lbbb#b#irb#bb#bl.#bb#b## l--I-l-l--I-i--l-:l-l--l--I-l--l--I-:h-b-I-l--l--I-l--l-ll--l--I-l--l--I-l*l--I-l--l--I-l--l-'l._i--b-I-l--l--I-l-:l-#bb#bbﬂbbbbbbblbbbbbbb:&
. . '.'.'H':':'H'. virivivivinieivivivivivivinieivivivivinislul el lnl vl lel vl e v e R H"’.‘k‘.‘l‘l"ﬂ"i‘ AAS S o ot :"L':":"l':'ﬁ':*.*.*1*:*:*#.'.':':':':
e Jr:Jr:Jr‘I.‘Jr Jr!Jr:Jr:Jr:Jr:Jr'I a-_:r'#:#:ar:#"q-:-r::r et e a a  a  a  a Ta T ;:a- DA A AT, e Tl e e e T qlr:#:Jr:lr:#:lr:#.l'qlr:#:lr:#:lr:# -l:lr Jr:Jr‘Jr:Jr:Jr:Jr:ll Tal a-':r:#:a-::r:ka-':r':r:a-:*::r:a- ‘Jr:Jr:Jr:Jr!Jr‘Jr‘-l:Jr‘Jr‘Jr‘Jr‘Jr‘#‘Jrr-qlr‘lr‘lr‘qulr‘lr‘lr
4 Jll#J!Jll#J!I'#JllJll##Jll#IJll######:ﬁ######k#_##_##_#l a-a-a-a-:-#::ﬁ-##a-#a-a--######4}######&####### Jll######-l######-l:#######'r:######l:l######: n######'&######{#######i######
I .'.".'."'.".:"'.".'."'.':'""."' "".‘:..'.'.".'.".'.k'."'."'." "."'.'l.'."-.'" ' ' " L J ' ‘ ' '."'."'.“.."'."'."'.é' ' ' ' ' " L J ' ' ' L '."'.."."'.".'.".#"'."'."' 'i.‘.'" T '." .‘...'.'."'.".'..t-'""."'."':.".' ' T '.".#' - . .

i-_a_a_a_a_i-_a}_b_a_a_a_a_a-_t‘a_a-_a-_-b_a_i-_i-_-,'_i-_a_a_a_-b_a_bk_a_b_a_a_a_a' i-_i-_i-_i-_-h_i-_i-'-_i-_a-_i-_i-_i-_-i-_-{b_a_i-_a-_i-_i-_b‘-_i-_a-_i-_a_a_a_ak_a_a_a_a_a_b_ RN -_i- RN -ll-I e t*i- RN i-_-,_a- R RN
] L I ] - L
L]

:.- '1-'1-'1-"1-"1-"1-+-|-'1-'1-'1-"1-"1-"1-':-'1-'1-'1-"1-'1-"1-"1-:;'1-'1-'1-'1-"1-"1-"::1-'1-'1-'1-'1-'1-'- i '1-'1-'1-'1-"1-'1-":.1-'1-'1-'1-'1-"1-"1-:':-'1-'1-'1-'1-'1-'1-"!:;-'1-'1-'1-'1-"1-"1-'::1-'1-'1-'1-'1-'1-"1- ] 1-"1-"1-"1-"1-"1-'1-::-'1-"1-'1-'1-'1-'1-'p:q-"q-'q-'q-'1-'1-'+:q-'+"1-'1-'+'1-'1-':.;-'1-'1-'1-'1-'1-'1- A '1-'1-'1-'1-"1-"1-:l-'1-"1-'1-'1-'1-"1-"1.1-'1-'1-'1-'1-'1-'1-'.'1- Pty
1 I RN q-:- IR N vl.qn (LR R EXEERN] L#.tlilllill: ltlililililitlililtlilil '-.tlnltlnlntt LR ﬂltlttnl13.1:-.1-‘1.1‘1-.13‘-:1.1 - I IR RN 1:1 IR N I':_!l IR RN 1-:' IR N t:qn LR i
.-'-"-'-'-'-'-.-'-'-'-'-"'-'1! - -"-'-"-'-’-‘-"-'-‘-'-‘-'-‘t'-‘-'-‘-'-"- F '-"-'-"-'-"-‘:"-'-"-'-"-'-';. '-'-'-'-'-'-':' L R RS R R R -'-"-'-"-'-‘-‘-"-'-‘-'-‘-'-’ﬁ'- e '-'-"-'-‘-'-"-’-"- "y .:' PL LY
i -b-i-i-b-b-b-'-b-b-b-b###}######i.t######l.###### -b-b-b-b-b-b-I*il-b-b-b-b##.I######i-ﬁ######l.####### -b-b-b-b-b-b-iit-b-b-i-b-b#ﬂ######i.‘######lﬂ###### #######f######lh‘#######.‘
L) [ &
> "-“.‘.‘-“.‘-'.‘-‘.‘-‘.‘.‘-‘.‘.‘-‘-‘.‘-‘.‘.‘i‘-‘.‘-‘.‘.‘-'-%‘-‘-‘.‘-‘.‘. ‘."-‘-‘.‘-"'-":"-‘-‘.‘-‘.‘.‘4‘.‘.‘-‘-‘.‘-‘.“1‘-‘-‘.‘-‘-‘.‘-&‘.‘-‘-‘.‘-‘. ‘-‘."-‘-‘.‘-‘;‘-"-‘-‘."-‘-‘.5‘-‘."-‘-‘."-"'np"."-‘-‘."-‘-‘.".‘-‘."-‘-‘.‘-'-s‘-‘-‘.‘-‘-‘.‘:‘-‘.‘-‘-‘.‘-‘-ﬂ.‘-‘-‘.‘-‘-‘.
.I-.H-.I'l.‘.I'.l-.}!.l'.‘.I.l-l.l.i-.-.l-.l.l-l.l-.l-.l-..-.l-.l-.!.l'.‘.l 5 'm'l'u-'l'm'l-.qv.l- 1-'-'1-"-'1-'p.1-'-'1-'-'1-'-"1-'..1-'-'1-'-'1-'l-'q-.i-'q-'l-'q-'l-'q-"l-' '1-'-'1-'-'1-'-"“l-'1-'-'1-'-'1-'-"-'-'1-'-'1-'-'1- 'l-'q-'l-'q-'l-'q-.ﬁ'.q- P '1-'-'1-'l-'1-'l-"i-r'q-'l-'q-'l-'q-'l-'.-'l-'q-'l-'q-'l- ¥ 1-'-'1-'-'1-"*1- e e

i‘-.iitliitlil.tiil-‘ilt_-.r:lnliltlt_-liiill-.tliiiliitlil J 1-1-1-1-1--‘:‘1-1-ttit.lnli1----1--:4-1-11-111--.11-111-1- l-1-1-1-1-|-|-=|-1-1-1-1-1-1--{-1-1-1-1-1-1-"-1-1-1-1-1-1-t:ln1-1-1-1-1-1-ﬂt--t--tb----ti-{t--ti-

e L SRR R R i wi L

__-I-I‘-I-l‘l‘l':‘"l l‘l"-l-'k‘l-"l-l‘l‘lr ] -I‘l‘l-l‘l-l-".‘_l-"l‘l‘-I‘-I__:'._-I‘l__l-"l-l"‘:‘l-"l‘l-l‘l‘lk‘l‘l-"l‘l_.-I_. ; -I‘l‘l-"l-l-:‘l‘l-"l‘l-l‘ '-:_ll_.ll__ll_ll_.-ll__-l_:*-ll__ll_ll_.ll__-ll_-ll_.-ll_:‘-ll_.ll__ll_ll‘ll__-l_i__'_ll_.ll__ll_-ll_.-ll__-._-ll_.-ll__ll_ll_.ll__l_.-ll'_l__l_.ll_.ll__l L, I.t‘l__l-"l__l-"l._ T E

- . . . el . . . . . . . . . . . . . . . . S . . . . . 1 . . e . . . . . . L
Y A i x “ i

. " . .
e ] 'll"'l-"ll"'l-"'ll"l-"‘k Lk e S 'l-"I"l-"!"l-"!'."!"l-""l-""l-"l-l- 'll"''l-"''ll""l-""ll""l-";:I e et R i L

Iitiiti{tiitiitlitiitii LN N N NN

]
'I'""""""‘-"“"“"“
[ ]
LR ilt‘tliltltliltltll.tltliltltlil

L] L]
- o St Sl St St J'll""l-"ll""l-"ll""l-"ll'll

] L L] T L] L]
¥ ¥ ¥ _F_+ -_F_&_ ¥ ¥ _F_ & -+ _F_ & _F ¥ T - ¥ & _F_&_ ¥ ¥ ¥ ¥+ F__ ¥ -+ _F_&_F & _F ¥ -I-
'l-'ll'l-'ll'l-'ll'll:l-'l-'ll'l-'ll'l-'llj:'ll'l-'ll'l-'ll'l-'ll:w'll'l-'ll'l-'ll'l-'I---'ll'l-'ll'l-'ll'l-"-:I-'ll'l-'ll'l-'ll'll‘l-'l-'ll'l-'ll'l-'ll';F'lI
r

4
ol e e e e e e e b e e e e il;ll -

AR R AN AL LN

oy ]
ililtlt._ililki:blilli._iltktli_.l-ililtlt._iltli._
L]

OO O X

x
LU L I B ] L TS T LA A L

I-.I'.I'.I'.I'.I"I-.-.I"I-.I'.I'.I'.I': F F FFFEFFREFEFEFRF I'.I'.I'.;I-  F FFFF 'ql"l-.l'.l"l'.l'.l'..-.l'  F B I'.I-. .I'.I":*l'.I"I-.I'.I'I-.I-ll.l.I"I-.I'.I"J..I"I-.I'.I"I-.I'. "

5 I'.I'.I'.I'.I'.I-.I':.-'I-.I'.I'.I'.I.I';I‘.I'I‘.I‘.I‘.I‘.I‘

v
! 4 i |- r “x y -
‘_ *‘b‘*‘b‘*‘b‘:‘-:b:*: '|*1;“_1‘_1*1*1*1‘_1*!-4*1‘_1*:*_:*:‘_ X :*:‘_:*:b:*:b: ‘_1*1 1*1 1*1 :'q 1* ‘_:*1‘_1*1':*1‘_1*1‘_1*1‘_1*1'-1*1‘_1*1‘_1*1*1* 1*1‘_1*1‘_1*1‘_: b:*:‘_:*:‘_:*: : x ‘_:*:‘_:*1‘_:._1‘_1*1bu*:b:*:*:*:b:*:b:*:‘_1*!‘.{*1‘_1*1‘_1*1‘_1 1*1‘_1*1‘_1*1‘_1'.}‘_: : :*:‘_:*:‘_ 3 “':":"'.. : :‘_:‘_:*:‘_1*1‘_1*1'.:*1‘_1*1‘_1*1‘_1 .
J | - 3
x . .
" a-#a-a#a--_a-baaba-a_.a-aa-a##hfﬁb#baaﬁbabaab r R N llll-ll-llll#'I######if######ﬂ####### ﬁbbabaiftabba# ######l_‘######lli###### ba#ba#hiﬁ#bﬁ#
] 4 o ¥ .i P » - N u ’
1-1-111-1'#11#1##1!1-#11#1!’!1##11#%##11#1 '1-'1-'#'1-'1-#"*!-#1-1-1-1-1-'Il1-1-1-1-1##‘!######%#'#'#'1'#'#'1 q-1-1-1-1-1-#-"-!-1-1-1-1-1-1-Il:-rq-q--rq-q--rllq--r-rq--r-r'lrquq--rqq-q !--r-rq--r-rq-'-!--rq--r '-l-:-|-'-|-'-|-'-|-'-|-'-|-'-|-'|l_'-|-'-|-'-|-'-|-'-|-'-|-'-|-:l-'-|-'-|-'-|-'-|-'-|-'-|-r

] bl

- L} L] &

L] L] L [P L [ PP L L] L] PP P [P L] LI LI L] [P P ] [P TR NN S | L] L] (L} L] [P P N T B N T | L I
] i'lri'lfi'lrl.‘lri'lfi'h i'll v k*i’h‘*i’*i’*\'::i'lri'*i'*‘ i'|F\'|Fk\'##\'*k*t*:‘*k*t*th"*t*\'*kkt r i' i' \'lri'lri' \"ﬂ'i'l'i'lr\' {*i’*\'*i’*'*\'*i’*i’! k& i'lri'lri"ﬂ' i {*\'*i’*i’*.*i’*i’*\'*:lbi'*\'*?
- - AT Ty [l [l e i 4......-....-........',.. - - SRR b . [ e T e T T

g . . - . -

. ' 'rb'b'rb'b'rb'b'rlrb'rb'b'rb'b‘rb'b‘[‘rﬁrb'b‘rb'b‘b n:l-'b'rb'b'b'b‘b'::b'b'rb'b*b'b*; e e T e T T T b'b‘rb'b'rb'b'l.*b*b'b'rb'b*b'u:l-'b*b'b*b'b*b'::b'b e T *b'b"’b'b‘rb'b‘b‘l‘rb'b‘rb'b'rb'b*'[:b'rb'b'rb'rb"'b'b"..'rb"'|.'rb*b'b*b';‘.-'b*b'b‘rb'b*b' i b*b'b*b'b*b'.-‘r ' T
- - .
aTa "o . noa s

* 2 P T LT LT N P T N T N - P B T s L T T L N T N

I ¥ ¥ rr r gy ¥ royraoyr T ow o T v
{b [ e I Ut Ul b:.- F kg
. r

I

* - * . [ - - .
Lk . ¥ ]
a-_i-_a-_i-_*-_a-_a-'-_a-_a-_a_a-_i-_i-_{i-_i-_a-_a-_i-_a-_a-_-_a-_a-_i-_a-_i-_i-_a- ER R a-_-_i- R RR i-_a- R R -*i- RN -|r=l PR RNy . _a-_a-_i-_a-_a-:._a-_a-_i-_a-_a-_i-_i.-_i-_i-_a-_i-_a-_a-_l-a-_a-_i-_a-_a-_a_
. .

-Il-ll-ll-ll-ll##,:Il######i‘_#######._##-ll-ll-ll-ll-ll

- *I*I*l*l*l*l

¥ . .
a'n'n's's'y q-'-l- a'n'n's's's -Fq- w'n'n's'n'n i w'n'n's's"s'n ' I|-"i|-'i|-'4-'1-'4-'4-:-'4-'4-'1-'4-'4-'1-'1‘!-'1-'4-'4-'1'4-'4-'|:4-'4-'1'4-'4-'1.

..-...-..-...-..'..-
¥
A
L
¥
¥
o

_I|-i|-4-1-4-4-4-'-1#1141-{#11#11#&1#11411 1-1-41-1-4I::Q1#1411:.-1-141-11-:!-1#14#1"_"'1-14#11{.'1#_1 .
dr L} L] L] r
ka0 1 LI I DL O T I I O I L L B | LI IR I B I | a8 % 8§ ¥ 5§ 1 8 5.7 LI R I I R I | LI I DL I I B | -. LI I DL I I B | LI IR I B I |
Jr Jr Jr X Jrha-la- LN Jr i Jr X -l:a- Jr Jr Jr Jr i Jr i Jr N Jr Jr Jr Jr i i b dr ok gk I}Jr LN N Jr:l' i JrLJrlJrLJrlJr -Il*lr JrllrllrlJrllrllr'_'llrllrllrllrllrllrl LI N AT Jr:l' i JrgrlJrla-grl4-1.-33‘:.-‘&‘#‘#‘.:#‘#‘&‘JrlJrLJrLJl-
i » i ! y
2 bﬂrbdrbdrbqb#b#b:.#b#bqb#;r;rb#f erarbdrbq'bq'bdrbq'kbq'bdrb#b#bqb#b bﬂrbdrbdrbqb#bl'#b#b#bq'b#;rbﬂr'lbdrbq'b#b#bq'b#ba-#b#;rb#b#;rbﬂrb b'n.‘rb*b'u'n.*."n.*b*b'u"'n.‘rb'n.‘:.-*b'u*b"'b'u*u*q.:;.-*b*b'u*b*b'u:':b'u*b*b' ax blrbq'bq'bdrbdr'tbq'bq'bﬂrbﬂrbﬂrbq'b:'._q'bq'bﬂrbﬂrbq'bdrbdr-:‘_#bdrbq'bq'bq'bq'bdr::'bq'b#bq'b#b#b#‘ )

- . . -\.;-\. ..-\. . - -\.;-\.

a-a-a-a-a-a-a*-a-a-a-;-;b'.;bbab#ar;abb;bﬂ;bb;b#;
¥
q-q-q-q-q-q-l*l-q-q-q-q-q-q-'lq-q-q-q-q-q-ﬂl-q-q-q-q-qq-

x
llbllq-q-4-4-1-4-'-*-q-q-q-q-q-q-i:l-q-q-q-q-q-qr'.!-4-4-1-4-q-q--l:q-q-q-q-q-qq-i_q-q-q-q-q-q-q-:-lq-q-q-q-qq-
Ny r iy ;
x! a-"a-'a-"q-"a-'a- Tl ! - ! q-'#'q-'q-'t:a-'#'#'a-'#'q-'a- a-'a-'a-'q-'a-'a-'-l:a-'#'q-"Jr"Jr"Jr"Jr'i"q-"Jr"Jr"#'#'#'#:l'#'#'#'#'#'q-'

onn

J‘_J‘_“_J‘_Jl_“_l|l|l|l|l|l|

LI L L IR I I L O O R I | L O AE E 3

o e e e

lllllll.lllllll
o

x,
b‘ b‘ b r b'l-! b‘ b‘ b! b‘ b‘ b! {b‘ b! b‘ b‘ b! b‘ b:'q b‘ b‘ b! b‘ b‘ b!‘]l.‘ b! b‘ b‘ b! b‘ b'
. r

L T T T A A A

. r r
b"b b*b b*b‘.‘ b!b‘b‘ b!b‘b b!b‘b‘ b!bll-‘ b!b‘b‘ b!b‘b‘{
. -
LT -.

.o

L b-l._! LI L L L L~
n .
E N T T T T S

AR A A A A

L]
F

1-1-1-1-1-1-1-:\.-1-1-1-1-1_1.{-—1-1-1-1-1-1-1'l-1-1-1-1-1-1-I-ﬁ-1-1-1-1---

';-'-..‘1'-'-..'1'-'."1'-'1'1'1"'1'."'1'1"'1'1‘-‘1'1"'1'1"'1'1"'1""'1'1

l.-l.l.-l.--l.--ll.-:..-------*-------.F--l--l-"

drdrdrdrﬂrdrdr-ldrdrdrdrdrﬂr#i'drdrdrdrdrdr-lldrdrdrdrdrdrdrllﬂrdrdrdrdrdr

o o ooy LN N N L N ]
LRI L L R e R O e A

F ek F FF F e

drdrdrarq-drdrtdrardrdrarar L N NN N L N L N L NN g o g oy drarq-drarq-drarardrarardr U )
LR L W bbbbbbl‘ibbbbbb::bbbbbbb bbbbbbb.bbbbbbf LU R R e

L] L] L. ] WPk h
------'-------.-------'---------------

L] i' . #

LT Y LT T Y h_n LT T T Y
-------..l------.:-------.-------:-------
J L] .

- - - - - ] .:-"- - - - u -.-"-"-"-"-"-"-"ﬂ.‘-"- - - - - - .- u -"-" .

r kh J

d [ ¥ - - [ "
*b* b*b*b*b*b*':. b'b*b*b*b*b*b *b* bq-b*b*b*b*h‘k'b*b*b*b*b*b*::‘ ko 'b*b*b*b*b*b*b.b* b'b*b*b*b*b*':-b*b* bq-b*b*b*b'.-*b'b*b*b*b*b*#-b*b* b*b*b*b*b : *b*b*b*b*b* *b.l-*b* b'b*b*b*b* bq-b*b*bq-b*b*b"*b*bq-b*b*b*b*bl.*b*b*b*b*b*b¥ L b*bq-b*b*bq-b*b"*b*b*b*b*b*b*f b*b*b*b*b* ' b*b*b*b*b*b*bill-
AL .
P Y ™ 5 » ] - - A
Jrklr,‘_lr,‘#,‘_#‘#,‘_#:t,‘_#,‘# X Jr,‘_lr,‘lr 1:# x Jr Jr X Jr x : Jr,‘_JrHJr‘_Jr,‘Jr x Jr::',.#,‘_#,‘#,‘_#"lrb#,‘ - Jr*#"#,‘_#,‘#"_#blbk,‘# Jr X Jr Jr,‘_ll‘l',‘_#,.#bﬁ"#‘_#‘#bi:_#‘_#‘#‘_#‘#b#‘Jr.llilrblr,‘Jr ¥ Jr"_lr,‘ﬁl‘#b#,‘lr X Jr,‘_Jr,‘_l.rJr Jr ,‘_Jr,‘q-,‘_lr:l X Jl"._#‘#b#‘#"_#‘#b#"#b#,‘lr X Jr,‘_-lllr Jr X Jr X Jr L. Jr Jr Jr,‘_lrlhk,‘_lr,‘#.#,‘# Jr x Jr X #J,‘_Jr‘#,‘_lr,‘lr X Jr,‘_ll.Jr,‘_Jr,‘Jr Jr X Jr x

L N ‘.._-I L 'F L N -I‘l L N __I‘_I L N

R AR R R X

L L T I

o __-l._f L N J‘f T P
*

L N __+ L N '.‘_-I o __-I,:i L N _.-i"t T R gi R N _.'liﬁ TR T R -l“_' L _l‘il L : L N _.-I

EXREER S 4-'1-.4-. - 4_4-:':4.4.1. *

T T T T T T

4-4-4-"'-4144-14 144-144-1-‘44-144-14.:1

L Y L T

L
VR R 1_.'*#_ L 1_#_1:-.

¥ v b LA
L i L]
et e e T T e e e T T e T e T §~ wla et ta T e e e e e

X
_'q-:-:q-_'q-'-r'q-_'q-'n IR NN q-‘-ln ., 1_1:1- -

- L] E 4 L] -
&
Jr:Jr:Jr:lr:Jr:Jr:#:l':Jr:Jr:Jr:lr:lr:Jr:-l:Jr:Jr:Jr:lr:k:lr:lr:.:#:#:lr:lr:lr:lr:lr:l:lr:Jr:lr:lr:lr:lr: e " Jr'Jr:Jr:Jr:Jr:Jr:Jr:-I._Jr:Jr:Jr:Jr:Jr:Jr:i
.'J.‘.‘.‘...‘.‘.‘:..

f '-I _'-I '-I '-I '-I '-I‘. _'-I '-I '-I '-I '-I '-I '-.'-I '-I _'-I '-I '-I '-I '-I '..-I A '-I '-I '-I '-I

b.b.b.b.b'b.b .b.b.b'b.b.b' J-.b.b.b.b'b.b"*b.b.b'b.b.b'b .b.b.b.b'b.b.
P ]

'q-'q-'-*lr'q-'1-'1'1-'q-'qn'{1_‘1_‘1_‘1_‘1_‘1_‘1 _'1-_'1-_'1_'1_‘1-_'1_‘1-:-_'1_'1_' 1- ER RN t'-l IR NN 1
‘.."l'"" "'"" "..""l'l"" 'l".:."'l'l "'"" ";"""'"" "."'-.I-l"l"l "'"" "5-" "'"" "'""."""""""' '#'l "'"" 'l"'.'.'l'l "'"" "l'-.-' "'"" "'"'

- ¥ i
bl*lblblblblbl"lblblblblblbl*-I._l*lbl‘_l‘_l‘_l‘_l"#‘_lbl*lblblblbﬁ‘*blbl‘_lblbl‘_l l‘_l*lbl‘_l‘_l‘_r‘a‘_lblbl‘_l‘_l‘_l‘_ l‘_lblblblblbl*:‘_lblblblblblbll:blblblblblbl*
LT LT LT T

1
.
‘-‘ﬁ‘#ﬁ‘# AL
. ll."l.
X

l"l‘-‘#‘l‘l‘l‘l‘l‘l‘
. . . - 9
b#b#b#b#b#b#b#'#b#b#b#b#b#b#ll.‘#b#b#b#b#b#b#‘ib#b#b#b#b#b#bi‘#b#b#b#b#b#b# #b#b#b#b#b#b#:kb#b#b#b#b#b#b #b#b#b#b#b#b#- b#b#b#b#b#b#b#:l'b#b#b#b#b#b#'_

L b

1-"1-"1-"1-'1-'1-'1-:.' 1-'1-'1-'1-'1-"1-".-1-"1-' 1-"1-"1-"1-'1-:#"1-'1-"1-'1-'1-'1-‘-.:-'1-' A Ty o 1-"1-"1-"1-'1-'-‘.-'1-' 1-"1-"1-"1-'1-"'&'.1-'1-"1-"1-"1-'1-'1-"'1-"1-'1-'1-'1-'1-'1-“-'
. -I' ]

1-11-1-1#I111-11-1-fi######'#######l###### o .1-.1-.1-.1-.#.1-.'.#.1-.1.#.1.1-.-|- 1-1-11-1-11;._#11-#11-#[}#.#.1_'#

won oo - r 4 r .|- J.-\.-\.-\.-\.-\.-\....r-\.-\.-\.-\.-\.-\.-\. ' .y
erlrblrblrJrJrJrirJrJrJrJrJrJrlJrJrJrJrJrJr#iJrJrJrJrJrJrilrlrJrJrJrJrJr ".."..“'..".."..“'..":..“'..".."..“'.."..".."’..".."""“’" PN NN ;

-----*_-11--11

o o A o o A

f.'.'.'.'.'.',"”“"-'.“.”'

'iiﬁiiiiii-':l'l-'ll' s

#t.ttt#tt#:‘ttt##t

e aetas

. »

x x

. --.- |‘_ W
¥ # *b.q-*b*b*b*b*b*b*l b#b#b#bkb#b#bk'l b#bkb#b#bkb#b

F b* b* b* b* b* b* b..-* b* b* b* b* b* b*:.b* b* b* b* b* b* b¥'* b* b* b* b* b* b* bl-* b* b* b* b* b* b*

L] L] L
ll-"l-'l-'l-'!-.l-.ﬂ-l-'l-"l-'!-'l-'l-'!-""!-'l-'l-'l-'!-.l-.!.'l-. - '1-'1-'1-'1-"“1-'1-'1-'1-'1-'1-'1-

r
2R E R R RN t R R E NN 1-1.#.1-.1-.#.
. oo . . B
*b*b*b*b*b* b‘l-*b* b*b*b*b*b*:.‘b*b*b*b*b*b*b*-*b* b*b*b*b*b*bl.*b*b*b*b*b*b*

1-. 1-. 1-. 1-. 1-. L

y
q-q--r-rq-_.q-q-q-q-q-q--rq--rq-q--r-rq-tq-q--r-rq--rq-

-\.-\.-\.-\.-\.-\..'-\.-\.-\.-\. . |‘_
*b*b*b*b*b*b.-*b*b*b*b*b*b*l‘b*b*b*b*b*b*b* N b*b*b*b*b*b*b
L]

r bbb]bbbbbbI*l-bbbbbb]bbbbbbb-bbbbbb bbbblllbbbbbbb

Al b

. XL
L ERERERERER B q-.q-4-4-4-1:1-144-144-"44144-14'1'1.4 LR R IR R RN ".q- LR R 1-.1:._1- . - - 4-:4- . 4-_4-:..4- LR R q-.-r:n-.q- I EEREER AR EEER R
. ; . . x

'-I_'-I'-I_'-I'-I_-I-I' '-l_'-l'-l_-l'-l_.ﬁ-l_'-l'-l'-l'-l_'-l'-l.b-l_'-l'-l'-l'-l'-l'..-' i, R o m

Mty ;.-"1.-";.-:-.-"4.-"1.- a-"b"a-"a-'-‘b "rle'y J-"A-'a-:-"b'a-'b ¥ 1.-";-"4:1-"1.-"4.- ey

"'I‘."""'I‘.-'I "‘""""'

- 4
L I DL T O T D I I DL T | .1 8§ % 8 ¥4 8 5 81 8 5 7 LI I DL I e e |
celeln el T el e e e e L e T e e T e T L T ]

-I' ' 4
'#1#11#.‘1111#11“#1#11#"11#1#11"11#11# #1}#11#11.:‘1#11#1.}#11# 1#11#11':-‘11#11#:I1#11#1#:‘11#11#"_1#11#11
# ] - - [ ] - . - - »

L] L] i'

l -r .

L]
1 » ¥ -
EREREEENEEREEERE EEREEER " EXEREREREL AXRRERRXR,

N

1 . * - .
SRR EER RN -I'.-ll R RN I R RN a-.l- 'EXREERS

i Ny
i bJr b’r b’r b‘r b’r b’r A ._Jr b’r b‘r b’r b’r b‘r b#_i' bJr b’r b’r b‘r b’r b’r E-I-_Jr b’r bJr b’r b’r b‘r b’r
L]

-I_'-I'I'-I'-I'-I'I‘I'-I'-I'-I'-I'-I'-I'.*-I_'-I'-I'-I'-I'-I'Itr'l'-l_'-l'l i

Ltl'l'ltl'l'lt

.
a L
L L L P T ) :: L P P L

" "ll "ll "' "ll "ll '.‘. "ll "ll "ll "ll "' "ll ".*‘. "ll "' "' "ll "ll "' '-..ll "' "ll "ll "' L

'Y
t##t##tfﬁ###t#%##tt##t

“E L m Lo L L mLm ...........|...|

bbbbbbb.bbbbbb F i rF F
'""""""':."'""""."*‘l""""""'.-.'"".""""'..""""""' L

’ t‘t‘tlt‘t‘tlthl‘tlt‘t‘i-li-‘t‘I-.-l-‘t‘i-li-‘i-‘i-lill_l‘i-li-‘t‘tlt‘t‘t.t‘t‘t‘t‘t‘tlt‘

N Em R M Ew ..-..-..-.......-..-..-..-..-..-..-q-..-..-..

".."..“'..".."..“'.."::'.."..”n."..“'n."..".. R A R NN

»
..........-a.............&.............. JrJrJrJrJrJr#ir‘rJr###Jrf#blrb#b#b#b##.#####Jrlrb:._lrblrlrlrlrlrlr

[ ] -
.-t‘thtli-‘t‘tlt‘ﬂ#‘t‘t‘tlt‘t

-b-b-b-b-b-b.'-b-b-b-b-b##..######i.i######l‘.#######

h q-q---nn-i--1--11:-----n-i--nn-n-hn--n--

v e

EIL L L | lh-.l_lblblblblblbi._lblblblblblbl*.‘_lblblblblblbl ‘blblblblblblb

1-1-1-1‘-111--11211-----

, i . _*. . . - 3 - .
S N A, R 8,
blbl‘_lblbl*I‘_lbl‘_lblblblbll:blblblblblbl*

lllllll’*llllll’

. F
Jrllllkllllllll b*b‘_bb-bbbbbbb

bkbbbb‘bbbbbb

'l'a'a'a'a'al"a'a'a'a'a'a Wb _h_K_§ oW K K & LIS DL T I DL T M D T I R Wb K _h & _§_§
ata’alalata'w n aln ety aty lr-q--q--- q--q--q--1:-1--1--1--#-1--1--1--'4-1--1-1-_

-|- .- L]

'a'a'a'a'a'a'a‘a \\'«\\'«l’\'«\\'«'«\.‘\\i\\'«\

- I:- 1-"-"-r"-"1-"-:ll"-"-|-"-"-|-"-"q-"-r& "-"-r"-"-r"-"-r"l:-r ntatatataats! i -r"-"-r"-"q-"-"t:- atatatatataTytata atn tatn a e at a a e at s
" »

L]
'|‘_1‘_1‘_1‘_1‘_1‘_1‘.1-_1‘_1‘_1‘_1‘_1‘_1‘_!'1‘_1‘_1‘_1‘_1‘_1‘_1*1‘_1‘_1‘_1‘_1‘_1‘_1‘_1.1‘_1‘_1‘_1‘_1‘_1‘_1‘_

L |
1‘_1‘_1‘_1‘_1‘_1‘_1*!‘_1‘_1‘_1‘_1‘_1‘_1‘_1":‘_1‘_1‘_1‘_1‘_1‘_1*

k
I|'|'|-|'|'|-|'J|'|'|'|'|-|'|

L ] L A i
'|'|-|'|'|-|'r1|'|'|'|-|'|'|-Il'|'|'|1111'{'111111#*111111 b*b‘_bb-bbbbbbb

bj-bbbbb-bbbbbb**kbbbbb-bbkbbbb-bbbbbb
[ ]

'._'._ﬁ_ﬁ_&_-.-'.-k_a_k_k_a_r'-l_'._'.-'._-._'._'.‘ll"._'._&_&_-«_a_&__{l‘ﬁ_&-&_a_'._'._

"ll"ll"ll"ll"l-"l- N '|-l".-"|-"|-"|-".-"-.ﬁ".-"""""":‘"’1""""
-

J T L
‘_1‘_1‘_1*-:._1*_1*1‘_1‘_1‘_1‘_1 b‘b‘b‘b‘b!b‘b'q L]

_-._-._-._-._-..-.--.-«.-.--._-..-.--._-.‘:--._-._-._-._-._-._-r. _-._-._-..-.--._-..I‘-._-..-.--._-._-._-.
"l-"l-"l-"l-"l-"l-...'l-"l-"l-"l-"l-"l-"l.'l-"l-"l-"l-"l-"l-"l-'."l-"l-"l-"l-"l-"l"l-‘l-' Sl St g

itiiT:#‘brit:it.litiitit._tiitiitl‘}itiitii

'I.'I.'I.'I-'I.'I.'I"'.'I.'I-'I.'I.'I-'I.:.'I.'I.'I.'I"I

- -"l."-"-"-."-"q."-."n"-"-."-"-"1:-"-"-"-"-"-."-'. i"l"l"i"l"l"i""l"i"l"l"i"l‘
y 2N W )
L) 'I:l- TR R R R

"lll"l-"l-"ll"l-"I.Il"l-"l-"ll"l-"l"'ﬁ"""""" - 'l-'"""""‘l.""""""

illill_i_.illtltlt‘_tliltltltltltll._tliltltltli -
L Ly ]

.o 0 0 0 W 0 D,

ilililililil#lillilililil#%###t###.#######:‘######

"l-"""""‘.""""""’#I"l-"l"l"l-"l-"l 'l-"l"l-"l-"l"l-"l- ' "l-"l"l-"l-"l '. "I-"""""""""""""f 'I-"l-"l-"l"l-"l- 'l-"l-"l"l-"l-"l"l- ' "l-"l-"l"l-"l-'

. i . - ;

lilililililillililil###ﬂl######l‘####ililillilililililil

L
illilililil#I#######}######t‘_ﬁ#l ililililililil'illililililil#'I######t‘_#######'}#######

#Ltltltltll.tltltltltltll- s

» x5 ¥ ¥ a R R »
b’rb‘rb‘rb’rIr‘rb#b#"rb#b#b#b‘rb#b#-ll._#b’rb#blrblrb‘rb#‘llb‘rb’rbﬁ'b‘rbﬁ'bﬁ'bll-#b#b#b#:rb‘rb# ‘errb’rb#b#b#b#-#b#b#b#b#b‘l’b#b ‘rb’rb’rb‘rb’rIrJrb‘r-llblrb‘rb’rbﬁ'b‘rbﬁ'b#:l'b#b#b‘rb#:rb‘r' Jl'Ir‘l'IFJI'IFJI'Ir‘l'IFJI'IFJI'Irlll_ll'IFJI'Ir‘l'IFJI'IFJI'Ir‘l'IFI._JI'Ir‘l'IFJI'IFJI'Ir‘l'IFJI'IFJI'II"‘I_JI'IFJI'Ir‘l'IFJI'IFJI'IFJI'IFJI'-l'IFJI'IFJI'IFJI'IFJI'IFJI'IFJI'Ir

/ ]
b* b* b* b* b* b* b‘..-* b* b* b* b* b* b* :: b* b* b* b* b* b* b*-* b* b* b* b* L bl-* b* b* b* b* b* b*

‘Jr‘Jr‘lr‘Jr!Jr‘Jr‘Jr:ir:Jr‘Jr!Jr‘Jr‘Jr‘Jr"‘Jr‘Jr‘Jr‘Jr!Jr‘Jr‘J!:ll:lr‘lr‘Jr‘lr‘lr‘lr:i:lr:lr‘#‘lr!lr‘lr‘lr

LI L I IR . I | 1.1 1 11 T 1. % 5 11 LI I I IO I B | T 1 % 7 11 1.1 1 11 1.7 1T % 5 %11 LI I DL I IR L L IR L O R . B | lllllll’lllllll’ﬂllllll 1.7 % 7 1 % ¥4 85 5 %1 5 15171 LI I I IO I B |
; JrJrJrJrJrJrlll.‘JrJrJrJrJl'JrJr:IJrJr‘JrlJr‘Jr‘Jrl#:Jrl_JrJrJrJrJrJr-I:JrJrJrJrJrJrJr JrJrJrJrJrJrJr a-#a-a-a-a--t:a-a-a-a-a-a-a-ia-a-a-a-a-a-a- ‘Jrllrlllrilrllrilr"_JrJrJrJrJrJrJriJrJrJrJrJrJrI:tJrJrJrJrJrJriJrJrJr#JrJrJr I I

N N N N N N N NI N N N N N NN N N N N W N N N N N N N NN N N N N N N N N N N N N N N N N N N N N N N N N N N N




US 2024/0041781 Al

Feb. 8, 2024 Sheet 17 of 32

Patent Application Publication

. ; S Py s ) .
4 ; : r - )
. . . ; ; : 4 & -
b F o
. ; - , .
- . . . . S o rl
) s ; : ; -
. x o - 4 ; ) -
- s p -~ 1 s x . :
. . .
N L] > ! A C L ! b
. ; r oy y n
. - ; ; 4 W 1 ) )
L - X " i r ol y - r i) - - - .
N J N . L] - 1
-k . L] b I b o L n . L] . H a
] 3 » iy ; LN 3 o 1 : L
atu . . % - o . . s x . . .
' ; ] i iy - ; o
B . e L RN FEEREEESEYER R R R . JF R SRR R T N N R
.............................. i ; e o e e G e . .
-k . . b ra h F p w h K L Fl n . [ -
] . ; : _.. : : ' ol - L i
L] . Ly N r R . ;, - " ;, F] u .
- . L - i r b - [ N k .
. ) ] I i Fl ry Fl h ]
. : , s - . s ' -
. . h bl L] . Fl - ” i o Fl n
] ;i L1 : o L | - " . -
. L. L . . A - L 4 - -
[ ] L p b, - -
. o [ r = h g . " ) Fl ]
- -l r . . o = u’ F a -
) n o PR g ‘o a r b
L] e ; ; Ay AN y " ; o
X - ' . . r
- 1 R .
. X r - r ] o . "
- y y rd r

iesisieieiegleinteleiee}

SO AR (o smanud

%ﬁ
j"w

-------
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
L . - L . . - LY W .

G

i . 5 K ’ ] " a
s - ] "
. r . 3 y : . ]
. i . - :
B A i L L b . ) k -
I r AT 3 a - -
P - r a 3 . o
= ' = : o . a ]
g r - a ' -
4 r o - o r y f] a ]
- A - r p
. w L 1 4 u . ]
- - ] a . ) - r i
. ) : 3 a ] -
& i . y a ! - - P
. ) " y ' . ] ._.
- P 2 a i - .
! o . .- w _ _._ . ] Pl
;;;;;;;;;;;;;;;;;;;;;; ¥ AN Bk P S T S S S Y Y S S Y ST .,.....,.....,.....,.....,.....,.....,....a...,.....,.....,.....,.....,.....,.....,.... .....,.....,.....,.....,.....,.....,.....,....1
ol o - r =] ] ] CECI)
o " " " i e U ) N . .
- e - 3 b, . 4 . l_.
- ] ] .
- L o 3 ] A o % - e
. [ = L o . ]
? . X Ll 2 L A b -
- a Y ) . y . ]
. b - e J 4 L -
A n I - D N 3 d . b ]
L " F , o =g | p
. A - J A - -
- r a . Py -
. ! e 4 . ]
w - B -
] » F - "
e A iy B L s
> ]
i - L
- - L ]
r. . -
r .

sy 10 Sn b SIERUIUAL BENLR
abiul oy ubneneibac g

S aniruyon SISOUIAT  SOMUDDY




US 2024/0041781 Al

Feb. 8, 2024 Sheet 18 of 32

Patent Application Publication

A

E]

)

B a4 a4 a4 a4 4 a4 3 4. 4 9. 3. 9. 3. 9. 9. 9. 3. 9. 3.9 39_9_3_3_4_9_2_]

wiselytenleeln e el el e

REEEE R R R RS

I T I R I N N T N R O N

.-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..'.-..-..'.-..-..'1
P e e e e e e e e e T e e T T R R e

R R R L R R S E R LR R B S R L LR RS LR

R R E R R R R R S S R R E R s

I I T T T TR O P P R R R N R -

goeee e e e e e e}

> F F F F FFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFERFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFFEFEFFEFEFEFEFEFEFEFEFFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFFEFEFEFEFEFEFEFEFEFEFEEFEFEEFS




US 2024/0041781 Al

Feb. 8, 2024 Sheet 19 of 32

Patent Application Publication

T i Sy i S,

0L2y [ZOLL|L0VG|99°LL 8411 |C9LL | 912 |G Hd —a—
YSCT |9'L6Z|L°G6) |€BLL|1L66| VBLL |p pd —e—
dECHAUNDLL | rooe | e9se |ev65|81'LL |686L 1028|2622 |8 HI——

185 | vV |6'101 | V264 | V249 | 1'BSE | LSLY [} HI —o—

cleflsirlelel b

H

: _ 00%
0001
0041
000C
0042
000¢C
00GY
Q00Y

- Q0S¥

(wu) 8zis

8215 N uo sabusyd Hd jo ey



US 2024/0041781 Al

Feb. 8, 2024 Sheet 20 of 32

Patent Application Publication

DEZ TUNDIA

[ v [s90] w0 sro o [0 lyua—e
[t Jeco]ee0 ero] o 6rojea——
1 [S80 | 20| 820 820 [ 820 [ £0 [cHO—
e lslvlelel ],

(A

70

ad

90

80

— &}
(10d) xepu| AusiadsipAjod dN uo sabuey) Hd jo 10813




US 2024/0041781 Al

Feb. 8, 2024 Sheet 21 of 32

Patent Application Publication

Ov ¥

gy 41911

Rl

Ove Oy <

{1014} ¥Opu} AUSIBASIDAICH

Q00

B OLO

02 0
0e0
Ov0
0% 0
09°G
0L 0
080
06'G
004

R

ghgingig

{

Ur v

VEC HHVOIA

s
OF ¢

GV ¢

w 000

007007

L 00°00%

| 00009
00008 @
000001 @
00°002L 3
000071 =
000001
000031
000007



US 2024/0041781 Al

Feb. 8, 2024 Sheet 22 of 32

Patent Application Publication

N 84 Bt BuIsSSe00i
-8l YBT BPUOIUD UBSOHUD

DLisS8004d844 NOULAA PUB LIHAA
Ol AN uesouyD Buuedwon

(P Ad1OiA IPC AU IA
Buissasmdold ON @ butssacaifard 1
2650 | 520 [vezo [owo | varo | bussevordois 0]
23401338 |
m. EWEW Gl | MHWIEWI%
0SC 0LZ OLE 0SL 068  OF mrm..m_ -m -\\\M. .-m_ .
0gv 00 Ov2 G8L 021 08 O m.ﬁ .% -%IW_. ro
| b G 5 Ziss B 7 % % ol
: @& g 7 1 :
{ & O — 1 \\x % co 5
2 Z 4— 90 X
€0 “ 3
mmdfmuu . L4 ..m,



US 2024/0041781 Al

Feb. 8, 2024 Sheet 23 of 32

Patent Application Publication

-
1111111111

Get e a8 2kt Qe Qe Rk W i

*
Er

iy s 5 . s, ey iy 2 e sy o
G895 DT DR ORL 6T 0% O a9c oOF Y oM o o8 D

i XE -. ... 1 .
e d 00

-
-~

g o SRR T SR R BA Bl

FLpssaniii Big TLLD BESOID CutsS ot B £1 110 VOSRE0



Patent Application Publication  Feb. 8, 2024 Sheet 24 of 32  US 2024/0041781 Al

[\\\

FIGURE 25D
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TWO-STAGE MICROPARTICLE-BASED
THERAPEUTIC DELIVERY SYSTEM AND
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application 1s a Continuation of U.S.
patent application Ser. No. 16/557,599, filed on Aug. 30,
2019, which 1s a Continuation of U.S. patent application Ser.
No. 15/436,651, filed on Feb. 17, 2017, now U.S. Pat. No.
10,398,655, which claims the benefit of U.S. provisional
applications: Ser. No. 62/336,405, filed on May 13, 2016;
Ser. No. 62/296,599, filed on Feb. 18, 2016; and Ser. No.
62/336,209, filed on May 13, 2016. Each one of these
applications 1s hereby incorporated herein by reference 1n 1ts
entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under grants nos. R44CA192875-01 and number

R44DE023725-03 awarded by The National Institutes of
Health. The government has certain rights 1n the mnvention.

TECHNICAL FIELD

[0003] The present invention relates to systems for deliv-
ery of a therapeutic agent to a mucosal tissue, and 1n
particular to systems with a porous polymeric matrix includ-
ing chitosan and a plurality of microparticles embedded
within the matrix.

BACKGROUND

[0004] Cancers aflecting the mucosae of the body are a
growing public health concern. Oral cancer alone aflects
over 640,000 people annually worldwide and over 40,000 1n
the US. The incidence 1s on the rise due to an increased
aflliction with oral HPV, which 1s cancer causing. Treatment
methods 1include surgery and systemic chemotherapy admin-
istered intravenously, often 1n combination. Surgery 1s often
ineflective due to the difliculty associated with i1dentifying
margins surrounding oral tumors. This nability to com-
pletely remove tumors during surgery contributes to oral
cancer’s high rate of recurrence. Systemic chemotherapy 1s
often used but lacks targeting and exposes the patient’s
entire body to damaging chemotherapeutics. This method
can be dose limiting due to exposure within the blood stream
and other organs, as precautions must be taken in consider-
ation of the safety of this systemic exposure. Systemic
delivery often results in damaging side effects from toxic
drugs reacting with the body. These include neurotoxicity,
nephrotoxicity, kidney failure, hair loss, nausea and mucosi-
t1s.

[0005] In addition, oral cancer 1s among the most debili-
tating diseases emotionally as well as physically. Permanent
disfiguration can occur after surgical resection of oral
tumors. The patient’s ability to eat, drink, or properly speak
alter surgery can also become 1mpaired or not possible. In
part for these reasons, oral cancer 1s considered the most
expensive cancer to treat. The costs associated with surgery
and chemotherapy themselves are substantially high. How-
ever, 1n the case of oral cancer there also are significant costs
required to reconstruct the face, neck or other regions
aflected by the large removal of tissue. These can 1nclude

Feb. &, 2024

jawbone or oral tissue reconstruction. Further, these proce-
dures can also leave the patient hospitalized 1n recovery for
long periods of time, which also contributes to substantial
rehabilitative costs post-operation. These costs can add up to
a sum that has been recognized as the highest costs associ-
ated with cancer, and can exceed the amount of US$150,000.

[0006] In addition to monetary cost and other physical side
cllects, emotional side eflects also speak to the especially
tragic and debilitating effect of oral cancer compared to
other cancers and diseases. The emotional toll on oral cancer
patients can be far greater than that of other diseases,
primarily due to the physical deformity (including physical
appearance and lack of clear speech) that results from
treatment. The potential loss of sigmificant portions of the
tongue can be what leads to permanently impaired speech
and even taste. The severity of this emotional eflect can be
tully understood when the suicide rates associated with other
diseases are compared. The suicide rate of patients sullering
from oral cancer 1s among the highest as compared to other
cancers, and 1s about three times the rate of several other
types of cancer. These consequences of traditional treatment
methods for oral cancer illustrate why an alternative treat-
ment method 1s desperately needed to address this unmet
need and patient sullering.

[0007] Anal cancer accounts for 2.5 percentage of all
digestive system malignances in the US, and approximately
8,000 new cases are diagnosed annually. The incidence of
anal cancer in the general population has increased over the
last 3 decades. Additionally, colorectal cancer (CRC) 1s a
common and lethal disease. It 1s estimated that approxi-
mately 134,490 new cases of large bowel cancer are diag-
nosed annually 1n the US, including approximately 935,270
colon and 39,220 rectal cancers. This cancer remains the
third most common cause of cancer death in the United
States. Approximately 49,190 Americans are expected to die
of large bowel cancer each year.

[0008] One of the differences between colorectal cancer
and anal cancer are the risk factors that can cause each.
Primary risk factors for colorectal cancer include age, genet-
ics, race, diabetes, obesity, lack of exercise and smoking. In
contrast, the primary cause of anal cancer has been the
increase 1n prevalence of human papillomavirus (HPV).

[0009] As 1t pertains to anal cancer, almost all cases of
anal cancer are caused by HPV, which is cancer causing, the
presence of the HPV genome has been 1dentified 1n 80%-
85% of the cases of anal cancer. The HPV 1s able to live only
in squamous epithelial cells that are found on the surface of
the skin and on moist surfaces—mucosal surfaces. The virus
1s transmitted through skin contact. Sexual activity and other
skin contact has been a primary driver of anal cancer. The
primary driver of the rise 1n incidence 1s due to the rise of
HPV. Smoking 1s another risk factor for anal cancer as it
spreads carcinogens throughout the entire body and also
reduces the immune system’s ability to fight the HPV virus.
Over 90% of anal cancer 1s squamous cell carcinoma, with
the other 10% including more rare forms of cancer including
basal cell carcinoma, adenocarcinoma, and malignant mela-
nomas.

[0010] 1. Anal Cancer Treatment:

[0011] Contrary to current perception, anal cancer 1s a very
significant and debilitating disease. Treatment can include
surgery, radiation, chemotherapy, and combinations thereof,
often resulting in significant side effects. Despite the various
choices, these treatment options remain ineflective 1n many
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cases at eliminating tumors and preventing death. As stated
in the background, the percentage of patients surviving 5
years alter treatment ranges between 45-85% according to
the stage of the disease. The relatively low survival rate 1s
unimpressive considering that anal cancer 1s typically dis-
covered at early stages. According to US government sta-
tistics, 49% of anal cancer 1s localized at the time of
diagnosis. An additional 31% exists regionally in the area;
tewer than 20% are node-positive, while only 13% 1s
discovered metastasized. The low 5 year survival rate
despite these localized statistics suggests that current treat-
ment options are not optimal and may be considered inet-
fective at treating anal cancer.

[0012] 1.1 Surgery: While surgical treatment for anal
cancer as the standard of care has since been replaced by
chemotherapy, 1t 1s still used as a means of tumor reduction
when chemotherapy shows little effect. This radical proce-
dure can require the removal of the anus, rectum, and
sigmoid colon, with creation of a permanent colostomy. An
ostomy as 1t pertains to anal and rectal cancer 1s a surgically
created opening 1n the abdominal wall that 1s used to divert
bodily waste during and after anal surgery. For anal cancer,
the most common ostomy 1s the colostomy. Instead of
expulsion via the anus, feces and other waste pass through
the opening of this and into an external collection bag. A
specialized nurse 1s required to teach procedures regarding
caring and washing of the ostomy and surrounding area. The
process of surgically creating and personally maintaining the
ostomy and collection bag can be very painful, emotionally
challenging, can result 1n infection, and can be very expen-
S1VeE.

[0013] Developments of new strategies were directed at
preservation of the anal sphincter. Surgery has been associ-
ated with local failure 1n up to half of cases, and five-year
survival rates are approximately 50%-70%. In the past,
surgical treatment with abdominoperineal resection (APR)
(APR) was routinely performed for anal cancer. The radical
procedure required removal of the ano-rectum with creation
of a permanent colostomy. The overall probability of five-
year survival was 40-70%, with a perioperative mortality of
3%. When surgery 1s used, side eflects are extensive and
debilitating. The most common immediate complication (1n
32% of patients) 1s intra-abdominal or pelvic abscess, other
complications include nerve imnjury (the autonomic nerves
that affect both sexual and urinary function may be injured),
postoperative sexual or urinary dysiunction (10-60%), uro-
logic 1jury, perineal wound, and complications related to
the ostomy. Current treatment approaches reserve surgical
therapy for patients with recurrent or persistent disease after
chemoradiotherapy. Although prognosis 1s poor overall, an
APR offers the potential for long-term survival. Local exci-
sion 1s performed by several surgeons for small, local
perianal cancer, where sphincter function will not be com-
promised by adequate surgical resection.

[0014] As mentioned before, in more serious (refractory or
recurrent) cases of anal cancer, APR 1s performed, 1n these
cases, a permanent colostomy 1s needed, and permanent
damaging side eflects are common. Failure to control anal
cancer and complications of treatment are alternative indi-
cations for a colostomy, but 1n most cases, colostomy 1is
required for recurrent tumor.

[0015] 1.2 Chemotherapy: Systemic chemotherapy 1is
often used but lacks targeting and exposes the patient’s
entire body to damaging chemotherapeutics. This method
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can be dose limiting due to exposure within the blood stream
and other organs, as precautions must be taken in consider-
ation ol the safety of this systemic exposure. Systemic
delivery often results in damaging side effects from toxic
drugs reacting with the body. These include neurotoxicity,
nephrotoxicity, kidney failure, hair loss, nausea and mucosi-
t1s. As an alternative to surgery, chemotherapy 1n addition to
radiation are also used as methods to treat anal tumors. The
current standard of care uses 1nitial concurrent combination
of chemotherapy and radiation for patients with anal canal
squamous cell carcinoma, even with small, local tumors.
When chemotherapy 1s used, temporary central venous
catheters or peripherally inserted central catheters may be
used on an individual. Side effects from treatment include
those typical to systemic chemotherapy. These include nau-
sea, hair loss, kidney damage, low blood cell count, mouth
sores and a compromised immune system. Since chemo-
therapy 1s currently delivered systemically throughout the
body, there are dose limiting factors which can result in
lower dosages being administered than what 1s considered
optimal.

[0016] 1.3 Radiation: Forms of radiation administered
include external radiation or brachytherapy (internal radio-
therapy, aiming to spare the surrounding normal structures).
These can be used as a treatment method 1n combination
with chemotherapy, and are very extensive. They are com-
monly administered 5 days a week for 5 to 6 weeks. In
addition to the side eflects, this high frequency of adminis-
tration contributes to the strenuous nature of this treatment
method. Side eflects can persist post-treatment and include
irritation, pain during bowel movements and urination,
vaginal pain or vaginal stenosis (for women) and erectile
dysfunction or impotence (for men). Sexual and gastroin-
testinal dystunction can occur and will often last throughout
the remainder of the patients’ life. The incidence of late
toxicity from radiation such as anal ulcers, stenosis, and
necrosis, 1s also dose-dependent.

[0017] 2. Rectal Cancer Treatment:

[0018] 2.1. Surgery: Diflerent surgical options are avail-
able, according to the stage, location, differentiation of the
tumor. Superficially invasive, small rectal cancers managed
with limited surgical procedure—trans-anal excision (TAE).
Disadvantages of TAE alone are the high recurrence rate (up
to 31%), potential compromise for cure, and the need for
additional wider resection when positive to cancer margins
are found. Since the majority of patients have more deeply
invasive tumors, more extensive surgery 1s required, surgical
options 1nclude total mesorectal excision (IME), low ante-
rior resection (LAR) that includes rectum and sigmoid colon
removal.

[0019] These surgical options carry a variety of compli-
cations including risk of perioperative mortality. Wound
infections, fecal frequency or urgency, the need for rectal
reconstruction with 1ts complications, anastomosis leak that
leads to considerably high rates of morbidity and possible
mortality. Patients also risk functional derangements or,
even, mcontinence. Sexual and bladder function may also be
adversely aflected, probably because of injury to autonomic
nerves.

[0020] The last surgical option i1s the abdominoperineal
resection (APR) with 1ts potential complications (mentioned
above).

[0021] 2.2 Radiotherapy: radiotherapy combined with
chemotherapy can be used as a neoadjuvant (induction
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chemoradiotherapy) can be used for locally advanced or
node-positive tumors, adjuvant treatment aims to 1mprove
local control and survival, and reduce recurrence.

[0022] 2.3 Chemotherapy: As mentioned before, chemo-
therapy 1s used in combination with radiation as part of
neoadjuvant or adjuvant treatment. The regimen of chemo-
therapy used 1s typically FOLFOX (5-FU, leucovorin, and
oxaliplatin) or CapeOx (capecitabine and oxaliplatin). These
chemotherapies are given systemically leading to systemic
toxicities as mentioned prior.

[0023] Anal and rectal cancer together account for a very
significant portion of cancer cases within the United States
and worldwide, however due 1n part to the side eflects and
limited eflicacy described above, still lack an 1deal safe and
cllective treatment option. In order to address this severe
unmet need, provided herein 1s an alternative, more eflective
treatment option for colorectal and anal diseases. Agents
commonly delivered i large doses systemically to treat
these conditions have been reformulated for localized deliv-
ery and retention, resulting in higher local concentration of
agents while a lower overall dosage has been administered.
The present invention aims to overcome the shortcomings,
side eflects, and lack of eflicacy of current treatment options.

[0024] Dafhiculties in delivering therapeutic agents to
mucosal tissues can also be a hurdle to the treatment of
diseases aflecting the gastrointestinal (GI) tract. For
example, over three million people are diagnosed with C.
difficile colitis each year 1n the United States alone, and such
disease can be caused by antibiotics which destroy the
body’s natural bacteria. GI diseases, including ntlamma-
tion, IBD and its variants can also stem from malnutrition,
unsanitary living conditions, exposure to bacteria, and other
causes. These causes explain a significantly higher preva-
lence 1n developing nations, particularly those in Africa and
Southeast Asia. Children under five years of age are par-
ticularly vulnerable to these conditions. There exists sub-
stantial risk of life-threatening complications such as dehy-
dration, sepsis, kidney failure, colon perforation, and death.
These are diseases of a very debilitating, painful and wide-
spread nature and represent a chronically underserved mar-

ket.

[0025] Despite the drawbacks of traditional drug admin-
istration routes, they remain eflective in certain cases at
releasing therapeutic, diagnostic and/or prophylactic agents
into the gastrointestinal tract. However, when employing
these routes, local delivery of agents not only within the
intestine but also through the intestinal mucosa remains very
difficult. The mucosa layer on the intestinal wall presents a
formidable barrier to adhesion and absorption of such
agents, such as biologics, peptides, pharmaceuticals and
nutraceuticals which are commonly delivered 1n standalone
forms. Few compositions can penetrate this viscous, slippery
material to reach the tissue and cells beneath.

[0026] Pertaining to targeted delivery, 1t 1s diflicult for
most substances to become attracted to these cells long
enough to deliver an effective amount of the therapeutic,
diagnostic and/or prophylactic agent. This remains one of
the principal dificulties limiting the eflicacy of treatments
delivered to the GI tract. Likewise, suflicient targeting to
regions within the GI tract remains highly diflicult due to the
complex makeup of the GI tract. Highly acidic levels within
the stomach and varying pH levels within diflerent sectors of
the intestine contribute to targeting difliculty, particularly to
particle-based therapies. For example, the pH of the duode-
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num of a fasted patient can be approximately 4.5 while the

jerunum exhibits a pH closer to 6.5. A delivery system would

in this example have to be able to withstand the stomach pH
(1.5-2.5) 1n addition to the pH of the duodenum in order to
be delivered 1nto the jejunum. This scenario 1s present across
the GI tract depending on the region and fed vs. fasted
condition of the patient.

SUMMARY OF THE EMBODIMENTS

[0027] In accordance with a first set ol representative
embodiments of the mvention, a system for delivery of a
therapeutic agent to a site 1n mucosal tissue 1s provided. The
system includes a porous, mucoadhesive polymeric matrix
having first and second opposed surfaces. The matrix 1s
formed by a composition including chitosan, a hydration
promoter, a microparticle adhesion inhibitor, and a
microparticle aggregation inhibitor. A plurality of micropar-
ticles are embedded within the matrix. The microparticles
contain a therapeutic agent and have a coating around the
therapeutic agent. The first surface of the matrix 1s config-
ured to be attached to the site 1n the mucosal tissue and the
matrix 1s configured to provide controlled release of the
microparticles through the first surface. The coating of the
microparticles includes chitosan so as to provide controlled
release of the agent from the microparticles. Optionally, the
hydration promoter 1s selected from the group consisting of
cthylene glycol, propylene glycol, beta-propylene glycol,
glycerol and combinations thereol. Also optionally, the
microparticle adhesion inhibitor 1s a non-1onic polymer, and,
as a further option, the non-1onic polymer 1s HPMC. Addi-
tionally, as an option, the microparticle aggregation inhibitor
1s selected from the group consisting ol monosaccharides,
disaccharides, sugar alcohols, chlorinated monosaccharides,
chlorinated disaccharides, and combinations thereof. Also
optionally, the microparticles further include sodium trip-
olyphosphate. Optionally, 1n the system there 1s a {free
quantity of the therapeutic agent, embedded directly 1n the
matrix, and not otherwise coated with chitosan, wherein the
free quantity of the therapeutic agent constitutes between
20-80% of a total quantity of therapeutic agent 1n the system.
Optionally, the second surface i1s permeable to water. As a
further option, the second surface includes a material
selected from the group consisting of a polyacrylate adhe-
s1ve, a non-woven polyester fabric, or combinations thereof.
Optionally, the chitosan in the matrix and the chitosan in the
microparticles 1s pure chitosan. As a further option, the

average diameter of the microparticles 1s from about 500 nm
to about 2000 nm.

[0028] In another embodiment, there 1s provided a porous,
mucoadhesive polymeric matrix formed by a composition
including chitosan, a hydration promoter, a microparticle
adhesion imnhibitor, and a microparticle aggregation inhibitor.
In accordance with yet another set of representative embodi-
ments of the invention, there 1s provided a method for
manufacturing a therapeutic agent delivery system. The
method 1ncludes forming a first mixture with a plurality of
microparticles. The microparticles contain a therapeutic
agent and have a coating around the therapeutic agent, the
coating including chitosan. The method also includes form-
ing a second mixture from ingredients including the first
mixture, chitosan, a hydration promoter, a microparticle
adhesion inhibitor, and a microparticle aggregation inhibitor.
The method further includes freezing the second mixture 1n
a bath containing an aqueous alcoholic solution at a tem-
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perature above the freezing temperature of the aqueous
alcoholic solution and at most —-40° C., to form a frozen
layer precursor. Finally the method includes drying the
frozen layer precursor, to form a porous polymeric matrix
with microparticles embedded within the matrix. Optionally,
the bath further contains dry 1ce. Also optionally, the alcohol
of the aqueous alcoholic solution 1s ethanol. As a further
option, the aqueous alcoholic solution 1s from about 90 wt
% ethanol to about 99 wt % ethanol. Optionally, the method
turther includes applying a second layer precursor to the
frozen layer precursor, to form a solid comprising a {first
layer and a second layer. Optionally, the second layer
comprises a therapeutic agent. Also optionally, the wherein
the drying 1s under vacuum.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The foregoing features of embodiments will be
more readily understood by reference to the following
detailed description, taken with reference to the accompa-
nying drawings, in which:

[0030] FIG. 1 1s a graph showing the release profile of
example particles which may be included within a multi-
layered device according to embodiments of the present
invention.

[0031] FIG. 2 1s an mmage of a multi-layered device
according to embodiments of the present invention. The
device features two layers: one top layer including FITC, a
fluorescent dye which fluoresces green when examined
under a fluorescent microscope, and one bottom layer
including Cy35, a fluorescent dye which fluoresces red when
examined under a fluorescent microscope.

[0032] FIG. 3 represents another multi-layered delivery
device according to embodiments of the present invention.
The pictured also features two layers: one “lighter” top layer
containing 5S-fluorouracil, a chemotherapeutic, and one
“darker” bottom layer containing cisplatin, another chemo-
therapeutic.

[0033] FIG. 4 1s a microscope image taken from oral
buccal tissue. The red light 1s from the Cy3 fluorescent dye
and the green light 1s from the FITC fluorescent dye.

[0034] FIGS. SA-5C show three images taken from lamb

buccal tissue at different time points. FIG. SA shows tluo-
rescent FITC and Cy5 above the tissue shortly after appli-
cation of the device according to one of the embodiments of
the present ivention.

[0035] FIG. 3B shows FITC beginning to permeate the
tissue after 30 minutes. FIG. 5C shows the green FITC
permeating deeper into the tissue after 1 hour.

[0036] FIG. 6 represents a multi-layer device according to
embodiments of the present mnvention mncluded as part of a
treatment kit for use 1n mucosa-based indications according,
to embodiments of the present invention.

[0037] FIG. 7 1s a schematic depiction of a kit containing
6 treatment devices according to embodiments of the present
invention.

[0038] FIG. 8 1s an image taken of one of the treatment kits
designed 1n accordance with the depiction of FIG. 7.

[0039] FIG. 9 1s another schematic representation of a kit
according to embodiments of the present invention.

[0040] FIG. 10: Illustration of the human GI tract from the
stomach onwards and associated pH levels of each region.

[0041] FIG. 11: Depiction of how solutions containing
particles (“Ps”) with diflerent properties can be combined to
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offer targeting to multiple exclusive regions within the GI
tract according to embodiments of the present invention.
[0042] FIG. 12: Graphical depiction of epithelial cells and
the location of crypts, which are one of the targeted areas the
disclosed concept.

[0043] FIG. 13: A depiction of a particle containing an
active agent according to embodiments of the present inven-
tion. As the image 1llustrates, targeting ligands, crosslinkers,
agents, additional polymers and combinations may be
included within the particles.

[0044] FIG. 14: ATTO (Red fluorescent dye) labelled
particles according to embodiments of the present invention
permeating into and beyond the basement membrane of
intestinal mucosa.

[0045] FIG. 15: Permeation of ATTO (fluorescent dye)
labelled particles (red) permeating into intestinal tissue
beyond the basement membrane according to embodiments
of the present invention. Depth of approximately 500 um 1s
evident. 100x magnification.

[0046] FIG. 16: A graphic chart illustrating the delivery
and absorption process according to embodiments of the
present mvention.

[0047] FIG. 17: Illustration depicting how, according to
embodiments of the present invention, enteric capsules may
be used to target intestinal stem cells.

[0048] FIGS. 18A-18C: Data from a cell uptake study,
including a microscopy 1mage 1 hour after incubation with
Alexa 647 particles (FIG. 18A). Evaluation of cell uptake by
flow cytometry, percentage of positive cells after 30 and 60
min incubation with particles at a concentration of 0.03 g/L
(FIG. 18B). The results showed that particles were taken up
by more than 95% of the cells 1n both cases FIG. 18C:
Fluorescence intensity was 23% higher after 60 min incu-
bation vs. after 30 min due to higher NP uptake.

[0049] FIG. 19: Image showing how the design of enteric
capsules would include and protect particles.

[0050] FIG. 20: Image showing an example of the rela-
tionship of pH to size of particles 1n some embodiments of
the present invention.

[0051] FIG. 21: Image showing an example of the rela-
tionship of pH to PDI (defined below) of particles 1n some
embodiments of the present invention.

[0052] FIG. 22A 1s a schematic drawing of a particle
according to an embodiment of the present invention. FIG.
22B includes a list of parameters which may be modified to
control the degradation of particles according to embodi-
ments of the present application.

[0053] FIG. 22C illustrates release of encapsulated agents
from particles as the pH increases.

[0054] FIG. 23A: synthesis pH size vs. pH adjustment; the
particles (“NPs”) synthesized at pHs ranging from 1.0-6.0
showed a consistent trend 1n the pH of their disintegration.
Nearly all of the NPs began to swell and degrade once the
increased pH was a factor of 2 or more than their synthesis
pH. FIG. 23B: pH change to size; results show that even 1t
NPs are synthesized at a pH of 5, for example, they can
remain stable 1n a very acidic environment where they will
not release their encapsulated drug. NPs are considered to
begin releasing their payload once their size increases 400%
from that of 1mitial synthesis.

[0055] FIG. 23C: pH change to polydispersity index
(PDI). The PDI 1s a key factor of NPs stability. A PDI of 1
signifies that the solution 1s 1ncredibly polydisperse, 1ndi-
cating that particles have fallen apart.
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[0056] FIGS. 24A-24D: Graphs illustrating the sensitivity
of one selected loaded particle (“LP”") vanant (FIGS. 24A
and 24B) as well as graphs illustrating the level of modu-
lation and control that can be held over particle properties
(FIGS. 24C and 24D) according to embodiments of the
present invention. FIGS. 24A and 24B illustrate the sensi-
tivity of LPs synthesized from chitosan chloride rather than
the raw chitosan polymer. LPs made from chitosan chloride
proved to be more fragile and sensitive to pH changes than
the raw counterpart. FIGS. 24C and 24D illustrate the level
of modulation and control that can be held over LP prop-
erties from chitosans of diflerent compositions and molecu-
lar weights using sodium nitrite.

[0057] FIGS. 25A-25D: Charts demonstrating an example
of how the charge (FI1G. 25A) and size (FIGS. 25B, 25C, and
25D) of chitosan loaded particles can be precisely modu-
lated. In FIGS. 25A and 25B 1s plotted the effect of different
pre-processing time 1n relation to NP charge and size respec-
tively. In FIGS. 25C and 25D are graphed the effects of using
different concentrations of a preprocessing agent such as
sodium mitrite.

[0058] FIGS. 26A-26E: Tables showing the polydispersity
(PDI) and average size in nanometers of particles synthe-
sized at various pH levels which have been designed to
remain stable at desired secondary pH levels.

[0059] FIG. 27: Illustration demonstrating how particles
can be created to release at specific desired regions within
the GI tract according to embodiments of the present inven-
tion.

[0060] FIG. 28 illustrates a mesh containing micropar-
ticles for unidirectional delivery through either the mucosa
or epithelium lining the colon, rectum or anal tissue as
outlined in the description delivering microparticles 1nto the
tissue, according to embodiments of the present invention.
The mesh depicted contains an optionally impermeable or
water permeable backing layer to prevent passage of mate-
rials through the reverse side of the mesh, and illustrates
how loaded particles released permeate the tissue locally.
[0061] FIG. 29 1s an image of one style of the mesh
according to embodiments of the present invention within a
protective mold.

[0062] FIG. 30 1s an image showing the fluorescent per-
meation of one style of the mesh within tissue. The mesh
was administered and left 1n contact with the tissue for one
hour. particles have been conjugated to ATTO (fluorescent
dye) which fluoresces red as shown 1n the image. The blue
color 1s DAPI staining which stains the nucler of cells blue.
The scale bar shown 1s 400 um, showing that the red
particles have permeated significantly into the blue tissue.
[0063] FIG. 31 shows a graph detailing the stability of

particles 1n various solutions.

[0064] FIG. 32 shows the mesh containing particles inside
of 1t according to embodiments of the present mnvention.

[0065] FIG. 33 shows the level of permeation by one
embodiment of the present invention. The green fluores-
cence represents particles which have permeated the tissue.
[0066] FIG. 34 i1s a chart comparing permeation and
release of chitosan particles from a patch having a chitosan
matrix in the presence (+PG) or absence (-PG) of propylene
glycol according to embodiments of the present invention.

[0067] FIGS. 35A-35B show chromatograms monitoring

the release of 3-Fluorouracil (*5-FU”) from a device includ-
ing particles loaded with 5-FU 1n a chitosan matrix accord-
ing to embodiments of the present invention.
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DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0068] Definitions. As used i1n this description and the
accompanying claims, the following terms shall have the
meanings mdicated, unless the context otherwise requires:

[0069] A “‘polymer” 1s a molecule having at least 100 units
of a monomer.
[0070] “Microparticles” are sets of particles having an

average diameter of at least 200 nm to at most 2000 nm.
[0071] “Nanoparticles” are sets of particles having an
average diameter of at least 1 nm to below 200 nm.
[0072] A *particle diameter” or “particle size” 1s the length
of the longest straight axis between two points on the surface
of the particle.

[0073] A “pure chitosan™ 1s a chitosan that 1s not a salt of
chitosan.
[0074] A “microparticle adhesion inhibitor” 1s an additive

that lowers the attractive forces between a polymeric matrix
and particles embedded therein. As a result, the particles can
move through the matrix at a faster rate than in the absence
ol the adhesion 1nhibitor.

[0075] A “microparticle aggregation inhibitor” 1s an addi-
tive that lowers the tendency of particles embedded in a
matrix to aggregate when the matrix 1s subjected to freezing.
As a result, the particles are less likely to sufler from damage
or destruction when the freezing takes place.

[0076] A “mucoadhesive” material 1s characterized as
having the ability to adhere to mucosal membranes 1n the
human body.

[0077] A matrix 1s “porous” when a fraction of 1ts volume
1s void space. In some 1stances, the void space 1s accessible
from the outer surface of the matrix, so that items present 1n
the void space, such as microparticles, may migrate to and
from the outer surface.

[0078] “Mucosal tissue™ 1s tissue having an associated
mucosa. In particular, mucosal tissue includes the mucosa
and also tissue underlying the mucosa. A “site 1n mucosal
tissue”, where, for example, a cancerous tumor 1s present
may ivolve not only the mucosa but also tissue underlying
the mucosa.

[0079] “‘Polydispersity imndex™ (PDI) or simply, “disper-
sity”” 1s a measure of the heterogeneity of sizes of a set of
particles, for example microparticles 1n a mixture.

[0080] ““Zeta potential” (ZP) 1s a measure of the overall
charge that a particle acquires 1n a particular medium. The
/P may be measured on a Zetasizer Nano instrument.
[0081] “‘Permeation” 1s the ability to pass through or
penetrate, a mucosa, 1ts underlying tissue, or both.

[0082] “‘Biocompatible” refers to the ability of a bioma-
terial to perform 1ts desired function with respect to a
medical therapy, without eliciting any sigmificant undesir-
able local or systemic eflects in the recipient or beneficiary
of that therapy, but generating the most appropriate benefi-
cial cellular or tissue response 1n that specific situation, and
optimizing the climically relevant performance of that
therapy.

[0083] “HPMC refers to hydroxypropyl methylcellulose,
also known as hypromellose.

[0084] “‘Biodegradable™ refers to a property of the mate-
rials that 1s capable of being broken down especially mto
innocuous products by the action of living things.

[0085] “Kilo count per second” (Kcps)”, mean count rate
(1n kilo counts per second (kcps)). For example, the thresh-
old may be set such that when the count rate of the sample
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1s lower than 100, the measurement should be aborted,
meaning the concentration of the sample 1s too low for
measurements. A sample with suitable Kcps can be consid-
ered a stable sample with 1dea concentration for measure-
ment.

[0086] “Mesh™ refers to a device, sponge, waler, or like
product which contains elements incorporated within 1t to be
released from the mesh when 1t 1s applied to a mucosa.

[0087] A “system for delivery of a therapeutic agent based
on a polymeric matrix and microparticles” may also be
referred to as an “agent delivery device” or as a “delivery
patch”.

[0088] Unless otherwise specified, the term “wt %™ refers
to the amount of a component of a system for delivery of a
therapeutic agent, as expressed in percentage by weight.

[0089] Unless otherwise specified, the “molar mass™ of a
polymer 1s intended to mean the number average molar mass
of the polymer molecules.

[0090]

[0091] In a first aspect, the present application provides
improvements to the technology described 1n published U.S.
application number US 2014/0234212, enftitled “Targeted
Buccal Delivery of Agents”, which 1s hereby incorporated
herein by reference in 1ts entirety.

[0092] In a first set of representative embodiments, there
are provided systems for delivery of a therapeutic agent
based on a polymeric matrix and microparticles which are
improved by the addition of a hydration promoter to the
matrix. Example hydration promoters include hygroscopic
compounds such as glycols, for mstance ethylene glycol,
propylene glycol, beta-propylene glycol, and glycerol.
Exemplary concentration ranges for the amount of hydration

promoter iclude from about 0.001 to about 10 wt %, from
about 0.01 to about 5 wt %, and from about 0.1 to about 1

wt %.

[0093] Without wishing to be bound to any particular
theory, it 1s believed that the hydration promoter increases
moisture absorption by the delivery system. This increase in
hydration enables the rapid release and permeation of the
microparticles from the matrix. It 1s also believed that the
hydration promoter improves uniformity and durability by
acting as a cryoprotectant during the manufacturing process
of the delivery system. Again without being bound to any
particular theory, 1t 1s believed that the hydration promoter
acts as a “spacer’ between 1ce crystals and matrix polymer
molecules, to ensure a uniform ireezing pattern. The result-
ing structure 1s more flexible, uniform, and durable than 1n
the absence of the hydration promoter.

[0094] To illustrate the mmprovement in performance
imparted by hydration promoters, patches including a chi-
tosan polymer matrix and chitosan microparticles were
manufactured with and without propylene glycol (PG) 1n the
matrix. The particle release and permeation of the patches
was measured for both types of patch, and the experiment
was run 1n triplicate. As reported in the chart of FIG. 34, the
average percentage of permeation in the presence of pro-
pvlene glycol ((+)PG) was 94% with a standard deviation of
about 3%, which dropped to 43% with a standard deviation
of 27% 1n the absence of propylene glycol ((-)PG). The
percentage ol release 1n the presence of propylene glycol
was 95% with a standard deviation of about 3%, as against
21% with a standard deviation of 41% without PG. Clearly,

patches with PG performed markedly better than those

Improved Matrix and Particle Device
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without, and release and permeation numbers were more
reproducible as shown by the smaller standard deviations.

[0095] In another set of representative embodiments, there
are provided delivery devices improved by the addition of an
adhesion nhibitor. Without wishing to be bound to any
particular theory, 1t 1s believed that when the matrix and
particles are made of materials bearing polar or 1onically
charged moieties, such as chitosan, the mobility of the
particles suflers. In the instance of chitosan, it 1s believed
that the interactions between acetyl and amine moieties of
the polymer cause the particles to adhere to the matrix and
inhibit their release.

[0096] It has been found that the inclusion of an adhesion
inhibitor can mitigate adhesion of the matrix with the
particles. Without being bound to any particular theory, it 1s
believed that the adhesion inhibitor acts as a “spacer”
between the chitosan of the particles and the chitosan in the
body of the matrix, releasing the particles and allowing for
improved drug release profiles. Representative example
adhesion inhibitors include non-ionic polymers such as
hydroxypropyl methylcellulose (HPMC). Depending on the
application, the molar mass of the non-ionic polymer may be
from about 1 kDa to about 200,000 kDa, while 1ts viscosity
may vary irom about 10 cps to 100,000 cps. In representa-
tive embodiments, the molar mass of the non-ionic polymer
1s from about 10 kDa to 30 kDa, and its viscosity from about
10 cps to about 100 cps. Depending on the application, the
amount of adhesion inhibitor may be from about 0.1 wt %
to about 99 wt %. In some embodiments, the amount of
adhesion 1nhibitor 1s from about 0.1 wt % to about 25 wt %.

[0097] In a further set of representative embodiments,
delivery devices improved by the addition of an aggregation
inhibitor are disclosed. Processes for manufacturing the
delivery devices include freezing steps during which ice
crystals may form within the matrix. Such crystals can force
the microparticles mto each other, creating particle aggre-
gates where the particles are damaged or destroyed. Again
without wishing to be bound to any particular theory, it 1s
believed that aggregation inhibitors exert a cryoprotectant
action by forming crystal microstructures which prevent
aggregation of the particles. Carbohydrates and carbohy-
drate dernivatives provide exemplary types ol aggregation
inhibitors, including monosaccharides, disaccharides, sugar
alcohols, chlorinated monosaccharides, and chlorinated
disaccharides such as sucralose. Depending on the applica-
tion, the amount of aggregation inhibitor 1n the patch may be
in the range from about 0.1 to about 50 wt %. In some
embodiments, the amount of aggregation mhibitor 1s from
about 1 to about 10 wt %.

[0098] In another set of representative embodiments,
improved pure chitosan microparticles are provided. Tradi-
tional chitosan particles are manufactured with salts of
chitosan characterized by a high degree of deacetylation and
bearing electrically charged moieties, for example chitosan
chloride and chitosan glutamate. It has been found that better
results are provided 1 the particles are made from pure
chitosan, a material characterized by not being a salt, that 1s,
with its amine groups unprotonated, and having a degree of
deacetylation of at least 70%. In particular, the particles are
characterized by larger diameters than traditional particles.
In some embodiments, the average diameter of the pure
chitosan particles may range from about 200 to about 2000
nanometers. In other embodiments, the average diameter
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ranges from about 500 to about 2000 nanometers, and in
additional embodiments from 500 to 1000 nm.

[0099] In a further improvement, chitosan microparticles
improved by the addition of sodium tripolyphosphate
(STPP) are provided. Without wishing to be bound to any
particular theory, 1t 1s believed that the STPP functions as a
cross-linker to form the particles by acting as a negative
counter-ion to the positively charged amine groups on
chitosan. This electrostatic interaction forms i1onic bonds
that support the structure of the particles. Also without
wishing to be bound to any particular theory, 1t 1s believed
that the presence of sodium as positive counterion renders
STPP a more eflective crosslinker than other TPP salts.
[0100] It has also been found that when the matrix
includes a free quantity of the therapeutic agent, embedded
directly 1n the matrix and not otherwise coated with chitosan
in the particles, the device 1s therapeutically more eflective
than comparable matrices which include either only a free
quantity of the therapeutic agent or only therapeutic agent
coated with chitosan. In representative embodiments, the
free quantity of the therapeutic agent constitutes between
20-80% of the total quantity of therapeutic agent 1n the
delivery system.

[0101] FIG. 1 1s a graph showing the release profile of
example particles having an average diameter 1n the range of
500 to 2000 nm. The graph shows the rate of release of the
encapsulated agent from the nanoparticles over 60 hours.
Cisplatin was used for this experiment due to its use 1n the
treatment of oral cancer and 1ts ease of detection via atomic
absorption spectrometry (AAS). Cisplatin 1s platinum-
based, and AAS can detect amounts of platinum as small as
S ug/L. The graph shows 45% of cisplatin released from NPs
over 60 hours.

[0102] FIGS. 35A-35B show chromatograms monitoring
the release of 3-Fluorouracil (**5-FU”) from a device includ-
ing particles loaded with 5-FU and embedded 1n a chitosan
matrix. The particles and matrix, the particles having an
average diameter 1n the range of 500 to 2000 nm, were made
with the same procedure and ingredients as the device of
FIG. 1, except that this time the particles contained 5-FU
instead of cisplatin. The particles where embedded within
the matrix to form a particle/matrix device, and the release
of 5-FU was monitored via HPLC. The peak at 1.968 1is
acetic acid contained within the device. Both acetic acid and
5-FU were detectable with ultraviolet light at the 265 nm
wavelength emitted by the detector.

[0103] In example systems for delivering a therapeutic
agent to a site 1n a mucosal tissue, the matrix has a first and
second opposing surfaces. The first surface 1s configured to
be attached to the site 1n the mucosal tissue, and the matrix
1s configured to provide controlled release of the micropar-
ticles through the first surface. It has been found that release
of the microparticles 1s improved if the second surface is
permeable to water. Example water-permeable coatings
which may be applied to the second surface include poly-
acrylate adhesives and non-woven polyester fabrics.

[0104] Localized Delivery of Agents Via a Multi-Layered
Delivery Device

[0105] In one aspect, one or more of the above improve-
ments may be applied to a multi-layered agent delivery
device. The multi-layered device 1s capable of delivering the
same or multiple agents 1n phases over a period of time or
delivering multiple agents concurrently via modulation of
the makeup of each layer. The device and a method for
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manufacturing such device have been developed to address
the unmet need of delivering agents 1n a multitude of forms
locally to mucosal tissue. The multiple layers within this
platform may be used for varying purposes.

[0106] Traditional drug delivery to a mucosa consists of an
initial bolus dose of agent followed by a steady reduction 1n
exposure over time. This platform 1s able to mitigate this
tendency wvia 1ts multiple layers and the inclusion of
microparticle within at least one layer. The material forming,
the structure of each layer can be optionally chosen to
degrade slowly, and the same agent (such as cisplatin for the
local treatment of a cancerous tumor) may be chosen for
inclusion within each of the multiple layers.

[0107] In one example embodiment, the device therefore
can be designed to release cisplatin locally in multiple
phases, providing significantly longer treatment without the
side eflects, multiple doses required or dose limiting hin-
drances associated with cisplatin that 1s parenterally admin-
istered. The inclusion of microparticles within this device
turther assists 1n the device’s ability to provide a sustained
local dosage. The microparticles included within this device
are released once it 1s applied, permeate the mucosal tissue,
and remain local within the tissue beneath which the device
was applied. These microparticles then degrade over a
period of time, further providing a sustained, longer dosage
of agents. When diflerent agents are included within each
layer, additional objectives are able to be achieved. For
example, 1f the device 1s applied for the treatment of a
recently acquired open wound, a pain mitigator and anti-
infective agent can each be included within a layer.

[0108] When applied within the oral cavity, the device 1s
placed directly onto affected oral tissue within the mouth and
releases agents for controlled and targeted treatment of oral
diseases. Agents which may be included 1n free form (such
as a pain mitigator 1n the first layer) may be designed to have
an immediate effect to the underlying tissue, whereas agents
encapsulated within microparticles (such as a chemothera-
peutic pharmaceutical) may be included within a second or
subsequent layer. The microparticles are then able to act
independent of the first agent, permeate the underlying
tissue, and provide a sustained, longer term delivery of agent
to the tissue. This device overcomes deficiencies of other
prior art by offering the ability to modulate the duration and
treatment order parameters to provide multiple stages and
durations of treatment.

[0109] In addition, the device may be further included
within a treatment kit to optimize 1ts safety and eflicacy. The
kit can be optimized for a mucosa. FIG. 6 represents an
example multi-layer device included as part of a treatment
kit for use 1n mucosa-based indications. The figure illustrates
a kit containing six treatment devices, where: 61 refers to a
wetting agent or permeation enhancer which may be exter-
nally applied to the mucosa prior to treatment (1in either
solution or powder form), 62 refers to gauze or other similar
absorbent pad which may be used to moisten and keep the
device 1n place within the oral cavity, 63 a bag for disposal
of hazardous waste (for use when hazardous agents are
included or otherwise), 64 identifies forceps or forceps-like
devices used to keep the device in place and to prevent
swallowing, and 65 refers to six individually packaged and
stored treatment devices.

[0110] The release of agent(s) from the device is activated
in part by exposure to moisture. Therefore, a moisturizing
solution such as saline may be provided with the device to
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be used during the application process. Further, permeation
enhancers in powder or solution form may be included to be
externally applied to the mucosa prior to application of the
device. The permeation enhancer may optionally be
included 1n the form of a powder which requires reconsti-
tution. The powdered form may be included to maintain
stability of the permeation enhancer. When included 1n thas
form, the kit may optionally include additional materials
among which at least one glass vial (5 mL to 20 mL 1n size)
containing sterile water to be used for reconstitution. The kit
may additionally include syringes (such as 3 mL Luer-lock
syringes ) and aspirating needles (such as 18 G needles) to be
used for reconstitution of the permeation enhancer.

[0111] In addition, when the device 1s used for certain
indications (such as oral indications), care must be taken to
ensure that the product 1s safely applied and removed to
prevent choking or swallowing. The kit disclosed herein
addresses these concerns by including all materials neces-
sary to ensure the safe application device. Example kits
include at least one pair of forceps (either multi-use metal
forceps or single use disposable plastic forceps) or other
similar instrument used to position and place the device to
prevent exposure ol agents to people or exposure of the
device to the throat.

[0112] Disposable packaging can also be included within
the kit to ensure the safe disposal and non-contamination of
the treatment process by 1solating the materials used during,
treatment. This packaging may include a hazardous waste
package used when toxic drugs such as those used to treat
oral cancer or melanoma are administered, or biohazard
packaging. Additionally, empty scintillation vials may be
included to collect the used device post-treatment for pur-
poses such as residual-agent analysis.

[0113] In representative embodiments, a method of manu-
facturing of a multi-layered device and a formulation created
according to such method are provided, as shown in the
non-limiting examples of FIG. 2 and FIG. 3). The method
includes the freezing and freeze drying of polymeric solu-
tions contaiming a therapeutic agent.

[0114] Precursor mixtures are first created, then subjected
to freezing or freeze drying. The device may feature multiple
layers, as illustrated for instance in FIG. 2 and FIG. 3, and
the precursor mixture to each layer may be separately made.
All layers may each contain an independently chosen agent
to be delivered, and at least one layer contains microparticles
which further encapsulate at least one of the agents. The
microparticles may be synthesized, for mstance, according,
to the 1onotropic gelation method, where no modification of
the agent takes place. Microparticles are designed to range
from 200 to 2000 nanometers, more preferably 500 to 2000
nanometers, and yet more preferably from 500 to 1000 nm
in average diameter. Agents such as a permeation enhancer,
taste masking elements and agents for the formation of body
structure may be added. These agents may include propylene
glycol, hydroxypropylmethylcellulose, chitosan, sweeten-
ers, peppermint or other flavorings, among many others.
Solutions containing agents but no microparticles may also
contain these and other agents.

[0115] Once ready, the precursor mixtures are subjected to
freezing. It 1s preferable that the layers of the device be first
frozen 1n a freezing bath ol an aqueous alcohol at a tem-
perature of at most —-40° C., for example 1n a bath of aqueous
cthanol and dry 1ce. This method has been found to result 1n
a device which 1s able to release nearly all of 1ts agent
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content and permeate deeply into the desired mucosal
depths. Without wishing to be bound to any particular
theory, the product device 1s more eflective as compared to
other methods of freezing. When the precursor mixture was
frozen via liquid nitrogen, placement in a freezer at —80° C.,
or standalone dry 1ce, some of the microparticles burst and
the polymer 1n the matrix of the device became more rigid,
resulting 1n a low percentage of agent release and a com-
promised therapeutic eflicacy. For best results, the bath
should include dry 1ce completely covered by a solution of
at least 90 wt % ethanol 1n water. The precursor mixture of
the first layer of the device (in liquid form) 1s poured nto a
mold, for example a silicone molding and i1s submerged
approximately % to % 1n the bath of ethanol and dry ice, to
form a frozen layer. Preferably, thirty minutes should be
allowed to achuieve complete freezing.

[0116] Adfter freezing the 1nitial layer, a second layer may
be added by one of two methods. In the first method, the
precursor mixture of the second layer 1s poured 1n hiquid
form on top of the frozen first layer while the first layer
remains 1n the ethanol/dry ice bath. The resulting frozen
bottom layer and liquid top layer are then submerged more
deeply until a 34 to 34 overall submersion ratio 1s met.
Another 30 minutes are allowed for complete freezing of the
second layer. Subsequent layers in excess of two may be
added by the same process.

[0117] In the second method, each layer 1s separately and
concurrently frozen 1n 1ts individual mold within the freez-
ing bath. After thirty minutes are allowed to ensure complete
freezing of each layer, a coating of an solution of one or
more salts, for example 0.12% saline, 1s brushed onto the
first, initial layer. Within about a minute of the application of
the coating, the second layer 1s applied onto the first and a
pressure of about 0.25 kg i1s applied. This results 1 a
combined solid. Subsequent layers 1n excess of the second
layer can be applied by the same method.

[0118] Adfter all the desired layers have been added, the
device 1s moved 1nto a lyophilization chamber for about one
to three days, depending on the number of devices loaded
into the chamber. After the lyophilization removes all lig-
uids, the multi-layer device 1s ready for use, as illustrated in

the examples of FIG. 2 and FIG. 3.

[0119] In one representative embodiment, a multi-layered
device may be used for the delivery of multiple agents over
a concurrent period of time. For example, 11 use for the
treatment and pain mitigation of mucositis 1s desired, one
layer may include a pain mitigator, and one layer may
include an agent for the treatment of mucositis.

[0120] In another representative embodiment, a multi-
layered device may be used for the delivery of multiple
agents over a prolonged period of time (FIG. 4, FIG. 5). If
the example of mucositis 1s again used, multiple layers may
include a pain mitigator in free form, a pain mitigator
encapsulated within microparticles and an agent for the
treatment of mucositis encapsulated within microparticles.
The 1nitial freeform layer 1s able to provide immediate pain
relief, and the subsequent particle-encapsulated layers are
capable of delivering microparticles beneath the tissue,
where they further release their agents over a period of days,
providing longer-term pain relief and treatment. FIG. 4 and
FIG. 5 illustrate this effect. Fluorescence was used 1n order
to provide detection. As shown, the multiple fluorescent
layers released over time and permeated the tissue at dii-
ferent rates, providing a customized treatment.
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[0121] Kit for the Treatment of Oral Cancer and Other
Oral Diseases
[0122] In another aspect, a kit, including a local drug

delivery device within the mouth and materials for its
successiul administration and subsequent disposal 1s pro-
vided. This kit 1s specifically designed to provide the proper
tools and treatment device required to deliver agents into
oral tissue to treat oral diseases. Targeted delivery within the
mouth 1nto the oral tissue 1s desired. The motivation behind
the development of this kit has been to treat the severely
underserved market pertaining to untreated or poorly treated
oral diseases.

[0123] One of the preferred embodiments of the kit deliv-
ers a saler and more effective oral cancer treatment locally
into the oral tissue. In this embodiment, the active drug is
included within a treatment device, which 1s 1n turn included
in the present kit. The kit also includes a number of elements
to ensure a salfe treatment process for both clinicians and
patients, such as thorough proper handling, disposal, and
storage of the treatment device, as well as at least one
permeation enhancer. At least a fraction of the active drug
within the treatment device 1s encapsulated within mucoad-
hesive microparticles, which leads to local retention of the
drug within the oral tissue. As a result, only a fraction of the
chemotherapeutic 1s required, but the local targeting enables
a more concentrated dosage at the tumor location compared
to all traditional treatment options. An application via this kit
can result i the significant reduction of side etlects, more
cllective treatment, elimination of debilitating surgery and
recovery, and a safer overall treatment.

[0124] The improvements of this kit over traditional treat-
ment devices are in part based upon the admimstration,
disposal, storage, and/or packaging requirements of the
treatment device. In certain embodiments, highly sensitive
and potent chemotherapeutics are contained within the treat-
ment device. Proper handling procedures must be followed
to prevent exposure of the chemotherapeutic to clinicians, or
improper application to patients. Materials which set out
these proper handling procedures may be included with the
kit. Proper disposal of the treatment device following
administration may be essential to prevent potential con-
tamination or exposure. Procedures to wash the treatment
location within the mouth both before and following admin-
1stration may be necessary and therefore proper materials for
that purpose must also be supplied. The treatment device
must also be packaged appropriately as many chemothera-
peutics and the treatment device are sensitive to light and
humidity. Packaging must be included for the device and
will preferably be made of pharmaceutical grade matenals.
There may also be a small protective msert of plastic where
the water 1s held within a small plastic cup sealed 1n a pouch.
There may also be materials such as Luer-lock syringes,
aspirating needles and sterile water to be used for reconsti-
tution of the permeation enhancer (if provided in powder
form).

[0125] These improvements are conducive to forward the
commercialization of the device and kit disclosed herein.
The improvements also protect the safety of operators from
the agents included within the treatment device and the
patient from improper administration, which could result in
the accidental swallowing of the device. The use of addi-
tional components within the kit also facilitates higher
compliance rates among patients, and consequently a greater
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number of successiul treatments. Proper preparation and
cleaning of the application area will also prevent 1rritation to
the oral tissue.

[0126] Oral mucositis 1s also a significant disease due 1n
part to the fact that it can occur 1n the mouth when systemic
chemotherapy 1s given for any reason, not only oral cancer.
In a second embodiment, the treatment device within the
disclosed kit may include agents which treat or relieve pain,
or otherwise address oral mucositis. Unlike existing treat-
ments for mucositis, the current kit includes a device which
contains agent-encapsulated microparticles within 1t. In a
manner similar to its eflect treating oral cancer, the
microparticles released from the device are mucoadhesive so
that they remain local to the site of the mucositis. Since the
particles are nanoscale, they are able to permeate the tissue
and release the encapsulated agent deeper within the affected
area than other current treatments, and without broader
exposure of the agent. Administration via this kit 1s able to
offer a much more eflective delivery of agents to areas
aflected by mucositis.

[0127] In another embodiment, the described kit 1s also
used to deliver agents for the treatment of precancerous/
premalignant oral lesions. Precancerous/Premalignant
lesions are often left untreated when detected due to a lack
of 1deal treatment options. A diagnosis 1s often coupled with
monitoring for malignancy rather than early treatment
because chemotherapy or surgery can be considered too
extreme for early lesions. It 1s also diflicult to differentiate
between precancerous/premalignant lesions and other non-
malignant lesions. For this reason, there often exists an
unwillingness to administer damaging systemic chemo-
therapy for a potentially non-life threatening issue. To
address these conditions, the present kit can be used to
administer lower dosages of chemotherapeutics or other
agents to these lesions. Treatment would be able to be
administered on a much larger scale due to the higher
ellicacy achieved with such a small dosage and the signifi-
cantly higher safety. For these reasons, the present kit 1s
viewed as a significant improvement and viable alternative
to current treatment methods. Furthermore, the inclusion of
the treatment device within a kit 1s also viewed as a
significant improvement over U.S. application number US
2014/0234212 in which the treatment device alone 1s dis-

closed due to the safety and eflicacy reasons described
above.

[0128] In representative embodiments, the kit includes a
mucoadhesive drug delivery device contaiming active agent-
encapsulating microparticles and items useful for the suc-
cessiul administration and disposal of the device, such as: an
oral permeation enhancer eirther incorporated within the
delivery device or provided within the kit alongside 1t, and
an oral rinse used to cleanse the mouth prior to or following
treatment.

[0129] FIG. 7 1s a schematic depiction of a kit containing
6 treatment devices, where: 71 refers to individual contain-
ers ol permeation enhancers (in either solution or powder
form), one applied for each treatment, 72 forceps or forceps-
like 1nstrument used to apply the treatment device, 73
cotton/sponge tipped applicator used to apply the perme-
ation enhancer, 74 gauze or other absorbent pad to be used
during treatment, 75 container ol mouth rinse, some of
which will be used during each treatment, 76 Disposable
packages for the remainder of device and other waste
generated during application, 77 identifies the structural
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sides within the kit that separate the materials from one
another, 78 six individually packaged and stored treatment
devices.

[0130] FIG. 8 1s an image taken of one of the treatment
kits, designed 1n accordance with the depiction of FIG. 7.

[0131] FIG. 9 1s another schematic representation of a kit,
which includes: 91 one container of permeation enhancer
which 1s utilized during all 6 treatments (in either solution or
powder form), 92 the oral mouth rinse used during each
treatment, 93 gauze pad or other absorbent material used
during treatment, 94 disposable forceps or forceps-like
devices used during treatment to place and remove the
treatment device, 95 multiple disposable applicators used to
apply the permeation enhancer during each treatment, 96
Disposable packages for the remainder of device and other
waste generated during application, 97 identifies the struc-
tural sides within the kit that separate the materials from one
another, 98 six individually packaged and stored treatment
devices.

10132]

[0133] In another aspect, a disclosed particle-based agent
delivery system has been developed for the treatment of
gastrointestinal diseases and conditions. The delivery device
disclosed herein 1s 1n part effective because of 1ts ability to
adhere to the mtestinal mucosa.

[0134] The properties of mucus 1tself must first be under-
stood to properly develop a delivery system. Mucus 1s a
viscoelastic gel layer that protects tissues that would other-
wise be exposed to the external environment. Mucus 1s
composed primarily of crosslinked and entangled mucin
fibers secreted by goblet cells and submucosal glands.
Mucins are large molecules, typically 0.5-40 MDa 1n size,
and coated with a complex and highly diverse array of
proteoglycans. Mucus pH can vary greatly depending on the
mucosal surface, with highly acidic environments capable of
aggregating mucin fibers and greatly increasing the mucus
viscoelasticity. In the human GI tract, the mucus layer 1s
thickest 1n the stomach and the colon. Gastric mucus 1s
exposed to a wide range of pH: a large pH gradient exists

within the same mucus cross-section, with pH rising from
the luminal pH of 1-2 to 7 at the epithelial surface.

[0135] Accordingly, provided herein 1s a gastrointestinal
drug delivery system capable of modulating the release of
agents depending on the environmental pH, thereby making
possible the specific targeting of drugs within the gastroin-
testinal tract. Described herein are eflorts to target drug
delivery to the gastrointestinal tract through the design of a
mucoadhesive delivery system which releases 1ts payload
only within the pH environment of the gastrointestinal (GI)
tract, and, more specifically, to specific regions within the GI
tract. Because of the mucous liming of the GI tract, attraction
to the mucosa and mucoadhesivity are important elements of
this device.

[0136] In the case of orally administered agents for gas-
tromtestinal delivery, survival through digestive regions of
extreme pH values 1s necessary. In the human stomach, the
volume of gastric fluid ranges from 20 to 100 ml with a pH
of 1.5-3.5. Gastric fluid consists of hydrochloric acid, potas-
sium chloride and sodium chloride. Fluid secretion takes
place over several stages. Hydrogen and chloride ions are
secreted and mixed in the canaliculi. The lumen of the
oxyntic gland secretes the gastric acid which reaches the
stomach lumen. Secretion of the chloride and sodium 10ns
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creates a negative potential of approximately -35 to —65
mV, which allows for diffusion of the potassium and sodium
ions {rom the cytoplasm.

[0137] Carbonic anhydrase forms carbonic acid by cata-
lyzing reactions between water and carbon dioxide. This
allows for the dissociation into hydrogen and bicarbonate
ions. The hydrogen 1ons then move from the cell. Sodium
ions are reabsorbed. In the canaliculus, hydrogen and chlo-
ride 1ons mix and are secreted into the lumen of the oxyntic
gland.

[0138] Gastric acid production 1s separated into three
phases. The first of these 1s the cephalic phase, where
approximately 30% of gastric acid production 1s stimulated
by the smell, taste, or expectation of food as signaled by the
brain. About 30% of gastric acid 1s produced during the
gastric phase, where stimulation of production occurs by
food presence 1n the stomach and release of amino acids
from consumed materials. The intestinal phase represents
the last phase of acid production, where the remaiming 20%
of acid 1s produced when chyme (semifluid of partially
digested food) enters the small intestine. If agents targeted to
the gastrointestinal mucosa are to be delivered orally, the
delivery system must remain intact and stable through the
gastric acid of the stomach. Through the development of a
system which 1s able to remain stable in this environment as
well as multiple pH conditions, oral administration for
delivery of an agent mnto and within the gastrointestinal
mucosa 1s made possible. As opposed to traditional products
with an enteric coating, this system 1s both able to withstand
a multitude of pH levels as well as contain a combination of
particles which are able to release 1n desired pH conditions.

[0139] In order for orally administered alternatives to
enteric capsules to be eflicacious 1n the treatment of gastro-
intestinal diseases, such alternatives should possess the
capability of remaiming stable throughout the entire
described acidic and dynamic stomach digestion process.
Likewise, since many GI diseases may encompass multiple
regions of the GI tract that span multiple pH ranges, the
development of a delivery system that 1s able to withstand
and release over various pH changes 1s advantageous. An
cllicacious alternative should also be characterized by the
ability of becoming attracted by means of mucoadhesivity to
the intestinal mucosa lining and releasing upon contact or at
a designated time thereafter. Thus, provided herein i1s a
therapeutic, diagnostic and/or prophylactic delivery device
for local and systemic administration and delivery into the
gastrointestinal stem cells and/or systemically beyond,
which 1s able to become attracted/attach to and penetrate
through the intestinal mucosa as well as remain stable in
acidic stomach conditions. The devices described herein are
able to provide an extended or delayed release, program-
mable release, and site specific release into and within
gastrointestinal locations.

[0140] In many instances, oral administration is not pos-
sible 1f the patient 1s unable to swallow a capsule or tablet.
This can occur with young children where compliance 1s low
or among the elderly where pain exists or there 1s otherwise
an 1nability to take oral medication. People with feeding or
nasogastric tubes are other examples of these cases. It 1s
therefore an additional object of some embodiments of the
present imvention to provide a method of oral delivery of
agents to patients who otherwise would be unable to be
administered oral agents. This 1s 1 part accomplished
through the optional use of liquid and gelatin forms of oral
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administration for those who cannot swallow solid tablets or
capsules, as well as through nasal administration or con-
sumption through a nasogastric or feeding tube. Compared
to traditional administration techniques, the delivery system
provides for the successiul delivery through theses avenues.
Particles may be provided in a variety of forms and tailored
to specific needs.

[0141] The gastrointestinal delivery system also provides
a therapeutic, diagnostic and/or prophylactic delivery device
that 1s eflective 1n the presence or potential presence of
gastrointestinal fluids, 1n contrast to the traditional washout
problems described above associated with such fluids. Also
provided 1s a route for admimstering a therapeutic, diagnos-
tic and/or prophylactic agent to one or multiple specific
regions of the intestinal epithelia through the design of a
system containing one or more sets of particles able to
withstand and release through a multitude of pH ranges.
[0142] For these and other purposes, the gastrointestinal
delivery system disclosed herein may serve as a device for
specific, targeted delivery within the gastrointestinal tract to
the gastrointestinal mucosa. In exemplary embodiments, the
delivery device adheres to the gastrointestinal mucosal tis-
sue, 1s able to withstand the low pH, acidic environment of
the stomach and contains pH-targeted, mucoadhesive par-
ticles 1n which one or more agents are encapsulated. The
device may also include permeation enhancers suflicient to
facilitate agent permeation through the mucosal layer of the
gastrointestinal tract.

[0143] One of the unique properties of this platform 1s that
the release and targeting attributes can be controlled based
on desired parameters. The particles may be controlled to
remain stable within a desired pH level and release in
another desired pH level. This ability may be used to create
a combination of targeted particles which can remain stable
through any component of the GI tract regardless of pH
exposure, including the stomach, esophagus, and compo-
nents of the intestines.

[0144] In addition to stability, the timing of release of the
agents encapsulated within the particles may be controlled.
The purpose of this feature 1s to further target the delivery
to locations within the GI tract. For example, 11 1t 1s known
that under normal digestion conditions, a known amount
time 1s known to intercur between oral consumption and
delivery to the desired delivery, the particles within the
delivery system may be further designed to release their
agent payload at such amount of time after oral contact 1s
made with the delivery system. A formula has been devel-
oped by which the release time may be determined. The
parameters and formula are identified below:

[0145] Degree of Deacetylation (DA)

[0146] Molecular Weight (MW) combinations,

[0147] Time (T)

[0148] Amount of exposure to humidity, water content
(WC)

[0149] Solution pH (SpH) at the synthesis stage

[0150] Degree of Viscosity (DV)

[0151] Synthesis technique (K 1s a constant) such as

freezing method of the particles

**Degree of release (DR)=a(DA)+b6(MW)+c(SpH)+d

(D)+e(WC)+f(DV)+k Formula:

**[t has been discovered that the use of sodium nitrite allows for further
modulation of the degree of deacetylation and molecular weight of chitosan.

[0152] The pH modulation and configurable release tim-
ing 1ncreases the eflicacy of the delivery system and shows
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how 1nnovative 1t 1s compared to traditional systems. With-
out wishing to be bound to any particular theory, 1t is
believed that such superior properties are the product of
previously unknown eflects of the degree of deacetylation
and molecular weight of the chitosan. FIG. 10 shows the pH
levels of a portion of the GI tract. Using this information and
the relationship between pH and location, delivery can be
targeted. For example, particles can be programmed to
release at pH levels of only between 5.8 and 6.2, thereby
making possible the specific targeting to the duodenum.
[0153] Targeting release to multiple locations can be
achieved by the inclusion of a blended mix of customized
particles within the delivery system. An example of this
application 1s shown 1n FIG. 11. This allows for targeting to
an array ol desired locations 1f a disease or condition 1s
located in multiple regions, or 1f an agent 1s best delivered
over a range of locations.

[0154] 1. Agent Delivery Device

[0155] The device includes agent-encapsulating particles
consisting of a polymer having dispersed or encapsulating
therein a therapeutic, prophylactic, diagnostic or nutraceu-
tical agent (FIG. 13). If desired, the particles may include
chemical linkers, which can couple targeting ligands and/or
additional agents to the particles (FIG. 13). The device
includes these particles as well as preferably permeation
enhancers.

[0156] The device may be orally administered via tablet,
capsule, liquid, syrup, gelatin or other oral consumable, or
via nasogastric tube or feeding tube for those who are unable
to swallow, and exhibits properties which allow the agent
encapsulated 1n the particles to remain stable 1n the variably
acidic environment of the stomach. The device 1s able to
deliver agent-encapsulated particles (“loaded particles™, also
labeled as “LPs”) to the epithelial cells within the gastroin-
testinal (GI) tract (FIG. 12). The particles adhere to the
intestinal mucosa and degrade, releasing the encapsulated
agent directly into the intestinal epithelium. FIG. 16 1llus-
trates the drug delivery process.

[0157] The particles (preferably having an average diam-
cter of 500 to 2000 nanometers (nm)) permeate the mucosal
tissue of the intestine (FIGS. 14 and 135 and are taken up by
intestinal stem cells (ISC’s). This size 1s adequate to carry
enough therapeutic, diagnostic or nutraceutical agent to
obtain high loading and encapsulation ethiciencies (higher
than 80%), which 1s desirable for scaling up and commer-
cialization.

[0158] The encapsulation of therapeutic, diagnostic and/or
nutraceutical agents allows for controlled penetration into
the mucus, by means of adding a targeting ligand, as well as
a controlled release profile. Moreover, in the case of sys-
temic penetration, the encapsulation also reduces uptake by
the body’s reticuloendothelial system. The smaller particles
have greater surface area-to-volume ratios, which cause the
particles’ dissolution rates to be higher than that of larger
particles.

[0159] Many agents are limited 1n delivery due to solu-
bility factors. The large surface area to volume of particles
increases the bioadhesivity. These factors i combination

result 1n the penetration of the agent deep 1nto ISCs, pro-
viding a greater benefit (FIGS. 14 and 15).

[0160] There are three main aspects of targeting that work
to achieve localized delivery:

[0161] 1. Charge: Positively charged polymers may
used 1n the synthesis of the particles included 1n this
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delivery system. The resulting device exhibits a posi-
tive charge which attracts the agent-encapsulated par-
ticles to the negatively charged mucosa of the intestine.

[0162] 2. Activity: Obtained using molecular targeting
agents to further focus on ISCs.

[0163] 3. pH: Particles in the present compositions are
able to be modified to remain stable or release agents 1n
varying pH environments, as illustrated in Example 3
under Methods of Administration. This determination
takes place during the synthesis process. By synthesiz-
ing particles which keep the agent encapsulated 1n the
highly acidic environment of the stomach and promote
release 1n the more basic environment of the intestines,
release 1s therefore targeted. These parameters can be
changed to include release 1n more acidic environments
or combinations thereof. (FIG. 22B). These parameters
can also be changed to allow for release in both the
stomach and intestines. Further, varying doses and
varying drug combinations are also possible. FIG. 22C
shows an example of particles which release as the pH
approaches neutral levels.

[0164] A. Mucoadhesive Polymeric Particles

[0165] Several bioadhesive and mucoadhesive polymers
are known. In the preferred embodiment of this concept, the
polymer 1s mucoadhesive so that it can bind to the mucosal
intestinal tissue. Preferably, the polymer 1s polycationic,
biocompatible, and biodegradable. The preferred polymer 1s
chitosan. Chitosan 1s a polycationic, non-toxic, biocompat-
ible and biodegradable polymer. Chitosan 1s commonly used
as a mucosal agent delivery mechanism because of its
bio-adhesiveness and permeability properties. The barrier in
GI epithelium can easily be disrupted by chitosan particles,
enhancing permeability through the mucosa.

[0166] Diflerent factors aflect fabrication of chitosan par-
ticles, such as pH of the preparation, inclusion of polyan-
ions, charge ratios, the degree of deacetylation and the
molecular weight of chitosan.

[0167] Chitosan particles have, to date, been preferred for
use with chemotherapeutics for cancer treatment because of
the chitosan’s sensitivity to low pH. Since cancer tissue 1s
acidic, chitosan particles release the agent faster 1 an acidic
environment. However, 1n contrast to traditional uses of
chitosan particles, provided herein 1s a novel chitosan par-
ticle synthesis process to allow for stability 1 acidic envi-
ronments and agent release when exposed to basic condi-
tions. The controlled release of the agent from the chitosan
particles ensures that a steady amount of agent penetrates the
proper GI mucosal tissue while minimizing loss and expo-
sure to tluids and other tissue.

[0168] B. Agents to be Encapsulated

[0169] Any therapeutic, prophylactic, diagnostic or nutra-
ceutical agent which 1s capable of encapsulation and release
within the GI tract may be used. Representative agents
include biologics, peptides, nucleotides, anti-infectives,
antibiotics, antifungals, antivirals, anti-inflammatories,
immunomodulators, vaccines, and combinations thereof.
Preferred agents include calcium mobilizers such as nico-
tinic acid adenine dinucleotide phosphate and peptides such
as glucagon-like peptide-2. Nicotinic acid adenine dinucle-
otide phosphate and other calcium mobilizers have been
shown to promote ISC proliferation and intestinal epithe-
lium regeneration. Glucagon-like peptide-2 and 1ts analogs
have also been shown to promote ISC proliferation and
intestinal epithelium regeneration. The eflicacy of nicotinic
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acid adenine dinucleotide phosphate and glucagon-like pep-
tide-2 have been shown to be hindered by a lack of proper
targeting and delivery within the GI tract. The particle-based
system provided herein remedies such drawbacks.

[0170] C. Additional Additives

[0171] Other compounds which may be added include
permeation enhancers and antioxidants that are useful to
prevent bacterial contamination. These agents may be
coated onto, encapsulated within or mixed among the agent-
encapsulating particles.

[0172] Methods of Manufacture

[0173] There are at least four methods available to make
chitosan particles: 1onotropic gelation, microemulsion,
emulsification solvent diflusion and polyelectrolyte com-
plex. The most widely developed methods are 1onotropic
gelation and self-assembling polyelectrolytes. These meth-
ods offer many advantages such as simple and mild prepa-
ration conditions without the use of organic solvents or high
shear forces. They are applicable to broad categories of
agents including macromolecules which are notorious as
labile agents. It has been found that the factors found to
allect particle formation, such particle size and surface
charge, also include the molecular weight and degree of
deacetylation of the chitosan. The entrapment efliciency has
been found to be dependent on the pKa and solubility of
entrapped agents.

[0174] The 1onotropic gelation method 1s commonly used
to prepare chitosan particles. In an acidic solution, the amine
group ol chitosan molecules 1s protonized and interacts with
an anion such as sodium tripolyphosphate (STPP) by 1onic
interaction to form particles (Lee, et al., Polymer, 42:1879-
1892 (2001)). This method 1s very simple and mild. Revers-
ible physical crosslinking by electrostatic interaction,
instead of chemical crosslinking, may be applied to prevent

possible toxicity of reagents and other undesirable effects
(Shu, et al., Internal. J Pharm., 201:5138 (2000)).

[0175] To improve the loading efliciency (LE), a O/W/O
(o1l/water/o1l) double emulsion method was combined with
temperature-programmed solidification technique and con-
trolled PTX within the matrix network as in situ nanocrys-
tallite form. Furthermore, these CMC particles were PEGy-
lated, which could reduce recogmition by the
reticuloendothelial system (RES) and prolong the circula-
tion time 1 blood. Methods of making chitosan particles by
microemulsion are also known. For example, an amphiphilic
grait copolymer using chitosan as a hydrophilic main chain
and poly(lactic-co-glycolic acid) (PLGA) as a hydrophobic
side chain 1s prepared through an emulsion self-assembly
synthesis. A chitosan aqueous solution 1s used as a water
phase and PLGA 1n chloroform serves as an oil phase. A
water-in-o1l (W/O) emulsion 1s fabricated 1n the presence of
the surfactant span-80. Tlle CS-g-PLGA amphiphile can
self-assemble to form micelles with size in the range of
100-300 nm, which makes it easy to apply in various
targeted-drug-release and biomaterial fields. Chitosan can be
dissolved into deionized water together with 1-hydroxyben-
zotriazole. A water-in-o1l (W/O) chitosan and poly(lactic-
co-glycolic acid) microemulsion 1s prepared and then a
chitosan-grait-poly(lactic-co-glycolic acid) stimuli-respon-
sive amphiphile 1s fabricated. The obtained amphiphile can
selt-assemble to form micelles. In suitable solvents. Cai, Int
] Nanomedicine, 6:3499-308 (2011), describes RGD pep-
tide-mediated chitosan-based polymeric micelles targeting
delivery for integrin-overexpressing tumor cells.
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[0176] The cationic amino groups on the C2 position of
the repeating glucopyranose units of chitosan can interact
clectrostatically with the anionic groups (usually carboxylic
acid groups) of other polyions to form polyelectrolyte com-
plexes. Many different polyanions from natural origin (e.g.
pectin, alginate, carrageenan, xanthan gum, carboxymethyl
cellulose, chondroitin sulphate, dextran sulphate, hyaluronic
acid) or synthetic origin (e.g., poly (acrylic acid)), polyphos-
phoric acid, poly (L-lactide) have been used to form poly-
clectrolyte complexes with chitosan 1n order to provide the
required physicochemical properties for the design of spe-

cific drug delivery systems (Berger et al. Eurl Pharm Bio-
pharm. 2004; 57:35-32).

[0177] III. Methods of Administration

[0178] The particles encapsulating one or more agents
may be administered via enema, capsule, solid, liquid or
combination, either orally, via nasogastric tube or feeding
tube, or rectally via endoscopic instruments such as an
endoscope.

Example 1: Preparation of Programmable Chitosan
Particles

[0179] Chitosan particles (“Particles”™) at varying pHs
were prepared using USP grade chitosan, as described
below. The particles were then subjected to incremental pH
adjustments using sodium hydroxide or hydrochloric acid.
The size at synthesis after each adjustment was recorded.

[0180] Impact of pH Increase
[0181] Chitosan (95% degree of deacetylation, 50 k MW)

(CHI) was dissolved 1n 0.1753% acetic acid to a final con-
centration of 0.2% (w/v). Sodium tripolyphosphate (STPP)
was dissolved 1n deionized water to a final concentration of
0.2% (w/v). Particles were synthesized via the 1onic gelation
technique, which ivolves the methodical addition of an

clectrostatic cross-linker (TPP) to an aqueous polymer solu-
tion (CHI). The pH of the CHI solutions were adjusted with

0.1 M sodium hydroxide (INaOH) or 0.1 M hydrochloric acid
(HCI) accordingly (1.0, 2.0, 2.25, 2.50, 2.75, 3.0, 4.0, 5.0
and 6.0).

[0182] Brnietly, 40.0 mL of each CHI solution was added to
a beaker under magnetic stirring. To this, 10.0 mL of TPP
solution was added drop-wise at a constant flow rate. The
Particles were allowed to stabilize for 1 hour and initial size
measurements were taken using a Zetasizer Nano (Malvern
Instrument Ltd., UK). The pH of the Particles was increased
using 0.1 M NaOH at increments o1 0.5 or 1.0 depending on
the imitial pH. At each step, the size and polydispersity index
(PDI) were recorded.

[0183] Impact of pH Range Fluctuations

[0184] Chitosan (95% degree of deacetylation, 50 k MW)
(CHI) was dissolved 1n 0.173% acetic acid to a final con-
centration of 0.2% (w/v). Sodium tripolyphosphate (STPP)
was dissolved in deionized water to a final concentration of
0.2% (w/v). Particles were synthesized via the 10nic gelation
technique, which ivolves the methodical addition of an
clectrostatic cross-linker (TPP) to an aqueous polymer solu-
tion (CHI). The pH of the CHI solutions were adjusted with
0.1 M sodium hydroxide (NaOH) or 0.1 M hydrochloric acid
(HC1) accordingly (1.0, 2.0, 3.0, 4.0, and 3.0).

[0185] Brietly, 40.0 mL of each CHI solution was added to
a beaker under magnetic stirring. To this, 10.0 mL of STPP
solution was added drop-wise at a constant flow rate. The
Particles were allowed to stabilize for 1 hour and 1nitial size
measurements were taken using a Zetasizer Nano (Malvern
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Instrument Ltd., UK). The pH of the Particles were
increased/decreased using 0.1 M NaOH or 0.1 M HCI at
increments ol 1.0 on a scale of 1.0-7.0, depending on the
initial pH. The purpose of this study was to simulate the
rapid and drastic pH changes of the GI tract 1f Particles were
given orally to a patient. At each step, the size and polydis-
persity index (PDI) were recorded.

[0186] Impact of Polymer State

[0187] Chitosan chloride (93% degree of deacetylation, 50
k MW) (CHI) was dissolved 1n 0.175% acetic acid to a final
concentration of 0.2% (w/v). Sodium tripolyphosphate
(STPP) was dissolved in deionized water to a final concen-
tration of 0.2% (w/v). Particles were synthesized via the
ionic gelation technique, which involves the methodical
addition of an electrostatic cross-linker (STPP) to an aque-
ous polymer solution (CHI). The pH of the CHI solutions
were adjusted with 0.1 M sodium hydroxide (NaOH) or 0.1
M hydrochloric acid (HCI) accordingly (1.0, 2.0, 3.0, 4.0, &
5.0).

[0188] Brietly, 40.0 mL of each CHI solution was added to
a beaker under magnetic stirring. To this, 10.0 mL of STPP
solution was added drop-wise at a constant tlow rate. The
Particles were allowed to stabilize for 1 hour and 1nitial size
measurements were taken using a Zetasizer Nano (Malvern
Instrument Ltd., UK). The pH of the Particles were
increased/decreased using 0.1 M NaOH or 0.1 M HCI at
increments of 1.0 on a scale of 1.0-7.0 depending on the
initial pH. The purpose of this study was to simulate the
rapid and drastic pH changes of the GI tract 11 Particles were
grven orally to a patient. At each step, the size and polydis-
persity index (PDI) were recorded. This study served to
show the sensitivity of pH changes of chitosan vs. 1ts salt
derivative.

[0189] Eflect of Molecular Weight & Degree of Deacety-
lation

[0190] Chitosan (95% degree of deacetylation, 50 Kk MW)
(CHI) was dissolved 1 0.175% acetic acid to a final con-
centration of 0.2% (w/v). Sodium tripolyphosphate (STPP)
was dissolved 1n deionized water to a final concentration of
0.2% (w/v). To the chitosan, 200 uL. of 60 mM sodium mitrite
solution was added and the mixture stirred for 15 minutes.
Without being bound to any particular theory, 1t 1s believed
that this served to lower the molecular weight and the degree
of deacetylation of chitosan by chemically breaking the 1,4
glycosidic bonds of the polymer. Particles were synthesized
via the 1onic gelation techmique, which involves the
methodical addition of an electrostatic cross-linker (STPP)
to an aqueous polymer solution (CHI).

[0191] Brnietly, 40.0 mL of each CHI solution was added to
a beaker under magnetic stirring. To this, 10.0 mL of STPP
solution was added drop-wise at a constant flow rate. The
Particles were allowed to stabilize for 1 hour and 1mitial size
measurements were taken using a Zetasizer Nano (Malvern
Instrument Ltd., UK). The pH of the Particles were
increased/decreased using 0.1 M NaOH or 0.1 M HCI at
increments ol 1.0 on a scale of 1.0-7.0, depending on the
initial pH. The purpose of this study was to simulate the
rapid and drastic pH changes of the GI tract 1f Particles were
given orally to a patient. At each step, the size and polydis-
persity index (PDI) were recorded. Results of this and other

studies are shown 1in FIGS. 23, 24 and 25.
[0192] Results:

[0193] FIGS. 23, 24, and 25 summarize results of con-
ducted studies including the properties of the particles
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prepared from low molecular weight chitosan. By far, the
most 1mportant physical property of particulate samples 1s
particle size. Measurement of particle size distributions 1s
routinely carried out across a wide range of industries and 1s
often a critical parameter in the manufacture of many
products. Preferably, the particles have an average diameter
of from about 500 nm to about 2000 nm.

[0194] As described 1n Heurtault, et al., Biomaterals,
24:4283-4300 (2003), Zeta potential 1s an important and
useful indicator of particle surface charge, which can be
used to predict and control the stability of colloidal suspen-
sions or emulsions. Almost all particles in contact with a
liguad acquire an electric charge on their surface. The
clectric potential at the shear plane 1s called the zeta poten-
tial. The shear plane 1s an 1imaginary surface separating the
thin layer of liquid (liqud layer constituted of counter-ions)
bound to the solid surface 1n motion. The greater the zeta
potential the more likely the suspension 1s to be stable
because the charged particles repel one another and thus
overcome the natural tendency to aggregate. The measure-
ment of the Zeta potential allows predictions to be made
about the storage stability of a colloidal dispersion.

[0195] The charge of the particles 1s important for their
mucoadhesiveness property (Biol Phann Bull. 2003 May;
26(5):743-6. Positively charged materials have better
mucoadhesion strength likely due to the negative charge of
mucosa. Therefore, the required positive charge 1s within a
range of 10-50 mV, which i1s regarded as stable.

[0196] In a separate experiment, particle were also pre-
pared as described above, using pharmaceutical grade chi-
tosan: PROTASAN™ UP CL 113, a commercially available
formulation of chitosan chloride (FMC Corporation, Penn-
sylvania). PROTASAN™ UP CL 113 1s based on a chitosan
where between 75-90 percent of the acetyl groups are
removed. The cationic polymer 1s a highly purified and
well-characterized water-soluble chloride salt. The func-
tional properties are described by the molecular weight and
the degree of deacetylation. Typically, the molecular weight
for PROTASAN™ UP CL 113 (chitosan chloride) 1s 1n the
50,000-150,000 g/mol range (measured as a chitosan
acetate). The ultra-low levels of endotoxins and proteins
allow for a wide variety of 1n vitro and 1n vivo applications.

[0197] The graphs of FIG. 23A-23C show the properties
of certain particles 1n different situations, including FIG.
23A: synthesis pH size vs pH adjustment; FIG. 23B: pH
change to size; FIG. 23C: pH change to polydispersity index
(PDI). The graphs of FIGS. 24 A-24D 1llustrate the sensitiv-
ity of one selected loaded particle (“LP”") variant (FIGS. 24A
and 24B) as well as the level of modulation and control that
can be held over particle properties (FIGS. 24C and 24D).
The charts of FIGS. 25A-25D demonstrate an example of
how the size (FIGS. 25A and 25D) and charge (FIGS. 25B
and 25C) of chitosan loaded particles can be modulated
using different concentrations of preprocessing agents such
as sodium nitrite.

[0198] By using high purity chitosan (the cationic polymer
was a highly punified and well-characterized water-soluble
chlornide salt), chitosan particle of better quality were
obtained. The optimal formulation was obtained by optimiz-

ing different ratios between the STPP and chitosan solution
(0.6:1; 0.5:1; 0.4:1). The best formation was achieved with
a ratio of STPP to chitosan of about 0.5:1, which had the

ideal size and zeta potential.
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Example 2

[0199] FEflect of pH on the size, zeta potential and stability
of chitosan particle. This technology 1s advantageous
because of 1ts ability to be customized to remain stable 1n
desired pH environments and release in other desired pH
environments. This 1s accomplished 1 part by modulating

the pH during the particle synthesis process. An example of
the effect of the synthesis pH on the release of particle 1s

summarized i FIG. 26, with the effect on size and Polydis-
persity Index (PDI) shown.

[0200] As shown in FIGS. 26A-26E, the polydispersity
index (PDI) and size of the particle change depending on the
pH environment introduced after synthesis, as seen by
comparing the results obtained at pH 3.4 (FIG. 26A), pH 1
(FIG. 26B), pH 2 (FIG. 26C) pH. For this example, a PDI
of approximately 0.40 or lower 1s preferable. Since the
polymer making up the particles used above expands to
release the encapsulated drug, a larger size indicates that the
particles have degraded and released.

[0201] As shown in FIG. 27, the pH of the human intes-
tines range dramatically, and drug delivery systems which
are able to be customized to control release according to pH
are highly eflective at targeting. For example, according to
the example data shown above, Particles synthesized at pH
1 are able to remain stable from pH range 3-5 and release 1n
a lower or higher environment. A patient that 1s administered
these particles alongside some other supplement would
experience targeted release within the 1leum. Likewise, other
formulations can yield particles that can promote delivery all
across the GI tract.

[0202] In another embodiment, particles have been
designed to remain stable at pH levels of 2-4 and release at
environments above pH 4. FIG. 20 and FIG. 21 illustrate
this. FIG. 20 plots the dependency of the size of particles (as
measured by a Malvern Zetasizer Nano) on the pH. The size
1s seen 1ncreasing sharply at levels at and above pH 4. When
the particles release the encapsulated agent, they swell in
s1ze, so this increase indicates that the agent has been
released. Likewise, FIG. 21 plots the pH to PDI of the
particles.

[0203] In another embodiment, particles with different
stability and release properties are combined in one delivery
method to facilitate delivery to more than one location
within the GI tract despite differences i pH. FIG. 27
illustrates the design of this system.

[0204] As shown in FIG. 27, the inclusion of particles with
different properties in the delivery medium allow for deliv-
ery of particles and subsequent degradation within various
regions of the GI tract. This 1s advantageous over traditional
methods of agent delivery due to i1ts enhanced targeted
ability and non-reliance on merely one “‘stable” pH range
and where the particles release encapsulated agent.

Example 4: Optimization of NP at Large Scale

[0205] Automation of processes 1s especially necessary 1n
nanotechnology applications where the product properties
are very sensitive to changes.

[0206] Materials and Methods for Automated Particle
Synthesis:
[0207] Allthe Reagents and Chemicals Used are Excipient

or Pharmaceutical Grade
[0208] Solution A: 0.1% (active agent) 1n 0.1% Trip-
olyphosphate (STPP) solution
[0209] Solution B: 0.1% Chitosan (CL 113) 1n 0.175%

acetic acid solution
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[0210] Place 10 mL solution B 1n a glass beaker and stir
at 600 rpm on magnetic stirrer. Transfer a total of 10 mL
Solution A drop wise on the stirred solution B with the help
ol a peristaltic pump or any other pump that can provide a
constant flow rate, as used herein at 1.5 mL/min, but which
may be modified to yield a different size, charge, polydis-
persity, NP yield, and drug encapsulation efliciency proper-
ties.

[0211] Daiflerent ratios of solutions A to solution B (A:B)
were used from 1:1 (as in the above case) to 1.1:0.85.
Different mixing ratios produce different NP properties.
Gradually increase the stirring speed of solution B to 650
rpm at the time when half of the solution A has been
transierred. When transfer of solution A 1s completed, gradu-
ally increase the stirring speed to 700 rpm and then gradually
add disaccharide trehalose to the solution to obtain a final
trehalose concentration of 2%. Continue stirring until all the
added trehalose has been dissolved (or for at least 10 min)
to equilibrate the solution. Measure the Z-average, the
polydispersity index (PDI), the mean diameter of each peak,
and NP vield (count rate) of the obtained Particles. The
following storage steps are followed.

[0212] For storage, the final NP solution 1s placed in a
proper container and 1s frozen using liquid nitrogen, 1n dry
ice, or 1n ultra-low temperature freezer until complete freez-
ing obtained and then they are freeze-dried until complete
climination of solvent 1s obtained.

[0213] NP Solution

[0214] Scalability 1s essential for mass production. Drug
carrying particles are formed 1n a solution environment by
self-assembly, which 1s a dynamic process that takes place
only under the correct chemical conditions. This technique
1s extremely sensitive to manufacturing variables including
mixing rate of subsequent solutions and their concentrations,
freshness, and purity. The mixing rate of subsequent solu-
tions cannot be increased above a certain value without
sacrificing particle properties. Furthermore, due to the
dynamic nature of self-assembly, the mixing process must be
finished 1 a limited time as any delays 1n this duration
increases the chance of deviation of particle properties or
yield from optimal values. The sensitive nature of seli-
assembly production methodologies enforces adoption of
strictly controlled batch type manufacturing processes and
does not allow high production volumes per batch. An
automated system has been developed which has success-
tully adapted the original manual particle production pro-
cesses 1nto an automated version and can now strictly
control the properties of the resulting particle including size,
polydispersity, and encapsulation efliciency. These param-
eters are of prime importance in terms of eflicacy of the drug
delivery system as well as raw material costs. Parameters
can be adjusted to obtain a balance between maximal batch
volume and particle yield (number of particles formed 1n a
particular production batch) while keeping the properties of
particles within narrow tolerances. Polydispersity of the
obtained particles was found to be well within acceptable
ranges.

[0215] Targeted Delivery of Agents for the Treatment of
Colorectal and Anal Diseases

[0216] In a further aspect, a drug delivery device has been
developed to administer agents 1n a highly targeted manner
within the colonic, rectum, and/or anal tissue. This device 1s
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in the form of a mesh, or mesh-like material, and 1s topically
applied onto the anus, perianal area or through the anal canal
onto aflected tissue 1n need of agent delivery. The mesh
releases agents encapsulated within microparticles for con-
trolled and targeted treatment of diseases. The mesh 1s able
to deliver microparticles through the mucosa or other tissue
with which 1t comes 1n contact, to deliver a concentrated
dosage of agents locally, in a more targeted manner than
traditional systemic delivery of agents. This allows ifor
greater safety and eflicacy of agents within the body. The
microparticles included within the mesh provide retention of
the agent or agents locally and/or regionally within the tissue
to which the mesh was applied. If desired, free agents within
the mesh but not within the particles may also be included,
for example to achieve agent delivery from the local tissue
into systemic circulation of the body.

[0217] The mesh formulation utilizes microparticles to
target drug delivery and alter release parameters which can
treat or prevent diseases, or otherwise deliver agents to the
colon, rectum, or anal tissue to treat, prevent and/or diagnose
diseases. The use of microparticles allows passage through
the mucosa lining the tissue of the colon, rectum, and/or
anus, ensuring a suflicient and targeted agent delivery.

[0218] The formulation of this mesh i1ncludes agent-en-
capsulating microparticles. The properties of these
microparticles are able to be changed to modulate the release
depending on the region of the gastrointestinal tract being
treated. For example, microscopically, the rectum 1s lined by
high columnar mucus-producing cells. The anal canal 1s
divided into three zones with different type of epithelium
lining; the proximal zone 1s lined by stratified cuboidal
epithelium, while the intermediate (pectin zone) 1s lined by
stratified squamous epithelium but without adnexae (e.g.,
hair, sebaceous glands). And the distal (the anal skin) 1s lined
by squamous stratified epithelium and contains hair and
sebaceous glands. To this end, different sizes of particles
may be required 1n order to permeate and release the
encapsulated agent within the specific aflected region, maxi-
mizing the specificity of the delivery. The size and charge of
the particles may be customized to provide for the adequate
treatment ol each region. This further allows for the devel-
opment of an optimal personal treatment customized for the
location and disease.

[0219] The microparticles are formed of a polymer such as
chitosan, and will include at least one agent to be delivered.
This delivery system may optionally include permeation
enhancers, either included within the mesh or externally
administered to the targeted tissue prior to, during, or after
mesh administration. Any permeation enhancer or perme-
ation enhancers administered will aflect at least the tissue of
the colon, rectum, and/or anus. They may be administered
via enema, liquid, suppository, orally administered capsule,
tablet, injection, within the mesh 1itself or via other delivery
means.

[0220] In the preferred embodiment, the mesh 1s formed
with one side exposed for contact with the appropnate
tissue. As 1llustrated 1 FIG. 28, particles contaiming the
agent or agents will be released from this side upon contact
with the appropriate tissue. Also in the preferred embodi-
ment, the other side facing the external gastrointestinal
cavity may be covered with a backing film, layer, or other
impermeable membrane to prevent loss of the agent from the
mesh 1to the gastrointestinal system, or contamination of
the mesh via fluids or other matter 1n the gastrointestinal
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system. Optionally, the impermeable film, layer, or mem-
brane may be replaced with a water-permeable film, layer, or
membrane.

[0221] The mesh described herein can also be included as

one component of a larger treatment kit intended for the
treatment of colon, rectal and/or anal diseases. This kit may
include matenals that are required for proper administration
of the mesh as well as proper and satfe disposal of the mesh
alter application and cleaning of the treated area. For
example, 5-fluorouracil, mitomycin and cisplatin are com-
monly used chemotherapeutics for the treatment of anal
cancer. And either the FOLFOX (5-FU, leucovorin, and
oxaliplatin) or CapeOx (capecitabine and oxaliplatin) regi-
mens are used most often 1n treating colorectal cancer. These
chemotherapeutics are highly potent and toxic, however, and
extensive precautions must be taken to ensure that proper
handling procedures are followed during treatment, and
contact 1s minimized between these agents and both the
patient and personnel applying the mesh. Items that may
then be included 1n the kit for the purpose of safety, such as
a cleansing enema to be administered before and/or after
application of the mesh, forceps or other tools for the
placement of the mesh, disposable packaging for any
remaining portion of the mesh after application, and any
other instruments which may be required to safely admin-
ister the mesh.

[0222] A topical agent delivery mesh has been developed
specifically for delivery of agents within the rectal, colonic,
and/or anal tissue. Preferably, the mesh 1s at least partially
made of biodegradable and/or biocompatible materials. The
microparticles released from the mesh are preferably locally
or regionally retained within the colonic, rectal, and/or anal
tissue under and around which the mesh was applied. The
majority of the one or more agents released from the
microparticles 1s preferably locally or regionally retained
within the colonic, rectal, and/or anal tissue under and
around which the mesh was applied.

[0223] The Mesh:

[0224] The mesh includes microparticles and an optional
backing layer for delivery through mucosa, epithelium, or
both, and delivers microparticles into neighboring tissue
(FIG. 28). The mesh can take multiple forms, typically
synthesized within a mold to control 1its shape (FIG. 29).
Microparticles can be seen within the mesh (FIG. 32) and
help to form 1ts structure. It can be seen that microparticles
offer sigmificant contribution to the mesh structure. The
microparticles include a polymer, and optionally targeting,
clements (FIG. 13). The mesh 1s applied to the tissue of the
gastrointestinal tract via the anus, preferably onto a mucus
layer but also onto epithelium of the anus where no mucus
1s present, allowing delivery of the agent to the underlying
cells. The microparticles penetrate the mucosa/epithelium
and release the agent or agents directly 1nto the tissue. The
mesh may be formed of bioadhesive polymer.

[0225] In the preferred embodiment, chitosan i1s used as
the polymer for the microparticles. Chitosan 1s a deacety-
lated derivative of chitin, the second most abundant poly-
saccharide, and has a large density of reactive groups and a
wide range ol molecular weights. Chitosan 1s considered
usetul as a bioadhesive material because of 1ts ability to form
non-covalent bonds with biological tissues, mainly epithelia
and mucous membranes. Bioadhesions formed using natural
polymers have unique properties as a carrier because they
can prolong residence time and, therefore, increase the
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absorbance of loaded drugs. Chitosan 1s a bioabsorbable,
biocompatible, biodegradable, anti-bacterial and non-toxic
polymer.

[0226] In addition, chitosan has different functional
groups that can be modified. Because of its unique phys-
icochemical properties, chitosan has great potential 1 a
range of biomedical applications. Chitosan can be used as a
delivery mechanism because of 1ts bio-adhesiveness as well
as 1ts established ability to act as an absorption and perme-
ation enhancer. The barrier 1n mucosa or epithelium can
casily be disrupted by chitosan particles, enhancing perme-
ability through mucosa.

[0227] The most widely developed particle manufacturing
methods are 1onotropic gelation and self-assembling poly-
clectrolytes. These methods ofler many advantages such as
simple and mild preparation method without the use of
organic solvent or high shear force. They are applicable to
broad categories of agents including macromolecules which
are notorious as labile agents. Usually, the factors found to
allect particles formation, including particle size and surface
charge, are molecular weight and degree of deacetylation of
chitosan. The particles may be tailored to be stable 1n a
variety of environments (FIG. 31).

[0228] The 1onotropic gelation method 1s commonly used
to prepare chitosan particles. This method 1s based on
clectrostatic interaction; at physiologic pH, the primary
amine groups of chitosan are protonated, and therefore
chitosan 1s positive-charged. The positive charge 1s used to
form particles 1n solution via cross-linking with polyanions
(stabilizer) such as sodmum tripolyphosphate (STPP), to
clliciently encapsulate the drug via electrostatic interaction,
and to promote cellular internalization of drug-containing
chitosan particles. Several advantages of this simple and
mild method include the use of aqueous solutions, the
preparation of particles with a small size, the manipulation
of particle size by the variation in pH values, and the
possibility of encapsulation of drug during particle forma-
tion. Structural changes can be 1ntroduced by 1onic strength
variations like presence of KCl at low and moderate con-
centrations emphasize swelling and weakness of chitosan-
STPP 10nic interactions, 1n turn particle disintegration.

[0229] The particles (micro- but also nano-sized particles)
can permeate the tissue within the anus, colon, or rectum.
The size 1s dependent on the pH of the solution and the
weight ratio of Chitosan to STPP. And the size of the
particles influences the drug release rates. Permeation 1s
important to the ethicacy of the mesh, and the mesh has been
shown to have very high permeation ability (FIGS. 30 and
33). This size 1s adequate to carry enough of the included
agent or agents such as a chemotherapeutic to obtain high
loading and encapsulation efliciencies. The encapsulation
also protects the outer tissue in the GI tract from damage 1f
toxic agents such as chemotherapeutics are included. Other
parameters aflect the particles including the chitosan:stabi-
lizer (such as STPP) ratio 1n aqueous solution during the
synthesis process, as an increase 1n the amount of stabilizer
leads to a higher degree of chitosan cross-linking and a
decrease in the particle dimensions.

[0230] The embodiments of the described above are
intended to be merely exemplary; numerous variations and
modifications will be apparent to those skilled 1n the art. All
such variations and modifications are intended to be within
the scope of the present invention as defined in any
appended claims.
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1-20. (canceled)

21. A composition for oral administration and delivery of
a therapeutic agent to gastrointestinal mucosal tissue, the
composition comprising a plurality of nanoparticles com-
prising chitosan and the therapeutic agent,

wherein the plurality of nanoparticles is stable to stomach
pH of 1.5 to 2.5; and

wherein the therapeutic agent 1s encapsulated within the

nanoparticles.

22. The composition of claim 21, wherein the plurality of
nanoparticles 1s programmed to degrade at about pH 5 for
targeted release of the therapeutic agent to the jejunum.

23. The composition of claim 21, wherein the plurality of
nanoparticles 1s programmed to degrade at about pH 6 for
targeted release of the therapeutic agent to the small intes-
tine.

24. The composition of claim 21, wherein the plurality of
nanoparticles 1s programmed to degrade at about pH 7 for
targeted release of the therapeutic agent to the ileum or
colon.

25. The composition of claim 21, wherein the plurality of
nanoparticles comprises:

a {irst population of nanoparticles programmed to degrade
at about pH 5 for targeted release of the therapeutic
agent to the jejunum; and

a second population of nanoparticles programmed to
degrade at about pH 6 for targeted release of the
therapeutic agent to the small intestine.

26. The composition of claim 21, wherein the plurality of
nanoparticles comprises:

a first population of nanoparticles programmed to degrade
at about pH 5 for targeted release of the therapeutic
agent to the jejunum; and

a third population of nanoparticles programmed to
degrade at about pH 7 for targeted release of the
therapeutic agent to the 1leum or colon.

277. The composition of claim 21, wherein the plurality of
nanoparticles comprises:

a {irst population of nanoparticles programmed to degrade
at about pH 5 for targeted release of the therapeutic
agent to the jejunum;

a second population of nanoparticles programmed to
degrade at about pH 6 for targeted release of the
therapeutic agent to the small intestine; and

a third population of nanoparticles programmed to
degrade at about pH 7 for targeted release of the
therapeutic agent to the 1leum or colon.
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28. The composition of claim 21, wherein the plurality of
nanoparticles comprises:

a second population of nanoparticles programmed to
degrade at about pH 6 for targeted release of the
therapeutic agent to the small intestine; and

a third population of nanoparticles programmed to
degrade at about pH 7 for targeted release of the
therapeutic agent to the 1leum or colon.

29. The composition of claim 21, wherein the chitosan 1n

the nanoparticles 1s pure chitosan.

30. The composition of claim 21, wherein the nanopar-
ticle further comprises a cross-linking agent which 1s sodium
tripolyphosphate.

31. The composition of claim 21, wherein the therapeutic
agent 1s a chemotherapeutic pharmaceutical.

32. The composition of claim 21, wherein the therapeutic
agent 1s a nucleic acid therapeutic.

33. The composition of claim 32, wherein the therapeutic
agent 1s nicotinic acid adenine dinucleotide phosphate.

34. The composition of claim 21, which 1s provided as a
freeze-dried powder.

35. A formulation for oral administration and delivery of
a therapeutic agent to gastrointestinal mucosal tissue, com-
prising the composition of claim 21.

36. The formulation of claim 35, wherein the formulation
further comprises a liquid delivery medium.

37. The formulation of claim 36, wheremn the liquid
delivery medium comprises fruit juice.

38. A method of preparing a nanoparticle comprising
chitosan and a therapeutic agent, wherein the nanoparticle 1s

stable to stomach pH of 1.5 to 2.5, and the therapeutic agent
1s encapsulated within the nanoparticle, the method com-

prising:
(1) obtaining a first solution comprising chitosan and
acetic acid;

(2) adjusting the first solution to a pH of between about
2.0 and about 5.0:;
(3) obtaining a second solution comprising the therapeutic
agent and tripolyphosphate; and
(4) introducing the second solution to the first solution at
a constant flow rate to form the nanoparticle compris-
ing chitosan and a therapeutic agent.
39. The method of claim 38, wherein step (2) comprises
adjusting the first solution to a pH of between about 2.0 and
about 5.0.

40. The method of claim 38, wherein the constant flow
rate 1s 1.5 mlL/min.

41. The method of claim 38, further comprising the step
of freeze-drying the nanoparticle comprising chitosan and a
therapeutic agent.

42. A nanoparticle prepared by the method of claim 38,
wherein the nanoparticle 1s stable to pH of up to about 4.0.
43. A nanoparticle comprising chitosan and a therapeutic
agent,
wherein the nanoparticle 1s stable to stomach pH of 1.5 to
2.5, and

wherein the therapeutic agent 1s encapsulated within the
nanoparticle.

44. The nanoparticle of claim 43, wherein the nanopar-
ticle further comprises a cross-linking agent which 1s sodium
tripolyphosphate.

45. The nanoparticle of claim 43, wherein the therapeutic
agent 1s a chemotherapeutic pharmaceutical.
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46. The nanoparticle of claim 43, wherein the therapeutic
agent 1s a nucleic acid therapeutic.

47. The nanoparticle of claim 43, wherein the therapeutic
agent 1s nicotinic acid adenine dinucleotide phosphate.
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