
S
v
m
a
s
f
(
v
p
f
h
m
th
a
im
m
p
d
in
f
a
in
o
M
th
s
th
ly
a
p
a
p
w
r
s
c
c
e
k
R
a
m
m
m
a
in
s
s
s
h
p
s
d
c
m

Co
Daniel A. Lyn

Statement of P
voluntary move
muscle tissue, i
available. Rece
scaffolds (NGS
functionalized w
(BDNF), demo
vivo [2,4]. How
promote regene
following work
hydrogel NGS 
mechanism, hy
his end, the eff

assembly on re
mproving BDN

modifications t
presence of suc
deposition and 
ncorporation a

factors from LB
axon growth by
nsight toward u

on highly porou
Methods: Nerv
he NGS via a h

system under a
he highly poro
ysozyme, a sui

as BDNF, is ac
physiological p
alternating laye
polyacrylic acid
within the hydr
release every 24
structure throug
changes to LBL
confirmed by n
electron micros
kinetics were o
Results: Releas
acellular LBL m
milligram/milli
month [3]. Rec
mesopore volum
addition of sucr
ncrease in rele

surpassing 2500
supplemented b
seen by NA and
hydrogels. In ad
presence of suc
surface area; a p
deposition. By 
concentrations 
method. Modif

ontrolled Prot
nam1, Dena Sha

Purpose: Paral
ement resulting
is a devastating
ently, agarose h
S) have been fa
with brain deri
nstrating subst

wever, these rep
eration by a cel
k focuses on fu
to release BDN

ydrogen-bonded
fects of acetic a
lease rates, cum
NF stability wi
o the agarose h

crose will have
release kinetic

and controlled r
BL-coated NG
y an acellular m
understanding 
us hydrogels. 
ve growth prote
hydrogen-bond
cidic condition

ous hydrogel, th
itable analog fo
hieved by rele

pH. This system
ers of hydrochl
d, polyethylene
rogel framewor
4-hours. By m
gh sucrose pres
L deposition an
nitrogen adsorp
scopy (SEM). I
bserved when 
se of lysozyme
method has bee
iliter concentra
ently, we have
me within the h
rose during gel
ase dose, exhib
0µg/mL in som
by modification
d SEM on supe
ddition to tailo

crose dramatica
property critica
this technique,
previously una

fications to the 

tein Release fr
ahriari1, P. Ang

1Mi
2Un

lysis, or the fun
g from damage
g condition wit
hydrogel nerve
abricated [1] an
ived neurotroph
tantial axon reg
ports supplied B
llular release m

unctionalizing a
NF by utilizing
d layer-by-laye
acid incorporat
mulative quant
ill be explored.
hydrogel frame
 significant im

cs. From this w
release of nerv
Ss will promot

method, and wi
LBL depositio

eins can be inc
ded, dual polym
ns [3]. By depo
he gradual rele
or nerve growt
ase of polymer

m consists of de
loric acid adjus
e glycol, and ly
rk and measuri
odifying the hy
sence during g
nd release was 
ption (NA) and 
In addition, cha
utilizing acetic

e, a BDNF ana
en shown to re
ations over the 
e shown that au
hydrogel throu
lation results in
biting a cumula

me samples. Th
ns to the nanop
ercritically drie

oring pore struc
ally increases h
al for further L
, BDNF can be
attainable from
LBL assembly

rom Layer-by-
gart1, M. Gao2,
ichigan State U
niv. of Californ
nctional loss of
e to nerve or 
th no treatment
 guidance 

nd 
hic factor 
generation in 
BDNF to 

method. The 
agarose 
g an acellular 
er (LBL). To 
tion during 
tities, and 
 Additionally, 

ework by the 
mpacts on LBL 
work, 
ve growth 
te and sustain 
ill provide 
on and release 

corporated into
mer LBL 
ositing LBL on
ease of 
th factors such 
r layers under 
epositing 
sted 
ysozyme 
ing protein 
ydrogel pore 
elation, 
monitored and
scanning 

anges to LBL 
c acid. 
log, from the 
ach 
course of one 

ugmenting the 
ugh the 
n a substantial 
ative release 
hese results are
pore volume as
ed agarose 
cture, the 
hydrogel 
LBL 
e released in 

m the LBL 
y may also 

-Layer Coated
, K. Koffler2, C

University, East
nia-San Diego, 
f 

t 

 

n 

d 

e 
s 

prom
Incor
contr
dosag
affec
impo
broad
acidi
of pr
found
BDN
unde
porou

Fig 
Conc
consi
show
encou
mech
a viab
prote
times
hydro
dram
area 
acetic
depo
unde
comp
disas
funda
hydro
encou
BDN
may 
This 
1R01
Refe
1. L

2
2. G
3. M
4. G

d Hydrogel Sc
C. Chan1, P. W
t Lansing, MI
 La Jolla, CA

mote enhanced 
rporating acetic
rolled release o
ges on the wee

cts LBL kinetic
ortant aspect fo
dening the spec
ic LBL assemb
roducing and co
dation for relea

NF from the LB
erstanding of L
us hydrogel ne

1. Lysozyme r
clusions:  Func
idered viable f

wn positive resu
uraged regener
hanism to relea
able alternative 
eins at clinicall
scale. This wor
ogel framewor

matic increases 
and nanopore v
c acid into the 

osition and rele
er acidic condit
patible drugs. F
ssembly from h
amentally unde
ogel NGS capa
uraging axon g

NF release can b
provide a pote
work acknowl

1EB014986-01
erences: 
Lynam D, et a
2011;22:2119-
Gros T, et al. B
Mehrotra S, et 
Gao M, et al. B

caffolds for Ne
Walton1, M.H. T

BDNF release 
c acid into the 
of lysozyme in 
ek timescale. A
cs, but also stab
or maintaining 
ctrum of comp

bly. This work,
oncentrating B
asing relevant 

BL process, and
LBL deposition 
etworks. 

release from su
ctionalized aga

for nerve regen
ults in vivo. Ho
ration by utiliz
ase BDNF. LB
 for acellular c
ly relevant dosa
rk is furthered 
rk via sucrose a
in release dose
volume. Addit
LBL process s
ase kinetics wh
tions; broadeni
From this work
highly porous h
erstood. Moreo
able of linearly
growth through
be produced fo

ential therapy f
ledges funding
1 

l. J Mater Sci: 
-2130 
Biomaterials. 2
al. Adv Func 

Biomaterials. 2

erve Repair 
Tuszynski2, J. S

 and stability. 
LBL process h
clinically relev

Acetic acid not 
bilizes proteins
bioactivity and

patible drugs du
 coupled with 

BDNF, has laid
doses of bioac
d furthers our 
 and release on

ucrose-modifie
arose NGS are 

neration studies
owever, these r
zing a cellular 
L has been sho

controlled relea
ages over a mo
by modificatio

addition, show
e by tailoring o
tionally, incorp
substantially af
hile stabilizing
ing the spectrum
k, LBL assemb
hydrogels is mo
over, functiona
y guiding and 
h acellular, bio
or in vivo studi
for paralysis tre
g from NIH 

Mater Med. 

2010;31:6719-6
Mat. 2009;20:2

2012; In press

Sakamoto1 

has shown 
vant 
only 
s; an 
d 
uring 
methods 

d the 
ctive 

n highly 

ed agarose 

s, having 
results 

own to be 
ase of 
onth 
ons to the 

wing 
of surface 
porating 
ffects 

g proteins 
m of LBL-

bly and 
ore 
alized 

oactive 
ies, and 
eatment. 

6729 
247-258 

Abstract #16
©2013 Society For Biomaterials


