White Rose

Research Online

1"#$%

() *+,%- * * * [ 012!13456

) ))6 )
+ 7 0" U$$3(1$83 7 9 (%1

121211 ) 3621™3

) ! + <6
) => @) L)
;6 6 6

;121211 ) 3621™3

7) 6 ;*

i &, | University of

\EH{
UNIVERSITY OF LEEDS =+~ Sheffield



mailto:eprints@whiterose.ac.uk
https://doi.org/10.1021/acsami.7b02337
https://eprints.whiterose.ac.uk/id/eprint/113958/
https://eprints.whiterose.ac.uk/

ITHJAPPLIED MATERIALS

XINTERFACES

Subscriber access provided by The University Library | University of Sheffield

Fabrication of electrospun mucoadhesive membranes
for therapeutic applications in oral medicine

Martin E Santocildes-Romero, Lucie Hadley, Katharina H Clitherow, Jens
Hansen, Craig Murdoch, Helen E. Colley, Martin Thornhill, and Paul V. Hatton

ACS Appl. Mater. Interfaces, Just Accepted Manuscript « DOI: 10.1021/acsami.7b02337 « Publication Date (Web): 16 Mar 2017
Downloaded from http://pubs.acs.org on March 20, 2017

Just Accepted

“Just Accepted” manuscripts have been peer-reviewed and accepted for publication. They are posted
online prior to technical editing, formatting for publication and author proofing. The American Chemical
Society provides “Just Accepted” as a free service to the research community to expedite the
dissemination of scientific material as soon as possible after acceptance. “Just Accepted” manuscripts
appear in full in PDF format accompanied by an HTML abstract. “Just Accepted” manuscripts have been
fully peer reviewed, but should not be considered the official version of record. They are accessible to all
readers and citable by the Digital Object Identifier (DOI®). “Just Accepted” is an optional service offered
to authors. Therefore, the “Just Accepted” Web site may not include all articles that will be published
in the journal. After a manuscript is technically edited and formatted, it will be removed from the “Just
Accepted” Web site and published as an ASAP article. Note that technical editing may introduce minor
changes to the manuscript text and/or graphics which could affect content, and all legal disclaimers
and ethical guidelines that apply to the journal pertain. ACS cannot be held responsible for errors
or conseqguences arising from the use of information contained in these “Just Accepted” manuscripts.

ACS Applied Materials & Interfaces is published by the American Chemical Society.
1155 Sixteenth Street N.W., Washington, DC 20036

Published by American Chemical Society. Copyright © American Chemical Society.
However, no copyright claim is made to original U.S. Government works, or works
produced by employees of any Commonwealth realm Crown government in the course
of their duties.

N4 ACS Publications



Page 1 of 39 ACS Applied Materials & Interfaces

O©CoO~NOUTA,WNPE

23 Lo o# S w& ()
36 +,-.10102! 3-45 4 6

39 "78,- 4. #9 9 ,

ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

#
#
# 3<
# # |/
<
> =/ @> *H#
t#
#
< #
t#
S <
<
NI
IB- <
Nl -

ACS Paragon Plus Environment

#

Page 2 of 39



Page 3 of 39 ACS Applied Materials & Interfaces

O©CoO~NOUTA,WNPE

ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

DC

ACS Applied Materials & Interfaces

=@/> -1 @/
@/ 5C
!
#
#
#
x|
# # B
#

ACS Paragon Plus Environment

F

%%

G

F

Page 4 of 39



Page 5 of 39 ACS Applied Materials & Interfaces

O©CoO~NOUTA,WNPE

17 %

2 E # &IH

%l

ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces Page 6 of 39

; = ; > <
< #
| = I> A ; #
/ =N> =< * > . # - ?2 = >< *
=" *1 12 =2 > o= >=<
* > < / = *> [ = D >=[.>=<
* > = >=/@>=<"*> < # |
="> JC =.,3> = 9> =9><
=">
I
< # " #
=" I> N # < = # ">
# = @ K: * "> < D# #
=1 ">
" # | $ % # & #11&
#
< E NI

ACS Paragon Plus Environment



Page 7 of 39

O©CoO~NOUTA,WNPE

a D5

51 +.,& H*%

53 * #

60 %

=DM N M>

55 /@ <

ACS Applied Materials & Interfaces

& & -

%C B ..,3 < ;
1 /'l
<
$
< # 9 2(
<A > # &(L
< # 9-( =/
/D5 =D M >
b @
° > 8 A # # /.,
/15D < D # <
< ;
# 1@
9 9 =4 C 949>

ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

#

41BB<<< # #>

$

/

<

##t

ACS Applied Materials & Interfaces

<C #
<
< #
# %M D <
# @ =D M 5 H&M > < # <
N=0(M> . # - =0OHDM>
# # o/ P @ #
< # # # D *)
# 20 1# 9 [ # =219/
$ (< | # <
# Q&
!
= I> < # >
A =5 #><
% M M B
< #/ =/ *5, 1>
7* 0 R > <
% $# *% *

ACS Paragon Plus Environment

Page 8 of 39



Page 9 of 39

O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

# = S (> <
I < <
< #
< x
= >< 9@35 P =
*#5 & #
1 %*  $% #

N <C- =hB- >= >

=NB- JI> => <CJ
> < # $ !
* ¢
< =
<
. # * 4
< < <
& <
< * #

@>

$ &

<C )/l

<C -

: < <
# (
# .9
E 1# <
D&D9 #
#1#R <

=> <C/=NH>=> <C
<C - <C/,
<C ;=)B- J

# $

= K S &> <

* =&D >

ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

ACS Paragon Plus Environment

< #
5 * # =H > * # < # #*
"> < T
#T 9 =99> < HDL#B
= > < #
* DC &$$
# #
< # =P >
## # D : <
* x & <
& it
# <
A # = ># #
= # @ > #5 * <
=)8- / > 5 3V. #
# <
Co9 ;o =)8- 1 >
# 3 , D DC =)8- /
< 3 , = * >
#IIP=# 1 ">

Page 10 of 39



Page 11 of 39

O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

ACS Paragon Plus Environment

b«

=2 |/
<5< 10,)!

#



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

* # ! $ 2
# E
<
D
<
< -#
=# > #
#
# < # =
# < D<C
< # < <C
# < <
# <
/., < = <C/, <C
<C ; S 'D%> - <
D<C ;
- <C/l
=# > < #
<C- =S HD>
=# >< #
< # # E

%$ (

hi #
, 5< 10,)!
5
<C/NlI=S
D<C/N/I =S

A

ACS Paragon Plus Environment

% (

(> 3<

%l

NI

>

<Cl/,

<C

Page 12 of 39



Page 13 of 39 ACS Applied Materials & Interfaces

O©CoO~NOUTA,WNPE

15 " & % * 3 #4 $11&

20 D<C <CJ/l/ < D<C/)/< #

22 # 9 # #
25 I # D<C/l

< <> 9 # < D<C D<C))

32 =# 15> < < ; # #

34 < <ChHl=# >
36 . *

41 NIl = > # <

s <Chl< * < E

48 "8 %* 3 #1564 % 11 $11&

53 - < <C N/ D<C -

ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

ACS Paragon Plus Environment

=# (53> - D< C
* # #
< # #
< ; # #
- !
# N < * &&& =# (1> <
# - < * && =# (R> !
# N)I3J- < #
< *
NI =# ("> L) * <
# <
L& # 4 % 11 $ & & %* (
/., <
# (<C
<C /[, ! <C
= & <C ;o (<C > ¥
# # 2
# < E
# < 9 #
S < <

Page 14 of 39



Page 15 of 39 ACS Applied Materials & Interfaces

= # &I5> ; # <
#HEH = # &> =# &>/,

## # # #

O©CoO~NOUTA,WNPE

< =# &5>

15 "), & #H IS % (11& T& -

25 < < #>

N
~
*
+
1

<C/@> < 9

32 ! =% M D >

< =# D> 0 # <

39 # =# D5>

44 "vr 3 o# $le $& %*% *&
46 - <C/)I <
48 * < )

51 <C/)) <C D<C- <

53 # 5 * < # 8 DC - #

ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

#

# # # 9 # < *
# * < <
- D<C <C=# HI5 > # <
- <C /)
# =, 5< 10) =D (> S H%' ( W >
# M <C/N %M N &M <C /)< <C -
< # = W > < :
/., # # M N M M N %M 1
@ *# < # = W >
=9%(M N M> /@= MNHM> 0
< # ; 1,=S %D><
=# H>
% $% #!11& %*
| $ <C/)/
< 3<
1)/B- nmw- J1,
nme- J ; #
< nm- J ; D <
# < # - S (K <5
< 10)!> <
= S HHK <5< 10)l> =# %! > 1 #
nms- J ;
H

ACS Paragon Plus Environment

Page 16 of 39



Page 17 of 39 ACS Applied Materials & Interfaces

$$ I < / )

O©CoO~NOUTA,WNPE

< 9 /)/B-
13 L< # < # # (H

15 NB- ., < # =W D>
18 /)/B- < L <

20 : =# %>3 # # <

27 *H#@ < <

29 - # %>

60 %
ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces Page 18 of 39

' $
1 <
< # #
# # # <
N #
< < #
I # < # #
< # #
& Nl . #?
- E
# A # * < ;
H
NI
= D<C> #
# D<C)I < (D
< # < E %
: # NI #
P3< # <
E # #
# # # #
= # >

ACS Paragon Plus Environment



Page 19 of 39

O©CoO~NOUTA,WNPE

NI

# S5 *

N

ACS Applied Materials & Interfaces

< Chnl

Y,

NI #

E * <

NI

ACS Paragon Plus Environment

<

N <



O©CoO~NOUTA,WNPE

<C /)
< -
< N o-
5* 1 <
<
4
<
#
1
#
4
.
E
/.,
9

NI

ACS Applied Materials & Interfaces

; #
# #
< ;
3< # <
<C D<C ## #
! ## N -
; #
# #
: <
#
#< 3< <
<
#
<
<

ACS Paragon Plus Environment

Page 20 of 39



Page 21 of 39

O©CoO~NOUTA,WNPE

3<

#9$

1#

ACS Applied Materials & Interfaces

ACS Paragon Plus Environment

##



O©CoO~NOUTA,WNPE

@

i

ACS Applied Materials & Interfaces Page 22 of 39

ACS Paragon Plus Environment

/@ 1 $



Page 23 of 39

O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

$ &$$

: < Y,

# 5™

ACS Paragon Plus Environment

NI <
N/
$ <
=/.,
K <
# <
<



O©CoO~NOUTA,WNPE

#5

ACS Applied Materials & Interfaces

ACS Paragon Plus Environment

Page 24 of 39



Page 25 of 39 ACS Applied Materials & Interfaces

O©CoO~NOUTA,WNPE

13 1 # ) =D<C <C/)>
15 < # < #

] <C I

32 * # | @ "% & $%

34 < <C)/ <C- <Cl, ;

ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

Page 26 of 39

12 -.
-
& 1401 R?=0.9717
g 120_ *kkk *kkk *kkk 8 1 - :
£ ol I [ _ [ "
2 80 X
g 60_ Kekkk = T 6 -
'g 404 Fkdkk ﬂ._.‘?
8 20_ *kkk b 5 7
O T m m m T T T T T T .g 4 T
> Q O + o .0 0 2
(boo QAQ QAQ QAQ %\Q %\Q F & & $ 5
Q‘}Q o\ ‘e\e ‘e\e L & Q\" Q\° o oo
(oé‘ A g ge VY & & 2 4
NN r®$ ‘o$ x> XV NI
(1,‘
AQx NS S KoY %\QQ 1
oT & E R E 0 e
Q\$\°\°<2 Q 0 2 4 6 8 10 12 14 16 18 20
N
N .
Materials Concentration of PVP [wt%]
25, D
- 1000 3\
2.0 _ \
— b i .'\
("2} ©
o \ ..
é 151 > 100 l‘\ \.'\
2 @ N T~
g 2 To—
o i 2 e Sseel T
g 109 > 10 B P
S -1 il LT P,
051 -
14 T T T T )
0.0 : : : : 0 20 40 60 80 100
o\o o\o o\o o\ Shear rate [1/s]
NS NS NS
& o o o
------- PVP/RS100 + 10 wt% PEO ~ — - - — PVP/RS100 + 20 wi% PEO
Concentration of RS100 added to 10 wt% PVP PVP/RS100 + 10 wi% Dex = = — = PVP/RS100 + 20 wt% Dex
, $ =I>
=N> . # - = > L=
= > =[> =) # N
5 =>) <C /) #
- 5 => ) <C
NI D<C- < <C <C N
5 5 -
# < =l5> N ++ S
K++++ SW
H

ACS Paragon Plus Environment



Page 27 of 39 ACS Applied Materials & Interfaces

O©CoO~NOUTA,WNPE

2! 1

Fibre diameter (um)
|
I

= 1 1

5wt% 10wt% 15 wt% 20 wt%

Concentration of PVP solution

29 # D D <C Nl

60 %
ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

Page 28 of 39

5 20
3 30 | 8 2
40 |
%0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Temperature (°C) Temperature (°C)
, $ " # #
<C/) D< =I5>< C.
<C- =5> <C- =253> D <C -
=1> )/ =R> -
# B A
M B #

< #

(Bw) ssep

ACS Paragon Plus Environment

0
100 200 300 400 500 600 700 800
Temperature (°C)

#

2= > =5>D
S

="> [)/B- #
"M

(Bw) ssep



Page 29 of 39 ACS Applied Materials & Interfaces

O©CoO~NOUTA,WNPE

29 <C /)l <C- # =15:>

ACS Paragon Plus Environment



P OO~NOULAWNPE

OO AU A DMBAEDIMDIMDIEDRNMNDMOWOWWWWWWWWWNNNNNNNNNNRPRERPRPERPRERERERPR
QUOWONOUTRARWNRPOOONOODURMAWNRPOOONOUOPRWNPRPOOONOOUOPRARWNPEPOOONOODUIAWNEO

, $ )

<C

=91@>

=I5>

= SD

ACS Applied Materials & Interfaces

<Chnl * 4

5

ACS Paragon Plus Environment

Page 30 of 39



Page 31 of 39 ACS Applied Materials & Interfaces

O©CoO~NOUTA,WNPE

17 m 1805
18 1601
19 1401

1201 —vo

100+

N
H
Contact angle
[Degrees]
D,
10°

31 Materials

45 <C/@ => <Cl@ =2> <C/l =3> <C/l)) <C
47 - =1> <C/) <C- <C ; =R> <C/)/

50 <C- <Cl/., S

ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

, $ ! = >
<CNlI=hHI>K <Cl <C- =/ )/B-
<C- <Cl/l,=hHB- Jl.> ;= IB-
=I> =>
K
< &
& = > < JB5
; + W DI0OI< *G
niB- Ji., < #
<
(

ACS Paragon Plus Environment

#
>K

J ;>

<C )

Page 32 of 39



Page 33 of 39 ACS Applied Materials & Interfaces

O©CoO~NOUTA,WNPE

16 =8 C> =8 C> =8 C> =8 C> =*)> =@B> =>

DI D D I D I (

23 DI D DI% D

26 DID % D

29 DID % D

37 # NI

40 u#n )*+ ,*+

45 D<C g HD (& (D (D D%
49 <C % (( @% & D (
52 D<C ' ( % %HH D ((

55 <C " H ( ' (% (& H (

60 ((

ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

1 3,-10,-911,0
% $*
+ #9
".59 4 6 K 4I3&& = > & HD&D'
$* &$
9 5- R 3 ) 3 3
9 # 9 5-
3 < ; A
< < #
5- #9 3
/)3 @ 3 R 3 R 3
# R 3 9 3 I ) 3 #9
Cok < ) <
$% $ % # #
! 9.- 93. "3 /)3 #
< # 3# # H
3 9 3 !
(&

ACS Paragon Plus Environment

=3. > R

Page 34 of 39



Page 35 of 39

O©CoO~NOUTA,WNPE

1"0,8@. 29.0

(D

ACS Applied Materials & Interfaces

ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces Page 36 of 39

-..-.0.
=> K . K AA 9 9 # , @ -
111 / =D> '%I(H
=> I K2 #9 - ! : 0 -
11) 12=> (1&% |
=> 9 ! K" --K8* ["K * K"* 9 #
/ , @ | 4!- (

1" 1=>"ID
=&> *$ :K2A 2K!59< K IAA # OKI'A 02

# - ! / '
3 '3 1) , =D> %&l'
=D> ) R "K <* "K2# 9 #
oo 11" ** =5> (I(
=H> K9 " K3 'K 0 3 9K - RK R R
A : 9 9 ,
! "4 1" 5*=(> H'IH"
=0%> |/ @K! # )K- K2 # K- 9K: /K- 0
9 : # 9 A
/ 11' 2*=(> D ID((
='> A K2 2 9K K. R :K2 2 9K 2K
9# [/10<9 # 9 # , @
/| 4 "4 ( 11 6 =(>
&(%l&&
=> : 50% -K * 0K 9K / * 9 /
/ . 2 < - 9
" 1" 2= (I (
=>2%$A*RK3 K *RK/ AA K@ 3K A /K)
9 , # ) B X
0 1 : , 1 4

‘1) )7/ D' &HID' &H

H

ACS Paragon Plus Environment



Page 37 of 39 ACS Applied Materials & Interfaces

= > K # K @ "K 7 .K" /K @ K/ )!
9 ,; - , #
0 1" & &%

=> # 3K -KR 9K2# K2 I "K- 2
11 .9 / 0 - % 0 4
12 1) 18=&> H(IH
14 => # /K O# < K-$ K/ * K" ## -K
16 : / 9
18 / B ; B A < |/ :
19 " 1) /8) %(1%
21 =&> 9 IK- - @KO0O 09. #4| # E
23 H# o # # ' $ 11/ *8 =D> D%l %&
o5 =D>2 75K * 1K 3 - . HO# #
8 # 1" 15="> ( %I(D&
28 =H>P 9 9K9 K@ K7# P /K 2K # P @K3 P 7 .
30 ~@5@ >B 53 ; 3 0 /
32 HO#1 4 # 12" 1 ) KY #P @ P 3
a1 @ P7 .K / @ 4 5Y %K ) ((5((
35 (%%I("
37 =%>2 /K # 9 .K 9K 9 I K 2 IK@#* 2 RK
39 3 /) 0 # #@ 55@ !
a1 1 #! / / 5 52 - 4
42 1) ) (DI&
44 ="> R K2 /K9 9KO 0 9K9 K < IK/ -
46 IK3 /K- - @ - /| 5@ 5@ ! . 9
48 < : : 2 X H #
4 1+ 11 H1%%
51 = > 5- 9 .K2 - @K 3 /)K < 1K- 19K

O©CoO~NOUTA,WNPE
o

55 : 2 : -#
57 1+ 87/="> %I’

60 (%
ACS Paragon Plus Environment



O©CoO~NOUTA,WNPE

ACS Applied Materials & Interfaces

> < 9K8# K8# @K@ # /' 5 5 = >
H#) 41- < $-9% 1" 81=> (I
&
>
4BB< B<BO!'!Z[ B #B/ B B:! B/-B( (
&% = ( %>
> /K™ OK/ *"9 410
'S 1) *=C HI%
(> RKI!# 5 1K K" #)K@# 9K/ A K
/ K - K K K A R57K 8 RK
3 YK . "K * K I $4!,5 |/
# 51 #! 0 1 2=%> H%HIH'
&> I K" *2K # K: @K3 [V *5: |
! : / L# % -
11+ )56 =5(> 1 (
D>@ YK8 # 8 * #/ # 1 3.
9 « ' o - 0 % Kl14@ Y 8 #
K #: 3 #:. 3 # (K DI'
H> 9 39K 9K!I52 'K @ /19 /
# 49 / - # !
' 11 /1 => ('I(
%> - * 3K 10 / /
# 0 00+ , =(> HI (
> | # -K: K /K9 'K/ IK/# 2. # -
=>0 ' 1 "
11 /6 =5> D(IH
>/ I OK: [ ! 1 9 ! /
0/) ) D%l %H
R

ACS Paragon Plus Environment

Page 38 of 39



Page 39 of 39 ACS Applied Materials & Interfaces

8 * # 1%

O©CoO~NOUTA,WNPE

ACS Paragon Plus Environment



