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ABSTRACT

Hydrogels from the Bombyx mori silk fibroin (SF) are of great interest
for drug delivery and tissue engineering applications because of their
biocompatibility, water absorbability, controllable biodegradation rate and
processability into different formats. Despite these, unmodified SF samples normally
display poor mechanical strength with prolonged gelation kinetics thus, limiting their
practical use in biomedical applications. To overcome these drawbacks, the new all-
aqueous crosslinking methods to form the three-dimensional (3D) porous SF hydrogel
network were developed. The physically crosslinked SF hydrogels were prepared by
mixing different aqueous SF solutions (2-10% w/v) with poly(ethylene
glycol)diacrylate (PEGDA). All formulations were then, incubated at room
temperature until there is a pronounced increase in the apparent viscosity. Results
indicated that PEGDA (30% w/v) could successfully shorten the silk gelation time
and stabilize the silk hydrogels in aqueous media. This was associated with a
formation of the interconnected sheet-like structure, as observed by Scanning Electron
Microscopy (SEM). Data interpretation of Fourier Transform Infrared (FTIR) spectra
suggested that the PEGDA-induced gelation was driven by a conformational
transition of SF from a-helix into the f-sheet structure. Furthermore, the process was
affected by the type of extraction solvent and the utilization of sonication.
Surprisingly, the physically crosslinked hydrogels exhibited moderate antibacterial
activity against gram positive Bacillus cereus, MRSA-SK1 and Staphylococcus
aureus, as evidenced by the diameters of the inhibition zone between 9.2-10.9, 5.7-6.1
and 5.7-6.2 mm, respectively. This finding highlighted another unexploited property
of the hybrid in biomedical fields.

Apart from a physical method, a new chemical modification by using a
protein crosslinker, O’O-bis[2-(N-succinimidy]l succinylamino)ethyl]polyethylene
glycol (NHSP), was also employed to fabricate the more stable SF hydrogels. For this,
appropriate amounts of NHSP was mixed with an aqueous SF solution at room
temperature in the presence of poly(L-lysine) (PLL) as a gel enhancer. A network
formation was accelerated by the using of ultrasonication and noticed within 24 hours,

depending on the silk concentration. A crosslink reaction was convinced by the



appearance of a new ether linkage observed in the Fourier-transform Infrared (FTIR)
spectra, and the presence of a new thermal decomposition temperature (Tqg) in the
Thermogravimetric Analysis (TGA) thermograms. Such crosslinking contributed to
the improved hydrogel properties, such as a structural integrity, thermal stability and
water-resistance. Also, this produced an interconnected porous structure with higher
[Fpleated sheet content, comparing to the physically crosslinked ones. These two new
methods thus, proven to be capable of improving both gelation kinetics and
physicochemical properties of SF, making it more suitable for both biomedical and

tissue engineering applications.



Qf L]
UnNeamae
lalasiwaninlnnuandng was lWlusdu (SE) maslasuanuaulalums
" ) o ) - & 4 y & P v w Y
nlFnudmumssudisne  wadmnssuiialie vl devnnnanuniulam
thawiumad msgadah danmstasamemeiimwiiriuguld uszmsaugdlaees
wannnang uanmiialdnndadaanan magelnlusdunlildgndaulas sinazlidnana
[~} t‘.\ = z | L4 = ﬂ‘ 1 9 a Vv v
ueusaudenae o fedlasumanimsiiaanasuinazemuu mlvmsussendls
numamsunndrasiagWlusduiizauwadiie muiaeil Teawmn3smsuuulni drvsu
TndeulalaswalWlusduniilassaowuud@onene wazigwsudmmaduduuuumuiid
o [=1 9 = e d'u o
smsusn  Wumsifieieulalesmalwlusduifims@onenemememn  laamseuay
ssaraellusdy (Foway 2-10 lasniadeUnes) uniu wed(edidu lnamsa)
Y LY o 1 o Y 1 =i n‘ dv
Taarm3ian (PEGDA) udwhmsuu o aamaiivias aunhasaszaneaziinnuniiangeaiu
fiamnsamumumslvazaswauvalle wamsmeasawuh mswdy PEGDA (Satay 30
Tasanadol3nes) Heaaszeznarlumsiioms  uasheafiuaissmwsslalasaalu

o

=y s ﬁ‘ © lr! a‘q’ 4 =3 b4 1 o q‘d

TusdulugnnaneimBui - il ovadlsunainmaialaswenvuudunugauniing
d‘l 1 B" = @ =3 =; =Y v Y ¥
GanlevagambeiuzadlWlusdy  HannsoRgullidiuldnnmeaiiandasanssed
o ! a « a o = ar L ~]
SlannspuLLLFaINIn MAeNzinannmailadursisaaalasalall dauaaslmny
5nh mswdsulasegluaslWlustunnuuundsnlduwuuudurivdeu Wuussmdndy
fddyaanssuumsiseliiinmales PEGDA  uananiiud wilawessmnsasmednldlu
nsswumsanalwlusdu  espesumsnszqulasmsldndugasnisind Muusudiing
) a =3 ! d‘ 1 = A = d'd
garaumaninmsiinmareslWlusdu SemhauladndsemswiaaalalasialWlusdund

L A = o & = = g
TASEFEUVUEBINY NN EIMENW A F]’J'l&lﬁ']ﬂ')'iﬂiﬂﬂ'ﬁﬂﬂﬂﬂ ﬂ’]‘SLQ‘iﬁyLﬁUT@]‘UﬂQL’ﬁB

ol o4 44 o Vo -
wuanGanyhlinelse 8 wlia fa Bacillus cereus, MRSA-SK1 and Staphylococcus aureus



vi

Taavhldfavdnaaamstiugalunie 9.2-10.9, 5.7-6.1 Wag 5.7-6.2 w.N. MUFIAU

b4
o

qauant@nduwulumit  nlkTaquanlwlusdudianudulld  wasfienumansauily

atiindanslFnumamsunne
< - o 3 o vV ar =4
vanmilalnnmsiBasenamememwuas  msdnwil  daldwanndn
d aa ar LA | a da - ar = A &
nwieidms  dwsulfesenlalaswalvlusBunfinsdemmalesiusueil  Aiinean
o = - & P ¥ o a v ow <
udussussiadasmndiganau lumsil lahmsnanansazaglwlusdudhiuansies
27N O’0-Bis[2-(N-succinimidyl succinylamino)ethyl]polyethylene glycol (NHSP) way
a =~ a v ' < o G KA
wadupaladu (PLL) o aamgiivias nasdnwmwuh adugaanluindmansoly
a % < v 4 af Y [
Walasesaieuuuidonansldmeluszezna 24 9. Wfusdfuanudnduyes
= ¥ v 1 ar AA = = v
amsazaelwTusduitlfidhaduiy  ms@everwaslwlusdulas NHSP gniigasildann
msananumsgandudiddunsisazamyartulul fa Bwad uazmswudyanums
amemmeanuiaulmi o gomgfinigadu Tasseiauuudeseinlesiuszaiiniail

ar

yllalaswalwlusdudiafosmumelaseddy MNeNNSae  wasmsasaneinNeuu
- e - o ' w o 8V a PULEEY | et e

wanMALENEMsEaNuINAINE Giansavh iiiegnsuauifndaiios NS

1 9 L7 -y ‘J 1 = % =i £ z dy =

wruFauviuzaslWlusdununnidsms@aneanuumemwdn@e  Msdnwesell 9

v o = = =] ﬂ' 8 l== o Vv A L o

wane U sEansmMueaItmamanz Mg nanwnseshinldiiaisaaudmans

o ] = = s arey =
mafawazaslusdulnlusdy uazilaUSudpqauandmamemwiaiivaslalasiaalvly

= YV =y 1 L4 kY C4 o 3 <
‘iauELWNQ’DNL‘VlN?zHNﬁIﬂﬂ'l31]53?4ﬂGﬂ'dﬁ’mWmﬂﬁ‘iLLWﬂﬂLtﬂ:ﬂﬂ?ﬂ‘iﬁNL‘L!EILEIQ



