
C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N
CHAPTER VII

7 .1  C o n c l u s i o n s

In the p resen t con tr ib u tio n , a g e la tin  s o lu t io n  c o n ta in in g  s ilv e r  n a n o p a rtic le s  
(n A g s )  w a s  p rep ared  from  a g e la t in  so lu t io n  c o n ta in in g  s i lv e r  n itrate ( A g N 0 3 ) in  
a c e t ic  a c id  or d is t ille d  w ater. T h e  form a tio n  o f  n A g  w a s  a c h ie v e d  w h e n  th e AgNC>3- 
c o n ta in in g  g e la tin  so lu t io n  w a s  a g e d  for v a r io u s  t im e s  u n der m e c h a n ic a l stirring. T h e  
fo rm a tio n  o f  n A g  w a s  c o n firm ed  n o t o n ly  b y  th e  ch a n g e  in  th e  c o lo r  o f  th e  so lu tio n , 
but a lso  b y the o b se r v a tio n  o f  th e  su rface  p la sm o n  p eak  in  th e  u v  sp ectru m  at 
around  4 3 0 -4 3 5  n m . T h e  s iz e  o f  th e  n A g s  that w e r e  form ed  in  th e  A g N 0 3 -c o n ta in in g  
g e la tin  so lu t io n  that had b een  a g e d  for the p rop er tim e , a s  d e term in ed  b y  T E M , 
ran ged  b e tw e e n  9 -2 8  n m . T h e w a ter  reten tio n  and  th e lo s s  in  th e  w e ig h t  o f  th e  c r o ss -  
lin k ed  n A g -lo a d e d  g e la tin  h y d r o g e l pads in  three ty p e s  o f  m ed iu m  ( i .e . ,  a ceta te  
b u ffer , d is t ille d  w a ter , and s im u la te d  b o d y  flu id  b u ffer) w er e  carr ied  ou t to  a s s e s s  the  
e f fe c t  o f  the g lu ta ra ld eh y d e  (G T A ) con ten t u se d  to c r o s s - lin k  th e h y d r o g e ls . It w a s  
fo u n d  that an in crea se  in the G T A  c o n ten t resu lted  in th e  o b se r v e d  d e c r e a se  in  the  
v a lu e s  o f  b oth  p rop erties . B a se d  o n  the w a ter  reten tio n  d ata  in  d is t ille d  w a ter , the  
c r o ss - lin k  d e n s ity  o f  th e  h y d r o g e ls  w a s  d e term in ed  and it w a s  fo u n d  to d e c r e a se  w ith  
an in crea se  in  th e  G T A  co n ten t u se d  to  c r o s s - lin k  th e h y d r o g e ls . T h e  to ta l c u m u la t iv e  
am o u n t o f  s ilv e r  r e le a se d  from  th e h y d r o g e ls  w a s  a lso  fo u n d  to  d e c r e a se  w ith  an 
in crea se  in  the G T A  con ten t. T h e  p o ten tia l for  u se  o f  th e  c r o s s - lin k e d  n A g -lo a d e d  
g e la tin  h y d r o g e ls  a s  w o u n d  d r e ss in g s  w a s  a s s e s s e d  by an tib a cter ia l a c t iv ity  a g a in st  
G r a m -p o s it iv e  S ta p h y lo c o c c u s  a u re u s  and G ra m -n e g a tiv e  E s c h e r ic h ia  c o l i  and  
in d irect c y to to x ic ity  a g a in st n orm al sk in  fib ro b la sts . A ll o f  th e  resu lts  s h o w e d  that 1 
p l/m l o f  G T A  p ro v id e d  the o p tim a l co n cen tra tio n  for p rep ara tion  th e  c r o ss - lin k e d  
n A g -lo a d e d  g e la tin  h y d ro g e l a s  w o u n d  d r e ss in g  b e c a u se  it p ro v id ed  h ig h  w ater  
re ten tio n , h ig h  to ta l cu m u la tiv e  am ou n t o f  s ilv e r  r e le a se d  resu ltin g  in h igh  
an tib acter ia l a c t iv ity  o f  the tw o  p a th o g e n s  and  ap p eared  to  b e  le s s  to x ic  ag a in st the  
te sted  c e l ls  o n ly  w h e n  the h y d r o g e ls  w e r e  treated  w ith  a  so d iu m  m e ta b isu lf ite  
so lu tio n .
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The initial amount of AgNC>3 was further varied in 0.75, 1.0, 1.5, 2.0 and
2.5 wt.-% for preparing the nAg-loaded gelatin hydrogels. The concentrations of 
silver, either in the form of the free Ag+ ions or the as-formed nAgs, within the 
obtained hydrogels that had been prepared from the gelatin solutions containing the 
initial AgNC>3 contents at 0.75, 1.0, 1.5, 2.0 and 2.5 wt.-% were determined to be
94.1, 124.5, 185.4, 247.1 and 307.3 ppm-g'1 of the hydrogels, respectively, on 
average. Within 24 h of submersion in the testing medium of either phosphate buffer 
saline solution (PBS) or simulated body fluid buffer (SBF), either about 40.5-56.4 % 
or 44.4-79.6 % of the as-loaded amounts of silver within the hydrogels was able to 
release into either medium, respectively. Antibacterial activity of these hydrogels 
was tested against Gram-positive Staphylococcus aureus, Gram-negative Escherichia 
coli and Gram-negative Pseudomonas aeruginosa, using the colony count method. 
After exposing the hydrogels to the microbial suspensions for 24 h, the numbers of 
the bacterial colonies were counted and it was found that the hydrogels, without or 
with the treatment with the sodium metabisulfite aqueous solution, could inhibit at 
least 99.77 % of the bacterial growth. Without the treatment with the sodium 
metabisulfite aqueous solution, the hydrogels, even at the lowest concentration of the 
as-loaded silver within the hydrogels (i.e., about 0.75 wt.-%), were detrimental to 
human’s normal skin fibroblasts. Upon the treatment with the sodium metabisulfite 
aqueous solution, the viability of the cells was greatly improved. Direct culture of the 
cells onto the hydrogels containing about 0.75, 1.0 and 1.5 wt.-% of the as-loaded 
silver showed that the greater the amount of the as-loaded silver, the higher the 
toxicity. At about 1.5 wt.-% of the as-loaded silver, total detachment of the cultured 
cells was evident.

The nAg-loaded silk fibroin (SF) films were successfully prepared from a 
SF solution containing AgNC>3 with different concentrations in distilled water. The 
nAg was formed during aging these solutions at various times. The nAg could form 
in the SF solution due to the presence of SF acted as the reducing agent itself. The 
nAg in the SF solutions containing higher initial AgNC>3 contents were occurred 
faster than those containing lower initial AgNC>3 contents. The average size of the 
Ag particle that had been formed in the SF solutions containing 0.5, 1.0, 1.5, 2.0 and
2.5 wt.-% of AgN03 was about 7.72 ± 2.72, 8.74 ± 2.14, 8.98 ± 2.78, 9.86 ± 2.50 and
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1 0 .8 2  ±  3 .2 5  n m , r e sp e c tiv e ly . F rom  in v i tr o  d eg ra d a tio n , the n A g  lo a d e d  S F  f ilm s  
c o u ld  b e  p r o te o ly t ic a lly  d eg ra d ed  w ith  an  in crea se  t im e  o f  e x p o su r e  to  th e  e n z y m e .  
T h e  to ta l c u m u la t iv e  am o u n t o f  s ilv e r  r e lea sed  from  th e  f ilm s  that h ad  b e e n  p repared  
fro m  th e  S F  s o lu t io n s  c o n ta in in g  h ig h er  in itia l A g N C >3 c o n te n ts  w a s  grea ter  than that 
c o n ta in in g  lo w e r  in itia l A g N C >3 c o n te n ts . T h e  p o ten tia l for u se  o f  th e  n A g -lo a d e d  S F  
f i lm s  as w o u n d  d r e ss in g s  w a s  a s s e s s e d  b y  an tim icro b ia l a c t iv ity  a g a in st  
m ic r o o r g a n ism  stra in s. T h e  resu lts  sh o w e d  that th e  f i lm s  w er e  e f f e c t iv e  a g a in st 6  
stra in s su ch  as p . a e r u g in o s a , ร. a u re u s , ร. e p id e r m id is ,  ร. a g a la c t ia e ,  ร. p y o g e n e s  
an d  c. a lb ic a n s .  T h ere fo re , th is  stu d y  in d ic a te d  that th e  n A g -lo a d e d  S F  f ilm s  c o u ld  
b e  p o ss ib le  u se d  as a n tim icro b ia l w o u n d  d r e ss in g s .

T a b l e  7 .1  S h o w s  the co m p a r a tiv e  p ro p er tie s  o f  b e tw e e n  th e n A g -lo a d e d  g e la tin  
h y d r o g e l and  th e  n A g -lo a d e d  SF  film

P r o p e r t i e s T h e  n A g - l o a d e d  g e l a t in  h y d r o g e l T h e  n A g - l o a d e d  

s i l k  f i b r o i n  f i lm
A n tib a c ter ia l a c t iv ity G o o d G o o d G o o d
M e c h a n ic a l p rop erty S o ft  and  f le x ib le S o ft  and f le x ib le B rittle
W ater a b so r b a b ility G o o d G o o d N o t  g o o d
S o u rce E a s ily  a v a ila b le E a s ily  a v a ila b le E a s ily  a v a ila b le  in

(m a in ly  im p o rted ) (m a in ly  im p o rted ) T h ailan d
S o lv e n t A c e t ic  acid D is t i l le d  w ater D is t i l le d  w a ter
P rep aration  s tep /tim e:  
l .R a w  m ateria l _ _ 7 d
p rep aration  
2 .S o lu t io n  p rep ara tion 5 d 8 -1 5  h 1 -  1.5 d
3 .F ilm  p rep ara tion 6  d 6  d 1 d
T h e  fo rm a tio n  o f  n A g 5 d 8 -1 5  h 2 4  - 3 6  h
C o st - 2 0 0 - 2 5 0  B . - 2 0 0 - 2 5 0  B . - 3 0 0  B .
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7 .2  R e c o m m e n d a t io n

T h e  p o ten tia l for u se  o f  th e  n A g -lo a d e d  g e la t in  h y d r o g e ls  and  th e n A g -  
lo a d e d  S F  f ilm s  as a n tim icro b ia l w o u n d  d ress in g s  or sk in  reg e n era tio n  a p p lica tio n s  
sh o u ld  b e  further in v e s tig a te d  in v iv o  or in  an an im al stu d y .
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