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T h e  1 s t  C o n g r e s s  o f  S c i e n t i f i c  I n i t i a t i o n  i n  B i o t e c h n o l o g y  a n d  t h e  6 t h  F o r u m  o f
S c i e n t i f i c  I n i t i a t i o n  -  P I C B i o t e c  t o o k  p l a c e  i n  p e r s o n  a n d  f r e e  o f  c h a r g e ,  o n  A u g u s t
1 8 ,  2 0 2 3 ,  a t  t h e  U n i v e r s i t y  o f  A r a r a q u a r a ,  U N I A R A ,  A r a r a q u a r a ,  S ã o  P a u l o ,  B r a z i l .  T h e
e v e n t  o r g a n i z e d  b y  t h e  P o s t g r a d u a t e  P r o g r a m  i n  B i o t e c h n o l o g y  i n  R e g e n e r a t i v e
M e d i c i n e  a n d  M e d i c i n a l  C h e m i s t r y  ( P P B G - M R Q M )  b r o u g h t  t o g e t h e r  s t u d e n t s  a n d
r e s e a r c h e r s  w i t h  t h e  a i m  o f  p r e s e n t i n g  p o t e n t i a l  a r e a s  o f  a c t i v i t y  i n  B i o t e c h n o l o g y .
T h e  c a r e e r ,  j o b  m a r k e t  a n d  p o s s i b i l i t i e s  f o r  b i o t e c h n o l o g y  p r o f e s s i o n a l s  w e r e
d i s c u s s e d .

P r o f .  D r .  F l á v i a  A p .  R e s e n d e
P r e s i d e n t  o f  t h e  O r g a n i z i n g  C o m m i t t e e

ABOUT THE EVENT 



T h e  u t i l i z a t i o n  o f  r e s i d u e s  i n  t h e  f r u i t  a n d  v e g e t a b l e  p r o c e s s i n g  i n d u s t r i e s  i s  o n e  o f  t h e
m o s t  s i g n i f i c a n t  a n d  d i f f i c u l t  j o b s  i n  f o o d  s u s t a i n a b i l i t y .  D u e  t o  i t s  a b u n d a n t  a v a i l a b i l i t y ,
w a t e r m e l o n  r i n d  h a s  b e e n  t h e  s u b j e c t  o f  r e s e a r c h  a s  a  l o w - c o s t  r a w  m a t e r i a l  f o r  p r o d u c t i o n
o f  h i g h  v a l u e - a d d e d  m a t e r i a l s .  B r a z i l  i s  t h e  f o u r t h  l a r g e s t  w a t e r m e l o n  p r o d u c e r  i n  t h e
w o r l d .  T o  c o n t r i b u t e  t o  t h e  c i r c u l a r  b i o e c o n o m y ,  t h e  o b j e c t i v e  o f  t h e  p r e s e n t  s t u d y  w a s  t o
p r o d u c e  b i o a c t i v e  d r e s s i n g s  f r o m  b i o p o l y m e r i c  f i l m s  o f  w a t e r m e l o n  p e e l  i n c o r p o r a t e d  w i t h
D e r s a n i  o i l ,  a  k n o w n  h e a l i n g  a g e n t .  I n  a d d i t i o n ,  w e  e v a l u a t e d  t h e  m u t a g e n i c  a c t i v i t y  b y  t h e
r e v e r s e  g e n e  m u t a t i o n  a s s a y  ( A m e s  T e s t )  t o  g u a r a n t e e  t h e  s a f e t y  o f  u s e  a n d  t h e
h a r m l e s s n e s s  o f  t h e  g e n e t i c  m a t e r i a l .  T h e  f i l m s  w e r e  p r o d u c e d  b y  t h e  c o m p a n y  B i o S m a r t
N a n o t e c h n o l o g y ,  f r o m  A r a r a q u a r a / S P ,  u s i n g  t h e  c a s t i n g  m e t h o d  w i t h  5 %  D e r s a n i ® .  F o r  t h e
e v a l u a t i o n  o f  m u t a g e n i c i t y ,  g e n e t i c a l l y  m o d i f i e d  s t r a i n s  o f  S a l m o n e l l a  T y p h i m u r i u m  ( T A 9 8 ,
T A 1 0 0 ,  T A 1 0 2  a n d  T A 9 7 a )  c a p a b l e  o f  d e t e c t i n g  f r a m e s h i f t  a n d  b a s e  p a i r  s u b s t i t u t i o n
m u t a t i o n s  w e r e  u s e d .  T h e  t e s t s  w e r e  c a r r i e d  o u t  w i t h  e x t r a c t s  f r o m  a  6  c m ²  f i l m  k e p t  f o r  7 2
h o u r s  i n  1  m L  o f  d i m e t h y l s u l f o x i d e  ( D M S O ) ,  u n d e r  a g i t a t i o n  a t  1 2 0  r p m .  A s  a  r e s u l t ,  f i l m s
w i t h  D e r s a n i ®  d i d  n o t  s h o w  m u t a g e n i c  p o t e n t i a l  u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  u s e d ,  a s
t h e y  d i d  n o t  i n d u c e  a n  i n c r e a s e  i n  t h e  n u m b e r  o f  r e v e r t a n t  c o l o n i e s  c o m p a r e d  t o  t h e
n e g a t i v e  c o n t r o l  i n  a n y  o f  t h e  c o n c e n t r a t i o n s  o r  s t r a i n s  u s e d .  T h i s  s t u d y  c o n t r i b u t e s  t o  t h e
r e c o v e r y  o f  w a t e r m e l o n  r e s i d u e s  f o r  a p p l i c a t i o n  i n  t h e  m e d i c a l  a n d  p h a r m a c e u t i c a l  f i e l d s .
T h e  a b s e n c e  o f  m u t a g e n i c i t y  i s  a  p o s i t i v e  a n d  e n c o u r a g i n g  p o i n t  f o r  t h e  c o n t i n u a t i o n  o f
s t u d i e s  a i m e d  a t  p r o d u c i n g  s a f e  a n d  e f f i c i e n t  p l a t f o r m s  f o r  d r u g  d e l i v e r y .

K e y w o r d s :  W a t e r m e l o n ;  P o l y m e r i c  F i l m s ;  M u t a g e n i c i t y .

EVALUATION OF THE MUTAGENICITY OF BIOPOLYMER FILMS
INCORPORATED WITH DERSANI® OIL

H E L O I S A  G R A V E N A  B A L D U I N O  D A  S I L V A ¹ * ;  J O S É  A L B E R T O  P A R I S  J U N I O R ¹ ;  V I T Ó R I A  M A R I A  M E D A L H A
C O L T U R A T O ¹ ;  A L E S S A N D R A  C R I S T I N A  D A M E T T O ² ;  H E R N A N E  D A  S I L V A  B A R U D ¹ ;  F L Á V I A  A P A R E C I D A  R E S E N D E ¹

¹ U n i v e r s i d a d e  d e  A r a r a q u a r a  -  U N I A R A ,  A r a r a q u a r a / S P .
 ² B i o S m a r t  N a n o t e c h n o l o g y ,  A r a r a q u a r a / S P .

* C o r r e s p o n d i n g  A u t h o r :  h e l o i s a . g r a v e n a @ o u t l o o k . c o m
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T h e  u s e  o f  m e t a l  c o m p l e x e s  f o r  m e d i c a l  p u r p o s e s  i s n ’ t  r e c e n t ,  a s  e l u c i d a t e d  u s i n g  s i l v e r
p l a t e s  b y  t h e  M a c e d o n i a n s  t o  p r e v e n t  a n d  t r e a t  s u r g i c a l  i n f e c t i o n s .  O v e r  t h e  l a s t  d e c a d e s ,
m i c r o o r g a n i s m s  h a v e  d e v e l o p e d  m u l t i d r u g  r e s i s t a n c e  f o r  p r e e x i s t i n g  c o m m e r c i a l i z e d  d r u g s ,
a l l o w i n g  t h e  e m e r g e n c e  o f  m o r e  p a t h o g e n i c  s t r a i n s ,  m o s t l y  d u e  t o  t h e  i n a p p r o p r i a t e  u s e  o f
a n t i m i c r o b i a l  a g e n t s .  S i n c e  t h e n ,  m a n y  s t u d i e s  h a v e  s h o w n  s i g n i f i c a n t  r e s u l t s ,  u s i n g
p l a t i n u m ,  s i l v e r ,  g o l d ,  c o p p e r ,  z i n c ,  p a l l a d i u m ,  a n d  r u t h e n i u m  c o m p l e x e s  w i t h  a n t i b a c t e r i a l
a c t i v i t y  a i m i n g  a t  i n c r e a s i n g  t h e  t h e r a p e u t i c  a r s e n a l  f o r  t h e  c o n t r o l  a n d  t r e a t m e n t  o f  t h e s e
i n f e c t i o u s  d i s e a s e s .  I n  t h i s  w o r k ,  w e  d e s c r i b e  t h e  s y n t h e s i s  o f  n e w  A g  ( I ) ,  C u  ( I I )  a n d  Z n  ( I I )
m e t a l  c o m p l e x e s  w i t h  b i o a c t i v e  l i g a n d s  p r o b e n e c i d  ( P R O B )  a n d  L - c a r n o s i n e  ( L c a r )  f o r
p o t e n t i a l  a p p l i c a t i o n  a s  a n t i m i c r o b i a l  a g e n t s .  T h e  s y n t h e s i s  o f  t h e  m e t a l  c o m p l e x e s  w a s
m a d e  t h r o u g h  t h e  l i g a n d s  a n d  m e t a l l i c  s a l t s ’  a q u e o u s  o r  a l c o h o l i c  s o l u t i o n s  p a r t i t i o n .
F o u r i e r  t r a n s f o r m  i n f r a r e d  s p e c t r o s c o p y  ( F T I R )  c o n f i r m e d  t h e  s u c c e s s  o f  t h e  r e a c t i o n s  a n d
f o r m a t i o n  o f  t h e  c o m p l e x e s  ( A g - P r o b ,  Z n - P r o b ,  C u - P r o b ,  A g - L c a r ,  Z n - L c a r  a n d  C u - L c a r )
w i t h  a  1 : 1  m e t a l / l i g a n d  c o m p o s i t i o n .  T h e  t i m e  o f  r e a c t i o n  v a r i e d  b e t w e e n  3 0  t o  6 0  m i n u t e s
( f o r  A g - P R O B ,  Z n - P R O B  a n d  C u - P R O B )  a n d  2 4  h o u r s  ( f o r  A g - L c a r ,  Z n - L c a r  a n d  C u - L c a r )
a n d  t h e  i d e a l  p H  v a l u e  w a s  a r o u n d  9  f o r  a l l  t h e  c o m p l e x e s .  C h a r a c t e r i z a t i o n  t h r o u g h  o t h e r
i n s t r u m e n t a l  t e c h n i q u e s ,  a n t i m i c r o b i a l  a c t i v i t i e s  t e s t  t h r o u g h  d i s c  d i f f u s i o n ,  d e t e r m i n a t i o n
o f  t h e  m i n i m a l  i n h i b i t o r y  c o n c e n t r a t i o n  a n d  m u t a g e n i c  a n d  g e n o t o x i c  a c t i v i t i e s  o f  t h e  m e t a l
c o m p l e x e s  a r e  s t i l l  t o  b e  m a d e .  

K e y w o r d s :  M e t a l  C o m p l e x e s ;  P r o b e n e c i d ;  L - C a r n o s i n e ;  F T I R  c h a r a c t e r i z a t i o n .

SYNTHESIS, CHARACTERIZATION AND STUDY OF THE GENOTOXIC AND
ANTIMICROBIAL ACTIVITIES OF METALLIC COMPLEXES OF SILVER (I), COPPER
(II) AND ZINC (II) WITH BIOACTIVE LIGANDS

J É S S I C A  S O A R E S  G O M E S  A C O S T A ¹ * ;  W I L T O N  R O G É R I O  L U S T R I ¹

¹ U n i v e r s i d a d e  d e  A r a r a q u a r a  -  U N I A R A ,  A r a r a q u a r a / S P .
* C o r r e s p o n d i n g  A u t h o r :  j e s s i c a . a c o s t a @ u n i a r a . e d u . b r
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H e x a m e t h y l e n e d i a m i n e  ( H M D E )  i s  u s e d  i n  t h e  f i b e r  a n d  p l a s t i c s  i n d u s t r y  a s  a n  i n t e r m e d i a t e
i n  t h e  p r o d u c t i o n  o f  n y l o n ,  h i g h  s t r e n g t h  r e s i n s  a n d  p o l y a m i d e  a d h e s i v e s .  T o x i c i t y  s t u d i e s
h a v e  s h o w n  i t s  a c t i o n  m a i n l y  i n  t h e  u p p e r  r e s p i r a t o r y  t r a c t ,  a s  a  r e s p i r a t o r y  i r r i t a n t ,  i n
a d d i t i o n  t o  b e i n g  e x t r e m e l y  i r r i t a t i n g  t o  t h e  s k i n  a n d  e y e s  a n d  w i t h  s y s t e m i c  e f f e c t s  a f t e r
e x p o s u r e  i n  h i g h  c o n c e n t r a t i o n s .  T h e r e f o r e ,  t h e  o b j e c t i v e  o f  t h i s  s t u d y  w a s  t o  e v a l u a t e  t h e
g e n o t o x i c o l o g i c a l  s a f e t y  b y  t h e  r e v e r s e  g e n e  m u t a t i o n  a s s a y  ( A m e s  t e s t )  o f  H M D E ,  d u e  t o
t h e  p o s s i b i l i t y  o f  u s e  f o r  t h e  p r o d u c t i o n  o f  p o l y m e r s  f r o m  r e n e w a b l e  s o u r c e s .  M u t a g e n i c
a c t i v i t y  w a s  e v a l u a t e d  i n  s e n s i t i v e  i n d i c a t o r  b a c t e r i a  o f  D N A  d a m a g e .  T h e  e x p e r i m e n t s  w e r e
c o n d u c t e d  o n  S a l m o n e l l a  T y p h i m u r i u m  s t r a i n s  T A 9 8 ,  T A 1 0 0 ,  T A 9 7 a  a n d  T A 1 0 2 ,  w i t h  a n d
w i t h o u t  m e t a b o l i c  a c t i v a t i o n  s y s t e m ,  a t  f i v e  d i f f e r e n t  H M D E  c o n c e n t r a t i o n s  ( 2 5  t o  2 0 0
µ g / p l a t e ) ,  d e t e r m i n e d  i n  p r e l i m i n a r y  t o x i c i t y  t e s t s .  A c c o r d i n g  t o  t h e  r e s u l t s  o b t a i n e d ,  H M D E
w a s  n o t  m u t a g e n i c  i n  t h e  e x p e r i m e n t a l  c o n d i t i o n s  t e s t e d ,  a s  i t  d i d  n o t  i n d u c e  a  s t a t i s t i c a l l y
s i g n i f i c a n t  i n c r e a s e  i n  t h e  n u m b e r  o f  r e v e r t a n t  c o m p a r e d  t o  t h e  n e g a t i v e  c o n t r o l .  I n
c o n c l u s i o n ,  t h e  a b s e n c e  o f  m u t a g e n i c i t y  p r o v e n  b y  t h e  A m e s  t e s t  i s  a  p o s i t i v e  a n d
e n c o u r a g i n g  p o i n t  t h a t  c o l l a b o r a t e s  i n  t h e  a n a l y s i s  o f  p o t e n t i a l  r i s k s  a s s o c i a t e d  w i t h  t h e
u s e  o f  t h i s  m a t e r i a l  b y  p r o f e s s i o n a l s  d u r i n g  h a n d l i n g ,  a s  w e l l  a s  t h e  d a m a g e  c a u s e d  b y  i t s
d i s p o s a l  i n  t h e  e n v i r o n m e n t .

K e y w o r d s :  A m e s  T e s t ;  M u t a g e n i c i t y ;  H e x a m e t h y l e n e d i a m i n e .

A c k n o w l e d g m e n t s :  F A P E S P

REVERSE GENE MUTATION ASSAY (AMES TEST) FOR
HEXAMETHYLENEDIAMINE (HMDE) GENOTOXIC EVALUATION

I S A B E L A  C A R O L I N E  D O S  S A N T O S ¹ ;  L U C A S  H E N R I Q U E  D O M I N G O S  D A  S I L V A ¹ ;  L A R I S S A  C R I S T I N A  M A C A R I ¹ ;
N I C O L E  P I C H I R I L L I  C A T I R S E ¹ ;  E L I A N E  T R O V A T T I ¹ ;  F L Á V I A  A P A R E C I D A  R E S E N D E ¹

¹ U n i v e r s i d a d e  d e  A r a r a q u a r a  -  U N I A R A ,  A r a r a q u a r a / S P .
* C o r r e s p o n d i n g  A u t h o r :   i s a b e l a _ c a r o l i n e s @ h o t m a i l . c o m
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I n t r o d u c t i o n :  O s t e o a r t h r i t i s  ( O A )  i s  a  p r o g r e s s i v e  m u s c u l o s k e l e t a l  d i s e a s e  c h a r a c t e r i z e d  b y
j o i n t  d e g e n e r a t i o n  a c c o m p a n i e d  b y  i n f l a m m a t i o n ,  w i t h  t h e  k n e e  b e i n g  t h e  m o s t  a f f e c t e d
r e g i o n .  I t  i s  a  c h a l l e n g i n g  d i s e a s e  t o  t r e a t ,  w i t h  s u r g e r y  s t i l l  b e i n g  t h e  m o s t  u s e d  s t r a t e g y ,
g i v e n  t h e  l a c k  o f  a n  e f f e c t i v e  t h e r a p e u t i c  a p p r o a c h .  O n e  o f  t h e  m e a s u r e s  t o  d e l a y  t h e
p r o g r e s s i v e  e f f e c t s  o f  t h e  d i s e a s e  i n c l u d e  i n t r a - a r t i c u l a r  c o r t i c o s t e r o i d  i n j e c t i o n s  t o  c o n t r o l
i n f l a m m a t i o n ,  t h e  v i s c o s u p p l e m e n t a t i o n  ( i n j e c t i o n  o f  h y a l u r o n i c  a c i d  g e l  a s s o c i a t e d  o r  n o t
w i t h  c o r t i c o s t e r o i d ) ,  p l a t e l e t - r i c h  p l a s m a  ( P R P )  a n d  m e s e n c h y m a l  s t e m  c e l l s .  T h e  c o m b i n a t i o n
o f  c o r t i c o s t e r o i d  i n j e c t i o n  w i t h  v i s c o s u p p l e m e n t a t i o n  i m p r o v e s  t h e  p a t i e n t ´ s  q u a l i t y  o f  l i f e  a n d
p r o m o t e  l u b r i c a t i o n  a n d  s h o c k  r e d u c t i o n ,  r e s t o r i n g  t h e  v i s c o e l a s t i c i t y  o f  s y n o v i a l  f l u i d .
O b j e c t i v e s :  T h e  a i m  o f  t h i s  s t u d y  w a s  t o  a n a l y z e  i n  v i t r o  t h e  e f f e c t  o f  v i s c o s u p p l e m e n t  ( V S )  a n d
t r i a n c i n o l o n a  a s s o c i a t e d  v i s c o s u p p l e m e n t  ( V S T )  i n  t h e  c y t o t o x i c i t y  a n d  c o l l a g e n  p r o d u c t i o n .
M a t e r i a l s :  m o u s e  f i b r o b l a s t s  l i n e a g e  ( L 9 2 9 ) ;  H u m a n  G i n g i v a l  F i b r o b l a s t  ( H G F ) ;  D M E M  m e d i u m ,
f e t a l  b o v i n e  s e r u m  ( F B S ) ;  P e n i c i l l i n  a n d  s t r e p t o m y c i n ,  R e s a z u r i n ;  4 %  p a r a f o r m a l d e h y d e ;  D i r e c t
r e d  8 0  d y e  ( S i g m a ) ;  P i c r i c  a c i d ;  0 . 0 1 N  N a O H .  M e t h o d s :  T o  a s s e s s  t h e  c y t o t o x i c i t y  L 9 2 9  c e l l s
w e r e  t r e a t e d  o r  n o t  w i t h  V S  a n d  V S T  ( s e r i a l  d i l u t i o n )  a n d  t h e  r e s a z u r i n  r e d u c t i o n  f l u o r i m e t r i c
a s s a y  w a s  p e r f o r m e d .  T h e  p i c r o  s e r i u s  s t a i n i n g  m e t h o d  w a s  c a r r i e d  o u t  t o  e v a l u a t e  c o l l a g e n
p r o d u c t i o n  i n  H G F  c e l l s ,  b y  a b s o r b a n c e .  R e s u l t s :  N o  c y t o t o x i c  e f f e c t  w a s  d e t e c t e d  f r o m  a  5 0 %
d i l u t i o n  o n w a r d s ,  f o r  b o t h  p r o d u c t s .  B o t h ,  V S  a n d  V S T ,  a t  a  5 0 %  c o n c e n t r a t i o n ,  i n c r e a s e d  t h e
c o l l a g e n  p r o d u c t i o n .  C o n c l u s i o n s :  R e s u l t s  t h e  p a r a m e t e r s  e v a l u a t e d  v a l i d a t e d  t h e  p r o d u c t s  f o r
f u t u r e  a p p l i c a t i o n  i n  t i s s u e  r e p a i r .
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S k i n  c a n c e r  i s  t h e  mo s t  c o mmo n  t y p e  o f  c a n c e r  i n  f a i r - s k i n n e d  p o p u l a t i o n s  i n  ma n y  p a r t s  o f  t h e
wo r l d .  T h e  i n c i d e n c e ,  mo r b i d i t y  a n d  mo r t a l i t y  r a t e s  o f  s k i n  c a n c e r s  a r e  i n c r e a s i n g ,  r e p r e s e n t i n g  a n
i mp o r t a n t  p u b l i c  h e a l t h  p r o b l e m.  T h e r e f o r e ,  n e w f o r ms  o f  t r e a t me n t  a r e  n e e d e d .  I n  t h i s  c o n t e x t ,  t h e
a i m o f  t h i s  s t u d y  wa s  t o  e v a l u a t e  t h e  c y t o t o x i c i t y  o f  e x t r a c t s  o f  p o l y me r i c  f i l ms  p r o d u c e d  f r o m
A l l i u m c e p a  ( o n i o n )  b u l b s  a g a i n s t  mu r i n e  me l a n o ma  t u mo r  c e l l s  ( B 1 6 - F 1 0 ) .  T h e  f i l ms  we r e  o b t a i n e d
t h r o u g h  a  g r e e n  p r o c e s s  u s i n g  h y d r o t h e r ma l  a n d  c a s t i n g  s t e p s .  C y t o t o x i c i t y  t e s t s  we r e  c o n d u c t e d
wi t h  n a me d  wa s h e d  a n d  u n wa s h e d  s a mp l e s  o f  e x t r a c t s  p r e p a r e d  f r o m 6  c m2  o f  f i l m i n  1  mL  o f
e x t r a c t i o n  v e h i c l e  -  D u l b e c c o ´ s  mo d i f i c a t i o n  o f  E a g l e ´ s  me d i u m ( D ME M) ,  wi t h  1 0 % F e t a l  B o v i n e
S e r u m -  f o r  2 4  h  a t  1 2 0  r p m.  C e l l  v i a b i l i t y  wa s  e v a l u a t e d  b y  t h e  r e s a z u r i n  a s s a y  a f t e r  2 4  h  o f
t r e a t me n t ,  i n  a d d i t i o n  t o  t h e  e x p e r i me n t a l  c o n t r o l s ,  n e g a t i v e  ( c o mp l e t e  c u l t u r e  me d i u m)  a n d
p o s i t i v e  ( d i me t h y l s u l f o x i d e ,  5 0 % D MS O ) .  A c c o r d i n g  t o  t h e  r e s u l t s  o b t a i n e d ,  t h e  wa s h e d  f i l ms  d i d
n o t  s h o w p o t e n t i a l  c y t o t o x i c  u n d e r  t h e  e x p e r i me n t a l  c o n d i t i o n s  u s e d .  H o we v e r ,  t r e a t me n t s  wi t h  2 5 ,
5 0  a n d  1 0 0 % e x t r a c t  o f  u n wa s h e d  o n i o n  f i l ms  s t a t i s t i c a l l y  s i g n i f i c a n t l y  r e d u c e d  c e l l  v i a b i l i t y
c o mp a r e d  t o  t h e  n e g a t i v e  c o n t r o l .  I n  c o n c l u s i o n ,  t h i s  s t u d y  c o l l a b o r a t e s  i n  t h e  s e a r c h  f o r
a l t e r n a t i v e s  a n d  l o c a l  s t r a t e g i e s  f o r  t h e  t r e a t me n t  o f  s k i n  c a n c e r .  O n e  o f  t h e  d e s i r a b l e  e f f e c t s  o f
t h e s e  ma t e r i a l s  i n c l u d e  t h e  r e d u c t i o n  o f  o f f - t a r g e t  t i s s u e  t o x i c i t i e s .  N e w s t u d i e s  s h o u l d  b e  c a r r i e d
o u t  t o  i n v e s t i g a t e  t h e  a p p l i c a t i o n  o f  f i l ms  a s  d r u g  r e l e a s e  p l a t f o r ms ,  wi t h  e mp h a s i s  o n
c h e mo t h e r a p e u t i c  d r u g s .

K e y w o r d s :  A l l i u m  c e p a ;  M e l a n o m a ;  C y t o t o x i c i t y ;  P o l y m e r i c  F i l m s .

A c k n o w l e d g m e n t s :  F U N A D E S P

IN VITRO ANTITUMOR POTENTIAL OF ALLIUM CEPA L (ONION)
BIOPOLYMERIC FILMS

N I C O L E  P I C H I R I L L I  C A T I R S E ¹ * ;  M A R I A  E D U A R D A  O L I V E I R A  L E A L ¹ ;  I G O R  H E N R I Q U E  C E R Q U E I R A ¹ ;  
H E R N A N E  D A  S I L V A  B A R U D ¹ ;  F L Á V I A  A P A R E C I D A  R E S E N D E ¹

¹ U n i v e r s i d a d e  d e  A r a r a q u a r a  -  U N I A R A ,  A r a r a q u a r a / S P .
* C o r r e s p o n d i n g  A u t h o r :   n i c o l e p i c h i r i l l i @ g m a i l . c o m

ABSTRACT



P o l y d i o x a n o n e  l i f t i n g  t h r e a d s  ( P D O - L T )  h a v e  b e e n  wi d e l y  u s e d  i n  c o s me t i c  a n d  r e c o n s t r u c t i v e
s u r g e r y  t o  r e d u c e  s k i n  f l a c c i d i t y ,  e s p e c i a l l y  o n  t h e  f a c e .  T h e  l o n g - t e r m e f f e c t s  o f  t h e  t e c h n i q u e  a r e
a t t r i b u t e d  t o  a  b i o a c t i v e  a c t i o n  o n  d e r ma l  c e l l s .  O n  t h e  o t h e r  h a n d ,  t h e r e  i s  n o  s c i e n t i f i c  e v i d e n c e
d e mo n s t r a t i n g  t h i s  e f f e c t .  T h i s  s t u d y  a i me d  t o  c a r r y  o u t  t h e  p h y s i c o c h e mi c a l  a n d  t o p o g r a p h i c
c h a r a c t e r i z a t i o n  o f  P D O - L T  a n d  e s t a b l i s h  t h e  a s p e c t s  r e l a t e d  t o  t h e i r  b i o a c t i v i t y  a n d
c y t o c o mp a t i b i l i t y  i n  v i t r o .  F o r  t h i s ,  s a mp l e s  o f  P D O - L T  f r o m a  t r a d e ma r k  we r e  s u b mi t t e d  t o
p h y s i c o c h e mi c a l  ( T G A  a n d  F T -  I R )  a n d  t o p o g r a p h i c  c h a r a c t e r i z a t i o n  ( c o n f o c a l  l a s e r  mi c r o s c o p y  a n d
o p t i c a l  p r o f i l o me t r y ) .  F o r  c e l l  a s s a y s ,  v i a b i l i t y  ( r e s a z u r i n  f l u o r i me t r y )  a n d  c y t o c o mp a t i b i l i t y  t e s t s
( a d h e s i o n  b y  c o n t a c t )  we r e  p e r f o r me d  u s i n g  h u ma n  c e l l  l i n e a g e  ( MG - 6 3 ) .  T h e  p h y s i c o c h e mi c a l
c h a r a c t e r i z a t i o n  d e mo n s t r a t e d  t h e  p o l y me r i c  n a t u r e  o f  t h e  ma t e r i a l ,  c o mp o s e d  o f  P D O  i n  a  h i g h
d e g r e e  o f  p u r i t y  a n d  t h e r ma l  s t a b i l i t y  c o mp a t i b l e  wi t h  b i o me d i c a l  a p p l i c a t i o n s .  T h e  t o p o g r a p h i c
c h a r a c t e r i z a t i o n  s h o we d  s a mp l e s  wi t h  a  d i a me t e r  o f  4 4 6 . 9 ±8 . 4  μm,  c o n t a i n i n g  l a t e r a l  s p i c u l e s
h e l i c a l l y  d i s t r i b u t e d  a n d  s p a c e d  a l o n g  t h e  l e n g t h  a n d  i n c l i n e d  a t  1 4 . 8 °  c o n c e r n i n g  i t s  l o n g i t u d i n a l
a x i s .  T h e  t e x t u r e  a s p e c t  r a t i o  ( 0 . 1 5 )  a n d  r o u g h n e s s  p e a k s  me a n  i n c l i n a t i o n  ( 2 7 . 4 4 ° )  s u g g e s t  a n
a n i s o t r o p i c  t e x t u r e ,  wi t h  p e a k s  o r i e n t a t i o n  i n  t h e  l o n g i t u d i n a l  d i r e c t i o n  o f  t h e  t h r e a d s .  T h e s e
t o p o g r a p h i c  f e a t u r e s  a r e  s u i t a b l e  f o r  t h e  t i s s u e  i n t e g r a t i o n  p r o c e s s  a t  t h e  mi c r o  a n d  n a n o me t e r
s c a l e .  C e l l u l a r  a s s a y s  r e i n f o r c e  t h e  n o n - t o x i c  a n d  c y t o c o mp a t i b l e  n a t u r e  o f  t h e  ma t e r i a l .  O n  t h e
o t h e r  h a n d ,  n o  b i o a c t i v e  e f f e c t  wa s  o b s e r v e d .  A l t h o u g h  P D O - L T  h a s  c h a r a c t e r i s t i c s  t h a t  g i v e  t h e m
h i g h  c y t o c o mp a t i b l e  p o t e n t i a l ,  n o  e v i d e n c e  o f  a  b i o a c t i v e  e f f e c t  wa s  f o u n d .
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I n t r o d u c t i o n :  A mo n g  a  wi d e  r a n g e  o f  t y p e s  o f  me d i c a l  i ma g e s  t h a t  c a n  b e  o b t a i n e d  b y  d i f f e r e n t
t e c h n i q u e s  i s  c o mp u t e d  t o mo g r a p h y  ( C T ) .  I n f o r ma t i o n  t e c h n o l o g i e s  h a v e  a l s o  b e e n  a p p l i e d  f o r
b e t t e r  t r e a t me n t  o f  me d i c a l  i ma g e s  a n d  t h e  u s e  o f  s p e c i f i c  s o f t wa r e .  I n  t h i s  p r o j e c t ,  t h e  a n a t o mi c a l
s t r u c t u r e  o f  a n a l y s i s  i s  t h e  c r a n i a l  v a u l t .  R e g e n e r a t i v e  me d i c i n e  ma k e s  u s e  o f  e x i s t i n g  a u t o ma t e d
b i o f a b r i c a t i o n  t e c h n i q u e s  a n d  e n a b l e s  e v e r - i n c r e a s i n g  s o l u t i o n  c u s t o mi z a t i o n .  O b j e c t i v e s :  T h i s
wo r k  a i ms  a t  t h e  u s e  o f  C T  f o r  t h e  a c q u i s i t i o n  o f  p r e c i s e  a n d  t a r g e t e d  i ma g e s ,  t h r o u g h  t h e
a p p l i c a t i o n  o f  a  s p e c i a l i z e d  c o mp u t a t i o n a l  p a c k a g e  a n d ,  l a t e r ,  wi t h  t h e  ma t e r i a l i z a t i o n  o f  a  s k u l l
mo d e l  b y  3 D  p r i n t i n g .  a i ms  t o  h e l p  d e f i n e  p r o t o c o l s  f o r  t h i s  p r o c e s s  a n d  d e t e r mi n e  p a r a me t e r s
f a v o r a b l e  t o  b e t t e r  q u a l i t y  o f  t h e  c r a n i o p l a s t y  p r o c e s s .  Ma t e r i a l  a n d  Me t h o d s :  5  c o mp u t e d
t o mo g r a p h y  e x a ms  t h a t  h a v e  a l r e a d y  b e e n  p e r f o r me d  a n d  t h a t  a r e  s t o r e d  i n  t h e  C T I  R e n a t o  A r c h e r
d a t a b a s e  wi l l  b e  s e l e c t e d ,  c o mp r i s i n g  p a r t i c i p a n t s  b e t we e n  1 8  a n d  3 0  y e a r s  o f  a g e ,  wh i c h  wi l l  l a t e r
b e  t r a n s f e r r e d  t o  t h e  I n V e s a l i u s  s o f t wa r e ,  d e v e l o p e d  a t  t h e  T e c h n o l o g y  C e n t e r  o f  t h e  I n f o r ma t i o n
R e n a t o  A r c h e r  ( C T I ) ,  l o c a t e d  i n  C a mp i n a s - S P ,  f o r  t h e  g e n e r a t i o n  o f  a  t h r e e - d i me n s i o n a l  a n a t o my
mo d e l .  R e s u l t s :  3 D  r e s i n  p r i n t i n g  h a s  s h o wn  b e t t e r  r e s u l t s  i n  t e r ms  o f  p r o t o t y p e  q u a l i t y  t h a n  t h e
e x t r u s i o n  p r o c e s s .  S c a n n i n g  p r o v e s  t o  b e  a b l e  t o  b r i n g  t h e  o b j e c t  b a c k  t o  t h e  c o mp u t e r ,  b u t
a d j u s t me n t s  wi l l  s t i l l  b e  n e e d e d .  C o n c l u s i o n :  T h i s  p r o j e c t  i s  i n  p r o g r e s s  i n  s e a r c h  o f  t h e  d e f i n i t i o n
o f  p r o t o c o l s  f o r  ma t e r i a l i z a t i o n  p r o c e s s e s  b y  3 D  p r i n t i n g  o f  s k u l l c a p .
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I T h e  me n i s c i  a r e  n o b l e  a n d  c o mp l e x  f i b r o c a r t i l a g i n o u s  c o mp o n e n t s  l o c a t e d  i n  t h e  k n e e  j o i n t  wi t h
e s s e n t i a l  f u n c t i o n  i n  t h e  t r a n s mi s s i o n  a n d  a b s o r p t i o n  o f  f o r c e s ,  s t a b i l i z a t i o n ,  a n d  n u t r i t i o n  o f  t h e
j o i n t  c a r t i l a g e .  T h e y  a r e  e x p o s e d  t o  h i g h  l e v e l s  o f  me c h a n i c a l  s t r e s s  a n d  o f t e n  s u f f e r  d a ma g e  t h a t
c a n n o t  b e  r e p a i r e d  s p o n t a n e o u s l y .  C o n v e n t i o n a l  t r e a t me n t s  a i m a t  t h e  s u t u r e  o r  p a r t i a l / t o t a l
r e mo v a l  ( me n i s c e c t o my )  o f  t h e  i n j u r e d  me n i s c u s .  H o we v e r ,  s u c h  a p p r o a c h e s  a r e  i n e f f e c t i v e  i n
r e s t o r i n g  i t s  f u n c t i o n .  T o  s o l v e  t h i s  p r o b l e m,  p r o mi s i n g  a p p r o a c h e s  i n  r e g e n e r a t i v e  me d i c i n e  a n d
t i s s u e  e n g i n e e r i n g  i n c l u d i n g  3 D  p r i n t i n g  t e c h n o l o g i e s  a p p e a r  a s  a n  a l t e r n a t i v e  t o  i mp r o v e
t h e r a p e u t i c  s u c c e s s  r a t e s  f u t u r e l y .  T h e s e  a p p r o a c h e s  a i m t o  r e p l a c e  t h e  i n j u r e d  me n i s c u s  b y  a
t e mp o r a r y  b i o mi me t i c  t h r e e - d i me n s i o n a l  s t r u c t u r e ,  c o mp o s e d  o f  a  c e l l u l a r i z e d  b i o a c t i v e  s c a f f o l d
wi t h  me c h a n i c a l  a n d  b i o l o g i c a l  p r o p e r t i e s  f a v o r a b l e  t o  c e l l  h o me o s t a s i s  a n d  t i s s u e  r e mo d e l i n g .  T h e
ma i n  c h a l l e n g e ,  a s  e v i d e n c e d  i n  r e c e n t  r e s e a r c h ,  i s  r e l a t e d  i n  r e c o n c i l i n g  t h e  l i mi t a t i o n s  i n h e r e n t  i n
t h e  b i o p r i n t i n g  p r o c e s s  wi t h  t h e  me c h a n i c a l  r e q u i r e me n t s  o f  t h e  s u b s t i t u t e  p o s t - i mp l a n t a t i o n .  T h e
mo s t  i n v e s t i g a t e d  a n d  p r o mi s i n g  p r i n t e d  s c a f f o l d s  r e s u l t  f r o m t h e  a s s o c i a t i o n  o f  n a t u r a l  a n d
s y n t h e t i c  p o l y me r s  c a r r y i n g  a u t o l o g o u s  a d u l t s  o r  i n d u c e d  me s e n c h y ma l  s t e m c e l l s ,  e s s e n t i a l  f o r
t i s s u e  s e t t l e me n t  a n d  r e mo d e l i n g .  T o  o p t i mi z e  t h e  b i o l o g i c a l  e n v i r o n me n t ,  s i g n a l i n g  b i o mo l e c u l e s
s u c h  a s  g r o wt h  f a c t o r s  a n d  d e c e l l u l a r i z e d  me n i s c u s  ma t r i x  a r e  i n c o r p o r a t e d  i n t o  t h e  b i o i n k .
A l t h o u g h  p r o mi s i n g ,  c u r r e n t l y  e s t a b l i s h e d  s t r a t e g i e s  s t i l l  d o  n o t  c o n t e mp l a t e  t h e  i d e a l  c r i t e r i a  f o r
a n  i mp l a n t a b l e  me n i s c a l  r e p l a c e me n t .  S c i e n t i f i c  a n d  t e c h n o l o g i c a l  a d v a n c e s  a r e  s t i l l  n e e d e d  f o r
b i o p r i n t e d  me n i s c a l  r e p l a c e me n t  t o  b e c o me  a  r e a l i t y .
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T h e  me n i s c i  a r e  n o b l e  a n d  c o mp l e x  f i b r o c a r t i l a g i n o u s  c o mp o n e n t s  l o c a t e d  i n  t h e  k n e e  j o i n t  wi t h
e s s e n t i a l  f u n c t i o n  i n  t h e  t r a n s mi s s i o n  a n d  a b s o r p t i o n  o f  f o r c e s ,  s t a b i l i z a t i o n ,  a n d  n u t r i t i o n  o f  t h e
j o i n t  c a r t i l a g e .  T h e y  a r e  e x p o s e d  t o  h i g h  l e v e l s  o f  me c h a n i c a l  s t r e s s  a n d  o f t e n  s u f f e r  d a ma g e  t h a t
c a n n o t  b e  r e p a i r e d  s p o n t a n e o u s l y .  C o n v e n t i o n a l  t r e a t me n t s  a i m a t  t h e  s u t u r e  o r  p a r t i a l / t o t a l
r e mo v a l  ( me n i s c e c t o my )  o f  t h e  i n j u r e d  me n i s c u s .  H o we v e r ,  s u c h  a p p r o a c h e s  a r e  i n e f f e c t i v e  i n
r e s t o r i n g  i t s  f u n c t i o n .  T o  s o l v e  t h i s  p r o b l e m,  p r o mi s i n g  a p p r o a c h e s  i n  r e g e n e r a t i v e  me d i c i n e  a n d
t i s s u e  e n g i n e e r i n g  i n c l u d i n g  3 D  p r i n t i n g  t e c h n o l o g i e s  a p p e a r  a s  a n  a l t e r n a t i v e  t o  i mp r o v e
t h e r a p e u t i c  s u c c e s s  r a t e s  f u t u r e l y .  T h e s e  a p p r o a c h e s  a i m t o  r e p l a c e  t h e  i n j u r e d  me n i s c u s  b y  a
t e mp o r a r y  b i o mi me t i c  t h r e e - d i me n s i o n a l  s t r u c t u r e ,  c o mp o s e d  o f  a  c e l l u l a r i z e d  b i o a c t i v e  s c a f f o l d
wi t h  me c h a n i c a l  a n d  b i o l o g i c a l  p r o p e r t i e s  f a v o r a b l e  t o  c e l l  h o me o s t a s i s  a n d  t i s s u e  r e mo d e l i n g .  T h e
ma i n  c h a l l e n g e ,  a s  e v i d e n c e d  i n  r e c e n t  r e s e a r c h ,  i s  r e l a t e d  i n  r e c o n c i l i n g  t h e  l i mi t a t i o n s  i n h e r e n t  i n
t h e  b i o p r i n t i n g  p r o c e s s  wi t h  t h e  me c h a n i c a l  r e q u i r e me n t s  o f  t h e  s u b s t i t u t e  p o s t - i mp l a n t a t i o n .  T h e
mo s t  i n v e s t i g a t e d  a n d  p r o mi s i n g  p r i n t e d  s c a f f o l d s  r e s u l t  f r o m t h e  a s s o c i a t i o n  o f  n a t u r a l  a n d
s y n t h e t i c  p o l y me r s  c a r r y i n g  a u t o l o g o u s  a d u l t s  o r  i n d u c e d  me s e n c h y ma l  s t e m c e l l s ,  e s s e n t i a l  f o r
t i s s u e  s e t t l e me n t  a n d  r e mo d e l i n g .  T o  o p t i mi z e  t h e  b i o l o g i c a l  e n v i r o n me n t ,  s i g n a l i n g  b i o mo l e c u l e s
s u c h  a s  g r o wt h  f a c t o r s  a n d  d e c e l l u l a r i z e d  me n i s c u s  ma t r i x  a r e  i n c o r p o r a t e d  i n t o  t h e  b i o i n k .
A l t h o u g h  p r o mi s i n g ,  c u r r e n t l y  e s t a b l i s h e d  s t r a t e g i e s  s t i l l  d o  n o t  c o n t e mp l a t e  t h e  i d e a l  c r i t e r i a  f o r
a n  i mp l a n t a b l e  me n i s c a l  r e p l a c e me n t .  S c i e n t i f i c  a n d  t e c h n o l o g i c a l  a d v a n c e s  a r e  s t i l l  n e e d e d  f o r
b i o p r i n t e d  me n i s c a l  r e p l a c e me n t  t o  b e c o me  a  r e a l i t y .
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E p i c o n d y l a r  t e n d i n o p a t h y  ( E T ) ,  a l s o  k n o wn  a s  e p i c o n d y l i t i s ,  r e p r e s e n t s  o n e  o f  t h e  mo s t  p r e v a l e n t
a n d  d i s a b l i n g  mu s c u l o s k e l e t a l  d i s o r d e r s  o f  t h e  u p p e r  l i mb .  I t s  mo s t  c o mmo n  c l i n i c a l  p r e s e n t a t i o n  i s
t h e  r e s u l t  o f  d e g e n e r a t i v e  c h a n g e s  r e s u l t i n g  f r o m t h e  a c c u mu l a t i o n  o f  mi c r o t r a u ma s  i n  t h e  t e n d o n ,
a s s o c i a t e d  wi t h  s p o r t s  a n d / o r  o c c u p a t i o n a l  a c t i v i t i e s .  T h e  t r e a t me n t  o f  E T  i s  b a s e d  o n
p h a r ma c o l o g i c a l ,  p h y s i c a l ,  a n d  e v e n  s u r g i c a l  a p p r o a c h e s ,  b u t  s t i l l  y i e l d s  u n s a t i s f a c t o r y  r e s u l t s .
T h e r e f o r e ,  R e g e n e r a t i v e  Me d i c i n e  ( R M)  p r e s e n t s  i t s e l f  a s  a  r e n e wa l  t o o l  i n  t h e  t h e r a p e u t i c  a r s e n a l ,
a i mi n g  t o  e n a b l e  c e l l  a n d  t i s s u e  r e p l a c e me n t  o r  r e g e n e r a t i o n .  R M i s  b a s e d  o n  t h r e e  s t r a t e g i e s :
c e l l - b a s e d  t h e r a p y ,  b i o c o mp a t i b l e  s u p p o r t s  o f  b i o l o g i c a l  o r  s y n t h e t i c  o r i g i n  t o  g u i d e  t h e  r e p a i r
p r o c e s s  ( s c a f f o l d s ) ,  a n d  b i o mo l e c u l e s ,  wh i c h  c a n  b e  u s e d  i n  i s o l a t i o n  o r  i n  c o mb i n a t i o n .  I n  t h e  c a s e
o f  E T ,  R M e f f o r t s  h a v e  f o c u s e d  o n  i n j e c t a b l e  t h e r a p i e s  f o r  t h e  d e l i v e r y  o f  b i o a c t i v e  mo l e c u l e s ,  wi t h
t h e  mo s t  u s e d  p r o d u c t s  b e i n g  g r o wt h  f a c t o r s  d e r i v e d  f r o m p l a t e l e t  c o n c e n t r a t e s ,  h y a l u r o n i c  a c i d ,
a n d  b o t u l i n u m t o x i n .  I n  t h e  f i e l d  o f  c e l l  t h e r a p y ,  r e s e a r c h  d e mo n s t r a t e s  t h e  u s e  o f  a d u l t
me s e n c h y ma l  s t e m c e l l s  d e r i v e d  f r o m b o n e  ma r r o w a n d  s t r o ma l  v a s c u l a r  f r a c t i o n .  A l t h o u g h  r e s e a r c h
i n v o l v i n g  R M f o r  t h e  t r e a t me n t  o f  E T  s h o ws  h i g h l y  p r o mi s i n g  r e s u l t s ,  t h e r e  i s  s t i l l  n o  s c i e n t i f i c
c o n s e n s u s  r e g a r d i n g  i d e a l  d o s i me t r i c  p a r a me t e r s ,  e f f i c a c y ,  a n d  t h e r a p e u t i c  s a f e t y .  F u r t h e r
r e s e a r c h  i s  n e e d e d  f o r  t h e  d e v e l o p me n t  a n d  c h a r a c t e r i z a t i o n  o f  R M s t r a t e g i e s  f o r  a p p l i c a t i o n  i n  t h e
t r e a t me n t  o f  E T .
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3 D  b i o p r i n t i n g  i s  i n  h a r d  d e v e l o p me n t .  B i o i n k s  a r e  o n e  o f  t h e  ma i n  a s p e c t s  a n d  e s s e n t i a l  a s
c o mp o n e n t  f o r  t h e  p h y s i c a l  t h r e e - d i me n s i o n a l i z a t i o n  o f  l i v i n g  s t r u c t u r e s  t o  b e  u s e d  f o r  r e p l a c i n g
d a ma g e d  t i s s u e s  o r  o r g a n s  o r  r e g e n e r a t i n g  n e w t i s s u e s .  Ma n g o ,  a  r i c h  a n d  a b u n d a n t  v e g e t a b l e
s o u r c e ,  i s  o n e  o f  t h e  ma i n  f r u i t s  p r o d u c e d  i n  B r a z i l .  T h e  i n d u s t r i a l  p r o c e s s i n g  o f  t h e  ma n g o  i s
r e s p o n s i b l e  f o r  t h e  g e n e r a t i o n  o f  l a r g e  v o l u me s  o f  wa s t e ,  s u c h  a s  t h e  p e e l ,  r i c h  i n  p e c t i n  a n d
f l a v a n o i d s ,  a n d  t h e  c o r e ,  r i c h  i n  l i g n i n ,  c e l l u l o s e ,  a n d  h e mi c e l l u l o s e .  P e c t i n ´ s  e x c e l l e n t  p r o p e r t y  o f
mo d u l a t i n g  e l a s t i c i t y  i n  p l a n t  c e l l  wa l l s  c a n  b e  e x p l o i t e d  a s  a  b i o - i n s p i r e d  d e s i g n  s t r a t e g y  t o
ma n u f a c t u r e  3 D  p r i n t e d  o b j e c t s .  I n  t u r n ,  c e l l u l o s e  e me r g e d  a s  a  c a t a l o g  o f  r e n e wa b l e  n a n o ma t e r i a l s
f o r  t h e  f o r mu l a t i o n  o f  b i o i n k s  a t  t h e  s e r v i c e  o f  b i o p r i n t i n g ,  t h a n k s  t o  t h e i r  s t r u c t u r a l  s i mi l a r i t y  wi t h
e x t r a c e l l u l a r  ma t r i c e s ,  h a v i n g  b i o me d i c a l  a p p l i c a t i o n s ,  s u c h  a s  i n  t h e  f o r m o f  d r e s s i n g s  f o r  wo u n d s
t h a t  a r e  d i f f i c u l t  t o  h e a l .  T h u s ,  t h i s  wo r k  a i ms  t o  s t u d y  c y t o t o x i c i t y  a n d  c e l l  p r o l i f e r a t i o n  i n  t h e
i n t e r a c t i o n  p e c t i n ,  c e l l u l o s e ,  a n d  c e l l s  f o r  f u r t h e r  o b t a i n i n g  a n d  c h a r a c t e r i z a t i o n  o f  a  b i o i n k  f o r  3 D
b i o p r i n t i n g .  T h e  r e s a z u r i n  a s s a y  wa s  p e r f o r me d  t o  a s s e s s  c e l l  p r o l i f e r a t i o n  a n d  v i a b i l i t y .  F o r  t h i s
wo r k ,  r e a d i n g s  o f  t h e  t i me s  o f  2 4  a n d  4 8  h o u r s  we r e  ma d e .  T h e  r e s u l t s  o b t a i n e d  s h o w t h a t  t h e
t e s t e d  ma t e r i a l s  d i d  n o t  r e d u c e  t h e  c e l l  p r o l i f e r a t i o n  o f  L 9 2 9  c e l l s ,  a n d  i t  c a n  b e  c o n c l u d e d  t h a t
t h e y  we r e  a b l e  t o  p r o mo t e  s t a b i l i t y  s o  t h a t  t h e  c e l l s  r e ma i n e d  v i a b l e .
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T h e  o c c u r r e n c e  o f  h e a l t h c a r e - a c q u i r e d  i n f e c t i o n s  ( H A I s )  d u e  t o  t h e  u s e  o f  p o l y me r - b a s e d  ma t e r i a l s
r e p r e s e n t s  a  s i g n i f i c a n t  c h a l l e n g e  i n  h e a l t h c a r e  s e t t i n g s .  T h e  a s s o c i a t i o n  b e t we e n  b i o ma t e r i a l s  a n d
h e a l t h c a r e - a c q u i r e d  i n f e c t i o n s  i s  a  g l o b a l  r e a l i t y ,  p r i ma r i l y  d u e  t o  t h e  c h e mi c a l  p r o p e r t i e s  o f
c e r t a i n  p o l y me r i c  d e v i c e s ,  s u c h  a s  p o l y u r e t h a n e  ( P U )  s u r f a c e s  wi d e l y  u s e d  i n  t h e  me d i c a l  f i e l d  f o r
wo u n d  d r e s s i n g s ,  me d i c a l  t u b i n g ,  i mp l a n t s ,  a mo n g  o t h e r s .  S e v e r a l  a p p r o a c h e s  a r e  b e i n g  d e v e l o p e d
t o  c o n s t r u c t  b i o ma t e r i a l s  wi t h  a n t i b a c t e r i a l  a n d  a n t i - a d h e s i v e  s u r f a c e s ,  s u c h  a s  c r e a t i n g
h y d r o p h i l i c  s u r f a c e s  t h a t  r e d u c e  t h e  a d h e s i o n  o f  p r o t e i n s  a n d ,  c o n s e q u e n t l y ,  b a c t e r i a  o n  t h e
d e v i c e ' s  wa l l s .  T h e  c h e mi c a l  mo d i f i c a t i o n  o f  p o l y me r s  wi t h  g o o d  me c h a n i c a l  a n d  t h e r ma l  p r o p e r t i e s ,
a s  we l l  a s  g o o d  p r o c e s s a b i l i t y  l i k e  p o l y  ( l a c t i c  a c i d )  ( P L A ) ,  i s  o f  g r e a t  i mp o r t a n c e  t o  o b t a i n  a
ma t e r i a l  wi t h  e x c e l l e n t  a n t i mi c r o b i a l  p r o p e r t i e s  f o r  t h e  d e v e l o p me n t  o f  n e w me d i c a l  d e v i c e s .  I n  t h i s
wo r k ,  P L A  wa s  c h e mi c a l l y  mo d i f i e d  t h r o u g h  ma l e i n i z a t i o n  f o l l o we d  b y  t h e  a d d i t i o n  o f  l y s i n e  t o
d e v e l o p  a  b i o p o l y me r  wi t h  a n t i b a c t e r i a l  a n d  a n t i - a d h e s i v e  a c t i v i t y  s u i t a b l e  f o r  v a r i o u s  me d i c a l
d e v i c e s .  T wo  s t e p s  o f  c h e mi c a l  mo d i f i c a t i o n  we r e  c a r r i e d  o u t :  i )  e x t r u s i o n  o f  P L A  wi t h  ma l e i c
a n h y d r i d e  a n d  i i )  e x t r u s i o n  o f  t h e  r e s u l t i n g  P L A  mo d i f i c a t e d  wi t h  l - l y s i n e .  T h e  p r o d u c t s  we r e
c h a r a c t e r i z e d  b y  F o u r i e r -  t r a n s f o r me d  I n f r a r e d  S p e c t r o s c o p y  a n d  t e s t e d  f o r  a n t i mi c r o b i a l  a c t i v i t y
a g a i n s t  E s c h e r i c h i a  c o l i  wi t h  D y n a mi c  S h a k e  F l a s k  T e s t  Me t h o d  ( A S T M E 2 1 4 9 - 1 0 ) .  T h e  p r e l i mi n a r y
r e s u l t s  s h o we d  t h a t  P L A -  L y s  i n h i b i t e d  E .  c o l i  g r o wt h  b y  7 8 % o v e r  c o n t r o l  a n d  6 4 % o v e r  p u r e  P L A .
T h e s e  r e s u l t s  a r e  p r o mi s i n g  a b o u t  t h e  me d i c a l  a p p l i c a t i o n  o f  t h i s  ma t e r i a l .
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T o  o b t a i n  a  c o mp o s i t e  f r o m b i o ma t e r i a l s  t o  p r o d u c e  a n  i n o r g a n i c  ma t r i x  t h a t  ma y  h a v e  a p p l i c a b i l i t y
i n  s c a f f o l d i n g ,  t h e  s t e m o f  t h e  D i o s c o r e a  p l a n t  h a s  b e e n  u s e d  a s  a  t e mp l a t e .  T h r o u g h  t h e  i n f l u e n c e
o f  T E O S  c o n c e n t r a t i o n ,  t h r o u g h  t h e  s o l - g e l  p r o c e s s ,  i n  t h e  p r e p a r a t i o n  o f  p o r o u s  s u b s t r a t e s ,  t h i s
wo r k  a i ms  t o  i mi t a t e  b i o l o g i c a l  a n d  s t r u c t u r a l  f o r ma t i o n s  f o r  a p p l i c a t i o n  i n  B o n e  T i s s u e
E n g i n e e r i n g .  T h e  o b t a i n e d  we r e  c a l c i n e d  t o  r e mo v e  t h e i r  o r g a n i c  c o u n t e r p a r t ,  o b t a i n i n g  a  ma t e r i a l
b a s e d  o n  i n o r g a n i c  s i l i c o n  t h a t  mi mi c s  t h e  p o r o s i t y  a n d  a r c h i t e c t u r e  o f  D i o s c o r e a .  T h e  ma t e r i a l s
we r e  c h a r a c t e r i z e d  b y  F o u r i e r  T r a n s f o r m A b s o r p t i o n  S p e c t r o s c o p y  ( F T I R ) ,  wh i c h  a l l o we d  t o  a n a l y z e
t h e  i n t e r a c t i o n s  b e t we e n  t h e  c o mp o n e n t s ,  e l u c i d a t i n g  t h e  a b s o r p t i o n  s p e c t r u m o f  t h e  d i f f e r e n t
c h e mi c a l  g r o u p s  p r e s e n t ,  a n d  b y  T h e r mo g r a v i me t r i c  A n a l y s i s  ( T G A ) ,  t h e  ma s s  l o s s  o f  t h e  s a mp l e
d e t e r mi n e d  a s  a  f u n c t i o n  o f  t e mp e r a t u r e .  I n  l i g h t  mi c r o s c o p y ,  t h e  mo r p h o l o g y  wa s  a n a l y z e d  i n  a l l
s a mp l e s  o f  i n o r g a n i c  ma t e r i a l ,  wh i c h  e x h i b i t  mu l t i p l e  s i z e s  o f  i n t e r c o n n e c t e d  p o r e s ,  v i s i b l e  t o  t h e
n a k e d  e y e ,  wi t h  ma c r o p o r e s  a r o u n d  mi c r o v o i d s  wi t h  1 0  µ m d i a me t e r .  I n  c e l l  v i a b i l i t y  a s s a y s ,  a l l
s i l i c o n - b a s e d  ma t e r i a l s  d i d  n o t  s h o w c y t o t o x i c i t y  a g a i n s t  f i b r o b l a s t i c  ( L 9 2 9 )  a n d  o s t e o b l a s t i c
( S a o s - 2 )  c e l l  l i n e s .  T h e r e f o r e ,  t h e y  c a n  b e  a  h i g h - p e r f o r ma n c e  a l t e r n a t i v e  f o r  mu l t i f u n c t i o n a l
a p p l i c a t i o n s ,  b e i n g  e n v i r o n me n t a l l y  f r i e n d l y  a n d  e c o n o mi c a l l y  v i a b l e .  T h u s ,  t h e s e  p r e l i mi n a r y
r e s u l t s  c a n  b e  a  n e w wa y  t o  o b t a i n  p o r o u s  ma t e r i a l s  B i o mi me t i c s  a p p l i e d  t o  T i s s u e  E n g i n e e r i n g .

Keywords:  B iomimetics;  Biopolymers;  Dioscorea;  T issue engineering;  Scaffolds.
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T h e  i n c r e a s e  i n  r e s i s t a n c e  t o  a n t i b i o t i c s  b y  s t r a i n s  o f  p a t h o g e n i c  mi c r o o r g a n i s ms  h a s  ma d e  i t
u r g e n t  t o  d i s c o v e r  a n d  i s o l a t e  n e w mo l e c u l e s  wi t h  a n t i mi c r o b i a l  a c t i v i t y .  T h e  e n z y me  ma r k e t  mo v e s
t h o u s a n d s  o f  d o l l a r s  a n n u a l l y ,  e s p e c i a l l y  mi c r o b i a l  e n z y me s .  T h e  o b j e c t i v e  o f  t h i s  wo r k  i s  t o
p e r f o r m t h e  i s o l a t i o n  a n d  i d e n t i f i c a t i o n  o f  e n d o p h y t e s  a s s o c i a t e d  wi t h  D i mo r p h a n d r a  mo l l i s ,  w i t h
p o t e n t i a l  p r o d u c t i o n  o f  s e c o n d a r y  b i o a c t i v e  me t a b o l i t e s .  T h e  c o l l e c t e d  p a r t s  we r e  i mme r s e d  i n  7 0 %
a l c o h o l  a n d  s o d i u m h y p o c h l o r i t e ,  t h e n  wa s h e d  wi t h  s t e r i l i z e d  d i s t i l l e d  wa t e r  t o  e l i mi n a t e  t h e
e p i p h y t i c  p o p u l a t i o n .  L e a v e s  a n d  b r a n c h e s  we r e  c r u s h e d ,  p u t  i n  s a l i n e  s o l u t i o n ,  a n d  k e p t  i n  a
s h a k e r  f o r  o n e  h o u r ,  t h e n  s e r i a l  d i l u t i o n s  we r e  ma d e  a n d  1 0 0  μ l  we r e  i n o c u l a t e d  i n  P e t r i  d i s h e s  wi t h
I n t e r n a t i o n a l  S t r e p t o my c e s  P r o j e c t  2  a n d  T r y p t i c  S o y  A g a r .  T o  p u r i f y  a n d  i s o l a t e  b a c t e r i a l  c o l o n i e s ,
d e p l e t i o n  wa s  p e r f o r me d  wi t h  p l a t i n u m l o o p s .  A f t e r  t wo  c o l l e c t i o n s ,  5 9  i s o l a t e s  we r e  o b t a i n e d .  T h e
e n z y ma t i c  p o t e n t i a l  wa s  e v a l u a t e d  t h r o u g h  p r o t e o l y t i c  a c t i v i t i e s ,  wi t h  t h e  f o r ma t i o n  o f  a  h a l o
a r o u n d  t h e  c o l o n y  a n d  l i p o l y t i c  a c t i v i t i e s ,  wi t h  t h e  p r e s e n c e  o f  c r y s t a l l i z e d  h a l o s  a r o u n d  t h e
b a c t e r i a .  L i p o l y t i c  a c t i v i t y  wa s  n o t  o b s e r v e d ,  wh i l e  p r o t e a s e  p r o d u c t i o n  wa s  s a t i s f a c t o r y .  O f  t h e  5 9
i s o l a t e d  b a c t e r i a ,  8 6 % p r o d u c e d  a  h a l o ,  wh i c h  i n d i c a t e s  t h e  p r o d u c t i o n  o f  p r o t e o l y t i c  e n z y me s .  O f
t h e s e ,  3 7 % f o r me d  h a l o s  o f  a n  a v e r a g e  o f  0 . 6  mm.  F u r t h e r mo r e ,  6 2 % f o r me d  a  h a l o  wi t h  a  r e d u c e d
r a d i u s  o f ,  o n  a v e r a g e ,  0 . 1 7  mm.  I t  i s  e x p e c t e d  t h a t  i n  t h e  a n t i mi c r o b i a l  a c t i v i t y  a s s a y ,  t h e
e n d o p h y t e s  h a v e  p o t e n t i a l  a g a i n s t  t h e  c h o s e n  i n d i c a t o r s ,  wh i c h  a r e  E s c h e r i c h i a  c o l i ,
S t a p h y l o c o c c u s  a u r e u s  a n d  C a n d i d a  a l b i c a n s .

Keywords: Cerrado; Bioactive Substances; Endophytic Microorganisms; Bioprospecting; Antimicrobial Potential.
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I n t r o d u c t i o n :  S i l k  F i b r o i n  ( S F ) ,  o n e  o f  t h e  t wo  s i l k  p r o t e i n s ,  h a s  b e e n  e x p l o r e d  a s  a  b i o ma t e r i a l  d u e
t o  s e v e r a l  c h a r a c t e r i s t i c s  s u c h  a s  b i o c o mp a t i b i l i t y ,  a d e q u a t e  me c h a n i c a l  p r o p e r t i e s ,  d e g r a d a b i l i t y ,
p r o c e s s a b i l i t y  a n d  i n d u c t i o n  o f  c e l l  g r o wt h .  O n e  o f  t h e  f o r ms  S F  c a n  h a v e  b e e n  3 D  s t r u c t u r e s ,  t h e
s c a f f o l d s ,  wh i c h  c a n  s t i mu l a t e  t h e  g r o wt h  o f  b o n e  t i s s u e .  O b j e c t i v e :  E x t r a c t i o n  o f  S F  f r o m s i l k wo r m
c o c o o n s  a n d  p r e p a r a t i o n  o f  a  S F  s c a f f o l d .  Me t h o d o l o g y :  I n  t h e  f i r s t  s t e p  o f  S F  e x t r a c t i o n ,  s i l k wo r m
c o c o o n s  we r e  b o i l e d  f o r  3 0  mi n u t e s  i n  a  N a₂C O₃  s o l u t i o n  t o  r e mo v e  s e r i c i n .  T h e  p u r e  S F  wi r e s  we r e
d i s s o l v e d  i n  a  C a C l 2 / E t h a n o l / H₂O  s o l u t i o n  u n d e r  h e a t i n g  a t  8 5 ° C ,  a n d  t h i s  s o l u t i o n  wa s  d i a l y z e d
a g a i n s t  Mi l l i - Q  wa t e r  f o r  4 8  h .  F i n a l l y ,  a  c e n t r i f u g a t i o n  wa s  p e r f o r me d  r e s u l t i n g  i n  a  f i b r o i n
s o l u t i o n  o f  a p p r o x i ma t e l y  4 % m/ V .  T h i s  p r o t e i n  wa s  a n a l y z e d  b y  i n f r a r e d  s p e c t r o s c o p y .  R e s u l t s :  T h e
a n a l y s i s  b y  i n f r a r e d  s p e c t r o s c o p y  c o n f i r ms  t h e  S F  p r o t e i n  s t r u c t u r e .  P u r e  S F  s h o we d  t wo
c h a r a c t e r i s t i c  b a n d s  r e l a t e d  t o  a mi d e  I  ( 1 7 0 0 - 1 6 0 0  c m–1 )  a n d  a mi d e  I I  g r o u p s  ( 1 6 0 0 - 1 5 0 0  c m–1 )  o f
t h e i r  p e p t i d e  b a c k b o n e s  a n d  a r e  u s e d  f o r  t h e  a n a l y s i s  o f  d i f f e r e n t  s e c o n d a r y  s t r u c t u r e s .  T h e  b a n d s
o b t a i n e d  a r e  a t  1 6 4 0 - 1 6 6 0  c m–1  ( a mi d e  I )  a n d  1 5 3 5 - 1 5 4 2  c m–1  ( a mi d e  I I )  a n d  a r e  i n d i c a t i v e  o f  s i l k
I  ( a l p h a  f o r m) .  C o n c l u s i o n :  T h e  p u r e  S F  wa s  s u c c e s s f u l l y  e x t r a c t e d  f r o m c o c o o n s  a n d  wi l l  b e
p r o c e s s e d  t o  s c a f f o l d s  i n  t h e  n e x t  s t e p  o f  t h i s  wo r k .  

Keywords: Biomaterials; Silk fibroin; Scaffolds.
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The increase in microbial resistance to antimicrobials has become a major problem in public health
worldwide. In this context, the application of metallic nanoparticles (NPs) emerges as a promising
alternative to avoid this, especially those produced by green synthesis, an ecologically advantageous
alternative that does not harm the environment. The objective of this work was to synthesize and
investigate the antimicrobial potential of AgNPs synthesized from the fermentation broth of the endophytic
fungus Penicillium spp. After removing the mycelial mass of the fungus from the broth, the AgNO3 was
added aiming at a final concentration of 1mM. The reaction sample was incubated for 216 hours in the dark
and, at intervals, its aliquots were submitted to a UV-vis spectrophotometer to monitor the synthesis of
NPs. The formation of AgNPs could be observed by the change in the color of the broth and by the peak
around 450 nm indicated by spectrophotometry. After 144 hours, the speed of synthesis decreased
considerably, indicating its completion. The evaluation of the antimicrobial activity of AgNPs was
performed by the visualization of the inhibition halo formed in the Escherichia coli  and Staphylococcus
aureus plates. The halo was about 1 mm and 2-4 mm in diameter, for E .  coli  and S. aureus, respectively. The
fermentation broth and AgNO3 alone did not show significant activity. The AgNO3 halo was less than 1 mm
in diameter, while the broth did not even form a halo. However, together they acted synergistically
increasing their antimicrobial potential through the formation of AgNPs. These obtained data demonstrate
the application potential of AgNPs and the success of green synthesis.

Keywords: Nanoparticles; Bioprospecting; Endophytes; Antimicrobials; Green Synthesis.
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Bacterial cellulose (BC) demonstrates physicochemical characteristics and macromolecular and surface
properties, such as biodegradability, biocompatibility, hypoallergenicity, permeability to liquids and
gases, apyrogenic and hydrophilic, which makes it a biopolymer of interest for biomedical applications,
especially as a support for drug release. However, even with its wide applicability in biomedicine and
tissue engineering, the use of BC is little explored in dentistry to use as sustained drug release. Thus, the
present work aimed the production of BC spheres (BCS), by the Komagataeibacter hansenii ATCC 23769
specie, using a culture medium containing different carbon sources (glucose, sucrose, ethanol, corn
glucose) in agitated cultivation aimed future application in endodontics as a support for the sustained
release of antibacterial and anti-inflammatory drugs. The BCS were characterized by Fourier transformed
infrared spectroscopy (FTIR), scanning electronic microscopy (SEM). The obtained BCS did not show
significant differences in relation to uniformity and symmetry. The results obtained by FTIR analysis
showed characteristic bands of bacterial cellulose. In the comparative analysis, by SEM of the BCS
produced in the different culture media, it was possible to observe significant differences in relation to the
degree of intertwining, fiber thickness and porosity. The obtained results demonstrate the potential of BCS
for future application in endodontics as a support for the sustained release of antibacterial and anti-
inflammatory drugs.
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ABSTRACT



Sutures represent the main way to perform the synthesis of surgical incisions. The ideal suture should be malleable and
flexible, trigger minimal inflammatory response and have predictable outcomes. Although they are widely used, sutures
have many disadvantages, such as inflammatory processes, exposure to anesthesia, risk of dehiscence, adhesions, and
fistulas. Thus, research on alternative materials to conventional sutures have been developed. Surgical adhesives are
promising materials to overcome such issues, since they can be synthesized from natural compounds, the so-called
bioadhesives, however, there is still little research aimed at the development of new bioadhesives with adequate
properties. This work aims to develop a bioadhesive based on Soybean Oil. Materials and Methods: Initially, the soybean
oil was epoxidized then acrylated, and finally was polymerized. Results and Conclusion: The epoxidized and acrylated oil
polymerized in a short period of time and presented good malleability and elastic consistency to be used as a dressing.
However, it is still necessary to perform complementary analyzes such as adhesion strength, water absorption rate,
contact angle, surface morphology and protein adsorption, to evaluate other characteristics and verify whether, in fact,
this oil can be used as a bioadhesive.
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In the Brazilian Cerrado, its enormous biodiversity created the possibility of the evolution of plants that have medical
properties, may it be because of their own capacity to produce bioactive secondary metabolites, or because of the
symbiotic interaction of these plants with microorganisms that also can produce these molecules. Because of this, some
studies aim to achieve fast and efficient ways to boost the production of these biomolecules of interest from endophytes
of the Brazilian Cerrado. This project has the objective to evaluate the effect from Red Light emissions in the cellular
mitosis of Paenibacillus terrae, as well as the cellular viability and its capacity to produce secondary metabolites. This
was achieved by issuing the bacteria with light in the wavelength of 660 nm and analyzing its effect in short and long
term. Thus, by quantifying the Colony Forming Units (CFU/mL), there were no significant differences about the immediate
effect from the Red-Light emission. However, the intercalated exposition made every 12 hours demonstrated a higher
expression of its effect upon the bacteria, for the bacteria formed a much lower colony count when exposed to the red
light (7x10³ CUF/mL) when compared to the non-exposed bacteria (32x10³ CUF/mL) and, furthermore, the bacteria were
not able to form inhibition halos upon the pathogens. Therefore, more studies and experiments are necessary to refine
the methodology, making the photobiomodulation possible by achieving the bacterial stimulation and preventing the
excessive oxidative stress in the bacterial metabolism.
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ABSTRACT



IThe convergence of 3D printing technology and biotechnology has opened new avenues for innovation, allowing for the
precise fabrication of biological structures using bio-ink, consisting of living cells and a biocompatible matrix.
Researchers are actively working on optimizing bio-ink compositions to mimic the native cellular environment,
promoting cell viability, and tissue integration. Different bio-ink formulations, such as hydrogels and biopolymers, have
shown promising results in the creation of artificial organs, skin grafts, and vascularized tissue constructs, facilitating
the creation of patient-specific organ models. Bioprinting techniques, like extrusion-based manufacture, offer precise
control over cell placement and scaffold architecture, leading to the fabrication of functional organ constructs. Such
methods have revolutionized the production of prosthetic devices, offering customized solutions that enhance
functionality and comfort for individual patients by leveraging patient-specific anatomical data, 3D scanning, and
computer-aided design. While 3D printing holds tremendous potential in the biotechnology field, several challenges
must be addressed, like the need for biocompatible materials with appropriate mechanical properties, scaling of
production for mass customization and regulatory considerations for medical applications. The integration of 3D printing
technology to biotechnology has contributed for significant advancements in the field, from bio-tissue printing to
prostheses manufacturing and realistic prototype reproduction. As research and development continue to progress, it is
anticipated that 3D printing will play an increasingly vital role in personalized medicine, regenerative therapies, and the
advancement of biotechnology.
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3D printing, officially known as Additive Manufacturing, has existed for more than 4 decades and, in a consolidated form,
has been a fundamental tool in industry (automotive, aeronautics, assistive technologies, dentistry, among others) and in
science. Bioprinting is defined using biological products, by the association of biomaterials and cells, through 3D
printers, by printing by adding layers, to form more complex and three-dimensional structures. Bioprinting technology
benefits many areas of study and among them enriches the medical field. It is commonly used within the extensive area of
tissue and organ engineering and has been inserted in the development of drugs. Important scientific developments
have been verified with the use of different materials, such as polymers, ceramics, and metals, as well as their
combinations, for the manufacture of support solutions for biotechnological applications involving cells and drugs. This
work proposes a literature review comprising the printing of drugs and pills and their applications as therapeutic and
regenerative themes against the backdrop of 3D printing and bioprinting as driving tools. The results of initial research
showed that there are already tablets/pills (for the treatment of epilepsy) produced with 3D printing, authorized by the
FDA and on the market. There are applications with controlled drug release using bioprinted devices. Although the
literature review is still ongoing, it can be preliminarily concluded that 3D printing and 3D bioprinting are key pieces of
developments for the pharmaceutical industry oriented towards regenerative medicine and cellular therapies and in the
long term for bioprinting and manufacturing of tissues and organs. 

Keywords:  3D printing; Addictive manufacturing; Bioprinting; Biotechnology; Regenerative medicine.
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3D PRINTING AND BIOPRINTING TOWARDS PHARMACEUTICAL SOLUTIONS

L A U R A  E S G R O I  P O R T E R O ¹ * ;  R O D R I G O  A L V A R E N G A  R E Z E N D E ¹

¹ 1 U n i v e r s i d a d e  d e  A r a r a q u a r a  -  U N I A R A ,  A r a r a q u a r a / S P .
* C o r r e s p o n d i n g  A u t h o r :  l a u r a . p o r t e r o @ u n i a r a . e d u . b r

ABSTRACT



3D printing, officially known as Additive Manufacturing, has existed for more than 4 decades and, in a consolidated form,
has been a fundamental tool in industry (automotive, aeronautics, assistive technologies, dentistry, among others) and in
science. Bioprinting is defined using biological products, by the association of biomaterials and cells, through 3D
printers, by printing by adding layers, to form more complex and three-dimensional structures. Bioprinting technology
benefits many areas of study and among them enriches the medical field. It is commonly used within the extensive area of
tissue and organ engineering and has been inserted in the development of drugs. Important scientific developments
have been verified with the use of different materials, such as polymers, ceramics, and metals, as well as their
combinations, for the manufacture of support solutions for biotechnological applications involving cells and drugs. This
work proposes a literature review comprising the printing of drugs and pills and their applications as therapeutic and
regenerative themes against the backdrop of 3D printing and bioprinting as driving tools. The results of initial research
showed that there are already tablets/pills (for the treatment of epilepsy) produced with 3D printing, authorized by the
FDA and on the market. There are applications with controlled drug release using bioprinted devices. Although the
literature review is still ongoing, it can be preliminarily concluded that 3D printing and 3D bioprinting are key pieces of
developments for the pharmaceutical industry oriented towards regenerative medicine and cellular therapies and in the
long term for bioprinting and manufacturing of tissues and organs. 
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