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General motivation of the project

} CARTI LAGE injury : also known as OTHE BECG

}  Elderly people: Quality of life improves=> life expectancy increases!!
B More elderly people

B Increment of cardio - vascular and traumatologic diseases.

} Sports: football, basket basa
B Huge competivity in a powerful market
B New techniques are needed
1 Decrease the recovery period
1  Guarantee the succes of the treatment

1

Scaffolding

Gianluigi Buffon, Juventus keeper. He has severe
cartilage problems.



Outline

Materials tested for projects

v PLA(polylactic acid)IPOSS(polyoligomeric silsesquioxane ) and
PLL (pJ(;/y-L-/acz‘/C{:) acm’)/l—f% S 7 7 )

1 PHB/Tocopherol (poly- 3- hydroxybutyrate)

1 PHB/PANI (Polyaniline )

} PHB- Biological test




EXPERIMENTS

Rotatory
CG6 P(3HB) |Tocopherol | 10,00%|TFE drum 10 kV 15cm 0,4ml/h
Rotatory
CG3 P(3HB) |Tocopherol | 10,00%|TFE drum 15 kV 15cm 0,4ml/h
Rotatory
CG2 P(3HB) |Tocopherol | 10,00%|TFE drum 20 kV 15cm 0,4ml/h
CGr P(3HB) Tocopherol | 10,00%|TFE Stable target [10 kV 15cm 0. 4mlih
CG8 P(3HB) Tocopherol | 10,00%|TFE Stable target [15 kV 15cm 0.4mih
CG9 P(3HB) Tocopherol | 10,00%|TFE Stable target [20 kV 15cm 0.4mih
CG13_10 |P(3HB) Tocopherol 5,00%|TFE Stable target [10 kV 15cm 0.4mlh
CG13 15 |P(3HB) Tocopherol 5,00%|TFE Stable target [15 kV 15cm 0.4mlh
CG13 20 |P(3HB) Tocopherol 5,00%|TFE Stable target [20 kV 15cm 0, 4mlh
CG25 10 [P(3HB) |- 0,00%|TFE Stable target [10 kV 15cm 0,4ml/h
CG25 15 [P(3HB) |- 0,00%|TFE Stable target [15 kV 15cm 0,4ml/h
CG25 20 |P(3HB) |- 0,00%|TFE Stable target |20 kV 15cm 0,4ml/h
CG4 P(3HB) Tocopherol | 10,00% |Chloroform - - - - Failed! Bottle exploded into the heater at 55C
CGh P(3HB) Tocopherol | 10,00% |Chloroform - - - - Failed! Bottle exploded into the heater at 45C
CG10 P(3HB) Tocopherol | 10,00% |Chloroform - - - - Failed! Without heating, not dissolved completely.
CG1/TJK8|PLA Biomd- - Chloroform+DMFE |- - - - Just to check the solubility
CG11 PLA Naturg - 0,00% |Chloroform+DMFE _ [Copper grid |TEST 15KY20cm TEST 0,8m Search the best parametres (pump speed, voltage)
CG12 PLA Naturd PEG-POSS| 10,00% |Chloroform+DMFE  |Copper grid |TEST 15Ky 20cm TEST 0,8m Search the best parametres (pump speed, voltage)
CG14 PLA Naturg - 0,00% |Chloroform+DMF _ |Rotatory drum|15 kW 20cm 0,8mlh

CG15 PLA Naturd PEG-POSS| 0,50% |Chloroform+DME | Rotatory drum| 15 kV 20cm 0,8mlh
CG16 PLA Naturd PEG-POSS| 1,00% |Chloroform+DMFE  |Rotatory drum| 15 kV 20cm 0,8mlh
CG17 PLA Naturd PEG-POSS| 2,50% |Chloroform+DMFE  |Rotatory drum| 15 kV 20cm 0,8mlh
CG18 PLA Naturd PEG-POSS| 10,00% |Chloroform+DMF  |Rotatory drum| 15 kV 20cm 0,8mlh
CG18 _sh |PLA Natur PEG-POSS| 10,00% |Chloroform+DMF _ |Rotatory drum|15 KV 20cm 0,8mlh A shield was used to avoid fibers stick out of the target
CG19 PLA Naturd PEG-POSS| 5,00% |Chloroform+DMFE  |Rotatory drum| 15 kV 20cm 0,8mlh
CG20 PLA Naturd PEG-POSS| 7,50% |Chloroform+DMF  |Rotatory drum| 15 kV 20cm 0,8mlh
CG21 PLA Naturg - - 50/50 Chloroform+[ - - - Failed! Not dissolved.

TFE Copper grid [TEST 10/15/20cn 0, 4ml/h Failed! Electrospray! The PLA concentration has to be raised up to 6 or 12%.

CG22 3% PLA Na- -

CG23 P(3HB) - - TFE - - - - Not enough solution to do the spinning.

CG24 PLA Naturg- - 75/25 Chloroform+[ Copper grid |[TEST - - Fibers.

CG24 B |PLA Naturg- - 53/47 Chloroform+[ Copper grid |[TEST - - Failed! Not fibers.

CG26 6% PLA Ng- - TFE Copper grid |TEST 20cm 0.4ml'h Failed! There are droplets mixed with the fibers.
CG27 12% PLAN- - TFE Stable target [15 kV 20cm 0,4ml/h

CG28 PLA Naturg - - 50/50 Chloroform+[} - - - - Failed! It was like a GEL. The PLA and the Chloroform were mixed first, and after the DMF was added.
CG29 12% PLANPEG-POSS| 1,00%|TFE Stable target [15 kV 20cm 0,4ml/h

CG30 12% PLANPEG-POSS| 5,00%|TFE Stable target [15 kV 20cm 0,4ml'h

CG31 12% PLA NPEG-POSS| 10,00%|TFE Stable target [15 kV 20cm 0,4ml'h

CG32 10 [12% PLAN- - TFE Stable target [15 kV 20cm 0.4mih Collection time 10 minutes

CG32 20 |12% PLAN- - TFE Stable target [15 kV 20cm 0.4mlh Collection time 20 minutes

CG32 30 [12% PLAN- - TFE Stable target |15 kV 20cm 0.4ml'h Collection time 30 minutes



EXPERIMENTS

CG33 12% PLAN- - TFE

CG33 BC [12% PLAN- - TFE Water spinning 10 kV 15cm 0.4mlh Center. Collection time 25 minutes
CG33 BM |12% PLAN- - TFE Water spinning 10 kV 15cm 0,4mlh Medium. Collection time 25 minutes
CG33 BO |12% PLAN- - TFE Water spinning 10 kV 15cm 0.4mlh Qut. Collection time 25 minutes
CG34 Film PLA Natureworks Chloroform - - - - Film made by casting

CG35 Film PLA NPEG-POSS|  1,00%|Chloroform - - - - Film made by casting

CG36 Film PLA NPEG-POSS| 2.50%|Chloroform - - - - Film made by casting

CG37 Film PLA NPEG-POSS| 5,00% |Chloroform - - - - Film made by casting

CG38 Film PLA NPEG-POSS| 10,00% |Chloroform - - - - Film made by casting

CG39 Film PLA NAmino-POS]  1.00%|Chloroform - - - - Film made by casting

CG40 Film PLA NAmino-POS{ 2 50% |Chloroform - - - - Film made by casting

CG41 Film PLA NAmino-POS{ 5,00% |Chloroform - - - - Film made by casting

- Film made by casting

CG42 Film PLA NAmino-POS{ 10,00% | Chloroform - - -
- TFE Coppergrid |TEST 20cm

CG43 12% PLLA|- - Failed! Droplets and fibers! The PLLA concentration must be raised up to 6 or 12%.
CG44 PLLA Pura|- - Chloroform+DMF | Stable target |15 kV 20cm 0.4mlh

CG45 PHB+PANI - - TFE Coppergrid |TEST - - Failed! Electrospray!
CG46 PHB+PANI - - 6%DMF Coppergrid |TEST - - Failed! Electrospray!
CG47 A |P(3HB) |- - TFE Stable spinnin| 15 kV 15cm 0.4mlh 10 min each side.

CG47 50R|P(3HB) |- - TFE Rolling in metg 15 kV 15cm 04Amih |50 min.

CG53 60R|P(3HB) |- - TFE Rolling in metg 15 kV 15cm 04mlh |60 min.

CG53 B |P(3HB) |- - TFE Stable spinnin[ 15 kV 15cm 04mlh |8 min.

CG53 C |P(3HB) |- - TFE Rolling, new s4 15 kV 15cm 0,4mlh 2 x 10 min.

CG53 D |P(3HB) |- - TFE Rolling, new sq 15 kV 15cm 0.4mlh 2 x 10 min.

CGs3 E |P(3HB) |- - TFE Raolling, new sq15 kV 15cm 0.4mlh 2 %10 min.

CG53 F |P(3HB) |- - TFE Rolling, new s415 kV/ 15cm 0,4Amlh 2 x 10 min.

CG53 WA |P(3HB) |- - TFE Water spinning 15 kV 15cm 0,4mlh 30 min.

CG53 WB |P(3HB) |- - TFE Water spinning 15 kV 15cm 0.4mlh 30 min.

CG53 WC |P(3HB) |- - TFE Water spinning 15 kV 15cm 0,4mlh 30 min.

CG53 WD |P(3HB) |- - TFE Water spinning 15 kV 15cm 0.4mlh 30 min.

CG53 W |P(3HB) |- - TFE Water spinning 15 kV 15cm 0,4mlih 30 min. Sample for the SEM
CG48 5% PHBV |- - Chloroform Just to check the solubility
CG49 12% PHB\ - - Chloroform Just to check the solubility
CG50 PHB - - Chloroform Just to check the solubility
CGh2 2% PHBV |- - Chloroform Just to check the solubility
CGH Film PLA Natureworks |- Chloroform Film made by casting

CG54 PLLA Pura| PEG-POSS| 1,00%|Chloroform+DMF | Stable target [15 kV 20cm 0,4Amlh

CG5h5 PLLA Pura|PEG-POSS| 2.50%|Chloroform+DMF | Stable target [15 kV 20cm 0.4mlh

CGH6 PLLA Pura| PEG-POSS| 5.,00%|Chloroform+DMFE | Stable target |15 kV 20cm 0.4mlh

CG57 PLLA Pura| PEG-POSS| 10,00% |Chloroform+DMF | Stable target [15 kV 20cm 0,4mlh

CG58 PLA Naturg- - Chloroform+DMF | Water spinning 10-15 kV [15cm 04mlh  [To make the hybrid scaffold (casting+spinning). Water conductivity: 588uS. Spinning (10-15KV): 40 min

CG59 16% PLLA|- - TFE Stable target |15 kV 20cm 0,4mlh

CG60 20% PLLA|- - TFE Stable target |15 kV 20cm 0,4mlh



PLA/POSS and PLLA/POSS

}  Aim: to develop a new biodegradable nanocomposite for cartilage tissue regeneration

y  Materials:
B PLA (Natureworks)
B PLLA (Purac)
B PEG POSS (Hybrid plastics)
}  Process methods:
B Casting Required

Mechanical Properties

B Electrospinnin
. . P g Required —J N L—— Required
B Injectlon Degradation Rate E E‘ Porosity
}  Cells: H.M.S.C. differentiated in Chondrocytes (cartilage) Tfm
Maldakility o Required
} Why electrosplnnlng ? or Shapability =5 Surface Properties
B The most succesful manufacturing method according to the cell culture v
} Why PEG POSS? New Material for
B PEG is a biodegradable polymer Tissue Regeneration

B POSS is a nonbiodegradable nano - reinforcement expected to change
thermical, mechanical and phisical properties of the composite.

?

Inhibit Immune and . Required
Octa PEG POSS® PG1190 Foreign Body Reactions .5 Bioactivity
oo
i 2w
o R (CiiniaHini50,):(S10, ), FW 5576.6 (whenn =8) o=
°>si/ ~si” n=0-10, 13 (ne8 hown), m=-13.5 Growth Facto - How to Connect
Rug /,’0\5_/0’ \ Solvent Solubility ~ water, alcohols rowth Factor = Mew Tissue 1o
o '\R 0o 2 Requirements -
/ \ \ / Solvent Insolubility ~hexane Existing Vasculature
0 R Resin Solubility polyether, polyester
\ O,SI\O_//SI\ T
\/ Sl,o/ R Appearance pale-yellow liquid
R’ 0N Uses cosmetics, hydrating agent, /\

alloying agent Number of Nutrient

R=-CHCH (OCH CH) OCH.m =~13.3 Cell Types to Support Regquirerments




RESULTS

PLA/10%PEG-POSS nanofibers seen at SEM. Left: 500x. Right: 5000x and diameter measured



CELLICULTURE

Results of the H.M.S.C. culture after 2 weeks
Sample made by CASTING method

Homogeneus cell
concentration

H.M.S.C.: Human
Mesenchimal Stem Cells



CELLICULTURE

1 Results of the H.M.S.C. culture after 2 weeks
B Sample made by electrospinni ng method

High cell concentration
level zones



PHB/Tocopherol

}  Aim: to improve the biological properties of scaffolds for bone regeneration using an
antioxidant
}  Materials:
B PHB
B . - Tocopherol (Vitamin E)
B Bioglass (Main component of the scaffold to fill the gap in the bone), to be packed with the nanofiber net.
;  Process method:
B Electrospinning

}  Cells: Osteoblasts (bone)

}  Why, - Tocopherol ?
B Itis an antioxidant that helps osteoblast cells to grow.
B Cells don6ét |i ke Bioglass. Vitamin E covers these particles.

U Tocopherol (Vitamin E)




RESULTS

PHB/10%Tocopherol nanofibers seen at SEM. Left: 20000x and
diameter measured. Right up: 1000x. Right down: 10000x.




