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Abstract 

Purpose 

�✘❽✷➑➌❽✓➀ ➣①→✜➣✔➆✕❼✜→☞➑✂✁ ↔➌➜✓❻✄✁✆☎✝�✳➅✟✞✡✠✑❻❤➣✦➒✱➊✱→✪➑✮➑①❽✓➣①➥ ➜▲❽✷➑✵➆②➑☞☛✿❽✞➜❝❽✞❼❷❼✜➆✦➇✩➑✿➜✓❻✍✌✔❻✎✁➤➆①➝✑✏✓✒✔✒❴❺♠❻✕☎✔✏✓✒✔✒❝❺❹❻✖☎✘✗✚✙✛✞✢✜✣☛✚✠✛✤✛☎✘✗✚✤✥✞✦✜✣☛✚✠

✧ ✏✛✒✛✒❝❺❹❻✖★✘✗✩✗✪✗✩✫✬✠✮✭✑❻✪➊❩❻✭❽✞➣✦❾✔❻✯✁ ➒❩❽✞➥✦→☞➒✱❻❤➀ →✄✁➉→❷➣✵➆②❾①❻✡➜❈➊✱→✡➀①❽✞➆②➑☞☛✕→❤➊❩➇ →❲❼❤❻✜↔✦➒❩❽✓❼✪→❲➜✝❼❙→❤➊❩➊❩❽❝❻✜➊✑➝❩➆✦➊✑❽❴➣✦➒⑥❻✜➊✥➣①→❙➜ ➊✱→❙➀①❽❴→☞➒❩❽✓➆✦➣
➒✓☛✵❻✜➊❩→✜➑✦↕ ➆✦➝✑➇➤→✡➜✞❽❴➥✮➣✕→☞➣✦➒✑➥✵➜✓❽✞➆✦➇➤→✄✁✱✰✳✲✴☛✵❻✭➑①➊❩❻✎✁✤❻✜➣✦➒✵✁◗➒✞↔✵➀②↕✶✭❹→✖✁t➀✦❻✄✁❘❽❴➥✡➣✵❻✜➀ ➒▲➆ ❻✜❾✔→✪➜✓↔①→✜➒▲❻ ➒✓☛✵❻ ❻✜➝❩➝✱❽❝❼❤→✡❼✎↕ ➆✦➝
❽✓➣①➒❝➊❩→❲❼✪❻✜➊❩❻✜➈①➊❩→✪➜❹→❲➀✦➇❥❽✓➣✵❽✷✁ ➒➓➊✱→✜➒➓❽❝➆✡➣ ➆✦➝ ✏✝✒✸✒ ❺♠❻✎★✘✗✪✗✩✗✹�✳➅✵✞ ➈✦↕ ➇ ❻✜→✜➣✺✁ ➆✦➝ ❼✪➆②➣✦❾➌❻❤❼✎➒❩❽✞➆✡➣✂★✱❻✎➣✚☛①→❤➣✵❼✜❻❲➀ ➀①❻✪➜✞❽✷❾➌❻✜➊✱↕
☎✻✞◆➛✽✼✵✠✫➆✦➣➉→✿✾❀� ➊❩→☞➒✿➈①➊✱→✡❽✞➣➠➒➓↔①➇➤➆✦↔①➊✿➇ ➆①➀✦❻❲➜❁✰

Methods 

❂✫❻❤➇ →❙➜✓❻❃❂ ❽✷✁☎❼✱☛①❻✪➊✫➊✥→☞➒✛✁✢✭✑❽✷➒✻☛❄✾❀� ➥✔➜❝❽✞➆✦➇➤→✮✭✑❻✜➊■❻♠➒➓➊❩❻❙→☞➒➓❻✜➀❅✭✑❽✓➒✬☛ →✵✁☞❽✷➣✵➥①➜✞❻✼❽✺➣✍❆✤❻✡❼☎➒❩❽✓➆✦➣ ➆✦➝ ✏✛✒✸✒ ❺♠❻✎★✔✗✩✗✩✗✆�✳➅❇✞➟➈①↕
✞◆➛✽✼❉❈t➀①→✎↕✺✁❹→✪➝❴➒⑥❻❙➊ ❼✪❻✪➜❝➜✫❽❴➇➉➑✵➜✞→☞➣⑤➒▲→✜➒➓❽✞➆②➣✩✰✵❺❄→✎➒✝✁✮✭❹❻✜➊■❻✼➑✦↔✦➒✘❽✺➣⑤➒▲➆❷➊✥→❤➣①➀①➆✦➇ ➥✦➊■➆②↔✦➑✂✁❹→❤❼❤❼✪➆✦➊ ➀①❽✓➣①➥t➒➓➆ ➒✬☛✔❻➤➀①➆❊✁☎❻
❽✓➣✵➝❝↔✂✁☎❻❤➀✢➁ ➃❤➋✂❋ ➃❤➍✚❋✳➙☞❋➂→❤➣✵➀✕●✕❍ ↕ ❽❴➣ ❼❤➆①➇➉➑①→✜➊■❽✷✁☎➆✡➣■✭✑❽✓➒✷☛✭➈➌➜✓→✜➣✚❏❑�✳➅✟✞▲❋➂➑✵❻✜➊❩➊✻☛✵❻✎➣①→❤➒▲❻▼✁☎➆①➜✓↔✦➒❩❽⑩➆✦➣◆☎❝➄✂❍ ↕✚✠✝→❤➣✿➀
➣✔➆②➣✪★❴➒✱➊❩❻✪→✎➒⑥❻✜➀❥→❤➣✵❽✓➇➤→✡➜✷✁❖✰☞✲✴☛➌❻✼➊✱→✪➀①❽✞➆✡➣✦↔➌❼✜➜▲❽✓➀✕❻❹➈①➊❩→✪❽✓➣t➊❩❻✎➒➓❻✜➣✦➒➓❽✞➆②➣❷➜✞❻✎❾⑤❻✪➜✩✭❹→✄✁✝❻✎❾✵→✪➜✓↔①→☞➒❩❻❤➀ ➈①↕ ➇❥❻❤→✎✁✤↔①➊ ❽✷➣✵➥ ✏✓✒✛✒ ❺✑❻
❻✪➜▲❽✓➇❥❽✓➣①→✜➒➓❽✞➆②➣➡❽✓➣ ➝✱→❲❻②❼❤❻✄✁➉→☞➣①➀ ↔①➊■❽❴➣✔❻t➆②❾➌❻✜➊❹➎✡➋✚☛ →✪➝❴➒⑥❻✜➊♥➒✻☛✔❻❑✞◆➛✳✼ ❽✓➣✱❆❘❻✪❼✎➒➓❽✞➆②➣✩✰P✲✴☛①❻t➒✬☛✔❻✜➊❩→✜➑✵❻☞↔✦➒❩❽✞❼❷❻✜➝✥➝➓❻✡❼✎➒❄➆✦➝
✏✓✒✔✒ ❺♠❻✄★✸✗✣✗✩✗✑�✳➅❇✞◗✭❹→✖✁✳→✄✁❘✁❘❻✎✁❘✁✤❻✪➀✼➈①→❙✁☞❻❤➀✑➆②➣➉→✪➣✵❽✓➇➤→❲➜❚✁ ↔①➊✱❾✵❽❿❾✔→✡➜✬✰

Results 

✞◆➛✽✼ ➆①➝❯✏✝✒✔✒❝❺❹❻➉➑✔❻✜➊✥➊✛☛✵❻☞➣✕→☞➒➓❻❱✁✤➆✦➜✓↔✦➒❩❽✞➆✡➣✭➊❩❻✎✁ ↔✿➜✷➒➓❻❤➀✭❽✓➣✭➊✱→✪➑✵❽✞➀t➀⑤➊✱↔✵➥❷❼✪➜✞❻✜→❤➊✥→❤➣✵❼❤❻❲✭✑❽❿➒❳☛✭→➉➈✵➊✱→✡❽✓➣✕✲ ✏❩❨ ✤ ➆✦➝❈➎❊☛✣✰①➢❩➣
❼❤➆②➣①➒▲➊✥→✖✁◗➒✝❋❬✭✮☛①❻☞➣✭→❲➀✦➇ ❽❿➣✵❽✷✁ ➒❩❻✜➊❩❻❤➀✭❽✓➣❭�✂➅✵✞▲❋✴✏✝✒✸✒❝❺♠❻ ➒➓❽✬✁❪✁◗↔✔❻➉➊ ❻✎➒⑥❻✎➣✦➒⑥❽✞➆②➣✕✭❹→✖✁➠➥①➊➓❻✪→✎➒⑥➜⑩↕❷➑✵➊❩➆✵➜✓➆②➣✵➥✮❻✪➀✚❋✩✭✑❽❿➒✓☛✭➆✦➣✵➜✓↕
➃✎➍❊❫ ➆✦➝✑➒✬☛➌❻ ❽✓➣❘❆❪❻✪❼✎➒➓❻✜➀ ➀✦➆✚✁☎❻ ➈✵❻✪❽✓➣①➥ ❻❲➜❝❽❴➇ ❽✷➣✵→☞➒✱❻❤➀ →✎➒ ➎✦➋❊☛✩✰✂❺❄→✜➒➉➇ ❻❤➀①❽❴→❤➣❴✁◗↔①➊✱❾✵❽✓❾①→❲➜✟✭❹→❀✁✕✁☎❽✞➥②➣✵❽✞➝❩❽✞❼❙→❤➣✦➒❩➜✓↕
❽✓➇➤➑①➊❩➆②❾➌❻✜➀t➝❩➆✦➊✳➒✻☛✵❻➉➥✦➊■➆②↔①➑❥➒➓➊ ❻✜→☞➒➓❻✜➀▼✭✑❽❿➒✓☛✭➙☞❍ ↕❵✏✻✒✔✒❝❺♠❻✎★✔✗✩✗✩✗▼�✳➅❇✞ ❼✜➆①➇➉➑①→❤➊ ❻❤➀ ➒➓➆❥➒✓☛✵❻➉❼✜➆✡➣⑤➒▲➊■➆①➜➂➥①➊❩➆✦↔✮➑ →☞➣✵➀



➈✵➜✞→☞➣✚❏✂★❩�✳➅❇✞ ➒✱➊❩❻✪→☞➒✱❻❤➀ →☞➣➌❽❿➇➤→✡➜ ✁✍✰ ✲✴☛①❻❷❽❿➣✵❼✪➊➓❻❙→✖✁✤❻✭❽✓➣ ➒✷☛✵❻t➇ ❻✜➀①❽✞→☞➣ ✁✤↔①➊⑥❾⑤❽❿❾①→❲➜◆➒❩❽✞➇➤❻❑☎❝➢❪✗✂✲ ✁✄✂✆☎✞✝ ✟✡✠ ✠✵✭❹→✎✁➤→✜➈✵➆✡↔✦➒
➙❙➍❊❫ ❼❤➆✦➇➉➑✵→✜➊■❻✜➀❥➒➓➆ ➒❳☛✵❻➉❼✪➆②➣①➒▲➊❩➆①➜➂➥①➊❩➆✦↔✮➑☞☛✩●✚●❊❫ ➆✦➝⑨➒✻☛✵❻➉→☞➣➌❽✓➇ →❙➜ ✁ ✭✑❻✪➊❩❻ ➜✞➆✡➣✕➥✺★❴➒✱❻✪➊✱➇ ✁◗↔①➊✱❾✵❽❿❾✔➆①➊✛✁✍✰✂✲✴☛①❻✩➀①➆❊✁☞❻
➆✦➝✝➙☞❍ ↕❷➑✕➊❩➆②❾⑤❻✜➀❥➒➓➆ ➈✔❻ →➉❾✔❻✪➊❝↕✉❻❙➝✱➝❩❻❲❼✎➒❩❽✓❾✵❻➤➀✦➆✚✁✤❻✄❋✕➈①❻✜➒✓✭✑❻✪❻☞➣ ➒➓➆✯✌✵❽✞❼✆☎◗➃❲➍✚★❪➃❪➋✂❍ ↕✚✠❈→❤➣✵➀❷❽❿➣✔❻✪➝✱➝❩❻✪❼✜➒✱❽✓❾✵❻✆☎✛●✚★⑥➄✂❍ ↕☞✠
➀✮➆❊✁☞❻❙✁✍✰

Conclusions 

✲✴☛✔❻✎✁✤❻➠➝❩❽✓➣➌➀①❽❿➣✮➥✚✁✢✁❪☛①➆❊✭ ➒✬☛①→☞➒ ✞◆➛✽✼ ➆✦➝✿❺✿☛✵❻✎➣✵❽✓↔①➇ ★☎➃✪➙①➙☞★✱➜✞➆②→✡➀✮❻✪➀❥➜✞❽✓➑✵❽✞➀✼➣①→❤➣✵➆✦❼✪→☞➑✚✁✤↔✵➜❝❻❙✁ ❽✷✁❈→✮✁☎→❤➝❩❻❹→✜➣✔➀ ➑✵➆②➒➓❻☞➣✦➒
→❤➣✦➒❩❽✓➒✞↔✕➇ ➆②↔①➊✿✁◗↕✺✁◗➒▲❻✪➇ ➝❩➆✦➊ ➒➓➊❩❻✪→✎➒⑥❽❿➣✵➥❷➇ →❙➜❴❽✞➥✡➣✕→☞➣①➒❈➥✔➜✞❽✓➆⑤➇➤→✖✁❘✰✍✌♥↔①➊♥➀✦→❤➒❝→ →✪➊❩❻ ➒✓☛①❻❥➝❩❽✓➊✥✁ ➒❈➒➓➆◆✁ ☛✔➆❊✭ ➒❳☛✵❻✏✎✒✑✔✓✕✎✖✓✘✗

❻✜➝❩➝✱❽▲❼✜→✡❼✎↕✩➆①➝✿❺✿☛①❻☞➣✿❽✷↔✵➇ ★◗➃✪➙①➙✑❽✺➣⑤➒▲❻✪➊✱➣✵→✪➜✦➊❩→❲➀✕❽✓➆✦➒✷☛✵❻✜➊❩→❤➑✦↕➉➝❩➆✦➊✢➒✬☛✔❻ ➒▲➊ ❻✜→❤➒❝➇ ❻✜➣✦➒➌➆✦➝✿➈①➊❩→✪❽✞➣➉➇➤→✪➜▲❽❿➥①➣①→☞➣✵❼☞↕❚✰
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Introduction 

➞q→✡➜✞❽❴➥✡➣✵→✜➣✡➒✢➥①➜▲❽✓➆①➇ →✖✁◆→✪➊❩❻✮✁◗➒❴❽❝➜❝➜①→✖✁❘✁✤➆✕❼❲❽❴→☞➒✱❻❤➀❅✭✑❽❿➒✷☛➤→✝➑✵➆✦➆✦➊✫➑①➊❩➆⑤➥✡➣✔➆✚✁☎❽✷✁❈➀✦❻✖✁ ➑➌❽✷➒➓❻♥→❤➀✔❾✔→✜➣✵❼❤❻✎✁❈❽✓➣➉➣✵❻☞↔①➊❩➆✚✁◗↔①➊❩➥①❻✜➊✱↕✺❋
➊✱→✡➀①❽▲➆②➒✷☛✵❻✜➊❩→✜➑✦↕ →✪➣①➀➤❼✍☛✵❻✜➇ ➆②➒✷☛✿❻❤➊✥→☞➑✦↕ ✧ ➃✖✫✔✰✚✲✴☛✵❻❹➇➤❻✪➀①❽✞→☞➣❱✁✤↔①➊⑥❾⑤❽❿❾✔→✪➜✕➒➓❽❴➇ ❻❹→✜➝❝➒➓❻✪➊➂➒➓↔①➇➤➆②↔✵➊⑨➊❩❻✄✁☎❻❲❼✎➒❩❽✓➆✦➣✂❋①❻✍✌✮➒✱❻❤➊✱➣①→✪➜
➈✔❻✜→✪➇ ❽✞➊✱➊✥→❲➀✕❽✓→✜➒➓❽✞➆②➣✪❋①→☞➣✵➀ ❾①→❤➊ ❽▲➆②↔✚✁✝➝❩➆✦➊✥➇ ✁✝➆✦➝✳❼❙☛①❻✪➇➤➆②➒✓☛①❻✜➊❩→❤➑⑤↕✺❋✂✁◗➒✱❽▲➜❝➜✢➜✞❽✞❻✍✁❄❽❿➣➤➒✓☛①❻✼➊❩→✜➣①➥✔❻✼➆✦➝✝➃❤➋➤➇➤➆✦➣✦➒✓☛✂✁✱❋⑤→☞➣✵➀
➇ ➆✦➊❩❻ ➒✓☛①→❤➣ ➙✡➍❊❫ ➆✦➝❈➑①→✜➒➓❽❝❻✜➣✦➒❩✁✑☛①→✎❾⑤❻ ➝✱→✜➒▲→✡➜✂➜✞➆①❼✜→❲➜ ➒✞↔✵➇➤➆②↔①➊✝➊■❻✜❼✜↔①➊❩➊❩❻✪➣①❼❤❻ ✧ ➋✂✫✘✰➌➐♥➇ ➆✦➣①➥✭➇➤→❤➣✦↕✭→☞➒❝➒⑥❻✎➇➉➑✦➒❁✁♠➒➓➆
➝❩❽✞➥❊☛✦➒✳➒✓☛✵❽✷✁♥➀✵❽❩✁❘❻✜→✖✁☎❻✎❋✢❼❤➆②➣✵❼✪➜✓↔✚✁☞❽✷❾⑤❻ ➊❩❻✖✁◗↔✵➜❿➒✝✁▲☛①→✎❾➌❻➉➆✦➝❝➒➓❻✪➣t➈①❻❤❻✜➣❷→✎✁ ✁☎➆✮❼②❽✓→✜➒❴❻✪➀❭✭✑❽✷➒✓☛t➒✷☛✿❻✑↔✚✁☞❻➉➆✦➝✳➊ →❲➀①❽❝➆✪➒✓☛✵❻❙➊✱→❤➑✦↕✺❋
→❲➜❝➆✡➣①❻t➆①➊❹❽✷➣q❼❤➆⑤➇➉➈✔❽✓➣①→✎➒⑥❽❴➆✡➣◗✭✑❽✓➒✷☛q❼❖☛✵❻✜➇ ➆②➒✬☛✔❻✪➊✱→✪➑✦↕✂✰✁�✶☛✵❻✜➊■❻✜→✄✁✑❼✪➜✞→✎✁❪✁☞❽✞❼❥➊✥→❲➀✵❽✓➆✔➒❳☛✵❻✜➊✥→❤➑✦↕q❽✓➣✦❾✵➆①➜✷❾⑤❻✎✁✼❻✍✌✮➒✱❻❤➊✥➣①→❲➜
✁✤➆②↔✵➊❩❼✪❻✎✁❹➆✦➝✝➊✱→✡➀①❽✓→✜➒⑥❽✞➆②➣✪❋➂❽✓➣✦➒➓❻✜➊❩➣①→✪➜➂➒▲↔①➇➤➆✦↔①➊✘➊✥→❲➀①❽❝➆②➒✓☛①❻✪➊✱→✪➑✦↕❷↔✂✁❘❻✍✁❹→➤➊✥→❲➀①❽❝➆①❽✷✁❘➆②➒✱➆✡➑①❻➉➒✬☛①→☞➒ ❽❩✁❹❼❲➆②➣✱❆✤↔①➥①→✎➒⑥❻✜➀t➒✱➆t→
✁ ↔✵❽❿➒➓→☞➈✵➜✞❻ →✜➥✵❻☞➣✦➒❇✁◗↔✔❼✍☛ →✄✁ →☞➣ →☞➣✦➒⑥❽❿➈✔➆✦➀✦↕✺❋ → ➑✵❻❤➑②➒❩❽⑩➀✕❻✭➆✦➊➤→ ➣✵→✜➣✵➆✮❼✜→✪➊✱➊■❽❴❻✪➊✔✰✿✗✿❻☞❾✵❻✪➊✱→✡➜❹➣①→✜➣✔➆❊✁☎❼❤→✡➜✞❻ ❼✜→✪➊✱➊■❽❝❻❤➊✛✁
☎❝➣①→✪➣✔➆✦➑①→✜➊✱➒➓❽❝❼✪➜✞❻✎✁ ❋✭➜❝❽✓➑✔➆✚✁◗➆①➇➤❻✎✁ ❋❑✭❹→✜➒➓❻✪➊✛★✸✁✤➆✵➜✷↔①➈✵➜✞❻ ➑✵➆①➜✓↕✮➇❥❻❤➊✔✁ ❋ ➇ ❽❝❼❤❻✪➜❝➜✞❻✎✁ →☞➣✵➀ ➀✦❻✜➣✔➀✦➊ ❽✞➇❥❻❤➊✔✁❪✠ ☛①→✜❾✔❻❂➈✵❻✪❻✜➣
➀✮❻✎❾✵❻✪➜✞➆✡➑①❻✪➀ ➝➓➆✦➊✼➒✻☛✔❻ ➒➓→✜➊❩➥①❻✜➒▲❻✪➀ ➀①❻❲➜❝❽✷❾✵❻✜➊✱↕ ➆①➝✩➀①❽❴→❤➥✦➣✵➆❊✁◗➒➓❽✞❼ →☞➣✔➀➟➒✓☛①❻✜➊❩→❤➑✵❻✎↔①➒➓❽❴❼ ❼✜→☞➣✵❼❤❻✪➊➉→❤➥①❻✜➣✦➒✝✁ ✧ ●✚✫✘✰✳✲✴☛✵❻✖✁☎❻
❼✜→❤➊❩➊ ❽✞❻✪➊✛✁♥❼✪→☞➣ ✁✤❻✡➜✓❻✪❼✎➒⑥❽❿❾✔❻✪➜❿↕➤➒▲→✪➊✱➥✵❻✎➒ ❼✪→☞➣✵❼✪❻✜➊ ✁☎❽✓➒▲❻✎✁✝→☞➣✵➀❥❼✪→✜➊❩➊❝↕ ➜❴→✪➊❩➥①❻✑➑✕→☞↕✔➜❝➆✦→❲➀✚✁❘❋⑤➒✷☛✵❻❤➊ ❻☞➈✦↕ ❽❴➇➤➑①➊ ➆②❾✔❽✓➣①➥t❼✪→☞➣✵❼❤❻✜➊
➀✮❻✎➒➓❻✜❼✜➒➓❽✞➆②➣❷→✜➣✔➀ ➒✓☛①❻❤➊✥→❤➑⑤↕ ❻✜➝✱➝❩❻✪❼✜➒➓❽❿❾⑤❻✜➣①❻✎✁ ✁✍✰✄✂✑➆❊✭✑❻✜❾✔❻✜➊✥❋✕➝❩➆✦➊◆➒✝☛①❻✪➊✱→✪➑①❻☞↔①➒✱❽✞❼➉❼❤→✜➣✔❼✪❻✪➊◆→☞➑①➑✵➜▲❽✓❼✪→✎➒⑥❽✓➆✦➣✂✁❘❋✿➆✡➣✵➜❿↕ →➉➝❩❻✍✭
→☞➒❝➒➓❻✪➇➉➑✦➒✝✁❹➆✦➝✂❽❴➣✦➒⑥❻✜➊✱➣①→✪➜⑨➊✱→❙➀①❽❴➆②➒❳☛✵❻✜➊✥→❤➑①↕❱☛✵→☞❾✵❻✼➈✵❻❤❻✜➣✉➀✦❻❙✁☞❼✜➊ ❽✺➈✵❻✜➀t➝❩➆✦➊ ➒✝☛✵❻✼➒✱➊❩❻✪→✎➒➓➇➤❻☞➣✦➒✳➆①➝✳➇➤→✪➜▲❽❴➥✮➣①→✪➣✦➒✳➥✔➜❝❽✞➆✦➇➤→✎✁
✧ ➄✂❋✆☎☞✫✸✰✝➐♥➇ ➆✦➣①➥ →❲➜❝➜ ➒✓☛✔❻ ➒✓☛✵❻✜➊❩→✜➑✔❻✜↔✦➒❩❽✓❼ ➊✥→❲➀✵❽✓➆✦➑❊☛①→✪➊✱➇➤→✡❼❤❻☞↔⑤➒➓❽✞❼✜→✡➜ ✁t↔✂✁✤❻✪➀ ➝❩➆✦➊ ➊❩→❲➀①❽❝➆②➣①↔✔❼✪➜❝❽✞➀✮❻ ❽✓➇➤→✪➥①❽✓➣①➥ →✜➣✵➀
➒✓☛✵❻✜➊❩→✜➑✦↕ ❋✴✏✻✒✛✒➓❺♠❻ ❽❩✁❹➆✦➝ ✭✑❽❴➀①❻✖✁◗➑①➊❩❻✪→❤➀✭❽✓➣✦➒➓❻✜➊ ❻❙✁◗➒✂➀✡↔①❻➉➒✱➆❷❽✷➒✛✁♥→✜➒✞➒➓➊✱→✡❼✎➒❩❽✷❾➌❻➉➑❊☛✦↕ ✁☎❽✞❼✜→✡➜⑨→☞➣✵➀❷❼✱☛①❻✪➇ ❽✓❼✪→✪➜✢➑✕➊❩➆✡➑✵❻✜➊⑥➒➓❽▲❻✍✁
✧ ❈✚✫✝➜✞❽❴➣✚❏✔❻✜➀ ➒❴➆ ❽✓➒✛✁✮✁✔☛①➆①➊❝➒✂➑❊☛✦↕ ✁☎❽❝❼❤→✪➜✴☛①→❲➜❴➝✛★✱➜▲❽❴➝❩❻❥➆✦➝❹➃❀❈❚✰ ✾✄☛❑✭✑❽✓➒✬☛ ➃✝☎✞☎✄❏✮❻✠✟ ➥①→✜➇➤➇➤→➤❻✜➇ ❽✷✁❘✁❘❽❴➆✡➣✂✁➠➝❩➆✦➊ ❽❴➇➤→✜➥✵❽✓➣✵➥
→❤➣①➀✭❽✓➒✓✁❹➋✩✰❝➃☞➋✡➞ ❻✡✟ ➈✔❻❲➒▲→➤❻✪➇ ❽✷✁❘✁❘❽❴➆✡➣✭➝❩➆✦➊◆➒✝☛①❻✜➊❩→✜➑①↕ ✧ ➎✂✫✸✰ ❂✫↔①➊❝➒✝☛①❻✪➊✱➇➤➆①➊❩❻✯❋✕➒✓☛①❻➤→✎❾✵→❲❽❝➜✓→✪➈✵❽✞➜✞❽❿➒✞↕✉➆①➝❯✏✝✒✛✒➓❺♠❻ ➝✱➊■➆✦➇ →
➥✔❻✎➣✵❻✜➊❩→☞➒❩➆✦➊ →☞➒ → ➊❩❻✪→✎✁❘➆✦➣①→✜➈✵➜⑩❻ ❼✪➆✚✁ ➒◆☛①→✄✁ ❽✷➣✵❼✜➊❩❻✪→❙✁☎❻❤➀ ➒✷☛✵❻ ❼✪➜✞❽❿➣✵❽✞❼✜→❙➜ →❤➑✦➑➌➜✞❽✞❼✜→✜➒➓❽✞➆②➣✂✁ ➆①➝ ✏✝✒✔✒ ❺♠❻✄★✱➜❴→❤➈✵❻✪➜❝➜✓❻❲➀
➊✱→✡➀①❽▲➆②➑☞☛①→✪➊✱➇➤→✡❼✜❻❤↔✦➒❩❽✓❼✪→❲➜❩✁ ✧ ➙✺✫✸✰
➢➓➣ → ➑①➊ ❻☞❾➌❽❴➆✦↔✺✁❅✁ ➒▲↔✔➀✔↕✺❋ ➒✝☛①❻❥➝❩➆✦➊❩➇➉↔➌➜❿→❤➒✱❽✞➆✡➣ →❲➣①➀ ➈✵❽✞➆✦➀①❽✷✁◗➒▲➊■❽✷➈①↔✦➒❩❽✓➆✦➣ ➆✦➝ ✏✛✒✛✒ ❺♠❻✎★❩➜✓→✪➈①❻✪➜▲➜✞❻✜➀ ➜❝❽✺➑✿❽✓➀❷➣①→✜➣✔➆✦❼✪→☞➑✩✁ ↔✵➜✞❻❙✁
☎❩�✳➅❇✞✢✠ ✭✑❻✪➊❩❻ →✖✁❘✁❘❻✍✁✱✁✤❻✪➀ ✧ ✾✚✫✘✰✭➅✩❻❤↔✦➒✱➊✱→✡➜ ➜▲❽✓➑①➆②➑✚☛✵❽▲➜✞❽❴❼ ❼✪➆✦➇➉➑✵➜✞❻❖✌⑤❻✎✁ ❼❖☛✵➆☞✁◗❻❤➣ ➝❩➆✦➊ ➒✷☛➌❻✜❽✞➊ →✪➝✱➝■❽❴➣✵❽✷➒▲↕ ➝❩➆✦➊
☛✦↕✔➀①➊❩➆②➑✚☛①➆✡➈✿❽⑩❼✮✁ ↔✮➈✩✁ ➒✱➊✱→✜➒➓❻✎✁✂→✪➜▲➜❴➆❊✭✑❻❤➀✼➒✓☛①❻❹❻✜➣✔❼✜→✜➑✺✁◗↔✵➜✞→✎➒⑥❽✓➆✦➣ ➆✦➝✕➒✻☛✵❻♥➊❩→✪➀①❽✞➆✮❻②➜⑩❻❙➇ ❻✎➣①➒✢❽✺➣ ➒✝☛①❻❯�✂➅✵✞ ➜▲❽❿➑✵❽✞➀➤❼❤➆✦➊❩❻♥→✎✁



✭✑❻✪➜▲➜⑨→❙✁✼➜✞→☞➈✵❻✪➜❝➜✞❽✓➣①➥ ✁◗➒▲→✜➈✵❽▲➜✞❽❿➒✞↕ ✧ ➃✎➍❚✫✸✰✚✜✫➊❩❻✪➑①→✜➊■❻❤➀ ➝✱➊❩➆⑤➇ →➉➑✚☛①→✖✁☎❻✎★❩❽✷➣①❾✵❻✜➊✥✁☎❽✞➆②➣t➑✵➊❩➆①❼❤❻✎✁❘✁ ✧ ➃①➃✖✫✸❋✕➒✷☛✵❻✖✁☎❻✑�✳➅❇✞ →✜➊■❻
❼✱☛①→✪➊✱→✡❼✎➒➓❻✜➊■❽✷✁☞❻✜➀➤➈✦↕t→✆✁◗➒▲→❤➈✵➜✞❻✼➇➤➆②➣✔➆①➀①❽✬✁ ➑✵❻✜➊✥✁◗→❲➜✴✁❘❽✁�❲❻➉➀①❽✷✁◗➒▲➊ ❽✓➈①↔✦➒⑥❽✓➆✦➣t→☞➣①➀t→❅✁☎➇➤→❲➜❝➜✢➀✦❽✞→✜➇ ❻✜➒▲❻✪➊✘❽❿➣➤➒✓☛①❻➉➊✥→❤➣✵➥✦❻✩➆✦➝
➋✔➍ ➒➓➆ ➃❲➍✦➍②➣✵➇▼✰❵✲✴☛①❻ ➑①➊ ❻✖✁◗❻❤➣✦➒✶✭✑➆✦➊✸❏ ☛✵→✎✁❂➝✱➆✵❼☞↔✚✁☞❻❤➀ ➆②➣ ➒✓☛①❻ ➒✓☛①❻✜➊❩→❤➑✵❻✎↔✦➒⑥❽❴❼ →✜➑✮➑✵➜❝❽✓❼✪→☞➒❩❽✞➆②➣ ➆①➝ ✁☎↔①❼✍☛
✏✓✒✔✒ ❺♠❻✄☎✸✗✂✙✛✞✦✜✴☛✚✠✻✤✥☎✔✗✚✤✛✞✦✜✴☛✚✠ ❼✜➆①➇➉➑✔➜❝❻❖✌ ☎ ✏✝✒✛✒ ❺♠❻✎★✔✗✩✗✣✗ �✳➅❇✞✢✠ ➆✦➣ →◗✾❊� ➊❩→✎➒ ➥①➜❝❽✞➆✦➇➤→ ➇➤➆✮➀✦❻✡➜✬✰✿✞❈➆②➣✦❾⑤❻✪❼✎➒➓❽✞➆②➣✂★

❻☞➣❊☛✵→☞➣✵❼✪❻❤➀ ➀①❻✡➜✞❽✷❾✵❻✪➊❝↕❄☎✸✞◆➛✽✼✵✠ ✧ ➃❤➋✩✫✻❋①→✩➀①❽❿➊■❻❤❼❲➒ ❽✓➣✦➒✱➊✱→❀★✱❼✪❻✜➊■❻✎➈✮➊✥→❲➜⑨➀✦➊✱↔✵➥ ➀✦❻✪➜▲❽❿❾✔❻✜➊✱↕ ➒⑥❻✪❼✱☛①➣①❽✄✂②↔✵❻♥➒✓☛①→✜➒✢↔✚✁☞❻❙✁ →❹➈①↔✵➜✷❏
➝❩➜▲➆❊✭ ➇ ❻❤❼✍☛①→☞➣➌❽ ✁☎➇ ➒➓➆➉➀①❽✷✁ ➒✱➊■❽✓➈①↔✦➒➓❻♥➇➤➆①➜✞❻✜❼☞↔✿➜⑩❻✯✁⑨➒➓➆➉❼✪➜▲❽✷➣✵❽✞❼❙→❲➜❝➜✷↕ ✁☞❽✓➥①➣✵❽❴➝✱❽▲❼✜→✪➣✦➒✵❾✵➆①➜✓↔①➇➤❻❙✁◆➆①➝✕➒⑥❽❩✁✱✁✤↔①❻✄❋✯✭❹→❀✁ ↔✺✁☞❻✜➀➠➒➓➆
→❲➀✦➇ ❽❿➣✵❽✷✁ ➒✱❻❤➊ ✏❁✒✸✒ ❺♠❻✄★✸✗✩✗✣✗❑�✂➅❇✞❂❽❴➣✡➒✱➆✭➊✱→✜➒✘➈①➊❩→✪❽✞➣✂✁✍✰✩✲✴☛✵❻❥→❲❽✓➇ ➆✦➝✂➒✻☛✵❽✬✁✵✭✑➆✦➊✸❏ ✭✼→✖✁➠➒⑥➆ ➒➓❻✎✁◗➒◆➒✓☛✔❻❥❼✜→✪➑①→❲❼✪❽✓➒❴↕ ➆✦➝
➀①❽✞➝✱➝❩❻✜➊ ❻❤➣✦➒ ✏✝✒✻✒ ❺❹❻ ➀✦➆✚✁✤❻✎★❩➜❝➆✦→❤➀①❻❤➀ ➣①→❤➣①➆✮❼✪→☞➑✂✁◗↔✵➜✞❻✍✁✭➒➓➆ ❻✪➊✱→✡➀①❽✞❼✜→✎➒➓❻➟➒❿↔✕➇➤➆✡↔①➊✔✁❷➈✦↕ ✁ ➒▲↔①➀✦↕①❽✞➣①➥ ➒✷☛✿❻ ➑✕➊❩➆✵➜✓➆✦➣①➥✮❻✪➀
✁ ↔①➊✱❾✵❽❿❾✔→✡➜➂➒➓❽❴➇ ❻➤➆✦➝✢✾❊� ➥✔➜❴❽✞➆✡➇ →❀★❝➈✿❻✜→❲➊❩❽❿➣①➥❷➊✱→✜➒❁✁✼❽✷➣✉❼❤➆⑤➇➉➑①→❤➊❩❽✬✁❘➆✦➣❑✭✑❽✓➒✓☛ ➒✷☛✵❻➤❽✓➣✱❆☎❻❲❼✎➒❩❽✓➆✦➣❷➆①➝ ✏✻✒✛✒ ❺♠❻➤➑①❻✜➊❩➊✻☛✵❻✎➣①→❤➒❩❻
✁✤➆①➜✓↔✦➒❩❽✞➆②➣✩→✜➣✵➀❹➈✵➜❴→☞➣✚❏✮�◆➅❇✞ ✰

Materials and methods  

Materials 

�✘❽✷➑✵➆✡➑❊☛➌❽✞➜❝❽✞❼ �✂→❤➈①➊✥→❤➝✱→✪❼  ✞▲✞ ☎✱❼✪→☞➑✕➊❝↕⑤➜❴❽▲❼✎★❩❼✜→✪➑①➊❩❽✞❼ →✪❼❤❽✞➀ ➒✱➊■❽✓➥✵➜✷↕✵❼✪❻✜➊■❽❝➀✮❻✎✁❘✠ ✭❹→✄✁ ❏✵❽✷➣✵➀①➜✓↕ ➑①➊■➆②❾✵❽✞➀✮❻✪➀ ➈⑤↕
❍♥→☞➒❝➒➓❻✪➝✱➆✂✁❘✁❘❻ ✗✩✰ ➐✑✰ ☎✸✗①→✡❽✓➣①➒✝★✝✜✢➊■❽✞❻✄✁ ➒✛❋✹❂✫➊✱→✪➣✵❼✜❻✎✠✔✰✹�✘❽✞➑①➆✆☎✞➀  ✗✵➎ ☎✺★✻● ☎✸✁❘➆✔↕✮➈①❻✪→☞➣ ➜✓❻✡❼✜❽✓➒✷☛✿❽✺➣ →☞➒ ❈❊✾❊❫ ➆✦➝
➑☞☛①➆✚✁ ➑❊☛✵→✎➒⑥❽✓➀✦↕①➜▲❼❖☛✔➆✕➜✞❽✓➣①❻✎✠t→❤➣①➀ ✗✔➆✕➜✺↔⑤➒▲➆✵➜  ✂✆✗➂➃ ☎ ☎⑥→ ➇ ❽ ✌✦➒✱↔①➊■❻ ➆✦➝t➝✱➊ ❻✪❻ ➑①➆①➜✷↕✵❻✎➒✝☛✦↕✔➜❝❻☞➣✵❻➟➥✵➜✷↕✵❼❤➆✵➜❅❈❊❈✮➍ →☞➣✵➀
➑✔➆①➜❿↕✔❻✜➒✷☛⑤↕✔➜▲❻✎➣✔❻ ➥①➜✓↕①❼❲➆①➜✑❈☞❈①➍ ☛①↕✔➀✦➊ ➆✯✌①↕✺✁ ➒✱❻❤→✪➊✱→✜➒❩❻❙✠▼✭✑❻✜➊ ❻ → ➥✵❽✓➝❝➒ ➝✱➊ ➆✦➇ �✘❽✷➑✵➆✆☎✞➀ ❍♥➇✩➈✚☛ ☎✬�✂↔①➀✚✭❹❽✓➥✂✁✔☛✵→✜➝❩❻✜➣✂❋

❍❹❻✜➊❩➇➤→✜➣✦↕✺✠❥→❤➣✵➀✞✝♥➐✵✗❊❂ ☎✝� ↔①➀❊✭✑❽❴➥✺✁ ☛①→✪➝➓❻✪➣✂❋✮❍♥❻✜➊❩➇➤→✜➣①↕☞✠✔❋♥➊❩❻✄✁ ➑✵❻✪❼✎➒⑥❽⑩❾⑤❻✪➜❿↕✂✰❈➅✑→✄✞✝➜✷❋❹➀✵❽✓❼✍☛✵➜✞➆✦➊❩➆✦➇➤❻✎➒✓☛①→❤➣✵❻ →☞➣✵➀
→❲❼✪❻✎➒▲➆✦➣✵❻❴✭❹❻✜➊■❻ ➆✦➈✦➒✱→❲❽✓➣①❻✪➀ ➝✱➊❩➆①➇ ✜✢➊■➆①➜❴→☞➈✔➆ ☎❩❂ ➆②➣✦➒➓❻✎➣✵→☞↕✂★✻✁☞➆②↔✂✁✱★✞➈✵➆①❽✬✁ ❋❇❂ ➊✥→❤➣✵❼✪❻✍✠❪✰✑✼✩❻❤❽✞➆②➣➌❽❩✁❘❻✜➀ ✭❹→☞➒➓❻✜➊◆✭❹→✎✁
➆✡➈✦➒✱→❲❽❿➣✔❻✪➀✼➝✱➊■➆✦➇❂→❈➞ ❽✞➜❝➜▲❽❩★✠✟ ➑✿➜✓↔✪✁✦✁ ↕✂✁ ➒➓❻✜➇ ☎❴➞➟❽❝➜✞➜❝❽✓➑✔➆✦➊ ❻✎❋✎✜✢→❤➊ ❽✓✁❘❋✍❂✫➊✥→✪➣✵❼❤❻✎✠✔✰



Complex preparation 

✲✴☛✔❻ ➜✞❽❿➑✔➆✦➑❊☛✵❽▲➜❝❽✓❼ ✏✝✒✻✒ ❺♠❻✎★✔✗✩✗✩✗ ✧ ☎✱➈✵❽✬✁❘☎❝➑✵❻✪➊❝➒✓☛✵❽✞➆②➈✵❻☞➣ �✡➆✦→☞➒➓➆❊✠✔☎❩➀✵❽⑩➒✓☛✵❽✞➆②➈✵❻☞➣ �❙➆✦→✜➒▲➆✚✠✱➊✸☛✵❻☞➣✵❽✷↔✵➇❱☎❝➢❩➢✱➢✔✠✥✫❭✭❹→❀✁ ➑①➊❩❻✜➑①→✪➊❩❻✪➀
→❲❼✪❼✪➆✦➊❩➀①❽✓➣①➥➉➒➓➆ →❹➑①➊❩❻✜❾✵❽✞➆②↔✺✁☞➜❿↕ ➀✮❻✎✁☎❼❤➊ ❽✓➈✵❻❤➀ ➑①➊■➆✦❼❲❻✎✁❘✁ ✧ ✾✂✫✸✰☞✲ ☛✔❻➠➊❩→✪➀①❽✞➆✮❼✍☛✵❻✎➇ ❽▲❼✜→✡➜①➑✦↔✵➊❩❽❿➒✞↕ ☎❝❺✮✞✦✜✣✠✂➆✦➝✢➒✻☛✵❻ ✏✻✒✻✒ ❺♠❻✎★
✗✩✗✪✗ ❼✜➆①➇➉➑✵➜✞❻❖✌ ✭❹→✎✁✝❼✱☛①❻✪❼❙❏①❻❤➀ ➈✦↕✩➒✻☛①❽✓➣✂★❩➜✓→✜↕✔❻✜➊✂❼✍☛①➊■➆②➇➤→✜➒▲➆✦➥✮➊✥→❤➑✚☛⑤↕ →✎✁◆➒✓☛①❻❹➊✥→☞➒❩❽⑩➆ ➆①➝✢➇ ❽❿➥①➊✱→❤➒✱❻✡➀➤➊✱→✡➀①❽✞➆✦→❤❼❲➒➓❽✓❾✵❽✷➒❝↕
➒➓➆ ➒➓➆✪➒✱→❲➜✼➊✱→✡➀①❽✞➆✦→✪❼☞➒❩❽✷❾➌❽✷➒❝↕✂✰✿✲✴☛✿❽✺➣✩★✱➜✞→✎↕⑤❻✜➊t❼✱☛✕➊❩➆①➇➉→✜➒➓➆✦➥✮➊✥→❤➑✚☛②↕❴✭❹→✖✁ ❼✜→✪➊✱➊■❽✞❻②➀ ➆✡↔✦➒✑↔✂✁☞❽❿➣①➥ ✁☎❽❝➜✞❽✞❼✜→ ➥✔❻✪➜✑❈✮➍ ❂✣✤ ✁✄✂
→❲➜❴↔①➇ ❽✓➣①→ ➑✔➜❴→☞➒❩❻❙✁▼☎➓➞ ❻❙➊❩❼✎❏☞✠✼→❤➣①➀ →✕✁✤➆①➜✓↔✦➒❩❽✞➆✡➣ ➆✦➝❹➑✵❻✎➒▲➊■➆①➜❴❻☞↔✵➇ ❻✎➒✓☛①❻✪➊❝➏➓➀①❽✞❼❖☛➌➜✓➆①➊❩➆⑤➇➤❻☞➒✬☛①→☞➣✵❻◆☎✓❈②➏❝➄✂❋◆❾✮➏❴❾✂✠✑→✖✁❥→✜➣
❻✪➜✓↔①→☞➣①➒ ☎❴❺❄➝❷➍✩✰ ➎①➍❊✠✔✰✵✲✽☛①❻ ➀✦❻✎➒➓❻❤❼❲➒➓❽✞➆②➣ ✭❹→✖✁ ❻✜❾①→❲➜✓↔①→✜➒▲❻✪➀ ➈⑤↕ → ➑✚☛✔➆✚✁◗➑❊☛✔➆❚★✱❽✞➇➤→✜➥✔❻✜➊ →❤➑①➑①→❤➊✥→☞➒✱↔✺✁ ☎✝✜✢→❲❼✎❏✦→❤➊ ➀✚❋

✞◆↕✔❼✪➜✞➆②➣➌❻ ✁✥➒➓➆✦➊✥→❤➥✵❻ ➑☞☛①➆✚✁ ➑❊☛✵➆✦➊ ✁◗↕✚✁◗➒➓❻✪➇✆✠✔✰

Nanocapsule formulation 

✲✴☛✔❻ ➑①➊■❻✎➑✵→✜➊✱→❤➒❩❽✓➆✦➣ ➆⑤➝ ✏✻✒✔✒❴❺♠❻✄★✸✗✩✗✣✗ �✂➅✵✞ ✭❹→❀✁❥➈✕→✖✁☎❻❤➀ ➆②➣ → ➑❊☛①→❀✁◗❻✄★✱❽✓➣✦❾✵❻✪➊✛✁☞❽✞➆②➣ ➑①➊✱➆①❼✪❻✎✁ ✁ ➀✮❻✎✁✤❼✪➊❩❽❴➈①❻❲➀➟➈①↕
✂✩❻☞↔①➊⑥➒➓→✜↔✵➜✓➒✆☎✞✝✠✟☛✡✌☞ ✧ ➃✮➃✖✫✘✰✿✲✴☛✵❻ ✁✤↔✂✁◗➑✔❻✎➣✂✁❘❽❴➆✡➣ ✭❹→✎✁❷➑①➊ ❻☞➑①→✜➊■❻✪➀ ➈✦↕ ➇ ❽ ✌➌❽✷➣✵➥ →✡➜✓➜✼➒✓☛①❻ ❼✜➆①➇➉➑①➆✡➣✵❻✎➣✦➒✝✁✭↔✦➣✵➀✮❻✜➊
➇➤→❤➥✦➣✵❻✎➒⑥❽✓❼ ✁ ➒➓❽❴➊✱➊■❽❴➣①➥ ☎✻●①➎❚✰ ☎✡➇➤➥ �✘❽✷➑✵➆①❽✞➀✎✍✺❋ ➄①➋✺●✦➇➤➥ ✗①➆✵➜✷↔✦➒➓➆✵➜✏✍✺❋ ☎✵➃☞➄✵➇➉➥ �✂→❤➈①➊✥→❤➝✥→❲❼✑✍✚❋✝➄✦➄✣✰ ☎✮➇➉➥ ➅✑→✖✞✝➜➠→☞➣✵➀
➃✖❋ ➄✕➙✵➃✪➇➤➥ ➀①❻✪❽✞➆②➣✵❽ �❲❻✪➀ ✭❹→✜➒❴❻❙➊✻✠❪✰ ✝❹❻❲❼❙→☞↔✪✁✤❻ ➆✦➝ ❽❿➒✝✁ ➑①➊■❻❤❼②❽✺➑✿❽✷➒✱→☞➒❩❽✞➆✡➣ ❽✷➣❂→ ✂✦↔①❻✪➆✡↔✂✁ ➇➤❻❤➀✵❽❿→❀❋♠➒✓☛✵❻✹✏✻✒✛✒❴❺♠❻✯★✸✗✪✗❬✗

❼❤➆✦➇➉➑➌➜✓❻✍✌ ✭❹→✄✁ ➝❩❽❿➊✥✁◗➒➡❻✍✌✦➒✱➊✱→❙❼✎➒➓❻✜➀ ✭✑❽✷➒✬☛ ➀✕❽⑩❼✍☛✵➜✞➆✦➊❩➆✦➇➤❻✎➒✓☛✦→✪➣✔❻ ☎◗➃✪➇➤➜✷✠ →☞➣✵➀ ➒✓☛✔❻✜➣ →❤➀①➀✦❻✪➀ ➒➓➆ ➒✓☛①❻ ➆②➒✬☛✔❻✜➊
❼❤➆✦➇➉➑✵➆②➣✔❻✜➣✦➒✛✁✑➆✦➝◆➒✝☛✵❻❥❻✜➇➉↔➌➜ ✁☞❽✓➆✦➣✩✰✪✲✴☛✵❻t➆✦➊❩➥✦→☞➣➌❽✞❼❱✁☎➆①➜✓❾✔❻✎➣①➒✳✭❹→✎✁❹➒✻☛①❻❤➣ ➊❩❻❤➇➤➆✔❾✔❻✪➀t➈①↕✕☛✵❻✜→❤➒✱❽✓➣①➥✭→❤➒ ❈✦➍✓✒❘✞ ➝❩➆✦➊
➃ ☎✡➇❥❽✓➣✩✰ ✲ ☛①➊❩❻✪❻t❼☞↕①❼✡➜✞❻✎✁➉➆✦➝✝➑✵➊❩➆✦➥①➊❩❻✄✁ ✁☞❽✷❾⑤❻❱☛①❻✜→✜➒➓❽✓➣①➥ →✪➣①➀ ❼❤➆✦➆✵➜✞❽❿➣①➥✉➈✵❻✎➒✻✭♠❻✪❻✎➣ ➙✞☎✔✒❪✞ →☞➣✵➀◆❈✦➍✓✒✱✞ ✭❹❻✪➊❩❻❥➒✓☛①❻✜➣
❼✜→❤➊❩➊ ❽✞❻✡➀✭➆✦↔✦➒❄→✡➜✞➜✞➆❊✭✑❽❿➣①➥ ➒✓☛①❻ ➊➓❻✯✁❘❽✞➀②↔✵→✪➜❈➆✦➊❩➥✦→❤➣✵❽❝❼ ✁✤➆①➜❿❾✔❻✜➣✦➒❈➒⑥➆ ❻✎❾✔→✜➑✔➆✦➊✥→☞➒❩❻✄✰⑨➐♥➒♠➎✦➍✓✒ ✞ →❤➣①➀ ➀✡↔✕➊❩❽✓➣①➥ ➒✬☛✔❻✭➜✓→✎✁ ➒
❼✎↕✔❼✡➜✓❻✄❋✿→✜➣✉❽❴➊✱➊■❻✎❾➌❻✜➊✥✁☎❽✓➈✵➜✞❻✆✁✔☛✵➆✦❼✍❏ ✭❹→✄✁❹❽✷➣✵➀✡↔✵❼✪❻✜➀❥➈✦↕✉➀✵❽✞➜✓↔✦➒❩❽✓➆✦➣✕✭✑❽✷➒✓☛❷❼❤➆✕➜✓➀❷➀✦❻✡❽✓➆✦➣✵❽✷✁❘❻✪➀❭✭❹→☞➒❩❻❤➊▲☎❪➃❪➇ ➜⑨→✜➒✳➋✕✒ ✞✡✠✛❋

➜✞❻✪→❤➀①❽✓➣①➥ ➒✱➆ ➒✓☛①❻ ➝❩➆✦➊✱➇➤→✜➒➓❽❝➆②➣ ➆✦➝ ✁◗➒▲→✪➈✵➜✞❻➟➣✵→☞➣✵➆✦❼✜→❤➑✂✁ ↔✿➜⑩❻✎✁❘✰❹➐❹➝⑥➒⑥❻✜➊✛✭❹→✜➊■➀✚✁❘❋❅✁☞➜⑩➆ ✭ ➇➤→❤➥✦➣①❻✜➒➓❽✞❼✹✁ ➒⑥❽✓➊✥➊❩❽✞➣①➥ ✭❹→✎✁
→❤➑✦➑➌➜✞❽❴❻❤➀➠➒⑥➆➠➒✓☛①❻ ✁ ↔✪✁ ➑✵❻✎➣✺✁☞❽✓➆✦➣➉➝✱➆①➊ ☎❹➇ ❽✞➣✩✰



Nanocapsule characterisation 

�✳➅❇✞ ✭♠❻✪➊❩❻ →✪➣①→❲➜❿↕✺✁❘❻✜➀ ➝❩➆✦➊♥➒✝☛①❻✪❽✞➊✮✁☞❽ �✮❻❥➀✵❽✷✁◗➒✱➊❩❽✓➈✦↔✦➒⑥❽✞➆②➣ ↔✂✁☎❽✓➣✵➥✭→ ➞➡→✪➜✓❾✔❻❙➊✱➣✁�✂❻✜➒▲→✄✁✤❽ �❲❻✪➊  ➅✑→✪➣①➆ ✗①❻✜➊■❽❝❻❱✼✵✲✢✗

➃✎➍❊❈①➍❴☎➓➞➡→✪➜✓❾✔❻✜➊✥➣ ➢➓➣✩✁ ➒✱➊✱↔✵➇➤❻✎➣✦➒✝✁■✗✪✰ ➐❅✰ ❋ � ➆①➊❩❼✪❻✎✁ ➒➓❻✜➊✥✁✔☛✿❽✓➊■❻✍❋✄✂✆☎❇✠✔✰✿✲✴☛➌❻ ❼❲➆✦➇➉➑✵➜✞❻❖✌ ➝❩➆✦➊✥➇➤→☞➒❩❽✞➆✦➣ ↕✵❽✞❻✪➜✓➀❴✭❹→✎✁
➀✮❻✎➒➓❻✜➊✥➇ ❽✞➣①❻❤➀■✭✑❽❿➒❳☛ →t➥✦→❲➇ ➇➤→❷❼❤➆②↔①➣✦➒➓❻✜➊❃☎✝✜✢→❲❼✎❏✦→❤➊ ➀ ➐♥↔✦➒⑥➆✚★✸❍♥→❤➇➤➇ → ☎☞❋⑩➍✦➍①➍◆✁✤❻✜➊ ❽▲❻✎✁ ✠❹→❲❼❤❼✪➆✦➊ ➀✮❽✓➣①➥ ➒❴➆ ➛ ✂✩✰❈➃✖❋
→❤➣①➀➤❻✜➣✵❼✜→❤➑✚✁✤↔✵➜❴→☞➒➓❻➠➊✱→✜➒➓❻✮✭❹→✄✁❈❻✎✁◗➒➓❽✞➇ →☞➒➓❻✜➀➤→✪❼❤❼✪➆✦➊■➀①❽✷➣✵➥ ➒❴➆✩➛ ✂❚✰✡➋✩✰ ✝♠❻✜➝❩➆✦➊■❻✑❽✷➣✍❆ ❻✪❼✎➒❩❽⑩➆✦➣✂❋ ✏✻✒✔✒ ❺♠❻✄★✸✗✩✗✣✗✆�✳➅✵✞ ✭➉❻✜➊❩❻
➀①❽✞→✪➜✓↕✚✁❘❻✪➀■✭✑❽✷➒✓☛ ➀✮❻✪❽✞➆②➣➌❽ ✁☞❻❤➀■✭❹→✜➒➓❻✪➊❹→✎➒❄➊■➆✦➆✡➇ ➒❴❻❙➇✩➑①❻✜➊❩→✎➒➓↔✦➊■❻ ↔✦➣✵➀✮❻✜➊❹➇➤→✪➥✡➣①❻✜➒➓❽✞❼✕✁✥➒❩❽❴➊✱➊■❽✓➣✕➥✂✰❬❂➂➆①➜❴➜✞➆❊✭✑❽✓➣①➥ ➒✓☛✵❽✷✁❘❋
➀①❽✞→✪➜✓↕✚✁✤→✜➒➓❻✮✁◗→❤➇➉➑➌➜❴❻✖✁✦✭✑❻✜➊❩❻❹❼❤➆✕➜✞➜✞❻✜❼✜➒▲❻❲➀ →☞➣✵➀✩❼✪➆②↔①➣✦➒➓❻❤➀✩➒➓➆➉➀✮❻✎➒➓❻✜➊❩➇❥❽✓➣✵❻♥→♠➀✦❽❴→❲➜❿↕✺✁☞❽✷✁◆➊■❻✪❼✪➆②❾✔❻✪➊❝↕➉→❀✁✢✁ ☛✵➆❊✭❄➣❥❽✓➣➉➛ ✂❚✰

●❚✰❤➐✮✁✂➊ ❻✪➝❩❻✜➊❩➊ ❻❲➀➠➒❩➆➠➒❳☛✵❻ ✁ ➒➓→✜➊✱➒➓❽❴➣①➥❹➑✵❻✜➊❩➊✻☛✵❻✜➣①→✜➒❴❻ →✡❼✎➒⑥❽✷❾➌❽ ➒❝↕✺❋✦➜✞→✡➈①❻✪➜▲❽❿➣①➥❹↕✔❽❝❻✪➜✞➀✑✭❹→✖✁❈❼✜→❲➜❝❼☞↔✵➜✓→✜➒➓❻✪➀❹➈✦↕❹➛ ✂ ✰❤➄✩✰

✏✓✒✔✒ ❺♠❻✎★✔✗✩✗✩✗ ❼✪➆✦➇➉➑✵➜✞❻❖✌✩→✡❼✎➒⑥❽⑩❾➌❽✷➒▲↕
✞❈➆✦➇✩➑✵➜❴❻✱✌➉➝❩➆✦➊❩➇➤→✎➒⑥❽❴➆①➣✼↕✔❽❝❻❲➜❴➀❴☎✻❫❑✠✞✝ ✌❷➃❲➍✦➍ ☎❪➃❙✠

✁◗➒▲→✪➊❝➒❩❽✞➣①➥✼➑✵❻✪➊✱➊✛☛①❻☞➣✕→☞➒➓❻ ✁✤➆✕➜✺↔⑤➒➓❽✞➆②➣➉→❙❼✎➒❩❽✷❾➌❽ ➒▲↕

�✳➅❇✞ ✁☎↔✚✁ ➑➌❻✎➣✂✁❘❽✞➆②➣➉→❲❼✜➒✱❽✓❾✔❽❿➒❝↕
➛✂➣✔❼✜→✜➑✺✁◗↔✵➜✞→✎➒⑥❽✓➆✦➣➉➊✱→✜➒➓❻✶☎❁❫ ✠✞✝ ✌❷➃❲➍✦➍ ☎⑥➋✚✠

✏✓✒✔✒ ❺♠❻✎★✔✗✩✗✩✗➤❼❤➆①➇➉➑✵➜✞❻❖✌➉→❲❼✜➒➓❽❿❾✵❽✓➒❝↕

�✳➅❇✞ ✁ ↔✂✁ ➑✵❻✜➣✚✁☞❽⑩➆✦➣➉→✪❼☞➒❩❽❿❾✔❽✓➒❴↕✑→✡➝❝➒⑥❻✜➊✫➀①❽❴→❲➜❿↕✺✁☎❽✓✁
✼✩❽✓→✡➜✷↕✂✁❘❽✬✁✳➊❩❻✡❼✜➆✦❾✵❻✜➊✱↕ ☎✬❫❑✠✞✝ ✌❷➃❲➍✦➍ ☎✸●❊✠

�✳➅❇✞ ✁ ↔✂✁ ➑✵❻✜➣✚✁☞❽⑩➆✦➣➉→✪❼☞➒❩❽❿❾✔❽✓➒❴↕✑➈➌❻✜➝❩➆✦➊■❻♥➀①❽✞→✪➜✓↕✚✁❘❽✬✁

�✳➅❇✞ ✁ ↔✂✁ ➑✵❻✜➣✚✁☞❽⑩➆✦➣➉→✪❼☞➒❩❽❿❾✔❽✓➒❴↕✑→✡➝❝➒⑥❻✜➊✫➀①❽❿→❙➜❿↕✺✁☎❽✓✁
�✂→❤➈✵❻✪➜❝❽✺➣①➥➠↕⑤❽❴❻✡➜✞➀✵☎❁❫ ✠✟✝ ✌❷➃❲➍✦➍ ☎⑥➄✚✠

✁ ➒✱→❤➊⑥➒⑥❽❿➣①➥✑➑✵❻✜➊❩➊✻☛✵❻✎➣①→❤➒▲❻✮✁✤➆①➜❿↔✦➒⑥❽✞➆②➣➉→❲❼✜➒✱❽✓❾✵❽✷➒❝↕

Animal study 

✠☛✡✌☞✎✍✑✏✓✒✕✔✖✏✗✡✌✘✙✏✗✡✞✚✛✔✢✜✤✣✟✚✥✔✦☞✕✏

✗✦↕✮➣✵➥①❻☞➣✵❻✪❽✞❼❭❂✫❽✷✁☎❼✱☛✵❻✜➊✮❂✣●✦➄✮➄ ➝➓❻✪➇ →❲➜❝❻❷➊✱→✜➒✝✁❱✭❹❻✡❽✓➥❊☛✵❽✷➣✵➥ ➃ ☎✡➍✂★◗➃❤➎ ☎✡➥◗✭♠❻✜➊■❻✭➆②➈✦➒➓→✪❽✓➣①❻❲➀ ➝✱➊ ➆✦➇ ✞✢☛①→❤➊ ➜▲❻✎✁ ❺♠❽✓❾①❻❤➊
�✂→❤➈✵➆✦➊✱→✜➒▲➆①➊❩❽❝❻✎✁✢❂✫➊✱→✪➣①❼❤❻✆☎✝�★✧✞➐❹➊✱➈✕➊❩❻✄✁❘➜❴❻✖❋ ❂✫➊✱→✪➣①❼❤❻✎✠✔✰✕➐♠➜✞➜⑨❻✍✌①➑✔❻❙➊❩❽✞➇ ❻✎➣①➒✓✁ ✭❹❻✪➊❩❻✼➑✵❻❤➊✥➝➓➆⑤➊✱➇ ❻✡➀❥➆✦➣ ➃❤➍❥➒✱➆✭➃①➃✖★❁✭✑❻❤❻✎❏
➆①➜✞➀ ➝❩❻✜➇➤→✡➜✞❻❵❂➂❽✬✁✔☛✵❻✜➊➉➊❩→✎➒❁✁❖✰ ✲✴☛✵❻ →☞➣✵❽✞➇➤→✪➜✷✁▼✭❹❻✜➊■❻✁✩✫✪✬✩✮✭✰✯✲✱✕✳✴✭✫✱✶✵✕✯✷✭✛✸ ✭✑❽✓➒✓☛ →❤➣ ❽✷➣①➒▲➊✥→❤➑✵❻✜➊❩❽❿➒⑥➆②➣✔❻❙→❲➜❹❽✓➣❘❆❪❻✜❼✜➒➓❽✞➆②➣ ➆✦➝
➍❚✰ ➎ ☎☞★☎➃✄✰ ☎✡➇➤➜✓➏✬❏①➥➡➆✦➝✼→ ✁☎➆①➜✓↔✦➒❩❽✞➆②➣ ❼❤➆✦➣✦➒▲→✡❽✓➣✵❽✓➣①➥ ➋✦➏✝●◗❏✵❻❪➒➓→✜➇ ❽✞➣①❻◆☎◗➃❲➍✦➍✦➇➤➥✦➏✞➇ ➜❩✠❇☎✛✞ ➜✞➆①➊✻❏①❻✜➒▲→✪➇✺✹✂❋ ✟✼✻✜➒▲➆✆✂②↔✵❽✓➣✔➆✕➜✷❋



�✂↔①➊❩❻✎❋❚❂✫➊✱→✪➣✵❼❤❻✎✠❈→✜➣✔➀➡➃❤➏✓●❭✌✮↕✵➜✓→ �✡❽✞➣①❻ ☎⑥➋✔➍✦➇ ➥✦➏❿➇❥➜✷✠▲☎❝❺❹➆✦➇✩➑✦↔①➣✓✹✂❋ ✝❄→☞↕✔❻❙➊✛❋✩✜✢↔✦➒❩❻❤→✜↔❊✌ ❋✪❂✫➊✱→✪➣✵❼❤❻✎✠✔✰✿➐❄➣✵❽❴➇➤→✪➜✳❼✪→❤➊ ❻
✭❹→✖✁◆❼✪→❤➊✥➊❩❽▲❻✪➀✑➆✦↔✦➒➌❽❴➣✆✁ ➒✱➊❩❽✞❼✎➒➌→✪❼✪❼❤➆✦➊■➀✦→✜➣✔❼✜❻❈➒❩➆➠➒✓☛①❻✢❂✢➊■❻✜➣✵❼❖☛❹➞ ❽✓➣✵❽✷✁◗➒✱➊❝↕✩➆✦➝✫➐♥➥①➊■❽✞❼❙↔✵➜✷➒✞↔✵➊❩❻ ➊■❻✜➥①↔✵➜✓→✜➒➓❽✓➆✡➣✩✁✱✰

�✆✚✰✒✕✒✂✁☎✄✌✒ ✜✆✄✞✝ ✚★✏✗✡✟✘✟✁ ✚ ✒✕✒ ☞ ✍✡✠✟✒✕✏✓✡ ✜✤✏✓✜✤☞☞☛✗✡

❺❄→☞➒✭➥✔➜❝❽✞➆✚✁◗→✪➊❩❼❲➆✦➇ → ✾✎� ❼✪❻✪➜▲➜❩✁ ✭❹❻✪➊❩❻ ➆②➈①➒❝→❙❽✷➣✵❻✜➀ ➝✱➊■➆✦➇ ➒✻☛✔❻ ➛✳↔①➊❩➆②➑➌❻✜→☞➣ ✞✘➆①➜❝➜✞❻✜❼✜➒➓❽✞➆②➣ ➆✦➝ ✞ ❻❲➜❝➜ ✞◆↔①➜✓➒❝↔①➊❩❻
☎✸✗①→❙➜❴❽✓✁☎➈✦↔①➊✱↕✺❋ ✂☛☎✆❋✡➣✵➆❚✰☞✾②➄➂➃①➃✎➍✦➎①➍✞☎✄✠ ✰❀✲ ☛✔❻❹❼✜❻✡➜✞➜✷✁✦✭✑❻✪➊✱❻♥➥✦➊■➆✯✭❹➣➤→✜➒ ●✦➎✕✒❪✞◆➏ ☎✄❫ ✞ ✌✍✌❤❽✓➣❅✼✑↔✵➜❿➈✔❻✪❼❤❼✪➆

’
✁✂➇➤➆✦➀①❽✞➝❩❽❴❻❲➀

➛✂→❤➥✵➜✞❻ ➇ ❻✜➀✵❽✷↔①➇ ✭✑❽❿➒✷☛ ➥①➜✓↔✔❼✪➆❊✁☞❻ →❤➣①➀✏✎ ★❝➥✔➜❴↔✦➒✱→❤➇ ❽❴➣✔❻■☎ ✝♠❽✓➆✄�✶☛✵❽⑩➒▲➒✱→❙❏①❻✜➊✛❋ ✟✩❻✜➊✱❾✵❽▲❻✜➊✥✁❘❋ ✝❄❻✡➜✓➥✵❽✷↔✵➇❅✠✩❼✜➆✡➣⑤➒▲→✡❽✷➣➌❽✷➣✵➥
➃✎➍❊❫ ➝❩➆①❻✜➒▲→✡➜❥❼❤→✪➜✞➝✕✁❘❻❙➊▲↔✕➇ ☎✝❂❬✞❯✗☞☛ ✝♠❽✞➆ �✶☛✵❽❿➒✞➒➓→✎❏✮❻✜➊✸✠✉→✜➣✔➀ ➃ ❫ →☞➣✦➒⑥❽✓➈✵❽❴➆②➒➓❽✞❼ →☞➣✵➀ →❤➣✦➒❩❽✓➇➉↕✵❼❤➆②➒❩❽✞❼✹✁❘➆①➜✓↔✦➒❩❽✓➆✦➣
☎✸✗✵❽✞➥✦➇➤→✄❋✢✗①→✡❽✓➣✦➒✛★✠✟♥↔✵❻☞➣⑤➒➓❽✓➣◗❂✢→✡➜✞➜❴→☞❾➌❽✓❻✪➊✛❋✴❂✢➊ →❤➣✿❼❤❻✎✠✔✰✳➐ ❼✜↔✵➜✓➒▲↔①➊ ❻❤➀ ➒✞↔✵➇➤➆②↔①➊❹➇ ➆✦➣①➆①➜✞→✎↕⑤❻✜➊✮✭❹→✄✁ ➀①❻✎➒✱→❤❼✍☛✔❻✪➀■✭✑❽✓➒✻☛
➒▲➊✥↕✮➑✂✁☞❽✓➣✂★✱❻✜➒✷☛⑤↕✔➜▲❻✎➣✔❻✪➀①❽❴→❤➇ ❽❿➣✔❻ ➒➓❻✎➒✱➊✱→✪→❲❼✪❻✎➒⑥❽✓❼♥→✡❼✪❽✞➀✚❋❊✭❹→✖✁✔☛✿❻❤➀✼➒✬✭✑❽✞❼✪❻ ✭✑❽✓➒✷☛➉➛✂→✪➥①➜✞❻

’
✁◆➇ ❽✓➣✵❽❴➇➤→❲➜①❻✯✁❪✁❘❻✎➣✦➒⑥❽❴→❲➜⑤➇➤❻❲➀①❽❿↔①➇

✭✑❽✷➒✻☛✔➆✦↔✦➒✽❂ ✞❯✗ ➆⑤➊✝→☞➣✦➒❩❽✓➈✵❽✞➆②➒❩❽⑩❼✯✁ ❋✢❼✪➆②↔✮➣⑤➒▲❻❲➀ →☞➣✔➀ ➊■❻✎★✸✁ ↔✪✁ ➑①❻✜➣✔➀✦❻✪➀ ➒▲➆ ➒✓☛✔❻❥➝❩❽❿➣✵→❲➜✳❼✪➆②➣✵❼✪❻☞➣✦➒✱➊❩→☞➒❩❽✓➆✦➣✉➀①❻✎✁☞❽✓➊❩❻✜➀✩✰❚❂ ➆✦➊
❽✓➣①➒❝➊❩→✖★✥❼✜➊❩→❤➣✵❽❴→❲➜⑨❽✓➇➉➑➌➜❿→❤➣✦➒✱→☞➒❩❽⑩➆✦➣✂❋➂➃❲➍✒✑✵➜✿➆①➝ ➃❤➍✔✓✖✾❀� ❼❤❻✡➜✞➜❬✁ ↔✂✁ ➑①❻❤➣✂✁☞❽✓➆✦➣✆✭✑❻✜➊ ❻✑❽✓➣✱❆❘❻✪❼✎➒➓❻✜➀t❽✓➣✡➒✱➆➉➒✓☛①❻✼➊❩→✎➒P✁ ➒✱➊❩❽❴→☞➒✱↔①➇ →✎➒
→➉➝➓➜❝➆❊✭❂➊✱→✜➒➓❻➉➆✵➝⑨➋✕✑✵➜❿➏➓➇❥❽✺➣t↔✚✁☞❽✓➣①➥❥→t➃❤➍✚★✖✑✵➜✴✁ ↕✮➊■❽❴➣①➥✔❻❅☎ ✂✑→❤➇ ❽❝➜✷➒❩➆✡➣✞✗❂➥✵➜✓→✎✁ ✁ ✁◗↕✮➊■❽❿➣✵➥①❻✑➎✦➍①➍ ✁☎❻✜➊■❽✞❻✎✁ ❺✝➅✵✠✽✭✑❽✓➒✻☛❥→
●✡➋✂★✸❍ ➣✵❻❤❻✪➀①➜✞❻✮☎ ✂✑→✪➇ ❽✞➜❿➒➓➆✦➣✂✗✑✠❪✰✍❂✫➆①➊✿➒✓☛✕→☞➒✵➑①↔①➊✥➑✔➆❊✁❘❻✎❋✦➊✱→✜➒✝✁✦✭✑❻✪➊❩❻❹❽❴➇➤➇➤➆✡➈✿❽✞➜❝❽ ✁☎❻❤➀ ❽✓➣➤→✮✁ ➒➓❻❙➊❩❻❤➆✦➒❝→❙✌✵❽✞❼❯☛✵❻✪→❤➀➉➝✱➊✱→✪➇ ❻
☎❩�✂→✪➈ ✗✦➒▲→✜➣✔➀⑤→❤➊ ➀❑✗①➒▲❻✪➊❩❻✪➆②➒➓→❖✌⑤❽✞❼✜☛✽✗✦➒➓➆①❻✜➜✓➒➓❽❿➣①➥✂❋✣✞✦☛✵❽✞❼✜→❲➥✦➆✂❋✕➢✬� ✠✔✰✿➐❉✁◗→✪➥✔❽❿➒✞➒✱→❲➜✂❽✷➣✿❼❤❽✬✁❘❽✞➆②➣ ✭❹→✎✁❹➇➤→✪➀✮❻✩➒✓☛①➊■➆②↔①➥☞☛ ➒✷☛✵❻
✁❪❏①❽✓➣✂❋⑤→❤➣①➀➉→❄➈①↔①➊✥➊ ☛①➆①➜✞❻✟✭❹→✖✁❈➀✦➊■❽✞➜❝➜✞❻✜➀ ❽✓➣✦➒▲➆✼➒✬☛✔❻✑✁❘❏✡↔✵➜✞➜❚✭✩❽✷➒✬☛ → ➒✓✭✑❽✬✁◗➒➌➀✦➊■❽✞➜❝➜✻✰✄✲✴☛①❻✑❼✜→☞➣①➣✮↔✵➜❴→❹❼❤➆①➆✦➊■➀①❽❿➣①→☞➒➓❻✍✁✢✭✑❻✜➊❩❻
➃❤➇➤➇❂➑①➆✚✁ ➒➓❻❙➊❩❽✞➆✦➊✫➝✱➊ ➆✦➇ ➒✝☛✵❻ ➈✵➊❩❻❙➥✮➇➤→✎❋✚●✡➇ ➇ ➜✓→✜➒➓❻✪➊✱→✡➜⑤➝❩➊❩➆✦➇❂➒✻☛①❻✮✁☎→❤➥①❽✓➒❝➒▲→✡➜✂✁ ↔⑤➒✞↔✵➊✱❻♥→❲➣①➀ ☎✡➇➤➇❂➈①❻✡➜✓➆✚✭ ➒✝☛①❻♥➀✦↔①➊✱→
☎✬✭✑❽✓➒✬☛➤➒✻☛✔❻✼❽✓➣①❼✡❽ ✁❘➆✦➊⑨➈✵→✜➊P✁☞❻✎➒✢→✜➒ ➍✦➇➤➇✆✠ ✰☞✲✴☛✵❻♥➣✔❻✪❻✜➀①➜✞❻✮✭❹→✎✁✝➜▲❻✜➝❝➒✫❽❴➣ ➑✵➜❴→❤❼✪❻❹➝✱➆①➊⑨→❤➣❥→❙➀✦➀①❽❿➒➓❽✞➆②➣✵→❲➜ ☎✮➇ ❽✷➣ ➒➓➆ →☞❾✵➆①❽✞➀
❻❖✌✮➑①↔✵➜✓✁◗❽✞➆✡➣ ➆✦➝❷➒✬☛✵❻ ✁◗↔✺✁◗➑✵❻☞➣✂✁☎❽✞➆②➣ ➝❝➊■➆✦➇ ➒✻☛✔❻ ➈①➊✥→❲❽✓➣ ➀②↔①➊■❽✓➣✕➥ ➊❩❻✜➇➤➆✦❾①→❲➜❷➆⑤➝t➒✻☛✔❻ ✁◗↕✦➊❩❽✞➣①➥✵❻✎❋❲✭✿☛✵❽❝❼✱☛ ✭❹→❙✁
✭✑❽✷➒✻☛✔➀⑤➊✱→✖✭❹➣✼❾✔❻✜➊⑥↕ ✁☎➜▲➆❊✭✑➜❿↕❇☎❩➍❚✰ ☎✡➇➤➇➉➏❝➇ ❽✓➣✚✠❪✰



� ☛✗✡ ✁ ✚☎✁ ✜✷☞ ☛✗✡✄✂ ✡ ✣✟✏✓✡ ✁ ✚✥✘✆☎✼✚✰✒✶☞ ✁ ✚ ✝✞✝✠✟ �✡✂☛☎✌☞ ✠ ✝☎☛✂✁✰✚✛✘ ✄ ✝ ✚

✌♥➣❷➀✦→☞↕✂❈✚❋✂❈①➍✞✑✵➜➂➆①➝⑨➒✓☛✿❻✮�✳➅✵✞ ✁ ↔✺✁◗➑①❻❤➣✂✁☎❽✞➆②➣ ✭❹→✎✁❹❽✓➣✱❆✤❻❲❼✎➒➓❻✜➀❥➈①↕❄✞ ➛✽✼ →✜➒✢➒✓☛✵❻➉❼❤➆①➆✦➊❩➀①❽❿➣①→☞➒➓❻✎✁♥➆①➝⑨➒✓☛✵❻✼➒✞↔✕➇ ➆②↔①➊
❼❤❻✪➜❝➜✓✁❖✰✢➢❩➣✕➝✱↔✂✁☞❽⑩➆✦➣✂✁❲✭❹❻❤➊ ❻ ➑✔❻✜➊❩➝❩➆✦➊✱➇❥❻✡➀ →☞➒✝➒✻☛①❻❷➀①❻✜➑✡➒✬☛➡➆⑤➝ ☎✡➇➤➇ ➝❩➊■➆✦➇ ➒✻☛✔❻ ➈①➊❩→✪❽✞➣✶✁ ↔✕➊✱➝✱→❲❼✡❻ ↔✪✁☎❽✓➣①➥ → ➃❤➍✚★✖✑✵➜
✂✑→❤➇ ❽❝➜✷➒❩➆✡➣✞✗ ✁◗↕✮➊■❽❿➣①➥✔❻✟✭✑❽✓➒✓☛❥→✵●②➋✪★✻❍ ➣✔❻✪❻❤➀①➜❴❻❊✰☞✲✴☛✵❽✷✁▲✁◗↕✮➊❩❽❴➣①➥✵❻✮✭❹→✎✁✝❼✪➆✡➣✦➣✵❻❤❼✎➒➓❻✪➀✼➒❩➆ →❥➃✎➍①➍✚★ ✑✵➜ ✂✑→❲➇❥❽✞➜✓➒▲➆✦➣❥➋✮➋✂★

❍ ✁◗↕✦➊■❽✓➣①➥✵❻ ❼❤➆②➣①➒▲→✡❽✷➣➌❽✷➣✵➥ ➒✓☛✔❻ ➑✵➊❩➆①➀②↔✔❼❲➒❃☎ ✂✑→✪➊❝❾✵→❤➊■➀ ➐♥➑✵➑①→❤➊✥→☞➒✱↔✂✁✱❋✴�✂❻✄✁ ✂✩➜✞❽✷✁❘❋✴❂✫➊✱→✪➣①❼❲❻❀✠♥➒✓☛①➊❩➆✦↔①➥✄☛ →❷❼✜→❤➣✦➣①↔✵➜✓→
☎✻✞✝➆✦➛✽✌✚✲➂➞◆✜✿➛✂➏✷✜ ✟✵✞❂➒❝↔✮➈✵❽✓➣①➥✂❋✁✂✑→✜➊✱❾①→✪➊❩➀ ➐❄➑①➑✕→❤➊❩→✎➒➓↔✚✁ ✠❪✰ ✞◆➛✽✼ ✭❹→✖✁✼➑✵❻✜➊ ➝➓➆⑤➊✱➇ ❻✪➀✕✭✑❽✓➒✬☛ →✪➣q➆☞✁◗➇➤➆✦➒➓❽❴❼t➑✦↔①➇✩➑
✜ ✂✮✼ ➋✂❋✓➍✦➍✮➍➉❽✓➣①➝✱↔✂✁☞❽✓➆✦➣✆☎ ✂✑→✪➊❝❾✵→✪➊❩➀➉➐❄➑✕➑①→❤➊✥→☞➒✱↔✺✁❘✠✿➈✦↕✩❼✡➆②➣①➒▲➊ ➆①➜▲➜❴❽✓➣①➥✑→❄➍ ✰ ☎ ✑➌➜✷➏✱➇ ❽✷➣➉➊❩→✎➒⑥❻♥➝❩➆✦➊✿➋✂☛✩✰

✍✔✄✏✎✒✑✂✝☎☛ ✄ ✠✟✔

✲✴☛✔❻ ➊✱→✜➒❁✁ ➒✱➊■❻✜→✎➒⑥❻✜➀✶✭✑❽❿➒✷☛✔✓✖✕✗✕✷❺♠❻✄★✸✗✩✗✣✗ �◆➅❇✞ ✭❹❻✪➊❩❻ ➑✮↔✦➒✩❽❿➣①➒▲➆ ➝❩➆✦↔①➊✩➊✥→❤➣✵➀①➆②➇ ✁◗↔✦➈✪★❝➥✦➊■➆✦↔①➑✚✁t→❤➣✵➀➟➊■❻✜❼❲❻✪❽❿❾✔❻✪➀
➊✻☛✵❻✜➣✵❽✓↔①➇ →❤❼✜➒✱❽✓❾✵❽✓➒❴↕ ❻ ✂②↔✵❽✓❾①→✡➜✞❻☞➣✦➒✕➒➓➆ ➃✄✰❴➃✟☎⑥➥✮➊ ➆✡↔✦➑ ➃✮➁✡➣✙✝ ☎✄☛☞●✂❍ ↕☞✠✔❋①➋✩✰✓➙❇☎❝➥①➊❩➆①↔✦➑➉➋✢➁✪➣✺✝❵❈ ☛①➙☞❍ ↕✺✠✛❋❚●❚✰✺➎✆☎✱➥✦➊■➆②↔①➑
●✿➁✦➣ ✝ ➄☞☛✳➃❲➍✚❍ ↕❊✠✘→✜➣✵➀❥➄✣✰ ➄✦➞ ✝ ✂❑☎✱➥✦➊■➆✦↔✦➑t➄✫➁✦➣ ✝ ➄☞☛ ➃❤➋✺❍ ↕✚✠✥❋✿➊ ❻✎✁✤➑✵❻✜❼✜➒➓❽❿❾✔❻✡➜✷↕✩✰✂❍♥➊❩➆①↔✦➑ ☎ ➊❩❻✪❼❤❻✡❽⑩❾⑤❻✜➀ ❈✦➍✞✑✵➜✢➆✦➝
✓✘✕✙✕✓❺❹❻❹➑①❻❤➊✥➊✛☛✵❻✎➣✵→☞➒✱❻✵✁✤➆①➜✓↔✦➒❩❽✞➆②➣ ❻ ✂✦↔✔❽❿❾①→❲➜❝❻☞➣①➒✿➒➓➆ ➃✄✰ ☎✪➞ ✝ ✂▼☎❴➣✙✝✉➄☞☛①➄✂❍ ↕☞✠ ✰✺❍➠➊■➆✦↔①➑ ❈ ➊■❻✜❼✡❻❤❽❿❾⑤❻✪➀✼➈➌➜❿→❤➣✚❏❲�✳➅✟✞❴☎❝➣
✝ ➎✚✠✛❋✿→✜➣✔➀❥➊✥→☞➒✛✁❄➆✦➝✳➥①➊❩➆⑤↔✮➑t➎ ☎❝❼✪➆✡➣✦➒✱➊■➆①➜✿➥✦➊■➆②↔①➑✚✠✂➀①❽✞➀❥➣①➆✦➒✫➊❩❻✪❼✪❻✪❽✷❾➌❻➠➒▲➊■❻✜→✜➒▲➇➤❻✜➣✦➒✢➈①↕❄✞ ➛✽✼ ➆✦➣❷➀✦→☞↕✂❈❥➈✦↔✦➒ ✭✑❻✜➊■❻
→❤➣①→✡❻❙✁◗➒✷☛✵❻✎➒❩❽ �✡❻✜➀❅✭✑❽✓➒✷☛✼➒✓☛①❻✿✁☎→✜➇ ❻❈➑✕➊❩➆✦➒▲➆✮❼✪➆①➜✕❼❤➆✦➇➉➑✵→✜➊■❻❤➀➠➒➓➆➠➒✓☛✵❻♥➊✱→✜➒✝✁ ✭✮☛✵➆❹↔✦➣✔➀①❻✜➊✸✭✑❻☞➣✦➒✢→✿✞ ➛✽✼ ❽✷➣✵➝❝↔✪✁☎❽✞➆②➣ ☎❝➣ ✝

➙✄✠✔✰✡➐❹➝❝➒⑥❻✜➊➂➒▲➊■❻✜→✜➒▲➇ ❻✜➣✦➒✛❋✡➊✥→☞➒✛✁◆➝▲➊ ➆✦➇ ➥✦➊■➆②↔✮➑✩✁✳➄➉→❤➣✵➀ ☎❃✭✑❻✜➊ ❻✝➇➤→✪❽✞➣✦➒✱→❲❽❿➣✔❻✜➀➤❽✓➣➉➇ ❻☎➒✱→❤➈✵➆✦➜❝❽✷✁☎➇ ❼❙→❤➥①❻❙✁◆➝❩➆✦➊✫➎✦➋❊☛➤→☞➣✵➀
✭✑❻✜➊■❻➉➝✱❻✡➀❥→❲➀ ➜✞❽✓➈✵❽✷➒❝↔①➇▼✰✗✂✑➊■❽✓➣✿❻✑→✜➣✔➀❥➝✱→✪❻✡❼✪❻✎✁ ✭✑❻❤➊❩❻➉❼✜➆①➜▲➜✞❻✪❼❪➒⑥❻✜➀t❻✜❾✔❻✜➊✱↕ ➃❤➋✚☛t→❤➣①➀t➇➤❻✪→✎✁ ↔✵➊✱❻✪➀▼✭✑❽✷➒✓☛ →➉➥✮→✪➇➤➇➤→
❼❤➆②↔①➣✦➒➓❻✜➊✳☎✬✜✢→❲❼❀❏✮→✪➊❩➀❥➐♥↔✦➒⑥➆✚★✸❍♥→❤➇➤➇➤→ ☎✺❋ ➍①➍✦➍▼✁✤❻✪➊❩❽❝❻❙✁❘✠⑨➒❩➆ ❻✎❾✮→✡➜✓↔✕→☞➒➓❻✄✓✘✕✗✕✓❺❹❻✩❻✪➜❝❽✷➇ ❽✓➣①→✜➒➓❽✞➆②➣✣✰✯✼✩➆☞✁☞❻✍✁✝➀①❻✪➜▲❽✷❾✵❻✜➊■❻✜➀ ➒➓➆
➒▲↔✵➇➤➆②↔①➊✥✁ ✭✑❻❤➊❩❻♥❻✎✁◗➒▲❽✞➇➤→✎➒⑥❻✪➀✼→❤❼✪❼✪➆✦➊❩➀①❽✓➣①➥❹➒❩➆➠➛ ✂❚✰ ☎✿➁

➐ ✌✼➛✛✚ ✁✢✜✤✣ ✌ ➍ ✰ ☎✮➎❊❈✟✌ ✲
✼ ✝ ☎ ☎✄✠

➀✮✌ ✟✹✌ ➜✓➣✕➋



✭✮☛✔❻✜➊ ❻❷➐ ✝ ✏✝✒✻✒➓❺♠❻ →❤❼☞➒❩❽❿❾⑤❽❿➒✞↕➡➀✦❻✡➜❝❽✷❾✔❻✪➊❩❻✪➀ ➒❴➆ ❻✪→✪❼✱☛ ➊❩→✎➒❁❋ ➛✁�✄✂✆☎✞✝✌✝ ➇ ❻✜→❤➣ ❻❤➣①❻✜➊❩➥②↕ ❋✦✲ ✝ ➑✚☛✦↕✺✁☞❽✓❼✪→✪➜✦☛✵→❲➜❴➝✛★❩➜❴❽❝➝❩❻
☎◗➃✖❈✩✰ ✾❊☛✚✠❈→✪➣✔➀ ➀ →☞➣✔➀ ✟ ✝➡➀✦❻✜➣✺✁☎❽❿➒▲↕t→✪➣✔➀ ❾✔➆✕➜✺↔✕➇➤❻➤➆✦➝✳➒✻☛✵❻➤❽❴➊✱➊❩→❲➀①❽❴→✜➒➓❻✡➀t➆⑤➊✱➥①→☞➣✩✰✪✲✴☛✵❻ ❽❴➊✱➊❩→✪➀✵❽✓→✜➒▲❻✪➀❷➆✦➊✱➥①→✜➣❵✭❹→✎✁
❼❤➆②➣✪✁☎❽✞➀✦❻❤➊ ❻❤➀ ➒✱➆✭➈✔❻ →❄✁ ➑✚☛✵❻❤➊❩❻❭✭✑❽✓➒✷☛ →t➊❩→✪➀①❽✓↔✺✁➉❻ ✂②↔✵❽✓❾①→✡➜⑩❻✜➣✦➒❈➒➓➆ ✏✓✒✸✒ ❺♠❻t➊✥→❤➣✕➥✔❻t➆✦➝✝➈✵❻✎➒✱→➤➑✵→✜➊✱➒➓❽❝❼✪➜✞❻❙✁ ❽✓➣ ➒❩❽ ✁✱✁ ↔①❻
☎ ✏✛✒✛✒ ❺❹❻❈❺✠✟ ✡ ☛ ☛✌☞✎✍ ✝ ➃❲➍❚✰❝➃✝☎✡➇➉➇✆✠ ✧ ➎✚✫✿→✪➣✵➀✑✭✑❽✓➒✷☛➉→❹➀✮❻✎➣✪✁☎❽✓➒✞↕✩➆⑤➝◆➃✄✰

MRI and 1H-magnetic resonance spectroscopy  

➞ ❺✝➢✿✭❹→✎✁✼➑✔❻✪➊✱➝❩➆✦➊✥➇ ❻✪➀✕✭✑❽❿➒❳☛✭→ ✝❄➊✱↔✚❏①❻✪➊✝➐ ❾✔→✪➣①❼❲❻ ✼❹❺✑✏ ●✦➍①➍◆☎✻❍❹❻✪➊✱➇➤→✜➣✦↕☞✠✝→✪➑①➑①→✪➊✱→❤➒❝↔✂✁✑❻ ✂②↔➌❽✷➑①➑①❻✪➀ ✭✑❽❿➒✓☛✭→
❾⑤❻✜➊⑥➒⑥❽✞❼❙→❲➜✴✁✤↔✦➑✔❻❙➊✻✭✑❽▲➀✦❻✄★◆➈✔➆✦➊ ❻➉➇➤→✜➥✮➣✵❻✎➒✂➆✦➝✘➎❊✲▲✰⑤❺❄→☞➑➌❽✓➀ ✂②↔①→❲➜❝❽✷➒✱→✜➒➓❽✓❾✵❻✆✲⑨➋✩★✬✭♠❻✡❽❿➥☞☛✦➒▲❻✪➀✭❽✓➇➤→✪➥✮❻✄✁✟✭♠❻✜➊■❻ ➆✡➈✦➒✱→❲❽✓➣①❻✪➀
↔✺✁☎❽✓➣①➥❥➊❩→✜➑➌❽✓➀❥→✡❼ ✂②↔✵❽✷✁☞❽✷➒❩❽✞➆✡➣▼✭✑❽⑩➒❳☛t➊ ❻✪➜✞→❖✌✔→✜➒❩❽⑩➆②➣❷❻✜➣☞☛①→✜➣✔❼✪❻✜➇➤❻☞➣⑤➒P☎❝❺❄➐ ❺✝➛✳✠✳✁☎❻ ✂②↔✵❻☞➣✵❼✪❻❅☎✓✲ ❺ ✝✉➋✂❋✷➍✮➍①➍✦➇✆✁ ☛①➇ ❻✜→✪➣
❻❤❼❖☛✵➆ ➒❩❽✞➇➤❻◗☎✻✲✳❻✪➇✆✠☛✝ ●➂➃✄✰ ➎✦➇✆✁ ☛✂❺❹➐ ❺✝➛ ➝✥→❲❼✜➒➓➆⑤➊☛✝ ➙ ☛✽❂✍✌ ✟ ✝ ●✓✒ ●①❼✜➇ ☛❈➇➤→✜➒▲➊■❽ ✌ ➃☞➋✿➙✔✒ ➃❤➋✕➙✄☛✘➣✿❽✷➣✵❻
❼❤➆②➣①➒➓❽❴➥✡↔✵➆②↔✺✁❅✁☞➜✓❽❝❼❤❻✎✁✑➆✦➝✼➃❲➇ ➇ ❋✳❻✪❽❴➥✄☛✦➒✝→❤❼ ✂✦↔✵❽✷✁☎❽❿➒➓❽✞➆②➣✂✁❪✠ ✰✵➞ →❤➥①➣①❻✎➒⑥❽✞❼ ➊■❻✍✁❘➆②➣✵→✜➣✔❼✪❻❱✁ ➑①❻✡❼✎➒➓➊✱➆✂✁✤❼✪➆②➑✦↕ ☎➓➞q❺✵✗✚✠▲✭❹→✎✁
➑✔❻✜➊✥➝➓➆⑤➊✱➇ ❻✡➀ ↔✪✁☎❽✓➣①➥ →✕✜✿❺✘➛▲✗❬✗ ✁❘❻ ✂✡↔✵❻✎➣✵❼❤❻■✭✑❽✷➒✓☛✹✭❹→☞➒❩❻✜➊✆✁☎↔✮➑✦➑✵➊❩❻✎✁❪✁☞❽✓➆✦➣ →✪➣①➀ ❼✜→✪➊❩➀✵❽✓→✪❼ ➒✱➊■❽✓➥①➥①❻✜➊■❽✓➣✕➥ ☎❴❺❄→✜➑✵❽✞➀

✝♠❽✓➆①➇➤❻❤➀❲❍♥➇✩➈✄✂❇❋✚❍❹❻✜➊✥➇➤→❤➣✦↕✚✠✔✰ ✏ ✂ ✁◗➑➌❻✜❼✎➒➓➊✥→✿✭✑❻✜➊■❻♥→❤❼ ✂②↔✵❽✞➊❩❻✪➀❅✭✑❽⑩➒✓☛➉➒✓☛①❻♥➝❩➆①➜▲➜❴➆✚✭✑❽✷➣✵➥✼➑①→❤➊❩→✜➇ ❻✜➒▲❻✪➊✛✁✪➁✎✲⑨❺✝➏✣✲➂➛✁✝
➃✖❋ ☎✡➍✮➍✔➏ ➃①➃❤➇ ✁ ☛✪➅❹➛✕✏ ✝ ➃❤➋✵➙✄☛✪❾✵➆❊✭✑❻✡➜✚✁☎❽ �✡❻❈➋①➎✞✑➌➜✚☎✸●✖✒☞●✗✒❇●✦➇➤➇✆✠

Statistical analysis 

✲✴☛✔❻ ☎✑→❤➑✿➜✓→❤➣✜✙✮➞ ❻✡❽✓❻✪➊t➇➤❻✜➒✓☛①➆✮➀ ✭❹→✖✁✭↔✚✁☎❻❤➀ ➒➓➆ ➑✿➜✓➆✦➒➤→☞➣✔❽❴➇➤→✪➜✆✁✤↔①➊⑥❾⑤❽❿❾①→❲➜❁✰✵✗✦➒➓→✎➒⑥❽✬✁ ➒⑥❽✓❼✪→✪➜❇✁☞❽❿➥✮➣✵❽✓➝❩❽❝❼✜→✪➣✔❼✜❻✶✭❹→✎✁
❼✜→❲➜✞❼✎↔➌➜✓→✜➒➓❻✪➀ ↔✚✁❘❽✓➣①➥ ➒✬☛✔❻ ➜❴➆✦➥✺★⑥➊✱→❲➣✚❏ ➒✱❻✖✁ ➒✵☎❝➞ →☞➣①➒▲❻✡➜ ✙✪✞❈➆✯✌ ✲✳❻✍✁◗➒✝✠✔✰✢✗✦➒➓→✎➒ ✟✩❽❝❻✍✭ ✁✤➆✦➝❝➒✻✭❹→❤➊ ❻ ❾✵❻❤➊✔✁❘❽❝➆②➣ ☎✚✰ ➍✶☎✸✗✕➐✵✗

➢➓➣✩✁ ➒❩❽✷➒✱↔✦➒➓❻✍✠✳✭❹→✄✁ ↔✺✁☎❻❤➀ ➝❩➆✦➊✳➒✻☛①→☞➒✳➑✮↔①➊✱➑①➆✚✁❘❻✎❋✿→☞➣①➀❥➒✱❻❙✁◗➒✝✁ ✭✑❻✜➊❩❻➉❼❤➆②➣✪✁✤❽❴➀①❻❤➊❩❻✜➀t→✄✁ ✁❘❽❴➥✡➣➌❽❿➝❩❽✞❼✪→❤➣✦➒✽✭✑❽✷➒✓☛t➑❥❾①→✡➜✷↔➌❻❙✁♥➆✦➝
➜✞❻✄✁❪✁✉➒✓☛①→☞➣ ➍❚✰ ➍✞☎❚✰✡✲✴☛✵❻ ➀①❽❴➝✱➝❩❻✜➊■❻✜➣①➒➉➒▲➊ ❻✜→❤➒❝➇ ❻✜➣✦➒➤➥✦➊■➆②↔①➑✂✁ ✭✑❻✜➊ ❻ ❼❤➆✦➇➉➑✕→❤➊■❻✜➀ ❽✷➣ ➒➓❻✜➊❩➇✆✁✭➆①➝ ✁◗↔①➊✱❾✵❽❿❾✔→✡➜➠➒➓❽❴➇ ❻✎❋
❽✓➣✵❼✜➊■❻✜→✖✁☎❻♥❽✓➣✆✁ ↔①➊✱❾✵❽✓❾①→✡➜②➒⑥❽❿➇ ❻✿☎⑥➢✔✗✪✲ ➇ ❻✪➀①❽✞→☞➣❅❫❑✠✥❋✪➇➤→❖✌➌❽✓➇➤→✮➜✚✁◗↔✵➊❝❾➌❽⑩❾✵→❲➜②➒❩❽✞➇ ❻ →☞➣①➀✩➜❝➆②➣✵➥✚★❝➒➓❻✪➊✱➇ ✁ ↔✵➊❝❾✵❽✓❾✵➆①➊✛✁✍✰

RESULTS  



Complex and Nanocapsule characterisation 

✏✓✒✔✒ ❺♠❻✄★✸✗✣✗✩✗➤❼❤➆①➇✼➑➌➜✓❻✍✌✵❻✎✁✳✭❹❻✜➊■❻♥➆✡➈②➒✱→❙❽❿➣✔❻✪➀✑✭✑❽✓➒✷☛✆✁☎→☞➒❩❽✷✁☎➝❝→✡❼☞➒❩➆✦➊✱↕✼❺❃✞✦✜✽✰✍✜ ☛✦↕✚✁☞❽✞❼❤➆✚★✥❼✱☛✵❻✜➇ ❽✞❼✜→❲➜⑤➑①➊■➆②➑✔❻❙➊❝➒⑥❽✞❻✎✁◆➆✦➝✿➒✓☛✵❻
�✳➅❇✞ →✜➊■❻ ➥✔❽❿❾✔❻☞➣❥❽✓➣❇✲ →❤➈✵➜✞❻✼➃✄✰✜➢❩➣➉➒✓☛✵❻ ➑①➊■➆②➑✔➆⑤➊❝➒⑥❽✞➆②➣✂✁✳➀✵❻✍✁❘❼✜➊ ❽✓➈✵❻❤➀✚❋②➈✵➜✞→☞➣✚❏✟�✳➅ ✞■✭✑❻✪➊✱❻❄➆✦➈✦➒✱→❲❽✓➣①❻❤➀ ✭✑❽✷➒✓☛➤→♥➇➤❻❤→✜➣
✁❘❽ �❲❻✭➆✦➝ ☎ ☎✚✰ ➎✁�➂➏✝★❥➃❊✰ ➎✦➣①➇ ✭✑❽✓➒✬☛ →✉➥✵➆✦➆✦➀ ➑✔➆✕➜✷↕⑤➀①❽❩✁ ➑✵❻✪➊✛✁☞❽ ➒▲↕ ❽❴➣✵➀✮❻✍✌✶☎✬✜➂➢✄✂ ➍❚✰❝➃❙✠❪✰ ✏✻✒✛✒ ❺✑❻✖★✘✗✩✗✪✗ �✳➅❇✞ ✭✩❻✜➊❩❻
➇ ❻✜→✖✁◗↔①➊■❻✜➀➉→✜➒ ☎✄☎✚✰ ☎✄�✿➏✛★◆➃①➃✄✰ ☎❲➣①➇ ➈✮↔✦➒✢→☞➣t❽✓➣✔❼✜➊ ❻❤→✎✁❘❻❹❽❿➣✩➑①➆①➜✷↕✵➀①❽✓✁ ➑✔❻✪➊✛✁☞❽⑩➒▲↕ ❽❴➣✔➀✦❻✍✌ ☎❩✜✢➢ ✝ ➍❚✰ ➋①➍❊✠✴✭✑→✖✁❈➆②➈✂✁✤❻✪➊❝❾➌❻✜➀❚✰
➞➡❻✪→❙✁◗↔①➊■❻✜➇➤❻☞➣⑤➒ ➆✦➝❬�✳➅❇✞ ➇ ❻❙→❤➣➉➑✵→✜➊✱➒➓❽❝❼✪➜✞❻✮✁❘❽✁�❲❻♥➈✵❻✜➝❩➆✦➊■❻➠→☞➣✔➀ →✪➝✞➒❩❻✜➊✳✞◆➛✽✼ ❽✷➣✵➝❝↔✂✁☞❽✞➆②➣ ✁✔☛✵➆❊✭❹❻❤➀ ➒✓☛①→✜➒✵➒✓☛①❻✜➊■❻✮✭❹→✎✁
➣✔➆ ✁☎❽ �✡❻ ➇➤➆✮➀①❽❴➝❩❽✞❼✪→✎➒⑥❽❴➆✦➣ ☎✱➀✦→✜➒▲→ ➣①➆✦➒ ✁✔☛✵➆❊✭❹➣✚✠ ✰ ✏✓✒✔✒ ❺➠❻ ❼✪➆✦➇➉➑✵➜✞❻❖✌❂➝❩➆✦➊❩➇➉→✜➒⑥❽✞➆②➣ ↕✔❽❝❻✪➜✞➀❴✭❹→✎✁ →✜➊■➆②↔①➣✔➀ ➎⑤➙✖❫■✰

➛✂➣✔❼✜→✜➑✺✁◗↔✵➜✞→✎➒⑥❽✓➆✦➣ ➆①➝✼➒✓☛➌❻ ✏✝✒✔✒ ❺♠❻ ❼✜➆①➇➉➑✵➜✞❻❖✌ ❽✷➣①➒▲➆ �✳➅✵✞ ✭❹→✖✁ ❾⑤❻❙➊❝↕ ❻②➝✱➝■❽✞❼✡❽❴❻❤➣✦➒✆☎✛✾❊❈❚✰ ➎❊❫❑✠❪✰◆❺❄→❲➀✕❽⑩➆①➜❿→❲➈①❻✪➜▲➜❝❽✷➣✵➥
➆✮❼✜❼✜↔①➊❩➊❩❻✡➀ ➀✦↔①➊ ❽✓➣✵➥ �✂➅❇✞ ➝❩➆✦➊❩➇➤↔✵➜❿→❤➒❩❽✓➆✡➣ ✭✑❽✓➒✬☛➡❽❴➇➉➑✔➆⑤➊❝➒➓→✜➣✦➒❄↕✔❽❝❻✪➜✞➀✚✁▼☎✬✾✕➙✚✰ ☎✎❫ ✠✼→❤➝❝➒❩❻✜➊✩❻✪➜▲❽❴➇ ❽✓➣✕→☞➒❩❽✓➆✦➣q➆①➝ ✏✻✒✛✒ ❺✑❻
➑✔❻✜➊✥➊✻☛➌❻☞➣①→✜➒➓❻❭✭✿☛✿❽✓❼❙☛ ✭❹→✎✁➤➣①➆✦➒❹❽✺➣✵❼✜➆✦➊❩➑①➆①➊✱→✜➒➓❻✪➀ ❽✓➣✦➒➓➆ ➒✷☛✵❻❷❼✜➆✦➇✩➑✿➜✓❻✍✌q➈✦↕➡➀①❽❴→❲➜❿↕✺✁☞❽✷✁✍✰ ✏✝✒✛✒ ❺✑❻✎★✔✗✩✗✩✗◗�✳➅❇✞ ✭✑❻✜➊■❻
➆✡➈✦➒✱→❲❽❿➣✔❻✪➀✑✭✑❽✷➒✻☛✩→ ➝❩❽✓➣✵→✪➜①➜✞→✜➈➌❻✪➜▲➜❴❽✓➣①➥❹↕✵❽✞❻✡➜✓➀➉➆①➝✿➎✚●❚✰ ✾❊❫◆✰

Mean 
particle size 

(nm) 

Polydispersity 
index 
(PI) 

Complex 
formation 

yield 
(%) 

Encapsulation 
rate 
(%) 

Dialysis 
recovery 

(%) 

Labeling 
yield 
(%) 

Blank 
LNC 55.7 ± 1.7 0.084 ± 0.003 - - - - 

188Re-SSS 
LNC 55.5 ± 11.5 0.208 ± 0.051 77.6 96.7 98.5 73.9 

Table 1: Physico-chemical characteristics of blank and 188Re SSS LNC.  

Internal radiotherapy study 

✼✩❻✎✁❘❼✜➊❩❽✓➑✦➒❩❽✓❾①❻➤→✜➣✵➀❵✁■➒➓→✎➒⑥❽✷✁◗➒✱❽✞❼✪→❲➜⑨➀✦→✜➒▲→➤➝✥➊■➆✦➇ ➒✝☛①❻➤➊✥→❲➀✕❽⑩➆✔➒✷☛✵❻❤➊✱→✪➑✦↕❵✁◗➒▲↔✵➀②↕❷→✜➊■❻❱✁✤↔①➇ ➇➤→✪➊❩❽✓✁✤❻✪➀✭❽✷➣❵✲ →❤➈✵➜✞❻➉➋✩✰⑤❺❄→✜➒✝✁
✭✑❻✜➊■❻❂❼✪➆✡➣✚✁☞❽✓➀①❻✜➊■❻❤➀ →✖✁ ➜⑩➆✦➣①➥✚★❝➒❩❻✜➊❩➇ ✁ ↔✵➊❝❾✵❽✓❾✵➆①➊✛✁ ❽✞➝ ➒✻☛✵❻☞↕ ✁☎↔①➊✱❾✵❽✓❾✵❻❤➀ ↔✦➑ ➒▲➆ ➃❤➍①➍ ➀①→✎↕✺✁ →✜➝❝➒⑥❻✜➊ ➒▲↔✵➇ ➆②↔①➊
❽✓➇➤➑✵➜❴→❤➣✦➒▲→✜➒❩❽✓➆✦➣ ☎✥➝✱➆①↔①➊ ➒⑥❽❿➇ ❻✎✁ ➒✓☛①❻ ➇➤❻✪➀①❽✓→❤➣ ✁ ↔①➊✱❾✵❽✓❾①→✡➜✑➆✦➝❥➣✔➆✦➣✂★❴➒✱➊■❻✜→✎➒➓❻✪➀ ➊❩→✎➒❁✁ ✠❪✰✝➐✮✁◆✁ ☛✵➆❊✭❄➣ ❽✷➣ ❂✫❽✞➥❚✰✞➃✖❋♥→✡➜✞➜
→❤➣✵❽❴➇➤→❲➜❩✁✑➆✦➝✳➒✻☛①❻ ❼✪➆②➣✦➒➓➊❩➆①➜⑨➥✦➊■➆②↔①➑✉➀①❽✓❻✪➀❷➀②↔✔❻ ➒➓➆ ➒▲↔①➇➤➆②↔①➊✝➑①➊❩➆①➥✦➊❩❻✎✁ ✁☎❽✞➆②➣❷➈✦↕✉➀✦→✜↕❷➋✵➎ →☞➣✵➀❷➇➤❻✜➀①❽✞→☞➣◆✁◗↔①➊✱❾✵❽✓❾①→❲➜



✭❹→✖✁✝➆②➣➌➜⑩↕ ➋ ☎➉➀✦→☞↕✂✁✱✰②❺❄→☞➒✛✁❈➆✦➝✢➥①➊❩➆①↔✦➑ ❈✚❋❊✭✮☛✵❽✞❼✍☛❥➊➓❻✡❼✜❻✡❽✷❾✵❻❤➀➉→✵✞✘➛✽✼ ❽✓➣①➝❝↔✪✁☎❽✞➆②➣ ➆①➝➂➈✵➜✞→✜➣✚❏✵�◆➅❇✞▲❋✦➀①❽✞❻❤➀❲✭✑❽✓➒✬☛✵❽✓➣
●☞● ➀✦→☞↕✂✁ ➑✔➆✚✁◗➒✝★✥❽✞➇➉➑✵➜❴→☞➣✦➒➓→✎➒⑥❽❴➆✡➣✂❋ →❲➣①➀ ➒✓☛①❻ ➇ ❻❤➀①❽❴→❤➣ ✁✤↔①➊⑥❾⑤❽⑩❾✔→✪➜▲✭❹→✎✁➤➋✚❈ ➀✦→✜↕✺✁✍✰P✲✴☛①❻✪➊❩❻❑✭❹→✖✁➉➣✵➆ ✁☎❽❴➥✡➣✵❽✞➝❩❽❴❼✪→❤➣✦➒
➀①❽✞➝✱➝❩❻✜➊ ❻❤➣①❼✡❻✼➈①❻☞➒✻✭❹❻❲❻✎➣t➒✻☛✔❻✍✁❘❻✩➒✓✭✑➆t➥①➊❩➆✦↔✦➑✺✁✮☎⑥➑✁�q➍✩✰ ➍✞☎✄✠ ✰✪✲✴☛①❻✩❻✖✌✮➑✵❻✜➊❩❽✞➇ ❻✎➣①➒✓✁❹❻✎✁ ➒✱→☞➈➌➜❴❽✓✁✔☛✵❻✜➀❥➒✓☛①→✎➒✂➊✱→✜➒ ➇ ❻✜➀✵❽✓→✜➣
✁ ↔①➊✱❾✵❽❿❾✔→✡➜✩✭❹→✎✁❄❽❴➇➉➑①➊■➆②❾✵❻❤➀❱✁❘❽❴➥✡➣➌❽❿➝❩❽▲❼✜→❤➣✦➒✱➜✓↕t➝➓➆⑤➊✳➥✮➊ ➆✦↔✮➑❱●✂❋❊✭✮☛✵❽✞❼❖☛▼✭❹→❀✁✘➒➓➊❩❻✜→✜➒➓❻❤➀❱✭✑❽❿➒✷☛t➙☞❍ ↕ ✏✛✒✛✒ ❺❹❻✄★✸✗✩✗✣✗❱�✳➅✟✞

❼❤➆✦➇➉➑✵→✜➊■❻✜➀✆✭✑❽❿➒✷☛➤➥①➊❩➆✡↔①➑✆❈❱☎❝➈➌➜✓→✜➣✚❏✑�✳➅✟✞✢✠⑨→✪➣✔➀✩➒✓☛✵❻❄❼✪➆②➣✦➒➓➊❩➆✕➜✕➥✮➊❩➆②↔①➑❄☎❴➣✵➆✼➒✱➊■❻✜→☞➒✱➇➤❻☞➣⑤➒✓✠✳☎❝➑✺✝❷➍❚✰✺➍✮➍➂➃❤➍➉→☞➣✵➀➉➑ ✝
➍❚✰ ➍✦➍✮➍✚●✚❋⑨➊ ❻✎✁✤➑①❻❤❼✜➒✱❽✓❾✔❻②➜✷↕✺✠✔✰⑨➐❄➣✿❽✓➇➤→✡➜✷✁✼➒✱➊■❻✜→✎➒➓❻❤➀■✭✑❽✓➒✬☛ ➙✺❍ ↕ ✏✓✒✔✒ ❺♠❻✄★✸✗❬✗✪✗■�✳➅✟✞ ✁ ☛①➆✚✭✑❻❤➀✭❻❖✌➌❼❤❻✪➜❝➜✞❻☞➣✦➒✿✁ ↔①➊⑥❾⑤❽❿❾①→❙➜❩❋
✭✑❽✷➒✻☛➉➒✓✭✑➆➉➆✦➝✣✁☞❽ ✌➤➊❩→☞➒✛✁✢✁ ↔✵➊❝❾➌❽⑩❾➌❽✺➣✕➥✑➈✵❻✎↕✵➆✡➣①➀✑➀⑤→☞↕❷➃❲➍①➍✚❋②→♥➇ ❻✪➀①❽❴→☞➣ ✁◗↔①➊❝❾➌❽✷❾✵→❲➜①➆⑤➝➌➄ ☎✑➀⑤→☞↕✺✁❈→☞➣①➀➉→✜➣ ❽✷➣✵❼❤➊ ❻✜→✖✁☎❻❹❽✓➣
➒✓☛✵❻t➇➤❻✪➀①❽❴→☞➣✶✁ ↔✵➊❝❾➌❽✷❾✵→✪➜◆➒❩❽✓➇➤❻❵☎➓➢✥✗✩✲ ✁✄✂✆☎✆✝ ✟✡✠ ✠✑➆✵➝✼➙✮➍✯❫ ❼❤➆✦➇➉➑✵→✜➊■❻❤➀ ➒▲➆ ➒✓☛①❻❷❼✪➆②➣✦➒➓➊✱➆✵➜ ➥✮➊ ➆✡↔✦➑✣✰⑨➐✝➒✝➒✻☛①❻▼☛✵❽❴➥✄☛✔❻✯✁ ➒
➀✮➆❊✁☞❻♥➆✦➝ ✏✛✒✸✒ ❺♠❻♥→✡❼✎➒➓❽✷❾➌❽✷➒❝↕ ☎◗➃✪➋✂❍ ↕ ☛✮➥①➊ ➆✦↔✮➑ ➃✎✠✛❋✞☎✮➍❊❫ ➆✦➝✕➒✻☛✵❻❈➒✱➊❩❻✪→✎➒⑥❻✜➀➉➊❩→✎➒❁✁❈➀①❽✞❻✜➀➉→✪➝✞➒❩❻✜➊✿➒➓➊ ❻✜→☞➒✱➇ ❻☞➣⑤➒➌→❤➣✵➀ ➇ ❻✜➀①❽✞→✜➣
✁ ↔①➊✱❾✵❽❿❾✔→✡➜❬✭❹→✖✁♥➆✦➣✵➜✓↕t➋✔➎❚✰ ☎ ➀✦→✜↕✺✁✱✰⑤➢➓➣✕✁✤➑✵❽❿➒▲❻✩➆✦➝ ➒✓☛✵❻✼➑①➊❩❻✎✁✤❻✜➣✔❼✪❻➉➆✦➝✂➆✡➣✵❻ ➜⑩➆✦➣①➥❥➒✱❻❤➊✱➇ ✁✤↔①➊❝❾➌❽✷❾➌➆✦➊❈❽✓➣t➒✷☛✵❽✷✁♥➥①➊✱➆✦↔✦➑✂❋

❼❤➆✦➇➉➑✵→✜➊■❽✷✁☎➆②➣✂✁✳✭✑❽⑩➒✓☛➤➥✦➊■➆②↔✮➑❅❈✩➆⑤➊✢➎❅✭♠❻✜➊ ❻✝➣①➆✦➒✪✁☎❽✞➥②➣✵❽✓➝❩❽▲❼✜→✜➣①➒✪☎✱➑ ✝t➍✩✰ ●✦➋✚✠ ✰❲➐ ➒✵➒✻☛✵❻❄❻ ✂②↔✵❽✓❾①→✡➜✓❻❤➣✦➒➌➀✦➆✚✁☎❻❄➆✦➝◆➃❲➍✚❍ ↕✺❋
➒▲➊■❻✜→✜➒▲➇ ❻✜➣✦➒✢✭✑❽✓➒✷☛◗✏✝✒✻✒➓❺♠❻✎★✔✗✩✗✩✗✕�✳➅❇✞❂➊■❻✍✁✤↔✵➜⑩➒➓❻✪➀✉❽❿➣✉➇❥❻❤➀✵❽❿→❤➣❵✁◗↔①➊✱❾✵❽❿❾✔→✡➜✂➆✦➝❈➋✕➙✂✰ ☎ ➀⑤→☞↕✺✁✑✭✑❽❿➒✓☛ ➆✡➣①❻t➜✞➆②➣①➥✂★❴➒⑥❻✜➊✥➇
✁ ↔①➊✱❾✵❽❿❾⑤➆⑤➊✝→❤➣①➀✭→❤➣ ➢✥✗✂✲ ✁ ✂ ☎ ✝ ✟ ✠ ➒✝☛①→✜➒❈➊■❻✪➜✞→✜➑✂✁❘❻✜➀ ➒➓➆➡➃❤➄☞❫■✰✵➅✩➆◆✁☎❽✓➥✦➣✵❽✓➝❩❽❝❼❤→✪➣✦➒✘➀①❽❴➝❩➝✱❻✜➊■❻✜➣➌❼✜❻❱✭❹→❀✁✼➆✡➈✚✁☎❻❤➊⑥❾⑤❻✜➀✕✭✑❽❿➒✓☛
➒✓☛✵❻❥➥①➊✱➆✦↔✮➑ ➒▲➊■❻✜→✜➒▲❻✪➀◆✭✑❽✷➒✬☛✉➈✵➜❴→☞➣✂❏❑�◆➅✟✞ ☎❝➑✁✝ ➍✩✰ ➋✂●⑤➙❀❈ ✠✛❋✴✭✵☛①❻✜➊■❻✜→✄✁✑→▼✁☞➜❝❽✓➥☞☛②➒✿✁❘❽❿➥✮➣✵❽✓➝❩❽❝❼✜→❤➣⑤➒ ➀①❽❴➝✱➝❩❻❤➊ ❻✜➣✵❼❤❻▼✭❹→✎✁
➣✔➆②➒✱❻❤➀❥➝❩➆✦➊⑨➒✻☛✵❽✓✁ ➥✮➊❩➆②↔①➑t❼❲➆②➇➉➑①→✪➊❩❻❲➀ ➒▲➆ ➒✓☛✵❻✼❼✪➆✡➣✦➒✱➊❩➆①➜✿➥✦➊■➆②↔①➑ ☎❝➑ ✝ ➍❚✰ ➍②➋✂✾②➄✚✠❪✰✡❺♥→❤➒✻✁❄❽✓➣t➥✦➊■➆②↔✦➑ ➄❥➒✱➊■❻✜→☞➒✱❻❤➀❱✭✑❽❿➒✓☛
●✚❍ ↕ ✏✻✒✥✒❴❺✑❻✎★✔✗✩✗✩✗✕�✳➅❇✞❂➀①❽✞❻❤➀ ✭✑❽✓➒✷☛✵❽✓➣ ●❊●✭➀✦→✜↕✺✁✼➑✵➆✚✁✥➒❁★✥❽✓➇➤➑✵➜❴→❤➣✦➒▲→✜➒❩❽✓➆✦➣☞☛✿➒✝☛①❻✪❽✞➊✝➇❥❻❤➀✵❽❿→❤➣ ✁ ↔①➊⑥❾⑤❽❿❾①→❙➜ ✭❹→✖✁✼➋✿➙✚✰✺➍
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1 12 Gy  188Re-SSS LNC 27.5 10 > 100 1 0.3210 0.3205 

2 10 Gy  188Re-SSS LNC 28.5 14 > 100 1 0.0294 0.2386 

3 8 Gy  188Re-SSS LNC 45.0 80 > 100 2 0.0003 0.0010 

4 3 Gy  188Re-SSS LNC 28.0 12 33 0 0.0277 0.4858 

5 4 Gy  188Re perrhenate 23.5 0 26 0 0.1575 0.0942 

6 Blank LNC 26.0 4 33 0 0.1729 - 

7 Control = 
No treatment 25.0 - 27 0 - 0.1729 

Table 2: Descriptive and statistical data from the radiotherapy study.  
The increases in median survival time (ISTmedian%) are calculated in comparison to the control group. 
Survival data were analysed using the logrank test (Mantel–Cox test), which was considered as 
significant when the p values were less than 0.05. 
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Figure 1: Graph of Kaplan-Meier survival curve associated with treatment of rat bearing 9L glioma with 
single CED infusion of blank LNC, 188Re-SSS LNC or 188Re perrhenate. On day 6, rats were treated 
with 12 Gy 188Re-SSS LNC (n=4; -⊕ -), 10 Gy 188Re-SSS LNC (n=4;- � - ), 8 Gy 188Re-SSS LNC 



(n=6; - � -), 3 Gy 188Re-SSS LNC (n=5; - ✁ -), 4 Gy 188Re perrhenate (n=4; - ✂ -), blank LNC (n=7; - ✄ -), 
or no treatment (n=8; - ☎ -). Four rats (*) were long-term survivors (>100 days). 
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Figure 2 : 188Re elimination measured in urine and faeces by a gamma counter during 72h after CED 
infusion of 188Re perrhenate, and 188Re-SSS LNC in 9L glioma bearing rats 6 days post 9L cell 
implantation  (A). Repartition between urines and faeces for 188Re perrhenate solution (B) and 188Re-
SSS LNC (C).  
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Internal radiotherapy side effects 
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Figure 3: Evolution of weight measurements during 30 days after 9L inoculation in rats which received 
188Re-SSS LNC or 188Re perrhenate solution for internal radiotherapy.  
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Figure 4: T2-weighted axial magnetic resonance images of a non treated rat (A) at Day 16 after 9L 
inoculation compared with a long-term survivor rat which received 10 Gy 188Re-SSS LNC at Day 16 
(B). 

�✂→☞➒❩❻✮✁✤❽✞➀①❻♥❻✪➝✱➝❩❻✪❼✜➒✝✁✦✭✑❻✪➊✱❻♥→✡➜✓✁✤➆ ➝❩➆①➜▲➜✞➆❊✭✑❻✜➀➉➈✦↕✑➞ ❺✝➢✢→✪➣✵➀✼➈✡↕ � ✂✆★❝➞ ❺✑✗ ☎✬❂✫❽✞➥❚✰✞☎✄✠✔✰✡➢❩➇ →❲➥①❻✎✁ ➒➓→✎❏①❻☞➣➤➆✦➣➤➀✦→☞↕ ➙✚●

➊❩❻✜❾✵❻❤→✡➜✓❻✪➀ ➒✷☛✵→✎➒✳➒✓☛✔❻❥➊✥→☞➒◆➒➓➊❩❻✪→✎➒➓❻❤➀ ➈✦↕ ❽✓➣✦➒➓❻✜➊❩➣①→✡➜⑨➊✱→✡➀①❽✞➆②➒✓☛①❻✜➊❩→❤➑⑤↕✉➑①➊✱❻✄✁✤❻✜➣✦➒➓❻✜➀✭→ ➜✞❻✎✁☎❽✞➆✡➣ ➜✞➆✦❼✪→✪➜▲❽✷✁☎❻❤➀✭❽✓➣ ➒❳☛✵❻ ➊■❽❴➥☞☛✦➒
➈①➊✱→✡❽✞➣✂❋✿➇ →❲❽❴➣✔➜❿↕✉❽✞➣ ➒✝☛①❻❱✁◗➒▲➊■❽❴→☞➒▲↔①➇ ➈①↔✦➒✳✭ ☛➌❽✓❼✍☛✉→✪➜✓✁◗➆❷→✜➝❩➝❩❻✪❼✎➒⑥❻✜➀ ➒✓☛✵❻➉❾①❻❤➣✦➒✱➊❩❽❝❼❲➜❴❻ ☎✝❂➂❽❿➥✩✰ ☎✡→✎✠✔✰ ✲ ☛✔❽✬✁✑➜✓❻✄✁☎❽✞➆②➣❵✭❹→✎✁
✁ ➒❩❽✞➜❝➜✢➑①➊ ❻✎✁❘❻✎➣①➒✂➆✡➣ ➀✦→✜↕✺✁❥➃❤➍①➍ →☞➣✔➀➟➃❤➄①➍✕☎❩❂ ❽✓➥✩✰ ☎t➈✂★✱❼✍✠✔✰ � ✂❇★➓➞q❺✵✗✭➑①❻❤➊✥➝➓➆⑤➊✱➇ ❻✡➀ ➆✡➣ ➀✦→☞↕ ➃❲➍✦➍ ➊❩❻✜❾✵❻✪→❲➜✞❻✜➀ ➒✓☛①→☞➒
✁ ➑✵❻✪❼✎➒➓➊✱→✡➜✳➀✦→✜➒▲→❥➝❩➆✦➊❈➅❇★✱→✪❼✡❻✎➒▲↕✔➜❴→✖✁☎➑①→✜➊✱➒▲→✜➒➓❻▼☎➓➅✑➐❹➐✮✠✥❋⑨❼✜➊■❻✜→✜➒➓❽✞➣①❻▼☎✛✞ ➊✻✠✝→✪➣✔➀✭❼✱☛✵➆①➜❝❽✷➣✵❻▼☎✻✞✦☛✵➆❊✠▲✭✑❻✜➊■❻➤➀①❽❴➝❩➝✱❻✜➊■❻✜➣①➒✝❽✓➣
➒✓☛✵❻t➊ ❽✞➥✯☛✦➒ →✪➣①➀q➜❴❻❤➝❝➒✮✁ ➒✱➊❩❽✞→✎➒➓→✯✰✳➢✱➣ ➝▲→✡❼✎➒❁❋➂➒✻☛✵❻ ✁ ➒✱➊■❽✓→✜➒▲↔✕➇ →❤➝✥➝✤❻❤❼✎➒➓❻❤➀ ➈①↕ ➒✝☛✵❻ ➜✞❻✎✁❘❽✓➆✦➣◗✭❹→✖✁➤❼❖☛✵→✜➊❩→❲❼✎➒❩❻✜➊■❽✬✁✤❻✪➀❷➈⑤↕ →
➀✮❻✜❼✪➊❩❻✪→✎✁❘❻♥❽✷➣✑➅✑➐❹➐ →✜➣➌➀❅✞❈➊✿→✄✁ ✁☎➆✮❼✪❽❴→☞➒➓❻✜➀✑✭✑❽✓➒✻☛✼➒❳☛✵❻ ➑①➊■❻✍✁✤❻✜➣✔❼✪❻♥➆✦➝➌➜❴→❲❼✜➒❝→❤➒✱❻✿☎✝❂➂❽❴➥❚✰ ☎✮➀ ✠✔✰

� ✁



Figure 5: T2-weighted axial magnetic resonance images of one long-term survivor rat which received 
10 Gy 188Re-SSS LNC at Days 83, 100, and 140, respectively for A, B and C. D represents the 1H-MR 
spectra realised at Day 100. Signal intensities of  creatine (Cr), N-acetyl aspartate (NAA) and Lactate 
(Lac) were compared between affected striatum (i) and safe striatum (ii). iii represents the difference 
between the two spectra. 
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☛✵❽✞➥✯☛✭↕✔❽❝❻❲➜❴➀✭→☞➣✔➀✕✁☎→✎➒⑥❽✷✁☎➝❝→✡❼✎➒➓➆✦➊✱↕ ❺❃✞✦✜ ✧ ✾✚✫✔✰✣✲✴☛✵❽✷✁✑✁◗➒❿↔✵➀②↕ ❽✞➣✦❾①❻✄✁ ➒✱❽✓➥①→☞➒❩❻❤➀ ➒✓☛✵❻ ➒✓☛✵❻✜➊❩→☞➑✿❻☞↔②➒⑥❽❝❼➉➑①➆②➒⑥❻✎➣✦➒➓❽✞→✪➜✳➆①➝◆➒✻☛✵❽✷✁
❼✜→❤➊❩➊ ❽✞❻✪➊♥➝➓➆⑤➊❈➒✓☛✵❻ ➒➓➊❩❻✜→✜➒▲➇ ❻✜➣②➒✘➆✦➝❈➇➤→✡➜✞❽✞➥✦➣✵→☞➣✦➒❈➈①➊❩→✪❽✞➣ ➒▲↔①➇➤➆✦↔①➊✥✁❖✰✂✼❹↔➌❻ ➒▲➆ ➒✓☛①❻➉➑①➊■❻✎✁☎❻☞➣①❼❲❻❥➆✦➝◆➒✝☛①❻ ➈✵➜✞➆✮➆①➀✚★❝➈①➊✥→❲❽❴➣
➈①→❤➊✥➊❩❽▲❻✜➊ ☎ ✝ ✝ ✝✿✠✔❋❱✭✮☛✵❽✞❼✱☛ ➊❩❻✎✁ ➒✱➊❩❽▲❼✎➒✝✁ ➒❳☛✵❻ ➀✵❻✪➜✞❽✷❾➌❻✜➊✱↕ ➆✦➝ ✁◗↕✚✁ ➒❩❻✜➇ ❽❝❼✪→✪➜▲➜✷↕ →❤➀⑤➇ ❽❿➣✵❽✷✁◗➒▲❻✪➊❩❻✪➀ →✪➥✮❻☞➣⑤➒✝✁✱❋ ✑ ✌✁� ✑✄✂✆☎

→❲➀✦➇ ❽❿➣✵❽✷✁ ➒✱➊❩→✎➒⑥❽❴➆✦➣ ✭❹→✖✁❹❼✜→✪➊✱➊■❽❝❻✪➀t➆✡↔✦➒✂↔✂✁◗❽✓➣①➥❷→➤➀✵❽❿➊■❻❤❼❲➒✘❽✺➣✦➒❝➊❩→❲❼❙➊✱→❲➣✵❽❴→❲➜⑨➀①➊❝↔①➥❷➀①❻✪➜▲❽⑩❾⑤❻✜➊✱↕t➒✱❻✡❼✱☛✦➣➌❽ ✂✦↔①❻✖❋✴✞ ➛✽✼ ✧ ➃❪➄✩✫✸✰

✲✴☛✔❽✬✁❥➒✱❻❲❼❖☛✮➣✿❽ ✂✦↔✔❻✎❋♥❽✓➣✦➒➓➊❩➆✦➀②↔✵❼❲❻✜➀ ❽✓➣ ➃❖✾❊✾✦➄ →✄✁t→ ➇ ❻❲➒❳☛✵➆✦➀➟➒▲➆ ❼②❽✓➊■❼✎↔①➇➉❾⑤❻✎➣①➒❹➒✷☛➌❻ ✝ ✝ ✝ →☞➣✵➀ ❻✎➣☞☛✕→☞➣✔❼✪❻ ➒✷☛✵❻
➀①❽✷✁ ➒➓➊❩❽❴➈✮↔✦➒❩❽✞➆②➣➤➆✦➝✢➒✓☛✵❻✜➊✥→❤➑①❻❤↔✦➒❩❽✓❼❹→✪➥✮❻✎➣①➒✝✁◆➈✦↕ ➜✞➆①❼✜→✡➜✵→❤➀⑤➇➤❽✺➣✿❽✷✁◗➒✞➊❩→✎➒⑥❽❝➆✦➣✂❋✦➊■❻✎➑✵➊✱❻✄✁✤❻✜➣✦➒✝✁❈→♥➑①➊❩➆✦➇ ❽✬✁✤❽✓➣①➥➉➒➓❻✜❼✱☛①➣✵❽✄✂②↔①❻❹➝❩➆✦➊
➈①➊✱→✡❽✞➣➠➒▲↔①➇➤➆✦↔①➊✵➒✻☛①❻✪➊✱→✪➑✦↕ ✧ ➃ ☎☞✫✔✰

✲✴☛✔❻❥❽✓➣①❼❤➆⑤➊✱➑✵➆✦➊❩→☞➒❩❽✓➆✦➣✉➆⑤➝ �✠✂✞✂ ❺♠❻ ❼✜➆✦➇➉➑➌➜✓❻✍✌✔❻✍✁✑❽❴➣ �✳➅✵✞ ➀①❽✞➀t➣①➆②➒✘❼✍☛①→❤➣①➥✮❻ ➒✓☛✵❻✆✁☞❽ �✮❻➤➆✦➝ ➒✝☛✵❻ ➑①→❲➊❝➒❩❽✞❼✡➜✓❻✄✁❖✰ ✌♥➣✵➜✓↕
➒✓☛✵❻✼➑✔➆✦➜❿↕✔➀✵❽✷✁◗➑①❻❤➊✔✁❘❽❿➒❝↕ ❽✷➣✵➀✦❻✱✌ ✭❹→✄✁ ✁❘➜❴❽✓➥☞☛✦➒❩➜✷↕❷❻✜➣☞☛①→✜➣✔❼✪❻❤➀❑☎❩✜✿➢ ✝➡➍❚✰ ➋✔➍⑤➙☞✠✦✭✮☛✔❽❝❼✱☛t➊ ❻☞➑①➊■❻✍✁☞❻☞➣✦➒✝✁ →✵☛✿❽✓➥❊☛✔❻✜➊✂➀①❻✜➥①➊❩❻✪❻
➆✦➝✩☛✵❻✜➒➓❻✜➊❩➆①➥✮❻✜➣①❻✪❽✓➒✞↕➉➈①↔✦➒➌➊ ❻❤➇ →❙❽✷➣✵❻✜➀❇✁◗➒✱❽▲➜✞➜✿❽✷➣✵➝✱❻✪➊❩❽❝➆✦➊✿➒❩➆✩➍❚✰ ●❚✰☞✲✴☛✔❽✬✁✂❼✜→✜➣✩➈✵❻♥❻✍✌✮➑✵➜❴→❲❽❿➣✔❻✪➀✼➈✦↕✑➒✻☛✔❻ ➑①➊■❻✎✁☎❻☞➣✵❼✜❻❄➆✦➝✿➒✬☛➌❻
➜✞❽❴➑✔➆✦➑❊☛✵❽▲➜✓❽❝❼✮✗✩✗✣✗✂★✱❼✪➆✦➇➉➑✵➜✞❻✍✌✔❻✍✁✱❋✄✭✮☛✵❽❴❼✱☛✆✭❹❻✪➊❩❻♥➊■❻ ✂✦↔✵❽✞➊❩❻✪➀➉➝✱➆①➊ �✠✂✞✂ ❺♠❻❹❽✷➣✩✁✤❻✪➊❝➒❩❽⑩➆✦➣❥❽✺➣✩✁✤❽✞➀①❻ ➒✓☛✵❻✡�✳➅❇✞ ❼❲➆✦➊❩❻✺✰ �✟✂✟✂ ❺♠❻✎★
✗✩✗✪✗❭�✳➅✟✞ ❼✜➆✦↔✵➜✞➀ ➈✵❻✩➆②➈✦➒✱→❲❽✓➣①❻✪➀▼✭✑❽ ➒✓☛❷→✼❾✔❻❙➊❝↕❄☛✿❽✓➥☞☛❷➜❴→☞➈✵❻✪➜▲➜❴❽✓➣①➥❥↕⑤❽❴❻✡➜✓➀✩✰✺✲✴☛①❽✬✁✝➊ ❻✖✁◗↔✵➜ ➒✳✭❹→✖✁♥❻✍✌✮➑①❻✪❼☞➒✱❻❤➀t→✎✁ ➒✷☛➌❻
❽✓➣✵❼❤➆✦➊✥➑✔➆✦➊✥→☞➒❩❽✞➆②➣ ➆✦➝✑➜▲❽✓➑✿➆✡➑❊☛➌❽❴➜✞❽▲❼ ➇➤➆①➜✞❻✪❼☞↔✿➜✓❻✖✁❥➀②↔①➊■❽✓➣✕➥ ➒✓☛①❻❭�✳➅ ✞ ➝❩➆✦➊✥➇➤↔✵➜✓→✜➒➓❽✞➆②➣ ➑✵➊❩➆✦❼✪❻✎✁ ✁❥➥✮❻✎➣✵❻✜➊❩→❲➜❝➜✷↕ ➜▲❻✪➀➡➒➓➆
☛✵❽✞➥✯☛✉❻☞➣✵❼✜→☞➑✂✁ ↔✵➜❴→✜➒➓❽✞➆②➣✉❻✜➝❩➝❩❽❴❼✡❽✞❻✜➣✵❼✎↕ ✭✿☛✕→☞➒➓❻✎❾✵❻✪➊◆➒✓☛✔❻ ➊✱→❙➀①❽❴➆✡➣✦↔✵❼✪➜▲❽✓➀①❻➉↔✚✁❘❻✜➀ ✧ ➃✖❈✚❋ ➃❲➎✚✫✔✰✩✲✴☛✔❻✎✁✤❻ ➊❩→✎➒⑥❻✍✁❹→✪➊❩❻➉→✪➈✔➆②❾✵❻
➒✓☛✵➆❊✁❘❻♥➆✦➈✦➒➓→✪❽✓➣①❻❲➀➉❽✓➣❥➜▲❽✓➑✵➆❊✁✤➆⑤➇ ❻♥➝✱➆①➊✱➇ ↔➌➜✓→✜➒➓❽❝➆✡➣✂✁❈❽✷➣✆✭✮☛✿❽⑩❼✍☛✼➒✓☛✵❻♥➊✱→✡➀①❽✞➆②➣✮↔✵❼✪➜❝❽✓➀①❻✖✁◆→✪➊❩❻♥➥①❻❤➣①❻✪➊✱→✡➜✞➜❿↕✩➑✵➆✚✁◗➒✛★✱❽✓➣✂✁☎❻❤➊⑥➒▲❻❲➀
✧ ➃✡➙✺❋ ➃❙✾✂✫✸✰①➢❩➣ →❲➀①➀①❽❿➒➓❽✞➆②➣✪❋✕→❤➥✵❻✎➣✦➒❁✁♥➀①❽✞➊❩❻✪❼✎➒❩➜✷↕ ❽❴➣①➝✱↔✂✁☞❻❤➀ ❽✓➣✦➒➓➆ ➒✓☛✵❻✼➈✕➊✱→❙❽✷➣✭❽✞➣ → ✁◗➇➤→✡➜✞➜➂❾✔➆①➜❿↔①➇ ❻ ❼❤→✜➣❷➣①➆②➒✂➊❩❻✪→❤➀①❽❝➜✓↕
➀①❽✷✁ ➑✵❻✪➊✛✁☎❻ ➝❝➊■➆✦➇ ➒✝☛①❻✡❽✓➊t❽❴➣①➝✱↔✂✁☞❽⑩➆✦➣❴✁☞❽✷➒✱❻ ✧ ➋✵➍✚✫ ☛ ➒✓☛✵❽✬✁ ❽✷✁ ➒✓☛①❻ ➊■❻✜→✄✁✤➆②➣ ✭ ☛✦↕ ✞◆➛✽✼ ❽✺➣✕➝▲↔✩✁❘❽❴➆✡➣ ✭❹→✖✁ ↔✚✁☞❻❤➀ ➒➓➆
→❲➀✦➇ ❽❿➣✵❽✷✁ ➒✱❻❤➊⑨➒✷☛✿❻✝➣①→☞➣✵➆✦❼✜→❲➑✚✁◗↔✵➜✞❻✎✁✱✰✪➞ →❤❼ ☎✑→❤↕✞✝✟✂✡✠☞☛✻✰☞✁ ➒▲↔✔➀✕❽✓❻❲➀✩➒❳☛✿❻❄➀①❽❴➝✱➝❩❻✜➊■❻✜➣✦➒✢➑①→❤➊✥→❤➇ ❻✜➒▲❻✪➊✛✁ ➒✓☛①→✜➒✢❼✪→☞➣ ❽❿➣①➝➓➜❴↔✔❻✜➣✵❼✪❻
➒✓☛✵❻ ➀①❽✬✁◗➒▲➊ ❽✺➈①↔✦➒❩❽✓➆✦➣ ➆✦➝ ➜❝❽✓➑✿➆☞✁☎➆✦➇➤❻✖✁❂❽❿➣ ➒✓☛✔❻ ➈①➊✥→❲❽❴➣ ✧ ➋➂➃✖✫✔✰ ✝❄→✖✁☞❻✜➀ ↔✮➑①➆✦➣ ➒✓☛①❻✎✁❘❻ ➝❩❽❴➣✔➀①❽✓➣①➥✂✁❘❋ ➒✓☛✵❻ ❽✞➀✦❻✪→❲➜
➣①→☞➣✵➆✡➑①→✪➊❝➒❩❽▲❼✪➜✞❻ ➝❩➆✦➊▼✞ ➛✽✼ ✭❹➆②↔➌➜✓➀ ➈①❻ ➜✞❻✎✁ ✁ ➒✓☛①→✜➣ ➃❲➍✦➍②➣✮➇ ❽✓➣ ➀①❽✓→✪➇➤❻✎➒➓❻✜➊✥❋ ☛①→✜❾✔❻ → ➣①❻☞↔①➒❝➊❩→❲➜✼➆①➊➉➣✵❻✜➥①→☞➒❩❽✷❾✵❻
✁ ↔①➊ ➝✱→❲❼✪❻➤❼✍☛①→❤➊✥➥✔❻✯❋✵→✜➣✵➀▼✭❹➆✡↔✵➜❴➀❥➣✔❻✪❻❤➀ →✼➒➓→✜➊❩➥①❻☞➒❩❽✓➣✕➥❷➜✞❽✞➥✦→❤➣①➀ ➒❩➆❥→❲➀✯☛➌❻✜➊❩❻➠➒⑥➆ →✑➒✱→❤➊✥➥✔❻✎➒✂❼✪❻❤➜❝➜✻✰✂✲✳➆t➇❥❽✓➣✔❽❿➇ ❽✓✁☎❻✼➒✷☛✵❻



➀✮➆❊✁☞❻❹➝❝➊❩→✪❼✜➒➓❽❝➆✡➣ ➒✓☛①→✜➒ ❼✜➆✦↔✵➜✞➀➉➈①❻✵✁✤❼❙→☞❾✵❻☞➣①➥①❻❤➀➉➈✦↕➤➑✵❻✜➊■❽✷❾✵→✎✁❘❼✜↔✵➜❴→❤➊✳❼✪❻❲➜❝➜ ✁✱❋✦➇➤→✡❽✓➣➌➜⑩↕ ➑✵❻✜➊❩❽❿❾✔→✄✁✤❼✜↔✵➜❴→❤➊⑨➇➤→✡❼✜➊■➆②➑☞☛✕→❤➥✮❻✄✁❘❋
➣①→☞➣✵➆✡➑①→✪➊❝➒❩❽▲❼✪➜✞❻✎✁✦✁❪☛①➆✡↔✿➜✓➀❹➈➌❻ ✁✔☛✵❽✞❻✪➜✞➀✦❻✪➀✼➈✦↕✑➑✵➆①➜✷↕⑤❻✎➒✓☛✦↕✵➜✞❻✜➣✵❻ ➥✮➜✓↕①❼✡➆①➜✂☎✝✜➌➛ ❍ ✠⑨→☞➣①➀➤❽✓➣①➝✱↔✂✁☎❻❤➀➉→✎➒ →❯☛✵❽✞➥✄☛✼➒➓➆②➒✱→❲➜✕➜▲❽❿➑✵❽✞➀
❼❤➆②➣✵❼✪❻☞➣✦➒▲➊✥→☞➒❩❽▲➆②➣✩✰✍✌♥↔①➊✢�✳➅❇✞▲❋⑨➜▲➆✦→✪➀✮❻✪➀❑✭✑❽❿➒✝☛ → �✠✂✞✂❴❺♠❻❥➣①❻❤↔✦➒✱➊✱→✡➜✂❼✜➆①➇➉➑✵➜✞❻❖✌ ❋✴☛①→✎❾⑤❻❥→ ➇ ❻✪→❤➣✭➑①→✪➊❝➒❩❽▲❼✪➜✞❻▼✁☎❽ �❲❻t➆✦➝

☎ ☎✪➣✵➇❱❋✵→✜➊■❻➉➇ →❲❽❴➣✵➜✓↕❷❼✪➆✦➇✩➑✵➆❊✁✤❻✪➀❷➆✦➝✂➜❝❽✓➑✿❽✞➀✚✁ ❋✕→✪➣①➀t→❤➊ ❻➤❼❤➆②❾✵❻✜➊■❻✜➀❥➈①↕t→ ✁❘➆✦➝❝➒✂➜❴→❤↕✵❻✜➊❈➝❩➆①➊✱➇ ❻✡➀❥➈✦↕❱✜✿➛ ❍✑✰✪✲✽☛①❻✜↕
❼✜→☞➣ ➈✵❻✼❼❤➆②➣❙❆ ↔✵➥✦→☞➒❩❻✪➀❅✭✑❽✓➒✬☛❥➒❳☛✵❻ ✌ ✏❹➋✺❈❥→☞➣⑤➒➓❽✓➈①➆①➀②↕✺❋❚✭✮☛✵❽▲❼❖☛ ➈✵❽❿➣✔➀✚✁ ➒✷☛✵❻❤➇ ➒❴➆ ➒✱➊✱→❲➣✂✁☎➝✱❻✪➊✱➊ ❽✓➣t➊■❻✪❼✪❻☞➑✦➒➓➆✦➊✔✁◆➒✓☛①→✎➒ →✜➊■❻
➆②❾✔❻✪➊✛★✥❻✱✌✵➑①➊✱❻✄✁❪✁☞❻✜➀➉➈①➆✦➒✷☛ ➆✦➣➤➈①➊✥→❲❽❴➣ ❼❤❻✜➊■❻✎➈✵➊✱→✡➜✿❻☞➣✵➀✦➆②➒✓☛①❻✡➜✞❽❴→❲➜✿❼❤❻✪➜❝➜✓✁❈→☞➣✵➀➉➆✦➣❥➥✔➜❝❽✓➆①➇➤→✑❼✜❻✪➜▲➜✷✁ ✧ ➋①➋✂✫✔✰✎❂✢↔✵➊❝➒✓☛✵❻✜➊✥➇ ➆✦➊ ❻✎❋
❍♥→❤➊ ❼❲❽❝➆②➣ ✝✟✂ ✠ ☛❁✰ ✁✔☛①➆✚✭❹❻❤➀ ➒✓☛①→✎➒✽�✳➅✟✞ ✭❹❻✜➊■❻ →☞➈✵➜✞❻✼➒➓➆❥➑✵❻✎➣✔❻❲➒▲➊❩→✎➒⑥❻❥❽✓➣②➒➓➊✱→✡❼✪❻❤➜❝➜✓↔✵➜❴→❤➊✝❼✪➆✦➇✩➑①→✪➊❝➒✱➇ ❻☞➣②➒✛✁❹➆✦➝✘➥①➜❝❽✞➆✦➇➉→
❼❤❻✪➜❝➜✓✁❈➈✦↕t❽✓➣✦➒➓❻✜➊❩→✪❼☞➒❩❽✓➣①➥❱✭✑❽✓➒✷☛t❼✍☛✔➆①➜✞❻✎✁◗➒▲❻✪➊✱➆✵➜✷★⑥➊❩❽▲❼✍☛t➇➤❽❝❼❤➊❩➆✦➀①➆②➇➤→❲❽❴➣✺✁ ✧ ➋✚●✂✫✸✰❚✗✵↔①❼✱☛t❼❙☛①→✪➊✱→✪❼✜➒⑥❻✜➊❩❽✷✁◗➒✱❽✞❼✎✁✝❼✪➆✡➣①➝❩❻✜➊✘❽❴➀①❻✪→❲➜
➑①➊❩➆✦➑✔❻❙➊❝➒⑥❽✓❻✄✁ ➒➓➆✟�✳➅❇✞ ➒❴➆✼➈✵❻ →❲➀②➇ ❽✓➣✵❽✬✁ ➒✱❻❤➊ ❻❤➀➠➈①↕❇✞◆➛✽✼ ❽✓➣✼➒✓☛①❻✝➊✥→☞➒✿➈①➊❩→❲❽❴➣✩✰

✲✳➆ ➆②➈✦➒➓→✪❽✓➣ →❥➒✷☛➌❻✜➊❩→☞➑✵❻✜↔②➒⑥❽✞❼t❻❙➝✱➝❩❻❲❼❲➒✝❋⑨➒✻☛✔❻ ❻✡➜✞❽❴➇➤❽✺➣✕→☞➒❩❽✓➆✦➣➡➆✦➝♥➒✓☛✵❻ ➊✱→✡➀①❽✞➆✡➣✦↔✵❼✪➜▲❽✓➀①❻✎✁➉➀✮❻✜➑①➆✚✁❘❻✜➀ ➈✦↕ ✞✳➛✦✼ ❽❿➣ ➒✷☛✵❻
➈①➊✱→✡❽✞➣➉➇➉↔✂✁ ➒✢➈①❻♥→✖✁✦✁☞➜✞➆❊✭ →✖✁◆➑①➆✚✁❪✁☞❽✷➈➌➜✓❻❊✰ ✝♠❻✪❼✜→☞↔✪✁✤❻ ➑✵❻✜➊❩➊✻☛✵❻✜➣①→✜➒❴❻✮☎ �✠✂✖✂ ❺♠❻✘✌

✁✄✂
✠✂❽❩✁✳➒✻☛①❻❹❼❙☛①❻✜➇ ❽✞❼✜→✡➜①➝❩➆✦➊✥➇ ➆①➝ �✟✂✡✂ ❺❹❻

✭✮☛✵❽✞❼✱☛❥❽✓✁◆➆✡➈✦➒✱→❲❽✓➣①❻✪➀➉➝✱➊■➆✦➇ ➒✓☛✵❻ �✆✂✄✂ � ➏ �✠✂✞✂ ❺❹❻✖★⑥➥✔❻✎➣✵❻✜➊❩→☞➒❩➆✦➊✢➈✦↕➤❻❲➜❴↔✦➒❩❽⑩➆✦➣❲✭✑❽✷➒✓☛➤➑❊☛✦↕ ✁☎❽✞➆①➜✞➆✦➥✵❽✓❼✪→✪➜✂✁☎→✪➜▲❽✷➣✵❻✎❋ �✟✂✞✂ ❺♠❻✕✌
✁ ✂

❽✓➣✵➝❝↔✂✁☞❽✞➆②➣ ❽✺➣ ❂➂❽❩✁✔☛✵❻✜➊➤➊❩→✎➒✩➈①➊❩→✪❽✓➣✂✁▼✭❹→✄✁ ❼❤➆✦➇➉➑✵→✜➊■❻❤➀➟➒▲➆ �✆✂✟✂ ❺♠❻✎★✔✗✩✗✩✗✹�✳➅✟✞ ✰ � ☛✵❽❴➜▲❻ ❽❿➒✵☛①→✖✁ ➈✔❻✜❻✜➣ ➜✓→✪➊✱➥✵❻❤➜❿↕
➀✮❻✎✁☎❼✜➊■❽✷➈➌❻✜➀ ➒✓☛①→☞➒✳➑✔❻✜➊✥➊✛☛①❻☞➣✵→✎➒⑥❻➉❽✷✁ ➊❩→✜➑➌❽✓➀✵➜⑩↕ ❻✍✌✵❼❤➊ ❻☎➒❩❻❤➀ ❾➌❽✓→✼➒✓☛①❻✼↔①➊■❽✓➣①→✜➊✱↕t➈✵➜✞→✪➀①➀✮❻✜➊◆➝❩➆①➜▲➜❝➆❊✭✑❽✓➣①➥❥→☞➣✉❽✓➣✦➒✱➊✱→✜❾⑤❻✎➣✵➆✡↔✚✁
❽✓➣❙❆✤❻✪❼✎➒⑥❽✓➆✦➣ ✧ ➋✮➄✩✫✻❋⑨➣✵➆②➒✓☛✵❽✓➣①➥◆✭❹→✎✁❅❏✡➣✵➆❊✭♥➣q→☞➈✵➆②↔✦➒✝➒✷☛✵❻t❻✡➜✞❽❿➇ ❽✞➣①→✎➒⑥❽❴➆✡➣q➆✦➝ ✁☎↔✔❼❖☛q→ ✁☎➆①➜✓↔✦➒❩❽⑩➆✦➣ ➝❩➆①➜▲➜✞➆ ✭✑❽✷➣✵➥✭➈①➊❩→✪❽✓➣
→❲➀✦➇ ❽❿➣✵❽✷✁ ➒✱➊❩→✎➒⑥❽❴➆✦➣✩✰✔➐ ➜❿→❲➊✱➥✵❻✪➜❿↕❭✁☎❽❴➥✮➣✵❽❴➝❩❽✞❼✪→✜➣✦➒ ➀①❽❴➝✱➝❩❻✜➊■❻✜➣✔❼②❻❹➈✵❻☎➒✻✭✑❻✪❻☞➣ → ✞ ➛✽✼ ❽✺➣✕➝▲↔✩✁❘❽❴➆✡➣❷➆✦➝✳➑✿❻❤➊✥➊✻☛✵❻☞➣①→✜➒➓❻➉→✜➣✔➀t➆✦➝
�✆✂✞✂❴❺♠❻✄★✸✗✣✗✩✗✆�✳➅❇✞ ✭❹→✎✁✝➆✦➈✺✁◗❻✪➊❝❾➌❻❤➀❚✰②➛✘❽✓➥☞☛✦➒❝↕➤➑✵❻✜➊■❼❤❻✜➣✦➒✢➆①➝ � ✂✟✂➓❺♠❻✑❽❿➣❄✁☎➆①➜✓↔✦➒❩❽⑩➆✦➣❱✭❹→✖✁❈❻✡➜❴❽✞➇ ❽✷➣✕→☞➒➓❻✜➀➤→✡➝❴➒❩❻❤➊ ➃❲➋❊☛t❽✓➣
→❲❼✪❼✪➆✦➊❩➀✦→☞➣➌❼✜❻ ✭✑❽✓➒✓☛ ➝➓❽❴➣✵➀①❽✓➣①➥✚✁✂➈✦↕ ☎✑➣①→✪➑✮➑ ✝ ✂ ✠☞☛

☎

✭✑❽✓➒✬☛ ➎①➍✯❫ ➆✦➝✢➝❩➊❩❻✡❻♥➑✵❻✜➊✥➊✛☛①❻☞➣✵→✎➒➓❻❹❽✓➣➉↔✵➊❩❽❴➣①❻❹❻✍✌✔❼✜➊■❻✎➒➓❽✞➆②➣✂✁◆→✪➝✞➒❩❻✜➊
➃❪➋❊☛ ➝❩➆①➜❝➜✞➆✚✭✑❽✷➣✕➥❷→❤➣ ➢ ✟ ❽❿➣❙❆❘❻✪❼✎➒⑥❽✓➆✦➣ ✧ ➃✖●✚✫✸✰ �✟✂✄✂❴❺♠❻✯★✸✗✣✗✩✗✕�✳➅❇✞ ✭✑❻✪➊❩❻❥➝❩➆✦↔①➣✔➀✉➒❴➆ ➈✵❻❥→ ✁◗↔✂✁ ➒▲→✡❽✺➣✿❻❤➀✭➊ ❻❙✁☎❽✞➀✦❻❤➣①❼✜↕
✁ ↕✚✁◗➒⑥❻✜➇ ❋❚✭ ☛✵❽✞❼✍☛ ❼✪➆②➣✪✁ ➒⑥❽ ➒▲↔✦➒❩❻❙✁♥→➉➇➤→✔❆✤➆①➊◆→❤➀✦❾①→❤➣①➒❝→❲➥✦❻✆☎◗➃❙❫ ➆①➝✂❻✪➜❝❽✓➇ ❽✓➣①→✜➒➓❽✞➆②➣❷→✪➝❴➒⑥❻✜➊➠➃❤➋☞☛✚✠ ✰☞�✘❽❩❏①❻✼➅➠➆✦➈✵➜❴❻ ✝✟✂ ✠ ☛

☎

✭✮☛✔➆ ✁✘☛✔➆ ✭♠❻✜➀ ➒✓☛✵→✎➒➤➒✓☛①❻ ❻✎➣✵❼✜→☞➑✪✁ ↔✿➜✓→✜➒➓❽✞➆②➣ ➆✦➝▼✞✦✜ ✲✢★ ➃①➃➡❽❴➣❂➜▲❽❴➑✔➆❊✁☎➆✦➇ ❻ ➊❩❻✄✁ ↔➌➜✷➒➓❻✜➀❂❽✓➣ →❤➒t➜✞❻✪→✖✁◗➒✭➃❙✾☞❈❚★✱➝❩➆①➜✞➀
➑①➊❩➆✵➜✓➆✦➣①➥✦→❤➒▲❽✞➆②➣ ➆⑤➝✢➊■❻✎✁☎❽✞➀✮❻✜➣①❼✪❻♥➒➓❽❴➇➤❻❹❽✺➣ ➈✵➊✱→✡❽✷➣➉➒⑥❽✬✁❪✁◗↔✵❻❄❼✜➆①➇➉➑①→❤➊ ❻❤➀✼➒✱➆➉➝❩➊❩❻✪❻✵✞ ✜ ✲✳★◗➃✦➃ ✧ ➋ ☎☞✫✸❋✄✭✑❻❹➀①❻✪➇➤➆②➣✺✁◗➒✱➊✱→✜➒➓❻✪➀



➒✓☛✵→✎➒❄➒✬☛✵❻ ➜✞❽✓➑①➆✦➑☞☛✵❽❝➜✞❽✞❼ ➣①→✜➒▲↔①➊❩❻✭➆①➝✟�✳➅❇✞ ➜❝❻❤➀ ➒✱➆ →✉➜❝➆②➣✵➥ ➊❩→❲➀✕❽✞➆✦➣✦↔✔❼✡➜❴❽✞➀✮❻ ➈①➊✥→❲❽❴➣ ➊❩❻✜➒▲❻✜➣✦➒⑥❽✓➆✦➣➟➒➓❽✞➇❥❻✭→❲➜❝➜✓➆✚✭✑❽✷➣✵➥
❽✓➇➤➑①➊❩➆②❾➌❻✜➀❹➒❝↔①➇ ➆②↔✵➊✢❽❴➊✱➊❩→✪➀①❽✞→✎➒⑥❽❝➆✡➣✩✰

✲✴☛✔❻✼❽✓➣✦➒➓❻✜➊❩➣①→✪➜✢➊✱→✡➀①❽✞➆②➒✬☛✔❻✜➊❩→✜➑①↕❄✁ ➒▲↔①➀②↕➤➈①↕❄✞◆➛✽✼❂→❲➀✦➇❥❽✓➣✵❽✷✁ ➒➓➊✱→✜➒➓❽❝➆✡➣t➆①➝ �✠✂✖✂ ❺♠❻✎★✘✗✪✗✩✗❱�✳➅❇✞ ✭❹→✖✁✝❼❙→❤➊❩➊❩❽❝❻✪➀➤➆✦↔✦➒✫➆✦➣
→✆✭✑❻✪➜▲➜❩★✻❏✦➣✔➆ ✭❄➣✕✾✯� ➊✱→✜➒✂➈①➊✥→❲❽❴➣❷➒✞↔✕➇ ➆②↔①➊❈➇➤➆①➀✮❻✪➜ ✧ ➋✂❈✚✫✸✰✣✲✴☛①❻ ❽✓➣①➆✦❼❤↔✵➜❴→☞➒❩❽✓➆✦➣✉➆✦➝✢✾✯� ❼✪❻✪➜❝➜✷✁♥↔✂✁ ↔①→✡➜✞➜❿↕❷➊❩❻✄✁✤↔✵➜⑩➒❁✁✼❽✓➣
➃✎➍✦➍✚❫ ➒▲↔①➇➤➆✡↔✕➊◆➒▲→✎❏✔❻❅✭✑❽❿➒✷☛❷↔①➣✦➒✱➊❩❻✜→❤➒✱❻❤➀❭❂ ❽✬✁✔☛✵❻✜➊ ●②➄①➄✭➊✱→❤➒✻✁ ✭✑❽✓➒✻☛t→➤➇➤❻✪➀①❽✞→☞➣✕✁✤↔①➊❝❾➌❽✷❾✵→✪➜⑨➈✵❻✎➒✝✭❹❻❤❻✜➣t➋✵➍ →☞➣✔➀❑●①➍
➀✦→☞↕✂✁❥→❤➝❝➒➓❻❙➊❹➒▲↔✕➇ ➆✦↔①➊➉❽✓➣①➆①❼❤↔✵➜❴→☞➒❩❽✓➆✦➣ ✧ ➋✵➎✚✫✸✰✳➢❩➣ ➆②↔①➊❇✁◗➒❝↔✔➀②↕✂❋◆➣✵❻❲❽⑩➒✓☛✵❻✜➊❹➒✓☛①❻✭→✪➣①→❤❻✎✁ ➒✓☛①❻✜➒➓❽❴❼❷➑①➊ ➆✮❼✜❻✪➀✡↔①➊ ❻❷➣①➆①➊➠➒✓☛✵❻
❽✓➣❙❆✤❻✪❼✎➒⑥❽✓➆✦➣ ➆✦➝➂➈✵➜✞→✜➣✂❏❅�✳➅❇✞✹✁☎❽✞➥✡➣✵❽❴➝❩❽✞❼✪→☞➣✦➒❩➜❿↕ ➇❥➆①➀✮❽❴➝➓❽❝❻✪➀➉➒✬☛✵❻♥➥①➊❩➆✚✭♥➒✓☛ ➆⑤➊ ➜❴❻✜➒✷☛✵→❲➜❝❽✷➒❝↕ ➆✦➝✢➒✓☛✵❻✑✾✯�➡➥①➜❝❽✞➆①➇➉→✖✁❘❋✂✁☎❽✓➣✵❼✪❻
➒✓☛✵❻❥➇➤❻✪➀①❽✞→☞➣ ✁◗↔①➊❝❾➌❽✷❾✵→✪➜✳➒❩❽✓➇ ❻❭✭❹→✖✁✼➋ ☎✉→☞➣✵➀✭➋✚❈ ➀✦→✎↕ ✁➉➝✱➆①➊ ➒✓☛✿❻➤↔✦➣✦➒➓➊❩❻❙→☞➒➓❻✜➀ →✜➣✵➀ ➒✷☛✵❻❥➈✵➜✓→❤➣✚❏✕�✳➅✵✞ ➥✮➊ ➆✡↔✦➑✂✁❘❋
➊❩❻✄✁ ➑①❻✡❼✎➒➓❽✷❾➌❻✪➜❿↕✂✰✪✲✽☛✵❽❩✁✮✭❹→✖✁✼❼❤➆✦➣①➝❩❽✓➊✥➇ ❻✪➀t➈✦↕t➞ ❺✝➢❄❽✞➇ →❤➥✵❻✎✁ ✭✮☛✵❻✪➊✱❻➤→➉➒✱↔①➇➤➆✦↔①➊✝➜▲❻✎✁☎❽✞➆✡➣ ❽✷✁♠❾⑤❽✬✁☎❽✓➈✵➜✞❻❥❽✓➣❷→➤➣✵➆②➣✂★
➒▲➊■❻✜→✜➒➓❻✪➀❥➊✱→✜➒✫➆✡➣t➀✦→✜↕ ➃❖❈❚✰①➐✮✁✿✁ ☛✵➆❊✭♥➣ ➈✦↕ ✟✩➆✦➣①→✜➊✱➈✔➆✦↔①➊✱➥ ✝ ✂✡✠☞☛✸✰ ❋❚✾✎� ➒❝↔①➇ ➆②↔✵➊✳➥✦➊■➆❊✭♥➒✬☛❷❽ ✁ ❻✍✌✮➑①➆✦➣✔❻✎➣①➒➓❽❴→❲➜✴✁❘❽❿➣✔❼✜❻
➒✓☛✵❻♥➒✞↔✕➇ ➆②↔①➊✂➜❝❻❙✁☞❽✓➆✦➣❥❾✔➆✦➜✓↔①➇➤❻✩❽❩✁❈➈✔❻❲➒✓✭✑❻❤❻✎➣ ➃❲➎✁�q➃❲➍✄✂✕➜✢→☞➣①➀✭➃✖❈✦➎☎� ➃❖✾✄✂✿➜①➈①❻✜➒✓✭✑❻✪❻☞➣❥➀✦→❤↕✚✁✼➃❤➄ →✜➣✔➀ ➋①➄ ✧ ➋✵➙✚✫✸✰
✲✴☛✔❻✼➇➤❻✪➀①❽✓→❤➣▼✁ ↔✕➊❝❾➌❽✷❾✔→✡➜✢➆✦➝⑨➒✬☛➌❻✼➥✮➊❩➆✦↔✦➑ ➒➓➊❩❻✪→✎➒⑥❻✜➀➤➈✦↕❥→❇✞◆➛✽✼ ❽✞➣①➝✱↔✂✁☞❽✓➆✦➣ ➆⑤➝ �✄✂✖✂ ❺♠❻➠➑✔❻✜➊❩➊✸☛✵❻☞➣✕→☞➒➓❻❅✁✤➆①➜✓↔✦➒✱❽✞➆✡➣▼✭❹→✎✁
❽✓➣❥➒✓☛①❻✵✁☎→✜➇ ❻✼➊✥→❤➣①➥①❻✑→✎✁◆➣✔➆✦➣✵❻❹➆✦➝⑨➒✓☛✿❻✼➊✱→❤➒✻✁▲✁✤↔①➊⑥❾⑤❽❿❾✵❻❤➀ ➈✵❻☞↕①➆✦➣✔➀ ➋✺❈❥➀①→✎↕✺✁✍✰☞✲✴☛✵❻✮☛✦↕①➀①➊❩➆✦➑❊☛✵❽▲➜✓❽❝❼♥➣①→❤➒❝↔✵➊✱❻✑➆①➝➂➒✻☛✵❽✷✁
✁✤➆①➜✓↔✦➒❩❽✞➆②➣q➑①➊ ➆②❾✔➆✚❏✮❻✜➀ →t❾✔❻❙➊❝↕q➊❩→✜➑✵❽▲➀ ❻✪➜▲❽❴➇ ❽✷➣①→✜➒⑥❽✓➆✦➣ ➝✥➊❩➆①➇ ➒✝☛①❻t➈①➊✥→❲❽✓➣✂❋ ✭✮☛➌❽✓❼✍☛ ➇➤→❤➀✦❻t➒❝↔①➇ ➆②↔✵➊❹❻✜➊❩→✪➀✵❽✓❼✪→☞➒❩❽✓➆✦➣
❽✓➇➤➑✵➆❊✁ ✁☞❽✷➈✵➜✞❻✺✰✚✗⑤❽❴➇ ❽❝➜✓→✪➊✫➊❩❻✯✁ ↔➌➜✷➒✛✁✢✭❹❻✜➊■❻❹➝❩➆✦↔✦➣✵➀➉➈⑤↕ ✟✑→✎❾✵➊✱→ ✝✟✂ ✠☞☛

☎

➝❩➆✦➊➂➒✝☛✵❻➠→❲➀✦➇ ❽✷➣✿❽✷✁◗➒▲➊❩→✎➒⑥❽❴➆✡➣t➆✦➝ � ✁ ✞▲★✻✁☎↔✵❼✜➊❩➆✚✁☎❻✎❋①→
✁✤➇ →❲➜❝➜✣✭❹→✜➒▲❻✪➊✛★✛✁☎➆✵➜✷↔①➈✵➜✞❻➉❼✜➆✦➇✩➑✵➆②↔✦➣✵➀❷❽✷➣❥❺❃❍✮★✱➋t➊✱→✜➒✳➥✔➜❝❽✞➆⑤➇✩→✎✁✱❋✕→❲➝❝➒❩❻✜➊ ✞◆➛✽✼ ❽✓➣①➝❝↔✪✁☎❽✞➆✡➣❑✭✑❽✓➒✷☛❷➜❝❻❙✁❘✁ ➒✓☛①→☞➣ ●✚❫ ➆✦➝
➒✓☛✵❻❹→❤➀✦➇❥❽✓➣✵❽✷✁ ➒⑥❻✜➊❩❻❤➀❥➀①➆❊✁✤❻✵✁◗➒➓❽❴➜▲➜⑤➑①➊■❻✎✁❘❻✎➣①➒✢→❤➝❝➒❩❻✜➊✝➃❙☛t❽✓➣ ❻✪❽❿➒✓☛①❻☞➊⑨➒✓☛✿❻♥➒✞↔①➇➤➆✦↔①➊✫➆①➊✳❽✓➣▼✁✤↔①➊✥➊❩➆✦↔✮➣①➀✵❽✷➣✵➥➉➈①➊✱→✡❽✓➣ ➒⑥❽❩✁❪✁✤↔✵❻✍✁
✧ ➋✂✾✂✫✸✰

✌♥➣❥➒✷☛✵❻✑❼❤➆②➣①➒❝➊❩→❤➊⑥↕ ❋✔➒✝☛①→✜➣✚❏✺✁ ➒➓➆ ➒✓☛①❻✮☛✵❽❴➥✄☛t➊■❻❪➒⑥❻✎➣✦➒➓❽✞➆②➣ ➆✦➝✴�✳➅❇✞ ❽✷➣t➊✥→☞➒✢➈✵➊✱→✡❽✓➣✂✁❘❋✵❼✪➆②➣✔❼✡➜❿↔✺✁☎❽✓❾①❻✑➀①➆✚✁✤❻✄★❝➀✵❻✎➑✔❻✜➣①➀①❻☞➣✦➒
➊❩❻✄✁ ↔✵➜❿➒❁✁ ✭♠❻✜➊■❻t➆②➈✦➒✱→❲❽✓➣①❻✪➀✕✭✑❽✓➒✬☛➡❽✷➣✦➒➓❻✪➊✱➣①→✡➜◆➊✱→✡➀①❽✞➆②➒✓☛①❻✪➊✱→✪➑✦↕ ➈✦↕ �✆✂✞✂ ❺♠❻✎★✔✗✩✗✩✗◆�✳➅❇✞ ✰✣✲✂➆✯✌✵❽✞❼✪❽✓➒❴↕ ✭❹→✄✁➤➆②➈✚✁❘❻✜➊✱❾✵❻✪➀
✭✑❽✷➒✻☛❷➒✷☛✵❻❅☛✵❽❴➥✄☛①❻✎✁ ➒ ✁◗➒✞↔✵➀①❽✞❻✜➀❷➀✦➆✚✁✤❻✄✁❘❋➌❻✯✁ ➑✵❻❤❼✪❽❴→❲➜❝➜✓↕✭➝➓➆✦➊➉➃☞➋✚❍ ↕ �✠✂✖✂❝❺♠❻✎★✘✗✪✗✩✗❑�✳➅❇✞✮✰⑤➢➓➣✭➝❩→✪❼✜➒✝❋ ☎✮➍❊❫ ➆✦➝ ➒✝☛①❻➤➊✱→✜➒✝✁
➀①❽✞❻❤➀ ➃ ➀✦→✎↕ ➑✵➆✚✁ ➒✛★❴➒➓➊ ❻❤→✎➒➓➇❥❻☞➣✦➒✝❋ →❤➣✵➀ → ✁❘❽❴➥✡➣➌❽❿➝❩❽▲❼✜→❤➣⑤➒▲✭✑❻❤❽❴➥✄☛①➒❄➜✓➆✂✁❪✁ ✭❹→❀✁ ➆✡➈✚✁☞❻✜➊✱❾✔❻✜➀ ➝❩➆✦➊♥➒✻☛✵❻❥➒✻✭♠➆ ➊❩→☞➒✛✁➤➜❝❻✜➝❝➒✝❋



❼❤➆✦➇➉➈➌❽✷➣✵❻✜➀✆✭✑❽❿➒✷☛ ➆✦➒✷☛✵❻✜➊P✁☞❽❿➥✮➣✂✁❈➆✦➝➂➒➓➆✯✌➌❽✞❼✡❽✷➒❝↕ ➜▲❽❳❏✵❻✑➜✓❻✜➒✷☛✵→✜➊❩➥②↕✺❋✕➑①→✖✁✱✁☎❽✓❾✵❽✷➒❝↕✺★✢→✜➣➌➀➉➑①➆✦➆①➊⑨➥✮➊ ➆①➆✦➇ ❽✓➣①➥✩✰✎✼✩❻❙✁◗➑✵❽❿➒❴❻➠➒✷☛①❻
➑①➊❩❻✎✁✤❻✜➣✵❼❲❻♥➆✦➝✿→✑➜▲➆②➣①➥✂★❴➒❩❻❤➊✥➇❉✁ ↔①➊⑥❾⑤❽❿❾✵➆①➊✣✭✑❽✷➒✻☛✵❽✓➣➉➒✬☛✵❽✷✁◆➥✮➊ ➆✡↔✦➑✂❋✡→✜➣ ❽❴➣✦➒➓❻✜➊❩➣①→✡➜✵❽✓➊✥➊❩→✪➀①❽✞→✎➒⑥❽✞➆②➣ ➀✦➆✚✁✤❻❹➆✦➝❈➃❤➋✂❍ ↕➤❼✪→☞➣➤➈✵❻
❼❤➆②➣✪✁☎❽✞➀✦❻❤➊ ❻❤➀ →✄✁❥→✭➒➓➆✯✌➌❽✓❼ ➀✮➆✚✁✤❻✺✰✽❂✫➆✦➊✑➒✻☛①❻q❽✓➣✦➒❩❻✜➊❩➇➤❻❤➀①❽❴→☞➒✱❻ ➀✮➆✚✁☎❻ ➆✦➝ ➃❲➍✂❍ ↕✺❋ ➊■❻✎✁☎↔✵➜✷➒✝✁❭✭✑❻✜➊❩❻ ➇ ❽⑩➒⑥❽❴➥✮→✎➒⑥❻✜➀✩✰✂➐
✁❘❽❴➥✡➣✵❽❴➝❩❽✞❼✪→✜➣✦➒ ➀①❽❴➝✱➝❩❻❤➊ ❻✜➣✵❼❲❻❹❽✷➣➤➇➤❻✪➀①❽❴→❤➣✆✁✤↔①➊⑥❾⑤❽❿❾①→❲➜⑤➒➓❽❴➇ ❻ ✭❹→✖✁◆➆✦➈✺✁☞❻✜➊❝❾✵❻❤➀➤❼✪➆✦➇➉➑①→✪➊❩❻❲➀✩➒❴➆✩➒✓☛✔❻❹❼✪➆②➣✦➒➓➊✱➆✵➜⑤➥✮➊ ➆✡↔①➑ ➈✮↔②➒
➣✔➆②➒✣✭➉❽✷➒✓☛ ➒❳☛✿❻❹➥✦➊■➆②↔✮➑ ➒✓☛①→✜➒✢➊❩❻✪❼❤❻✡❽✷❾➌❻✜➀➉➈✵➜❴→☞➣✂❏❅�✳➅✵✞ ✰☞✲✴☛✵❻✑❽✷➣✵❼✜➊■❻✜→✄✁✤❻✼❽✓➣➤➒✷☛✿❻❹➇➤❻❤➀①❽❴→☞➣❄✁◗↔①➊✱❾✵❽❿❾✔→✪➜✕➒➓❽❴➇ ❻❹➆✦➝❈➃❲➄✚❫
→❤➣①➀ ➒✓☛①❻➤➑①➊ ❻❙✁☎❻☞➣✿❼❤❻❥➆✦➝ ➆✦➣①❻t➜✞➆②➣①➥✂★❴➒⑥❻✜➊✥➇ ✁◗↔①➊✱❾✵❽✓❾✵➆✦➊✝➇➤→✎❏①❻➉➒✻☛✵❽✷✁✼➀✮➆❊✁☎→❤➥①❻➤➇❥❽✞➀❊✭❹→✜↕✉➈①❻☞➒✻✭✑❻❤❻✜➣✭➒✷☛✵❻❥❻✜➝❩➝✱❻✡❼✎➒⑥❽✷❾✵❻
→❤➣①➀ ➒➓➆✯✌✵❽✞❼❷➀✦➆✂✁✤❻✍✁✍✰✣�✳➅❇✞ ✭✑❽❿➒✷☛q→✜➣➡❻ ✂②↔✵❽✓❾①→✡➜✓❻❤➣✦➒❄➀✦➆✚✁✤❻❷➆②➝➤➙☞❍ ↕ ❼❲➆②➣✂✁ ➒⑥❽✷➒❝↔✦➒➓❻❤➀ ➒✓☛①❻ ➇➤➆☞✁◗➒♠❻✜➝✥➝❩❽✞❼✡❽✞❻✜➣✦➒❄➥✦➊❩➆✡↔①➑
➒▲➊■❻✜→✜➒▲➇ ❻✜➣✦➒➌❽✓➣ ➒❴❻❙➊✱➇ ✁❈➆✦➝ ✁☎↔①➊❝❾➌❽⑩❾✵→❲➜✬❋✡➈①❻✪❼❤→✪↔✚✁✤❻❹→❯☛✵❽✞➥✄☛❥❽✓➣✔❼✜➊❩❻✜→✄✁✤❻❹❽✓➣✼➒✷☛➌❻ ➇➤❻❤➀✵❽❿→❲➣✆✁ ↔①➊⑥❾⑤❽❿❾①→❙➜✔➒⑥❽❿➇ ❻♥➆①➝⑨➙✡➍❊❫ ✭❹→✎✁
➣✔➆②➒✱❻❤➀❥❼❲➆✦➇➉➑①→✪➊❩❻✪➀ ➒▲➆ ➒✓☛✵❻✑❼✪➆②➣✦➒➓➊✱➆✵➜✿➥✦➊■➆②↔✦➑t→❤➣①➀❥➈✔❻✪❼✜→❤↔✂✁✤❻♠➒✝✭✑➆❥➊✥→☞➒✛✁✝➝✱➊ ➆✦➇ ➒✓☛✿❽ ✁ ➥①➊❩➆✦↔✦➑ ☎✻●✚●✄❫❑✠✽✭✑❻✪➊❩❻➉➜✞➆✡➣①➥▼★

➒➓❻✪➊✱➇ ✁ ↔✵➊❝❾✵❽✓❾✵➆①➊✛✁✍✰☞✞◆➛✽✼ ❽❿➣✱❆❘❻❤❼✎➒❩❽✞➆✡➣t→✎➒✫➒✷☛✿❽ ✁ ➀①➆✚✁✤→✪➥✮❻✑✁☞❻❤❻✜➇➤❻❲➀ ➒▲➆ ➈✵❻✑✭♠❻✪➜❝➜✕➒➓➆①➜✞❻✜➊❩→✎➒⑥❻✜➀ ✁☎❽✓➣✵❼✪❻❹➣①➆❱✁❘❽✞➀✦❻✑❻❙➝✱➝❩❻❲❼❲➒✝✁
✭✑❻✜➊■❻➤➆②➈✺✁☎❻✜➊✱❾✵❻❤➀ ❻✍✌✔❼❤❻✜➑✦➒✳→✼❾➌❻❤➊⑥↕❭✁☎➜❝❽✓➥✚☛✦➒P✭✑❻②❽✓➥☞☛✦➒✂➜✞➆✚✁❘✁❹➆✡➈✚✁☞❻✜➊✱❾✔❻✜➀❷❽❴➣t➒✷☛✵❻➉➝✱❻✎✭ ➀①→✎↕✺✁♥→✡➝❝➒❩❻✜➊✂➒✱➊■❻✜→✜➒▲➇ ❻✜➣✦➒✔✰❊❂➂➆✦➊
➒✓☛✵❻✆✁◗➇➤→❲➜❝➜✞❻✜➊✝➀✮➆✚✁◗❻ ❻ ✂②↔✔❽❿❾✔→✡➜✞❻✜➣✦➒⑨➒➓➆ ●✚❍ ↕✚❋✫❽✓➣⑤➒▲❻✪➊✱➣✵→✪➜⑨➊❩→❲➀①❽❴➆✪➒✻☛✔❻❙➊✱→❲➑✦↕ ✭✑❽❿➒✓☛ �✠✂✟✂ ❺❹❻✖★✘✗✩✗✪✗❑�✳➅❇✞ ☛①→❲➀t➣①➆❷❻✜➝✥➝➓❻✡❼✎➒
➆✡➣✆✁ ↔✕➊❝❾➌❽✷❾✵→❲➜②➒❩❽❴➇ ❻✯✰❖✲✴☛✿❽✷✁✂➀✦➆✚✁☎→❤➥✦❻ ✭❹→✖✁✂❼✪➆②➣✺✁☞❽✓➀✕❻❤➊❩❻✜➀➠➒⑥➆➠➈✔❻✝❽❴➣✵❻✜➝❩➝❩❻✪❼✎➒⑥❽❿❾✔❻✯✰

➐ ❼✡➆✦➇➉➑①→❲➊❩❽✬✁✤➆✦➣➤➈①❻✎➒✝✭❹❻✪❻✜➣ ➆②↔✵➊➂➒➓❻✪❼✱☛①➣✵❽ ✂✦↔①❻❹→✜➣✔➀➤❻❖✌①➒▲❻✪➊✱➣①→✡➜①➈✵❻✜→✜➇ ➊✱→✡➀①❽✞➆②➒✬☛✔❻✪➊✱→✪➑✦↕ ☎✄✏❹❺❃✲ ✠ ❽✬✁❈➀①❽✞➝✱➝❩❽✞❼❙↔✵➜✓➒✝❋❚✁✤❽✓➣✵❼✪❻
➒✓☛✵❻ ✁❘❼❖☛✔❻✪➇➤❻✎✁ ➆✦➝ ❽❴➊❩➊✥→❲➀✵❽❿→❤➒✱❽▲➆②➣ ➝✱➆①➊✭➇➤→✪➣✦↕ ✁ ➒➓↔✵➀①❽❴❻✖✁➟→✪➊❩❻ ❾⑤❻✪➊❝↕ ❾✔→②➊❩❽▲❻✪➀ →✜➣✔➀ ➆✦➝❝➒❩❻❤➣ →✎✁ ✁☎➆✮❼②❽✓→✜➒❴❻✪➀ ✭✑❽❿➒✓☛
❼✱☛①❻✪➇➤➆②➒✓☛①❻❤➊✥→❤➑⑤↕ ✧ ●①➍✂★✬●✦➋✂✫✔✰✣✲✴☛①❻❥➇➤→✡❽✺➣ ➒✓☛✔❻✜➆①➊❩❻✜➒✱❽✞❼✜→❙➜ →❤➀✦❾①→❤➣⑤➒▲→✪➥✮❻ ➆✦➝✝❽❴➣✦➒⑥❻✜➊✥➣①→❙➜ ➊✱→❲➀①❽✞➆②➣✦↔➌❼❤➜❝❽✓➀①❻ ➒✷☛➌❻✜➊❩→☞➑✦↕✕✭✑❽✓➒✻☛
�✆✂✞✂❴❺♠❻✄★✸✗✣✗✩✗✹�✂➅✵✞ ❽❩✁ ➒✷☛✵→☞➒➤➊✥→❤➀①❽✞→✎➒⑥❽✞➆②➣ ❼✜→☞➣ ➈✵❻ ➀①❻✪➜▲❽✷❾✵❻✜➊■❻✜➀❴✁✤❻✡➜✞❻✪❼✎➒❩❽✷❾⑤❻✪➜❿↕ ➒➓➆ ✁ ↔①➈✂★✱❼✡➜✞❽✓➣✵❽❴❼❤→✡➜➠➒✞↔①➇➤➆✡↔①➊✔✁✭→☞➣✵➀
➇ ❻✎➒➓→✎✁✥➒✱→❀✁◗❻✖✁ ➒✓☛①→✜➒✫→✜➊■❻➠➒⑥➆✦➆▼✁◗➇➤→✡➜✞➜✿➒▲➆ ➈✵❻➉❽✞➇➤→✜➥✔❻✜➀❥→✪➣✔➀ ➒✷☛✵❻✜➊■❻✎➈✦↕ ❼✪→❤➣①➣①➆②➒✢➈✵❻➠➒▲➊■❻✜→✜➒➓❻✪➀➤➈✦↕▼✁✤↔✕➊✱➥✵❽✞❼✪→❲➜✿❻✍✌✵❼✪❽✷✁☞❽✓➆✦➣
➆✦➊✢➜▲➆✦❼✜→❙➜ ✏❹❺✿✲❯✰

✂✩➆❊✭♠❻✎❾➌❻✜➊✥❋➂➀✮❻✄✁ ➑✔❽❿➒⑥❻ ➆✡➈✦❾➌❽✓➆✦↔✚✁♥➈✔❻✜➣✵❻✜➝❩❽✓➒✻✁❹➣✵➆②➒➓❻✜➀ ✭✑❽❿➒✷☛ ❽✓➣✦➒➓❻✜➊❩➣①→✪➜✳➊✱→✡➀①❽✓➆✦➒✷☛✵❻✜➊❩→❤➑✦↕✂❋✣✁☎❽▲➀✦❻➤❻✪➝✱➝❩❻✪❼✜➒✻✁✑❽✓➣✭➊✱→✜➒❁✁✟✭✑❻✜➊■❻
➆✡➈✚✁☞❻✜➊✱❾✔❻✜➀t❽✓➣ ➒✓☛✵❻✑➜❴→☞➒❝➒▲❻✪➊✫➑❊☛①→✄✁✤❻✑➆⑤➝✢➒✻☛①❻✵✁ ➒▲↔✔➀✔↕✂✰✡➞ →❤➥①➣①❻✜➒➓❽❴❼✑➊❩❻✎✁✤➆✦➣①→☞➣✵❼✪❻✼❽✞➇➤→✜➥✮❻✄✁✝❼✜→✪➊✱➊■❽❝❻❤➀❥➆②↔✦➒➂➆②➣t➆✡➣✵❻✼➜⑩➆✦➣①➥✚★

➒➓❻✪➊✱➇ ✁ ↔✵➊❝❾➌❽✷❾①➆①➊✿➒✱➊❩❻✪→☞➒❩❻❤➀✑✭✑❽❿➒✷☛❷➃❲➍✚❍ ↕ �✠✂✟✂➓❺♠❻✎★✔✗✩✗✩✗❅�✳➅❇✞ ➊■❻✎❾⑤❻✜→✪➜▲❻✜➀✩➜❴❻✖✁☞❽❴➆✡➣✚✁◆➇➤→✡❽✺➣✿➜✷↕✩❼✪➆✡➣✦➒✱→❲❽❿➣✵❻❲➀➉❽✷➣➉➒✓☛①❻♥➊■❽❴➥✄☛✦➒
✁ ➒✱➊❩❽❴→☞➒✱↔①➇ ❋❊✭✮☛✵❽✞❼✱☛❲✭❹→✖✁❈➆✡➈✦❾✵❽✞➆②↔✂✁❘➜❿↕✩➣①➆✦➒✿➊❩❻✡➜✓→✜➒▲❻✪➀✼➒➓➆➠➒▲↔①➇➤➆✦↔①➊✿➒❩❽✓✁❘✁ ↔✵❻♥→✖✁❈❽✷➒✩✭❹→✄✁ ✁ ➒❩❽▲➜✞➜⑤➑①➊❩❻✎✁✤❻✜➣✦➒➌➆✦➣ ➀✦→✎↕❷➃✪➄✔➍➉➆✦➝



➒✓☛✵❻❱✁◗➒▲↔✔➀②↕✩✰ ✲✴☛①❻❱☛✵❽✷✁◗➒▲➆✵➜✓➆①➥①❽✞❼➉➣✕→☞➒▲↔①➊ ❻t➆✦➝❈➒✝☛①❻❷➜✓❻✄✁◗❽✞➆✡➣◗✭❹→✖✁✼➣①➆②➒❄❽✞➀✮❻✜➣✦➒➓❽❿➝❩❽▲❻✪➀✭➈✦↔✦➒▲✭❹→✖✁➤➜❝❽✷➣✂❏✮❻✜➀ ➒➓➆ ➊✱→❙➀①❽❴→☞➒❩❽✓➆✦➣
❽✓➣❙❆ ↔①➊⑥↕✂✰✡➢✱➣ ➝✱→✪❼✜➒✝❋✦→❹➀✮❻✜❼✪➊❩❻✪→✎✁❘❻♥➆✦➝✕➒✝☛①❻✿✁☞❽❿➥✮➣①→✪➜➌❽✷➣⑤➒❴❻✜➣✚✁☞❽✷➒❝↕ ➝✱➆①➊ ➅✑➐❹➐ →✜➣➌➀❅✞❈➊✣✭✑❽❿➒✷☛➤→❤➣❥❽✺➣✵❼✜➊❩❻✪→❙✁☞❻ ➆✦➝✵➒✻☛✵❻♥➜✞→✪❼☞➒❝→❤➒❩❻
✁❘❽❴➥✡➣①→✡➜❚☛①→✄✁✝➆✦➝❝➒➓❻✪➣❥➈✔❻✜❻✜➣ ➀✦❻✎✁❘❼✜➊■❽❿➈✵❻❤➀❥❽✓➣❷❼✜→✖✁✤❻✄✁ ➆✦➝✫➊✥→❲➀①❽❴→☞➒❩❽▲➆②➣❷❽✓➣✱❆✤↔①➊❝↕ ✧ ●✚●✂❋✚●②➄✪✫✸✰✦➢❩➣t→❤➣t→✜➒✞➒❩❻☞➇➉➑⑤➒✢➒▲➆t❽✞➇➉➑①➊■➆②❾✵❻
➒✓☛✵❻ ➒✓☛①❻✪➊✱→✪➑✔❻✜↔✦➒➓❽❴❼t➊❩→✎➒⑥❽✓➆❚❋➂➒❳☛✿❻ ➀✦❻✪➜▲❽❿❾✔❻✜➊✱↕q➆✦➝ �✄✂✟✂ ❺♠❻✎★✔✗✩✗✩✗◆�⑨➅❇✞ ❽✓➣ ➇➉↔➌➜ ➒❩❽✓➑✵➜✞❻ ➝▲➊ →❲❼✎➒❩❽▲➆②➣✚✁❇✁☎❻☞➑✕→❤➊✥→☞➒❩❻❲➀ ❽✺➣ ➒❩❽✞➇➤❻
➇➤→☞↕ ❽✞➇ ➑①➊■➆②❾✵❻ ❻✜➝❩➝❩❽❴❼✪→❲❼✎↕ ➈✦↕ ➀✮❻✜❼✪➊❩❻✪→✖✁☎❽✷➣✵➥ ➜❴→☞➒➓❻ ❻✪➝✱➝■❻✜❼✜➒✝✁ ➆✡➣ ❼✜➊ ❽✷➒⑥❽✓❼✪→✪➜ ➣①➆①➊✱➇➤→✡➜ ✁◗➒▲➊✱↔✔❼❲➒❿↔✕➊❩❻✄✁❘❋◗✭✿☛✵❽❝➜✞❻
➇➤→❲❽❴➣✦➒✱→❲❽✓➣✵❽✓➣①➥ → ☛✵❽❿➥☞☛ ➊✱→✡➀①❽❴→☞➒❩❽⑩➆✦➣ ➀①➆❊✁✤❻✭➀✵❽ ✁◗➒▲➊■❽❴➈✦↔✡➒❩❽✞➆②➣✶✭✑❽ ➒✝☛✵❽❿➣ ➒❿↔✕➇➤➆✡↔①➊➠➒⑥❽✷✁❘✁◗↔✔❻✯✰⑨➢❩➣ ➒▲❻✪➊✱➇ ✁❥➆①➝✑➀✦➆❊✁☞❽✓➇➤❻✜➒▲➊■❽❝❼
❻✎❾✔→✡➜✷↔✵→✎➒⑥❽✓➆✦➣✂❋➂→ ➇➤➆✦➊■❻ ➀①❻☞➒❝→❙❽❴➜▲❻✜➀❵✁◗➒✞↔✵➀②↕ ➒✓☛①→☞➒❈➇➤→✜↕✉❼❤➆②➣✪✁☎❽✞➀✮❻❙➊❈➒✷☛✵❻✖✁☎❻ ➑①→❤➊❩→✜➇ ❻✜➒▲❻✪➊✛✁✑✁❪☛①➆✡↔✿➜✓➀t➈✵❻➉➑①↔①➊✔✁ ↔✵❻✪➀❚✰✪✲✳➆
➇ ❽✓➇ ❽❝❼✭❼❤➜❝❽✷➣➌❽✓❼✪→❲➜ ➑①➊❩→❲❼❲➒➓❽✞❼✪❻✎❋✂→✜➣✵➀ ➈✵❻✜❼✪→☞↔✚✁☞❻❷➇➉↔✵➜❿➒➓❽✬★❝➒✷☛✵❻✪➊✱→❤➑✦↕ ➇ ❽❴➥✄☛✦➒❄➈✵❻✭→ ✁☎➆①➜✓↔✦➒❩❽✓➆✦➣ ❽✺➣➟➒✓☛①❻✭➝➓❽❴➥❊☛①➒❹→❤➥✦→❙❽❿➣✂✁ ➒
➥✔➜❝❽✞➆✦➇➤→✎✁ ❋⑨❼✱☛①❻✪➇➤➆②➒✓☛①❻✜➊❩→❤➑⑤↕✉❼❤➆②↔➌➜✓➀t➈✵❻ ❽✓➣✵❼✪➜✺↔✵➀①❻✪➀▼✁☞❽✓➣①❼❤❻ �⑨➅❇✞❂❼❤→✜➣❷➈①❻ ➜❴➆✦→❤➀①❻❤➀❑✭✑❽✓➒✷☛✭➊❩→✪➀✵❽✓➆✚✁☎❻☞➣✂✁☎❽✓➒➓❽❿❾✔❻ →❤➣✦➒❩❽✷★
❼✜→☞➣➌❼❤❻❙➊ ➀✦➊✥↔①➥☞✁✳✁◗↔①❼❙☛➉→✎✁✂❻✜➒▲➆✦➑①➆☞✁☞❽✓➀①❻♥➆✦➊➌➑✕→❤❼✪➜▲❽❿➒▲→✍✌✔❻✡➜ ✧ ➋✂●✚❋✄● ☎☞✫✘✰

AKNOWLEDGMENTS  

✲✴☛✔❻ →❤↔✦➒✷☛✵➆✦➊✥✁♥→✜➊■❻✼❾✔❻✜➊⑥↕ ➥✦➊❩→✎➒⑥❻✪➝✱↔✵➜ ➒➓➆ ✗✔→✜➣✔➀✦➊ ❽✓➣✵❻ ✟✩❽✷➣✵❼✱☛①➆✦➣✂★✬✜✫❻✎➒➓❽❿➒ ➝✱➆①➊✢✞◆➛✽✼ ❻❖✌✮➑➌❻✜➊ ❽⑩❻✜➣①❼✡❻❙✁♥→☞➣✵➀ ➒▲➆ ➞q↕✮➊ ❽✞→✜➇
➞q➆①➊❩❻✪→☞↔➤➝❩➆✦➊✩☛✿❻❤➊✩☛✵❻✪➜✓➑➤❽✓➣✑�✳➅✵✞ ➝❩➆✦➊❩➇➤↔✵➜❴→☞➒❩❽✞➆✦➣✆☎❴➢✱➅✆✗✦➛✳❺✝➞ ✂❇❈②➄✺❈❚❋✦➐❄➣①➥✵❻✜➊✔✁ ❋ ❂✢➊❩→✜➣✵❼❲❻✍✠ ✰ � ❻ →✜➊■❻ →❲➜✬✁☞➆
➥✮➊✥→☞➒❩❻✪➝✱↔✵➜ ➒❴➆ ✜✫❽✞❻✜➊❩➊❩❻ �✘❻✪➥✦➊❩→✎✁ →☞➣✵➀ ➔✫✻✜➊ ➆✡➇ ❻➟❺❄➆②↔❊✌❉☎✔✗✵❻✜➊✱❾✵❽▲❼✜❻❴✞❈➆✡➇➤➇➉↔①➣❂➀✞✧✓➐♥➣➌❽✓➇ →❙➜❴❻✪➊❩❽▲❻ ✂✩➆❊✁ ➑➌❽⑩➒➓→✪➜✞➆ ✙

✂✑➣✵❽✓❾①❻❤➊✔✁❘❽❿➒✱→❲❽❴➊❩❻✄❋①➐♥➣①➥✵❻✜➊✥✁❘❋❊❂✫➊✱→✪➣①❼❤❻✎✠✳➝✱➆①➊⑨➒✻☛✵❻✪❽✞➊⑨➒➓❻✜❼✍☛✮➣✵❽✞❼✜→✡➜✕→✖✁✱✁☎❽✷✁ ➒➓→✜➣✵❼❤❻➉❽✓➣❥→❤➣✵❽✓➇➤→✪➜✫❻❖✌✮➑✵❻✜➊ ❽✓➇➤❻❤➣✦➒✛✁❖✰☞✲✽☛①❽✓✁❯✭♠➆✦➊✸❏
✭❹→✖✁▼✁ ↔①➑✦➑①➆①➊❝➒❩❻❤➀ ➈✦↕ →✁�✎❺ ✻✜➥①❽✞➆②➣ ➀✮❻✄✁ ✜✢→☞↕✂✁t➀✮❻ ➜✓→❑� ➆✕❽✺➊ ❻✄✂ ➥①➊✱→✪➣✦➒♠→☞➣✵➀ ➈①↕ ➒✓☛✵❻❷❼✪➆②↔✮➣⑤➒✞↕ ❼✡➆✡➇ ➇ ❽✷➒❝➒➓❻❤❻✭➆✦➝
➞q→✡❽✓➣✵❻♥❻☞➒❚� ➆①❽❴➊❩❻♥➆①➝☎�✱�✂→✑➜✞❽❴➥✦↔✵❻❄❼✪➆②➣①➒▲➊ ❻❄➜✞❻♥❼✪→☞➣✵❼✜❻❤➊✆✂❊✰✡➐❄➣✵❽❴➇➤→❲➜✕❼✪→❤➊ ❻ ✭❹→✖✁◆❼✪→❤➊✥➊❩❽▲❻✪➀➉➆✦↔✦➒➌❽✓➣ ✁ ➒➓➊ ❽✞❼✎➒➌→✪❼❲❼✜➆✦➊■➀✦→✜➣✔❼✜❻
➒➓➆✟❂✢➊■❻☞➣✵❼❖☛✼➞➟❽✓➣✵❽❩✁ ➒✱➊❝↕✩➆✕➝✢➐❄➥✦➊■❽❴❼✪↔✵➜✓➒✞↔✕➊❩❻✝➊ ❻❤➥✦↔✵➜❴→☞➒❩❽⑩➆✦➣✂✁❖✰
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➃✄✰ ➅✩❽❴❻❲➀✦❻✜➊ ✞▲❋⑤➐♠➀✦→✪➇ ➞ ❋✔➞➡➆✵➜✞➜❩✁◆➞ ❋❚❍♥➊■➆❊✁ ↔t➐❯�✿✰☞✲✴☛①❻✪➊✱→✪➑✔❻✜↔✦➒➓❽✞❼✼➆✡➑✦➒✱❽✞➆✡➣✩✁❈➝✱➆①➊✳➊❩❻✡❼✎↔✵➊✱➊■❻✜➣✦➒✣☛✵❽❴➥✄☛✂★✱➥✦➊❩→✪➀✵❻
➥✔➜❝❽✞➆✦➇➤→ ❽✓➣ →❲➀②↔✵➜❿➒ ➑①→☞➒❩❽▲❻✎➣✡➒✛✁❤➁ ❺♠❻✡❼✜❻☞➣⑤➒ →❤➀②❾✵→☞➣✵❼✪❻❙✁✍✰❵✞ ➊❩❽✓➒➓❽❝❼✜→✡➜ ❺❄❻✎❾⑤❽✞❻✍✭✵✁ ❽✓➣ ✌ ➣➌❼❤➆①➜❴➆✦➥✦↕✡➏ ✂✩❻✜➇➤→✎➒➓➆①➜✞➆✦➥✦↕
➋✔➍✦➍✚❈ ☛ ❈✦➍✚☎✛●❊✠☎➁✓➃✮➙✕➃✖★☎➃❙✾✚●❚✰

➋✩✰ ✝❹❻✱☛①❽✓➣❂➐❃❋ ✂✩➆✦→✪➣①➥✚★ ✏✑↔①→❤➣ ☎❇❋✵✞ →❲➊✱➑✵❻✎➣✦➒⑥❽❴❻❤➊t➐❯❂ ❋✟✼✩❻✡➜✓→✜➒✞➒✱➊■❻ ➔❙★✁�❅✰❯✜✫➊❩❽❴➇➤→✪➊❩↕ ➈✕➊✱→❙❽❿➣ ➒➓↔①➇➤➆②↔✵➊✛✁ ❽✓➣
→❲➀②↔➌➜✷➒✻✁✱✰✍�✂→❤➣✵❼✪❻☎➒✿➋✔➍✦➍✚● ☛ ●❊❈✿➃✄☎✓✾✚● ☎✪➄✂✠❘➁ ●✦➋✚●✂★✻●✚● ➃✄✰
●❚✰ ➞ ❽✓➒✱➊✱→ ➐❃❋➠➅✑→✪➣❂➐✵❋✟�✘❽✞➣①❻ ✝✘❺✮❋❇❍ ☛✕→☞➣✔➀①❻❖☛①→✪➊❩❽ ✂✆✰♥➅✑→✪➣✔➆✦❼✪→✜➊❩➊❩❽❝❻❤➊✔✁ ➝➓➆⑤➊❷➣①↔①❼✡➜✓❻✪→❤➊✭❽✞➇➉→✪➥①❽✓➣①➥❂→☞➣✵➀
➊✱→✡➀①❽▲➆②➒✷☛✵❻✜➊❩→✜➑✦↕ ➆✦➝➌❼❙→❤➣✵❼✪❻✜➊❪✰✖✞❈↔①➊✥➊❚✜ ☛✕→❤➊✥➇❴✼✩❻✄✁ ➋✔➍①➍❊❈ ☛✱➃☞➋✪☎✻●❊❈✚✠☎➁ ➄✵➎✦➋✚✾✚★❝➄①➎✦➄✺✾❚✰

➄✩✰ ✝♥→❤➊✱➒✬☛✑❺❯❂P❋✂�❹→✜➣✵➥ � ❋❊✞❈➆✮➀①❻✜➊✥➊❩❻♥➔☞➐✵✰✜❺❄→✜➒✵➈①➊❩→✪❽✞➣➉➒✞↔✕➇ ➆✦➊✿➇ ➆①➀✦❻✪➜✷✁ ➒➓➆➉→✎✁ ✁✤❻✎✁❘✁ ➒✓☛✔❻♥❻✪➝✱➝❩❽✞❼❙→❲❼✜↕➤➆①➝✿➈✔➆⑤➊❩➆✦➣
➣✔❻✎↔①➒▲➊ ➆✡➣ ❼❤→✜➑✦➒▲↔①➊■❻ ➒✷☛✵❻✜➊❩→✜➑✦↕✫➁✢➐ ❼✪➊❩❽❿➒⑥❽❴❼✪→❲➜◆❻☞❾✵→✪➜✞↔①→✜➒▲❽✞➆②➣✣✰✢➔❘➆✦↔①➊✱➣✕→❲➜✳➆⑤➝❈➅✩❻✜↔①➊■➆✚★✞✌♥➣①❼✪➆①➜✞➆✦➥②↕✉➋①➍①➍☞● ☛ ❈②➋✪☎◗➃✄★❝➋✚✠❘➁ ❈➂➃✖★
➎✡➄✩✰

☎✚✰ �✂❆ ↔①➣①➥✦➥①➊❩❻✜➣ ☎❇❋✎�✂❽✓↔ ✏❇❋❙➛✂➊■➜❴→❤➣①➀✚✁❪✁☎➆✡➣ ☎❇❋✎�✩❆■↔①➣①➥②➈✵❻❤➊✥➥✼➞ ❋✚✗①→✪➜❝➝❩➆✦➊❩➀✮�▲❋✚✗✦➒✱➊✱→✪➣✔➀❲✗✦➛✿✰✪➐❄➈✂✁☎➆✦➊✱➈①❻❤➀➉➀①➆☞✁☎❻
➀①❽✷✁ ➒➓➊❩❽❴➈✮↔✦➒❩❽✞➆②➣ ❽✓➣ ➥✵➜✞❽✞➆✦➇➤→ ➒▲↔①➇➤➆✦➊✥✁❥❽✓➣ ➊❩→✎➒❄➈✵➊✱→✡❽✓➣ →✜➝❝➒⑥❻✜➊♥➒✛☛①❻❤➊✥→❤➑✵❻✎↔✦➒⑥❽✞❼✭❽✷➣①➒❝➊❩→☞➒✱↔①➇➤➆✦➊❩→✪➜✝❽✞➣✱❆☎❻❤❼✜➒➓❽❴➆✡➣ ➆①➝❹➋✵➍ ➃✖✲✳➜✷★
❼✱☛✵➜✞➆✦➊ ❽✞➀①❻✯✰❀✞ →☞➣✵❼❲❻✜➊ ✝✑❽⑩➆✔➒✷☛✔❻✪➊✕❺❄→✡➀①❽✞➆②➑❊☛✵→❤➊✥➇ ➋✵➍✦➍②➄ ☛❝➃❖✾❚☎ ☎❊✠❘➁ ☎✄❈✦➋✂★ ☎☞❈❊✾❚✰

❈❚✰ ➔☞❻✪➆✡➣①➥ ➔◗➞✶❋◆✞✦☛✮↔①➣①➥ ➔❙★ ☎✆✰❵✲✴☛✵❻✜➊✥→❤➑✦↕ ✭✑❽❿➒✓☛ ➃✪➙✮➙②❺❄❻✖★❩�✂→✜➈✵❻✪➜✞❻❤➀ ❺❄→❤➀①❽✞➆②➑✚☛①→❤➊✥➇➤→❲❼✪❻✎↔①➒➓❽✞❼✜→✡➜ ✁✪➁✭➐❄➣
✌ ❾⑤❻✜➊⑥❾⑤❽❝❻✍✭ ➆①➝ ✜✫➊❩➆✦➇ ❽✬✁☎❽✓➣①➥ ❺❄❻✖✁◗↔✵➜❿➒❩✁ ➝▲➊ ➆✦➇ ➢❩➣✵❽✓➒✱❽✞→✪➜ ✞✝➜❝❽✓➣✵❽✓❼✪→✪➜ ✲ ➊■❽✓→✡➜✷✁✍✰✶✞❈→☞➣✵❼✪❻✜➊ ✝♠❽✞➆❙➒❳☛✿❻✜➊❩→☞➑✦↕ →❤➣✿➀
❺❄→❲➀✦❽✞➆②➑✚☛①→❤➊✥➇➤→❲❼✡❻✎↔①➒▲❽❝❼❤→✡➜ ✁✳➋✵➍✦➍❊●☞☛❝➃✡➙☞☎ ☎✄✠❘➁ ➎①➍①➎✚★✱➎ ➃✎➎ ✰

➎❚✰ ➢ �✡➣①→✜➥①→✖★❝➛ ✁☎❼✪➆✡➈①→✪➊ ➅✆✰ ➃✡➙✮➙✪❺♠❻✎★✱➀①❽❴➊❩❻✪❼☞➒ ➜✞→✜➈✵❻❲➜❴❽✺➣✕➥ ➆①➝ ➇ ➆⑤➣✔➆✦❼✡➜✞➆②➣①→✡➜ →❤➣✦➒❩❽✓➈①➆✮➀①❽❴❻✖✁ ➝❩➆✦➊
➊✱→✡➀①❽▲➆①❽✷➇➤➇➉↔①➣①➆②➒✓☛✔❻❙➊✱→❲➑✦↕ ➆①➝ ✁☞➆①➜❴❽✞➀ ➒▲↔①➇➤➆①➊✛✁✪➁ ✝♠❽❝➆✮➀✕❽ ✁◗➒❿➊ ❽✞➈①↔②➒❩❽⑩➆✦➣✂❋ ➣✔➆✦➊✥➇➤→❲➜ ➆✦➊❩➥✦→❤➣ ➀✦➆✚✁☞❽✓➇➤❻✜➒▲➊⑥↕✺❋ →❤➣✿➀
➒➓➆❊✌✵❽✞❼✜➆①➜✞➆✦➥✦↕✂✰☞➅✑↔✿❼❲➜❴❻❤→✜➊✿➞➡❻✪➀①❽✞❼✪❽✓➣①❻✝→✪➣①➀ ✝♠❽✞➆①➜✞➆✦➥②↕t➃✖✾☞✾⑤➙ ☛ ➋ ☎☞☎ ☎✄✠✤➁ ➄①➄⑨➃✖★⑥➄✮➄①➎✩✰

➙✚✰ �✂→✜➇➤➈✵❻✜➊❝➒ ✝✟❋ ✼✩❻ ☎✩➜✞❻✜➊✛❏ ➔✤➞ ✂✆✰ ✞✝➜❝❽✷➣➌❽✓❼✪→❲➜ →❤➑①➑✵➜❝❽✓❼✪→☞➒❩❽✓➆✦➣✂✁ ➆✦➝ ➃✡➙①➙✜❺❄❻✄★✱➜✞→✜➈✵❻✪➜▲➜✓❻✪➀
➊✱→✡➀①❽▲➆②➑☞☛①→✪➊✱➇➤→✡❼✜❻❤↔✦➒❩❽✓❼✪→❲➜❩✁ ➝➓➆⑤➊ ➊✱→✡➀①❽❝➆✡➣✦↔✵❼✪➜▲❽✓➀①❻ ➒✷☛✵❻✜➊❩→✜➑✡↕✩✰ ➅✑↔✵❼✡➜✓❻✪→✜➊ ➞ ❻✪➀①❽✞❼✪❽✓➣✔❻ ✞❈➆✦➇➤➇➉↔①➣✵❽✞❼✜→✜➒➓❽✞➆②➣✂✁
➋✔➍✦➍✚❈ ☛✺➋①➎✚☎✛●❊✠☎➁ ➋✵➋✚●✚★✱➋✦➋✂✾❚✰

✾❚✰ ✝♥→❲➜❝➜⑩➆✔➒✿✗✂❋ ➅➠➆✕❽✓➊❩❻✎➒✂➅ ❋ ✂✩❽✷➣✵➀✦➊■❻ ❂ ❋✩✼✩❻✎➣✵❽ �✡➆②➒ ✝❃❋✽❍♥→✜➊■❽✓➣ ➛ ❋➂❺❄→✸❆❘❻✜➊■❽✷✁☎➆②➣ ✂❇❋✢❻✜➒❈→❲➜❁✰✪✾☞✾⑤➇✆✲✳❼☎➏✤➃✪➙①➙✪❺❄❻✖★
➜✓→✪➈✔❻✪➜❝➜✞❻❤➀ ➜❴❽✓➑✵❽✞➀✭➣①→✪➣①➆✮❼✪→☞➑✚✁◗↔✵➜▲❻✍✁➤→✎✁➉➑①➊❩➆①➇ ❽ ✁☞❽✓➣①➥ ➊✱→✡➀✮❽❴➆②➒➓➊✱→✡❼❤❻✜➊✔✁➤➝✱➆①➊✑❽✓➇ →❲➥①❽❴➣①➥q→☞➣✵➀ ➒✓☛①❻✪➊✱→✪➑✦↕ ➁❬❂✫➆✦➊❩➇➤↔✵➜❴→☞➒❩❽✓➆✦➣
→❤➣①➀ ➈✵❽✞➆✦➀①❽✷✁ ➒➓➊ ❽✓➈①↔✦➒▲❽✞➆✡➣❬✰ ➛✂↔①➊❩➆✦➑①❻✪→☞➣ ➔☞➆②↔①➊✱➣①→❙➜❂➆⑤➝ ➅✑↔➌❼✪➜✞❻✜→❤➊ ➞➟❻✜➀✮❽❝❼✪❽✓➣①❻ →☞➣✵➀ ➞➡➆①➜✞❻✜❼☞↔➌➜❿→❲➊ ➢❩➇➤→❤➥✵❽✓➣✕➥
➋✔➍✦➍✚❈ ☛ ●❊●✚☎ ☎✄✠☎➁ ❈✵➍②➋✂★✛❈✦➍①➎❚✰

➃✎➍❚✰ ➞ ❻✜❾✔❻✡➜✞➜❴❻❤❼ ❂ ❋❹❺❄➆✦↔①❼❤➆✦↔❊✌ ➐✮❋➠➅✩➆①❽✞➊❩❻✜➒ ➅❇❋✮✜✢→✎➒⑥❽✓➣ ✂❇❋✑✲✳❽✓✁☎→✎➒➓➆ ❂P❋ ✝❹→❤➣①➀①➆✮➜❝❽❱❍✑✰❇✗✦↕✮➣⑤➒✷☛✔❻✎✁☎❽✓✁ →❤➣①➀
❼✱☛①→✪➊✱→✡❼✎➒➓❻✜➊■❽ �✡→✎➒⑥❽✓➆✦➣ ➆①➝ ➒✓☛➌❻ ➈✿❽ ✁✱☎❴➒➓➊ ❽✷➒✝☛✵❽❴➆✡➑✵❻✜➊❩➆❊✌✦↕✮➈✵❻✎➣✆�❲➆✦→✜➒▲❻✎✠✛☎❩➀①❽❿➒✓☛✵❽✓➆✦➈✵❻☞➣✆�✪➆①→☞➒✱❻❙✠✥➊✻☛✵❻✜➣✔❽✓↔①➇❱☎✱➢✱➢✥➢✛✠ ☛✿❻☞➒✱❻❤➊ ➆
❼❤➆✦➇➉➑➌➜✓❻✍✌✩✰✜➢❩➣✵➆①➊✱➥✦→❲➣①❽❝❼✿✞✦☛①❻✪➇➤❽✷✁◗➒▲➊✱↕❇✞ ➆✦➇➤➇➉↔①➣✵❽✞❼✜→☞➒❩❽✞➆✡➣✂✁♠➃❖✾❊✾✚✾ ☛✺➋✂☎✻❈ ✠✤➁ ➋✂●①➍✚★❝➋✂●❊●❚✰
➃✮➃✄✰ ✂✩❻✎↔①➊✱➒✱→❤↔✵➜❿➒✆✝❃❋❚✗①→❤↔✿➜✺➣✿❽✓❻✪➊✩✜ ❋✎✜✳❻❲❼✍☛ ✝✵❋✎✜✢➊■➆②↔✂✁ ➒➌➔❙★❴➛ ❋ ✝♠❻✎➣✵➆①❽✷➒➌➔✱★✬✜✽✰✡➐ ➣✵➆✦❾✵❻✪➜①➑❊☛①→✖✁☎❻❹❽✓➣✦❾⑤❻✜➊✔✁❘❽✞➆②➣✂★✱➈①→✎✁❘❻✜➀
➑①➊❩➆①❼❤❻✎✁❘✁❥➝❩➆✦➊❹➒✻☛✵❻❷➑①➊ ❻☞➑①→✪➊✱→✜➒➓❽❝➆✡➣ ➆✦➝✑➜❝❽✞➑✵❽❴➀ ➣✵→☞➣①➆①❼❤→✪➊✱➊ ❽✞❻✪➊✛✁✍✰✴✜✣☛①→❲➊✱➇ →❙❼✜❻✜↔✦➒⑥❽✓❼✪→✪➜❈❺❄❻✄✁✤❻✜→✪➊❩❼✍☛ ➋✔➍✦➍✦➋☞☛✱➃❙✾✚☎✛❈❊✠☎➁ ➙✔➎ ☎☞★
➙✮➙✡➍✩✰



➃❪➋✩✰ ➞ →❲➊❩➀①➆✦➊ �✵❋✼❺♥→✱☛✵→☞❾ ✌✮❋ �✂→☞↔①➈①❻❤➊✥➇➤→❤➣ �✵❋✟�✘❽✞➀✦→✪➊✑�▲❋ ✌❹❼✱☛①❻✪➊✱→✄✁❪☛⑤❾⑤❽✞➜❴➜▲❽❥➐✮❋✑✼✑→❤➣✵❽❝❻❤➜✬✁■✼❇❋➤❻✎➒t→❙➜✝✰
✞❈➆✡➣✦❾➌❻✜❼☞➒✱❽✞➆✡➣✂★✥❻☞➣✚☛①→✜➣✵❼❤❻✪➀ ➀✦➊✥↔①➥ ➀✦❻❲➜❝❽❿❾✔❻✜➊✱↕✢➁✭➢❩➣✵❼✜➊■❻✜→✄✁✤❻✪➀ ❻✪➝✱➝❩❽❴❼✪→❲❼✜↕ →✜➣➌➀ ➇➤→✪➥✦➣✔❻✜➒▲❽❝❼ ➊ ❻❙✁☎➆✡➣①→✜➣✔❼②❻ ❽❴➇➤→❤➥①❻
➇ ➆②➣✵❽✓➒▲➆①➊❩❽❿➣①➥✩✰✖✞❈→✪➣✔❼✜❻✪➊✕❺♠❻❙✁☎❻✜→✪➊❩❼❙☛➉➋①➍✮➍ ☎✄☛ ❈✞☎☞☎◗➃✝☎☞✠☎➁ ❈✕➙✄☎①➙☞★✛❈⑤➙✄❈✚●❚✰

➃❖●❚✰ ☎✑➣①→☞➑①➑❱❂✩❂ ❋①➔☞➊ ✰ ❋❚❍❹↔❊☛✵➜✷❏✮❻❲✗✂❋ ✝❄❻❤❻✜➒✝✁ ➐▲�▲❋❊�✘❽❴➣ � �✵❋✣✗✦➒▲→✜➈✵❽✓➣ ➞ ❋⑤➐❄➇ ➆①➜✬✁ ✂❇❋✵❻✎➒✫→❲➜❁✰✡➛✳➣✵➀✦➆②❾✵→✖✁☎❼☞↔✵➜❴→❤➊
➈✔❻✎➒✱→ ❽❴➊✱➊❩→✪➀①❽✞→✎➒⑥❽❴➆✡➣ ➝✱➆①➊ ➑①➊■❻✎❾✔❻✜➣✦➒⑥❽✓➆✦➣ ➆✦➝❈➊■❻✎✁◗➒➓❻✜➣①➆☞✁☞❽✷✁♥↔✩✁❘❽❿➣①➥❵✁✤➆✕➜✺↔⑤➒➓❽✞➆②➣ ➊❩→✪➀①❽✞➆✦❽✓✁☎➆②➒➓➆②➑✔❻✎✁✜➁✵➑❚☛①→❤➊❩➇ →❲❼✪➆①➜✞➆✦➥①❽✞❼❥→☞➣✵➀
➀✮➆❊✁☞❽✓➇➤❻✜➒▲➊ ❽▲❼ ➑①➊❩➆②➑✔❻✪➊❝➒❩❽✞❻✎✁✂➆✦➝➂➊✻☛✵❻❤➣✵❽❿↔①➇ ★◗➃❲➙✦➙✑❼✪➆✦➇✩➑①➆✦↔✦➣✔➀✚✁❖✰❀✞ →❤➊■➀①❽❴➆②❾✔→✄✁✤❼ ❺❄→❲➀①❽❴→☞➒①➞ ❻❲➀ ➃❙✾☞✾✚✾ ☛❝➃✖☎◗➃✎✠❘➁✷➙☞❈✂★✬✾✮➎ ✰

➃❪➄✩✰ ✂✑↔✦➣✦➒ ✝ ➆✦➈①➆ ❺✮❋✑�✂→✖✁❘❏✮❻ ✼✆� ❋ ➐✿❏✦➈①→✄✁✤→✎❏❂➐✮❋✼➞➟➆✦➊✥➊❩❽✓✁☞➆②➣ ✜✩❂ ❋✑✼✩❻✜➀①➊❩❽❝❼❙❏ ❺❯� ❋ ✌❹➜✞➀✦➝❩❽✞❻✡➜✓➀ ➛ ✂✆✰
✞❈➆✡➣✦❾➌❻✜❼☞➒✱❽✞➆✡➣✂★✥❻☞➣✚☛①→✜➣✵❼❤❻✪➀ ➀①❻✪➜✞❽✷❾➌❻✜➊✱↕ ➆✦➝❄➇➤→✪❼✪➊❩➆①➇➤➆①➜✞❻✜❼☞↔✿➜⑩❻✎✁❥❽✷➣ ➒✓☛✔❻❥➈①➊✥→❲❽❴➣✩✰✣✜✫➊❩➆①❼✜❻❤❻✪➀①❽✓➣①➥✚✁➉➆①➝ ➒✓☛➌❻ ➅✑→☞➒❩❽⑩➆✦➣①→✪➜
➐♠❼✜→✪➀✵❻✜➇➉↕✩➆✦➝✴✗✵❼❲❽❝❻☞➣✵❼✪❻✎✁✂➆✦➝⑤➒✝☛✵❻ ✂❹➣➌❽✷➒➓❻✜➀❲✗①➒▲→✜➒➓❻✎✁✂➆✦➝✿➐♥➇ ❻✪➊■❽❝❼✜→➉➃✖✾❊✾✡➄ ☛ ✾➂➃✖☎✻❈❊✠☞➁ ➋➌➍✦➎☞❈✚★❝➋①➍✕➙❙➍❚✰

➃ ☎✚✰ ✟✩➆✦➥✦❻✡➜✷➈✵→☞↔①➇ ➞q➐✑✰ ✞ ➆✦➣✦❾✔❻✪❼☞➒❩❽✓➆✦➣ ❻✜➣❊☛①→❤➣①❼❤❻✪➀ ➀①❻✪➜❝❽✷❾⑤❻✜➊⑥↕ ➝❩➆✦➊ ➒✓☛✿❻ ➒✱➊❩❻✪→☞➒✱➇➤❻☞➣✦➒ ➆①➝ ➇ →❙➜❴❽✞➥✦➣✵→✜➣✡➒
➥✔➜❝❽✞➆✦➇➤→✎✁❤➁❊✗✦↕✮➇ ➑➌➆✚✁☎❽✓↔①➇❂➊■❻✎❾✵❽✞❻✍✭❅✰❲➔☞➆✡↔✕➊▲➣✕→❲➜①➆⑤➝①➅✩❻✜↔✵➊❩➆❚★✆✌♥➣✵❼❤➆①➜✞➆✦➥✦↕✑➋✵➍✦➍ ☎✄☛✺➎☞●✚☎❪➃❙✠❪➁ ☎✔➎✚★✻❈❊✾❚✰

➃❖❈❚✰ ➔☞❻✎✁ ➒❩❽✷➣➤➛ ❋✔➞➡➆②↔①➥✔❽✓➣✂★✝✼✩❻✜➥①➊✱→❙❻✜➝➂➞ ❋✺❂✫→❲❽❿❾①➊■❻✎★✛✞✢☛①→☞↔⑤❾✔❻✎➒✫➐✮❋①❺❹❻❤➇ →❤↔①➀✂★❩�✂❻❅✗✵→✪❻❤❼ ✜✽❋✄✂✩❽✓➣①➀✦➊■❻❃❂❬❋ ✝♠❻☞➣①➆✵❽ ➒
➔❪✜ ❋ ❻✎➒ →✪➜✻✰ ❺♠→❤➀①❽❴➆①➜✞→☞➈✵❻✪➜❝❽✺➣✕➥ →☞➣✵➀ ➒❝→❲➊✱➥✵❻✎➒❩❽✷➣✵➥ ➆✦➝ ➜▲❽❴➑✵❽✞➀①❽✞❼ ➣✵→☞➣①➆①❼✜→❤➑✂✁ ↔✿➜⑩❻✎✁ ➝❩➆✦➊ →✜➑①➑➌➜✞❽✞❼✜→✜➒➓❽✞➆②➣✂✁ ❽✓➣
➊✱→✡➀①❽▲➆①❽✷➇➤➇➉↔①➣①➆②➒✓☛✔❻❙➊✱→❲➑✦↕❚✰ ✟ ➔◆➅✑↔✵❼✪➜✦➞q❻✪➀❹➞ ➆①➜②➢❩➇➤→❤➥✵❽✓➣✕➥➉➋✔➍✦➍①➎ ☛ ☎✕➃✖☎☎➃❙✠❘➁ ☎✢➃✖★✻❈①➍❚✰

➃✎➎❚✰ �✂→✪❼✪➆✮❻✎↔➌❽✞➜❝➜✞❻ ❂P❋ ✂✩❽✷➣✵➀✦➊■❻■❂P❋ ➞q➆①→❲➜✟❂ ❋ ❺❄➆✡↔❊✌ ➔✱❋❯✜✫→✖✁❘✁☎❽✓➊✱→✪➣✵❽❇✞❯❋✿✞❈➆✦↔✦➒▲↔①➊ ❽✞❻✪➊ ✌✮❋❹❻✎➒➤→❲➜❁✰❈➢❩➣ ❾➌❽✷❾✵➆
❻✎❾✔→✡➜✷↔✵→✎➒⑥❽✓➆✦➣q➆✦➝❄➜❝❽✓➑✿❽✞➀✭➣①→❤➣①➆✦❼✪→❤➑✂✁ ↔✵➜❴❻✖✁ →✖✁➉→t➑①➊❩➆✦➇ ❽❩✁☞❽✓➣①➥ ❼❤➆①➜❝➜✞➆①❽✞➀✦→❲➜❈❼✜→❤➊✥➊❩❽▲❻✜➊✼➝➓➆✦➊♥➑✵→✪❼✡➜✞❽❿➒▲→✍✌⑤❻✪➜✬✰➂➢❩➣✦➒ ➔ ✜ ☛①→✜➊❩➇
➋✔➍✦➍①➎❚✰

➃❲➙✚✰ ✝♥→❲➆ ➐✮❋✵❍❹➆①❽❴➣✺✁ ✝❃❋ ☎✩➜❝❽✷➑①➑✔❻✜➊❥❺❃❋♠➅ ❻✜➥✦➊■❻✎➒➓❻✹❍✮❋♥➞q→✎☛✵❽✓➣①➀✦→✪➊✱→✜➒▲➣✵❻➟➞ ❋ ✜✣☛✵❽❝➜✞➜▲❽✷➑✂✁ � ✲❯✰♥➐ ➣✵➆✦❾✔❻✪➜
➜✞❽❴➑✔➆✚✁✤➆✦➇➤❻ ➊❩→✪➀①❽✞➆①➜✞→☞➈✵❻✪➜❝❽✷➣✵➥❂➇➤❻✜➒✷☛✵➆✮➀ ↔✂✁❘❽❿➣①➥ ✾☞✾⑤➇ ✲✳❼✎★ ✁ ✗①➅✆✗✦➏✥✗ ✁ ❼✪➆✦➇➉➑➌➜✓❻✍✌✔❻✎✁✪➁➠➢➓➣ ❾✵❽✓➒✱➊❩➆ →❤➣①➀ ❽❿➣❂❾➌❽✷❾✵➆
❻✎❾✔→✡➜✷↔✵→✎➒⑥❽✓➆✦➣✩✰❤➔❤➆②↔①➊✱➣①→✡➜①➆✦➝✂✜✣☛①→✪➊✱➇➤→✡❼✪❻☞↔⑤➒➓❽✞❼✜→✡➜❚✗⑤❼②❽⑩❻✜➣①❼✪❻✖✁⑨➋①➍①➍❊● ☛ ✾✡➋✩☎✻✾✚✠✤➁❴➃✡➙☞✾❊●✚★☎➃❙✾✮➍✦➄✩✰

➃❖✾❚✰ ➔◗↔✔➀⑤➥✔❻■�✳➞✶❋✢✌✄✂ �✘❻✜→✪➊❝↕❴✼✑➔ ❋❃❂✢↔✱❆❪❽✞❽❅❍✮❋✑✗✂❏①❻✜➣✵❻❙✁◆✞❯❋❯✜ → ✂②↔✔❻❲➒✞➒➓❻ ✲✳❋❯✜✢➊ ➆✦➝❩➝✱❽✓➒❝➒➉❺❃✲✢✰✝➐ ☛⑤↕✔➀✦➊❩→ �✮❽✷➣✵➆
➣✵❽✞❼❤➆②➒❩❽✓➣①→✜➇ ❽✞➀✦❻✉➀✦❻✪➊❩❽❿❾✔→✜➒➓❽❿❾✵❻❷➆①➝✑❼✍☛①➆✵➜✓❻✄✁✥➒❩❻✜➊❩➆①➜✝➝❩➆✦➊✼➊❩→✪➀①❽▲➆①➜❴→☞➈✵❻✪➜▲➜✞❽❿➣①➥➡➜❝❽✷➑✵➆✚✁✤➆①➇➤❻❙✁❱✭✑❽❿➒✷☛✶✾✚✾✦➇✆✲✳❼✄✰✳➔❘➆②↔✵➊✱➣①→✡➜✝➆✦➝
�✂→❤➈✵❻✪➜❝➜⑩❻✪➀❅✞❈➆✦➇➉➑✔➆✦↔✦➣✔➀✚✁ →❤➣✵➀➠❺❄→❤➀①❽✞➆②➑✚☛①→❤➊✥➇➤→❲❼✪❻✎↔①➒➓❽✞❼✜→✡➜ ✁♥➃✖✾❊✾☞✾ ☛ ➄①➋✂☎☎➃❙✠✤➁ ➋✂●✂★❝➋✿➙✚✰

➋✔➍❚✰ ✗✵❻✎➣✵➀✮❻✪➜✓➈①❻✪❼❙❏ ✗✄� ❋ ✂✑➊ ✂✡↔❊☛✵→✜➊❝➒ ➔✎✰◆✗✮➑①→✜➒➓❽❴→❲➜ ➀①❽✷✁ ➒➓➊ ❽✷➈①↔✦➒⑥❽✓➆✦➣ ➆✦➝ ➀✦➆✦➑①→❤➇❥❽✓➣✔❻✯❋✭➇➤❻☞➒✬☛✔➆②➒✱➊■❻❖✌①→❤➒▲❻ →☞➣✵➀
→❤➣✦➒❩❽✓➑✦↕✮➊ ❽✓➣➌❻❥➀✡↔①➊ ❽✞➣①➥ ❼✜➆✡➣✦➒➓❽❿➣✮↔✵➆②↔✂✁➉❽✓➣✦➒➓➊✥→❲❼✜❻✪➊❩❻✜➈①➊❩→❲➜◆➇ ❽❴❼❤➊ ➆✡➑①❻✪➊✱➝✱↔✂✁☞❽✞➆✦➣✩✰ ✝❄➊✥→❲❽❴➣✭❺❄❻❙✁☞❻✜→✪➊❩❼✱☛ ➃✖✾①➙✄☎ ☛ ●✦➋✕➙☞☎✱➋✚✠☎➁ ➋ ☎✕➃✖★
➋ ☎✦➙✂✰

➋✢➃✄✰ ➞ →❙❼ ☎✑→✜↕ ➔☞➐✮❋❭✼✩❻❲❻✎➣ ✼✮❂ ❋◆✗ �✡➆❊❏✮→ ➔☞➊✔✰ ❂ ✞ ✰❱✼✩❽✬✁ ➒✱➊❩❽✓➈✦↔①➒➓❽❴➆✡➣ ❽✓➣ ➈①➊❩→✪❽✓➣ ➆✦➝ ➜✞❽❴➑✔➆✚✁◗➆✦➇ ❻✯✁ →✪➝✞➒❩❻✜➊
❼❤➆②➣①❾✔❻✪❼✎➒➓❽✞➆②➣❷❻✜➣☞☛①→✜➣✔❼✪❻✜➀ ➀✦❻✡➜✞❽❿❾✔❻✪➊❝↕ ☛✦➞ ➆✮➀②↔➌➜✓→✜➒➓❽❴➆✡➣❥➈✦↕ ➑✵→✜➊✱➒➓❽❝❼✪➜✞❻✑❼❖☛✵→✜➊❩➥①❻✖❋✕➑①→✜➊✱➒❩❽✞❼✡➜✓❻✑➀✕❽✓→✪➇ ❻✎➒➓❻✜➊✔❋①→❤➣✿➀➤➑①➊❩❻✎✁✤❻✜➣①❼✡❻
➆✦➝✪✁◗➒➓❻❙➊❩❽▲❼♥❼❤➆⑤→☞➒❩❽✺➣✕➥✂✰ ✝❄➊❩→✪❽✞➣✼❺❄❻✄✁✤❻✜→✪➊❩❼✍☛✑➋①➍①➍✞☎✄☛✱➃❤➍❊● ☎☞☎✱➋✚✠❘➁❿➃❀●❊✾✚★☎➃✝☎❀● ✰
➋✮➋✩✰ ✝❹❻❤➀②↔①➣✔❻✪→☞↔ ➐✮❋✑✗✔→✜↔➌➜✷➣➌❽✓❻✪➊❲✜ ❋ ✂✩❽✞➣①➀✦➊■❻ ❂ ❋✿✞✝➜❴→☞❾①➊■❻✎↔➌➜✼➐✮❋ �✘❻✜➊❩➆✡↔ ✌ ➔ ✞▲❋ ✝❄❻✎➣✵➆①❽✓➒➉➔❪✜✽✰✢✼✩❻✎✁❘❽❴➥✡➣ ➆✦➝
➒▲→✪➊✱➥✵❻✎➒⑥❻✜➀❷➜✞❽✓➑✵❽❴➀t➣①→❤➣①➆✦❼✪→☞➑✪✁ ↔✵➜❴❻❙✁♥➈①↕✉❼✜➆✡➣✱❆ ↔✕➥✮→✎➒⑥❽✞➆②➣✉➆✦➝✦✭✮☛✵➆①➜✞❻ →☞➣✦➒⑥❽✓➈①➆✦➀①❽✞❻✎✁❹→☞➣①➀t→✪➣✡➒❩❽✷➈✵➆✮➀②↕▼❂⑨→❤➈☎✂✦➝✱➊❩→✜➥✮➇❥❻✪➣✦➒✝✁❖✰
✝♠❽✓➆①➇➤→✎➒➓❻✜➊■❽✓→✡➜✷✁ ➋✵➍✮➍✦➎☞☛ ➋✿➙☞☎✻●❊●❊✠☞➁ ➄✂✾✦➎⑤➙✺★❝➄✂✾❊✾✮➍ ✰

➋✺●❚✰ ❍♥→✜➊■❼✪❽❝➆✡➣➉➛ ❋✯�❈→❤➇➉➑①➊■❻✜❼✍☛✦➒➌➐✮❋✄✂✩❻✜↔①➊✱➒✱→☞↔✵➜✓➒ ✝❃❋❊✜✢→✪❽▲➜❝➜✓→✪➊❩➀➉➐✮❋✵➐♥↔①➈①❻✪➊❝➒❁★❩✜✳➆✡↔①❻✄✁❪✁☞❻✜➜✵➐✮❋❊✼✩❻✎➣✵❽✄�✪➆②➒ ✝❃❋①❻❲➒➌→✡➜✬✰
➐ ➣✿❻❙✭ ➥✮❻☞➣✵❻✜➊❩→✎➒⑥❽❴➆✦➣✩➆✦➝✿→✪➣✦➒⑥❽✞❼❙→☞➣✔❼✡❻✜➊✔❋✡➀✦➊❩↔①➥✂★✱➜❝➆✦→❲➀✦❻❤➀❚❋✡❼❤➆✕➜✞➜✞➆✦❽▲➀✦→✡➜✦❾①❻❲❼✎➒➓➆✦➊✔✁◆➊❩❻✜❾✔❻✪➊✛✁☎❻✎✁✳➇➉↔✵➜✓➒❩❽✓➀①➊❝↔✵➥➉➊❩❻✎✁❘❽✬✁ ➒➓→☞➣①❼✪❻❹❽✓➣
➥✔➜❝❽✞➆✦➇➤→♥→❤➣①➀✼➊■❻✜➀✦↔✔❼✜❻✄✁⑨➒▲↔①➇➤➆✦➊✿➑✵➊❩➆⑤➥✮➊❩❻✎✁❪✁☞❽❴➆✡➣➤❽✓➣➉➊❩→✎➒❁✁✍✰✎➞➟➆①➜❊✞❈→✪➣✔❼✪❻✜➊✣✲✴☛✵❻✜➊➌➋✵➍✦➍❊❈☞☛ ☎✺☎❝➎✚✠☎➁✞➃❲➎ ➃❲➍✚★☎➃❤➎②➋①➋✩✰



➋✮➄✩✰ ✂❇✁☎❽❝❻✱☛✞✝✿✲✳❋ ✂❇✁☞❽⑩❻✍☛ ➔ ❂ ❋▲✲✳✁☎→✪❽❅✗✂✞▲❋✡�✘❽✓➣ � �✵❋ ✂✑↔✵→✜➣①➥ ✂❇✲✳❋❯✲✂❽✓➣①➥❴❍✮❋♥❻✜➒✩→✪➜✻✰◆❺✿☛①❻❤➣✵❽❿↔①➇ ★◗➃✡➙✮➙☞★
�✂→❤➈✵❻✪➜✞❻✜➀❅✼✵✲❬✜✢➐➤➁✡→❹➣✵❻✍✭ ➊❩→✪➀①❽✞➆②➑✚☛①→❲➊✱➇ →❲❼✪❻☞↔⑤➒➓❽✞❼✜→✡➜✵➝❩➆✦➊✳❽❴➣✦➒▲➊✱→✜❾✔→✎✁☞❼❤↔✿➜✓→✪➊✫➊✱→✡➀①❽❴→☞➒❩❽✓➆✦➣➉➒✷☛✵❻❤➊✥→❤➑✦↕✩✰✪➅✑↔✵❼✪➜✦➞ ❻❤➀ ✝❄❽✞➆①➜
➃❖✾❊✾✚✾ ☛✺➋✚❈✚☎ ➙✄✠☎➁ ✾✂❈✦➎✚★✛✾✦➎✦➋✩✰

➋ ☎✚✰ ➅✩➆②➈✵➜✞❻◗✞ ✌✮❋ ☎✑➊✥→❤↔ �✮❻ ➞ ✲✢❋✦✼✑➊✱↔✵➇➤➇➤➆②➣✔➀ ✼✵✞▲❋ �❹→✪➇➤→✎✁❪☛✿❽✷➒➓→ �✵❋ ✗①→❙❽⑩➒⑥➆➡❺❃❋ ✝❄❻✜➊❩➥①❻✪➊✼➞✶✗✪❋✝❻✎➒✑→✡➜✬✰
➅✩➆②❾✔❻✡➜⑤➣①→❤➣①➆①➜✞❽✓➑①➆✚✁❘➆✦➇➤→✪➜✩✞✽✜✣✲✳★❪➃✮➃♠❽❿➣①➝✱↔✂✁✤❻✪➀✑➈✦↕➤❼✡➆②➣✦❾⑤❻✜❼☞➒❩❽✞➆②➣✂★❩❻✎➣✚☛①→☞➣✵❼❤❻✪➀➤➀✦❻❲➜❝❽✷❾✵❻✜➊✱↕ ❽❿➣ ❽✞➣✦➒✱➊❩→✪❼✜➊❩→❤➣✿❽✓→✡➜✦➒▲↔①➇➤➆✦➊✔✁❤➁
➑☞☛①→✪➊✱➇➤→✡❼✜➆①➜✞➆✦➥✦↕✑→❤➣✵➀✼❻✪➝✱➝■❽❝❼✜→❲❼✜↕✂✰✎✞✝→✜➣✵❼❲❻✜➊✕❺♠❻✎✁✳➋①➍①➍❊❈ ☛ ❈❊❈✂☎ ☎✄✠☎➁ ➋✿➙✮➍➂➃✖★❝➋✵➙✡➍✚❈❚✰

➋✺❈❚✰ ✝♥→❤➊✱➒✬☛ ❺▲❂✦✰✿❺❄→☞➒❈➈✵➊✱→✡❽✓➣ ➒➓↔✦➇➤➆✦➊❄➇ ➆①➀①❻✜➜✓✁ ❽✓➣q❻✍✌✮➑✵❻✜➊❩❽❴➇ ❻☞➣⑤➒✞→❙➜◆➣✵❻✜↔①➊❩➆✚★✱➆✦➣①❼❲➆①➜❴➆✦➥✡↕✢➁✿➒✓☛✿❻▼✾✯� ❋✽✞▲❈✂❋✴✲✽✾✚❋
❂ ✾①➙☞❋❙❺❃❍ ➋ ☎✝✼✩➎✡➄✚✠✔❋✜❺❃✲✦★✱➋➉→☞➣✵➀❅✞◆➅✆✗✂★☎➃✝➥✔➜❝❽✓➆①➇➤→✎✁✱✰✪➔✳➅✩❻✎↔✵➊✱➆①➆✡➣①❼✪➆①➜➂➃✖✾☞✾⑤➙ ☛ ●✚❈✚☎☎➃❙✠☎➁ ✾➂➃✄★ ➃❲➍②➋✩✰

➋✔➎❚✰ ☎✩❽❿➇ ➜▲❻✜➊ ✝✢❂✳✰ ✲✴☛①❻▼✾✯� ➊✥→☞➒✘➈✕➊✱→✡❽✓➣ ➒❝↔①➇ ➆✦➊❹➇➤➆✦➀✮❻②➜✂➝✱➆①➊ ➑①➊■❻✎★❩❼✪➜❝❽✺➣✿❽✓❼✪→❲➜◆❽✓➣✦❾⑤❻✎✁ ➒⑥❽❴➥✦→☞➒❩❽✞➆✡➣ ➆✦➝✝➊❩→✪➀①❽✞→✎➒⑥❽✞➆②➣✂★
❼✱☛①❻✪➇➤➆②➒✓☛①❻❤➊✥→❤➑⑤↕✩❽✓➣①➒➓❻❙➊✱→❙❼✎➒➓❽✓➆✦➣✂✁❖✰❲➔ ➅✩❻☞↔✕➊❩➆①➆✡➣①❼✪➆①➜✿➃✖✾❊✾✡➄ ☛ ➋✵➍✚☎✱➋✚✠❘➁❴➃❲➍✚●✚★◗➃❤➍☞✾ ✰

➋✵➙✚✰ ✟✩➆②➣①→✪➊✱➈✵➆✡↔①➊✥➥ ➐✵❋ ✗①→✪➑✵❽✞➣ ➐✮❋ �✘❻✜➇➤→✡❽✓➊■❻ � ❋ ❂✢➊❩→❤➣✿❼✪➆✡➣✿❽ ❂P❋ ➞ ❻✜➣✔❻✪❽ ✜ ❋ ➔☎→✡➜✞➜❝❻☞➒ ✜❬❋ ❻✜➒ →❙➜✝✰
✞✦☛①→❤➊❩→✪❼✜➒➓❻✪➊❩❽✁�❲→✜➒➓❽❴➆✡➣➤→✪➣①➀➉➀✮❻✜➒✱❻❲❼❪➒⑥❽❴➆✡➣ ➆✦➝✢❻✍✌①➑✵❻✜➊❩❽✞➇➤❻✜➣✦➒▲→✡➜①➊✥→☞➒✢➥✵➜✞❽❝➆✦➇➤→✖✁◆↔✚✁☞❽✷➣✵➥➉➇➉→❲➥②➣✵❻☞➒❩❽✓❼♥➊■❻✎✁☎➆✡➣①→✜➣✔❼✡❻❹❽❿➇➤→✪➥✔❽✓➣①➥❚✰
➞q→✪➥✮➣①❻✜➒➓❽❴❼❈❺❄❻✎✁✤➆✦➣①→☞➣➌❼✜❻❈➞ →☞➒✱❻❤➊ ❽✞→✪➜✓✁◆❽✓➣✑✜✣☛✦↕✺✁☞❽✓❼✄✁ ❋ ✝♠❽✓➆✵➜✓➆⑤➥✡↕✑→✜➣➌➀➠➞➡❻❤➀①❽❴❼❲❽❿➣✔❻❈➋✵➍✦➍②➄ ☛❝➃❲➎✚☎✛●✚★✻❈ ✠✤➁✞➃✖●✚●✚★❪➃❖●❊✾✩✰

➋✺✾❚✰ ✟✑→✎❾✔➊✥→❥➞ ❋⑨➐❹➜❝❽✳➞ ➔✱❋ ☎✑→❲➣①➥ ➛ �❴❋➂➅✑→☞❾✵→❲➜❝❽✷➒❩➜✞➆✯☛①→ �✵❋➂➛✂➈✔❻✜➊✱➒✝➐✮❋✳➐❹➜▲➜❴❻✪➣◆✞ ✟❇❋✳❻✎➒ →✪➜✻✰ ✞❈➆✦➇➉➑✵→✜➊✱→✜➒⑥❽✷❾✵❻
➑☞☛①→✪➊✱➇➤→✡❼✜➆❊❏✵❽✺➣✵❻✎➒❩❽✓❼✄✁ ➆①➝ ➃❤➄✚✞▲★✸✁✤↔①❼✜➊■➆❊✁☞❻ ❽❿➣ ❺❃❍✮★❝➋ ➊✱→✜➒t➥✔➜❝❽✞➆①➇ →❙✁ →❤➝❝➒❩❻❤➊✭❽✓➣①➒❝➊❩→☞❾➌❻✜➣①➆✦↔✺✁ →✜➣✵➀ ❼✪➆②➣✦❾⑤❻✪❼❪➒⑥❽✞➆②➣✂★
❻☞➣❊☛✵→☞➣✵❼✪❻❤➀✼➀①❻✪➜▲❽✷❾✵❻✜➊✱↕✩✰☞➅✩❻✪↔①➊ ➆ ✌♥➣①❼❤➆✕➜✡➋①➍①➍②➄☞☛ ❈✚☎✱➋✚✠☎➁✓➃❙➍②➄✂★☎➃✦➃❤➋✩✰

●✮➍❚✰ ☎✩❽❿➇ ➜▲❻✜➊ ✝▲❂P❋ ➞➡→✜➊✱➒➓❽❴➣■✼✮❂❬❋➂➛✳❾✵→☞➣✚✁➠❺✟❍✮❋➂➞ ➆✦➊✱→❲➣✦➒ �t❺❄➐✮❋✁✟✑→✜➒✝✁❅✲✢✗✣✰✣✞❈➆✦➇✩➈✵❽❿➣①→❤➒✱❽✞➆✡➣ ➆①➝✝➊✱→✡➀①❽❴→☞➒❩❽✞➆✦➣
➒✓☛✵❻✜➊❩→✜➑✦↕❷→❲➣①➀✭❽✷➣①➒▲➊✥→❲❼✪➊✱→✪➣✵❽❴→❲➜➂➈➌➜✓❻✪➆✦➇➉↕✔❼✡❽✷➣ ❽✓➣ ➒✷☛➌❻✆✾❀� ➊✱→❤➒✂➈①➊✥→❲❽❴➣ ➒❿↔①➇➤➆⑤➊✘➇➤➆✦➀✵❻✜➜✻✰✕➢➓➣⑤➒✂➔❹❺❄→❤➀✕❽✓→✜➒ ✌✝➣①❼✪➆①➜ ✝♠❽✞➆①➜
✜✣☛✦↕ ✁♠➃❖✾❊✾①➍ ☛✱➃✪➙☞☎ ☎✄✠❪➁❿➃✵➃✦➃ ☎✚★ ➃①➃☞➋➂➃☞✰
●✿➃✄✰ �✘❻✜➇➤→✡❽✓➊ ❻❑� ❋ ❺❄➆✡↔✿➜✞➜▲❽❿➣ ✟❇❍✮❋✦❂✫➊✱→✪➣①❼❤➆✦➣✵❽✡❂ ❋ ✟✩❻✎➣✵❽✞❻✜➊✥★❝➔☞↔①➜▲❽✞❻✎➣✮➣✵❻✉➞ ✞▲❋ ➞➟❻✜➣①❻✪❽✢✜P❋ ➔❘→✡➜✞➜✞❻✎➒ ✜P❋✝❻✎➒❹→❙➜✝✰
✲✴☛✔❻✜➊✥→❤➑✵❻☞↔⑤➒➓❽✞❼ ❻✪➝✱➝❩❽❝❼❤→✪❼✜↕ ➆✦➝ ☎☞★❩➝❩➜❿↔➌➆✦➊✱➆✦↔①➊❩→❲❼✪❽❝➜✓★✱➜❝➆✦→❲➀✦❻❤➀ ➇ ❽✞❼✪➊❩➆✚✁ ➑✚☛①❻✜➊■❻✎✁ ➆②➣ ➊✱→❤➒ ➥✵➜✞❽✞➆✦➇➤→①➁ → ➇➤→❤➥①➣✵❻✎➒❩❽✞❼
➊❩❻✄✁✤➆②➣✵→☞➣✵❼✪❻♥❽✞➇➤→✜➥✔❽❿➣①➥❇✁◗➒✞↔✵➀②↕✂✰✜➅❹➞q❺ ✝♠❽❝➆✦➇ ❻✪➀➠➋✔➍✦➍➂➃✕☛✱➃☞➄✂☎✛❈❊✠☞➁ ●❚❈✮➍✚★✻●❊❈✚❈❚✰

●✡➋✩✰ �✘❽ �✵❋✄✌ ✭✼↔✂✁ ↔ ➐✮❋❊�✘❻✍☛①➣①❻✜➊✱➒✽✗✩✰✺✲✳➊❩❻❙→☞➒✱➇ ❻✎➣✦➒✫➆✦➝✫❽✞➣✦➒✱➊✱→✡❼✜➊❩→❤➣✵❽❿→❙➜✕➊✱→✜➒✢➥✔➜❝❽❝➆✦➇➤→❹➇ ➆✦➀①❻❲➜❚✭✑❽❿➒✓☛ ❽❴➇➉➑✵➜✞→☞➣⑤➒ ➆✦➝
➊✱→✡➀①❽▲➆❊✁✤❻✜➣✂✁☞❽✷➒➓❽ �✡❻✜➊⑨→❤➣①➀➉➈✵❽✞➆✦➇➤➆①➀✡↔①➜❴→☞➒❩➆✦➊ ➀✦➊✱↔①➥➤❼❤➆⑤➇➉➈✵❽✺➣✵❻✜➀❅✭✑❽❿➒✓☛ ❻✍✌✦➒➓❻✜➊✱➣①→✡➜①➈①❻✪→❤➇ ➊✱→✡➀①❽✓➆②➒❳☛✿❻✜➊❩→☞➑✦↕✩✰✡➢❩➣✦➒✢➔◆❺❄→❲➀①❽❴→☞➒
✌♥➣✔❼✜➆✵➜ ✝♠❽❴➆①➜✯✜ ☛✦↕✚✁✳➋✵➍✦➍✡➄ ☛ ☎①➙☞☎⑥➋✚✠❘➁ ☎✿➃✖✾✚★ ☎✪➋✔➎ ✰
●☞●❚✰ ✗✵❼❖☛➌➜✓❻✪➇➤➇➤❻✜➊ ✂❇★✝✜❬❋ ✝❄→✡❼✍☛✵❻✜➊❝➒✽✜ ❋✞✂✩❻❙➊❩➝✱→✪➊✱➒✓☛ ☎✆☎❇❋ �✂↔①➣①→✼➢✥❋❚✼✩❻✪➈✦↔✺✁♥➔❙❋ ✟✑→✜➣✑☎✑→✡❽✓❼✎❏ ❍✑✰❊✜ ➊ ➆②➒⑥➆②➣t➞ ❺
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