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ABSTRACT	

	
Block	 copolymer	 nanoparticles	 (NPs)	 have	 gained	 great	 attention	
among	 researcher	 for	 various	medical	 application	mainly	due	 to	 their	
extraordinary	optical,	 chemical,	 and	biological	properties.	The	 current	
thesis	presents	design	of	multifunctional	polymeric	NPs	for	imaging	and	
drug	delivery	system	(DDS)	with	an	in-vitro	study	of	their	participation	
in	 drug	 release	 and	 cell	 viability.	 The	 NPs	 were	 synthesized	 using	
reversible	 addition	 chain	 fragmentation	 transfer	 (RAFT)-mediated	
emulsion	 polymerization	 via	 polymerization	 induce	 self-assembly	
(PISA)	 approach. The	 environment-friendly	 emulsion	 polymerization	
process	 of	 n-buytl	 acrylate	 (n-BA)	 in	 water	 is	 highly	 efficient.	 The	
process	 produced	 uniform	 NPs	 which	 would	 have	 control	 over	 the	
particle	size	and	molecular	weight	of	the	compound.	Herein	we	report	a	
novel	 simultaneous	encapsulation	of	 camptothecin	 (CPT)	and	Nile	 red	
(NR)	 into	 poly(ethylene	 glycol)	 methyl	 ether	 methacrylate-co-N-
hydroxyethyl	 acrylamide-b-poly	 n-buytlacrylate	 (PEGA-co-HEAA)-b-
P(n-BA)	during	the	particles	 formation	with	a	small	particle	size	of	66	
nm,	high	conversion	~80%	and	encapsulation	efficiency	of	~50%.	The	
In	vitro	drug	release	of	the	CPT	from	the	NPs	exhibited	an	initial	burst	
(70-80%)	 within	 6h.	 cell	 viability	 was	 evaluated	 for	 the	 NPs	 against	
RAW	 264.7	 cell	 line,	 which	 indicated	 the	 designed	 NPs	 are	
biocompatible	and	not	toxic.	
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List	of	abbreviation	and	symbols:	
	
n-BA:	n-Butyl	acrylate	
CPT:	camptothecin	
Đ:	dispersity	
DDS:	drug	delivery	systems	
DCM:	dichloromethane	
DMF:	dimethylformamide	
DMSO:	dimethyl	sulfoxide	
DLS:	dynamic	light	scattering	
1HNMR:	proton	nuclear	magnetic	resonance	

								HEAA:	N-hydroxyethyl	acrylamide	
Mw:	weight	average	molecular	weight	
Mn:	number	average	molecular	weight	
Ar:	argon	gas		
NPs:	nanoparticles	
NR:	nile	red	
PBS:	phosphate	buffer	saline	
PDI:	polydispersity	index	
PISA:	Polymerization	Induced	Self	Assembly	
PEGMA:	poly(ethylene	glycol)	methyl	ether	methacrylate	

								RAFT:	reversible	addition	chain	fragmentation	transfer		
								SEC:	size	exclusion	chromatography	
								SEM:	scanning	electron	microscope	
								UV/Vis:	ultraviolet-visible	
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											1	INTRODUCTION	
	

															In	conventional	methods,	the	administration	of	drugs	is	usually	done	
through	 the	 intravenous	 injection,	 which	 could	 possibly	 cause	 a	
general	systemic	distribution.	In	circulation,	the	drug	can	encounter	
various	 plasma	 proteins,	 some	 of	which	 could	 potentially	 degrade	
the	drug	and	steal	away	its	therapeutic	function	(Asem,	2016).	It	is	
fundamental	that	the	drug	stays	in	the	blood	circulation	for	a	more	
extended	 period	 of	 time	 so	 in	 this	 way	 the	 drug	 will	 be	 able	 to	
achieve	its	objective.	As	an	increase	in	the	time	frame	would	lead	to	
the	 increase	 of	 the	 time	provided	 or	 achieved	 for	 pharmacological	
activities	(Yamashita	&	Hashida,	2013).		

															The	concept	of	theranostic	NPs	that	can	simultaneously	deliver	both	
therapeutic	 and	 imaging	 agents	 in	 one	 carrier	 is	 one	 of	 the	 areas	
that	 have	 gained	 significant	 interest	 over	 the	 years.	 The	 disease	
management	concept	is	not	only	just	about	the	achieving	of	specific	
treatment	of	the	cells	that	are	diagnosed	with	the	particular	disease	
but	also	a	monitoring	and	control	of	a	drug	delivery	process	and	the	
overall	therapeutic	efficiency	of	the	process	(Xie,	Lee,	&	Chen,	2010).	
In	 the	past,	 the	NPs	systems	have	been	used,	but	 their	use	 in	drug	
administration	 is	 always	 questioned	 with	 respect	 to	 safety	 of	 the	
patient	 (Bardhan,	 Lal,	 Joshi,	 &	 Halas,	 2011).	 When	 the	 two	
components	 of	 the	 functional	 nanostructure	 are	 combined	 in	 one	
entity	 it	 will	 help	 in	 enabling	 the	 integration	 of	 therapeutic	 and	
imaging	 activity	 is	 a	 synergic	 way	 and	 this	 process	 is	 known	 as	
theranostic	 (Masood,	 2016).	 Polymeric	 NPs	 have	 gained	 a	 lot	 of	
interest	 in	 the	past	 few	decades,	which	has	been	prompted	mostly	
by	 the	 rapid	 developments	 that	 have	 been	 seen	 in	 this	 area.	 NPs	
with	 the	 research	 and	 growth	 have	 shown	 that	 with	 its	 unique	
amphiphilic	 core-shell	 structures	 they	 can	 have	 great	 potential	 in	
being	used	as	a	therapeutic	delivery	system.	And	that	is	mainly	due	
to	 the	 characteristics,	 which	 include	 their	 ability	 to	 enhance	
circulation	 time,	 bioavailability	 and	 the	 selective	 localization	 with	
regards	to	the	small	molecular	therapeutics	(Karagoz,	Esser,	Duong,	
Basuki,	Boyer,	&	Davis,	2014).		
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													1.1	Aims		

The	aim	of	the	project	is	to	design	non-toxic	polymeric	NPs	that	will	
encapsulate			 	an	anti-cancer	drug	and	also	act	as	an	imaging	probe	
making	 use	 of	 the	 Fluorescence	 imaging	 simultaneously	 for	 the	
theranostic	application.		

													1.2	Outline	

The	 NPs	 synthesized	 via	 Polymerization	 Induced	 Self	 Assembly	
(PISA)	 (see	 section	A	1.2)	 under	 the	 control	 of	 reversible	 addition	
chain	 fragmentation	transfer	(RAFT)	polymerization	(see	section	A	
1.1).	A	polymer	like	(PEGA-co-HEAA)	will	be	used	as	the	hydrophilic	
shell	 and	 macroRAFT.	 The	 macroRAFT	 is	 chain	 extend	 using	 a	
hydrophobic	 monomer	 n-BA.	 In	 the	 next	 step	 the	 reference	 NPs	
were	designed	with	loaded	an	anti-cancer	drug,	camptothecin	(CPT)	
(see	section	A	2.1),	along	with	a	fluorescent	dye,	Nile	red	(NR)	(see	
section	A	3.2.1)	to	be	encapsulated	simultaneously	in	the	process	to	
form	 the	 NPs	 during	 the	 particle	 formation	 stage.	 The	 concept	 of	
drug	delivery	and	the	impact	of	the	core-shell	nanostructure	will	be	
explored	with	the	delivery	being	replicated	in	a	buffer	solution.	The	
obtained	 NPs	 would	 be	 characterized	 using	 the	 Size	 Exclusion	
Chromatography	 (SEC),	 dynamic	 light	 scattering	 (DLS),	 proton	
nuclear	 magnetic	 resonance	 spectroscopy	 (1H-NMR),	 ultraviolet-
visible	 spectrophotometer	 (UV-vis),	 and	 fluorescent	 spectrometer	
(see	 section	 A5)	 at	 the	 KTH.	 Each	 of	 these	 spectrums	 provide	 in	
project	a	better	understanding	of	 the	various	characteristics	of	 the	
NPs.	 DLS	 was	 used	 to	 measure	 the	 hydrodynamic	 diameter	 and	
polydispersity	index	(PDI)	of	the	NPs.	while	1H-NMR	would	help	in	
the	 study	 and	 understanding	 of	 the	 chemical	 structure	 of	 the	
obtained	 polymeric	 NPs.	 SEC	 was	 used	 to	 determine	 the	 polymer	
molecular	 weight	 and	 dispersity	 (Đ).	 UV-vis,	 and	 fluorescent	
spectrometer	was	 used	 to	 study	 the	 drug	 encapsulation	 efficiency.	
To	explore	the	cell	viability	with	regards	to	the	prepared	theranostic	
particles,	 which	 will	 be	 evaluated	 using	 a	 macrophage	 cell	 line	
(RAW264.7).		
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											2	MATERIALS	AND	METHODS	
	

											2.1	Materials		
		
															The	 macroRAFT	 (PEGA-co-HEAA)	 was	 synthesized	 according	 to	

previously	reported	method	(Truong,	Nghia	P.	et	al,	2015).		
															Camptothecin	(CPT,	Mw:	348.36	g/mol),	Nile	Red	(NR,	Mw:	318.37	

g/mol),	 4,4′-Azobis(4-cyanopentanoic	 acid)	 (ACPA,	 Mw:	 280.284	
g/mol),	 and	 aluminum	oxide	 (Mw:	 101.96	 g/mol)	were	 purchased	
from	 Sigma-Aldrich.	 Sea	 sand	 (Mw:	 60.08	 g/mol),	 and	 n-Butyl	
acrylate	 (Mw:	 128.171	 g/mol)	 was	 passed	 through	 a	 column	 of	
aluminum	oxide	and	sea	 sand	 to	 remove	 the	 inhibitor	prior	 to	use	
were	 purchased	 from	 Merck.	 Dialysis	 membrane	 with	 molecular	
weight	 cut-off	 of	 (1	 kD)	 was	 purchased	 from	 Spectra/Por.	 Tissue	
culture	plates	96	wells-F,	sterile	was	purchased	from	VWR.	Dialysis	
cassettes	 with	 molecular	 weight	 cut-off	 3,500	 (3ml	 sample)	 were	
purchased	from	Thermos	scientific.		

	
											2.2	Characterization	techniques		

	
SEC	with	DMF	(0.2	mL	min-1	with	0.01	M	LiBr)	as	the	mobile	phase	
was	performed	at	50	°C	on	a	TOSOH	EcoSEC	HLC-8320GPC	system	
equipped	with	an	EcoSEC	RI	detector	and	three	columns	(PSS	PFG	5	
µm;	Microguard,	100	Å,	and	300	Å)	(MW	resolving	range:	100-300	
000	 Da)	 from	 PSS	 GmbH.	 A	 conventional	 calibration	 method	 was	
created	 using	 narrow	 linear	 poly(methyl	methacrylate)	 standards.	
PSS	WinGPC	Unity	software	version	7.2	was	used	to	process	data.	
1HNMR	 spectra	 were	 recorded	 on	 a	 Bruker	 Avance	 400	 MHz	
instrument	using	DMSO-d6	as	solvents.		
DLS	was	 conducted	with	 a	Malvern	Zetasizer	NanoZS	operating	 at	
633	nm	using	deionized	water	as	solvent.	The	samples	were	allowed	
to	equilibrate	for	a	minimum	of	2	minutes	prior	to	the	measurement	
and	analyzed	at	25	°C.	
Fluorescence	 spectroscopy	 for	 assessment	 of	 the	 collecting	
emission	 spectra	 using	 an	 excitation/emission	 at	 370/428	 nm.	
Measurements	were	performed	in	DMSO-	d6	solutions.	
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											2.3	RAFT-mediated	emulsion	polymerization		
	
															All	 emulsion	 polymerization	 was	 carried	 out	 in	 10	 mL	 flask	

equipped	with	a	magnetic	stirrer.	The	different	chain	lengths	of	poly	
n-butylacrylate	 (n-BA)	 blocks	 were	 synthesized	 by	 changing	 the	
ratio	of	macroRAFT	to	n-BA.	A	typical	polymerization	using	a	molar	
ratio	of	(1:500)		between	macroRAFT	and	n-BA	and	a	ratio	of	(1:6)	
between	ACPA	and	macroCTAs	was	used	as	follows:	ACPA	(3.1	mg,		
1.1×10!!mol)	was	dissolved	in	MilliQ	water	(10	mL)	with	magnetic	
stirring	 for	 60	 min	 to	 dissolve	 the	 initiator.	 1	 mL	 of	 the	 ACPA	
solution	 contain	 (0.31mg,	 1.1× 10!! 	mol),	 with	 the	 remaining	
amount	of	water	3.3mL	were	used	 to	dissolve	macroRAFT	(50	mg,	
6.63×10!!	mol)	 in	a	10mL	flask.	The	n-BA	(0.425g,	3.32×10!!	mol)	
was	added	to	the	solution	dropwise	under	the	stirring.	The	flask	was	
sealed	 and	 the	 solution	 undergoes	 deoxygenated	 by	 sparging	with	
argon	gas	 (Ar)	 for	20	min	 in	an	 ice/water	bath.	The	emulsion	was	
placed	 in	an	oil	bath	at	80	°C,	and	500	rpm.	After	4	h	reaction,	 the	
emulsion	polymerization	was	stopped	by	cooling	to	0	°C,	and	aliquot	
was	 taken	 for	 calculating	 the	 conversion	 and	 characterization	 by	
DLS,	1H-NMR,	SEC.		

															For	 the	 kinetic	 study,	 approximately	 100	 µL	 of	 the	 emulsion	 was	
sampled	 periodically	 for	 six	 times	 during	 the	 polymerization	with	
the	use	of	a	gas-tight	syringe.	These	samples	were	used	to	evaluate	
conversion	 gravimetrically,	 weight average molecular weight	 (Mw)	
and	 dispersity	 (Đ)	 by	 SEC,	 particles	 size	 and	 polydispersity	 index	
(PDI)	by	DLS.		

													2.4	Fabrication	of	active	agents	loaded-nanoparticles		

													2.4.1	Synthesis	of	nanoparticles	for	imaging			
	

																															Three	 experiments	were	 designed	 using	 degree	 of	 polymerization	
(dp)	of	500	of	poly	(n-BA).	In	the	first	experiment	the	ACPA	initiator	
and	 the	 amount	 of	 NR	 was	 0.225mg	 that	 has	 a	 ratio	 of	 the	
macroRAFT	and	the	NR	of	10:1.	The	second	and	third	reactions	have	
been	done	in	parallel	where	one	was	with	the	ACPA	initiator	and	the	
second	one	was	with	the	AIBA	initiator,	and	all	the	other	parameters	
were	kept	the	same	as	before.	Except	the	ratio	of	macroRAFT	to	NR	
changed	 to	 40:1	 for	 both	 reactions.	 An	 amount	 of	 0.050	mg	 of	NR	
was	first	dissolved	in	0.425g	of	n-BA	under	the	stirring	for	10	min.	
After	that	it	was	added	to	the	10	ml	flask	that	contains	macroRAFT	
(50	mg,	 6.63x10-6	mol)	 and	ACVA	 (0.31mg,	 1.1×10!!mol)	 or	 AIBA	
(0.298mg,	1.1x10-6	mol).	The	total	amount	of	water	was	4.3	ml.	
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													2.4.2	Synthesis	of	nanoparticles	for	drug	delivery	
	
															The	total	amount	of	CPT	drug	that	was	used	for	this	purpose	is	1	mg	

while	making	 use	 of	 500	 dp	 of	 n-BA	with	 the	 same	 condition	 and	
method	of	preparation	as	used	for	the	preparation	of	the	reference	
NPs.	 Two	 experiments	 have	 been	done,	 one	without	 using	 organic	
solvent	and	the	other	with	using	dichloromethane	(DCM)	solvent.	In	
the	first	experiment	the	drug	dissolved	in	the	monomer	inside	a	vial	
and	 covered	 with	 aluminum	 foil	 for	 2	 h	 under	 a	 magnetic	 stirrer	
where	 then	 dropwised	 with	 the	 help	 of	 a	 glass	 pipette	 into	 the	
solution	flask.	In	the	second	experiment	the	drug	dissolved	in	500	µl	
DCM	 then	 it	 added	 to	 the	 monomer.	 And	 it	 kept	 open	 under	
magnetic	stirrer	for	2h	then	added	to	the	solution.			

													2.4.3			Synthesis	of	theranostic	nanoparticles	
	
											The	 encapsulation	 of	 CPT	 drug	 and	 NR	 took	 place	 during	 the	

formation	of	the	NPs	(Fig.	1)	As	mentioned	in	the	appendix	(section	
A	 2.1.1),	 while	 using	 the	 typical	 polymerization	 of	 500dp.	 Two	
experiments	 had	 been	 done.	 In	 the	 first	 experiment	 the	 ratio	
between	 macroRAFT	 and	 the	 NR	 was	 20:1	 and	 in	 the	 second	
experiment	the	ratio	was	80:1.	First,	1mg	of	CPT	dissolved	in	the	n-
BA	for	2	h	under	a	magnetic	stirrer	then	it	dropwised	with	the	help	
of	a	glass	pipette	 into	the	flask.	The	remaining	amount	of	 the	n-BA	
was	 taken	 from	 the	 stock	 solution	 that	 contain	 the	 calculated	
amount	 of	 the	 NR,	 then	 it	 dropwised	 to	 the	 flask	while	 it’s	 under	
stirrering.	

															For	the	first	experiment,	after	the	4	h	reaction	the	obtained	sample	
was	centrifuged	(Avanti	J-E,	Beckman	coulter)	at	15,000	rpm	for	25	
min	 to	 separate	 the	 unbounded	 drug.	 The	 supernatant	 was	
separated.	 Then	 the	 two	 phases	 used	 to	 evaluate	 conversion,	 Mw	
and	 Đ	 by	 SEC,	 particles	 size	 and	 PDI	 by	 DLS.	 The	 encapsulation	
efficiency	(EE%)	was	measured	by	fluorescence	spectroscopy.	

	

													 	
Fig.	1:	Fabrication	of	the	theranostic	NPs	by	PISA	technique		
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												2.5	Encapsulation	efficiency		

The	drug	encapsulation	efficiency	was	determined	by	 fluorescence	
spectroscopy.	 The	 NPs	 solution	 was	 dissolved	 in	 DMSO	 to	 10x	
dilution.	The	NPs	solution	(10	ul)	and	DMSO	(100	ul)	were	pipetted	
into	a	Tissue	culture	plates	96	wells.	Then	 it	 read	on	a	 fluorescent	
plate	reader	at	wavelengths	of	excitation	370	nm	and	emission	430	
nm.	The	average	was	 taken	 from	triplicates	samples.	 (Kyle	T.	et	al,	
2015).	

													2.6	In	vitro	drug	release	

		2.7	mL	 of	 drug	 loaded	 NPs	was	 placed	 in	 a	 dialysis	 cassette	 with	
molecular	weight	cut-off	of	(3,500	Da)	and	placed	into	3500	ml	of	a	
phosphate	 buffer	 solution	 (PBS)	 at	 pH	 of	 7.4.	 It	 was	 kept	 under	
stirring	at	 rotating	speed	of	300	rpm	and	 temperature	at	37	°C.	At	
selected	 time	 intervals,	 10	 µl	 of	 the	 NPs	 solution	 was	 withdrawn	
from	the	dialysis	cassette.	Each	sample	was	measured	triplicate	and	
the	average	was	taken.	The	release	of	the	drug	was	determined	by	a	
calibration	curve	by	fluorescence	spectroscopy.	

													2.7	Cell	viability		

Cell	 viability	 was	 evaluated	with	 the	 AlamarBlue	 assay.	 Raw264.7	
cell	line	were	seeded	on	96-well	plates	at	the	concentration	of	1×104	
cells/well	 in	 100	 μL	 DMEM	medium,	 and	 then	 incubated	 for	 24	 h	
before	 analysing.	 The	 old	 medium	 was	 replaced	 with	 a	 fresh	
medium	containing	samples	at	designed	concentrations:	1−1000	μg	
mL-1	 for	 NPs.	 For	 each	 concentration	 six	 parallel	 wells	 were	 set.	
After	 48	 h	 of	 incubation,	 10	 μL	 of	 AlamarBlue	 reagent	was	 added	
into	each	well.	After	an	additional	4	hours,	the	fluorescent	intensity	
was	measured	at	excitation/emission	at	560/590	nm.	
	
	
	
	
	
	
	



	 7	

3. Results		

										3.1	RAFT	Mediated	Emulsion	Polymerization	

															The	characterization	was	done	for	the	emulsion	polymerization	of	n-
BA	 using	 (PEGA-co-HEAA)	 as	 macroRAFT.	 Fig.	 2	 shows	 the	 1HNMR	
spectrum	of	the	resultant	500dp	P(PEGA-co-HEAA)-b-BA	NPs	where	it	
shows	 some	 peaks	 from	 the	 polymer	 and	 other	 from	 the	monomer.	
For	 example	 peak	 (a)	 at	 chemical	 shift	 of	 0.8	 refers	 to	 the	 methyl	
group	protons	in	the	n-BA,	and	peak	(b)	at	chemical	shift	of	1.5	refers	
to	the	symmetric	protons	in	the	n-BA.	While	peak	(d,	e,	f)	refers	to	the	
protons	near	to	the	ester	group	in	the	polymer.	And	Fig.	3	shows	the	
average	size	distribution	of	the	resultant	500dp	P(PEGA-co-HEAA)-b-
BA	 NPs	 vs.	 the	 intensity	 percentage	 measured	 by	 DLS.	 In	 table	 1	
shows	the	data	from	the	three	different	degree	of	polymerization.	The	
measured	 zeta	 potential	 of	 the	 NPs	 obtained	 a	 negative	 charge	 that	
indicated	an	electrostatic	stabilization	

	
Table	 1:	 conversion,	 SEC	 and	 DLS	 data	 for	 the	 NPs	 with	 different	 degree	 of	
polymerization.	
	

[BA]:[macroRAFT
]:[I] 

Conversion 
(%) 

Mn(theortically) 
(g/mol) 

Mn(SEC) 
(g/mol) 

Đ HD 
(nm) 

PDI Zeta 
potential 

[300]:[1]:[6] 90 42 000 41 000 1.1 88 0.12 -46 

[500]:[1]:[6] 90  65 000 71 000 1.3 101 0.06 -56 

[800]:[1]:[6] 80 90 000 92 000 1.6 125 0.03 -50 

	

	
Fig.	2:	H	NMR	spectrum	for	the	500	dp	P(PEGA-co-HEAA)-b-P(n-BA)	NPs.	
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Fig.	3:	the	size	distribution	of	the	500	dp	P(PEGA-co-HEAA)-b-P(n-BA)	NPs	vs.	intensity	(%)	
measured	by	DLS.		

											3.2	Kinetic	study	of	RAFT-mediated	emulsion										
polymerization	
	
To	 understand	 the	 characteristics	 of	 the	 RAFT-mediated	 emulsion	
polymerization	 of	 n-BA	 using	 (PEGA-co-HEAA)	 as	 stabilizers,	 a	
kinetics	 study	 was	 done.	 Fig.	 4	 summarizes	 the	 polymerization	
kinetics	 and	 particle	 size	 data	 measured	 using	 SEC.	 This	 concept,	
referred	to	PISA	techniques,	and	it	can	be	classified	into	two	stages.	In	
the	 initiation	 stage	 in	 the	 aqueous	 phase,	 the	 dissolved	 n-BA	 slowly	
added	 to	 the	macroRAFT	 (i.e.,	∼15%	over	∼30	min).	Once	 the	n-BA	
block	had	sufficient	hydrophobicity	to	form	NPs	by	self-assembly,	the	
second	stage	commenced	 in	 the	hydrophobic	phase	(i.e.,	∼65%	after	
∼60	min)	(Fig.	4A).	During	this	second	stage	of	polymerization,	n-BA	
copolymerized	gradually	with	the	macroRAFT	reaching	conversion	of	
~90%	 after	 3	 h.	 The	 result	 would	 be	 the	 production	 of	 diblock	
copolymer	with	Mn	 of	 70	 kg	mol-1	 and	 a	 PDI	 value	 of	 1.33.	 Fig.	 4B	
shows	 a	 linear	 increase	 between	 the	 Mn	 and	 the	 conversion	 which	
indicated	that	the	RAFT	system	has	been	well	controlled.	And	Fig.	4C	
shows	 the	 molecular	 weight	 distributions	 for	 the	 RAFT-mediated	
emulsion	 polymerization	 of	 n-BA	 in	water	 at	 80	 °C	 using	 (PEGA-co-
HEAA)	as	macroRAFT	and	ACPA	as	initiator,	also	it	shows	an	increase	
of	Mn	and	Đ	with	time.	
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Fig.	 4:	 (A)	 conversion	 of	 the	 (PEGA-co-HEAA)-b-P(n-BA)	 vs.	 time,	 (B)	 number	 average	
molecular	weight	(Mn)	and	Đ	vs	conversion	of	(PEGA-co-HEAA)-b-Pn-BA,	and	(C)	molecular	
weight	distributions	for	different	polymerization	time.	

											3.3	Synthesis	of	nanoparticles	for	imaging	

Three	 experiments	 had	been	done	 for	 the	NR-loaded-NPs.	 The	 first	
experiment	was	by	using	the	ratio	of	NR	to	macroRAFT	1:10.	which	
obtained	only	10%	conversion,	and	a	particle	size	of	428	nm.	In	the	
second	 and	 third	 experiments	 the	 amount	 of	 NR	 was	 reduced,	 by	
using	 the	 ratio	 between	 NR	 to	 macroRAFT	 1:40.	 Two	 experiments	
were	 done	 in	 parallel,	 one	 with	 ACPA	 initiator	 and	 one	 with	 AIBA	
initiator.	 Both	 experiments	 obtained	 a	 conversion	 of	 ~86%	 and	
particle	size	of	~105	nm.	
	
		Table	 2:	 conversion,	 SEC,	 and	 DLS	 data	 for	 the	 Nile	 red	 loaded	 NPs	 for	 three	
reactions	
	

 [NR]:[macroRAFT] initiator Conversion 
(%) 

Mn(SEC) 
g/mol 

Đ HD 
(nm) 

PDI 

Reaction 1 [1:10] ACPA 10 – – 428 0.5 

Reaction 2 [1:40] ACPA 86 70 000 1.3 105 0.04 

Reaction 3 [1:40] AIBA 86 90 000 1.3 105 0.05 
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												3.4	Synthesis	of	nanoparticles	for	drug	delivery	

In	 this,	 the	 drug-loaded	NPs	 underwent	 the	 experiment	 twice	 as	 at	
the	 first	 time	 the	efficiency	of	 the	drug	encapsulation	was	 low	only	
30%	 of	 drug	 was	 encapsulated.	 In	 the	 second	 experiment	
dichloromethane	(DCM)	solvent	was	used	to	dissolve	the	drug,	then	
the	vial	was	opened	under	magnetic	stirrer	to	allow	the	solvent	to	be	
evaporated	 for	 4	 h.	 However	 in	 the	 second	 experiment	 the	 EE%	
increased	to	50%	but	the	conversion	decreased	to	45%	(table.	3).	

 
		Table	3:	conversion,	EE(%)	and	DLS	data	for	the	CPT	loaded	NPs.	
	

	
	
	
	

	

												3.5	Synthesis	of	theranostic	nanoparticles		

													The	 theranostic	 NPs	 underwent	 the	 experiment	 twice.	 The	 first	
experiement	obtained	~20%	conversion	with	a	big	particle	 size	~5	
μm	and	big	PDI	value	of	0.7.	In	the	second	experiment	the	amount	of	
NR	decreased	by	using	 the	 ratio	of	1:80	between	NR	 to	maroRAFT.	
Also	 the	 reaction	 time	 was	 extended	 to	 6h	 reaction	 to	 more	
investigate	the	characterization	of	the	NPs.	
		
		Table	 4:	 conversion,	 EE,	 SEC,	 and	 DLS	 data	 for	 the	 Theranostic	 NPs	 for	 two	
reactions	
	
	
	
	

	
	
	
	

	

						

	
	

 Solvent Conversion (%) EE (%) HD (nm) PDI 

Reaction 1 No 85 30 104 0.03 

Reaction 2 DCM 45 50 100 0.05 

 [NR]:[mac
roRAFT] 

Conversion 
(%) 

EE 
(%) 

Mn(SEC) 
g/mol 

Đ HD 
(nm) 

PDI 

Reaction 1 [1:20] 20 5 – – 5 000 0.7 

Reaction 2 (4h) [1:80] 80 50 19 000 1.
2 

66 0.1 

Reaction 2 (6h) [1:80] 50 50 18 000 1.
2 

66 0.1 
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											3.6	In	vitro	drug	release	

					In	 this	 study,	 CPT-loaded-NPs	 with	 ~30%	 encapsulation	 efficiency	
was	 used	 in	 vitro	 buffer	 solution	 drug	 release.	 The	 buffer	 solution	
was	selected	to	be	at	pH	of	7.4	and	at	temperature	of	37	°C	to	mimic	
the	physiological	system	condition.	The	drug	release	was	studied	by	
dialysis	method	for	7	days.	In	Fig.	5	shows	an	initial	burst	(70-80%)	
of	the	drug	released	within	6h,	followed	by	a	slow	release	for	several	
days.	 The	 obtained	 data	 (Fig.	 5)	 shows	 a	 large	 standard	 deviation	
exceed	 100%	 for	 the	 measurement	 sample	 at	 24h,	 and	 this	 could	
refer	to	a	systemic	error	of	the	triplicate	samples	taken	at	that	time.		

	
		

 
Fig.	5:	CPT	released	from	the	NPs	into	buffer	solution.	
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												3.7	Cell	viability		

							The	cell	viability	was	done	for	the	non-loaded-NPs	to	investigate	the	
cytotoxicity	 of	 the	 designed	 NPs.	 The	 investigating	 was	 done	 at	
different	 concentration	 as	 shown	 in	 (Fig.	 6).	 As	 at	 some	
concentration	 the	cytotoxicity	goes	over	100%,	which	 is	normal	 for	
nontoxic	material	as	cells	can	grow	happily.	

  
 
 

 
 
		Fig.	6:	in	vitro	cytotoxicity	of	the	NPs	with	different	concentrations,	before	and	after	purification.		
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										4			Discussions	
The	macroRAFT	 that	 used	 in	 the	 experiment	was	 chosen	 for	many	
reasons.	The	poly(ethylene	glycol)	methyl	ether	methacrylate	(PEGA)	
confers	 the	 antifouling	 characteristics	 that	 provide	 steric	
stabilization	 of	 the	 resultant	 NPs,	 while	 the	 N-hydroxyethyl	
acrylamide	 (HEAA)	 is	 known	 to	 be	 highly	 hydrophilic	 that	 help	 in	
improving	 the	 water	 solubility	 of	 the	 resultant	 macroRAFT	 and	
provide	electrostatic	stabilization	to	the	NPs.	Moreover,	the	polymers	
forming	the	macroRAFT	are	a	combination	of	both	PEGA	and	HEAA	
and	 are	 biocompatible	 and	 the	 formed	 NPs	 could	 be	 used	 in	 the	
biomedical	application	(Truong	&	Nghia	et	al,	2015).	

	
Four	 monomers	 were	 tried	 with	 the	 macroRAFT;	 methyl	
methacrylate	 (MMA),	methyl	 acrylate	 (MA),	 hexyl	 acrylate	 (HA),	 n-
butyl	 acrylate	 (n-BA).	 However	 for	 MMA	 and	 MA	 showed	 low	
conversion	below	20%.	The	 reason	 for	 that	 could	be	 that	 the	MMA	
and	 MA	 are	 not	 suitable	 for	 this	 macroRAFT	 because	 of	 different	
reactivity	between	the	monomer	and	the	macroRAFT.	HA,	and	n-BA	
both	 obtained	 high	 conversion	 about	 90%,	 however	 n-BA	 was	
selected	 to	 continue	 the	 rest	 of	 experiments,	 as	 the	 drug	 and	
fluorescent	 dye	 dissolved	 better	 in	 n-BA.	 From	 table	 1,	 high	
conversion	 was	 calculated	 from	 theory,	 and	 the	Mn	 obtained	 from	
SEC	was	found	to	be	close	to	the	theoretical	Mn,	and	Đ	obtained	from	
SEC	was	 found	 to	be	acceptable.	HD is	 the	hydrated	diameter	of	 the	
NPs	and	the	polydispersity	index	(PDI)	obtained	from	DLS	indicated	
of	optimum	properties	of	the	formed	NPs	such	as	small	size	~100	nm	
and	low	size	distribution	~0.6.		
	
From	 the	 kinetic	 study	 data,	 the	 RAFT-mediated	 emulsion	
polymerization	 of	 n-BA	 using	 P(PEGA-co-HEAA)	 as	 macroRAFT	
appears	to	follow	a	similar	concept	to	other	emulsion	polymerization	
systems	 that	 previously	 reported	 by	 Truong	 et	 al,	 and	 Nghia	 et	 al.	
comparing	to	their	data	where	they	used	the	same	(PEGA-co-HEAA)	
macroRAFT	 and	 stryne	 used	 as	 a	 monomer,	 which	 obtained	 only	
~2%	conersion	over	2	h.	however,	in	our	reaction	the	n-BA	reached	
65%	 conversion	 over	 60	 min.	 That	 indicated	 that	 n-BA	 has	 better	
reactivity	with	(PEGA-co-HEAA)	macroRAFT	than	styrene.		
	
For	 the	 synthesized	NPs	 for	 imaging,	 the	 first	 experiment	 obtained	
low	conversion	~10%.	The	reason	for	that	is	because	Nile	red	known	
as	 radical	 scavenger	 which	 is	 necessary	 to	 rearrange	 the	
polymerization	molar	 feed	 ratio	 in	 order	 to	 reduce	 and	 inhibit	 the	
side-effects	and	 this	 could	be	achieved	by	 increasing	 the	amount	of	
initiator	 (Karagoz,	 Cyrille,	 &Thomas,	 2013).	 In	 the	 second	
experiment	the	amount	of	NR	was	reduced	instead	of	increasing	the	
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amount	 of	 the	 initiator	 as	 Karagoz	 Cyrille	 &Thomas	 did.	 Both	
experiments	 succeed	 and	 obtained	 high	 conversion	 of	~85%.	 AIBA	
initiator	was	used,	as	it	was	thought	the	first	experiment	failed	due	to	
NR	 has	 different	 reactivity	 with	 the	 ACPA	 initiator	 during	 the	
reaction,	and	that	didn’t	agree	with	the	result	as	shown	in	(table.	2).	
Visual	 inspections	 showed	 that	 the	NR-loaded-NPs	appeared	stable,	
and	dialysis	for	the	sample	was	done	for	24	h	to	investigate	if	the	NR	
is	encapsulated,	and	that	has	been	proved.	
	
For	 the	 synthesized	 NPs	 for	 drug	 delivery,	 the	 first	 experiment	
obtained	 low	encapsulation	efficiency	~30%.	The	 reason	 for	 that	 is	
because	the	drug	did	not	dissolve	completely	 in	the	monomer	prior	
the	start	of	the	reaction.	In	the	second	experiment	DCM	solvent	was	
used	 to	 enhace	 the	 dissolution	 of	 the	 drug	 in	 the	monomer,	 and	 it	
increased	 the	 encapsulation	efficancy	 to	~50%.	However,	using	 the	
organic	solvent	distributed	the	system	and	affect	the	polymerisation	
properties	 by	 loweing	 the	 conversion	 to	 45%.	 So	 that	 is	 why	 it	
decided	not	to	use	an	organic	solvent	for	the	theranostic	experiment.		

	
The	 first	 experiment	done	 for	 the	 theranostic	NPs	didn’t	 success	as	
the	conversion	was	only	~20%	and	the	particle	size	was	so	big	about	
5	 μm.	 The	 reason	 for	 this	was	 the	 high	 amount	 of	 NR	 used,	 as	 the	
ratio	between	macroRAFT	to	NR	was	20:1.	In	the	second	experiment,	
the	amount	of	the	NR	decreased	to	improve	the	conversion.	Also	the	
reaction	 time	was	 extended	 to	 6h	 reaction	 to	more	 investigate	 the	
characterization	of	the	NPs	for	longer	polymerization	time.	However	
the	conversion	decreased	after	6h	in	reaction.	And	the	reason	to	that	
is	ACPA	initiator	start	to	form	dead	polymer	after	4h	polymerization	
at	80	°C	(Truong	&	Nghia	et	al,	2015).	

	
For	 the	 in	 vitro	 drug	 release	 study,	 Similar	 reported	 result	 used	
poly(Methacrylic	 acid-co-methylmethyacrylate)	 NPs	 proved	 that	
their	 NPs	 does	 not	 release	 the	 drug	 at	 low	 pH,	 and	 the	 maximum	
release	 was	 found	 to	 be	 at	 a	 pH	 of	 7.4,	 which	 is	 good	 for	 colonic	
environment	(Mahalingam	&	Kannan,	2015).	
	

							The	biocompatibility	and	cytotoxicity	of	the	P(PEGA-co-HEAA)-b-BA	
was	 assessed	 on	 RAW	 264.7	 cell	 line.	 The	 cell	 viability	 was	
determined	 by	 AlamarBlue	 assay	 after	 incubation	 with	 P(PEGA-co-
HEAA)-b-BA	for	48	h.	P(PEGA-co-HEAA)-b-BA	exhibited	~100%	cells	
viability	and	did	not	induce	major	cytotoxicity	up	to	1000	μg/ml	for	
the	 crude	 and	 purified	 samples.	 The	 minor	 toxicity	 for	 the	 crude	
sample	 could	 be	 from	 traces	 of	 monomer,	 or	 unconsumed	
macroRAFT.	 	 The	 cell	 viability	 goes	 slightly	 above	 100%	 for	 some	
samples	and	that	an	indication	of	the	purity	of	the	materials	(Zhang	
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et	 al,	 2013).	 The	 overall	 result	 indicated	 that	 the	 designed	NPs	 are	
biocompatible	and	not	toxic.		
	
	5.	Conclusion	
	
	The	 current	 thesis	 presents	 the	 primary	 ingredient	 to	 design	
multifunctional	 polymeric	 NPs	 for	 imaging	 and	 drug	 delivery	
system.	 we	 successfully	 prepared	 P(PEGA-co-HEAA)-b-BA	 block	
copolymer	 NPs	 using	 a	 PISA	 approach	 for	 theranostic	 application.	
During	 the	 PISA	 process,	 we	 successfully	 encapsulated	 both	
chemotherapeutic	 agent	 and	 fluorescent	 model.	 The	 prepared	
theranostic	polymeric	NPs	has	obtained	encapsulation	efficiency	of	
~50%	 with	 high	 conversion	 of	 ~80%	 after	 4h	 in	 emulsion	
polymerization,	with	small	particle	size	66	nm	and	low	PDI	of	0.1	at	
solid	content	of	(10%	w/v).	In	vitro	release	of	the	targeted	CPT	NPs	
exhibited	 an	 initial	 burst	 (70-80%)	 within	 6h.	 cytotoxicity	 test	
against	 RAW	 264.7	 cell	 line	 indicated	 that	 the	 designed	 NPs	 are	
biocompatible	and	not	toxic.	
	
	6.	Future	work:	
	
Further	investigations	should	be	addressed	such	as	the	fast	diffusion	
of	 the	 drug	 from	 the	 polymeric	 NPs.	 this	 can	 be	 overcome	 by	
covalently	 linked	 between	 the	 drug	 and	 the	 monomer	 before	 the	
polymerization	 process.	 Future	 study	 should	 be	 addressed	 to	
improve	the	encapsulation	efficiency,	also	to	use	high	performance	
light	 chromatography	 (HPLC)	 to	 conform	 the	 encapsulation	
efficiency	 measured	 by	 fluorescence	 spectroscopy.	 Due	 to	 the	
limited	 time	 the	 investigating	 of	 cellular	 uptake	 and	 particle	
morphology	by	scanning	electron	microscope	(SEM)	have	not	been	
evaluated.	 As	 a	medical	 engineer,	 I’m	 curious	 to	 investigate	which	
type	of	cancer	cell	could	be	treated	with	the	designed	NPs.		
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						Appendix	

A. State	of	the	art		

								A.1	Living	Radical	Polymerization	
	
								The	 invented	 of	 the	 living	 anionic	 polymerization	 has	 had	 a	 profound	

impact	on	the	polymer	science	field	(Szwarc,	Levy,	&	Milkovich,	1956).	It	
helped	 in	 the	 development	 in	 the	 field	 of	 both	 synthetic	 chemistry	 of	
polymers	and	also	the	polymer	physics.	The	invention	is	also	considered	
to	 be	 the	 founding	 base	 for	 the	 modern	 nanoparticles	 (NPs)	 based	
technology.	 Radical	 Polymerization	 has	 been	 shown	 as	 the	most	widely	
used	process	that	is	used	for	the	commercial	production	of	polymers	that	
often	have	a	higher	molecular	weight	(Moad	&	Solomon,	2006).	The	free	
radical	polymerization	is	the	process	of	adding	monomers	to	help	in	the	
polymer	 formation	 process.	 This	 process	 takes	 place	 by	 breaking	 down	
the	double	bond	of	the	monomer	unit	and	the	conversion	of	that	into	an	
active	propagating	 radical	 (Moad,	 et	 al.,	 2002).	The	process	has	 its	own	
advantages,	 but	 the	 lack	 of	 control	 in	 the	 process	 is	 a	 drawback,	 and	
hence	 the	 living	 radical	 polymerization	 technique	 (fig.	 1)	 has	 been	
formulated.	 The	 accurate	 structures	 of	 the	 intermolecular	 interactions	
that	are	seen	in	polymers	can	be	exploited	comfortably	to	form	organized	
nanopolymers	 if	 they	 satisfy	 some	 of	 the	 criteria	 like	 that	 of	 uniform	
morphologies,	 dimensions,	 functionalities	 and	 structure	 (Braunecker	 &	
Matyjaszewski,	2007).	The	controlled	or	living	radical	polymerization	has	
helped	in	the	growth	of	new	and	advanced	polymeric	materials.	
	

	
	

	
Figure.	1:	living	radical	polymerization.	Modified	from:		

												Alkyl	Iodide	Initiators	For	Organocatalyzed	Living	Radical	Polymerization.	Tcichemicals.com.	N.p.,	
2019.	Web.	18	Mar.	2019.	
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									Over	 the	 years	 there	 have	 been	 many	 techniques	 that	 have	 been	
developed	 under	 the	 controlled	 or	 living	 radical	 polymerization	
techniques	of	which	a	few	are:		

	
Ø Nitroxide-Mediated	 Polymerization	 (NMP)	 technique	 that	 is	 gaining	

popularity	due	to	its	increased	controllability,	which	is	achieved	through	
the	reversible	de-capping	and	capping	of	the	radical	polymer	chain	with	
the	help	of	a	nitroxide	radical	(Mishra	&	Kumar,	2012).		

Ø Atom	Transfer	Radical	polymerization	(ATRP)	 technique	which	 is	based	
on	 the	 reversible	 transfer	 of	 the	 halogen	 atoms	 or	 pseudohalogens	 in	
between	 a	 dormant	 species	 and	 then	with	 the	 help	 of	 redox	 chemistry	
transition	of	the	metal	catalyst	(Matyjaszewski,	Wei,	Xia,	&	Gaynor,	1998).	
The	alkyl	halides	are	used	 in	 the	 reduction	of	 the	active	 radicals	 and	 in	
the										transition	process	where	the	metals	are	oxidized	via	the	electron	
transfer			process	in	the	inner	sphere	(Wang	&	Matyjaszewski,	1995).		

Ø Reversible	 Addition-Fragmentation	 Chain	 Transfer	 Polymerization	
(RAFT)	is	one	of	the	recently	developed	techniques.		

	
									In	 this	 thesis,	 I	make	 use	 of	 the	RAFT	Polymerization	 techniques	 along	

with	 Polymerization	 induced	 self-assembly	 (PISA)	 due	 to	 which	 I	 look	
deeper	into	these	two.		

	

								A	2.1	RAFT	
	
									The	first	interest	of	RAFT	polymerization	technique	has	shown	between	

1998	and	2005	 that	was	devoted	 to	 the	synthesis	of	 the	new	agents	 for	
RAFT	 and	 their	 use	 in	 the	 controlled	 polymerization	 of	 different	
monomers.	 The	 recent	 extensive	 research	 has	 made	 it	 possible	 on	 the	
synthetic	 possibilities	 of	 the	 RAFT	 polymers	 and	 the	 design	 process	
involved	 in	 the	 design	 of	 complex	 macromolecules	 architecture	 and	
widening	the	ideas	with	relation	to	the	mechanisms	involved	(Chernikova	
&	Sivtsov,	2017).	RAFT	is	based	on	the	initiation	process	that	occurs	as	a	
result	of	the	decomposition	of	the	free	radical	indicators	which	then	lead	
to	the	formation	of	the	propagating	chains	which	is	then	followed	by	the	
addition	process	of	propagating	radical	to	the	RAFT	Chain	transfer	agent.	
Once	the	breaking	of	the	radical	happens,	it	would	lead	to	the	creation	of	
new	 radical	 and	 a	 polymeric	 RAFT	 agent	 (Ranger,	 Jones,	 Yessine,	 &	
Leroux,	2001).		The	mechanism	of	the	RAFT	polymerization	is	considered	
fundamental	 in	which	along	with	 the	 three	 simple	 reactions	 like	 that	of	
initiation,	 termination,	 and	 propagation	 the	 reversible	 chain	 transfer	 is	
included	in	this	process	(Barner-Kowollik,	2008).			
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									In	 RAFT	 equations	 (fig.	 2),	 Z	 is	 the	 RAFT	 agent	 that	 is	 called	 for	

stabilizing,	 and	 group	 R	 is	 called	 leaving.	 The	 chemical	 nature	 of	 these	
two	defines	the	kinetics	of	the	process	and	also	the	level	of	control	(Moad,	
Rizzardo,	&	Thang,	2008).	Also,	in	most	situations	for	controlled	synthesis	
lower	variants	of	the	Z	and	R	group	is	usually	used	(Chong,	et	al.,	2003).		

	

	
	

	
Figure	2:	RAFT	equation.	Modified	from:		
Moad,	G.,	Rizzardo,	E.,	&	Thang,	S.	(2008).	Toward	living	radical	polymerization.	Acc	Chem	Res.	 ,	
41	(9),	1133-42.	

	
	
									There	 are	many	 advantages	 to	 RAFT	 technique,	 and	 some	 of	 them	 are	

(Barner-Kowollik,	2008):		
	
Ø The	process	 is	essential	 for	 free	radical	polymerization	with	change	 just	

being	the	substituted	RAFT	agent.	
Ø The	process	 itself	 is	not	 known	 to	 induce	any	 inherent	 rate	 retardation	

effects.	
Ø The	 vast	 majority	 of	 the	 monomers	 can	 be	 polymerized	 by	 two	 RAFT	

agents	
Ø The	process	can	be	completed	with	conditions	resulted	in	low	dispersity,	

and	pre-selected	molecular	weight.	
	
									The	 synthesis	 of	 the	 polymeric	 NPs	 by	 using	 RAFT	 technique	 can	 be	

achieved	 via	 Emulsion	 or	 Dispersion	 polymerization.	 In	 terms	 of	
dispersion	polymerization,	the	alcohol	is	used	as	a	solvent,	which	in	term	
required	to	be	selected	along	with	the	monomers	is	a	crucial	component.	
Also	the	initiator	that	is	usually	used	in	this	process	is	a	water-insoluble,	
while	 in	 emulsion	 polymerization	 water	 is	 a	 primary	 content	 and	 it's	
more	comfortable	to	use	thus	and	process	hence	one	of	the	reasons	why	
emulsion	polymerization	is	used	in	this	project.		
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								A	2.2	PISA	
	
									The	 concept	 of	 self-assembly	 copolymer	 has	 been	 studied	 since	 1960.	

The	 popularity	 of	 these	 is	 based	 on	 suitable	 monomers	 and	 their	
applications	 (Mai	&	 Eisenberg,	 2012).	 The	 resulting	 structure	 of	 such	 a	
system	could	be	used	in	the	process	of	covalently	bound	the	units	(Bader,	
Ringsdorf,	 &	 Schmidt,	 1984),	 preparation	 of	metal	 particles	 (Antonietti,	
Wenz,	 Bronstein,	&	 Seregina,	 1995),	 surface	modification	 (Riess,	 2003),	
and	 loading	 small	 molecules	 (Vihola,	 Laukkanen,	 Tenhu,	 &	 Hirvonen,	
2008).	 A	 new	 approach	 which	 capitalizes	 on	 the	 insolubility	 of	 a	
propagating	polymer	chain	during	the	polymerization	process	which	is	a	
strategy	 based	 on	 the	 utilization	 of	 soluble	 homopolymer	 block	 that	
extend	 further	 with	 the	 help	 in	 addition	 of	 another	 monomer.	 As	 the	
monomer	 is	 added	 the	 growing	 block	 becomes	more	 insoluble,	 and	 the	
process	results	in	the	self-assembly	which	takes	place	as	a	compensation	
of	 the	 unfavorable	 solvent	 interaction.	 This	 process	 is	 known	 as	 PISA.	
This	process	is	often	tagged	along	with	RAFT	Polymerization	(fig.	3).		

	
	

	
	
	
															Figure	3:	the	Synthesis	of	Diblock	Copolymer	NPs	via	PISA.	Modified	from:		
															Truong,	 Nghia	 P.	 et	 al.	 "Rapid	 Synthesis	 Of	 Ultrahigh	Molecular	Weight	 And	 Low	 Polydispersity		

Polystyrene	Diblock	 Copolymers	By	RAFT-Mediated	 Emulsion	 Polymerization."	Poly.	Chem.	 6.20	
(2015):	38653874.	Web.	
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							A.3	Theranostic	and	Drug	Delivery	

								Theranostic	is	a	term	that	is	derived	from	two	words	combined,	therapy	
and	 diagnostic,	 so	 it	 can	 diagnose	 as	well	 as	 provide	 therapy	 in	 one	 go	
(Wilson,	2018).	The	rise	of	theranostic	is	linked	with	the	development	of	
nanotechnology	 in	 drug	 delivery.	 The	 process	 consists	 of	 imaging	 and	
delivery	 of	 the	 drug	 to	 the	 patient	 at	 better	 efficiency	 with	 a	 specific	
focus.	 This	 methodology	 paves	 the	 way	 from	 trial	 and	 error	 to	 a	
personalized	 medicine	 that	 works	 to	 identify	 the	 targeted	 cell	 that	 is	
impacted	by	a	cancer	and	then	marks	them	for	treatment	under	scanning	
and	while	under	therapy	making	it	easier	and	focused	on	each	individual	
(Jeelani,	Reddy,	Maheswaran,	Asokan,	Dany,	&	Anand,	2014).	

							A	3.1	Drug	Loading	and	Release	

									In	 this	 thesis,	 the	 focus	 is	 on	 an	 anti-cancer	 drug	 called	 Camptothecin	
(CPT).	It	is	a	potent	antineoplastic	agent	that	has	over	the	years	proven	to	
be	reliable	against	multiple	tumor	lines	in	vitro	(Storm,	Moriarity,	Tyler,	
Burger,	 Brem,	&	Weingart,	 2002).	 CPT	 is	 limited	 by	 low	 bioavailability,	
lack	 of	 stability,	 and	 poor	water-solubility	 (Wall	 &	Wani,	 1996).	 CPT	 is	
known	to	induce	cytotoxicity	by	inhibiting	synthesis	in	DNA	and	RNA.	The	
inhibition	 thus	 caused	 shorten	 the	RNA	 chains	which	 rapidly	 reversible	
upon	drug	removal.	Over	the	years	many	drug	delivery	techniques	have	
been	 tried	 like	micelles	 (Fan,	Huang,	&	Li,	2010),	polymer	conjugations,	
liposomes	 (Modi,	 Xiang,	 &	 Anderson,	 2012)	 and	 NPs.	 Among	 these,	 in	
recent	trends,	the	polymeric	delivery	system	has	gained	a	lot	of	attention	
due	to	their	unique	characteristics.		

								Drug	 loading	 is	obtained	by	 the	amount	of	 the	drug	 seen	as	 a	 free	drug	
after	the	encapsulation.	In	vitro,	the	CPT	release	saw	a	40%	initial	burst	
in	 the	 first	12h	 followed	by	a	 slow	release.	The	cytotoxicity	 test	against	
the	H22	cells	showed	that	the	targeted	CPT	NPs	did	have	substantial	and	
significant	antitumor	effects	(Yang,	Liu,	Yan,	Zhou,	&	Xiong,	2016).		

	

							A	3.1.1	Encapsulation	techniques	
	
								The	 drug	 encapsulation	 by	 NPs	 promise	 to	 help	 in	 reducing	 the	 threat	

faced	by	patients	from	intake	of	life-threatening	doses	of	medicines	in	the	
treatment	 of	 cancer	 disease.	 Nanoencapsulation	 of	 drugs	 increases	 the	
specificity,	 efficacy	 and	 the	 targeting	 ability	 of	 the	 drugs	 (Soppimath,	
Aminabhavi,	 Kulkarni,	 &	 Rudzinski,	 2001).	 This	 means	 that	 the	 drug	
would	 stay	 longer	 in	 the	 blood	 flow	 and	 helps	 in	 avoiding	 premature	
degradation.	There	are	many	techniques	that	are	used	in	achieving	drug	
encapsulation,	and	some	of	them	are:	
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i. Solvent	Evaporation	
	
									Solvent	evaporation	was	one	of	the	first	methods	used	in	Polymeric	NPs;	

in	which	polymer	solutions	are	prepared	in	solvents	that	are	volatile	the	
emulsions	are	formulated.	In	the	past	chloroform	was	used	but	in	recent	
trends,	the	change	has	been	made	to	switch	to	ethyl	acetate	(Prasad	Rao	
&	E.Geckeler).	The	emulsion	is	then	converted	to	NPs	suspension	when	it	
starts	 evaporating	 where	 the	 polymer	 is	 allowed	 to	 diffuse	 under	
continuous	 emulsion	 process	 (Nagavarma,	 Yadav,	 Ayaz,	 Vasudha,	 &	
Shivakumar,	2012).	

	

ii. Nanoprecipitation	
	
								This	 is	 also	 known	 as	 the	 solvent	 displacement	 method,	 and	 the	

mechanism	 is	 based	 on	 precipitation	 of	 the	 polymer	 from	 an	 organic	
solution.	 The	 diffusion	 of	 the	 organic	 solvent	 is	 done	 in	 the	 aqueous	
medium	 with	 the	 presence	 or	 absence	 of	 a	 surfactant	 (Fessi,	 Puisieux,	
Devissaguet,	 Ammoury,	 &	 Benita,	 1989).	 The	 polymer	 dissolves	 in	 the	
water-miscible	 solvent	 of	 intermediate	 polarity,	 which	 results	 in	 the	
precipitation	of	the	nanospheres.	The	phase	is	then	stirred	in	an	aqueous	
solution	which	 has	 a	 stabilizer.	 The	water	 and	 organic	 solvent	 polymer	
deposition	would	cause	the	fast	diffusion	of	the	solvent	which	would	lead	
to	 the	 instantaneous	 formation	of	 the	 colloidal	 suspensions	 (Quintanar-
Guerrero,	Allemann,	Fessi,	&	Doelker,	1998).	

	

iii. Emulsification/	Solvent	Diffusion	
	
								This	 is	 a	 modification	 of	 the	 evaporation	 method.	 In	 this,	 the	

encapsulating	 polymer	 is	 dissolved	 in	 a	 partially	 water-soluble	 solvent	
such	as	propylene	carbonate.	This	solvent	is	also	saturated	with	water	to	
ensure	and	maintain	 the	 initial	 thermodynamic	equilibrium.	 In	order	 to	
encapsulate	 the	 diffusion	 of	 the	 solvent	 is	 necessary	 and	 is	 done	 by	
dilution	 with	 the	 excess	 water	 as	 the	 solvent	 is	 miscible.	 The	 polymer	
water	 saturates	 solvent	 then	 emulsified	 in	 an	 aqueous	 solution,	 which	
consists	of	a	stabilizer	that	forms	the	nanospheres	based	on	oil	 in	water	
emulsion	(Nagavarma,	Yadav,	Ayaz,	Vasudha,	&	Shivakumar,	2012).	
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iv. Dialysis		
	
								This	 is	 considered	 a	 simple	 and	 effective	 method.	 In	 this,	 the	

encapsulating	polymer	 is	dissolved	 in	an	organic	water-miscible	solvent	
such	as	DMF,	that	would	be	placed	in	a	dialysis	tube.		The	displacement	of	
the	solvent	 into	the	membrane	allowed	for	the	polymer	to	aggregate,	as	
the	 losses	of	 its	solubility,	which	result	 in	 the	 formation	of	homogenous	
suspension	NPs	(Nagavarma,	Yadav,	Ayaz,	Vasudha,	&	Shivakumar,	2012).	
In	this	thesis	the	drug	encapsulation	will	take	place	during	the	formation	
of	 NPs.	 surfactant	 is	 considered	 to	 be	 toxic	 hence	 the	 use	 of	 PISA	
technique	 while	 particles	 can	 self-assemble	 without	 the	 help	 of	 using	
surfactant,	 enables	 successful	 encapsulation	 of	 the	 drug	 during	 the	
formation	stage.	 

							A	3.2	Imaging	

								Non-invasive	monitoring	of	pathological	and	physiological	processes	both	
requires	 advanced	 probes	 and	 new	 imaging	 techniques	 (Filonov,	
Krumholz,	 Xia,	 Yao,	Wang,	 &	 Verkhusha,	 2012).	 The	 imaging	 process	 is	
undergoing	 radical	 change	 and	 growth	 with	 theranostic	 where	 a	
diagnostic	 and	 therapeutic	 is	 combined	 in	 treatment.	 The	 imaging	
process	provides	ideal	and	critical	diagnostic	information	with	regards	to	
the	presence	and	location	of	the	cellular	targets	for	actions	to	be	taken	by	
the	therapeutic	agents.	There	are	many	chemical	compounds	or	elements	
that	 can	 be	 used	 in	 the	 imaging	 process	 like	 that	 of	 elemental	 Iodine,	
norepinephrine,	and	meta-iodobenzylguanidine	(MIBG)	(Lee	&	Li,	2011).	
In	this	thesis,	fluorescent	dye	such	as	Nile	red	would	be	used	

							A	3.2.1	Nile	red	
 
								Nile	red	 is	a	 lipophilic	stain	 that	stains	 the	 intracellular	 lipid	droplets	 in	

yellow	color.	The	synthesis	of	Nile	red	can	be	achieved	by	acid	hydrolysis	
where	Nile	blue	 and	 sulphuric	 acid	 is	boiled.	Nile	 red	 is	 known	 to	have	
poor	solubility	while	also	being	fluorescent	in	water,	which	is	able	to	emit	
color	 varying	 from	 deep	 red	 to	 yellow	 gold	 while	 depending	 on	 the	
hydrophobic	 environment.	 This	 different	 colorability	 of	 the	 Nile	 red	 is	
considered	to	be	one	of	the	advantages	that	helps	the	diagnostics	part	of	
the	 treatment.	 The	 stain	 is	 also	 soluble	 which	 helps	 from	 escaping	 the	
dilemma	 over	 large	 stains	 that	 need	 particular	 organic	 solvents	 to	
dissolve	these.	The	areas	are	able	to	be	seen	better	with	the	help	of	Nile	
red	as	it	works	only	in	a	hydrophobic	environment.	The	color	of	the	lipid	
helps	in	distinguishing	the	neutral	lipids	from	the	phospholipids	and	also	
other	amphipathic	lipids	(Fowler	&	Greenspan,	1985).	The	lower	level	of	
toxicity	 of	 these	 materials	 also	 makes	 them	 much	 more	 reliable	 and	
efficient	to	be	used	with.		
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							A	3.3	in	vitro	drug	release	study		

								In	vitro	release	testing	is	an	essential	analytical	tool,	which	helps	in	better	
understanding	 of	 the	 of	 the	 drug-loaded	NPs	 behavior	 (D’Souza,	 2014).	
The	 analysis	 of	 the	 in	 vitro	 solution	 testing	 can	 be	 done	 by	 continuous	
flow,	 sample	 and	 separate,	 or	 dialysis	 membrane.	 In	 this	 thesis	 the	
dialysis	membrane	method	would	be	used,	where	dialysis	bag	placed	 in	
phosphate	buffer	saline	(BPS),	which	kept	in	continuous	magnetic	stirring	
that	 would	 allows	 the	 diffusion	 of	 the	 encapsulated	 drug	 to	 be	 release	
into	 the	medium.	At	 selected	 time,	 various	 samples	would	be	measured	
with	Fluorescence	spectroscopy	in	the	determination	of	the	time	required	
for	 complete	 release.	 In	 vitro	 study	 provides	 some	 evidences	 to	 ensure	
the	advantages	of	the	NPs	drug	versus	the	free	drug	(Yang,	A.,	Liu,	Z.,	Yan,	
B.,	Zhou,	M.,	&	Xiong,	X,	2016).		

							A	3.4	Cell	viability	and	Cellular	Uptake	

								Cell-based	assays	are	used	for	the	screening	of	compounds	to	ensure	that	
the	cells	do	not	have	any	impact	on	the	cell	proliferation	or	will	not	show	
any	 direct	 cytotoxic	 effects	 that	 could	 lead	 to	 the	 death	 of	 the	 cell.	 The	
methods	used	to	analyze	the	cell	viability	 include	tetrazolium	reduction,	
protease	marker,	ATP	detection	and	last	but	not	least	resazurin	reduction	
(Riss,	et	al.,	2004).		

 
								The	process	of	taking	substances	and	delivering	them	to	the	cell	is	known	

as	 cellular	 uptake	 or	 Endocytosis.	 The	 material	 that	 is	 decided	 to	 be	
internalized,	is	first	covered	by	a	plasma	membrane,	which	is	then	seen	to	
bud	 inside	 the	 cell	 forming	 a	 vesicle	 that	 is	what	 contains	 the	 ingested	
materials.	 The	 pathways	 available	 for	 the	 same	 can	 be	 categorized	 as	
caveolae,	 phagocytosis,	 receptor-mediated	 endocytosis	 and	 lastly	
pinocytosis.		

 
									In	 this	 thesis	 the	 cell	 viability	 and	uptake	will	 be	 evaluated	using	RAW	

264.7	or	MCF-7	cell	line	for	better	understanding	
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						A.4	Characterization		

									Nano	 materials	 are	 often	 known	 to	 present	 some	 properties	 that	 are	
entirely	 different	 from	 their	 bulk	 counterparts,	 as	 the	 high	 surface	 to	
volume	ration	often	has	helped	in	exponentially	increasing	the	reactivity	
at	 a	molecular	 level.	 These	 properties	 that	 differ	would	 include	 optical,	
chemical,	 and	 electronic	 properties.	 The	mechanical	 properties	 of	 these	
NPs	 are	 also	known	 to	differ	quite	 a	 lot	 (Thanh,	Maclean,	&	Mahiddine,	
2014).	 With	 the	 growth	 in	 the	 number	 of	 NPs	 that	 are	 synthesized	 as	
compared	to	a	decade	ago,	it	is	vital	to	have	an	accurate,	credible	protocol	
that	 would	 help	 in	 the	 characterization	 of	 these	 particles.	 However,	
complete	characterization	 is	not	always	possible	which	 is	mainly	due	 to	
the	limitations	that	increase	due	to	the	size	of	these	particles.		

							A	4.1	SEC	
	
									Size	 Exclusion	 Chromatography	 is	 known	 to	 be	 a	 column	 liquid	

chromatography	 methodology	 that	 is	 commonly	 made	 use	 for	 the	
separation	 of	 the	 macromolecules	 that	 might	 exist	 in	 the	 solution.	 In	
general,	the	SEC	columns	are	found	to	be	packed	with	rigid	porous,	small	
particles	that	vary	in	size	from	3	to	20	μm	and	pore	size	that	varies	from	
50	 to	 107	 Armstrong	 (Pitkänen	 &	 Striegel,	 2016).	 SEC	 is	 an	 entropy-
controlled	 process	 and	 helps	 in	 understanding	 the	 properties	 of	
polymeric	 NPs	 that	 generally	 originate	 from	 the	 surface	 and	 quantum	
effects	and	are	highly	depending	on	the	size	and	it	is	essential	to	separate	
based	on	these	sizes	to	understand	thus	better	SEC	is	used.	

							A	4.2	H	NMR	

								Proton	Nuclear	Magnetic	Resonance	spectroscopy	was	invented	to	study	
the	 different	 properties	 of	 the	 atomic	 nuclei,	 but	 in	 later	 usage,	 it	 was	
found	 to	 be	 reliable	 in	 understanding	 the	 molecular	 structure	 of	 the	
organic	 compounds.	 The	 theory	 or	 analysis	 is	 based	 on	 the	 spin	 of	 the	
nuclei	which	in	some	materials	are	able	to	create	magnetic	charged	filed.	
It	 is	 seen	 that	 the	molecules	with	 even	number	of	 bother	neutrons	 and	
protons	have	no	spin	while	odd	numbers	of	both	have	integer	spin.	 It	 is	
also	seen	that	if	the	sum	of	protons	and	neutrons	is	an	odd	number	these	
molecules	are	supposed	to	have	half-integer	spins	(Tataurova,	2014).	The	
spins	that	create	energy	is	known	to	emit	a	signal	which	is	known	as	the	
NMR	 signal.	 The	 signals	 emitted	 allows	 in	 understanding	 the	 chemical	
shifts,	location	splitting	of	signals,	etc.	
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							A	4.3	DLS	

								Dynamic	Light	Scattering	 is	used	 to	determine	 the	particle	 size	with	 the	
help	of	the	measurement	of	the	random	changes	with	regards	to	the	light	
scattered	 from	a	solution	or	a	 suspension	 (Horiba).	The	methodology	 is	
used	 in	 colloid	 size	measurement,	 protein	 size,	 latex	 size,	 and	nanogold	
size.	 With	 the	 help	 of	 this,	 it	 is	 easier	 to	 distinguish	 between	
macromolecules,	 particles	 and	 second	 liquid	phase.	The	 light	 or	 laser	 is	
passed	through	the	solution	and	once	the	light	is	scattered	it	 is	received	
by	 a	 setup	 detector	 at	 90	 or	 173	 degrees.	 The	 random	 changes	 can	 be	
thus	 monitored	 through	 this	 process	 as	 a	 result	 of	 changing	 positions.	
This	would	result	in	finding	the	Particle	Diffusion	coefficient.	

							A	4.4	UV-Vis	

								The	ultraviolet-visible	spectroscopy	 is	used	 in	 the	measure	of	extinction	
in	relation	to	the	light	that	is	passing	through	a	sample.	NPs	as	mentioned	
before	 are	 highly	 sensitive	 and	 having	 optical	 properties.	 The	 UV-Vis	
spectroscopy	 is	mainly	used	 in	 aqueous	 solutions,	 and	 the	 scattering	or	
extinction	of	the	light	passing	through	the	solution	would	help	in	plotting	
the	 graph	 that	 is	mainly	 the	 calculation	 of	 the	 number	 of	 photons	 that	
were	 allowed	 to	 pass	 through	 the	 solution	 (NanoComposix,	 2012).	 It	 is	
shown	that	smaller	size	particles	have	higher	absorption	rates.		
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