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Abstract

In this study, core-crosslinked amphiphilic polymer (CCAP) nanoparticles prepared using a reactive amphiphilic polymer pre-
cursor (RARP) were used for preparing some valuable compounds encapsulated polymer nanoparticles with high payload
through nanoprecipitation process. Various solvents (acetone, ethanol, and THF) having different polarity and CCAP nano-
particles prepared using different amphiphilicity were used for the preparation of @ -tocopherol encapsulated polymer nano-
particles to investigate their effects on the encapsulation efficiency, payload, nanoparticle size, and stability. CCAP dissolved
in hydrophobic solvent, THF, could form @ -tocopherol encapsulated polymer nanoparticles dispersed in water with the high
payload of « -tocopherol and encapsulation efficiency. Because of their physically and chemically robust nano-structure origi-
nated from crosslinking of the hydrophobic core, CCAP nanoparticles could encapsulate « -tocopherol with the high payload
(33 wt%) and encapsulation efficiency (97%), and form 70 nm-sized stable nanoparticles in water.
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sob b Y A heglAE ol

slew[s-6], BESE Eoto] e, FEety nhes FHaskehs
4 A AT FozM 9 Ao RNE BEsty A F
A W shs el &7, 0182 w7k #4do] A8 ¢ Sk

Aastel el vheFet Uri A A= A71E Zhe v sl Al
ZE 9 5—].01 oio}x-]ﬁ} A = 7]._]7_ _ﬂ].;ﬁg ﬁa‘]—b— = 1;1_1% _;lc_tg
(Spray drying)[7]1%} #-3l/-4ul] E4FH(Emulsion/Solvent Diffusion)[8],
242 W (Coacervation), B-&-1li(Desolvation)q] 5ol H&2 O Z ALE-

wolr] grovk AHEE 4 Gl wEATE AdEelgli B i
7} A|(Crosslinking agent) 2! +3}A(Surfactant) &) ARg-ol] o]t &
A g210] W ARE kel mHE QlRte] ok Aske Qo)
who] glo] Algl o Abg ol shoio). webd Eln wrh &8
Al g4 gl theglabEE Alzah] S84 thed A (Nano-
precipitation)©] g7 ARE-E L 1tH7,10-11].

Fessi®] 917%(Fessi et al., 1989, 1992)] oJaf Hx= 7Hde v
A kst 71 el Akl -8 oFES 8Tl & o]
= vl Eofl Asl - BANAM edAE de e, 7
Srll= E3k = Slojof sAIRt ARl -8 oFES w]gvljelA
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AP G AR Y, F& WA FEE 2 iR
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+ Poly( ¢ -caprolactone) (PCL), Poly(lactide) (PLA), Poly(L-glutamic
acid)(PGA), Poly(lactide-co-glicolide) (PLGA) %
oylamide), Poly(vinylene), Poly(methylmethacrylate) (PMMA), Poly(vi-
nyl carbazole) (PVK), poly(vinyl acetate) (PVAc), Pluronic F68 5] A}
453 9loW, Dimethyl sulfoxide (DMSO), Dimethylacetamide
(DMA), Dimethylformamide (DMF) 2 1-Methyl-2-pyrrolidinone (NMP)
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AaEs YR § e A2 R @A YiesiAd AxE Al
QFeRgiTE msk S8 3ol o 3 WSt E v §]EL:rL_IZ_
7h A HA] s Y YgAE Al s, A 1A e
YA A Flof FRo] sehA o w Jlwe AR FEH Y ot
7kl ¥R R e AE AlxsSi) o) flsiA E2eld
ZALO] E(Polyethylene oxide) (PEO) 7149t XA Al IHES}) &8>
2 SA}o] = (Polypropylene oxide) (PPO) 71 A5 MIRES
7HA AL oA B Wld71E 7L Qs v RIA At
Zd5-|(Reactive Amphiphilic Reactive Polymer Precursor, ©|5}F RARP
2 @) E @95t ol HAFAQ =HAHE FotelA] Ak
o) Fhsaia nRel 244 8 oFE) ATl Fedt A2 e
Hefe] Fol 7w PR 1A Y= &K (Core Crosslinked Amphi-
ph111c Polymer, ©]3} CCAPE )& xﬂ_,_o}—» S ARk oH,
T -8 oFE9l o -tocopherol®] TR EE QIR AZFA] A
% 2719] sl B heql A0 271, $A2 9 WEAT 5ol
FPE wIAE AAEE 2RI,
2.4 ¥
2.1. A2k
RARP &2 9] g/l Glycerol Propoxylate (GP, Mw = 260, 725,
1000 g/moL, Sigma Aldrich Co., Ltd, USA), 2,4-Toluene Diisocyanate
(2,4-TDI, Mw = 174.16 g/mol, Junsei Chemical Co., Ltd, Japan),
Glycerol (GC, Mw = 92.09 g/mol, Sigma Aldrich Co., Ltd, USA),
2-Hydroxyethyl methacrylate (2-HEMA, Sigma Aldrich Co., Ltd,
USA), 12]3L Polyethylene Glycol (PEG, Mw = 1000, 1500, 2050
g/moL, Sigma Aldrich Co., Ltd, USA), 2+ o}x|%E(Acetone), ©ll
&HE{(Ethanol), H|E&}8}0] =2 (Tetrahydrofuran) (THF), W€
ZA}o] =(Dimethyl sulfoxide) (DMSO) % &= F X5 (Chloroform,
Sigma Aldrich Co., Ltd, USA)& ARS-3F31aL, CCAP WeQAke] A3 Al
AR 7| A]Al(Initiator)i= 2,2°-Azobis-(2-methylpropionitrile) (AIBN)
& ARgeilon, A F2EZRE a-tocopherol S Sigma Aldrich
Co., Ltd, USA°IA 318 ARE-8I3Ith. GPo}F PEG= $4 24 h %1 80
Tl st stell Az 3 ARSIQlaL, 1 99 Aloke Ex2 Az}
e AAA ¢k ARSI

2.2. RARP2| g

RARPE 35H 37 3748 B8lA Ax=HeH, 71AmRb], A
2 YT, A AEE 3 2 w7 dlelA Jssdct A
22 §17] 3ol GPe} 2,4-TDIE Hhg- &H] 1 : 322 70~80 T4
12 h &2t IRE HREAIA f-eek dghs A7k oA 398 =

pul o
2 Z2|" (Prepolymer)®ll 2-HEMAES ¥h$- &4 1 : 28 FH7}ate] 50

—

Tl thA]l 6 h WRE RESAIZICE A7) 2Pd o @ dojzl dEe &
o] 1500 g/molQ! PEGE 1 : 1 7} 3 12 h B9 WheA1A HE
Ao 2 ud7|7t £90% RARPE Fd5I3ich d4d9 wlol2Ad whe
/3 AT RARP] ApAISE 4] 9l Exjef £ o] 79 =elA
AHAEHA 71813 ©[56-58], RARPE] ¢l = 348t -%+= Figure
1ol YeRdSlth RARP el 7] ohe B 74 Qe

Z52 GP (260, 700, 1000 g/mol)S AHE3IR o™, g Al ALgH
GP2] F-Al&o] w}2}A RARP 260, RARP 700, RARP 100022 7}7}
drgsisich
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Table 1 Physico-chemical Characteristics of the Solvents

A -

2%

and of the Polymer Used in the Preparation of Nanoparticles

Surface tension

v oy DSTosmn  Doepner s om0
at 20 C
Acetone 5.1 21.70 2.88 Miscible 0.355 25.20
Ethanol 52 24.30 1.69 Miscible 0.654 22.10
THF 4 7.52 1.63 30 0.207 26.40

Water 78.54 1.84 - 1.000 72.80

This table was orginally from: Prof. Murov's Orgsoltab, which was edited and reposted by Erowid.

Table 2. Size of Nanoparticles Prepared Using Various Molecular Weight of PPO-based Hydrophobic Segment and Solvents

Sample ot e weght (gmehy | mleelr weight (e )

RARP 260-A Acetone 260 1500 42.64
RARP 260-E Ethanol 260 1500 68.35
RARP 260-T THF 260 1500 46.98
CCAP 260-A Acetone 260 1500 42.28
CCAP 260-E Ethanol 260 1500 47.69
CCAP 260-T THF 260 1500 45.59
RARP 1000-A Acetone 1000 1500 40.53
RARP 1000-E Ethanol 1000 1500 44.03
RARP 1000-T THF 1000 1500 35.73
CCAP 1000-A Acetone 1000 1500 41.81
CCAP 1000-E Ethanol 1000 1500 49.05
CCAP 1000-T THF 1000 1500 30.31

Reactive Vinyl group

H,C=C-(CH,)COOCH,CH,00CNH

CH,

PEO-based
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g
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Hydrophobic segment

_HNCOOCH,CH, COO(CH;)-C=CH,

Figure 1. Schematic presentation for nonionic amphiphilic reactive

oligomer, RARP.
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CCAP Y3179

Sl Ml 27 A N

AzE

|1 &

= ey o
N IS

WHIAIA RARP
SN A 23] Table 19 ARE-3F

SolA Al &

A FFe Ah FYT, W), AR FUT7F 2 500 mL o)
G 37 {ENES 7oA 718l oH, Table 20 CCAP WeQ)At
AzE A vk 29 ﬂl*l aFlet okA 3 E M1 RARP 3
g2 20 g9 oFAIE, olleE, THF 9} 22t Z3ste] wnlabdA $17ds]

S3AIZ &, RARPO| & Hol~ 715 SASAIA ez S

T A3l dxdd §-84 B ST MAAIQl AIBNS
0.02 g 371 &A1 %Cﬂ—% 300 rpm O E A3 w}—a—}
A AAE FY8HL, 50~65 TR FAEE 2 87100 2 vt
715 A el SRS AAIEIeH, ok 6 h F<k WAl Wl
Al F FAAY A7) BAE gold FRT A8 Astekd
A AFsHA WHAAAM CCAP WrA7) BAtel Z2oj= galg
Azxsoick. HEFA 0w Axd CCAP WiedAe] A7]= ARgd
RARP &7 9 ARE¥ &ufol] wabs] vekstAl 248 5 A
(Table 2).

3 271E 471 20 g2 W RARPE 3 go 7 143 o=
RARPE 3 g oo % Frlsto] SIS 44, BE &9
(GeDo] E 7] wliol & S5 Al #HA 9] 232 RARP 3 g, &7
20 go = wehsto] =yt
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oMllE, ollhE, THFe] RARPE 247} &3iA7] & AFA 8
&2l «a-tocopherol RARPO] thallA Z}2} 9, 23, 33 wt%®= oF
H7rstolA] Ad&elA ¢k 10 mingt wykste] #dsk §HE A%
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Table 3. Relative Viscosity of RARP and CCAP Nanoparticles
Prepared Using Various Solvents

Table 4. Particle Size and Loading Efficiency Based on Payload

a -tocopherol payload : 9 wt%

Polymer Solvent [#] (mL/g)
Acetone 1.301
RARP Ethanol 1.022
THF 1.713
Acetone 1.426
CCAP Ethanol 1.306
THF 1.971

T, A7) Eodlg gole Tl AskeldA AdsA wrkAA A
ZAAZIOZH @ -tocopherol®] BAE XA YRS AZsHS T
CCAP Y=RJAE AH8-81034] @ -tocopherol= BAISH= -9l &
=3 AAY 4 obAIE, o'k, THF Z17+8] 771 4ol RARPE
AR F, 2 FEE JAIAIR]L AIBNS 7t A Bz &
& Tt SEE RARP AkEo] EAletE &5 Alxith o]
G-dof F3tE RARPO| thaliA 442} 9, 23, 33 wt%2] @ -tocopherol 2+
=3 5, "ol SRl AA38] AstAlzaA A-siAl wRkA A
@ -tocopherol®] HA|E CCAP WUinSIA7} HAke 2ol fos
ANZBR T, AAFE 24 EE Table 40 LFERASIT

2.5. 02X} LR 37|, oM & M=

Az 2219 Wgle] w2 YAkl dRkar] wisks <1
3171 98t F4334A g A (Dynamic Light Scattering; DLS, Zeta-
sizer Nano ZSP, Malvern Instrument, UK)E AFE-3lo] A|Z%H 122}
WSz iz 715 S on, s Alsel tiste] 3314 53
sto] ks ARESIAATE AlzE CCAP WefdAe] mAlT2E
Cryo transfer specimen holder (GatanA} : Model 626 DH)E 40 C ©]
St WAAZ] Fo BE 1S flste] HAl Aael] A% FHlE
grid A|SE5 ¥ZME specimen holderol] F&slo] ZA2Axdn] 7
(Cryoelectron Transmission Microscopy; Cryo-TEM, FEI Tecnai F20/
USA)& ARg-stoln azsigitt

2oz $9 AF, oMIE, oleE, THFol| &3% RARPS} CCAP
9 A A% =4S Ubbelodhe F%EA1(0.78 mm diameter)S AH8-3}
o] 2225 T)olM A= 574 oldell, = S 24 h o]
wRk & AHE o]§ato] of A AT filtering). 1A 2] B9
lellA, 5 AR vl&2 54 159 213 5Us 2 0% 1155
o, gk Algel thste] 5314 SAste] Fatgks ARE-SIITE 1A
AL 7] in L/g)2} Huggins® coefficient (KH)= T2t 22 A8 W
A& AHgste] ARSI

Nwa = [7]+ KH[ 7 T'C

Sl Aol ce iR %:E(g/L)O]I’—, 7 redis 7= p/C= 7 -
nd 7ol 2l gele A E(L/gelth 71 g = A &

o] Arely, = £F 89 Akelth

2.6. 02X} LI-QIX}S2| a-tocopherol EHX|EE
EQ0AF Ulell @XA1Z1 @ -tocopherol ] BA &8-S F4517] 9
sto], WA LAY ES AFHEEEY] @ -tocopherolo] HAIE He§iAt
0] 250 Ak F2olE g AxsIGlrh WAt gk
-2 mLo| FEO|= golle] s mLe]

@ -tocopherol &] % 5 A

Sample P(egtl%d E&gi?égfy Panéfllri) size
(%)

RARP 260-A 9 - Coagulation
RARP 260-T 9 - Coagulation
CCAP 260-A 9 74.21 118.80
CCAP 260-T 9 87.37 48.10
RARP 1000-A 9 - Coagulation
RARP 1000-E 9 - Coagulation
RARP 1000-T 9 - Coagulation
CCAP 1000-A 9 96.02 123.18
CCAP 1000-E 9 94.42 171.35
CCAP 1000-T 9 98.41 32.87

a -tocopherol payload : 23 wt%

Sample P(egtl%d E&gi?égfy Pangl;) size
(%)

RARP 260-A 23 - Coagulation
RARP 260-T 23 - Coagulation
CCAP 260-A 23 - Coagulation
CCAP 260-T 23 - Coagulation
RARP 1000-A 23 - Coagulation
RARP 1000-E 23 - Coagulation
RARP 1000-T 23 - Coagulation
CCAP 1000-A 23 91.05 179.70
CCAP 1000-E 23 75.26 118.95
CCAP 1000-T 23 91.58 36.58

a -tocopherol payload : 33 wt%

Sample P(egtl%d E&gi?égfy Pangl;) size
(%)

RARP 260-A 33 - Coagulation
RARP 260-T 33 - Coagulation
CCAP 260-A 33 - Coagulation
CCAP 260-T 33 - Coagulation
RARP 1000-A 33 - Coagulation
RARP 1000-E 33 - Coagulation
RARP 1000-T 33 - Coagulation
CCAP 1000-A 33 - Coagulation
CCAP 1000-E 33 - Coagulation
CCAP 1000-T 33 97.25 69.91

7¥eto] ZdatA Wt E3ksh 5 A4E)7|(Centrifuge 5418, Eppendorf,
Germany)Z AF-31%] 5 min &<} 13,000 ipm ©.Z 33] ¥4 F2|5}
e iAlel] 28 A] ¢k= @ -tocopherol= A3 F Aojzl FAl &
Hof|A] st 2 mLE FHst] A7 HE R EA(UV-vis
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Figure 2. Release experiment of «-tocopherol loaded nanoparticles.

spectrophotometer, UV-2450, Shimadzu, Japan)E ©]-835}] S53-%
275 nmelA 9] FFES S ojule] FHEE ofelle] At
o] Ag3}0] @ -tocopherol 2] ] & -&(Loading efficiency; LE)Z 3+
sh3ick

HAZE(LE) (%) =
(@ -tocopherol?] & = - FHEoNA2 )

a -tocopherol 2] A& %

x 100

2.7. a-tocopherolO| EX|El 12X} LI-QUXISL| UEHS

CCAP Alzoll M8 254 AZHES GPe) Ex1#o] 1A} 1
wYAFZHE] @ -tocopherol®] WEAF v|X = IS A2E] 9
3o, A7) #A1Z" @ -tocopherol BA|F CCAP ZZo|&= g-MojA] 2
mLE F5to] T4 (Dialysis tube)ol]l Y=t} ©] F49}S Buffer sol-
ution (pH 3) 98 mL7} & &30 X|ekal “d-ellA] wrkslaA, ¢
A Azl wet W& 89S 2 mLE FH3e] UV-vis spectrophotorneter
£ ARESEe] 275 nme] BFelA FHEE 5% & 223 S
o] g5t WEH a-tocopherol®] =5 AT olu), oFEo] v}
Z % Buffer solution (pH 3)2 A 22 Buffer solution (pH 3)°.2 £+
| wekshaA] 2883l 0w, Figure 201 A& A2} BATE YER
}.

ol

3@

3. Zdap g nE

3.1 LECEIFEHo| ofst QRRIM TR} LI-QIXE 34 2 8o ZR01
e UEY DEAL LR UXIF7| s}

= 7] v f71 8vll(obAlE, ole-E, THF)°ll RARP 3! 7}

T3 Y RS A SRR S n8]l el A

Fahd, &3S e dx} ] 63**2 L}quzo] ﬂvﬂ. Oi bl

N

O]OH i FHo] Ha“go}ﬂ, %UH Q”‘J ?C’ﬂ "ﬂ*é%] 74]“5 i
(Intelfamal turbulence)oll &3t Z1o® AE 4= Qit} o]% g 7k
A5 A ditel 5435 Hdo] AFEH, v 7]9] S A
Adelx s xo] gulje] FAto] 2’3‘35]1 VAR o] HAYE
3 kA TEA YAt 8 El% o7 AZbeEri22-25].

AF9] S2laH FEQl RARPE] A9, 7180l §alle ez
Eof ety &gt vzl ES F3l 1 FARQI ¥R E4JA A
WA =Y 55 FFEASAH
(Self-assembly)= &34 mlolda} 22 kA YieSiAE B

LMl 27 A A 1= 2016

SHspst

PN Aow AZETE S A7) AF s oM E, ollekE, THF =
RARP2] 45 MIHES} 44 MIHEE % S84 4= 9l
oz, RARP—L* 718l ebds] afEolA Fdg AT
AL, W98 AIWERES $3AE 4 e B S8
A &3 ii@P]‘ 7hsdt 718 uEe] o2 Bt o] F e wet
] RARPY] A5 M1 EE-2 “Hydrophobic interaction” .= Q13|
A A7 BgteA Hal A5 AIHEES A5 AIIHEESES 1)
A|’d-2-2](Microphase-separation) ¥] 0] 4] 40 2 o]5-&1A] Ht} o]F
St RS FEllA RARP AbEE APF 2R E oA A At o
RS FAA7IE Fle R A7tETH26-29).

7}l %% RARP = CCAP7F &3ll=o] Sl &-HS Eof Astst

£ ASol® A 29 7SS S B0 G EA
EYAE A shke A o= AZbE) 12u} RARPSR: 2], CCAP

T 7H S KA IRAF AREEC|BEE /7] SHldeld A
wAEo] gaE AElZ £ Aol ol st x| aEA
A FEHR Fuldel EARs Aoz AZdEn A3 Fiela <l
et A, 7140l vk RARPE €841 4= QIAIRE CCAP
o] A9l #71 Svllol $3iA2 “}F R o] ATHALE = {7
£ 10 goll RARPE {31A7]= A-9oll= 20 g oS RANAL
AGelo] =A] ko thh A% 7} =2 gdo] AUk ek
‘IT7]‘Q‘UH 10 goll RARP 3 g o3& &8iA71aL 7t 8- 38k
AIZE Ulell f-%Ade] A qle Az wAslE gk 5718 20 gol
RARP 3 g "9 §3A17) 2L 2lt)Z 7|29 AIBNS H718laL 7}
I FFE FHTE ASole #5490 I FAS AxT F A
o} o]gA AlxE F9dofli= RARP Al&0] 7k T3¥ CCAPZl UF
9] = A(Nano-gel) FEIZ fullo] Al Ao=2 Azb¥ch
RARP AlEof|A U715 A4 Al TAEA N EA5t2 2 o
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Scheme 1. Schematic presentation for amphiphilic reactive precursor,
RARP and core-crosslinked amphiphilic polymer (CCAP) nanoparticles
dispersed in water.
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Figure 3. Cryo-TEM images of CCAP nanoparticles.
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Scheme 2. Schematic presentation for «@-tocopherol-loaded amphiphilic
reactive precursor, RARP and ¢-tocopherol-loaded core-crosslinked
amphiphilic polymer (CCAP) nanoparticles dispersed in water.
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Figure 4. Variation of reduced viscosity according to various
processing parameters.

A UeRdt 2 2504 Folr) 7laEA] 9k RARPS] 7%, 71
2 F5A 9 wt%2] @ -tocopherol = BX|SHA] skl Y H A &
A FolA SFEAY AEHUT oldF A et B &5
d FoPt 7tuE A 2 RARP AREEC] &7 4ol didel o
-tocopherol ¥} A &1l UjollA E31 ol 2 HEFsH
W, o] w3 Folx B oA At 2Y 7 2E 34
A Falar g o 2R 24 85291 o -tocopherol S B4 B

?jx]—— ’63/\'1 _/,E Oj\l: 7o 7 /\g71—5]1:]_ = }\ako] ]‘l- 5\__/,:@
Al g -tocopherol®] RARPS} &stw]ojglom gm wsl w4 3
|4 RARP AkEEo] A7 28 E o] Yieizs FAshs A& Wl

stolA] Py sh W dAbeE FASHA Xete Ao AZE) 1w
1 CCAP?] 7%, A&d ZIAH, &5/ AIHEY} s8tx oz 7t
=] ASE UF2] “Fishing net” FEIE o] FIL UoJA, 254 &
Aol AR« tocopherolﬁ} =3 Adjels] v mEto] AYs}
AL 2F 29 728 YT F Yo E 22 I EEE u§- B
2= 49 a/-tocopherola ‘:V]ﬂ Hiezbs 3438 ¢ e Ao
A7) CCAP WegdAbso] &7 B4 9AA oldE = w7k
&S B4 02 Scheme 20 HERJATH
71 PCL, PLGA, Chitosan, Cyclodextrin 53} 22 vk
29l XA FTEAIE 0] 839X @ -tocopherol= BA|SH= -0l
A} e g) &bl thsfiA 2-16%2] @ -tocopherol THS-
AAITH32-34], CCAP YA &2 vl¢ =2 94 a&
(90% ©’HE CCAP 1000 W=g=tell tallA] 33 wi%7kA g=]skaL
70 nm P=E] PP v 01:17(]"5’% =504 FAA1A 4 ]l o
2 e B 89 GRS UERlE 21 CCAPY| B0l v
T2Z 3149 4 9tk = Scheme 20 UERH ZHH {7] Swllel
oz JtuE 722 EAET 7] St Yo GAlet
v W FolA =27 A EHA °}3i ukx] 2=l aE Thre A
Y @ -tocopherolS B8 = Q7] wjRol|, wWi$- Ao R AgA
A4S GARHAANE E5dA g YieAE sk Aow

A7k

AT CCAP 10005 AHEEH AFpolle &5 F8 o= o
-tocopherol®] B4 &L Jf2 oz F4Jo] W& THFE /\}%—0}"3
< u 7} =9k O (Table 4), 7tE A5 Fole] Bxjeke] &
Z w89 o -tocopherols BA| & 4= 3Tk 53, %Lx]aoko] 33



ok 7k P 1A IR olg

100

—a— CCAP-VE 260-T
—e— CCAP-VE 700-T
—&— CCAP-VE 1000-T

40 |

% a-tocopherol releasd

20 |

0 Ul Ul Ul i Ul Wl Ul Ul W W iy iy i ey ar T | |
0 4 8 12 16 20 24
Time (hr)

Figure 5. Release behaviors of «@-tocophetol loaded CCAP
nanoparticles prepared using various molecular weight of PPO.
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