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Abstract: Poly(e-caprolactone) (PCL) were prepared using amines with 1, 3 or 4 OH groups to synthesize linear and star
PCL via bulk and solution polymerization. For bulk polymerization of PCL, the molecular weight (MW) and melting
point (m.p.) increased as the [CL]/[T] ratio increased. In addition, as the number of OH groups of the initiators increased,
the MW and m.p. decreased. For solution polymerization of PCL, as the number of OH groups of an initiator increased,
the MW and m.p. increased as opposed to bulk polymerization. Microparticles loaded with bovine serum albumin (BSA)
were successfully prepared with PCL. The loading % of BSA in microparticle prepared with linear PCL was larger than
that of star PCL, and the three branched PCL showed smaller BSA loading than that of four branched PCL. The drug
release rate was slower for star PCL than linear PCL, and relatively slower for star PCL with many branches.

Keywords: biodegradable polymer, poly(e-caprolactone), drug delivery system, microparticle, amine initiator.
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Star® Poly(e-caprolactone)

Figure 1. Schematic diagram of synthesis of the linear poly(e-
caprolactone).
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Alef S ME. DA 2= e-caprolactone(97%, Aldrich, V]
2, Zvll= TEAL(Aldrich, 7|=7)& toluene(J.T.
Baker, 7]=7)oll 3] A1A ALE-sEATE ZAIAl = 2-(dibutyl-
amino)ethanol(DBAE, Aldrich, V]=T), triethanolamine(TEA,
Aldrich, V]=}), N,N,N’,N -tetrakis(2-hydro-xyethyl)ethylendi-
amine(TEED, Aldrich =S A §lo] ARSI ol sk
sigtEe] 755 Table 19 YERNRITE TEALS 31487] <l
3t toluene 7“&: E2 7194 sodium(Aldrich, ©]=) %
benzophenone(Aldrich, P]=)g o]-&3l 6A7F o] SFFFH

AHE AT S HE A B2 SGFAE A A el
choloform(Samchun Chemical, tH3H=H)S A §lo] ARE-s}
St IREAE HZIA1717] 2138 methanol(Samchun Chemical,
tehl=)S A glo] AR&-akitt.

Polyvinyl alcohol(PVA, Aldrich, 7]=1)3} tween 20(0.02
wt%, Aldrich, 7]=}), dichloromethane(MC, Aldrich, 7]=),
bovine serum albumin(BSA, Aldrich, 7|=}), 1M NaOH
standard solution(Daejung chemical, T3+ =T), sodium
dodecyl sulfate(SDS, Aldrich, ©]=), phosphate buffered
saline(PBS, pH 7.4, Aldrich, "]=7), sodium azide(Aldrich, 7
e HEe] A glo] ARg-ERirt.

Poly(e-caprolactone) Ha &g == 232 glove box
5l Schlenk 7]%-& o]-g-3lo] A 1‘%217101%1 YAt vt
J9g vE ¥ 20 mL vialollA $88IG0H, e duAE
o] g3l =5 YA FAISIATE 5.14 g(0.045 mol)?] e-
caprolactone?} Z1lQ] TEALS 0.225 pumol A3t} 7l
f\lXﬂ°ﬂ e 59 5442 k18] 918l DBAE, TEA, TEED

+ e-caprolactone} 7IAJAIS] & B|([CLY[IDE 10082 24
Stk @ AAAY Pl whE S 5L e 9
3] DBAEZ °]&3l [CLY[I= 50, 100, 200C.2 H3}sl3ict.
T e eGuizelA 130 °C2 s A8l S
st AlxE F3AE A2714] %7 }& & chloroform®]]
g3 A7k 01 F FFe] methanolol] FAAIZ 3 7hetels}

s ok gt BE AFL FASAIC s FYAE Relsha, olF 2440 B FeE W
S AFAxE ALEAE AT
Table 1. Monomer, Catalyst, and Initiators Employed in This Study
Chemical Monomer Catalyst Initiator Initiator Initiator
Structure
Name e-Caprolactone Triethylaluminium  2-(Dibutylamino)ethanol ~ Triethanolamine h dr](:])’(NJe]t\{l’]l\;e;:l?trlzlr(lﬁi(-za-mine
(Abb) (CL) (TEAL) (DBAE) (TEA) yaroxyethy )ey

(TEED)
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Poly(e-caprolactone) 8%&g}. =& 32 glove box 2
Schlenk 715 o]-&sto] AA 917164 &It &4
% ¥k 20 mL vialol|A] vl g vkE o] &3 zl8)s)
RoH, L= QUMAE ARt ARl FAIEHA
2.74 g(0.024 mol)®] CL=S FolF § TEALF e-caprolactone
I} Zujj9] EH|([CLY/[Cat])= 502, e-caprolactone} 7l A]
A o] E8)([CLY[I])E 20002 7 A3k, &1l toluene 10
mLE ¥ 105°Ce] duj2o)A 0.5, 1, 3A7F F<F wyt
sttt Aozl FHAIE A2olA ¥73sE 3 chloroformel]
BAFAT, o] ¢ ZEFC] methanoldll HHAIZ - 7¢tei =t
3 SHAE FElstal, olF 2417k Bt A2z 9 247k
S AFAzs| EAE ATk

otE 2EE OPIFZYUX ME. wlolAZYAE water-in-
oil-in-water(W/O/W) double emulsification technique2 A&
3 Az T} 100 mge] ZEAE {F7]81 2 dichloro-
methane(MC) 15 mLol| €3] 83|AIA {713 0]kl
o7]1° 0.01 M PBS &4l =<1 BSA 10 mgs H7Fl W/
O emulsion phaseE A=t} A|ZE W/O emulsion phase=
PVA(1 wt%), tween 20(0.02 wt%) 5~&2 100 mLol| FA}7]
£ o]gsfe] g ¥ FYsIslT. AdollA 2417 &<t 300
pme] £E2 WHkIHA MCE SEAIA AATOZHN v
o|ARYAE AUTh AXE rlo|AZYAE FHRTE 33
AF g 5, 3 Bt 2 XA ZT

o= 2 (loading)d . S 270 mLl 1 M-NaOH
£ 4o} 0.1 M NaOHE 300 mLE A3k F o] g oj
sodium dodecyl sulfate(SDS) 1.5 g& ¥o] 28NS A=
Sit}, mlo]Z 2R 2% bovin serum albumin(BSA)2]
SeS =A4s] Yl 4 mL vialll 2989 3 mLe} 10 mg
o] mlo]ARYAE B2 F Ho]F HEulZ(Jeio tech, Lab
companion BS-06, tHEH1=1ellx 37.0°C, 175 rpm 3fell 4
B9t el TE UV-spectrophotometer(Varian, Cary 50, T
=5 ol&3te] 280.1 nmellM FHEE S5l e =Y
FE A5

In vitro & AE. 20 mL vialol PBSE< 12 mL<}

Table 2. Results on Bulk Polymerization of PCL with Initiator

.
A S

tween 20(0.02 wt%), sodium azide 0.12 g& ¥ o] &8
S A3} 2 5 tween 20(0.5 wt%)©] 32EE phosphate-
buffered saline(PBS, pH 7.4) 8 4 mLol 50 mge] v}o]
FZJAAE Y 37.0°C2] ZA0NM 175 ipme] HE= wyt
315tk Bovine serum albumin(BSA)S 2§32 U= PBS
WEole A AIZHTY)Pe H st UViE371E F3l
280.1 nmelM FB=E SN o WES ST
TEX 24, B%E PCLY A pump(waters 1515,
Waters, 7]5F), RI detector(waters 2414, Waters, V|=), column
(Shodex, KF-804L, Shodex KF-805L ©|=}), sampler(waters
717 plus, Waters, P]=1)=2 /¥ gel permeation chromato-
graphy(GPC)E ©]-8-3to] 4131 th. ©]5/d-2 tetrahydro-
furan(THF, HPLC, J.T. Baker, "] =), &8 &%+ 1 mL/
min®] ™, polystyrene standard(Shodex, SM-105)E ©]-&-3}¢]
calibration =412 A3 t). PCLe| +-Z+ FTIR #3374
(Thermo Scientific, Nicholet 6700, 1]=})& F435}%t}. PCL
o] EEA 2 differential scanning calorimetry(DSC, TA
instrument, Q20, "|=1)E AR&-8le] -50 °CollXF-E] 10 °C/min
o] & £LEE 160 °C7HA] &7ste] dolgs gloal Y
3t 2% HSollA Al 10°C/mine 2 2713k DSC A4S
AUt o] & o]&3f A HEHH A5t REE 54
st Xo= (AH,/AH,)*100 o]-&3te] ARFSIAAL, AH,°
= 136 Jigs tidstatt.”
g1 A EE
Poly(e-caprolactone) 3 &g PCL $dS ¢l8l Svli=
TEALS ©]8-3l99t} 7|AI#| 2 DBAE, TEA, TEEDE AR
st HAFLE 3Tt T EAAE Table 20 YERY
2ATh. DBAES] 79 A8 382} Al&o|, TEAS} TEEDE
Z}z} 37MeF 49] 7S 2= star PCL Akso] A€ &
3% JFAFE GPC, DSC, FTIRS ©]83) #4151t 34
g FHAE A SRl we 1L, 3S, 482 YERAL
th 9714 1, 3, 4= WAIAIS] OH7] 78 YebHaL, L3t S

, DSC GPC

Initiator” [CLI1] CO“(VOZT)SIOH 7 o o Y%, DI
(°O) (J/g) ¢ (g/mol) (M/M,)

50 854 56.2 69.7 513 18300 15
DBAE 100 81.1 56.5 68.6 504 19,300 1.6
200 784 57.5 60.7 447 32,300 2.0
TEA 100 76.6 51.7 66.4 48.8 15,600 1.1
TEED 100 752 494 66.8 49.1 13,600 11

“polymerization condition: e-caprolactone = 5.14 g (45 mmol), [CL]/[Cat]=50, TEAL=0.225 mmol, temperature=130 °C. “determined by DSC.
X, =(AH,/AH,*)x100; AH,°=136 J/g. “determined by GPC analysis with polystyrene standard.
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Figure 2. FTIR curve of linear PCL prepared by DBAE as an ini-
tiator ([CL]/[1]=100).

£ 22 AMAAel sl A" PCLY] A8 stard S 2w
gt} A3 PCLdollA Bi=m o} 7iAAIS] EH] F3FS B
7] $13t>] DBAE 7HAIAIE ol-&-slar, =515 50, 100, 2002
2 Z24dste] THEAAES RIS HAaFeAM dske2
[CLY[I7} 2= S71sIth. BAS [CLY/[I7F 57
W =, AA| FE7F Ak EAkEe] 71kt PDI=
[CLY[IP} & w F7Ftdh. =32 [CLY/[], AR &
Aglel ALl FARIAA A4slew [CLY/I] e ExbEo]
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Figure 2014 & & 3lxo] AdE Ao +2E FTIR
< F8l AT A0l AR il TRERACE
NAIAZ DBAEE ©]832m [CLY[I]] 100%] AEelt).
PCLe] C=02} O-C=O stretch peakE WER= peaks 1759-
1735 ecm™ 2} 1190-1090 cm™'oll 4 &8} 32 CHSF CH, 9
stretch peakE 3000-2939 cm'} 1458 cm'ollA] E15H3ATE.
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Table 4. Characterization of BSA-Loaded PCL Microparticle
M, Loading %°

Polymerization

Initiator ~ [CLJ/[I]

_ _ e method /mol WI/wW
[CLYME 10022 245 355l A4 e Al = Y
Atk A& OH7|7} 3, 471] TEASH TEED®] 7% ’ '
DBAES} f-A}el 0] 7} ofzk Yishh. =4S TEAS) DBAE 100 130030
i Lo Bulk DBAE 50 18300  3.60
TEED7} Yt} o83t zjol= A8 PCLY stard PCL polymerization i )
Z7} AR AR Ao QS 3 stard PCLO] & TEA 100 15,600 2.90
H A7 A AAE BEE Ao dekdr. v 2 [PED 100 e 169
st Ar= & zpol7) ik BAES TEAS TEED 74 Soluti DBAE 200 12,300 1.70
- - . olution
E v 2P v AP TEA7}F I3 stard PCLE] A& o=z TEED 200 24,300 1.10
ZHo 3= 7H= 718 4 S 9t} PDIE stard PCLo] “Loading %=loading drug/(a feed of polymer+drug)
Table 3. Results on Solution Polymerization of &-caprolactone’
, DSC GPC
;. Conversion
Initiator” (%) T,¢ H,* X M PDI
(°C) (/g ¢ (g/mol) (M/M,,)
DBAE 87.5 55.4 74.6 54.9 12,200 1.5
TEA 73.0 56.5 63.6 46.8 20,500 1.5
TEED 61.3 60.0 64.4 47.4 24,300 1.3

“Polymerization condition: e-caprolactone=2.74 g (24 mmol), [CL]/[Cat]=50, [CL]}/[1]=200, polymerization temperature=105 °C, polymerization
time=3 h, toluene=10 mL. ‘initiator condition; DBAE=0.024 mL (240 umol), TEA=0.016 mL (240 pmol), TEED=0.026 mL (240 pmol).
“determined by DSC. “X=(AH,/AH,°)x100; AH,°=136 J/g. “determined by GPC analysis with polystyrene standard.

Polym. Korea, Vol. 45, No. 5, 2021
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Figure 3. In vitro release profile of BSA from star-shaped PCL par-
ticle (initiator: DBAE).

Figure 4. In vitro release profile of BSA from PCL microparticle
(Bulk polymerization, [CL]/[I]=100).
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o] a¥& H|wald BYEES SAET AE o @
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Figure 5. In vitro release profile of BSA from PCL microparticle
(Solution polymerization, [CL]/[1]=200).

Figure 6. Optical microscopic image of dried PCL microparticle
sample (Bulk polymerization, initiator: DBAE, [CL]/[1]=100).
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5 ARS-E AWAAIS] OHZ] 477} S7kehd W aEste) Rii=
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