HWAHAK KONGHAK  Vol. 40, No. 3, June, 2002, pp. 362-370

&3} dextran(Dex) microsphee A Z3}51 0.7 o] 59 Az v]x= dTF 40

Agsta. &3h38h4, LEA7IEATA
(20023 2¢ 14% H<=, 20023 3¥¢ 2% AH)

A Study on Preparation and Properties of Dextran Microsphere

Joung-Mo Cho and Choon-Hyoung Kang

Department of Chemical Engineering, Polymer Science and Technology Research Center,
Chonnam National University, Kwangju 500-7&byea
(Received 14 February 2002; accepted 29 March 2002)

o OF

Avd =
Methacryloyl(MA) Z2&°] - =% dextran(dex-MAE- 143 microspheres 28, 214], 2l<F 4k] Tof da] 2892 9
o} B Aol A= Dex-MA, polyethylene glycol(PEGE2] &AL} B2 74 —’F%—"—‘,‘PJ EA Q-9 FEE] FAE o]

=}
:?L_';
1
i
f
30
2
o
[¢]
o
<
>
rir

=
=5] Az=2em, 'H NMR, °C NMR, FT-IR, GPCE-< o|-&3la] 7 Wk E4S A6t MA

28] A3 ok(degree of substitution; D&) *H NMR¢] = 7@&—&3 Arkslg o, dagA] el o Axkgha v
k. ATPSE o83 o2 AHE AF8-3}0] microspherg A|z:3l91 o, o] & 28] €238k 25°Ce] Dex-MA/PEGE- #Al2]

oo Y EEE APS Bole] AYskgirk. ¥ Dol P A WE ol§5he] H7o] 7.7-38umel microspherd 7

HAUA Az

& J8ith. At DS7F microspherg] Alzst B4 M= IS 2ARRIRoH, W8 B A

aal
=]
Blue-Dex &5 S A-g-sld 43543t

Abstract — Dextran-based microspheres have become growingly attractive in the fields of surface coating, printing, pharma-
ceutical and other industrial applications. In an effort to prepare the dextran-based microspheres, methacryloyl(MA) groups
were introduced into dextran(Dex-MA) molecules as a crosslinking functional group via the transesterification reaction. The
resulting Dex-MA was characterized by useétdfNMR, 13C NMR, FT-IR, and GPC. Degree of substitution(DS) of the MA
groups in the glucopyranose ring of a dextran molecule was calculated from peak inten$iti®éMiR spectrum and com-
pared well with the calculated value. The aqueous two-phase polymer system(ATPS) emulsion, which consists of Dex-MA,
PEG, and water, was used for preparation of the microspheres. To this purpose, the phase diagrams of several Dex-MA/PEG/
water systems at Z& were constructed. Microparticles with a volume mean diameter from 7.7uto 88uld be prepared in
a reproducible way. The DS could be used to tailor the size, the initial water content, and the swelling property ointipe result
microspheres. In addition, the swelling properties of the microspheres were measured by means of the blue-Dex solution
method and the gravimetric method.

Key words: Dextran Hydrogels, Dextran Microspheres, Blue-Dex Solution Method, Methacryloyl, ATPS

m

)
Olt
1:1
—l—/ _‘O

(A
2 o

o]

M orlo o
r&

T

1L.M £ B A BAE £E, A5, e stads Tl mek HE 4

JoH[3], AR 3 WA, 2 rFed FaE, 28I AE

A networke fiA1oh= o Edo] o] & 84 8ol o= 9|8, ofsh, Astel Bl 71 9] B ARlEop] 8l

}Eﬂl A&k, Yad 72 Yol v =2 F o1 el AR girt. mEbA ole} AHste] 89 (4], HE

23 84 Al 7125 hydrogeb|=) i), Hydrogel 2|[5], GPC] 6], oF& W& A12H[7, 8] T tigt B2 A7t
T4 AR VIRE Fi) AT ¢ gler, AL A=Y= 9

AL aze] BT 2 vk HydrogeH] £33 € Dextran(Dex% a-1,6 linked D-glucopyranosg +3¥ T35 e

9] 84 WEAEA, glucopyranoseld] W] Be OH 1Eo] &

TTo whom correspondence should be addressed.

Aste] FAolW 44 stetEd e 12A S-S TR U

E-mail: chkang@chonnam.ac.kr Dexz 2 "AEd &3 9435 B3 dolA 4, 754, 43t

362



Dextran Microsphefd Az 2 B4 363

Ay

(a) glycidyl methacrylate

O—CH,
OH
OH O—CH,
OH
OH /' OH O—CH,
0 o
Sh OH
OH
(¢} OH Opnnn
(g_CHZ OH

(b) dextran
Fig. 1. General structure of reactants.
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Fig. 2. Schematic drawing for the preparation of microsphere.
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Dimethyl sulfoxide(DMSO), potassium peroxydisulfate(KPSanto
Chemicak}, N,N,N',N‘tetramethylethylenediamine(TEMED), GMA
Junsei Chemica}, DMAP= Avocado Research Chemic@is-g z}z}
The s, | oo gAAA ol M@ glo] AHEstuT =
Milli-Q RG systeng AF3-dto] A==7} 18 MQ oo 2 AXAHE 2
2} FFH4E AMREAT. A=A PEG 8,000(Lot# 86H1342), Dex
509,500(Lot# 29H108% SIGMA ChemicallZ2HE] ZF Who} AL&-
S, TR 2 AP AT GPCE ALgsle] Agigion, of
2 Table ¥) VERRITh 23S EAFE B S8 PEG
standard kit(WAT035711, Watedd2} dextran standard samples(Fluka)
E ARk

2-2. Dex-MAQ| &

Dex-MA2] 35 AZ37g-2 van Dijk-Wolthuiss-2] ¥ [9, 101 v
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Dex(5 gt DMSO(45 gE 100 mIa-Eel2m0e) ¥o & AAR 7]
St A wRb & AMg-ste] ZFEEAl wuksisit). Dewt A
2§ DMAP(1 g)g A7Iste] Alste] wakstrt, wh-g-2 AlLkd

Table 1.Average molecular weights and polydipersity of polymers determined

by GPC.
Average molecular weights  Polydispersity index(PI)
M 453190
Dex 509500 My 184
M, 246964
M, 9272
PEG 8000 MW 110
M, 8422
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vent to air 2-4. HydrogeEI M= o WHRAlE
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A= e B8 AMEStY g2 EA8s ETES AASIH. WAtk 2719 23S 47 UE blue-Ded -2 43 222 HX
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spectrometé AF&-ske] o)< 3k IH NMR spectrung & 5 ¢l &2 1.0 ml/lse& IAsHA FA3H3t).
9o, Dex-MAY 3k spectrun®. 25-E DSE J @3 o7 AAatg 4=
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NMRel| thsl] ukeste] =519t} 3-(Trimethylsilyl)-1-propane-sulfonic
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|39 MA 259 X2h& 018 & 3l ErkE W oEH FT-R
spectrumd o] PF3hFth AZxH AlE(Dext Dex-MA)E KBra} 1t
=3l pelletLZ TE £, Nicolet 520 FT-IR spectrophotomeZero]
|-8te] 4,000 cm-450 cmte] W YelA 323 scarg E3)) AlF Zzo)
gk spectrun® 9B-2 4 AUATE. AZEARY] AT EE = GPC(Young-
In Scientifi}; M930 solvent delivery pump, Water 410 RI dete&or)
23 ARt ZF2ke] A& 20ulE microsyring& #3 ¥ GPCE
dol =9ste] Zh7he] i Uig 9as dg § e, a9
A EE VNS 95 20 e I BHE AER dAst] A

Log T (at A )
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1 . . s

191}, A ZFE TSK-GEL GB000PWY x1, TSK-GEL G3000P\Yx o pye ", s 20 25
1(EE TSK-GEL GB000PW x1, TSK-GEL G3000PWx2)sh 7t}. Blue-Dex concentration (wL.%)

o] o2, 33} FFo €3] AZE 10 mM NaC 0.7 miimire] Fig. 4. Calibration curve for blue-Dex solution at wavelength of max
f&4o2 Agslder, 49 U == 60°CE ¢A3HA F-X8At). mum absorbancel,, =612 nm).
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Fig. 5. Apparatus for continuous swelling test.
A: Water-jacketed bottle
B: Pump(to circulate blue-dex solution between A and C)
C: UV spectrophotometer
D: Data acquisition board
E: Personal computer
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Fig. 6. Reaction of Dex with glycidyl methacrylate.
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Glucopyranoserz] We] MA Z&9] 815 $15), NMR 42 3
sttt Fig. 7(af %719 Dexdll 3k *H NMR spectrura]t}. & 4.96-
4.97 ppr] A& C-1 9% 2] anomeric protof 2|73}, & 3.47-
3.99 ppr#] W= 2= glucopyranosele] 9] eaxdt & FHEH S
o 4= 9} 8 5.30 ppmx 9] 2-e H 3= a-1,3 A%l thEt &L H
g vER, ol Dext HIAHAE AEALE GAEAL AT D
5.30 ppndl] U3t & 4.96, 4.97 ppril Al <] W9 HAWZRE o-1,3
Aol gk -8(f,.q 92 AR F AUk & Ao ARE Dexs
11.26%] a-132%E 23 I35 &+ AUk

Fig. 7(b)>- Dex-MA spectrung YERA Zlojt}. Dex] spectrurii} Y]
23ke] § 1.94) 5 5.75, 6.21 ppeilA] 71891 A Avt wARS F
2T}, 8 1.94 ppne methyl 252, § 5.75, 6.21 ppit MA Z&9] o]
F A%e A7 veRt) o] F A RN B3 WA HRikF b
5.30 ppm@-1,3 A2 Z33st § 4.96, 4.97 ppm(anomeric proteh)
g ¥=2 WA-5 vlwdte] Dex-MA9] DSE 18 4 U ol= v
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_(gtlg)2

DS=
I +f

100 2
u—1,3|a

EAFAE 7]22 3 0]2F DS B (1) NMRY &3k A2k DS
[ (2= Table 2] VeRAATE. vH8 A 713k GMAE NMREA-E
=3l AAE DSgr 2 vlElste 982 & & Uit

T, ©AE 7|22 §F Dex-MAY] T3 FEE 24K 919) Dex
9} Dex-MA®] W& °C NMR spectrun® Bl w. #-218}¢th 7k2he]
spectrunE-2 Fig. 81 YERITE. Dex] esterificatiore- esterl] 5-2+
B4 FHOZHE +0.9-1.9 ppr] w-& A7 Ao 29 o]F(downfield
shiftye % 2719] o] B2 HE -1.8-3.3 pprél L Ao
9] o]%(upfield shift)s ¥o7)= Ro= daix $IrH10]. Fig. &5
glucopyranosel @] j¢] §t42 ojv]sl= § 68-101 pprd] ¥ IZEL &
A3 2 A sk 472 BAv}. Fig. 8(by] Dex-MA] thet spectrung-
Dexd] 7A-9-¢} vlaste] 271591 gAE o] vehy, 34 F HEog
s 4 vk &, § 171.9-171.1, 138.3-138.0, 130.7-130.0, 20.2%pm
MA ZZ5°f, & 97.8, 78.7, 75.8, 73.7, 72.4, 70.2 gpnylucopyranose
28 Z+z; et Dex-MAS] MA ZE9) 3l 452 Table 3
Arg sttt 5719 o]’ 4 (carbonyl 5ol it ©]523)7} 130.0-
130.7(1), 138.0-138.3(1l) ppritr] 27 AR & & AP, 2 o
o] U] & & AT 2] giel Uit sjX o) SlojA, 88t o]
ol et F 7R 71 (2-, 39 2-, 418 o] AANE & glon,
°]Z Table #] EASIATE ol AHFPSTe](3-18 =), -]
oA C-329) OH 2Fo] C4ART} o= 22 75T & stk ¢
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Fig. 7."H-NMR spectra of Dex and Dex-MA(DS 20).

Table 2.The degree of substitution according to (a) calculation(Eq. 1) and Table 3.Assignments for MA group in Dex-MAC-NMR spectrum; (a) and
(b) are the isomers of Dex-MA.

(b) determination from NMR analysis(Eq. 2).
Dex-MA Degree of substitution Signal(ppm) Functional group
DS 10 Calculate 10.501 20.2 Methyl group
NMR analysi€’ 9.660 130.0, 130.7 Double bond to carbonyl groi |
DS 20 Calculated 19.669 138.0, 138.3 Double bond to carbonyl groufdIi
NMR analysis 18.173 171.1,171.9 Carbonyl group
%ol Table 4256 2-, 4X]gk oA ] 7Hge] 2-, 3]k o] YA Fig. 9= Dexet Dex-MA(DS 20§ th3h FT-IR spectrurg: 212} L}
9] ALnrt FHORREY 1 & WAE HolX 9gS & & St W Zelr}. Dex-MASY theh spectrurallA 71421 Sl 2] #rgsh &
S, #=e] RN 29F 3A§ o[ JFAEe] AL HEEA & FHE W4T 9)\\:} 1,715cm'™e} kil Y= F40s MA
NS L 59l %9 carbonyl2F-& VR 2, R E4 S W EAEE 814 en’y] oF
324
6
(a)
it . “ W rmanermeptenn VY i " W
§ 2
O 6 ! 3|4
. 5
4 HO 2 )
- c 3 OH 6 .
0.
(o] M, l
(b) " i !
. i
L | L S . J
{ T ] T | ' I i I T I T 1 i T T I 1
180 160 140 120 100 80 60 40 20

ppm
Fig. 8.23C-NMR spectra of Dex and Dex-MA(DS 20).
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Table 4. Assignments for glucopyranose ring carbons in Dex-MZBNMR spectrum; (a) 2-3-substituted and (b) 2-4-substituted Dex-MA
) N 2-3-substituted N 2-4-substituted
Obs'd signal (ppm) Positiéh - Positiort? -
ref.[10] Shift value ref.[10] Shift value
97.8 C.s2 100.4 -2.6 C.s 100.4 -2.6
75.8 G 74.1 17 Cisa 72.2 36
72.4 G.ss 74.1 1.7 Gsy 76.1 3.7
78.7 Gs 76.1 26 Cosy 74.1 46
737 Cs» 76.1 2.4 Gy 76.1 2.4
70.2 C.s3 72.2 2.0 Gsa 729 -2.7
Reference line of Dex
(t, = 25.0 min)
C=C
(814 cm') 9
/ £ ®
c=0 :
(1715 em™) S
2
Q b [=]
Y
g
=1
E | @
(a)
0 10 20 30 40 50
Retention time (min)
Fig. 10. GPC chromatograms of (a) Dex (b) Dex-MA(DS 20).
12
4000 3500 3000 2500 2000 1500 1000 500 O DS=0
Wavenumbers (cm™) B DS=10
. v DS=20
Fig. 9. FT-IR spectra of (a) Dex and (b) Dex-MA.
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g
o E5e olEATe vehirt, 3
@9 Dextt Dex-MAS] BALeF 2o glojAle] Hjo] & dolny] §) 2
3] GPCE42 A3t Fig. 162 Dextl Dex-MA(DS 20%1 thg 4r
chromatograrg YEPH Z ]t} Glucopyranosélz] ol tf st X185 MA \ \\\v
g AA Auks velshd, Dex-MAE Dexe] 7299 nj- & . \‘.
Ak BAE RS 2% AL A28 5 9or, Fig. 16 olHF A e "
FE 2 v 3L vk o714 Dex-MAdY thek &-]AI7ko] ofgh 2t oL : ‘ :
48 HOlE 2 MA 1§ A8l e e 1A Sk 71915 ° ’ ° A 2
£ 990 e #5853 DexeMA (W %)
Fig. 11. Phase diagrams for Dex-MA/PEG8000/4D systems at 25C.
3-3. Dex-MA/PEGE #|2| Mdd ==
Dex(Ex Dex-MA)/PEGE?] 43 =15 A4ty fs) dzhe Table B AAstATh dubd oz 2 A %o][11-12), ZF2he] AL
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Table 5. Tie-line data of Dex-MA/PEG/water systems at 26

Feed(wt%) Top phase(wt%) Bottom phase(wt%)
Dex-MA PEG Dex-MA PEG Dex-MA PEG
Dex509500/PEG8000/water system
5.00 4.00 1.04 5.61 9.18 1.77
5.99 451 0.47 6.90 12.32 1.18
6.99 4.99 0.30 7.91 14.65 0.76
8.00 5.49 0.22 8.99 17.07 0.67
Dex-MA(DS 10)/PEG8000/water system
5.94 4.55 2.46 5.83 8.72 3.18
6.97 5.00 0.71 7.47 13.09 2.19
7.96 5.50 0.21 8.70 16.17 1.66
8.96 6.00 0.09 9.83 18.86 131
Dex-MA(DS 20)/PEG8000/water system
6.84 5.62 3.09 7.13 8.25 4.73
7.83 5.49 2.03 8.13 10.46 4.10
8.79 5.99 0.89 9.73 14.26 3.16
9.77 6.50 0.40 11.04 17.07 2.52
25
—o— DS from material balance
-©- DS from NMR analysis
20 -
‘»\\%ﬁ.
\\
% 15t \}\\
£ N
£ o1 © e
5 -
0 . , . .
0 5 10 15 20

Degree of substitution

Fig. 12. Tie-line length as a function of DS for a fixed feed composition.

(Dex-MA: 8.0 wt%, PEG: 5.5 wt%).
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Fig. 13. Changes of transmittance(814 ci) in FT-IR spectra due to the
(a) attachment of MA group and (b) crosslinking of Dex-MA.
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Fig. 14. Swelling ratio of hydrogels as a function of time at 2%.
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Table 6. Swelling equilibria of hydrogels in water: (a) from gravimetric method
and (b) from blue-Dex solution method

Swelling ratio(wetted wt./dried wt.)

Relative error %

@) (b)
DS 10 12.15 10.80 12.50
DS 20 17.22 17.10 0.70

3-5. Microspheres
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Fig. 15. SEM pictures of microspheres for (a) DS=10, TLL=20.6 and
(b) DS=20, TLL=18.7 of 1.0 wt% Dex-MA composition.
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Fig. 16. Particle size distributions of microspheres(DS=10) for (a) 0.7 wi?
(b) 1.0 wt%, (c) 2.0 wt% Dex-MA on TLL=20.6.
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Fig. 17. Particle size distributions of microspheres(DS=20) for (a) 0.7 wit
(b) 1.0 wt%, (c) 2.0 wt% Dex-MA on TLL=18.7.
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258 MA Z522 HFPAFE fesislon, -&27]9 Dexl
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ATPS : agueous two-phase polymer solution(system)
Blue-Dex : blue dextran
DDS : drug delivery system

Dex-GMA : glycidyl methacrylate derivatized dextran
Dex-MA : methacrylated dextran

Dex . dextran

DMAP . 4-(N,N-Dimethylamino) pyridine

DMSO : dimethyl sulfoxide

DS : the degree of substitution(the amount of methacryloyl groups
per 100 dextran glucopyranose residues)

DSS : 3-(Trimethylsilyl)-1-propane-sulfonic acid, sodium salt

f.w. : formula weight, [g]

FT-IR : Fourier transform infrared spectrophotometer

GDOL : glycidol

GMA . glycidyl methacrylate

GPC : gel permeation chromatography

KPS . potassium peroxydisulfate

MA : methacryloy!

NMR . nuclear magnetic resonance

Pl . polydispersity index(weight-average molecular weight/number-

ststa 8l M40# 3% 20024 63

average molecular weight) [-]
PSA : particle size analysis
PTFE : polytetrafluoroethylene(trade name is Teflon)
SEM : scanning electron microscope
TEMED : N,N,N,N-tetramethylethylenediamine
TLL : tie-line length
uv : ultra-violet spectrophotometer
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