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ABSTRACT

Nowadays, microspheres are expected to be applied to
biomedical areas and many studies are being performed.

For biomedical applications, many kinds of microspheres
were synthesized by emulsion polymerization, emulsifier-free
emulsion polymerization, and emulsifier-free emulsion
with

Further synthesis techniques about microencapsulation and

polymerization ionic surface-active comonomers.
magnetic microspheres are introduced.

Among the practical applications of microspheres, some
are introduced. These include

solid—phase immunoassays, labeling and identification of

interesting  subjects
lymphocyte populations, extracorporeal and hemoperfusion
systems, drug delivery systems, and immunomagnetic cell
separation. In addition, basic theories, problems and research

trends are also introduced.
Intfroduction
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- Solid phase immunoassays -

~ Labeling and identification of lymphocyte populations

- Extracorporeal and hemoperfusion systems

~ Drug delivery systems

- Magnetic microspheres in cell separation

~ Immobilized enzymes and catalysts
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& Azxg7] A¢ o8 sleel AEHUL & ANFHA 8
AgE A4Y FHFRY, AD R21F Wseeded emulsion
polymerization)®®, 2454 #2313 YHemulsifier-free
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irradiation

Synthesis of Microspheres

MICROCAPSULES AND MICROSPHERES

A 48 AeA(drug delivery system) ¢ 4 X (kinetics)
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nanosphere'* 58] 1) 4 Al 2 P (submicroscopic system)e] 7§
Ha glon =3 microcapsuled} microspherel YA BN
HaE AlAn ZH sl@el FE S Y F(vectorization) A
F Ae 284 7MY F2ea gl AAadelg,

Microcapsule& 43 %& 14 = 1% w3 ge 83
& ¥R TA (solid envelop)2 o] Roln EFold Y& &
AL A T ANPo2 ojfolW ¥A 2AY Eolu’
Microspheret= 27|17} microcapsules} H&8lam ¢ns] 1A
2 Hol e 7Y 32 URAAY Y8 oj%e A o
A EAHAY g8Eel e ¥4 Edon ¥z gIdBRE
@M (support material)$} 4MEE MAE HERA A4
qRoz ojFojx 9len Table | 3 ¥ 47 2L o
Z )7 ok ¥iet.

Table 1. Requii’éments of suppot materials.

eg= 3 liposome'7¢] 1}

Ability to be shaped to the desired form.

Release of the active substance by an appropriate
mechanism.

Stability of the form and adquate mechanical strength.
Nontoxicity of the system itself and of any of its
degredation products.

Bionertia or biodegradation.

Sterilizability.

£33 Ma¥AZE camauba wax''s} cetyl alcohol'®$ o) 3]
o n¥a §ARE terephthaloyl dichloride® 7} AH
humane serum/albumin®, lactic acid®} glycolic acido]Al #%
¥ ¥4 polyester™Fe] Uk ol Mz ree
microencapsulationo] &8 A4S wWygo] &3 (1) Hot
melt of support materia®, (2) Solvent evaporation®, (3)
Stalagmopoiesis® § 37142 4 4 U

Hot melt Y& 44 FAHLE o|Fojx glon, 1 TAHL
Fig.18} zd

molten dispersant phase st
materisl low temperature

Olspersion

Solidification of microspheres

Figure 1. Microspheres, preparation by hot melt of the support
material.
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v FeEe WA gy EA(active  molecule)st
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3t IM microsphere® A ov] &3] poly(D.L-latic acid)e}
Az wo] AH8€cHFig.2).
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oll-In-water emulsion solid microspheres

3 Evaporatien of solvent

Figure 2. Microspheres, preparation by solvent evaporation.
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Figure 3. Microspheres, stalagmopoiesis.

Microcapsule§ Mz3te W¥& A coacervationy st A
| FHHez 4¥E 4 vk Fig4dst Fighss coacervation ¥
22 ethylcellulose microcapsule® Az Y9} 48
Hetd Aoz, ABMe aEA g9 228 Uz} ER)
A ZEezt oA sk

temperature

X —

polymer concentration (w/w)

Figure 4. Microcapsules, coacervation by temperature lowering,
principle.
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Figure 5, Ethylecellulose microcapsules, preparation by
coacervation,

228 o Udemn oRE Fi9 Aoz Yol
I 24L& CRAAE 807 DAME ¥R B Aeo)
o AY F%de AE84 microcapsuled TG A4
i Fig64 R vis} o] human serum albumins} §-7]4
3 ARGAAE U wo AgAE VE F difunctional
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Figure 6. Cross-linkedd serum/albumin microcapsules, preparation
by interfacial polymerization.

MAGNETIC MICROSPHERES AND MAGNETIC EMULSIONS

Chemotherapye #&°lud A% 8¥ez ARY 4+ ©E
BAE Arr] 39 1ed Fazhl ASsE A8 2y
29 el 2 WHozE AA, B ¥y H Am
4E& FA f(localization) A 71 Holx, €4, FE & T Yo
Ae A2 ez A Btargeting) N7l Roldh, 715 o
€ &% Al29 (DDS: drug delivery system)o.249] o}g
*WA2ME liposome carrier system3 magnete and/or
magnetic drug camjer’l Utk YoeTE FT SHA L)
FAHNE  magnetic
emulsione] h3te] Ao ¥}

albumine  microspheres®}  magnetic

- Magnetic microspheres —

Fig.7€ A9 magnetic microsphere® $¢ Fo] BExx
Z]of o] obg Eut wFIUEE vERE oG

ANGE ERE] RAAI =)o) ¥H83A}E  magnetic
@A FagFe] B AFAN
microshpere7t RE1 Wie] XA Y g o] ¥
#ith. Magnetic albumin microsphere= ®3 ¥ A (serum
albumie)3 A4 # M (magnetic fluid) 2 AZHeq 44 &
Mo AZHE Chart 1 5 B}

microsphere7}t

Microsphere Containing Drug

Figure 7. Schematic representation of possible mechani.sm for drug
delivery to target tissues by magnetic aibumin
microspheres after i.v. administration.

0.67 M FeSO, - TH,0 150 me
1.0 MTe,(S0,), - xH,0 100 me

mixi]ng and shaking

250 g/2 NaOH (128 me)
neutsafization (keeping at 35°C)
adjusting pH at 11 to 12 (with 250 g/¢ NaOH)
shaking for 20 min
L 15% sodium oleate (60 m2)
cooling

adjusting pH at 5.5 (with 1 M HC?

washing (with excess water)
10 times
decantation

filtration
drying for precipitate
magnetic powder

}—— water containing dodecylbenzene sulfate

I magnetic fluid l

CHART 1. Schematic disgram of preparation of
magnetic fluids.

Chart 1, Schmatic diagram of preparation of magnetic fluids.

rEojA 24 HAMo| Fe03 F2ol= YAt chloroform,
kerosen %9 g&ofc] FUHA U ¥ sodium
oleates} dodecylbenzene sulfate & YA Edel FXR) (Y
Al AAS ME o8 A oR albumine microsphere o] {3}
¥ 5 tt) Fig. 8 9} Chart 2 of ¥ #3 FHY
(phase separation emulsion polymerization)” o2 magmetic

albumine microsphere & AZ 8= £49 7|78 Yegich
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w/o emulsion

thermometer

heated oil

Figure 8. Apparatus for preparing albumin microspheres,

5N il 1er-b. d I B q
or adriamycin magnetic Muid solution

10% Span BS cottonseed oil

emulsilication

w/o emulsion

heat solidification

!
I magnetic albumin microspheres ]

CHART 2. Schematic diagram of prepuration of mag-
netic afbumin  microsph 3
adriamycin,

ing S-fluorouracil or

Chart 2. Schematic diagram of preparation of magnetic
albumin microspheres containing 5-fluorouracil or
adriamycin.

& serum albumin 3} fluorouracil 5 ¥ addamycin $9 &
FAs} AYAAE EUT B4 #2342 Span 85 B X §
¥ cottonseed oil E¥ isootane/chloroform o] f-#Ajzit}, 1
F A499 wo A9HE fRdFe} 4= anAnE
ether & 7] $vl@® A48} microsphere® &)Wt}

~ Magnetic emulsions -

AFA Al2¥& Ak B4, NE Ade] 2l o) gsojg
33 A4Aoz oEE PEAY 4 Uk A4 AAA
e =AU nz2A BAE £ & o FHY ofud @
Aol ATHUYE o ME A7) HA PPos YAME =
WY EEAAA FARY ¢ e oil-in-water (vw) FYA
o W3t THEAT. Magnetic emulsion € ¥Ao 24
oleic acid E+> ethyl oelate-based magnetic fluids} @&A}o.
2AM casein soluton I2l3 7@ AL P4
methyl-CCNU 2= ACNU 2 °]%oj4 glon fiEHQ 3
& Table 2 of e} WAt

Microsphere suspension

Table 2. Composition of magnetic emulsion formulations

Water phase 6.0 ml
Casein 60 mg
Water ' qs

Oil phase L5 ml
Magnetite 472 mg
Antitumor agent 45 mg

Oleic acid q.s

Total volume 75 ml

Ethyl oleate-based magnetic emulsion

Water phase 6.0 ml
Casein 60 mg
Water q.s

Oil phase 15 ml
Magnetite 347 mg
Antitumor agent 45 mg

Ethyl oleate q.8

, Total volume 75 ml

Applications of Microspheres

SOUID-PHASE IMMUNOASSAYS(IA)

$A% in viro Al A8 @YY, 328, FE(dng),
AEHEA 59 EAGRE 1N Bol AgH gk A2
9] AF=Hel WY& radioimmunoassay(RIA)eI o, radicisotope
& o) g2m sirh 22y o] W@ radioisotopes} W77l
ol% Agol ZAAelrt, A RIAE microspheres®# ©l &%
Wyoe AAEY o} AHgHR A

Solid-phase immunoassay®) HelE &3 A
Microspheres QA #We] A=} gl YME @4y, 22
B, 38 ¥ 9495 2@ =i, 2 ARASE A
wyoz 2434 ¥t ol microspheres AME 43} 9
Ao g2 E AT, AA27|7 Af FH7] AR We
EHAE ATUde APE FA 7RG E #9% YAa
712 AN YU-9A Bge] FEF AFHo & & UE
g MEFA foh Bl F$2 microspheres YAEY
of B4 AN F AR YFH o2 ¥AY £ U

Solid-phase immunoassay2 ®@ol AH4-5 & ¥$y& Enzyme
Linked ImmunoSorbent Assay (ELISA)®$} Fluorescence
Immunoassay (FIA)®olt}, St w49 BEF Aoln)
S8 AAol WAL o83t Aol ELISAY, ¥4EI& o8
3 Ao FIAgel "t
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A d7H3n QE PPe latex agglutination test
LAT®7t 9. $Ae 94 AP35 Sdolez 5 )
9 43 AYL v, E microspheres A Al E W
49 g7 AgHo) gonz, HIANoz YU-PA4 N
microspheres®] &7 (agglutination)& f#AZct o] 4 A
=&  BAHight ¥ % (turbidity), angular
dissymmetry Fo2 #F33ld F3F3 AL ste Aoldh
B Fgo] A Figde =4H oz Jehhich

LIGHT SGCATTERING

scattering),

Unagglutinated Particles

Coocratruted ia forverd direcavn

Light —
@—’

Agglutinated Particles

Agglutination has a great
affect on light seatter

Figure 9. Light scattering detection of latex agglutination
tests.

ol LAT ¥2 A5Hd E477129) sMge] o] feijx|a
Utk ¥ slide latex agglutination testz} 8}od slide Ao} A 7+
@8 YPYEHez T o)f ¥ o)

71et Wy oz Particle Counting Immunoassay (PACIA)g:
o], 34 FAUANSI BagE AL ol g3 Yol 9
3, o] ¥4 FIAR AYE PCFIA Fo] Qg™

Solid-phase immunoassay*l A+ microspheres A% o]
FU(Ee MR FRANE Jgel Fasd Mg
polystyrene ol 4244 W& AR} microspheres§ o}
g3t PA(EE FH)& FRANA A4, Ao ®
de] 7154 712 WY carboxylate modified latex (CML),
amino modified latex (AML) $eo] Al4Ex: Ut =
carbodiimide, glutaraldehyde,
polyacrolein based aldehyde %ol $J3 %4 (activation)s o]
4€o.

av w®de AW Add PA(EE g9 AdRAQ
gA(EE FU3 A¥Y 7187 Hr] g8 spacer B
linker# E={JAI71712 @t} oj9lo] Ele] HEE EA R,
nonspecific agglutination % FA ¥4 ot}

n-hydroxy active ester,

LABELING AND IDENTIFICATION OF LYMPHOCYTE

POPULATIONS (LILP)

LILP= o7 sl A¢&¢ A€ A49%3 A7 ®ol
o} 450, o el X microspheress] §8e] 7idisl 3
t}. Monodisperse  microspheres®  °18¥% YT MX
(iymphocyte) 7AMZel %2 2 AFH 349 AL FolX
o gasa vgel At Hejrh YA AEHR e MW
B¢ u$ Btz g¥A 7)1 F(fluorescence activated cell
sorter) @ Abgsfol sinl, £ 4£AY APl AFHAL o ¥
We BE ATAAA 4% § NE 3 @ 717 Aene
2% 7te3id.

EXTRACORPOREAL AND HEMOPERFUSION SYSTEMS (EHS)

EHS =% microspheres®] §4& 7t54ol & J¢ojt}
Hemoperfusiono]@ 8% AEAF #2He: poison F)Ee
Aoy MAHE A=A, BA ¥ plasmast YA
AEE A AN FU9D. 94 A8 Qe PYe
plasma® E€ column F¢& 0|23 columno] EFHA)7|E&
AAH, ol L U= @A ¢ ohz d8 f80% ARE
74 A== @} Ak

Iz ddelE Al Je $ASL m¥E B4
microspheres& ©)-4% A4 HAYE iR 4 o] Y=
BAENE e ¥ & qch 24 AuUAA P g ¥
Agre g2} FF502 o9® BAENA K89 Wil
o

DRUG DELIVERY SYSTEMS (DDS)

Microspherest= DDSelx $49 4 Utk AEE 93
F& WA microspherest 7)ol MM Je EegE
Al oF BAS Avsd. 2B o9 Pye
magnetic microspheres& ol43te] 9% zJ|FE YolF:
EH Pyolv], BxFE YA o8 WP tumor cello]
e NG o) gt BARE Al 4R Py, §
7HA BiE o A4 Y £E qlon], ReAe A7) ge| ¥
fsich B2 o) Yoz e Alme] Holy Asirt a4y
o

DDS# #1% microspherese &3} @& 2A & %Hojo}
ids 8

- A EN}A (bio-compatible)

- BE#4 (bio-degradable)

- #%74 (non-toxic)

- Fol AfAH 2 RYE 2 AFA YANA RAY S

Ae ¥
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MAGNETIC MICROSPHERES IN CELL SEPARATION

A2 AP YMEZ 39Y magnetic microspheres .

°}-8-% immunomagnetic cell separation (IMCS)o] HEEeld
WM 7189 ofeirtx] PHEE A% H4A LT
3 REed’? 2 olfe IMCSA % W ¥ez we AXLE
4 23% ¢ 9% 2 2Fo) VYT H4BE NPHow
E QY 2&A°)7] 9Eolt). Immunomagnetic separation)
Fol4 & microspheress] B2 A Ao} JEHE Ho] o}
Het AZERY 444 A8 $M9) ARG JEnz »
¥ immunomagnetic method MX¥ale] JE G o)
A Magnetic microspheress} 8)#) #39 MEE A%
o 9 fxdch

AEEe] A4 magnetic microspheress T3 e
£4& 7HAok ok Ao} AEHE mediart isotonic
buffer <tol4 <H4Y(stability)& KAI#ok o), magnetic
microspheress} ®A, §9 MEzle] o AYg Ao}
¥t ® I microspherest ®oly fle MES AHRME
Figz-

E% o] YY1 bone marrow transplantation (BMT)e)%
K3k o] ¥HL M) bone marrow cell suspensions] A
microspheres® |42t} T AXFE AAEW, of Wye
graft-vs-host WY& s #) Zch B8 o YL o]y A
TE =230l YA %L VAFAAR 40| g 758
A B, AP o1 & st BARAAE o) 4o wa
Y s AE FY 4 U E o] Y902 tumor cellg A
Atte A& & AT e B ol yeee] g 8
Bk & 7 849 bone marrow: MojstT Y= AAE
o % 3 oqdslo] glov)o)F YMTE HE e He
MEZE B9 27ALE Yosrld BRRus ey
microspheres& | 4¥to] AATF AANE AL 2IALE
ol zo},

234 magnetic microspherese] 71X % cell separation %
W& o}z €A 271944 Q0. 48e A8 BT Ras

7 A% A4 2@ PN dAd Be A7 gas
Fig.10o] 4428 ¥29 48 Jehyig.

3

/\ﬁ B2 []DDDDDiDDDDDD s
AT
I G @

Figure 10. The apparatus for immunomagnetic separation.

F oAz o] dolgle MRS F8 dohde Wiel ¥
234, iR g A& F9 GAX JME A8H s}
A7 A AAY + A7 4Ed.

IMMOBILIZED ENZYMES AND CATALYSTS

Microsphereso] A% ¥® &AL biotechnology, 4¥&4,
AGFY T HPA%A §88 4 A} Microspheres9] o)
E systemdle] =92 & gL AFEE /M

- E2(Fv)e T4l Bd F AANEL 4 Slol visE &
4 4 itk

- E2(Z Do 71AE Alelo] W& HEAAE AFed 4
&€& ¥4 & 9

- EA(E)E N EREANM AAfE 3ol §oldch
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