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Preparation and Characteristics of Surface-Modified Albumin
Microspheres with Methotrexate
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The surface of albumin microspheres could be modified with methotrexate (MTX) by using 1,3~
dicyclohexylcarbodiimide (DCC). Surface-modified albumin microspheres entrapping no MTX
(SAMS), free MTX (SAMSF) and MTX-bovine serum albumin (BSA) conjugates (SAMSC) were
prepared, respectively, and their release characteristics were investigated in the presence of
trypsin using a dissolution tester. The mean diameters of all the microspheres were 5~8 um,
and their shapes was small and uniform. MTX bound to their surfaces was released slower
than the entrapped free MTX, and faster than the entrapped MTX-BSA conjugates. Also, sur-
face-modified MTX was scarcely released in the absence of a proteolytic enzyme. Therefore, the
surface-modified MTX may be released rapidly from SAMSC at the target site, and thereafter

MTX may be released slowly from the encapsulated MTX-BSA conjugates in SAMSC for a long
period.

Keywords—Surface-modified albumin microspheres, Methotrexate, Methotrexate-bovine serum
albumin conjugates, Release, 1,3-dicyclohexylcarbodiimide
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FAA A HEELAN | E ()5t MTXE 3 EH
E ARSI en, tracer® AHE-E (L-glutamyl-3,4-
*HJ-methotrexate(37 MBg/mi, 1.0 mCi/ml, NET-
730, ©]3} PH}-MTXz2} 243+ Du Pont Com-
pany (Wilmington, DE)AIE-& AM-3l9ith 483
¢RA (bovine serum albumin Fraction V, ©l3}
BSAzt F¥)3 1-ethyl-3-(3-dimethyl-amino-
propyl) carbodiimide hydrochloride (Protein se-
quencing reagent, ©l3} EDC&} <33+ Sigma
Chemical Co. (St. Louis, MO) Al2F& 5138l A}
£3l0on, 1,3-dicyclohexyl-carbodiimide . (]}
DCC=r ¢F%hHe Aldrich Chemical Co.  (Mil-
waukee, WD) A9k A3 3, ERA(Trypsin,
1:250, Difco laboratories, Detroit, USA)} 542
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AR - AR

gAThoA ATt THARAS 2] FAs
= B3 22 Sephadex G-50 (particle size : 10~40
pm, Pharmacia Fine Chemicals, Uppsala,
Sweden)® F49 (Spectra/Por membrane tub-
ing, Mol. wt. cut off : 6,000~8,000; cylinder di-
ameter : 14.6 mm, Spectrum Medical Ind. Ter-
minal Annex, Los Angeles, CA)-& AH-3tth &
Af (cotton seed oil)= Junsei Chemical Co. #|
S, STEIEYRIE &9 (25% 89, ol3} Glu-
CHO=} 9382 Kokusan Chemical Works Co.
AEE EF (EP grade)2 Duksan Pharma-
ceutical Co. AEEL AM3SHT}E  Scintillation
cocktail 842 2= Insta-Gel XF (Packard In-
strument Co.) %+ 2,5-diphenyloxazole (PPO,
Sigma Chemical Co.), 1.4-(2-(5-phenylo-
xazolyl))benzene (POPOP, Sigma Chemical
Co.), Triton X-100 (GR reagent, Duksan Phar-
maceutical Co., Seoul, Korea)s2 AH&3ld
cocktails ZA|sld AM&slom, 1 9 thE AlY¥
B2 18 A%E AH8319a, O o] FAAE A
ket

7217 % 7171

FTHEAGA S 7R nhTe] AZA| AR 71 F
2 3H7AZI] (freeze dryer, Labomens Ex-
port), ZEAUCIA (ultrasonicator, Sonics &
Materials Inc. Danbury, Connecticut, USA), ¥
AE8”7l (Wifug), motor driven glass stirrer
(Chang Shin Scientific Co.), A w¥t7] (DMS
Co.), Digital pH/mV meter (DMS Co.)5& AH2-
sttt &A1V A FEED £2A1387]
(DST-200, Fine Scientific Instruments, Korea)
o] 8719 paddles &%) 8&Addoer &3
A@ol 7FsstAl A AR s AgEkATh #£497)
712 A9F- £33 =4 (Pye Unicam and Mil-
ton Roy. Spectronic 3000 array)E A8t 1, ¥
AHEAD2A PHI-MTXY B3R &4de
PackardAte] liquid scintillation counter® AH&-3}
Atk vlg el 27] &3¢l Coulter counter (140
um aperture, Coulter Channelyzer 256 ZM,
Coulter Electronics LTD. Northwell drive, Lu-
ton, Beds, England)& A&3lsic). 718t 71 72&=
Socorex dispenser, Millipore filter (micro fil-

tration system, 0.45 um) 5& A&-8tat}.



MEEHA B} RUSNE GRW 0@ Ax L 5 103

[H]-MTX-BSA B3R 2Rl &M

CH)-MTX-BSA EF#2%AE Az 5] Hu
g g ozt s FAEATE & BSA 150
mgs 50 mi vlo}Fo) B3 ZHS 10 mIz 28) s}
BSA 894 zA8tx, wha vlo|eel| (PHI-MTX &
o (120 uCi/0.05 M sodium phosphate buffer 1.2
m) MTX 30mge ¥ =<9 &d¢ 0.01 N
NaOH 3miZ 7} MTX &4 AZs4r}. o
MTX 42 919] BSA 890l 718t AR |2
wEkEEA 0.1 N HCLE: AH-8le] pHE 5.0~6.02
2 2 F 4T A= AANA mukEA
EDC 150 mg& 0.05 N HCI 3 m/o] 9] o1& oF
7 AIZbel AR A A3 71T o] W 9-g-ZR] S-efo]
pHE 5.0~6.022 A 27 3ol 2
A& wetet 3 EDC 75 mg 0.05 N HC 1.5 mid)
=91 dg oF 4 A7k HA sRETh o] A&
Sephadex G-50 column (2.5%30 cm)ol| F+3tx
0.05 M ShIEFSEA (pH 7.4 ANz A}
|30 FHATLA BEE By o] EFES
A g Tk W31 219 93} EH5E 33 wE
S5t FA" AL 500 B4 xstd A3
ofl A8},

[H]-MTX-BSA 3R Z&tA F9| ofs ¥

(]

1ml of 10w/v % BSA sol'n|| Cotton seed oil : toluene
containing MTX or MTX- || (4:1, 0.5% span 80) 20 m!

1 [
[ Agitation (coarse w/o emulsion) j

rSomcation (fine w/o emulsioITI
|

L Cross-linking (1 hr) J

-

LCentrifugation (4000 rpm, 15 min)

l

Surface modification {15 hrs)
(MTX 20 mg+DCC 30 mg+CHFMTX 80 uCi+
medium)

G

I Washing (ether—acetone—distilled water)

Centrifugation
Freeze-drying

Scheme I—Schematic diagram of the preparation of surface-
modified albumin microspheres with methotrexate (MTX).

PPO/POPOP cocktail =H— 24 f2]9d PPO
5.5 g3 POPOP 0.1 g& ¥ &% 667 mi9} Tri-
ton X-100 333 m/E w24 AGE Do) 715 o
S AN R R wnisiel s gaiAlgl e
scintillation counter® cocktail® ARE-8HATH

MTX~/(*H)-MTX-BSA SRZEH £ MTX &
ZF—MTX-BSA FHAFA Fol| A3 MTX
ke MTX #EZFHF wiwstd . 370 nmellAd UV
Spectrophotometer2 E3%=% 43kl A 23t
ot PHI-MTX-BSA FRAEA 2o MTXS] &2
ZEAFA 1~2mge LA geol scintillation
vlo| ol G AFe £F4-350% 7l 50T
whxjglod k18] =91 F PPO/POPOP cocktail 10
miE dispensers AHE8l] 7183 vortexingdt $
24 N7b wAsld HyPd) o] F liquid scin-
tillation counter® (3H}-MTXe] WAlsS At
Ak

EHpAE 220 0|3 Fe HE

[PHMTXZ} 3 A5 220] O/EIT7 (SAMS)S,
HZE—AA Vo] Rug WS A $33k 1]
Y72 A zsla Scheme I3} 20] EW IEAE
223519}, 2 falcon tubec] BSA 100 mgs S+
F 1miol] 312171 BSA §4& ¥ HA{ EFA
(4:1, 0.5% Span 80 g-)el &Y 20 miE 7|3 3%
7} vortexingdti o, M2 §HE7)ol| HAFEF<NY
Y 30miE 93 FAEE sES o] 8sikq 919
vortexingd A& A3 T 2083t oF 1500 rpm -
Z glass stirrerZ o] &3t wukelH}, o] & 2%
7+ 33] sonicationdte] RAEE fFEAS 22T &
oJ7)o] 7baAlR 25% Glu-CHO 0.5 miS Ba§ :
EFdel £ Tmild 76t} vortexing® FEH <
s 7hsl 1AIZE B A by 2 seRbel A 7
shaATh of A8 LA EE (4000 rpm, 158)8t 2
olo] Glu-CHOE AlAst:, d7]o] MTX-DCCH
(MTX 20mg# 80 uCidl aldshs CH-MTXE
0.2M QANIEFAZFN (pH 7.4 Zolx DCC 30
mg@ HAS  EFqe] B AT mIE ss) BAA
71 AL 7l 15413 B wkala A wHSAIA T W
Lo] & T PAEE] (4000 rpm, 158)3tn o€,
ot EoE Ztz} 23| AATL 22 FHR4E 13
AFE T 50T B2 Ax3 SAMSE Ax
333t

[PHI-MTX-BSA S2Z A0} Be/=1, PHIMTX f

=
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BSA Z42EA 10mg MTXZ 4mg, CH-MTXZ
A 16 uCiell 3133} BSA 100 meoll 3shs &S
FHF 1mle) &3jA7)a BAH B34 (411, 0.5%
span 80 el £ 20miE 7k 383 vor-
texing® ¥ W ykg7|o] WAlH R &£
0miE 93 d2H2 v3lg o83l 919 vor-
texing® A& FASAT. olate] TP
SAMS r@ Tt U W o= Azt

Free CH-MTX7} E2/5(T, CH-MTXI} E8 +
AlE OJg17 (SAMSF)2l A= —TFree ("H)-MTX 4
mg (CH}I-MTX=2M 16 uCiell s13)7 BSA 100
mgE FF/F 1mid] &3A)712 AL H: EF4 -
1, 0.5% span 80 &) & 20 m/E /18] 387
vortexing3t ¥ o]3te] #3-& SAMS mI@ T 5L
o2 Azt

0|8+ 59 948 S

o/gl7 F9 MTX &2—pH 74 QMIEFH
9 50 miol MTX7H 808 WA 5 mge 718k
A7 & EFA 100 mge 718t 37+1°C9A
°F 12 A17k F<t digestiondte] §&A7 thE, 5%
trichloroacetic acid (TCA)Z Ag#g & A4¥2)
sArk. 4AAE 045 pm WEA LEIZ B
Fio] Al AR BRFEAZ 370 nmolN Y
& 3] MTXE F 33t

o/gl7 59 PH-MTX &2 —(H)Z EX€ 1)
YT 1~2megs AASHA 2ol scintillation Hho]&
of W3 Age] £FA-3502 7k 50TAA WX e
o] 3] #1 & PPO/POPOP cocktail 10 miE
dispenser® AH4-31) 713l vortexing & F 24 Al
7+ JAste] FEo o] . F liquid scintillation
counter@ CH}-MTX®] ¥AFs-g &3 31gltt.

oj2Fe] 37| W I7|IBE =X (Coulter coun-
tert])

gD oY FE [SOTON II Aol 7hsted B34
71 th&-, Coulter counter® 140 pm aperture® Al
$3l v|YPFe] 8 7IELE 3 HERIe} 73
EXE d9lon, o|2%E BT e
H %9l SPAN factorg 7aH4c}.
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Ad wsiEA ASE AZwict 2miE #H sl
0.45 pm W WEIZ AFAG T o] F 0.5miE
2 3) glo] gl ¥ 1 PPO/POPOP cocktail 10 mig};
Insta—Gel XF 3miE 718}3L vortexing 3 & li-
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Figure 1—Effect of reaction conditions on the binding of
methotrexate (MTX) to the surface of albumin microspheres.
(A) Amount of 25% glutaraldehyde solution (Glu-CHO), (B)
Cross-linking time. (C) Amount of 1,3-dicyclohexyl-
carbodiimide (DCC), (D) Reaction time with DCC.
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7h), 28AQ Glu-CHOY % 0.5, 1.0, 2.0miz
23l A2 F FH FA=HE MTXS] 42 &
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Figure 2—Particle size distribution on a number basis
of surface-modified albumin microspheres entrapping
no methotrexate(MTX) (SAMS : —), free MTX
(SAMSF- : —) and MTX-bovine serum albumin
(SAMSC : ----). (A) Frequency distribution, (B)
Cumulative frequency distribution.

Table I—Particle Size on the Number of Albumin
Microspheres and the Content of Methotrexate (MTX)
Entrapped in Microspheres

Type ‘ Mean AN Enttjappgd }\IIX (ug per
Diameter (pm) mg of microspheres)
SAMS 6.8 1.59 26.8
SAMSF 54 2.35 53.1
SAMSC 7.7 1.35 60.1

AR B PFEe] BYE HEFL Table 19 2
e}, Pl A2 free MTX thalol MTX-184
gRH (MTX-HSA) ZREATAE AT A3l
A E S| 54.5%04 98.0%% A3 Z/lHi=
A S AL Bol olu] B vl gl B H3d
A% MTX-BSA 3HATAE vlgT ol 204
71 SAMSC PlIgTollA Ee] Bgd#e] 71 #A
velgct E3 3% 25 Edo 289 MTXS &
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Figure 3—The difference of methotrexate (MTX) release
pattern in three types of microspheres in the presence
of trypsin at 37+1C. Key : ®; SAMS, ®. SAMSF, A:
SAMSC, 0: The difference of release amount between
SAMSF and SAMS, A: The difference of release
amount between SAMSC and SAMS.
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