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2 <k A polypeptidedl poly(Y-benzyl-L-glutamate)[PBLG] & A-segment2 3}, polyoxypropylene
(POP)Z- B-segmentZ 3= AB 3] BE3-F A<} polypropyleneglycol-& B-segment® 3= ABA 3t
HEZ2ZYNE TAY & 0] T2UMe A4 T = Z9) progesterone, estrone, estradiol, testosterone £
A8 NEJLE A Z3l o]F HlZo|=e] Wawe| WH3E o F3hck. PBLG-POP1s} PBLG-POP2¢]
28 Ao A 2] progesterone, estradiol 9 testosterone WELx e}l ABA 3e|9) GPGl R3¢
progesterone, estrone 3 testosterone WEEE7l @714}t LN o] BE-& B9} ¥
PBLG-POP1¢} PBLG-POP29] s E ) 2ol X 2] estrone 22| 2 ABA #efl2] GPG18] o)y Aol 22 estra-
diol?) WESEe AAEYeolA R} 4 W 9714494 o E95ich M2 o cfEY LA
%ol GPG1>PBLG-POP1>PBLG-POP20)H, B}&& & AH2o|E2] Bxjeko] uln|#gS R4iv)

ABSTRACT. The release of steroids such as progesterone, testosterone, estrone and estradiol were
investigated in two types of block copolymer matrices, which were AB type block copolymer composed
of poly(Y-benzyl-L-glutamate){PBLG] as the A segment and polyoxypropylene[POP] as the B segment
and ABA type triblock copolymer composed of the A segment and poly{propylene glyco)lPPG] as the
B segment. The release rates of progesterone, estradiol and testosterone through PBLG-POP1 and PBLG-
POP2 matrices and those of progesterone, estrone and testosterone through GPG1 of ABA type triblock
copolymer were higher in an acidic solution than in a basic one. However, the release rate of estrone
through PBLG-POP1 and PBLG-POP2 matrices and that of estradiol through GPG1 of ABA type triblock
copolymer were higher in a basic and neutral solutions than in an acidic one. The order of release
rate in three different matrices was GPG1>PBLG-POP1>PBLG-POP2. The results also showed that
the molecular weight of steroids is inversely proportional to the rate of release.
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Fig. 1. Structure of solutes.
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Fig. 2. The synthesis of AB type diblock copolymer for PBLG-POP.
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okoleh o)z F¢A dEEHL] FZ 4L micro
syringed ol4sle & FuEE EESA ¥
217 Goniometer2 A&7HE ZAY F JFUE

[} 6 * 4 2 ‘ ;:l
Fig. 3. 'H-NMR spectrum of PBLG-POP2 block copo-
lymer in CDCly.

F&-7Hwater contact angle)22 3tz 2 F
66~67° 2 epudc) ol A ZEAEH Y9
29 ;&AL 20~30°¢)3, 4254 TE2 HY
2 &7te 90~130°0]=2% PBLG-POP1=} PBLG-
POP2= ApAst 244 2B 7 xS
AAg vielict e ¥ 5 gk Polyoxypropylene-2
2d 2] g2 gF o2 15l poly(Y-benzyl L-gluta-
mate)2} A2 vl¥ EddouvigdE Jepdg®,
ABA el MEEEISEM®T. ABA g 4
FEETFEAN] 4ARE Fg.59 B, 2E
A A=} FAHT A%, 223 propy-
lene glycol®] §raFg Table 30| vyeluisich. PBLG-
POP £3589 #A=S dichloroacetic acid

40 O PBLG-POPL
O poLG-PoP2
30

20

Degree of swe)ling(x|
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Fig. 4. Dynamic swelling degree of PBLG-POP1 and
PBLG-POP2 as a function of incubation time. Degree

W.— W,
. X100

of swelling(%)=

Table 2. Physical properties of AB type block copoly-
mers

Water contact angles

Samples [n] (degreey
PBLG-POP1 Q.16 67+4
PBLG-POP2 .17 66+ 3

“Measured in dimethylformamide. *Measured by ses-
sible droplet method.

Tabie 1. Block copolymerization of Y-benzyl-L-glutamate NCA with a-aminopoly(oxypropylene) at 25°C in CH:Cl,

Gla(OBzDNCA POP . Block copolymer(ny
Sampl Yield(%

pies mol/1X10° mol/1% 10% m teldCey caled. by NMR
PBLG-POP1 5.685 2841 33 87 20 18
PBLG-POP2 6.162 1.198 33 82 51 40

sConcentration of amino group. *Degreeof polymerization of oxypropylene. ‘Ether-insoluble product. ‘Degree

of polymerization of Y-benzyl-L-glutamate.
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Fig. 5. The synthesis of ABA type triblock copolymer
for GPG.

Table 3. Limiting viscosity number, [n], weight-ave-
rage mol, wt, My, and composition of samples prepa-
red

Content of

[n] Mw 107 propylene glycol units
Samples - -

di-g7! g-mol™? in mol% in wt%
PBLG 149 273 0.0 0.0
GPG-1 0.60 96 170 51
GPG-2 040 6.0 26.0 85
GPG-3 0.10 12 60.0 284

£ 4v|= A1433 Ubbelohded A=AZR J3
Ax[n]gtE 25l Doty*e}l 18] FEATAE
o] Ayt [y} £A71e] AARFAA 2R E
Fshodch. AAE(MmE PBLG7F 149 di/ge.8A 7}
A 23 GPGL, GPG2, GPG3 $£28 HAE7} 2
olxje, FAIBFE EARMwE vHI7HAE PBLG
7} 7 &3, GPGL, GPG2, GPG3 2.2 Fol 3L
2 4 <), Propylene glycol?l #2-2 PBLG7}
propylene glycold X3l glA) QYoB . ko]
0019 GPG1e 17 mol%, GPG2¥ 26 mol%, GPG3
£ 60mol%2 GPG37} propylene glycols} dafo]
7V gk ol g FA%E Ve 5.1, 85,
284 wt% o©]ck.

IR spectrum$ ol43l PBLG, GPGL GPGZ,
GPG33} 22 polypeptided] 54 sla§ ZAlshd
Fig. 63} 2ol Jepdr], o)71& EREXELE cas-
tingyr z TEEAL] A 95€ 1800~500
cm~! 2ol A IR H2F B, 7F GPG} PBLGE
Z2| e el e otR|=r)8} §Adu A7} 1650,
15505} 615 cm™ ol A vehiER 7 5&FF3HA
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Fig 6. IR spectra of PBLG and CPG triblock copoly-
mers.
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Agel 2837 Szl e FAg FAE &
43 Aske Table 49} 3t}
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Table 4. Components of matrices containing solutes

SHE - BCE - GHEF - FUK - SNGX - PIRY - TRTF

Progesterone Estrone Estradiol Testosterone
GPG1 Thickness and 0.280 mm 0.312 mm 0.312 mm 0.228 mm
weight of matrices 7.130X10%¢g 75251073 g 7575X107% g 7478X107%¢g
0.280 mm (.301 mm 0.316 mm 0.283 mm
7.135X1073% g 7503X107%g 7633X10°%g 7458 X103 ¢
0.286 mm 0.305 mm 0.309 mm 0.291 mm
7.170%X107%g 7523%X107%¢g 7578X107% g 7488X107%¢g
0.288 mm 0.306 mm 0.315 mm 0.282 mm
7153X107%g  7530X107%g  7625X107%g  7453x107g
PBLG-POP1 Thickness and 0.184 mm 0.177 mm 0.179 mm 0.178 mm
weight of matrices 4550X1073%g 4495% 1073 g 4478%107%g 4468X107%g
0.179 mm 0.183 mm 0.170 mm 0.183 mm
4505X107%g  4535X107%g  4348X107%g  4545X107°g
0.181 mm 0.179 mm 0.183 mm 0.181 mm
4525X107%g 4508X107%g 4558%X10"%g 4525x107°g
0.180 mm 0.181 mm 0.180 mm 0.178 mm
4501X1073%g 4513X107% g 4.345X1073¢g 4430X1073%g
PBLG-POP2 Thickness and 0.171 mm 0.169 mm 0.173 mm 0.177 mm
weight of matrices 4325X107%g 4.328X107%g 4345X107%g 4430%107%g
0.178 mm 0.172 mm 0.175 mm 0.179 mm
4303X107%g 4338X10 % g 4420X10°% g 4473X107%g
0.168 mm 0.171 mm 0.172 mm 0.173 mm
4310X107%¢g 4323X107*g 4340X107% g 4525X107%g
0.167 mm 0.180 mm 0.180 mm 0.183 mm
4323X107%¢g 4303X107*g 4525X107%g 4528%X107%g

e A9 wEEL Table 59 Jehich
o|w progesterone® £-H2 3% v WEELS
pH4.0%d o 24608 714 =%, pH 749 d+ 2101
olgder], pH100d = 2080 7} H U
dodc), Estroned testosterone® vhitz}x g2 pH~}
g A Ao A PEFol T ¥ 5 AUk ole
FAre] = F7IE Felopul A o] Aol
Mo §-ae] F37) #H2)|7) g Folch. 22+t est-
radiol® 432 391-& A% pH 4004 B} pH74
s} pH 10914 wt&-8o) A Jepds € ¢ Uk
ol @713 8-Fol| 4 estradiol )] 270¢] =417] ¢
F3271 sl o] 222 Fo] € H(molar vo-
lume)e| 743}z dRelc) 2l 443 njEY
2oke) A% abe-g vehlE PulATE R, pro-
gesterone-2 ¥-zh&o) ¥ Jhug7|7t FA3A}
e ANl ME AT Hel kel o}
o2 dEy e Ze)es FiFel 9le NH

Atz pAAge] HAol oy, =g ZeHE
Eol X% shRd7)e] bt gjste] A
7} A9k G714 8Nl A& progesteronee] &
Aol 2)she] ¥zl o] WEt QI BASe X
9 sked7)e) EejRe|=40) NHe} +24%%
A3k, €3 methyl”)d sfEJ AW L5
ypz Ay £ glewg RujAst 2 e
vich, Estroned Mo A6 A Exbdje] #Hd7)
o Sl AL dBlEly) RS RE sjE Y
o Qe Flidriel pAREge YA =3 ¥
Ao} 7l 27| o} sl e AU e N-He =428
yAdsteg FalAlerl 2A Jebdoh 2 o
7148l e #Ad7)7) sleisle] FAL A4
H3 $47)7) Sl g o g wjEZ )] N-
H Agic Bx7zsdes ¥ u slRd7)s} 4
2979 71 gorng ot YAste 4R
3 AEch slEded) o3t ybdHo]| A 2p4-¥

Jowurnal of the Korean Chemical Soctely



Poly(Amino Acid) Matrix& °|8-¢ Ae|Zel=e] uwhgr|Fo AP A7

Table 5. The properties of matrices (GPG1) on solutes
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K C, C, C DXx1¢? R
(ug/m))  (g/m))  (pg/m) (cm?/sec) (pg-cm?/mé - hr'?)
Progesterone pH 4.0 362 1557 56.31 71.88 14.96 24.60
pH74 347 16.07 55.81 7188 11.01 21.01
pH 100 13.46 497 66.91 71.88 8.99 20.80
Estrone pH 4.0 14.34 4.93 70.69 75.62 7759 64.40
pH74 15.69 453 71.09 75.62 41.17 47.05
pH 100 533 1194 '63.68 75.62 29.86 37.92
Estradiol pH4.0 963 7.19 69.27 76.46 58.59 55.71
pH74 15.06 476 71.70 76.46 111,97 78.35
pH 100 2.96 19.33 57.13 7646 13443 76.63
Testosterone pH4.0 6.74 9.70 6542 7512 1746 29.29
pH 7.4 9.82 6.94 68.18 75.12 14.08 26.85
pH 10.0 237 2227 52.85 7512 22.72 30.03

C: Total concentration, K: Partition coefficient, C,: Solubility in water, D: Diffusion coefficient, C,: Solubility

in matrix phase, R: Release rate.
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Table 6. The properties of matrices (PBLG-POP1) on solutes

% C, C, C DX1¢? R
(ug/m)  (ug/md)  (ug/m) (em?/sec)  (pg-cm?/mé-hr'?)
Progesterone pH4.0 9.84 4.06 3994 4400 17.31 17.44
pH74 6543 592 38.08 44.00 14.96 1583
pH 100 6.83 562 38.38 44.00 1133 13.83
Estrone pH 4.0 807 484 39.07 4391 32.90 2377
pH74 5.32 6.95 36.96 43.91 39.53 25.33
pH 10.0 1474 279 41.12 4391 65.17 34.30
Estradiol pH4.0 5.84 635 37.07 4342 15.00 15.50
pH74 452 7.86 35.56 4342 2957 2137
pH 100 6.60 571 37.71 43.42 16.13 16.25
Testosterone pH4.0 6.88 5.56 3825 43381 3206 23.18
pH74 4.98 7.32 36.49 4381 15.30 15.64
pH 100 6.71 5.68 38.13 4381 1548 16.08

C: Total concentration, K: Partition coefficient,.C,: Solubility in water, D: Diffusion coefficient, C: Solubility

in matrix phase, R: Release rate.

Table 7. The properties of matrices (PBLG-POP2) on solutes

K Ce C, c DX10? R
(ug/mi) (ug/mf) (ug/md) (cm?fsec)  {(ugcm?mi-hr'®)
Progesterone pH 40 7.67 491 3765 4256 857 11.72
pH74 349 9.48 33.08 4256 5.00 8.38
pH 100 514 6.93 3563 4256 3.70 10.52
Estrone pH4.0 1084 356 38.60 42.16 21.95 1890
pH74 493 711 3505 42.16 2386 18.78
pH 10.0 7.35 505 3711 42.26 1349 1453
Estradiol pH40 557 6.63 36.92 43.55 1163 13.67
pH74 424 830 3520 43.55 581 9,02
pH 10.0 368 9.31 3424 43.55 7.27 1041
Testosterone pH40 504 7.30 36.79 44.09 9.29 1227
pH74 7.02 5.50 3859 4409 13.74 15.29
pH 100 320 10.51 3358 4409 377 747

C: Total concentration, K: Partition coefficient, C,: Solubility in water, D: Diffusion coefficient, C,: Solubility

in matrix phase, R: Release rate.
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Table 8. The effect of temperature to the release of progesterone at pH7.4

SHE - BLE - UlT - TUK - R MRE . TET

Ca C, C DX10# R
(ng/mf) (ug/mi) (ug/mv) {cm’/sec) {ug:cm?/mi - hr'?)

GPG1 20°C 15.57 56.31 71.88 11.01 2101
40°C 8.11 63.77 71.88 4128 43,50

PBLG-POP1 20°C 592 38.08 4400 14.96 15.83
40°C 357 40.43 44.00 147.01 51.14

PBLG-POP2 20°C 948 33.08 42.56 5.00 8.38
40°C 6.60 35.96 42.56 62.50 30.92
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