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Study on the Design of Contraceptive Agent(])
S.H. Kim, J.S. Choi, and C.S. Baik.

One of the major objectives in the developments of a progesterone I.U.D. is to
prepare devices which release drug.at a constant rate for extended periods.

A constant release rate is achived by maintaining drug concentration at a con-
stant valve via the introduction of rate limiting membrane to solute diffusion at
the surface of the devices.

In this study, progesterone dispersed at monolithic device were prepared from
polyhydroxy ethyl methacrylate. Constant release rate were obtained with device
which were soaked in on ethanol-hexan solution. The release rate was dependant
upon the concentration of the ethanolic solution in the soaking solution. This
devices offer significant potential for futher_ development of hydrogel in the intr-

auterine contraception device for controlled release of progesterone.

Controlled release drug delivery systemd]A. virginal contraceptive device P&
M9 release rated zero-order kinetics7} % & 3§l Ao =& EmESY {EHMLL
A —ERES W Kihel BIER S A& release rated MESI WHEESL AL G
= BIERS Bk 9 74427171 B4 & release ratert EIffis FBAL 5 A+ BS
Z3stei A o el Blka e HEE ERE] AL ol ]t deviceE 2 zero-
order kinetic MfsbaA K5 WEMS /X T glol okt @

Nonbiodegradable device: predictable release patternE-al 71513t design® = norges-
terones} norethidrones} z+-& steroided] hormone & subderminal implante] FIFHZ 4+ ¢l
+ REES AT glor o] device: Ul RE &S iy s TS silastic capsule® HUiE
5o glouj=® o] polymers {E, h_ydrophobic WHEAA ®& permeability, £L& 7]
AY 44, 9 de7hx H(moulding)o 2 A BE & d& REE I Y& Kl
#E sl ¥# (changed solute)o] #slA & permeability S Jehiz] 23tz =4 Ko impl.
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antd w Af4 24 RES FE8E S5 S A2 9o, 2822 22 implanidt
devicer HpHyo E BESA okul wT).

bzt 2 #Eeh o Fof, o] PFREES 44 S zero-order - kinetic® release A 714
%= biodegradable contraceptive device BEZE] LA EH5Y. 2]} o] device?] release
rate} biodegradable device y2] #E4piEis] wletbd 245 x] ¢3 degradationo. 2 344y
o] releases| 7] w}Fo zero-order rated o177} of=iv}t. ¥ 3} release rater} polymer
ol A Yy Ik el polymer matrixg EIt 34 HHEl KAA =P 5 g 8y
biodegradable implante] Eisl® WS st e},

M2kl By B HREES It 5 BHI WM WES =39 Hydrogel§ mech-
anism of solute permeatione] ¥5H 2 Bt i“hydrogel% Bl Bagd AL 9%
FEEE gl on 10-1 5] TS HapT é}a:] “subderminal implante} A HESE zero-order
release o1g 4 ¢l o8] devicesH! #) reservior device, combined reservior monolithic
devices} monolithic device controlling barrier layerd] A progesterone®] release #/E
=& Bt e,

Hydrogel¢- biomaterial implant® 4] = a3l spEz de] <=4 gou'® o] HE=s H
#% monolithic device® FHEALLE EESLY monolithic device®] membrane thickness
S 2480 24 in vivos) A zero-order releaseg 18 4 Q= TIHEM:I) contraceptived
3EF progesterone release rateg hydrogel deviced| Al l-&4 §iv}.

® 5

#¥l-—Hydron laboratorys] 4 #£f%2 hydroxyethyl methacrylate (H.E.M.A)x
methacrylic acid (0.006%), ethylene glycol dimethacrylate (0.024%) diethylen glycol
methacrylate (0.24%)% §43tL 97 W&o £5sbA AR sk] AfEel st e}

Progesterone (steraloids, Inc., pouling. N.Y.)i} 1, 2—3H- progesterone (New England
Nuclear Boston. M. A. )2 $g{t wto} {fﬁﬁ%}&igrﬂl el o=k BEEEtA] -2 progesterone
& ethanold] AR #ol WS 3%, %5k progesterone & FEL olo] AEER
Jetl ek, BEEA @& progesterones G.C.8kT.L.C.& Flfste] A#istdenl 44
Hom BHMMAEHS T.L.C.aA E#slx) ¢S progesterones} [—g RfZEg ey on
primary sporte]] 4 radio activitys} 95% Ll Eo]giv}.

B B 5 &

Initiator [azobis (methyl Isobutylate)] 7.4m Mol/l[& &-§3F monomere] AEER] 4]
BoRe = MM CHRERLEY Hd%e 38 5£as %#A 7] L polyethylene moldd]
Yo =2E AEE PAE] A 2& T3 dry-ovend] A 24 Fak 60°Cel A poly
merizationg A 8§ §}d cylindrical monolithic deviceg nkE-gl ).

Z X84 polymerizationsl cylindrical monolithic devices®] membrane thicknessg =
7] 2lalA  100m/9] cylinders] 90m! organic solvent (hexan, ethanol in hexan)

Y 3 devicesg supportingAl# 6H -Fo} devicesHhHzol A progesteroned A A A7 th<
AF7 27 (20pm) AlA devices EEo] —EahA Hulztal A zA g},

Progesterone release rateg 2edlr] $1s8) A 1 liter beakere] nickel-chromeffo =

ki e
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E AR d Aol A7) deviceg @ 3 distilled-deionized water 900ml & do] =FE (2‘3:‘:19(:),
o A releaser] 7 ov] beakerp3¢] distilled-deionized -water?] HEr EE7 lpgm/mig
WA g REEelA sk Fglor] boundary layer effect$ Zk4Al7]7] $is]4] 1600
rpm <5 2 constant speed synchronous moter® 74]%;55?%}’3]—01 Fork. - o
"Progesterone g4 &3 0}7] $18l A sample& micropipet®  0.5ml%] 3fEe] vialel B
3to]. sample B¢ HEI #% 10m/9] scintillation -fluid (Formular 950A New England,
Nuclear, Boston, Ma. )< jfuslo scintillation counter (Model 3385, packer instrument
Co. Downer Grove. ILL.)& Ffs} progesterone g8 HigEstg oh.

R Y ER

Poly(HEMA)& =LE cylindical monolithic device & membrane thicknessg sk
Befgel M sl A total progesterone release &2 Fig.l.of [ERsIgel. < 208 St A
2ol “burst effect”S Jehyon] o] Td: & H releaseslo] 2 & —EdHTt.
Untreated cylindrical monolithic deviceg} H#igatel n= o] release curvew oFe] FHgEe]
A e Az o] WA A8 nonliner curved Jehsieh.

Hydrogel membrane permeability: membrane ZliER; monomer R0 ez #{kA
71 4 9lv}. HI permealility coefficienti= membrane u] -2 29 4§ 9 cross-linker &
Bl PRS2 membrane W] ¢ B¢ 48 S #@instd permeability coefficienty ins
= Kl cross-linker 45 &o] i@i)uzﬂ—ﬂ permeability coefficient+ 7+4 3510 = & H
g2o] ¢]dl=l membraneg cross-linkerd] soakingglt #%o] U.V.=Z zAlste o2 barrier
layers] permeation M:Eo] ¥4 release rater} A F< RAA TS, o] A4 @sq-oﬂ/ﬂ
cylindrical monolithic device?] membrane layerg i@fﬁ-ii/ﬂ in vitrod /li zero- order
release rateg 4 & A& Al

Rosemans} nguchloﬂm g4 $x3 7:7&;—&—% o]} 7o devices?] release rated]
288 4 9l ow aqueous boundary layef«] ' 4%‘:{&01 membrane layers] & —9—341_— 713 -s}oﬂ
A o] HfERel o] gt deviced] % 3‘% T gEpeIn o] -5 ﬁfiﬁ—-

dMt _ 2zh A, C; D, Dm Cs ha
L Cs he ( - iD.,KA.,ln(l-F)+D,,ha )

28 % K= %: F= A—ZAZAL

F=1fraction of drug release

D,=diffusion coefficient in membrane (Cm?/sec)

D =diffusion coefficient in matrix (Cn?/sec)

Cs=drug solubility in matrix (mg/C;?®) "~

Cg=drug solubility in membrane “(mg/Cn®)

A, =radius of matrix cylinder (Cm)

A=distance from center of cylinder-to reducing drug boundary layer (Cm)
h=heigh of cylinder (Cw)

hg=thickness of boundary membiane (Cn)

AsAcl® HEAE Bgs} o] REF & 9ok,

o
e
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dMt _ 2704, CoDy
at hg

a2 A=Ao ¥ 994, drug release ratel v}7} membrane thicknessﬁ} permeation
¥tolmk ¢ &3k zero-orderd ilehd Holvh. o] FERS) A& ethanols} hexan E3te
2l hexan $lo] soakingdt devices] 2] progesterone releases] fisle] skl om o]
gt devices] 4] release ratee] G & v A& HFES] fES W24 dho] hexan &%
o ethanoli@fEE e sl A HEF S 3belcl. Untreated deviceg) Hlgslwl, treated dev-
iceg] release rates} o] mpilal = =} zr}l. o] AL ethanol ul hexang o] soakingd

Table—Release Characteristics for Progestervne-from Controlled Memi)rane Layer of Poly-
HEMA Device

(a) (b)
; Thickness Release Rate CaDa x 10-8
?nthﬁrelggn Wt. of Drug Deplet of Membrane amt 10+
dt
(x10~%gm) (10X -*Cm) (gm/day) (gm/Cm, day)
0 0.090 LW 3.225 3.354
30 1.465 1.95 2.469 2.944
60 3. 589 2.79 1.714 2,972

¥ 0.54%5.0 Cm Cylinder (9.1% progesterone) in wet state.
a) Thickness of drug deplet layer.

b) Caculated from dmt _ 2zh AoCeDe
dt ha

gm)

X157

{

depletea

Drug

day

Figure 1—Deplete rate of progesterone versus soaking time.
Key : O, Ethanol 60% in hexan; .
@ Ethanol 3p% in hexanj
A, Hexan. :
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22 déviéeﬂl A el s gyl W Ee Ao R Y A= hexang o] ethanolg H-g
-l o] soaking@d wj ethanolif~} Himshal 3EHe| release rater} 4 74 S ek
gt

Tableﬂ] A vebd A3E 29 membrane layert soaking#s} LA FIRE AL 9
28 2 *’r“i, 912 membrane thickness layery= soakingffie] wiebA ##insl & Fig.
2,614 & % 9lt}. Ethonolg#ol A ‘device?] membran thickness# g #(kAz & glo
= H#EE cylindrical monolithic-device & soaking%ho 24 349 release rateg %
AT & Q& BT BRE Fdsigon] o @S Fig. 1914 FRe] 9% drug release
1| linear of plots& 7|22 g o]t}
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Figure 2—Progesterone release plotted versus time.
Key : O, Ethanol 60% in hexan;
. @ Ethano!l 30% in hexan;’
A Hexan;
M, Unsoaked.

A A dolAl A3 zero-order release rated of ¢l o devices] 4 o1 & 4 gle8

gatgeh. et o] sk e AAE. vaginal contraceptive devices] A#A = FiFste 4 =
o g A7 Az Alge] o% g,
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AEE 4] & cylindrical monolithic device (progesterone poly-HEMA)S HEAN=R
A2 % #el in vitroo] /| progesterone?] release rated kAt & P AEL o
o= v

1: Progesterone®] release rate”} non-zero order Kkineticgl monolithic deviceg zero-
order kinetice 2 #{LAZd 4 9rt.

2: Hexan rh2] ethanol EBEZE #{kA]# membrane thickness$ FEIT 4 o 2.79
X107°Cn®]. membrane thicknesso] 4] —%23}F release rate(l.714x107%gm/day)& a4 c}.

3: o] release rate: hexan %9 ethanol %o ¢ g& urirt}.
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