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Preparation and Evaluation of PGE; Urethral Suppositories

Somin Park, Myeongsin Choi, Kyuwon Han and Kil-Soo Kim?*
College of Pharmacy, Ewha Womans University, 11-1, Seoul 120-750, Korea

Abstract — PGE, is an endogenous substance of potent vasodialator as well as inhibitor of platelet aggregation. It has been
used therapeutically in peripheral arterial occlusive disease and impotence. Intracavernous injection of PGE, for erectile
dysfunction has been established for several years as a treatment option for erectile dysfunction of diverse etiologies, but
- this mode of administration is limited by penile discomfort, pain at the injection site, inconvenience and noncompliance. As
the matter of worse, the B-hydroxy moiety of PGE, is extremely susceptible to dehydration in solution to give inactive PGA,
and PGB,. For the improvement of stability, rapid absorption at action site and the convenience of application, PGE; was
formulated as urethral suppositories of three types of formulations, such as PEG, witepsol, and the mixture of PEG and
witepsol. The stability test of PGE, and the release test in urinary suppositories were performed. Futhermore, the effect
of enhancers and vehicle composition on the penetration of PGE; through excised rat skin was evaluated by permeability

coefficient and enhancement ratio.
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Prostaglandin E,(©]3} PGE,)>- 3, dN-3Asle] &
£-5 7= Uj BAEA T2 DRl X5 AR
o} gkom), Heols AF /I matel A3 1T A=A
2 S8k oz A7) FHY FHo] olgEe] A
71 9] s|A)(Corpus cavernosum)] #7132 o) o] )¢

2 717} ol FAXA Hit] e olgtell A7t A 2H
7] Rdo] dojuhs Zeolrt, ol FH o|gh2 ks F

ogto 24 7hsstAl Hlet dAl AMshe SFEEAE PGE,,
papaverin, phenotolamine, PGE,, atropine, yohimbine, trazodone,
testosterone, bromocriptine, nitroglycerine, minoxidile 5°] 31
ohD oleiet SFEE Fol¥ A% SAUAFOM AL 5
T = ANFQ BaAkgo] g1} PGE,Q) AE B9 @)
Hol ARA o WIS Suste WA ulHs B
A RA8E Uehd %80) B4 om Adw, D B

o0

#R o) B3 F-o AxAR
Azh 02-3277-3015  (B2~) 02-3277-3051
(E-mail) kskim@ewha.ac.kr

260

NAE gHAsitt. o] oFge] T or 7 wol AMgEE
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Tl ARIEINE wis W] Solx] k9] Fvt o|Fo|Hek g
t}, o]of A Ae)x] g-aj%]= PEGS} A2of 9Jdle] gajx=
witepsol® AlelM Fall=l= 7)H-o] 242t U 71AIE ARE3E
STh,

T8 PGE, 9] Ag-ell= kas 943t Aejzoz 4o
= dienone7Hx] W3tEEH] o] EajHbe2 ¢ W} YA
of ZAIFe] qlrk ¥ AFolA= PGE, 8] @4 (dehydration)®]
AAZ HIAS Eidety 287919 wE Fe AA AR
A zejsl] QeamAE AAEIEeY 7)Ae] 28 A
AZS W] PGE, 2 &0l viX= 3k} At 2 das
FE BUEAAR Aelsle] HAs 83 )5 (excised rat skin)
= Fa A5 vwate] Hrieisict.

HE 9y

Alef

PGE,& CascaderH(Coke, Ireland)ZHF-E 79313109 714
E AME witepsor> SHISHEEMY, ¢ )0 ®RE I3t PEG
9} BEREAAZ A9 lauryl alcohol Junsei Chemical Co.
AWEA, A2 HE st o tween 803 oleic acid=
Showa Chemicals IncAHE7, Y&yl F4sigict. 71ek &
F9 94F= HPLC grade, 55 =5 42 ARG

=X} M=

Witepsol H152 7|42 3t 2242 3% witepsol H15E
45°ColA 3% & PGEZ ¥al 1087 mHislo] Aol 2
2131 F 29)Ze] 2cmE 3I5ith PEGE 7IAIE 3 x5
PEG 40003} PEG 15002 2:12] v)&=2 49 65°CollA =<l
% PGE & 91 1027 wNlska, PEGS E&]31sHd Ao
o Ax8 folAL 98k 1ml FAPIZ FH3 F 93] 2
HA JaECF Yoy Dol 2ecm= SIGIh Al AR
Witepsol H159} PEGS] E371A12 3 2 =344l= PEG 4000,
PEG 1500, witepsol H15, & tween 802 65°Collq = &
PGE& 91 1027+ wykslo] HAlEel & A3l & ©&9do]
2 cmE 3l A7kE WSt

PGE,2| Mg

HPLCE Atg-atod Aslgion] 242 |1-Bondapak®Cyg
(WatersyS ARSI AP AR S BA4A19) o)F
742 0.2 mM KH,PO,-CH;CN(67 : 33)2] 222, 9ol 1t
< EFE Fade] e A8 R 248 A% olF
o 2= 2 mM KH,PO,-CH,CN(68.5 : 31.5)5 AFg-513ict. 7
Z71% UV 205 nmE ARESISie™ #4214 my/min, FUF
2 20 WS integratorE AT B)AWA S A AR
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PEG/IAY) Q=xAY] 79, @Y Al#2] dole] ANl 1em
2 22 9T3AE ATl Wi vpikE 3 F 44 60, 70 %
80°CE #4¢ F27)ol RyshaA 0, 24, 48, 72, 96, 120, 144,
168 W 19277 IR HAIE FHoka 24 w7 -70°C @
FAZ70 R8It 8294 pH 7.4 QA S 10m/
A do] B =9 w7lR] vortexingdtt 10837+ sl S50
FJeh AAZ 045 um-2DE) Fo} A2 o7)s}ka 205 nm
oA PGE2 HPLCZ AH3I3ch. witepsol H15 7149} PEG,
witepsol?] E37]A10A 2] FIPAIRE FLsht FAAIE n-
HexaneS 5mi¥ Al el 91 7|47 25 & w7t
Vortexing3l 1. pH 7.4 94+3 &F4-E 10 midE Wol 1083
738 A E50) Tt} 1000 rpmellA] 1087 ABeEl0 5
< F3l 0.45 um-FFo} of A2 73k 205 nmel| HPLC
2 st -

HEAE

£E2A 870l pH 74 AaHEd 300 mE 1 AxRE 2%
A2 FAS &A% T XS 8mm, Z°] 60 mmel ¥EH A
AS AMgsle] GAARE 1 Qtoll Yar 71gks] 37°C, 50 rpm
ol HEH R AAlsTh 2, 5, 10, 20, 30, 60, 120, 180,
240, 3005 7YHSF AN 0.3 mA H3lod 0.45 um Le)zo} o
A2 of7sto HPLCE WEd PGE = HFst 59 %
Z At

SIAE

A% 200~250 g2| Sprague-Dawley #Ald 34 8E AM83)
Ak AL oHE AL B39 g AAs 3 5
-5 Ao g dAlEte] £ e A tE WE s
S AASKL FA| ARSIV -70°C] BE 7ol WE BE
st FopE AR sivo] A Ag Abgale] nlojzn)
Bl (um) S7HA 35 FAE S350t A5 FHAEE 9
3 7|3 Franz cell?] Keshary-Chien diffusion cell Al-&-3}
QAT 41720 95 ;] 5] ] receptor compartmento] pH 7.4 ¢}
AE GF A AT ZAS I AFE 2 Fo] donor
compartmentZ 2 F, Z3] (dermis)’} o}E A 37 donorgh
receptor compartment Afo]ell 7] & clamp® 143ISIT) oF
2] fa T3 W22 1327 cm®|Qi). okeS XS v =
A9l 71419 2 =FAE donor compartmentel] FkiL o] wj, |
A7} 87 FjHe] S ulE zero timeC 2 3Tt - Fat
ANEE 5§19 252 3710.1°CE 2 SRR
ufulEelE AREsle) A4 SR AT F 122
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Fig. 1 - Degradation of PGE; in PEG vehicles at 60, 70, 80°C. Key :
@: 60°C, a: 70°C, H: 80°C.

o] Jaiz Azl 8% 49 0.25 mME sampling portf"— =3l
F Aodollx] Haln FHY g 9FAUS S2} BESIch
£% g Y9 PGE 0.45 um-H&| 3o} OMXIE ol=3k
HPLCE ARE3He] 205 nmollX sisict.

orE Al
NRgEE] 9B v

Al
oRE AlA|<] 0&

Y e g A7 B QAE mrshked F
28, 53] PG, 4 oo} 7} ofu} Bl ¢
= B4 cyclopentanone_i HH = EQPYEE ofgoln g Qk
379 glo] a3t & AeME Al 7HA 71AlelMe] PGE,
o) bg/4d& wlwska ok&e] pH 7.4 84|M 2] PGES ¢
A vlmele] MNYEE AESIRAH?

Witepsol H15 7142 73-$- 80°C 192A1717k+] 2FEghel W
7} glglom, PEGY1AL, PEGS} witepsol H159 E37]Al0lA]
o] Azt W 2o o) gk WHsk= Fig. 1~20] J1HOoE
veRdigict. 136l ViR v} o] e Rl] %tirAE Al
2F], NS TFES] FHalo] 1HEE IRE o Aol H

Fig. 2 - Degradation of PGE, in mixture of PEG and witepsol at 60,
70, 80°C. Key : @: 60°C, a: 70°C, H: 80°C.

BE 2% o8t Baj= Big ATEFHD iy 2
£EAS w2 AxPIRSo R LEEAS BRIT < it

80°Cell PEG 71AI¢t E317|AlolA 2 okE¢) s two
phaseZ %7] 72ARM7MA e 3] EaliErizt Sl el
St WA w28l S5 daatel AR

AAEE HFaALo e W& T XéﬁFE T3k Hg7g
AZsh= dolls W4 E A kot ol
W3l= Arrhenius?lo] §-gatt} 22

Arrhenius®] © 2HE] Eag T3 PEG 7|AleIA 1675.15 keal/
mole, 37 Aol 787.63 keal/moleit, 20°CellX 2 kgks T+
3 PEG 7|AlolA 4.924x107 hr?, EE71AIA 5307
10 hr'o}lth(Table D). whebA <84 A2 A= okEo)
80°C, 192717744 Bl ©A) k& witepsol H1590A 7 <+
AT Typed BH0) 213,241A)711 PEG 7|AlollA 2 thgo®
QPHSIA O™ Tyl k0] 1988A17KQ1 E71A] £2 = 3t
Atk o]AL PGE,9] #3817} el ddiMe= A 9T
Ou}f RS TR e 1AM ol RS & 2%
AME HEE & 7 Aor T84 ZiAleMET 284 V)
Alelld eFg/do] v & ‘:]’T: Buge Ax)ditt, 72 PEG
G A nt Z87A4 ] PGE, 2] Hddo] HofR|=

Table I - Activation energies and predicted stability of PGE; in PEG vehicle and mixture of vehicles in urinary suppositories at 20°C

Ea (kcal/mole) k (hr'h) tp (day) Tggy, (day)
pH 7.4 buffer solution 22.166 7.041x10* 410 6.2
PEG 1676.15 4.924x107 58641.4 8885.1
Mixture vehicles 787.63 5.307x10° 544.1 82.8
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= Az AR tween 809 ZHgol2t AYZFET, tween
S 7o g dojut pHeY WMsht 52 ARSI 9] 2
AAQ 2807 Q3lo] PGE,d Fal7t 2RHUCB P 4zt
Aot w3k PEG 1500 714 ARAlS] ol AE 428 st
Qo Btalar gAellrct &x QPgst 212 PEG 4000
7 E3tgo] Qe TANEEAN B9 S50t S8Rt
% gojx)7] wizolct.

o]

UHEAIY

Witepsol H15, PEG, PEGS} witepsol] 371411 Al F5
o] QEHAZ &AL AHE Fig. 3o ERASITE Al 714
X5 %7] phasecl PGE,;2] dzo) W £ HEHoH
1 ZPME E7|AIM Y PGE,2] WESTIF AY wsih
o= okEukEd]| gloja] ARBYAY] FFHet Tt HEY &
Aol FES m)A 5= ke 2192 ks w E97)A| i<
PEGS} witepsol H155 8417171 $13ll ARS8t tween 802 <
Folgha Azt

2% YollXel 843} in vitro A8 WE 0] gol
tErg wEdnrt dXEAE AT PGE, o9 W
WS 98k Aol QlojA] Z7)el W] §&FH ves A
= vtk & 4= 9l

PEG 71#18} witepsol H15 71#l= Aujellx] £&F= 7]4o]
U2 PEG2] 735 Aol 2Jeh g3l witepsol H152] 73
2= F 2o g3 §8E o= oREo] WEEY AAE PEG
A2 #AAE 25°C, 35°C H 45°C] 77t the LEelM &
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Fig. 3 — Release of PGE, from urinary suppositories containing
different vehicles in phosphate buffer pH 7.4 at 37°C. Key :
M witepsol (n=6), A: PEG (n=6), @: the mixture of
PEG and witepsol (n=6).
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AFHG o 7] W 253} 57K 2 5T okl
2w g25o] Ugtou) 58 o] ¥ nlxdt HEdE vet
Uiglth. o]& w)Fo} Kol PEG 7|A2 A LEHTE §FY
o gafl T E JTL Pk AME ¢ 5 Atk 2=2AY
medium$) =7} S48 FHu AelEel 2ol uebA get
VR 1 vivodE i vitro AT Aol ohE P
1 % gitk. AAZ witepsol H15 7148 PGE, #A4E pH
5ollA A3 As pH 74% wlBnt 2719] WEe] A9e A
= YRt ‘

ERETIAH

71N =M MEo| 9 - okEo) FaE o9 E2i5iEty
Aol ARgE &AL FHY TR e E 22k
A5t 71A) 2A3e] Wb Fakekde] gl mEkA 7]
Aol gk Fxke] J3ke dolrr] Yol witepsol”]Al, PEG
714 % PEGS} witepsol®] ER71A|9] S F-FHEE AR}
ThFig. 4). T3 A2 T2 7)Aol TUT FAEAS AREt
Qe ALY T3 1 Z(Fig. 5~6)8 T3 AN FHEAAE
AbekA eske wis E71ACIAS] PGE Y F3#e] o
7)Aol wis) AA3]) Bkt 5% oleic acid®} 5% lauryl lcohol
o) BHEANAS AMENE s At AT 22 PEG
7)Aol PGE, ) 537t EA =4 vt 18] 3 witepsol
7} EG714019) PGE 8 T = RIS ¢1= ©F
o] Hol 5514l PEGS} witepsole] 71412] 2] oz 7
I} ot IR 5 71419 £3E Al ARSE tween
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Fig. 4 — Comparison of PGE, penetration in different vehicles. The
error bars represent the S.EM. (standard error of the
means). Key : A : the mixture of witepsol and PEG (n=6),
B: witepsol (n=7), @: PEG (n="7).
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Fig. 5 - Comparison of PGE, penetration in the differnent vehicles :
Lauryl alcohol 5%. The error bars represent the S.E.M.
(standard error of the means). Key : @: PEG (n=7), H:

witepsol (n=5), A: mixture vehicles (n=5).
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Fig. 6 — Comparison of PGE; penetration in different vehicles :

Oleic acid 5%. The error bars represent the S.E.M.

(standard error of the means). Key : @: PEG (n=5), H:
witepsol (n=7), A: mixture vehicles (n=5).

809] FaEZIel oJgk Zlgde] AFH 1 o]F Yobry] sl #
& 59 tween 808 Wil FAAEE e W PEG 7)A)
M= Gkl Ao witepsolol A= FHEZ a3yt ver
W} Ao o e56lAl 7)A 240l &g PGE,9] Fe] 9
e FA =X dgron g FRe FAEIA} H7HEA
= Aele 714 Z27del Wt O Falekdel 9EdE € 5 3l

T}, 5% oleic acid®} 5% lauryl alcohol®] T34 B5% PEG
Z1Ael FREX a7 EAT 48117F o] el Fajdo]
A%t 2102 Hof pH 7.4 589 F¥ PGE.S] Fall7t o]
FoARFE ¢ F Yok

AAel 3k ZaEAl= witepsolllAinc} 448439 PEG
71AlelM PGE, 8] S=E F7MZAAY, FEY o] &
PEG 7]AjollA f-50] golsl] FHFZA7} v 2 S 7|
A = Al ozlgl Az} 3k PEG 71AAY 4=l 23
AR7} FEtEE fde] YT FRFIIL vERE AP0
Azt

SNETMe] ER ¥ ST Y8 - 24 87 HLES 5
PGE,%] F3jol] A8 F3 A7 £7]Ao) 4 9] lauryl
alcohols Aty BT FXadsg vehgick 478 52
witepsol 714 aleic acid?} lauryl alcohol®th S35 1 &
W7} 7o, PEG 7]1AlolA= lauryl alcoholg AME-3S ) &
=R a7t A1 E37]AeIM = lauryl alcohole]E oleic acid
€ 5583 34 Gsith. E37)A Bake) BS ANg
AR 2421 tween 800 23l olv] FAF a7 ERE A
ElZ Jauryl alcoholl} oleic acidE 7FE w] A% FE719]
A= ¢l 239 lauryl alcohol®] A-9olls FHERAE
AREEHA] kol EVIAETE 93]y FEst o @ekth E
3t witepsol 7| A4 AREE oleic acidet PEG 1A oA &)
lauryl alcohol 5, 5% &0 £ gNE YERET
E35) PEG 7]#|°iA laulyl alcohol& AREEISIE W Hojudt &
Ag3=E R}, Fig. 7~8% PEG 71412} witepsol 7)#jol 2

4

250 i__,__._
200 +
150 A /
o
)

100

@/
/ / _—

Penetrated amount of per unit area(ug /1.327cn’)

P

0 24 48 72
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Fig. 7 - Effect of oleic acid concentration on PGE, penetration in
witepsol vehicles. The error bars represent the S.E.M.
(standard error of the means). Key : ¥: 10% (n=6), A:
5% (n=7), @: 2.5% (n=>5), W: control (n=7).
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500 Table II - Evaluations of Permeability coefficient & Enhancement
ratio
E Permeability coefficient o .
400 . ancemen
S Penetration enhancer (Pm=K - D) . atio
g (mean value=xs.e.ma)x 10"
2
T 3004 PEG 0.493+0.188 1
& PEG+oleic acid 5% 5.9536+1.438 11.95
§ PEG+lauryl alcohol 2.5% 45710217 2.098
5 PEG-+lauryl alcohol 5% 8.498+1.667 17.06
o 2007 PEG-+lauryl alcohol 10% 89241948 1801
3 witepsol 0.766+0.095 1
5 witepsol+lauryl alcohol 5% 0.976+0.382 127
3 100 witepsol+oleic acid 2.5% 1.607+0.182 T 210
g / witepsol +oleic acid 5% 2.651+0.893 346
5 o " witepsol+oleic acid 10% 42441113 554
0 mixture (PEG-+witepsol) 1.774+0.382 1
mixture+oleic acid 5% 1.426+0.571 0.804
N 20 40 60 80 mixture+lauryl alcohol 5% 0.889+0.287 0.501
Time(hr)
Fig. 8 - Effect of lauryl alcohol concentration on PGE; penetration = MBS Jauryl alcohold) EXEHE A & Qo)

in PEG vehicles. The error bars represent the S.E.M.
(standard error of the means). Key : ¥: 10% (n=6), A
5% (n=7), @: 25% (n=>5), M: control (n=7).

FEE 23S w9 PGE\ 9 ¥
vl gk Zlojr},

AZRE XFo R Y] WA Fage YEOR zaﬂ.ﬁ;

a8 19 7e7125E FlwxE 7ok, 2 We) AA F
%JE 1}0] permeability coefficient(P,)E -3ttt —r»}—z—T
IAS 2361 2 AAY] PGE,S fluxE 1% Bots ™ ER
22} o] Faigint 7

The PGE, flux with enhancer

ER= - 1
R The PGE, flux without enhancer @

—r*}iﬂ A9 F7 9 2zt F%o e permeability
coefficient(P_ )¢} enhancement ratio(ER)& Alt151e] Table Il
sttt

Oleic acid®] 3% Cy3 AFE 7ROl cis ©lFZA 7] aolA
o] o)z} xd FRUR Solrbd R T3 W) 7}
Az AL T2 A f%5sklipid fluidization)2h A4
A} B21@A}(lipid phase separationys Y0714 ®th. o|EA &
o] ok Ezlrrl ZoiEE Ao Awsla Aok Lauryl
alcohol®) B3 2R gap= ZhaZe) o FA A BhAlE
CieiT B #H2 AAE AR C,2 I EJC= oleic acid%}
SABHA A EFE FEE Aok AdEAdAe] 7Ag-ell=
C,, hydrophobic group®] #1715} monomers =9 4
e w3Fy EaEAA4Z 28] d7l coil AEIQ] open
cyclohexane T2 Zg3tA Hedf oleist 7RE o|F= £
A= Ha Cpolv Bajeko] 2e4E ey} Fovt A
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ORE] ekE9] AHQof= oleic acid 7P FX A O ¢
F o} PGE,2l 7ol lauryl alcoholdld] o Sxlgaprt &
Aow Yehit), 0|2 FaEA e et alkyl chain®] 2
o)7} oF C,2H= B8 Ux)ap3? zbdZo) tgk PGE,S) &
=7} oleic acidoll &8k 2 B} laury] alcoholl] 218 o AA
R A7 AX7] wiEd Aoletal Azract.

& =
20l PGE,o] QA4S FlAstan

Eok AA A Helde Lt
ITAG) A F

St w9 Bkt of
ﬂ%-m% oA 2] whE 2
PEG 7]A), witepsol 71#l, PEGS} witepsol®] &
F9 VAR a5 AE Az

2. o] Al 7F4 71A1el4Q) PGE, 252412 ¢S Hrist
7} 98te] kg ABS skela 2 A ALA 71AIQ)
witepsolelA12] PGE2 80°C, 192A17k4] &2l Wagrt gl
omn) PEG 7149 2] PGE,2] §-a7|%ko) 88851, £71A
oA 82.8d0% Uehr =o] o] 71t A2 witepsolel
A2l etiAde] 714 Holwk PEG 71A|, 8714 =42 oy
=

3. 53 A 71 7)Ao E WEAPE A T4
A} o] ==t dels AR E371A 0.8342, PEG
71AelAt 0.858%, witepsolol ] 1.0378- 0.2 E&7|AoA2

&7} 7P wstot Al 7)Aol B tiAA o2 27] phase

o W £E7 FEH3Ith

4. 84 AF HRE A3 PGES] FHAIR 3loiA Al 7t

A A F EF7IAAAL] PGES) F7t 7R e Rion &
A AMS v S asrt A Gl oot
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o] $#% &I} Zon 3] PEG 71AelA lauryl alcohotS:
A}%O}M HH #As EnEA g g 4 gglon £ 7)
A BF, FAERA) B GEH0R T} S

5. o]24 2FAelMS) PGE,2) oFdAel /W91, PGE,
o) ERFFE 7Y 24S WSIAY FAEIAS o) §
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