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Transvaginal Delivery of Luteinizing Hormone-Releasing Hormone
Using Bioadhesive Hydrogel

Kun Han', Hee Beom Park, Jeong Sook Park and Youn Bok Chung

College of Pharmacy, Chungbuk National University, Cheongju, Chungbuk 360-763, Korea
(Received November 5. 1996)

The mucosal route of administration(nasal, buccal, conjunctival and vaginal) has recently
been considered as an alternative to parenteral delivery for many peptide drugs because
enzymatic degradation of these agents may be partly avoided. The objective of these study was
to establish the optimal mucosal administration dosage form of LHRH/(D-Ala’JLHRH, based
on presystemic metabolism. We reported previously the peptidase inhibition effect of medium

chain fatty acid salts(sodium caprylate, soadium caprate and sodium laurate),

EDTA and

STDHF on the proteolysis of LHRH/(D-Ala®)JLHRH in rabbit mucosal homgenates. We also
reported that EDTA, STDHF and sodium laurate markedly increased the potency of LHRH/(D-
Ala®JLHRH solution applied vaginally. In the present study, by administration of polycarbophil
hydrogel containing LHRH the ovulation inducing activity was 3.3 times greater than solution.
These results indicate not only peptidase inhibitor but also polycarbophil hydrogel significantly
improved the absorption of this drug. The results of this study would provide the feasibility as
a rational dosage form for improving bicavailability and self administration of this hydrogel by

the vaginal application.

Keywords—LHRH, (D-Ala)LHRH, Medium chain fatty acid. Peptidase inhibition, Polycar-

bophil hydrogel, Bioavailability
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Sl g oz oFge] PAo] &S FVMZ
& itk Aol At} & FAERA| k= T
A AAE A7kt Az AAE SF5Hd =
s8R oz 239 B3-S F7MATIAY HElo]
=y Z2EQlY BAlEAE JAA 2N YAl L
2 27N & Jom EF o] AAE T8
LAE v BA Hez 1Y 13] By} rhesith 2
Aukg B3 QAT HaY AP g 72 Ma-
chida §& A9 24 7141 2M celluloses} Car-
bopolE ©14-31%] bleomycin2] ¥uH(disk) =% A3
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Scheme I—Chemical structure of eudispert hv
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Scheme II—Chemical structure of polycarbophil
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IS A28l FF o] ATFAA AALH LS
o] Br} & Ao vehd Polycarbophilvle] 223t
Ao Z7ld AUCE JehdS Ensdigitt. Eudis-
pert hvi methacrylic acid®t methacrylic methyl
ester2 TAE TEIAE anionicBAS 7R Yo
o §2 7l2Ede) ozEEe vyt 2:1 °lx
(Scheme 1), Polycarbophil® polyacrylic acids} di-
vinyl glycol (3,4—dihydfoxy*l,5—hexadiene)°] &35}
A AEFE A Z=IHoth(Scheme I). 1 &2
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LHRH, (D-AlLHRH, STDHF, EDTAE Sigma
Chemical Co.9] Z& AHE3IHT sodium laurates
Tokyo Chemical Industries Co.2] R& Algslg o
Eudispert hv 2 Polycarbophil® 2}2} Rohm Pharm
9 Goodrich Chernical Co.2) 28 AM&3HATY

MESE

ARNEEZE SpragueDawleyAd (YA, A%
120~150¢, #F 200~240 )& AL I MRV =, <
AR FE Y43t ARSIt

Eudispert hv %Y Polycarbophil 5l0|=229|
Hz=

Eudispert hv 3lo]=24-& LHRH %= (D-Ala®)
LHRH&H o A&kl Eudispert hv(5%)S 7}sln
E27 1 g9 2N NaOH 5mEqE 7tete] &3kl
A 23 o, 4£°CollA 1Y€ HRI3ld Aol A o9
%Yo o] FARNEE 34t Polycarbophil dtol=2
A& Eudispert hv lo]=243} nl3i7ix] vhio g
A Z38}1%] Polycarbophile] 2.5%7} H| %2 sl &
9 1 g ¥ 2N NaOH 10mEqE 7}8led Azs19ct
(Scheme ).

LHRH / [D-Al®]LHRH

add pH 6.0 phosphate buffer

add Eudispert hv
or Polycarbophil

Eudispert hv or
Polycarbophil Suspension

add NaOH soln.

——— mix in mortar for Smin.

stand* at 4°C for 24hr.

Eudispert hv or
Polycarbophil Hydrogel

Scheme HI—Preparation of Eudispert hv and Po-
lycarbophil hydrogel
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Eudispert hv EE= Polycarbophil 5l0|=249]

Y F0A| HiR2IFES AIE

] ol gif oldel HE o= FF o ARME
AFHsld slide glassell £33 vl #F3 dn
(Microscope. Philip Harris LTD.)22 JE¥H]E&
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717} FE A o2 VeR R A& 23] o] ERIgH &
Al A9t AF71E Okada 579 Whel
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3 % 3} du|g oz ke e FARISIH. vl
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o Litchfield & Wilcoxon® Pharmacological Cal-
culation System& °|-83%] EDy& Alxkstict. ™
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LHRH % (D-Al”)LHRHE €43 Polycar-
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LHRH & sl0|=S 22 2| X9 F0oiA| HiEhR
= SEUS(ED,)

Eudispert hv slol=242 LHRHE 32| A4
gto @ BojA] EDyE 46.57 nmoleZ Wi}
E $ATAA(EDy, : 67.10 nmole)®2t f2]&t o]
£ YehiA] 2stem(Table 1), Polycarbophil 3¢l
=282 2o]A] EDgS 20.67 nmoleZ SHFo] A
of wig} 33w Z7kE wiER=EAE VeI
(Table II). WAl o] %t glol=24-& LHRHE &
do g Eodle AR A0 EES ST A
o7 ZA59}t Eudispert hv do]=2A3% po-
lycarbophil dtel=24 AA7ke] EF Aol= o|E2
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Table I— Dose-response Relationship in the Induction of Ovulation of LHRH by Vaginal Administration of Eudispert

hv Hydrogel(5.0%) in the Diestrus Rat

LHRH Stages of No. of rats ovulating No. of ova in ovulating
(nmole/rat) estrous cycle /No. of rats examined rats (Mean + S.E)

30.0 Diestrus 0/4(0.0%) 0.00+0.00

40.0 ” 2/4(50.0%) 1.50+0.87

50.0. ” 2/4(50.0%) 2.75+1.60

60.0 " 3/4(75.0%) 5.25+1.80

EDs¢=46.57(34.99~61.99)nmole/rat

Rat : 200~240 g

* LHRH was Administered at 14:30 on the Day of Diestrus.

Table II— Dose—~response Relationship in the Induction of Ovulation of LHRH by Vaginal Administration of Po-

lycarbophil Hydrogel(2. 5%) in the Diestrus Rat

LHRH Stages of No. of rats ovulating No. of ova in ovulating
(nmole/rat) estrous cycle /No. of rats examined rats (Mean *+ S.E)
10.0 Diestrus 0/4(0.0%) 0.00%0.00
20.0 " 2/4(50.0%) 1.50£0.96
30.0 ” 3/4(75.0%) 2.00£0.71
40.0 ” 4/4(100.0%) 4.25+0.48

EDs¢=20.67(13.91~30. 71)nmole/rat

Rat : 200~240 g

* LHRH was Administered at 14:30 on the Day of Diestrus.

Table Ill— Doseresponse Relationship in the Induction of Ovulation of (D-Ald’JLHRH by Vaginal Administra

Eudispert hv Hydrogel(5. 0%) in the Diestrus Rat

tion of

(D-Ala®)LHRH Stages of No. of rats ovulating No. of ova in ovulating
(nmole/rat) estrous cycle /No. of rats examined rats (Mean = S.E)
20.0 Diestrus 1/4(25.0%) 0.75+0.75
30.0 ” 1/4(25.0%) 1.25+1.25
40.0 ” 3/4(75.0%) 4.00+1:41
50.0 " 4/4(100.0%) 6.50+1.32

EDs¢=3.04(2.05~4.51)nmole/rat

Rat : 200~240 g

* (D-Ala®)LHRH was Administered at 14:30 on the Day of Diestrus.

AR Al o] zjo] s o] Edle] uE dol=a
A 2ol SRS Aol 710 A2 Y7
g} & HubiaAde] o] & Polycarbophil 3tel=2
Ao] FojReld] LHRHE Hru}l &yzloz 43}
A7) 3L, T3 Slo|m2Ale] At 24 LHRHE
EYPANA Hho o FEHE AA W] oz A
ZvEvt, =g nEA FxRUe F12E847171 e
Ca™" s} Zelol S Al we} AT FE-R<ol
Z71= 3 olof] wel LHRHe| M2 Pzee] T3
7t &olalAe AR F4EA 7179 shz g3t
Ao AYzigc}

[D-Ala“|LHRH & S10|=2219] ZFa} F0{A|
HiEHF = SIS (ED,)

Table III, IVE Eudispert hv®} Polycarbophil
slol=2Az2 (D-Ala”)JLHRHES 2¥eez %o
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Table IV— Dose-response Relationship in the Induction of Ovulation of [D-Al&’JLHRH by Vaginal Administration of

Polycarbophil Hydrogel(2.5%) in the Diestrus Rat

(D-Ala®)LHRH Stages of No. of rats ovulating No. of ova in ovulating
(nmole/rat) estrous cycle /No. of rats examined rats (Mean *= S.E)
10.0 Diestrus 1/4(25.0%) 0.50+0.50
20.0 ” 1/4(25.0%) 0.75+0.75
30.0 ” 3/4(75.0%) 4.25+1.75
40.0 ” 4/4(100.0%) 5.50+1.19

EDsp=1.95(1.04~3.68)nmole/rat

Rat : 200~240 g

* (D-Ala®)LHRH was Administered at 14:30 on the Day of Diestrus.

Table V— Ovulation Inducing Activity of LHRH after Vaginal Administratin of Eudispert hv Hydrogel(5. 0%) with Ad-

ditives to Diestrus Rats

. Dose of LHRH, nmole/rat EDs¢®, Relative
Additives le/rat "
10.0 125 150 175 20.0 250 30.0 40.0 50.0 60.0 nmole/ra potency
None - - - - = = 04Y 24 24 34 46.57(34.99~61.99) 1.0
EDTA (2%) 0/4 - 2/4 - 3/4 4/4 - - - - 15.62(11.90~20.51) 3.0
STDHF(1%) - 1/4 2/4 3/4 4/4 - - - - - 14.66(12.53~17.16) 3.2
sod. laurate(0.5%) 1/4 - 2/4 - 3/4 4/4 - - - 13.95(10.14~19.18) 3.3

¥Riducial limits (95%)

YNumber of Rats with Induced Ovulation per Number Rats Examined.

*LHRH was Administered at 14:30 on the Day of Diestrus.

Table VI— Ovulation Inducing Activity of LHRH after Vaginal Administratin of Polycarbophil Hydrogel(2.5%) with

Addiitives to Diestrus Rats

Additi Dose of LHRH, nmole/rat ED5Oa)‘ Relative
1tives

25 50 75 100 125 200 30.0 400 nmole/rat potency
None - - - o/ 2/4  3/4  4/4  20.67(13.91~30.71) 1.0
EDTA (2%) - 14 24 924 34 - - - 8.27(4.9~13.97) 2.5
STDHF(1%) 04 1/4 24  3/4 - - - 7.29(5.10~10.4D 2.8
sod. laurate(0.5%) - /4 2/4  3/4 - - - - 6.97(5.07~9.59) 3.0

YFiducial limits (95%)

P Number of Rats with Induced Ovulation per Number Rats Examined.

*LHRH was Administered at 14:30 on the Day of Diestrus.

Eudispert hv slel=22 2 [HRHE #zjo] gaqt
o2 BAYL wo widFrEAE 33 Az
EDTA(2%), STDHF(1%) %+ Sodium laurate (0.
5 %) #71A EDge 15.62. 14.66 2 13.95 nmoleE
BAAAAE 718lx] 2 vz vias) 2 o) 3.
0~3.30 F718 MiER=EAE e, ooz
< Z¥= EDTA, STDHF % Sodium laurate?] &
Ao FolA (D-Ala’JLHRHS #8971 27
2o}l ARH AABAZ Yuhd Aos BHdA 53
7} 7F8 239 Sodium laurate®@ 714 Wil = & 247}
7V Fem E3] Sodium laurate(0.5%)2) A% ©
AN 2R g vrat g8 JeRc)

Table VI Polycarbophil dlo|=2el 52 &

F2AAS H7Rk LHRHE 352 dxd9ezs &
A& o) wREEAE 53T 492 EDTA(R%)
£ A7} EDy= 827 nmole® thzzw} vms) 2
o) 250 Z71E e Ess JeRiler, ST-
DHF(1%) %=+ Sodium laurate(0.5%) #7}*A] ED
e 7.29 2 6.97 nmoleE th2Tol vis|] zHz- 2.8ull
2 300 S7HE W EREENE VeI

ol4te] AxlzRE WMFRFE=EIHE Sodium lau-
rate(0.5%)% #7\E o 7Y & Ao Jehdo
| Eudispert hv sto] =40} H]&] Polycarbophil
sloj=2AR Rojdl g of BiFREEFA7E 1.9~2.000
=2 Aoz vERgTh uebA olzg AME So-
diumlaurate (0.5%) &-f polycarbophil dle| =272
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Table VII— Ovulation Inducing Activity of (D-Als’JLHRH after Vaginal Administratin of Eudispert hv Hydrogel(5. 0%)

with Additives to Diestrus Rats

. Dose of (D-Ala®)LHRH, nmole/rat EDso®, Relative
Additives
1.0 15 20 25 80 35 40 5.0 nmole/rat potency
None - V4”2 - 14 - 3/4 .4/4  3.04(2.05~4.51) 1.0
EDTA (2%) - - - 14 34 34 44 - 2.81(2.32~3.40) 1.1
STDHF(1%) 1/4  2/4 34 44 - - - - 1.39(1.01~1.92) 2.2
sod. laurate(0.5%)  2/4 2/4 34 44 - - - - 1.18(0.71~1.94) 2.6

Fiducial limits (95%)

YNumber of Rats with Induced Ovulation per Number Rats Examined.

*LHRH was Administered at 14:30 on the Day of Diestrus.

Table VIII— Ovulation Inducing Activity of [D—A/aSJLHH/-( after Vaginal Administratin of Polycarbophil hv Hydrogel(2.

52) with Addiitives to Diestrus Rats

. Dose of (D-Ala®)LHRH, nmole/rat EDso”, Relative
Additives
0.25 050 1.0 15 20 25 3.0 4.0 nmole/rat potency
None - /4 - 14 - 34 44 1.95(1.04~3.68) 1.0
EDTA (2%) - - - 1/4- 1/4 3/4 4/4 - - 1.52(1.02~2.26) 1.3
STDHF(1%) - 1/4 2/4  3/4 4/4 - - - 0.85(0.51~1.42) 2.3
sod. laurate(0.5%) 1/4 2/4 2/4  3/4 - - - - 0.66(0.25~0.88) 3.0

Ypiducial limits (95%)

PNumber of Rats with Induced Ovulation per Number Rats Examined.

*LHRH was Administered at 14:30 on the Day of Diestrus.

o] AW FolAA2A He} BTAYE YFekE 2
weha & 4 Yok

[D-Ala’]LHRH &% Sl0|=229] Z&at F0iA|
£ ETSTA &0 e HigRT BES
(EDy,)

(D-Ala®)LHRH ¥4 Eudispert hv stol=244] z}
% E5E0AE Alelel ddutog Eoge uf ol
E9) Wi R=E el vX)= P8RS Table VI Y}
uiglth, EDTA(%)E #7kt A$ EDye 281
nmole2 1 E%& U279 11ME veht vigie
FAe fol3t Afolg YeRA] ggitt. o9} 22 At
E 4959 nlIR 2 EDTAZ (D-Ala®)LH-
RHe] & B8 842 endopeptidase 24.11(EP 24.11)
2308 AAIEA £37] WEe s AzEt) =3 STD-
HF(1%) %= Sodium laurate(0.5%) #7112l ED
%= 27 1.39 2 118 nmole® MISHEATNE EF
o vlE] 2tz 2.2 2 268 g3 AAE Jehich
waba] ook wight e E21 &= STDHF 2 so-
dium laurate”} endopeptidase 24.15 (EP 24.15)® 2
EP 24.11%& 9Asle) #2she (D-ALJLHRHZS &
7lell wg} F71 S71E7) W2l Ao g e

(D-Ala®JLHRH &+ Polycarbophil 3lol=g7
o ZAF FFEZAY il g EREsEFe
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Table VIIIel Jehigich. EDTAC%)E A7H&
) EDs= 1.52 nmole® dZFH HlaA] 2 §%5&
1.38 2 Jeh} {23t zlo] & JehliA] g3kt ST-
DHF (1%) %% Sodium laurate(0.5%) #7}Al9]
EDg= 0.85 2 0.66 nmoleZ vl#FEa 7= tlz2d
ol wigh z}z} 2.3 2 3.000 I AHE el

Figure 12 EDTA(2%), STDHF(1%) % sodi-
um laurate(0.5%)& 713l &4, Eudispert hv
3lol=24 E Polycarbophil el=242 LHRH/
(D-Ala")LHRHE #7¢] AdZez TS W
HiFRE S-S H3|FAMR ] 2R} Blmete] AuiE
o2 Vehd Rolt}, Auddelr] 544 Ead ¢
T LHRHZF (D-Ala’)LHRHel i8] 2alAlA)
A7z AuE 2] FEATHANA & (D-
Ala®)LHRH7} &), & LHRH] F¥3]822] EP
241594729 xlo]o) vlgdled, & EDTA STDHF(
sodium laurate £22 WFREESl F/EIL
o, Hukae o] #o], & g ( Eudispert hv slo]=
278 ( Polycarbophil 3le|=24 ¢o 2 wj@fEis
o] Z7k= ATt

olde] A7ANE F¥sH EDTA(2%), STDHF
(1%) ®+= sodium laurate(0.5%)% 718 &3
¥ Eudispert hv dle|=222 3179 Ayuter
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Figure 1—The Potency(Relative to Subcutaneous)
after Vaginal Administration of solution, Eudispert
hv, Polycarbophil Hydrogel Containing LHRI/(D-
Ala®)LHRH with Absorption Enhancers. Key : (a):
control, (b): EDTA, (c): STDHF, (d): sod. laurate @:
solution, [M: Eudispert hv, N: Polycarbophil

Foig g wf o]5 Al LHRHY wlghi=ave=
g ztolE JERA] ¢siel. ol ATE Bu-
dispert hv sfol=zAle] LTHRHO &<l X3S 5
2] 9= okl P A8l o 249] 715AS AXEF
= 2ot} 39 polycarbophil 3lel=gAT T
< s Ao Fo3e wdl] vlE] 238 1.6~2
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