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Transmucosal Delivery of Luteinizing Hormone Releasing Hormone(LHRH):
Evaluation of Membrane Permeability Enhancement of [D-Ala®] LHRH

in Rabbit Mucosa and Ovulation Inducing Effect in Vaginal
Administration of Rat by the Addition of Several Absorption
Enhancers
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Youn Bok Chung and Dong Cheul Moon

College of Pharmacy, Chungbuk National University, Cheongju 360-763, Korea

Abstract—Due to the limited bioavailability of [D-Ala®]JLHRH from nonparenteral transmucosal sites
of administration, enhancement of mucosal permeability by coadministration of several protease
inhibitors and/or penetration enhancers were studied in rabbit mucosa. As a reliable bioassay
method for [D-Ala®]JLHRH, ovulation-inducing effect were measured after vaginal administration
in the rat. The permeation of [D-Ala®JLHRH through the mucosal membrane of rabbit mounted
on George-Grass diffusion cells were examined in the presence of polyoxyethylene 9-lauryl ether
(POE), B-cyclodextrin(B-CyD) or ethylene diamine tetra acetate disodium salt(EDTA). The vaginal
membrane showed higher permeability of [ D-Ala®JLHRH than the rectal and nasal membrane. POE
and B-CyD showed a small promoting effect on the membrane permeation of [D-Ala®JLHRH, but
EDTA showed significant enhancement. Ovaluation was enhanced by the coadministration of sodium
laurate(0.5%), a protease inhibitor but was not enhanced by EDTA, a penetration enhancer. On
the other hands, coadministration of sodium tauro 24,25 dihydrofusidate(1%) and EDTA(2%)
enhanced the ovulation inducing-effect 2.8 times. These results suggest that the vaginal admini-
stration of [D-Ala®]JLHRH with STDHF or sodium laurate as a protease inhibitor, and EDTA as

a penetration enhancer, may become an efective method for transmucosal delivery of [D-Ala®]
LHRH.

Keywords [ [D-Ala®] LHRH, penetration enhancer, permeability, enzyme inhibitor, ovulation in-
ducing effect
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Alek—[D-Ala*] LHRH, EDTA, POE, 8-CyD, ST-
DHF, hyaluronidase ¥ tryptophan& Sigma Che-
mical Co.8] 7L AH&-3ahgdch 19 ol BV EY, ]
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Fig. 1—Diagram of the George-Grass Cell permeation
system used for the permeation test of mucosa.
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Fig. 2—Epithelial membrane and smears of the rat
vaginal during different stages of the estrous
cycle. (A) Diestrus, (B) Proestrus, (C) Estrus,
(D) Metestrus, (E) Ovariectomized rats for 6
months.
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Table I~ Microscopic characteristics of the vaginal smear as a function of the sexual cycle

Phase Duration days Microscopic_characteristics of vaginal smears
Diestrus 1~3 Exclusively leukocytes

Proestrus ~1 Leukocytes and nucleated epithelial cells
Early estrus 0.5~1 Epithelial cells, may have some cornified cells
Estrus 05~1 Exclusively cornified cells

Metestrus ~1 Leukocytes and cornified cells

J. Pharm. Soc. Korea
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Fig. 4—Degradation and permeation profile of

Fig. 3—Light micrographs of the oviduct of rat. They
were injected with 1692 nmole/rat of
[D-Ala®] LHRH at 2 : 30 pm. on the day of
diestrus. The ampulla is considerably dilated
and contains cumulative mass in which several
ova(indicated arrow) are present. Twelve ova
were found in both oviducts in this animal.
A:(X40 magnification) B: (X100 magnifica-
tion) C: (X200 magnification)
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[D-Ala®] LHRH and its metabolites in the
George-Grass Cell mounted with rectal
mucosa.
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[D-Ala®] LHRH and its metabolites in the
George-Grass Cell. mounted with nasal mucosa.
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Fig. 7—The effect of several penetration enhancers,
polyoxyethylene-9-lauryl ether(POE), ethylene
diamine tetra acetate(EDTA) and B-cyclodex-
trin(B-CyD), on the permeation of [D-Ala®]
LHRH through the vaginal membrane in vitro.
Key: @; control, O; POE, 01; B-CyD, m; EDTA
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Fig. 8—Influence of penetration enhancers on per-
meability coefficient of [D-Ala®] LHRH across
the vaginal membrane. Error bars represent
standard errors on the mean for n=3. Asterisk
denote significant difference compared with
the control.
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WA 719 WA 7] (metestrus) Aol [D-Ala’]
LHRHE Foi& FellAls i) 5-givlel wizts]
% 9] Fresh ovaS 1% 4 glglen, @Ay
o} R0l A A7 A E7} -3 & Y27 Shed and
Cleft ovaZ 2a1& < ek wA7])e} HAF7]
AFefo| 4] Shed and Cleft ovad] 232 [D-Ala’]
LHRH F<iol sl 47} ohie} pedufztol 2j3h 7
o2 gztEi) webd 3o wizbrEESE o) §
sto] [D-Ala®] LHRH 4% F4sled= 24
A7) Aee] AHAF AHEsE o] ehddivks A
o ¢ olsith

SIMEX|7| Aol £F | [D-Ala®] LHRHE 1]
5MF0I 8t P9 IEARTEZUS (EDs)— 234
2)7] A9 el [D-Ala®] LHRHE #3714
kol b2 wiak-f- A -F Table Mol Velisich.
[D-Ala®] LHRHS] %-¢9=F 0.21 nmolesl| A& wF3)
e e] el A4S #EE 5 glgler, 104

nmole7}A] k& Z7 A H ol wa} ulghg-2 83kl

Table M—Ovulation following subcutaneous administration of [D-Ala®] LHRH at various estrous stages of the rat

“Fresh” ova
(in the ampulla)

Stages of estrous

“Shed” and “cleft” ova
(in the lower part than ampulla)

cycle at the No. of rats ovulating

No. of ova in

No. of rats ovulating No. of ova in

administration /No. of rats examined ovulating rats /No. of rats examined ovulating rats
(Meant SE) _(Mean+ S.E.)
Proestrus 5/5 10.6+ 0.65 0/5 -
Estrus 0/5 5/5 104+ 13
Metestrus 0/5 5/5 6.7+ 19
Diestrus 5/5 85+ 2.4 0/5 -

* The subcutaneous does of [D-Ala®] LHRH, 0.84 nmole/rat, was given at 14 . 30.
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Table III—Dose-response relationship in the induction
of ovulation by the subcutaneous adminis-
tration of [D-Ala®] LHRH in the diestrus
rat

Table V—Dose-response relationship in the induction
of ovulation by the vaginal administration of
[D-Ala®] LHRH, with EDTA(2%) in the die-
strus rat

[D-Ala®] LHRH No. of rats ovulating No. of ova in ovulation
(nmole/rat)  /No. of rats examined  rats(Mean+ SE)

[(D-Al2*] LHRH No. of rats ovulating No. of ova in ovulation
(nmole/rat)  /No. of rats examined  rats(Mean+ SE)

021 0/5(  00%) 00+ 0.00
042 2/A 400%) 03+ 058
063 3/ 60.0%) 12+0.73
034 4/5( 80.0%) 54+ 147
104 5/5(100.0%) 60+ 0.89

084 0/5(  00%) 00+ 0.00
251 2/5( 400%) 14+098
418 2/ 400%) 16+103
585 3/5( 60.0%) 38+ 196

EDs,=4.46(2.03 — 9.80)nmole/rat Rat: 200~240 g

EDs,=0.51(0.34 — 0.77)nmole/rat

Rat: 200~240 g

*[D-Ala] LHRH was adminstered at 14 : 30 on the day of
diestrus.

Table IV —Dose-response relationship in the induction
of ovulation by the' vaginal administration
of [D-Ala®] LHRH in the diestrus rat

[D-Al*] LHRH No. of rats ovulating  No. of ova in ovulation
(nmole/rat)  /No. of rats examined  rats(Mean+ SE.)

084 0/5( 0.0%) 00+ 000
251 1/5( 200%) 06+ 060
418 3/ 60.0%) 30+ 184
8.36 4/5( 80.0%) 34+ 169
16.72 5/5(1000%) 76+2.18

EDs;,=4.23(2.49—7.18)nmole/rat

Rat: 200~240 g

*[D-Ala®] LHRH was adminstered at 14 : 30 on the day of
diestrus.

vl sl Frlehe AR vepyth 439 el
vehd Aoz gzl visle] f-23 xpe] & el
v ZHE- Aol ol = A A& el 0, 50% e 3w
A5 vehdl= [D-Ala®] LHRHS] Foj=k2(EDs)
< 0.51(0.34~0.77) nmole/rat o]t}

[D-Ala] LHRHS| X2 FojA| 5 E557
H Aol e 2R EEERE(EDs)—[D-Ala’]
LHRH&4-& dAH7og Foii] Skl utE wizt
Fr= 835 Table IVl Yelligich. [D-Ala®] LHRH
o] wiZHi =& HHS(EDs)- #3599 A|(Table 1D
¢} v)wsle] Aclglr zlol & viehfo] Aoz F
o A] EDg(4.23 nmole/rat)= 515X ED.(0.51
nmole/rat)el] B3l 8u Hx ol f-aFxtolE el
t}.

Table V= [D-Ala®] LHRHS®] in vitro A 2+E 7)o

*[D-Ala®] LHRH was adminstered at 14 . 30 on the day of
diestrus.

Table VI—Dose-response relationship in the induction
of ovulation by the vaginal administration
of [D-Ala®] LHRH, with POE(1%) in the
diestrus rat

[D-Al2*] LHRH No. of rats ovulating No. of ova in ovulation
(nmole/rat)  /No. of rats examined  rats(Mean+ SE)

084 1/5(  00%) 04+ 000
418 2/5( 400%) 22+143
585 3/5( 60.0%) 32+132
836 4/ 80.0%) 64+ 206

ED;,=3.62(1.41—9.29)nmole/rat Rat: 200~240 g
*D-Ala®] LHRH was adminstered at 14 : 30 on the day of
diestrus.

Al FAE2ET7 2 22 elhd EDTA 2%%5
Arkskel Agetez fo4d Fo WAFEETNE
s 2 s o 5 Uitk

WA dske)h. o1& in wvitro AR Fol A
EDTA~>} [D-Ala®] LHRH®] F8 *s)das<2l EP
24.11% A8 £3led® [D-Ala®] LHRH7} &=
=7] Aol Addak EalEolr] Wi RAe2 4%
o).

Table VI [D-Ala®] LHRHell #7tal 24 POE
1%% #7)ste] Adeto 2 Foi3h A 2T
o misted of 1.2ufe] WigtfEasts vfehlgl ot
EDTA #7HAs} shibrbal 2 45250k f2d

off &l F-2lgh zto]& ehliA] ¢dgkel POE= H]
oA AHEAA L YdFoF R %] Aukg ;(],:Lz‘;],o:]
oS- perturbationA| o2 oFEo] 45 E314]7|
B R 4 A gl B o o] Hul iy At
lag timeg #A3F] ZFAF o FHEE FAF
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Table VII—Dose-response relationship in the induc-
tion of ovulation by the vaginal administ-
ration of [D-Ala®] LHRH, with STDHF(1%)
in the diestrus rat

Table IX—Dose-response relationship in the induction
of ovulation by the vaginal administration
of [D-Ala®] LHRH, with STDHF(1%)-+
EDTA(2%) in the diestrus rat

[D-Ala*] LHRH No. of rats ovulating  No. of ova in ovulation
(nmole/rat)  /No. of rats examined  rats(Mean+ SE.)

042 0/5( 00%) 00£000
084 1/5( 200%) 04+ 040
251 2/5( 400%) 12+ 080
418 3/5( 60.0%) 261133

ED4,=3.05(1.12 — 8.35)nmole/rat Rat: 200~240 g

[D-Alz] LHRH No. of rats ovulating  No. of ova in ovulation
__(nmole/rat) /No. of rats examined  rats(Mean+ SE)

084 1/5%200%) 06+ 060
167 3/5(60.0%) 24+ 150
251 4/580.0%) 38+128
3.34 4/580.0%) 541234

EDs,= 1.50(0.86 — 2.60)nmole/rat Rat: 200~240 g

*[D-Ala®] LHRH was adminstered at 14 : 30 on the day
of diestrus.

Table VIII—Dose-response relationship in the induc-
tion of ovulation by the vaginal adminis-
tration of [D-Ala®] LHRH, with sodium
laurate(0.5%) in the diestrus rat

[D-Al] LHRH No. of rats ovulating  No. of ova in onation
(nmole/rat) /No.of rats examined  rats(Mean+ SE)

084 1/5(200%) 1.0+ 000
167 2/540.0%) 1.0+ 063
251 4/5800%) 241075
418 4/5(80.0%) 44+129

EDy,=1.72(0.93—3.19)nmole/rat Rat: 200~240 g

*[D-Ala"] LHRH was adminstered at 14 : 30 on the day of
diestrus.

chill s A A RS vehbA] 9 H o o]
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7Z3elt}, STDHFE= [D-Ala®) LHRH®] 853 A
2ol EP 24118 oAjsled om® vigb- e ave o
Z7el vste] 14w A= %24 oA Sok= 731}"2—
vehy ek weia] STDHF A7bell o& wiat
2 &3+ Longenecker 5ol al
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Vol. 38, No. 4, 1994

*D-Ala°] LHRH was adminstered at 14 © 30 on the day
of diestrus.
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Table X—Ovulating-inducing activity of [D-Ala®] LHRH after vaginal administration with additives to diestrous

rats®
Dose of [D-Ala®]JLHRH, nmole/rat Relative

Additives 042 084 125 167 251 334 418 585 836 16.72 EDs, nmole/rat potency
None — 0/5 - 1/5 - 3/5 — 4/5  5/5 4.23(2.50-7.18) 1.0
EDTA(2%) - 0/5 - — 2/5 — 2/5  3/5 — — 4 4.46(2.03—9.80) 0.9
POE(1%) - 1/5 — - - - 2/5 3/5 4/5 - 3.62(1.41—9.30) 1.2
STDHF(1%) 0/5 1/6 - — 2/5 — 3/5 — - —  3.05(1.12—8.35) 14
sod. laurate(0.5%) — 1/5 - 2/5 4/5 — 4/5 - —  L72(0.93—3.19) 25
EDTAQ2%)+ - 1/5 — 3/5 4/5 4/5 — — — —  150(0.86 —2.60) 2.8
STDHF(1%)
* Number of rats with induced ovulation per number of rats examined.
" Fiducial limits(95%)
* [D-Ala®] LHRH was administered at 14 : 30 on the day of diestrus.
£54 BP9 o) e (DA LHRHS) % Slol MRk 343) 37hsigiet, 0 T

8= 2 ApelE velisddh. & EDTAQY%) = DHF(1%)9} EDTA(2%)E 8-3}e} AHvter &
= POE(l%) GEARSA] wigbRE A s b & oA] STDHF ¥4 sodium laurate @5 o], mi=

A= A] g om, Faf oA a7t z1xl STDHF £+
sodium laurate AF8-A] 24 9l Xpo] 2 wi=Ekg-
wEFF FAE Ao vehdel g9 RalelAR
#7} %" STDHF(1%) 2t 3422 &7 A=
EDTAQ2%)E -8-AH-A] Z71 Mgt masbs o}
el o2 Mol slete|= ofRe] Antaa] 17
Hofo} & FAHOoZE Fojigo| o] okgel o
gstol ] o)of FapaAlal o] Frbaal el o
Nt

L_

ful
A~
T

7 =

2

NOH o

2,

1. [D-Ala®] LHRH®] & A »)7F 2 2
AAat Eago] 72 71A E9to.
o) S eshol el 49 6l
A AL o4 F sUsich 3 [D-Ala°) LHRH4
} EDTAS} 37te) o8| @Ajs) 275

=4

1_

(2

-
L

N 22 g
mL:ﬁi

i

d

,‘]5«—1

o2
>
N
O:

+7 Arel o] 315 <) [D-Ala®] LHRHE 5
VAL 747 A] AdvigR} 1Y dF
vl gho] Aledughe] ofs-g ubx] ofglri

3. [D-Ala®] LHRH®] in vitro Heb53E Zx214]7)
EDTAE #Hrlsted AAuto g Foja] wizkhfr iz}
= Az wid foldt xolE vpehA gdskch
AR utg AN el 4] [D-Ala®] LHRH2| 23] A
g37} & STDHF =+ sodium laurate?] % 7}l

N

[+2 }.g
e

5
H

M
2

=4

#

lﬂ %o

Vol. 38, No. 4, 1994

EDTA w5 FolAle] wlste] mizkfmfzsl 37
= At

9o} 7he Az o 2 HE [D-Ala®] LHRHS) 734w
FolgRzt A Felrh wssiel Ayt
oJx] 55 2314]717] $JeAE FoH9ledA )

ol o)ak b Ee] B3l A7} AR EA o] 5] Holo]
shskaA Eap} W eshs A8 2 4 Ao

=
=
-~

uAtel 2

o it AT H47I%
00-07) <3-19] -
=ah,

A7 91-05-
A el o3 =gl om oo %M

fal

Ho

1) Sandow, J., Stoeckemann, K. & Jerabek Sandow, G.:
Pharmacokinetics and endocrine effects of slow
release formulations of LHRH analogues, J. of Ste
void Biochem. & Molecular Biol, 37(6), 925-931
(1990).

2) Brogden, R. N., Buckley, M. M. & Ward, A.: Bu-
serelin. A review of its pharmacodynamic and
pharmacokinetic properties and clinical profile,
Drugs, 39(3), 399-437 (1990).

3) Walker, K. J. et al. /. Endocrinol. 103, R1-R4 (1984).



2] u}

o

450 e -

zg_f.:— .

o

L

4) Kun, H. & Jeong Sook, P.: Transumucosal Delivery
of Luteinizing Hormone-Releasing Hormone: Ef-
fect of medium chain fatty acid salts on stabilization
of LHRH in mucosal homogenates in vitro. Yakhak
Hoeji, 38(1), 67-77 (1994).

5) Jeong Sook, P., Youn Bok, C. & Kun, H.: Trasmu-
cosal Delivery of Luteinizing Hormone Releasing
Hormone(LHRH): Enzymatic  proteolysis  of
{D-Al2*] LHRH and inhibitory effect of medium
chain fatty acid salts in rabbit mucosa, Yakhah
Hoeji, 38(2), 202-210 (1994).

6) Yamashita, S., Saitoh, S., Nakanishi, H., Masada, M.,
Nadai, T. & Kimura, T.: Effects of diclofenac so-
dium and disodium ethylenediamine tetra-acetate
on electric parameters of the mucosal membrane
and their relation to the permeability enhancing
effects in the rat jejunum, J. Pharm. Pharmacol., 39,
621-626 (1987).

7) Nishihata, T., Tomida, T., Frederick, G., Rytting, J.
H. & Higuchi, T.: Comparison of the effects of so-
dium salicylate, disodium ethylenediamine tetra-
acetic acid and polyoxyethylene-23-lauryl ether as
adjuvants for the rectal absorption of sodium ce-
foxitin, /. Pharm. Pharmacol., 37, 159-163 (1985).

8) Shao, Z., Krishnamoorthy, R. & Mitra, AK.: Cyc-
lodextrins as nasal absorption promotors of insulin,
Pharm. Research., 9(9), 1157-1163 (1992).

9) Sakai, K., Kutsuna, T. M., Nishino, T., Fujihara, Y.
& Yata, N.: Contribution of calcium ion sequest-
ration by polyoxyethylated nonionic surfactants to
the enhanced colonic absorption of p-aminobenzoic
acid, J. Pharm. Sci., 75, 387-389 (1986).

10) Hayakawa, E., Yamamoto, A., Shoji, Y. & Lee, V.
H.L.: Effect of sodium glycocholate and polyoxye-
thylene-9-lauryl ether on the hydrolysis of varying
concentrations of insulin in the nasal homogenates
of the albino rabbit, Life. Sci, 45, 167-174 (1989).

11) Rugh, R.: In the Mouse, Its Reproduction and De-
velopment, Burgess Minneapolis, Minn., (1968).

12) Yamazaki, 1, Nakagawa, H., Yoshida, K., and Na-
kayama, R.: LHRH biocassay with a parameter of
ovulation-induction in the diestrous rat, J Fertil.
Steril, 22, 136 (1977).

13) Longeneker, J. P., Moses, A. C., Filter, J. S., Silver,

R. D, Carey, M. C. & Duvovi, E. J.: Effect of sodium
taurodihydrofusidate on nasal absorption of insulin
in sheep, /. Pharm. Sci, 76, 351-355 (1987).
14) Okada, H., Yamazaki, L., Ogawa, Y., Hirai, S., Yashiki,
T., & Mima, H.: Vaginal absorption of a potent lu-
teinizing hormone releasing hormone analog(leup-
rolide) in rats I: Absorption by various routes and
absorption enhancement, J. Pharm. Sci., 71, 1367-
1371 (1982).
Okada, H., Yashiki, T. & Mima, H.: Vaginal abso-
rption of a potent luteinizing hormone releasing

15

Nl

hormone analogue(leuprolide) in rats III: Effect of
estrous cycle on vaginal absorption of hydrophilic
model compounds, J. Pharm. Sci, 72, 173-176 (19
83).

16) McMartin, C., Hutchinson, LE.F,, Hyde, R. & Pe-
ters, E.: Analysis of structural requirements for the
absorption of drugs and macromolecules from the
nasal cavity, . Pharm. Sci, 76, 535-540 (1987).

17) Powell, D. W.: Barrier function of epithelia, Am. J.
Physiol., 241, G 275-G 288 (1981).

18) Yamashita, S., Saitoh, S., Nakanishi, H.,, Masada,

Nadai, T., & Kimura, T.: Effects of diclofenac so-

dium and disodium ethylenediamine tetra-acetate

on electrical parameters of the mucosal membrane
and their relation to the permeability enhancing

effects in the rat jejunum, . Pharm. Pharmacol., 39,

621-626 (1987).

Shiga, M., Hayashi, M., Horie, T. & Awazu, S.: Di-

fferences in the promotion mechanism of the co-

20)

lonic absorption of antipyrine, phenol red and ce-
fmetazole, J. Pharm. Pharmacol., 39, 118-123 (1987).
21) Van Hoogdalem, E. ]., Heijligers-Feijen, C. D., Ma-
thot, RA.A., Wackwitz, A T.E, van Bree, ]JB.M.M,
Verhoef, J. C,, de Boer, A. G. & Breimer, D. D.:
Rectal absorption enhancement of cefoxitin and
desglycineamide arginine vasopressin by sodium
tauro-24,25-dihydro fusidate in conscious rats, J.
Pharmacol. & Exp. Thera, 251(2), 741-743 (1989).
22) Mishima, M., Wakita, Y. & Nakano, M.: Studies on
the promoting effects of medium chain fatty acid
salts on the nasal absorption of insulun in rats, J.
Pharmacobio-Dyn., 10, 624-631 (1987).

J. Pharm. Soc. Korea



