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To study the feasibility of transmucosal delivery of [D-ala?]-methionine enkephalinamide (YA-
GFM), its enzymatic degradation and stabilization in various rabbit mucosal extracts were investiga-
ted by HPLC method. The degradation of YAGFM was observed to follow the first-order kinetics
and the half-lives of YAGFM in the nasal, rectal and vaginal mucosal extracts were found to be
25.7, 3.0 and 7.8 hr, respectively. However, there was no signifcant difference in degradation rates
of YAGFM between the mucosal and serosal extracts obtained from the same mucosal membrane.
This finding suggests that even a synthetic enkephalin analog, which is designed to be resistent
to aminopeptidases, needs to be fully protected from the enzymatic degradation in mucosal sites
for the delivery of the analog through mucosal routes. To inhibit the degradation of YAGFM in
various mucosal extracts, effects of enzyme inhibitors such as bestatin (BS), amastatin (AM), thior-
phan (TP), thimerosal (TM) and EDTA, alone or in combination, and modified cyclodextrins were
observed by assaying YAGFM staying intact during 24 hr-incubation at 37C. It was found from
the results that mixed inhibitors such as TM (0.5 mM)/EDTA (5 mM) or AM (50 uM)/TM (0.5 mM)
/EDTA (5 mM) provided very useful means for the stabilization in various mucosal extracts. The
latter was found to protect YAGFM from the degradation in the nasal, rectal, and vaginal mucosal
extracts by 909, 904 and 91.3%, respectively, after 24 hr-incubation, suggesting almost complete
inhibition of YAGFM-degrading enzymes present in the incubation mixture. However, BS (50 uM),
AM 50 (50 uM) or TP (50 uM) alone did not reveal sufficient inhibition except TM (0.5 mM) or
EDTA (5 mM). The adddition of 2-hydroxylpropyl-8-cyclodextrin (10%) to the nasal mucosal extract,
and dimethyl-B-cyclodextrin (10%) to the rectal and vaginal mucosal extracts reduced the first-order
rate constants for the degradation of YAGFM by 5.8, 17.3 and 8.9 times, respectively, compared
to those with no additive.

Keywords — [ D-Ala®]-methionine enkephalinamide, Transmucosal delivery, Nasal, rectal and vaginal
mucosa extracts, Degradation, Enzyme inhibitors, Modified cyclodextrins, Stabilization
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Table I1—Frotein Contents in Various Rabbit Mucosa Ex-
tracts

Mucosa Extract Protein conc? (ug/mj)
Nasal Mucosal 471
Serosal 81.0
Rectal Mucosal 195.7
Serosal 128.5
Vaginal Mucosal 108.2
Serosal 111.1

9 Expressed as meanof three determinations.
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Figure 1—Time courses for the disappearance of YA-
GFM in various mucosa extracts at 37C . Error bar indi-
cates standard error (n=3).
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Table I1—Apparent First-Order Rate Constant (k)? and
Half-Lives {t1,5) for the Degradation of YAGFM in Various
Absorptive Mucosa Extracts? of NZW Rabbits at 37°C

Mucosa Extract k (hrl, X10%) ty, (hr)
Nasal Mucosal 34.54 25.7
Serosal 3532 19.6
Rectal Mucosal 22652 30
Serosal 191.86 36
Vaginal Mucosal 96.63 7.8
Serosal 136.16 5.1

@ Expresed as mean of the results obtained from three
rabbits

®Mucosal and serosal surfaces of each mucosa were

separately exposed to the isotonic phosphate buffer so-

lution adjusted to the physiologic pH's for each mucosa:

pH 8.0 for nasal, pH 7.2 for rectal and pH 6.0 for vaginal.
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Figure 3— Time course inhibition profiles for the degra-
dation of YAGFM in various mucosal extracts in the
absence and presence of various inhibitors at 37C.
Key: O, without inhibitor; a, 100 uM BS; (3, 50 uM AM;
A, 50uM TP; v, 05 mM TM: ¢, 5mM EDTA; v, 0.5
mM TM/50uM TP; &, 0.5mM TM/5 mM EDTA; @,
50 WM AM/0.5mM TM/5mM EDTA

Ehton} Aol A FEdelq: BSHh
2 et B 7 &7k wlekaalch 3 meta-



gt #gag

Table INl—FEffect of Enzyme Inhibitors on the Degrada-
tion of YAGFM in Various Rabbit Mucosal Extracts at
37°C

First-order rate constant?

Inhibitor (hr™!, X10%
Nasal  Rectal Vaginal

None 345 226.5 96.6
BS (100 uM) 28.6 98.9 25.7
AM (50 uM) 26.0 50.9 92.1
TP (50 uM) 74 62.8 14.5
EDTA (5 mM) 115 335 131
™ (0.5 mM) 84 17.6 7.0

™ (05 mM)+EDTA (5mM) 46 15.7 6.7
T™ (0.5 mm)+TP (50 uM) 4.1 11.8 6.2

AM (B0uM)+TM (05mM) 34 3.7 39
+EDTA (56 mM)
Ko/Konin® 10.2 62.1 25.0

“Expressed as mean of the results obtained from three
rabbits

»Ratios of rate constants for None to those for the ma-
ximum inhibition
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Figure 4—Effect of modified cyclodextrins on the stabi-
lity of YAGFM in various mucosal extracts at 37C.

Key: O, without CyD: A, with DM-B-CyD: 1, with HP-
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Table IV—Effect of Modified Cyclodextrins on the Deg-
radation of YAGFM in Various Rabbit Mucosa Extracts
at 37°C

First-order rate constant (hr™!, X10%

Cyclodextrin® Nasal Rectal Vaginal
None 345 2265 96.6
DM-B-CyD 257 13.1 10.8
HP-8-CyD ) 5.9 1133 13.6
Ko/Kmin” . 58 17.3 89

9The concentration of modified cyclodextrins added was
10.0%.

9 Ratios of rate constants for None to those for the ma-
ximam inhibition.

HI AT slelo)=y B A B
ol AFHI v A4 ANF2Y2EY f=
HEZ DM-B-CyD?} 2-HP-B-CyDE o] &8t} At
F&9% YAGFM B39 nlxe 93 HES}
Ack CyDFS EAA u%, 3% 2 WY &
A5 YAGFMS 7AA &8¢ Fig 4o el
Aok vAAY 329 FoA= HP-B-CyDo] YA-
GFM<9] <t &yt Honm AN =
DM-B-CyDe] $4& ##7} g, AdgeMe
DM-B-CyD$} HP-B-CyDo] H|s:34A] & A#E |}
Elligith. AAA AE&25Y first-ordere] wel
BIHEERHSFE T3l Table IVe) Jeith ¥)
72, AR 2 AR 229F CyD EAM 443
% YAGFMo| Z+Z} 845, 704 2 68.6% &34
onj Fut &9 SE v 1 EAEEAHFE
Z+z} 58, 17.3 2 894 ZAAATH

ole} o] CyDFHol 93] YAGFMo| <H3ska
AL F2 CyD7} YAGFMS X338t Baarz
FE B3E gfog FAHHY I 43Agol of
A UL FES oo & Aojt). FH Fae B-
CyDE Zof gt £-351=(1.85 g/100 ml, 25C )7} @
31 AWFAIA Y AFEA R 8l FAL TbE
g B-CyDel fEAIEC] /MEHAUT ol F p-
CyDe} $41718 w)dsts DM--CyDE £3149(50
%) EFTol FFEHIoY ¥ A§49 F9
247802 S EY GAL £33 G
FEANE £8S dodw Ao 2§ 23]
Atk olo) i3] B-CyDE I=E8A¢A3}F 2-HP-
B-CyDe 48 o 4AE] 749 FEZ +8



A ak

At &z ol Z [D-Ala’]-Methionine Enkephalinamide®| ¥3f 2 1A% 181

I
100

_
o 80
£
g
E 60
QL
e -
e 40
20§
A 1 { o1 i
0o 4 8 12 16 2 24
Time (hr)

Figure 5—Degradation profile for YAGFM (160 uM) in
the donor cell mounted with rectal mucosa at 37C . Re-
ceptor cell did not show the appearance of the parent
peptide.
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