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Enzymatic Degradation of Leucine Enkephalin and [D-Ala’]-Leucine
Enkephalinamide in Various Rabbit Mucosa Extracts

In Koo Chun*and In Sook Park
College of Pharmacy, Dongduck Women's University, Seoul 136-714, Korea

Abstract—To study the feasibility of transmucesal delivery of leucine enkephalin (Leu-Enk) and
[D-ala®]-leucine enkephalinamide (YAGFL), their degradation extents and pathways in various rabbit
mucosa extracts were investigated by high performance liquid chromatography. The degradation
of Leu-Enk and YAGFL was observed to follow the first-order kinetics. The degradation half-lives
of Leu-Enk in the nasal, rectal and vaginal mucosal extracts were 1.62, 0.37 and 1.12 hrs and those
of YAGFL were 30.55, 9.70 and 6.82 hrs, respectively, indicating Leu-Enk was degraded in a more
extensive and rapid manner than YAGFL. But the mucosal and serosal extracts of the same mucosa
showed the similar degradation rates for both pentapeptides. The degradation was most rapid in
the neutral pH and increasing conceritrations of substrates retarded the degradation rates. The
major hydrolytic fragments of Leu-Enk were Des-Tyr-Leu-Enk and tyrosine, indicating the enzy-
matic hydrolysis by aminopeptidases. However, the data also suggested endopeptidases such as
dipeptidyl carboxypeptidase and dipeptidyl aminopeptidase could play some role in the degradation
of Leu-Enk. On the other hand, the hydrolytic fragments of YAGFL in all the mucosa extracts were
mainly Tyr-D-Ala-Gly and Phe-Leu-Amide, demonstrating the hydrolytic breakdown by endopep-
tidases. The degradation pathways were further explored by concomitantly determining the for-
mation of smaller metabolites of primary hydrolytic fragments of Leu-Enk and YAGFL in the mucosa
extracts.

Keywords (] Leucine enkephalin; [D-ala®]-leucine enkephalinamide; nasal, rectal and vaginal mu-
cosa extracts; enzymatic degradation; degradation pathway.
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Table I—Total protein concentrations in various rabbit
mucosa extracts

Mucosa Extract  Protein Conc? (pg/mi+ SE.)
Nasal  Mucosal 61.90(+ 10.46)
Serosal 47.16(* 23.93)
Rectal Mucosal 162.64(+ 22.44)
Serosal 129.70(+ 11.20)
Vaginal Mucosal 114.26(+ 4.29)
Serosal 124.97(+ 9.81)

? Expressed as the mean (+ standard error, n=3) of
albumin concentration. The total volumes extracted

from the surface area of 0.64 cm? of each mucosa were
10.5 m/.
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Fig. 1—Enzymatic degradation of Leu-Enk in the mu-
cosal and serosal extracts of nasal, rectal and

vaginal mucosae. Data were obtained from

three rabbits and error bar indicates the stan-
dard error.
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Table II—Apparent first-order rate constants (k) and
half-lives (t,;,) forthe degradation of Leu-Enk
in the extracts of various absorptive mucosae

Mucosa® Extract”® k (X10% hr '+ SE) t,,, (hr+ SE)

Nasal  Mucosal 657.4(% 263.7) 1.62(% 0.50)

Serosal 605.7(+ 223.5) 1.62(+ 0.45)

Rectal Mucosal  2085.3(+371.0) 0.37(% 0.08)
Serosal 1625.0(+ 667.6) 0.67(+ 0.28)

Vaginal Mucosal  1310.5(+496.7) 1.12(+ 0.58)
Serosal  1159.0(+ 370.5)  1.09(% 0.52)

¥Excised freshly from New Zealand White rabbits just
prior to extraction,

PExposed mucosal and serosal surfaces separately to
the isotonic phosphate buffer solution adjusted to the
physiological pH's for each mucosa.
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Fig. 2—Time courses for the disappearance of Leu-Enk
and the appearance of its various hydrolytic
fragments in the nasal mucosal and serosal
extracts.

&< 2u]gich

Fig.2-4cle 747 17, A% 4 A A% 2249%
Leu-Enk-$ incubationd}s]-& ] x| 71e] Z3}e)) o}&
Leu-Enk®] 247 23 fragment52] A L &4
z2ulel-g B Fot Leu-Enks BE F&294 )
oA o7 FFY EAES AAsEA A &

Rectal Mucosai Extract

1000
A‘A‘A t———————‘
80 e sk ———a
. O
2 st/ o
3 %0rQ * O—O: Leu-Enk
Lo g / ) ®—®: Des—Tyr—Leu—Enk
R 40 * A—A: Phe~Leu
IA A—A: ]I_'yr
% 3 .\ [0—0: Tyr~Gly
2006 e ®—¢: Phe
[ ]
0 - é =gy @ !
o] 60 120 180 240 300 360 420
Time (min)
Rectal Serosal Extract
100¢
a-h—y <0'—__—‘
80 ¢ A
[e] VR T A
T s0lQ Ao
3 601 / O—0Q: Leu—Enk
- h ®—@: Des—Tyr—Leu—Lnk
R 40 L A A—A: Phe—Leu
/ A— A Tyr
0O—0: Tyr Gly
20} o\ *—e:F
. ¥ —
o] 1 20 180 240 300 360 420
Time (min)

Fig. 3— Time courses for the disappearance of Leu-Enk
and the appearance of its various hydrolytic
fragments in the rectal mucosal and serosal
extracts.
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fragments in the vaginal mucosal and serosal
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Fig. 5—Time courses for the disappearance of primary hydrolytic fragments of Leu-Enk and the appearance of
smaller hydrolytic fragments in the rectal mucosa extracts.
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Table III—Apparent first-order rate constants (k) and
half-lives (t,,) for the degradation of pri-
mary hydrolytic fragments of Leu-Enk in
the rectal mucosal extracts

Hydrolytic fragment k (hr™Y) tyz (hr)
Des-Tyr-Phe-Leu 1.752 0.396
Phe-Leu 2.267 0.306
Tyr-Gly 0.254 2.725
Tyr-Gly-Gly 4126 0.168
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Fig. 6—Enzymatic degradation of YAGFL in the mu-
cosal and serosal extracts of nasal, rectal and
vaginal mucosae. Data were expressed as the

meant standard error (n=3).
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Table IV—Apparent first-order rate constants (k) and
half-lives (t,,,) for the degradation of YAGFL
in the extracts of various absorptive muco-

sae

Mucosa® Extract” k (X10% hr™'+ SE) ty, (hr+ SE)
Nasal  Mucosal 30.6(£ 10.7)  30.55(+ 7.56)
Serosal 296(+ 13) 2352(+1.02)

Rectal Mucosal 82.7( 16.0) 9.70(+ 2.30)
Serosal 68.5(+ 7.4) 10.53(+ 1.28)

Vaginal Mucosal 101.7(+ 1.0) 6.82(+ 0.07)
Serosal 97.1(x 12) 7.14(+ 0.09)

® Excised freshly from New Zealand White rabbits just
prior to extraction.

" Exposed mucosal and serosal surfaces separately to
the isotonic phosphate buffer solution adjusted to the
physiological pH’s for each mucosa.
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Fig. 7—HPLC chromatograms of: (A), YAGFL standard
solution (10 ug/m/) and Phe-Leu (10 pg/m/, in-
ternal standard); (B), Phe-Leu-Amide standard
solution (10 ug/m/); (C), YAGFL and its hyd-
rolytic fragment (Phe-Leu-Amide); (D), Tyr-
D-Ala-Gly fragment in the rectal mucosal ex-
tract with amastatin (50 uM) after incubation
of 16 hr at 37C.
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Fig. 8—Time courses for the degradation of YAGFL
(50 pg/ml) and appearance of its hydrolytic
fragments in the absence (A) and presence of
enzyme inhibitors such as 50 pyM AM (B) and
50 uM AM-50 uM TP (C) at 37TC.
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Fig. 9—Time courses for the disappearance of primary hydrolytic fragments of YAGFL and the appearance of
smaller hydrolytic fragments in the nasal mucosa extracts.
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Fig. 10—Degradation of Tyr-Ala in the nasal, rectal and
vaginal mucosal extracts at 37C.
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Table V—First-order rate constants (k, X10? hr!) and half-lives (t,,, hr) for the degradation of Des-Tyr-YAGFL,
Tyr-D-Ala-Gly, Phe-Leu-Amide, Phe-Leu and Tyr-Ala in the extracts of various absorptive mucosae of

" the NZW rabbit

Mucosa  Extract Des-Tyr-YAGFL Tyr-D-Ala-Gly Phe-Leu-Amide Phe-Leu Tyr-Ala
k tye k tie k tie k tis k tiz

Nasal Mucosal 8.36 829 11.86 5.85 3.35 2.07 394 018 2.26 0.31
Serosal 7.42 9.35 11.04 6.28 375 1.85 5.03 0.14 1.65 042
Rectal  Mucosal 39.10 1.77 54.68 1.27 1887 036 2617  0.03 4.85 0.14
Serosal 12.47 5.56 11.61 597 5.54 1.25 5.63 0.12 1.78 0.39
Vaginal Mucosal 27.20 2.55 1247 5.56 12.87 0.54 2.20 0.31 3.15 0.22
Serosal  35.53 1.95 7.12 9.73 434 1.60 6.19 0.11 0.21

3.27
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Primary Degradation:
.. Endopeptidases
Tyr-D-Ala—Gly-Phe-Leu-Amlde—lmé
slow

Tyr-D-Ala-Gly + Phe-Leu-Amide

Secondary Degradation:

Tyr-D-Ala-Gly Tyr+D-Ala-Gly
very slow
Phe-Leu-Amide _—ft—) Phe+ Leu-Amide
as

Scheme I—Major dagradation pathway of YAGFL in
the extracts of nasal, rectal and vaginal
mucosae of rabbits.

AEF AR $4 FAE sozie deRe)
AR 28 B A3 i) gie) A-e 5
FE R Yl Me o)) ohE AL A
g2} glct HE d=slelciAl-24.119) 379 9
AB FE7L FAA> A A A> WA Foln
A=FejctAl-29] B 32> A> Ao A A> )
29 $olslem YAGFLY] H3joll& A= ectAl-
24.117}e] Hodstgicia B =t o]Akst 7o)
oj] gote) Hukx 9 Auta 2o 2 YAGFLY
BAEHAE o2 fragmentS5e) EHEEE 2
g3l 2w YAGFL-& Scheme I3} #e] Gly-Phe
bond7} 12} Axr=lw ole] A= Tyr-D-Ala-Glys}
Phe-Leu-Amide7} 2214 0 2 Hal|5o] LA oln|x
Abe g EalE O ol AR E B4 9 v)E
AR o FIER HIEE Ao 2A¥)

H9 F&oo| pHII YAGFLE £dlofl n|x|&=
=3

et F29% YAGFLS 3ol v|x)& pHY o
& AEI] 95t Bal& et 71 @A ehd
AR A F29& dsto] Qi £ FASBEF
dog FZool pHE 35, 52, 74, 84 2 1072
FA4¥ o 2447} incubationdte] 1 AEFS )
A3 YAGFLE 1z} Ea&EeASk, X108 hr)S
T A3 7H7) 7.3, 107, 399, 206 2 7622 e}l
st olejdt A At F29F dAgY B3
EaGAe] FA H2dAM HUYL onjsie AA
olu} tzhe] o AR AL Ao FH3 3}
4281e] YAGFL S| #-3)7} A4 98 & <= qlc} o) @
Ade AR E Balshe obn| e thA 7ot

Vol. 38 No. 5, 1994

Table VI—Effect of initial peptide concentration on the
first-order rate constant (k, hr™') and half-
lives (tiz, hr) degradation of Leu-Enk and
YAGFL in the rectal mucosal extracts

Initial Leu-Enk YAGFL
concentration
(ug/mi) k tie k tyz
30 3.7 0.19 0.088 79
50 24 0.29 0.062 11.3
100 1.6 0.40 0.051 135
200 0.5 1.30 0.030 234
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