2FA1313 7] (1996), #1264 A 3%
J. Kor. Pharm. Sci., Vol. 26, No. 3, 175-185(1996)

24 A 2fst 577|°| o 593z zo|MAl
3! [D-2}]-20]Al °“5‘1Im loto|=2| 2all AH

HOIR' - upolz - 8 &
S0 Ay ST oSyt
(19964 69 182 H%)

Iﬂla’

y

Inhibition of Enzymatic Degradation of Leucine Enkephalin and [D-Ala’]-Leucine
Enkephalinamide in Various Rabbit Mucosal Extracts by Inhibitors

In Koo Chun', In Sook Park and Jeen Hyun

College of Phrarmacy. Dongduck Women’s University.
Seoul 136-714. Korea

(Received June 18, 1996)

To inhibit the enzymatic degradation of leucine enkephalin (Leu-Enk) and its synthetic analog,
(D-ala®)-leucine enkephalinamide (YAGFL), in the nasal, rectal and vaginal mucosal and serosal
extracts of rabbits, effects of enzyme inhibitors such as amastatin (AM), puromycin (PM), thior-
phan (TP), thimerosal (TM), EDTA, N-carboxymethyl-Phe-Leu (CPL), phenylethyl alcohol
(PEA), phenylmercuric acetate (PMA), benzalkonium chloride (BC) and modified cyclodextrins,
alone or in combination, were observed by assaying the pentapeptides staying intact during in-
cubation. Mucosa extracts were prepared by exposing freshly-excised mucosal specimens mount-
ed on Valia-Chien cells to isotonic phosphate buffer while stirring. The degradation of Leu-Enk
and YAGFL followed the apparent first-order kinetics. The half-lives (mean) in the nasal, rectal
and vaginal mucosal extracts were found to be 1.07, 0.33 and 1.14 hr for Leu-Enk, and 16.9, 6.2
and 6.8 hr for YAGFL, respectively. AM or PM, which is an aminopeptidase inhibitor, did not
show a sufficient inhibition of Leu-Enk (50 pg/ml) degradation in all kinds of extracts. Dimethyl-
B-cyclodextrin (DM-B-CyD) decreased the degradation rate constants of Leu-Enk about 2 or 3
times, comparing with no additive. However, the use of mixed inhibitors of AM (50 uM)/TM (0.25
mM)/EDTA (5mM) resulted in a full stabilization of Leu-Enk by decreasing the degradation
rate constants 67.3, 161.3 and 113.8 times for the nasal, rectal and vaginal mucosal extracts,
respectively, comparing with no inhibitor. With mixed inhibitors. Leu-Enk remained intact more
than 90% after 6 hr-incubation. In the stabilization of YAGFL, AM, TP or CPL alone showed lit-
tle effect, and some additives demonstrated a considerable inhibition of YAGFL degradation in
the rank order of TM > BC > EDTA. However, the addition of mixed inhibitors such as TM (0.5
mM) and EDTA (5mM) into the extracts protected YAGFL from the degradation by more than
85% even after 24 hr-incubation, suggesting almost complete inhibition of YAGFL degradation in
the extract. On the other hand, DM-B-CyD or hydroxypropyl-B-cyclodextrin (10%) were also
found to retard enzymatic degradation rates of YAGFL markedly, and resulted in staying intact
more than 80% of YAGFL in the nasal and vaginal mucosal extracts, and more than 60% in the
rectal mucosal extract after 16 hr-incubation.

Keywords — Leucine enkephalin, (D-ala®)-leucine enkephalinamide, Nasal, rectal and vaginal mu-
cosa extracts, Enzymatic degradation, Stabilization, Inhibitors. Modified cyclodextrins
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Figure 1— Effect of AM amd PM on the degradation
of LeuEnk (50 g/m!) in the nasal mucosal and sero-
sal extracts at 37°C. Each point represents the mean
of three determinations.

Key: O: no inhibitor, A: 10 M AM, A: 50 M AM, V:
100 M PM, ¥: 500 M PM

Table 1— Effect of Two Aminopeptidase Inhibitors, AM and PM. on the First-Order Rate Constants (k) and
Half-Lives (1,.) for the Degradation of Leu-Enk in Various Absorptive Mucosa Exiracts

Mucosal extract

Serosal extract

Mucosa Inhibitor
k (x 102, hr") tye (hr) k (x 10° hr?) tue (hr)
Nasal No inhibitor 80.10(21.20) 1.07(0.27) 78.70(37.05) 1.56(0.50)
AM 10 um 64.87(30.00) 1.94(0.69) 55.60(26.27) 2.31(0.82)
AM 50 pm 61.76(31.50) 2.21(0.74) 58.56(28.64) 2.51(1.06)
PM 100 um 57.69(30.56) 2.48(0.82) 54.79(23.07) 2.05(0.59)
PM 500 pm 52.92(24.96) 2.42(0.86) 61.43(34.30) 2.62(0.93)
Rectal No inhibitor 206.40(28.41) 0.33(0.03) 185.71(42.70) 0.45(0.11)
AM 10 pm 87.31(16.86) 0.92(0.23) 53.73(16.14) 1.72(0.51)
AM 50 um 71.44(14.46) 1.15(0.30) 55.97(16.07) 1.71(0.58)
PM 100 pm 6.47(14.89) 1.28(0.36) 53.39(13.47) 1.75(0.62)
PM 500 pm 66.07(13.87) 1.27(0.35) 47.05(16.46) 2.51(1.09)
Vaginal No inhibitor 130.90(49.81) 1.14(0.59) 127.33(34.51) 0.80(0.31)
AM 10 pm 30.36(8.44) 2.77(0.58) 38.78(11.11) 2.20(0.49)
AM 50 um 21.24(3.78) 3.54(0.52) 30.22(10.35) 3.05(0.74)
PM 100 pm 25.61(5.85) 3.18(0.72) 45.27(20.80) 2.58(0.76)
PM 500 pm 24.54(6.52) 3.40(0.74) 32.03(14.87) 3.78(1.21)

Data were expressed as the mean ( SEM) of the results obtained from the extracts of three rabbits. The con—
centration of Leu-Enk in the extract was 50 ng/m/.
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Figure 2— Time—course inhibition profiles for the de-
gradation of Leu-Enk (50 ug/m!) in the nasal mu-
cosal and serosal extracts in the presence of various
enzyme inhibitors at 37°C. Each point represents the
mean of three determinations.

Key: ®: no inhibitor, ©: 0.25 mM TM, A: 0.25 mM
T™/50 M AM, A: 0.25 mM TM/50 M TP, ¥: 0.25
mM TM/5 mM EDTA, ¥: 0.25 mM TM/5 mM EDTA/
50 uM TP, ¢: 0.25 mM TM/5 mM EDTA/ 50 uM AM

Table II— E£ffoct of DM--CyD) on the First-Order Rate Constants (k) and Half-Lives (ty2) for the Degradation

of Leu-Enk in Various Absorptive Mucosal Extracts

Mucosal k (hr) ti. (hr)

extract None(k.,) with DM-B-CyD(Komco) k.Xkoven None with DM-B-CyD
Nasal 0.55(0.08) 0.32(0.02) 1.72 1.43(0.24) 2.16(0.14)
Rectal 2.40(0.09) 0.86(0.01) 2.79 0.29(0.01) 0.81(0.01)
Vaginal 1.83(0.39 0.69(0.15) 2.65 0.42(0.09) 1.11(0.24)

Data were expressed as the mean (+=SEM) of three determinations. The concentrations of Leu-Enk and DM-b-CyD

in the extract were 50 g/m! and 10.0%. respectively.

J. Kor. Pharm. Sci., Vol. 26, No. 3(1996)
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Table II— Effoct of Various Inhibitors on the First-Order Rate Constants (k) and Half-Lives (t,.) for the
Degradation of Leu-Enk in Various Absorptive Mucosa Extracts Containing 0. 01% Thimerosal

Mucosal extract

Serosal extract

Mucosa Inhibitor
k (x 10% hr?) tie (hr) k (x 10% hr?) tie (hr)
Nasal No inhibitor 80.10(21.20) 1.07( 0.27) 78.70(37.05) 1.56( 0.50)
TM(A) 17.30( 4.40) 5.37( 1.83) 8.51( 0.85) 8.41( 0.84)
(A)+AM(B) 8.99( 3.20) 12.44( 4.88) 4.91( 0.56) 14.30( 1.16)
(A)+TP(C) 8.17( 2.79) 13.07( 4.92) 9.48( 3.06) 9.46( 2.21)
(A)+EDTA(D) 2.85( 0.67) 31.18( 9.86) 2.83( 0.31) 25.61( 3.24)
(A +(C)+ (D) 6.83( 1.371) 12.03( 3.15) 2.70( 0.23) 24.24( 3.45)
W+®+D) 1.19( 0.33) 86.13(34.14) 0.98( 0.10) 73.52( 8.19)
Rectal No inhibitor 206.40(28.46) 0.33( 0.03) 185.71(42.70) 0.45( 0.11)
TM(A) 36.90( 4.97) 1.99( 0.29) 30.76( 1.58) 2.27( 0.12)
(A)+AM(B) 17.61( 0.77) 3.96( 0.17) 5.24( 1.15) 15.97( 4.28)
(A)+TPC) 30.92( 4.71) 2.44( 0.45) 26.35( 2.04) 2.68( 0.19)
(A)+EDTA(D) 3.140( 0.23) 22.40( 1.49) 2.59( 0.11) 26.86( 1.11)
(A)+(C)+ (D) 2.51( 0.36) 29.75( 4.92) 2.02( 0.37) 38.78( 8.40)
(A)+(B)+ (D) 1.28( 0.24) 63.38(15.80) 1.45( 0.39) 59.46(15.21)
Vaginal No inhibitor 130.90(49.81) 1.14( 0.59) 127.33( 0.33) 0.80( 0.31)
TM(A) 16.19( 3.95) 5.20( 3.05) 22.40( 8.65) 4.47( 1.20)
(AY+AM(B) 6.80( 3.65) 21.78( 7.45) 8.01( 5.18) 28.97(10.50)
(A)Y+TP(C) 9.40( 3.85) 11.89( 4.02) 11.30( 5.97) 12.53( 4.06)
(A)+EDTA(D) 1.21€ 0.20) 63.15(11.63) 1.14( 0.06) 61.54( 3.33)
(A+(C)+ (D) 1.42( 0.21) 51.88( 7.04) 1.52( 0.26) 48.34( 6.73)
AW+@®+D) 1.15( 0.23) 69.68(16.36) 1.13( 0.10) 62.41( 5.08)

Data were expressed as the mean ( SEM) of the results obtained from the extracts of three rabbits. The con-
centration of Leu-Enk in the extract was 50 g/ml. The concentrations of inhibitors in the extracts were 50 M for AM

and TP, and 5 mM for EDTA.
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Figure 3 —Effects of some additives on the de-
gradation of YAGFL (50 pg/m!) in various mucosa ex-
tracts after 12 hr-incubation at 37°C. Each point
represents the mean (£ S.D.)) of three de-
terminations.

Key: O: TM. ®: BC, A: EDTA

J. Kor. Pharm. Sci., Vol. 26, No. 3(1996)

oA B 1x10°M E% olsllrE 2 JaEze)
2717k TM ) BC ) EDTAS] #2082 Uehgon of &
= ol4dXE BC7 TMEDH B& 485 Vel
Atk BajdaAle] = o&AHozHE BIAFYZE
50% <AIsRE ol 23ke B% (IC,)E Fig. 322
Hel 123 A v d FE29904 TMe] 0.85
uM, BC7F 9.86 uM, EDTAZ} 73.7 uM= Vet
A% A= &A= TMel 1.57 uM, BC7} 7.03
M, EDTAZ}F 20.6 pMelRiern, Ayt FEAA
= TMe] 3.22uM, BC7} 6.92 uM, EDTAZ} 41.7
UME ZH=Q). oleb o] ICe24HEl & o
T™e] ¢zg JAAYE & + slct zev TMS
FER AN YAGFLY Ealg ¢33 o

AR = E3157] Tl AR Fe] E3 ARge] &
FE A}
Fig. 4= dAZAe 23T dAAz g2z

N-carboxymethyl-Phe-Leu (CPL)™& 3%&¢] gt
Z2dd 22 £alz gy 39 zmzsb_ 12 Azt
incubation® ¥ YAGFLS] Z&E&& CPLel %kl
el Z2EF Ao 1xX10°M F=A%E 1x10°
M =7 23l8] YAGFLY Eal7} 2318 & A
o2 Jepgon o] 5k oloMe 7tel oA 3
go} gJout Hrle gv= Tk £ TMH 7
z2AH o2 §A13F PEA® PMAE 0.1mM ¥58 3
ot FZddl Hrlslm 1247F incubationdt ¥
YAGFLe] 23] dA4&& 331 tt. PEAS #H71e
A%, A3 2 A et FEAor] 2 A&
24z} 71.87 (+7.18). 26.27 (£5.53) 2 77.74 (1.
80)% olRerm PMAE #H7lgr A& 42 76.96

100
o 80F 18
£ %
g gof & a
5 \ T//
& 40| 1_ A
®r A

20 o\ o-®

ol . TTO—0-0

e ] 2 3 4 5 6 7 8
m
innibtte 9 + log C (M)

Figure 4— Effects of N-carboxymethyl-Phe-Leu con-
centrations on the degradation of YAGFL (50 pg/m/)
in various mucosal extracts after 12-hr incubation at
37°C. Each point represents the mean (£ S.D.) of
three determinations.
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Figure 5— Effects of a mixture of BC (141 uM) and
EDTA (5 mM) on the inhibition of YAGFL (50 ug/m!)
degradation in various mucosa extracts after 12 hr-in-
cubation at 37°C. Data were expressed as the mean

(£ S.D.) of three determinations.
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Figure 6 —Effects of the addition of TM (10 uM) or
BC (10 uM) to EDTA (5 mM) on the inhibition of
YAGFL (50 pg/m!) degradation in various mucosa ex-
tracts after 12 hr-incubation at 37°C. Data were ex-
pressed as the mean (x S.D.) of three de-
terminations.
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Figure 7— Time—course inhibition profiles for the de-
gradation of YAGFL (50 uM) in the nasal mucosal
and serosal extracts in the presence of various in-
hibitors at 37°C. Each point represents the mean of
three determinations.

Key: O:! no inhibitor, ®: 50 uM AM. A 50 uM TP,
A 5mM EDTA, o: 0.5 mM TM. ®: 50 uM AM/50
uM TP, ¥: 50 uM AM/5 mM EDTA, ¥: 50 uM AM/0.5
mM TM, ©: 50 uM TP/5 mM EDTA, &: 0.5 mM TM/
5 mM EDTA, ©(dotted line): 50 pM AM/50 pM TP/5
mM EDTA, @(dotted line): 50 uM AM/0.5 mM TM/5
mM EDTA
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Table IV—Effect of Various Enzyme Inhibitors on the First-Order Rate Constants for the Degradation of

YAGFL in Various Rabbit Mucosa Extracts at 37°C

First-order rate constant * (x 10* hr.,

+ SEM)

Inhibitor Nasal extract Rectal extract Vaginal extract
Mucosal Serosal Mucosal Serosal Mucosal Serosal
No inhibitor 4.099(4.354) 4.180(0.196)  11.156(5.190)  7.787(1.144)  10.220(7.806)  6.379(2.031)
AM(50 pMD) (A) 8.850(6.982) 5.180(3.132)  10.180(0.393)  4.757(0.171)  12.053(7.726)  7.466(2.669)
TP(50 uM) (B) 2.215(0.438) 2.567(0.399)  14.710(5.286)  6.104(0.457) 7.736(4.938) 5.240(0.236)
EDTA(G mM) (C) 0.316(0.053) 1.050(0.745) 1.325(0.050) 1.516(0.293) 0.555(0.257) 1.375(0.436)
TM(0.5 mM) (D) 0.508(0.138) 0.628(0.015) 0.572(0.115) 0.665(0.041) 0.573(0.270) 0.998(0.225)
A)+(B) 2.309(0.071) 3.394(1.148) 7.129(0.438) 5.180(1.235) 5.398(4.014) 7.355(3.418)
(A)+(C) 0.356(0.036) 1.087(0.470) 1.148(0.021) 1.152(0.128) 0.433(0.095) 0.949(0.027)
A+ (D) 0.359(0.013) 0.795(0.020) 0.625(0.018) 1.1 02(0.166)  0.463(0.055) 0.682(0.177)
B)+(C) 0.701(0.246) 1.250(0.040) 1.213(0.118) 1.498(0.390) 0.643(0.031) 1.602(0.951)
(CY+(D) 0.482(0.075) 0.659(0.231) 0.437(0.115) 0.493(0.014) 0.272(0.175) 0.657(0.006)
AW+®+©) 0.551(0.152) 0.852(0.230) 1.171(0.040) 1.048(0.093) 0.526(0.292) 1.10000.270)
W+ () +(D) 0.367(0.105) 0.647(0.076) 0.688(0.037) 0.669(0.073) 0.369(0.105) 0.522(0.146)

Data were ecpressed as the means (£ SEM) of the data obtained from three rabbits.
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Figure 8 — Effect of modified cyclodextrins (10%) on
the degradation of YAGFL (50 ug/m/) in the nasal
mucosal extracts.
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Table V— Effoct of Modified Cyclodexitrins on the
Degradation of YAGFL in Various Rabbit Mucosal
Extracts at 37°C

First-order rate constant (hr' x 10?)

Nasal Rectal Vaginal
None 24.93(2.16)  265.71(36.72) 99.40(10.15)
DM-B-CyD 2.93(0.27) 27.93(4.42) 5.47(0.18)
HP-B-CyD 8.14(0.73) 67.30(9.33) 6.94(1.74)

Data were extressed as the means (+ SEM) of three
determinations. The concentrations of YAGFL and DM-
B-CyD in the extract were 50 pg/m/ and 10.0%. respec~
tively.
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