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Abstract—To evaluate the feasibility of transmucosal delivery of methionine enkephalin analog, [D-ala?]-me-
thionine enkephalinamide (YAGFM), the influence of pH, temperature, ionic strength and initial peptide concen-
tration on the physicochemical stability of YAGFM in aqueous buffered solutions were investigated using
a stability-indicating HPLC method. The degradation of YAGFM followed the pseudo-first-order kinetics. From
the pH-rate profile, the maximum stability of YAGFM was shown to be at the pH of about 5.0. The half-
life for the degradation of YAGFM was found to be 181.3 days at pH 5.0 and 37C. Arrhenius plots of the
data obtained at 25~45C were reasonably linear with a correlation coefficient greater than 0.99, and the
activation energy was calculated to be 8.9 kcal/mole. A higher ionic strength and/or a higher peptide concentra-
tion in buffered solutions retarded the degradation of YAGFM.

Keywords [ ] methionine enkephalin analog, [D-ala’]-methionine enkephalinamide, stability, aqueous solution,

pH-rate profile, ionic strength.
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Chart 1. Molecular structure and sequence of [D-ala?]-me-
thionine enkephalinamide.
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Fig. 1. First-order degradation profiles for [D-ala*]-methio-
nine nekephalinamide in pH 0.02 M phosphate buffer (pH 74,
#=008) at various temperatures.
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Fig. 2. Arrhenius plot of log rate constant vs 1/T for the
degradation of [ D-ala®]-methionine enkephaliamide in 0.02 M
phosphate buffer (pH 7.4, p=10.08).
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Table I. Rate Constants and Haif-Life (t,) for the Degrada-
tion of [D-Ala?]-Methionine Enkephalinamide in Various Bu-
ffered Solutions (u=0.35) at pH 2.0~100 and 37£ 02T

H Rate constants tae
p (X 10° day™?) (day)
2.0 5.94 116.7
30 5.40 128.3
4.0 480 144.6
5.0 3.82 181.3
6.0 4.35 159.5
7.0 648 106.9
8.0 7.69 90.2
9.0 9.66 71.7
100 11.68 394
1.2
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Fig. 3. pH-rate profile of the degradation of [D-ala*]-methio-
nine enkephalinamide in various buffered solutions (u=0.35)
at 37+ 02T for 50 days.
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Table II. Rate Constants and Half-Lile for the Degradation
of [D-Ala’]-Methionine Enkephalinamide in 0.02 M FPhos-
phate Buffer (pH 7.4) with Various Amounts of Sodium Chlo-
ride at 37+ 02T

Ionic strength Rate constant taye
(w (X10° day™) (day)
0.08 35.2 19.7
0.3 16.3 42.5
0.7 14.0 495
10 7.3 94.9
2.0
1.6
-
g
: 1.2 0O
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Fig. 4. lonic strength dependence of the degradation of [D-
ala®]-methionine enkephalinamide in 0.02 M phosphate buffer
(pH 7.4) at 37+ 02T .
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Table III. Effect of Initial Peptide Concentration on Rate
Constants and Half-Life of [D-Ala®]-Methionine Enkephali-
namide in 0.02 M Phosphate Buffer (pH 7.4, u=0.08) at 37+
0.2t

2. 784 % YAGFM®] Fa] & o] 2757} b——o}@—/‘ﬁi
EA&Est Adsgien 27 el ¥Rt
% l";rw}l?} AA = AdFE Jehfi sk

3. ¢#84F YAGFM® <1Ae] RE2%, pH, o]
AR g’l 27155 5ol &8 das& =ZA ] wfFol

=

Initial peptide concentration Rate constant tye
(ug/mi) (X10° day™) (day)

30 60.1 115

50 40.6 17.1

100 25.6 27.1

200 20.5 338
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