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Physicochemical Stability of Leucine Enkephalin and [D-Ala*]-Leucine
Enkephalinamide in Buffered Aqueous Solution

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

Abstract—To evaluate the feasibility of transmucosal delivery of leucine enkephalin (Leu-Enk) and
its synthetic analog, [D-ala®]-leicine enkephalinamide (YAGFL), their physicochemical stabilities
in aqueous buffered solutions were first investigated using a stability indicating high performance
liquid chromatography. The degradation of Leu-Enk and YAGFL followed the pseudo-first-order
kinetics. From the pH-rate profiles, it was found that the maximal stability of the two pentapeptides
- was at the pH of about 5.0. The shelf lives (toq) for the degradation of Leu-Enk and YAGFL at
pH 5.0 and 40T were found to be 48.13 and 50.9 days, respectively. From the temperature de-
pendence of the degradation, activation energies for Leu-Enk and YAGFL were calculated to be
13.61 and 13.47 kcal/mole, respectively. A higher ionic strength and a higher initial peptide con-
centration in buffered solution slowed the degradation of the two pentapeptides. The addition of
2-hydroxypropyl-B-cyclodextrin into the peptide solution did not affect the stability significantly.

Keywords [] Leucine enkephalin, [D-ala?]-leucine enkephalinamide, degradation, physicochemical

stability.
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Fig. 1-HPLC chromatograms of Leu-Enk solutions
(pH 74) after 0 (A) and 40 days (B) at 60%.
Peak 1 indicates Leu-Enk and peaks 2, 3, 4,
5 and 5 indicate main degradation products of
Leu-Enk. Phe-Leu was used as an internal
standard (IS).
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Fig. 2—HPLC chromatograms of YAGFL solutions
(pH7.4) after 0 (A) and 40 days (B) at 60C. Peak
1 indicates YAGFL and peaks 2, 3 and 4 in-
dicate main degradation products of YAGFL.
Phe-Leu was used as an internal standard (IS).
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Fig. 3—Apparent first-order degradation profiles for

Leu-Enk (100 ug/m/) in pH 74 phosphate
buffer (1 0.4) at various temperatures.
O: 25C, A: 40T, O: 60T
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Fig. 4—Apparent first-order degradation profiles for

YAGFL (100 ug/m/) in pH 7.4 phosphate bu-
ffer (n 0.4) at various temperatures.
O: 25C, A: 40T, O: 60T
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Fig. 5—A plot of log k versus 1/T for the degradation
of Lew-Enk (O) and YAGFL (@) in pH74
phosphate buffer (u 0.4).
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Table I—First-order rate constants (k) and shelf-lives (toy) for the degradation of Leu-Enk and YAGFL in various

buffered solutions at 40C

pH Buffer Leu-Enk YAGFL
used k (X10°, day™) toos (day) k (X10°, day™) togy, (day)

2.0 KCI-HCI 342 30.8 5.52 19.1
3.0 phthalate 2.82 373 2.99 352
4.0 phthalate 248 42.6 2.55 41.3
5.0 phosphate 2.19 48.1 2.07 50.9
6.0 phosphate 343 30.7 3.22 32.7
7.0 phosphate 6.65 15.8 4.84 218
8.0 phosphate 7.77 13.6 5.30 19.9
9.0 borate 5.23 20.2 5.53 19.1
10.0 borate 6.14 17.2 12.67 83
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Table IT—First-order rate constants (k) and shelf-lives (tys) for the degradation of Leu-Enk and YAGFL in 0.02M
phosphate buffer (pH 7.4) with various ionic strengths at 40C

Ionic strength Leu-Enk YAGFL
(W k (X10° day ™ toos(day) k (X103 day ) toon(day)
0.1 10.6 9.99 13.2 7.99
0.3 9.5 11.53 9.6 10.98
0.7 8.3 12.70 6.6 1597
1.0 6.1 17.28 59 17.88

Table III—-Effect of initial peptide concentration on the first-order rate constants (k) and shelf-lives (ty) for the
degradation of Leu-Enk and YAGFL in pH 7.4 phosphate buffer(u 0.4) at 40T

Initial concentration _Leu-Enk YAGFL
(ng/mi) k (X10°, day™®) toose (day) k (X10% day™) toos, (day)
30 14.1 748 115 9.15
50 10.6 991 10.8 9.74
100 8.3 12.71 104 10.14
200 75 14.03 10.2 10.31

Table IV—Effect of HP-B-CyD on the first-order rate constants (k) and shelf-lives (tws) for the degradation of
Leu-Enk and YAGFL in various buffered solutions at 40T

pH HP-B-CyD added Leu-Enk YAGFL
(%) k (X10°, day™) togs, (day) k (X10° day™ %) toosr (day)
2.0 0 34 30.8 55 19.3
5 3.8 277 5.8 18.2
10 3.6 29.3 55 19.3
7.0 0 6.7 15.8 4.8 218
5 6.4 16.5 4.7 224
10 6.5 16.3 45 234
10.0 0 6.1 17.2 12.7 8.3
5 59 179 127 383
10 6.4 16.5 124 85
o]9] Falel wix= d3¢F-e HES H Table Il &S ZA3sled vlwy AE Table IVel] e}
A9} zho] Helo]z o] 27)p k) S4B Hild o) Weleh AAAdez v A, A4 9 el ¢
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CyDE 5 ¥ 10% ¥ 52 Arpsted wEsla A B =] 4skc) &8 BEA 2 X 2AE Hrlshr] o2
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