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Abstract

The degradation kinetics of LL-D49194a;, were studied over the pH region 1-13. The contribution of the
buffering agents to the degradation has been analyzed using appropriate model equations.
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LL-D49194«, (LLD, Fig. 1) is an antibiotic
which has been shown to have antibacterial and
antitumor activity (Lee et al., 1986). Although
cardiotoxicity has been observed recently (Cas-
sidy et al., 1993) the substance is still under
further investigation. It has been reported to be
unstable in solution (Lee et al., 1986), however,
no details of the degradation process are avail-
able in the literature. Preliminary investigations
gave indications for buffer-catalyzed degradation.

LLD (Lederle, American Cyanamid Laborato-
ries, Pearl River, U.S.A.) was used as such. All
other chemicals were of analytical grade. For the
kinetic studies the following aqueous buffer solu-
tions were used: pH 1-3, perchloric acid; pH
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3-6, acetate; pH 6-9, phosphate; pH 9-11, car-
bonate; pH > 11, sodium hydroxide. A constant
ionic strength of 0.3 was maintained for each
solution by addition of an appropriate amount of
sodium chloride, except for solutions where the
hydroxyl concentration exceeded 0.3 M. The ki-
netic experiments were performed at 25 + 0.2°C,
protected from light. The reactions were initiated
by adding 50 w1 of a methanolic stock solution (2
mg/ml) to 2 ml pre-heated buffer solution. At
appropriate time intervals 20 wl samples were
taken and analyzed directly by HPLC using a
stainless-steel column (12.5 X 4.0 mm i.d.), con-
taining Lichrosorb RP8 (5 pm) material (Merck,
Darmstadt, Germany) and a mixture of 5 X 1073
M potassium phosphate (pH 7) and methanol
(45:55, v/v) as the eluent. Detection was carried
out at 254 and 405 nm.
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Fig. 1. Model and contribution of the macro-reaction con-

stants to the overall degradation profile of LDD in the ab-
sence of buffers.

For the determination of the pK, value of
LLD the absorbance of a solution of 33.3 ug/ml
was measured at different pH values at 270 nm.
Using Eq. 1 as model equation a pK, value of
10.3 £ 0.1 was calculated.

Ka
€0+€1'[I_I—+]
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+___
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The sum of the molar concentrations of the
protonated and deprotonated LLD is given by C.
For the molar extinction coefficients of these
species (indicated by €, and ¢,) values of 3.90 X
10* and 2.42 X 10* were obtained.

The degradation rate constant, k., was mea-

sured at constant ionic strength for a range of
buffer concentrations.

The degradation profile is described by Eq. 2
if the solute is subject to a single and the buffer is
subject to three and by Eq. 3 if the buffering
agent is involved in two successive protolytic equi-
libria (Van der Houwen et al., 1988, 1994).
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The observed rate constant is a linear function

of the buffer concentration C, . The first part of
Eq. 2 and 3:
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(the intercept) corresponds with the buffer-inde-
pendent, and the second part of these equations
(the slope) with the buffer-dependent contribu-
tion to the degradation. When the buffer concen-
tration is varied at fixed pH and fixed ionic
strength the contribution of both parts can be
calculated.

The buffer-independent contribution was ana-
lyzed using Eq. 4 as a model:

MZ M3
M- [H+] +M, + [—I:I+_] + m‘i
kobs= Ka (4)
1+ ——[H+]
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Table 1
Macro-reaction constants and K, value
pK, value of LLD
K, 54+22x107"'M™!
(pK, 10.3+0.2)

a

Macro-reaction constants of the buffer-independent
degradation of LLD
M, 32+405x1072M 15!
M, 64+14x1077s7!
M, 91+23x10715 M!s™!
M; 54435%x1077 M?s7!

Macro-reaction constants of the buffer-catalyzed degradation
Phosphate-catalyzed degradation
ME 54+08x1073s7!
MEB 38+25%x107° M!s~!
MP 9.0+07x10"P M2s7!
M3 -
MP -

Carbonate-catalyzed degradation
ME -
0
ME 91+155x107 12 M2s7!
MP 68+ 05x10720 M2s~!
ME -
3

The macro-reaction constants M, — M; and
the K, value, are given in Table 1. Their contri-
bution to the overall degradation profile is illus-
trated in Fig. 1. The degradation profile is almost
entirely described by the first three macro-reac-
tion constants (M, — M,). The fourth macro-re-
action (M,) only contributes to the pH profile
above pH 12. The pK, value calculated from the
degradation profile (10.3 + 0.2) corresponds well
with that from the pH-absorbance profile (10.3 +
0.1).

The macro-reaction constants are related to
the individual reaction constants according to Eq.
5-8:

M,= kl}{{LLD (5)
M1=kELD"Ka+kIS-ILLD (6)
M, =kip— K. +kifip K, (7)
M;=kPib— K. Ky (8)

The superscripts H, S and OH refer to the
proton-, solvent- and hydroxyl-catalyzed reac-
tions, and the subscripts HLLD and LLD~ de-
note the protonated and deprotonated species of

LLD, respectively. The macro-reaction constants
M, and M, are both related to two kinetically
indistinguishable micro-reactions. The contribu-
tion of the separate reactions therefore cannot be
calculated from the macro-reaction constant.
However, it is possible to estimate the hypotheti-
cal maximum possible contribution of each reac-
tion neglecting the contribution of the other reac-
tion. In this way, an indication can be obtained of
the order of magnitude of the micro-reaction
constant necessary to contribute significantly to
the observed degradation. The calculated values
thus obtained are given in Table 2. The calcu-
lated limiting value of kj} - is, compared to the
other micro-reaction constants, extremely high,
which suggests that it is improbable for this mi-
cro-reaction to contribute significantly to the
macro-reaction. Its high value reflects the low
value of the product [H*]-[LLD~] due to the
high pK,.

The contributions of the buffer to the degrada-
tion were calculated as the slope of the plot of
ks vs C (Eq. 2 and 3). The obtained values were

Table 2
Reaction constants and micro-reaction constants

Calculated values of the reaction constants of the proton-,
solvent- and hydroxyl-catalyzed degradation reaction of LLD
K&iip 32x1072 M 1!

Kiiip 6.4x107 712
OH

KSR, 9.1x107 ' M1

KB - 14x1074M~1g 12
Is'LD -4 —1a

Kip- 2.0x107%s

KSOH 12x1072 M~ 157!

Individual micro-reaction constants contributing to the
buffer-catalyzed degradation of LLD

K9 541073 M1t

KHpPos <8 X10"tM~lsia
KHFPOZ™ 20x107 5 M 1g1ta
K04 <5 X1077M ls1a
K HaFor 26%x1072M"1g1e
KHEos <2 x107'M~lg-1a
KS93, 24x1073 Mg 1a
K505 <2 X107°Mts1a
KHGOs 34X1073M_,s"'2

# Values obtained by neglecting the corresponding kinetically
indistinguishable reaction.
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subsequently analyzed using Eq. 9 and 10 as
model equations for phosphate and carbonate

buffer, respectively.

slope
MB MB MB MB
MP+ e s e
_ [H'] [H*] [H']T [H']
B K7 K5 K3 Ky
N N, A
[H*] [HT [HT [HY]
9
My MP O MP
ME+ ] + - 5+ P
slope = [H] [H] (10)
Ky LS K3

1

T T T

The pK, values for the phosphate and the
carbonate buffers were taken from the literature
(Weast, 1988). For the phosphate model the con-
stants K7 were calculated with Eq. 11-14, and
for the carbonate model with Eq. 15-17 (Van der
Houwen et al., 1994):

c__ LLD phosphate
Ki=K,””+K} (11)
c__ LLD , phosphate phosphate phosphate
KZ_Ka Kal +I<al KaZ
(12)
c_ LLD , phosphate | phosphate
K 3 K a K al K a2
phosphate |, phosphate phosphate
+K al K a2 K a3 ( 13 )
c_ LLD , phosphate | phosphate phosphate
K 4 K a K al K a2 K a3
(14)
c LLD carbonate
K=K, +K (15)
c __ LLD , g~carbonate carbonate , g~ carbonate
KZ_Ka Kal +Kal Ka2
(16)
c LLD , g~ carbonate , g~ carbonate
K3 -Ka Kal Ka2 (17)

The calculated macro-reaction constants MP-
Mp are given in Table 1. For the phosphate
buffer the macro-reaction constants My and M}
contribute significantly to the degradation profile.
The contribution of MP is hardly significant as
can be seen from the estimated error. Its calcu-
lated value is therefore not more than an indica-
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Fig. 2. Model and contribution of the macro-reaction con-
stants to the phosphate-catalyzed (dotted line), and the
cabonate-catalyzed (dashed line) degradation.

tion of the upper possible limit of its order of
magnitude.

No reasonable estimates of My and M can
be made in the pH range studied. This is a
problem inherent to the fact that buffers can only
be used in the limited range of pH=pK, +2
units.

For the carbonate buffer only M2 contributes
significantly to the degradation. The contribution
of the constant M2 is at best an estimation of the
upper limit of its order of magnitude. The contri-
butions of the macro-reaction constants to the
buffer-dependent degradation are illustrated in
Fig. 2.

The relation of the reaction constants of the
individual reactions and the macro-reaction con-
stants is given by Eq. 18-22 for the phosphate
buffer.

MY - kS (18)
MP — K KE2 + ERIBe KMo (19)

B _ ;, HPOZ~ . phosphate , phosphate
MZ - kHLLI“) Kal KaZ

+ kE]_z,SQ; KaLLD + Kzf)lhosphate (20)
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3
B kf{%i K phosphatc K phosphate | K phosphate

+ kHPO4 K;‘LD + Kéalhosphate . K;)Zhosphate

(21)
M — k PO4 K LLD Kphosphate Kphosphate
‘K£3h05phate (22)
and by Eq. 23-26 for the carbonate buffer:
o = kHirp’ (23)

HLLI% KLLD +kH2CO3 Kcarbonate (24)
M = kHLLD Kcarbonate Kcarbonate
+ k{lfgj 'K;“LD +K§§1rbonate (25)
- CO LLD carbonate carbonate
kO3 KHP . K¢ Ke (26)

The species of LLD involved in the reaction
arc indicated by the subscripts of the reaction
constant, the catalyzing buffer species being indi-
cated by the superscript of the reaction constant.

The calculated reaction constants of the indi-
vidual reactions are listed in Table 2. In the case
where the macro-reaction constant was related to
two kinetically indistinguishable reactions the
maximal possible contribution of each reaction
(neglecting the contribution of the corresponding
reaction) was calculated.

The results obtained from the calculations in-
dicate that it has been possible to analyze the pH
degradation profile of LLD in both the absence

and presence of degradation-catalyzing buffer
species. The pH profile in the absence of buffer
could be explained over the pH range of 0-14.

The buffer-dependent degradation could, ac-
cording to the nature of the use of buffers, only
be investigated over short pH ranges. The linear
relationship between buffer concentration and its
contribution to the degradation rate enables to
separate the contribution of buffer-catalyzed
degradation from proton-, solvent- and hydroxyl-
catalyzed degradation.
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