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Abstract

The purpose of this work was to study the potential for drug-excipient interactions to alter the stability of
pharmaceutical drug products. Previous studies have demonstrated the interactions between glycopeptide antibiotics
(e.g. vancomycin) and sodium carboxymethyl starch (NaCMS). A key objective of this work was to determine the
effect of NaCMS binding on the solution stability of the glycopeptide antibiotic, vancomycin. The solution stability
of vancomycin was studied under various pH and ionic strength conditions at physiological temperature (37°C). A
stability-indicating HPLC method specific for vancomycin was developed and validated for use in this research.
Vancomycin stability was evaluated alone and in the presence of NaCMS in various buffers from pH 2 to 9, and in
simulated gastric and intestinal fluids to determine if NaCMS influences the degradation rate of vancomycin in
solution. Results indicated that the pH stability profile of vancomycin at 37°C from pH 2 to 7 was slightly stabilized
in the presence of NaCMS at the pH and ionic strength conditions where binding to NaCMS was shown to occur.
© 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Glycopeptide antibiotics are an important ther-
apeutic class of compounds used for treating bac-
terial infections. Glycopeptides are potent
antibiotics and have low minimum inhibitory con-
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centrations for gram-positive strains (Biavasco et
al., 1991). They are most commonly used in the
treatment of virulent gastrointestinal or systemic
infections (Gruneberg and Wilson, 1994;
Daschner and Kropec, 1995), such as those elic-
ited by staphylococcal and enterococcal organ-
isms.  Glycopeptide antibiotics such as
vancomycin, ramoplanin, and teicoplanin are life-
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saving drugs in certain clinical situations where
first-line antibiotics (e.g. penicillins, cephalo-
sporins) result in treatment failure (Sugarman and
Pesanti, 1980; John, 1994).

The molecular structure of vancomycin hy-
drochloride is shown in Fig. 1. The stability of
vancomycin in solution has been studied by vari-
ous investigators at room temperature (Mathew
and Das Gupta, 1995) and at 50°C (Antipas et al.,
1994). The pH of maximum stability for van-
comycin was found to be between pH 3.0 and 5.7
at room temperature. The primary route of van-
comycin degradation occurs by the deamidation
of the asparagine residue proceeding through two
mechanisms: general acid- or base-catalyzed hy-
drolysis or by the formation of an imide interme-
diate to yield degradation products CDP-I or
CDP-Im (Marshall, 1965). These two degradation
products differ only in the orientation of the
chlorine on the substituted tyrosine residue at the
second amino acid position from the N-terminus.
The glycosidic linkage between the heptapeptide
backbone and attached sugars can also undergo
hydrolysis to form aglycovancomycin.

A controlled study of the solution stability of
vancomycin at physiological conditions (i.e. 37°C,
pH 1-9) has not been reported in the literature. It
would be worthwhile to determine the stability of
vancomycin in solution at 37°C over a pH range
of 2-9 and in simulated gastric (pH 1.2) and
intestinal (pH 7.5) fluids. The study of van-
comycin stability in these media could demon-
strate the relevant importance of hydrolytic and
enzymatic degradation mechanisms in the gas-
trointestinal tract.

The binding of vancomycin to sodium car-
boxymethyl starch (NaCMS) has been character-
ized and reported in the literature (Claudius and
Neau, 1996). Vancomycin binds to NaCMS
through an electrostatic attraction mechanism be-
tween the protonated amino groups of van-
comycin and the carboxylate groups of NaCMS.
Binding phenomena can, of course, affect physical
and chemical characteristics of drugs as they re-
late to the stability, activity, and therapeutic prop-
erties of drugs (El-Shibini et al., 1971; Fung et al.,
1974). Given this, the primary objective of this

work was to determine whether the stability
profile of vancomycin would be altered upon
binding to NaCMS. In addition, since this bind-
ing process was shown to be electrostatic in na-
ture, the effects of pH and ionic strength on the
stability of vancomycin in the presence of
NaCMS were also determined.

2. Materials and methods
2.1. Materials

Vancomycin was obtained as the hydrochloride
salt form (MW 1485.67) from ICN Biochemicals
(Los Angeles, CA) and was used without further
purification. Sodium carboxymethyl starch was
obtained from the Edward Mendell Co. (Patter-
son, NY) as Explotab®. Pepsin and pancreatin
were of analytical purity and supplied by
Mallinckrodt (St. Louis, MO). All other buffer
reagents and solvents used were of analytical
reagent grade quality.

2.2. Methods

An HPLC stability-indicating method was de-
veloped for the separation and detection of van-
comycin in buffered aqueous media based on
previous method development research (Inman,
1987). This previous work had demonstrated the
need for gradient elution techniques to optimize
the conditions for the isolation of vancomycin
from its related substances.
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Fig. 1. The molecular structure of vancomycin hydrochloride.
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Mobile phase consisted of 100 mM acetate
buffer (pH 4.0 +0.1) and acetonitrile. Mobile
phase was prepared by thoroughly mixing acetate
buffer and acetonitrile in proportions of 5:95 for
eluent A and 30:70 for eluent B. After mixing,
each eluent was sonicated for 5 min and degassed
with an equal volume of helium. The optimum
gradient profile at a flowrate of 1.0 ml/min was
determined to be the following: 0—15 min 100% A
to 100% B; 15-20 min 100% B, and 20—-25 min
100% B to 100% A. Fifteen minutes (or approxi-
mately five column volumes) was allowed for
column equilibration before subsequent injections.
The wavelength of detection was selected to be
280 nm (/,,,,) to increase analyte specificity and
minimize background interference while yet main-
taining adequate detection sensitivity. Blank con-
trols were run and showed minimal spectral
interference during the gradient portion of the
run.

2.3. Instrumentation

A Waters HPLC system (Milford, MA) was
used for analytical method development and sta-
bility studies. The system consisted of a 600E
system controller and quaternary pump, WISP
712 autosampler, and an Applied Biosystems
Model 785A (Aston, PA) variable wavelength de-
tector. A YMC Basic bonded-phase column (5
um, 4.6 x 250 mm; Morris Plains, NJ) was used
as the stationary phase for all analyses.

2.4. Method validation

Method linearity, accuracy, precision, rugged-
ness, and specificity were evaluated using a six-
point standard curve performed in triplicate on
three different days over the concentration range
of 10-500 pg/ml.

2.5. Stability study design

The stability profile of vancomycin alone (con-
trol) and in the presence of NaCMS was deter-
mined at 37°C over a pH range of 2.0-9.0 and in
simulated gastric (SGF) and intestinal (SIF)
fluids. The following buffers were used: 0.01 N

HCI (pH 2.0), citrate (pH 3.1), acetate (pH 4.7),
carbonate (pH 6.9), Tris—HCIl (pH 7.8), borate
(pH 9.0). The initial and final pH of each stability
sample was measured to ensure the adequacy of
each buffer concentration. The effect of buffer
concentration on vancomycin stability was stud-
ied using buffer concentrations from 10 to 20
mM. The ionic strength was held constant at each
buffer concentration by adjusting with sodium
chloride.

2.6. Sample preparation

Vancomycin samples, with and without
NaCMS, were prepared in duplicate at a concen-
tration of 0.5 mg/ml by dissolving it in the desired
buffer in 25-ml type I clear glass vials (Wheaton
Glass, Wheaton, IL). The concentration of
NaCMS in each vial was 1 mg/ml. Vials had been
rinsed with purified water, USP, and dried prior
to use. Upon filling, all vials were sealed with
Teflon-coated butadiene stoppers (The West
Company, Millville, NJ) and covered with
Parafilm® to minimize evaporation. Samples were
stored in a static oven at 37°C and 1-ml aliquots
were sampled, filtered and analyzed at 0, 2, 4, 6, 8,
10, 12, and 14 days. Samples containing NaCMS
were diluted 1:1 (v/v) with 1 M NaCl prior to
filtration for reversible desorption of vancomycin
from NaCMS (Claudius and Neau, 1996). This
procedure was validated to ensure total recovery
of vancomycin from samples containing NaCMS.
External standards were run in triplicate and used
as a basis for calculating assay values of all stabil-
ity samples.

2.7. Data analysis

Data from method validation runs were ana-
lyzed using Sigmaplot 3.0 (Jandel Scientific, San
Rafael, CA). Data from stability studies were
analyzed using Systat® statistical software (SYS-
TAT, Evanston, IL). Linear and log-linear regres-
sion models were used to estimate the values of
method validation and stability parameters, re-
spectively. One-way analysis of variance and anal-
ysis of covariance subroutines were used to
determine the statistical significance of the esti-
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Fig. 2. Vancomycin chromatograms in various media after storage for 4 days at 37°C.

mated parameters. A critical probability level of
«=0.05 was used to determine statistical
significance.

3. Results and discussion

3.1. Method validation

Validation data revealed that the vancomycin
HPLC method demonstrates excellent linearity
(r?>0.99999) over the concentration range of
10—500 ug/ml. Method precision was deemed ad-
equate as measured by inter-day (0.9% CV) and
intra-day (0.7% CV) variability.

Typical chromatograms of a freshly prepared
vancomycin standard and samples degraded un-
der various conditions are shown in Fig. 2. There
were several low level peaks, assumed to be pro-
cess impurities, present in the original material.
Additional peaks observed in the simulated gas-
tric and intestinal fluid samples were not detected
in the buffered solutions at similar pH and, thus,
are an indication of enzymatic degradation. This
is a clear indication of the different degradation

mechanisms occurring across the range of pHs
studied and in simulated physiological fluids. The
relative retention times and amounts of the main
degradation products of vancomycin present in
these samples after 4 days storage at 37°C are
listed in Table 1.

3.2. Stability studies

The initial and final pH of each stability sample
was measured and found to vary by only +0.2
pH units (except for the carbonate buffer samples
which varied by +0.5 pH units). The stability
profiles of samples degraded under the extremes
of the pH range studied and in simulated fluids
are shown as log-linear plots in Fig. 3. These
stability profiles demonstrate the magnitude of
degradation at extreme conditions of the study
over a 14-day period. The degradation of van-
comycin is enhanced due to the presence of the
enzymes pepsin (in SGF) and pancreatin (in SIF).

The degradation rate of vancomycin is ade-
quately described by a pseudo first-order kinetic
model for all stability samples (r > 0.95). First
order degradation rate constants for the control



J.S. Claudius, S.H. Neau / International Journal of Pharmaceutics 168 (1998) 41-48 45

Table 1

Relative retention times (RRT) and amounts of vancomycin main degradation products after 14-day storage at 37°C

Peak (RRT) Vancomycin main degradation products (peak area %)

A (0.30) B (0.34) C (0.76) D (0.87) E (1.02) F (1.06) G (1.12) H (1.37)
pH 2.0 n.d. n.d. n.d. 4.6 12.3 12.7 n.d. n.d.
pH 9.0 n.d. n.d. n.d. 6.2 11.5 n.d. 9.4 n.d.
SGF n.d. n.d. 3.8 n.d. n.d. 30.6 n.d. 10.5
SIF 20.0 6.6 17.0 3.7 7.6 n.d. n.d. n.d.

n.d., none detected.

samples (no NaCMS added) are included in Table
2 and have been estimated from the slopes of their
corresponding log-linear plots. Half-lives (¢5)
have also been calculated and are presented. The
probabilities of catalysis occurring from 10 to
20-mM buffer concentrations at each pH are
included.

All rate constants in Table 2 are within one
order of magnitude of each other. The standard
error for all rate constants was on the order of
10 3, indicating minimal variability in the estima-
tion of these parameters. From this data, the pH
of maximum stability appears to be from pH 4.7
to pH 7.8. There was no buffer catalysis observed
in the vancomycin control samples from buffer
concentrations of 10—20 mM based on analysis of
covariance (ANCOVA). A probability level of
p=0.05 or greater indicates that no significant
difference exists between the degradation rate
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Fig. 3. Degradation profile of vancomycin samples stored for
14 days at 37°C.

constants estimated at 10, 15, and 20-mM buffer
concentrations in control samples. As is shown in
Table 2, the p value for all control samples is
greater than 0.05 (except for the Tris—HCI buffer)
indicating that the rate constants estimated at
different buffer concentrations are not signifi-
cantly different. The probability value for the
Tris—HCI buffer system is 0.019. This probability
value indicates that the rate constants estimated
for the three buffer concentrations are statistically
different from one another. However, in practical
terms, the rate constants from all three Tris—HCI
buffer concentrations are within a range of 11%.

The first order degradation rate constants for
vancomycin samples containing NaCMS are
shown in Table 3. The rate constants for each
buffer concentration were significantly different
using ANCOVA and as a result, all probabilities
for buffer concentrations as a covariate term were
equal to zero. As such, the rate constant estimated
for each buffer concentration and pH is listed. In
general, the rate of degradation is slightly less in
the samples containing NaCMS as compared to
control samples. The rate constants tend to in-
crease slightly with increasing buffer concentra-
tion. A similar level of sample variability was
observed in those samples containing NaCMS, as
compared to control samples.

The pH stability profiles of vancomycin alone
(control) and in the presence of NaCMS at differ-
ent buffer concentrations are shown in Fig. 4. As
previously mentioned, control samples demon-
strated no buffer catalysis whereas the effect of
buffer concentration was significant in samples
containing NaCMS.
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Table 2

First order degradation rate constants of vancomycin control samples

pH Buffer (M) Probability (p) Observed rate constant (h™1) ts (days) Model fit (Pearson r)
2.0 0.010-0.020 0.251 2.67x1073 10.8 0.982
3.1 0.010-0.020 0.153 2.04x 1073 14.2 0.975
4.7 0.010-0.020 0.369 1.29x1073 22.4 0.976
6.9 0.010-0.020 0.082 1.33x1073 21.7 0.946
7.8 0.010-0.020 0.019 1.00x 1073 28.9 0.994
9.0 0.010-0.020 0.375 2.08x 1073 13.9 0.967
SGF — — 7.54%x1073 3.8 0.999
SIF — — 2.96x 1073 9.8 0.995

The stability profile of the control samples ex-
hibits a complex relationship in which van-
comycin stability is highly dependent upon its
ionization state in solution. From the pH stability
profiles in Fig. 4, it is apparent that the addition
of NaCMS alters the stability of vancomycin in
solution to a slight degree. This could be due to
the competing dynamic process of adsorption
onto NaCMS. The pH stability profiles for 10, 15,
and 20-mM buffer concentrations in the presence
of NaCMS are directly correlated with the stabi-
lizing of vancomycin in solution at the pH range
where binding has been shown to occur (pH ~ 2—
7). In other words, vancomycin is stabilized and
protected from degradation reactions by adsorp-
tion onto NaCMS at these pH and ionic strength
conditions. This is indicated by the reduced degra-
dation rate constants at lower buffer concentra-
tions in the presence of NaCMS.

As the buffer concentration increases, the rate
of vancomycin degradation increases until the rate
is essentially the same as the control sample. The
exception for this rank order is the Tris—HCI
buffer system where the rate constant associated
with the control sample is intermediate to the rate
constants associated with the samples containing
NaCMS. In the neutral region of the pH stability
profile, a pronounced flattening of the middle
portion of the curve has occurred with lower
buffer concentrations in samples containing
NaCMS. This indicates that the reactivity of the
different ionic forms of vancomycin present (i.e.
monocation, zwitterion, monoanion) is relatively

the same. As shown with the control profile, the
inherent relative reactivity of these different ionic
species is not the same without NaCMS present.
This may suggest that the ionization of some
functional groups (i.e. amines) may be inhibited
by the presence of NaCMS in a way, such as
binding, that may reduce the ionization of these
forms of vancomycin. This is substantiated by the
mechanism that has been previously established,
i.e. that amine groups are involved in the binding
process with the carboxylate groups on NaCMS.
The schematic below describes the proposed
mechanism for the stability of vancomycin in
solution in the presence of NaCMS:

kg
. —_—
Vancomycin 4+ NaCMS g

k

Degradation
Products

VancomycineNaCMS

Of course, this mechanism assumes that van-
comycin does not degrade in the adsorbed state.
The degradation of vancomycin in the adsorbed
state could occur depending on, for example, the
accessibility of water to the reaction site in the
case of hydrolysis reactions.

In practical terms, it should be noted that all
rate constants lie within a range of less than one
order of magnitude. This indicates that any stabi-
lizing effects contributed by adsorption to
NaCMS are minimal and should not have any
direct therapeutic implications in terms of solu-
tion stability.
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Table 3

First order degradation rate constants of vancomycin samples containing sodium carboxymethyl starch (NaCMS)

pH Buffer (M) Observed rate constant (h—!) t5o (days) Model fit (Pearson r)
2.0 0.010 242%x1073 11.9 0.999
0.015 242x1073 11.9 0.999
0.020 2.67x1073 10.8 0.998
3.1 0.010 1.67x1073 17.3 1.000
0.015 1.71x 1073 16.9 0.999
0.020 1.83x 1073 15.8 0.999
4.7 0.010 1.00x 1073 28.9 0.996
0.015 1.08x 1073 26.7 0.997
0.020 1.21x1073 23.9 0.998
6.9 0.010 1.04x 1073 27.8 0.992
0.015 1.21x1073 23.9 0.992
0.020 1.42x1073 20.3 0.990
7.8 0.010 1.04x1073 27.8 0.991
0.015 1.21x1073 23.8 0.996
0.020 1.29x 1073 224 0.998
9.0 0.010 2.08x1073 13.9 0.999
0.015 2.38x 1073 12.1 0.998
0.020 246x1073 11.7 0.991
SGF — 8.33x 1073 3.5 0.994
SIF — 332x1073 8.7 0.966

In summary, there are competing processes that
occur when vancomycin is in the presence of
NaCMS. Unbound vancomycin degrades in solu-
tion as evidenced by the control samples with no
NaCMS present. In the presence of NaCMS,
there is a dynamic equilibrium established be-
tween unbound and bound vancomycin based on
the conditions of pH and ionic strength at physio-
logical temperature.

4. Conclusions

The stability of vancomycin in solution alone
and in the presence of NaCMS has been deter-
mined at 37°C over the pH range of 2.0-9.0. In
addition, vancomycin stability was evaluated in
simulated gastric fluid and simulated intestinal
fluid to determine the relative magnitude of enzy-
matic degradation as it relates to vancomycin
stability. Buffer catalysis was shown not to occur
in control samples (no NaCMS) over the buffer
concentration range from 10 to 20 mM. However,
there was a slight stabilizing of vancomycin when
NaCMS was present at the pH (approximately

2-7) and ionic strength (less than or equal to 20
mM) conditions where binding to NaCMS was
shown to occur. This effect decreased with in-
creasing buffer concentration.

In practical terms, the stabilizing effects con-
tributed by adsorption to NaCMS are minimal
and should not have any direct therapeutic impli-
cations in terms of solution stability. However,
possible analytical and formulation complications
such as low assay and dissolution release could
result from these interactions. Therefore, given
the choice of other pharmaceutical disintegrants
(e.g. sodium croscarmellose, sodium crospovi-
done), caution is warranted on the use of sodium
carboxymethyl starch as a disintegrant in solid
dosage forms containing glycopeptide antibiotics.
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