Available online at www.sciencedirect.com

SOIENCE@DIREOT°

JOURNAL OF
PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

Journal of Pharmaceutical and Biomedical Analysis
32 (2003) 1073-1079

ELSEVIER

www elsevier.com/locate/jpba

Fast drug stability determination by LC variable-parameter
kinetic experiments

Giuseppe Alibrandi**, Salvatore Coppolino®, Santi D’Aliberti?,
Rita Ficarra®, Norberto Micali®, Antonino Villari®
& Dipartimento di Chimica Inorganica, Chimica Analitica e Chimica Fisica, Universita di Messina, Salita Sperone 31, Villaggio S. Agata,
98166 Messina, Italy

® Dipartimento Farmaco-Chimico, Facolta di Farmacia, Universita di Messina, Villaggio Annunziata, Messina, Italy
¢ Istituto di Tecniche Spettroscopiche, CNR, Via La Farina 237, 98100 Messina, Italy

Received 24 April 2002; received in revised form 7 June 2002; accepted 19 June 2002

Abstract

Variable-parameter kinetic experiments were carried out using HPLC as analytical instrument. The hydrolysis of
aspirin was followed both at variable-temperature and at variable-pH conditions. The peak areas relative to salicylic
acid were processed by direct fit to a mathematical model and/or by differential method obtaining, by single
experiments, the values of the apparent rate constant in the whole range of temperature and pH studied. The results,
although the discontinuity of this kind of analysis, are in agreement with those obtained by constant-parameter kinetics

but saving experimental time.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

The effect of environmental parameters on the
stability of drugs in solution is a vitally important
information in pharmaceutical industry. It often
requires a detailed kinetic investigation on new
molecules of interest before its release on the
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market, to have quantitative data on the depen-
dence of the reaction rate constant on tempera-
ture, pH, ionic strength, metal ions concentration,
etc [1]. This gives technical useful data on the time
the species maintains its chemical identity in
specified conditions and, more deeply, a panora-
mic picture of the reactive behaviour useful for
mechanistic studies. The usual way consists of
following many times the reaction, by a suitable
analytical instrument, in pseudo-first order condi-
tions, for different values of a parameter and for
each parameter enquired. Variable-parameter ki-
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netics [2] is a new, more economic way of
collecting kinetic data. It consists on carrying out
kinetic experiments while varying the value of a
physical parameter. The mathematical model de-
scribing the process is given by Eq. (1), where C is
the concentration of the monitored reacting spe-
cies.

dc
T4 {kopslPari(D]} C (D

In this equation ks is not a constant but depends
on a parameter Par; varying with time.
kovs[Pari(t)] is then a function of function:
kops(Par;) is the dependence function (D), describ-
ing the dependence of the rate constant on the
parameter i, and Pari(t) is the modulating function
(M), showing the way the parameter changes with
time. Kinetic profiles obtained in these experi-
ments have, obviously, shapes different from the
exponential first order curve and different from
each other in dependence of D and M functions. A
visualisation can be easily obtained by computer
simulation [3]. The experimental profile contains
in each point information about the value of the
rate constant at that time (—(dC/dt)/C=
kops[Pari(t)]) and, knowing the mathematical
form of the dependence function, a fitting to Eq.
(1) gives the terms regulating such dependence.
For example, in variable-temperature kinetic ex-
periments the dependence function is the Eyring
equation and the terms are the activation para-
meters AS* and AH*; in generic variable-concen-
tration kinetic experiments the dependence
function is the rate law and the terms to optimise
are the rate constants of rate determining elemen-
tary steps. We studied variable-temperature ki-
netics carrying out experiments on various
reacting systems [4—8] but several examples are
reported in the literature as non-isothermal kinetic
analysis [9—12]. A variable-concentration kinetic
experiment was a subject of a communication [2]
and a variable-pH kinetic experiment appeared
recently in literature [13].

During our studies we followed the reacting
species using various analytical instruments: UV/
vis spectrophotometer [4—7], fluorometer [4], con-
ductometer [2], polarimeter [8]. We know of

examples of non-isothermal kinetic experiments
followed by IR spectrophotometer [14] and liquid
chromatography [15]. The spectrophotometric is
by far the most powerful method used for kinetic
monitoring. The UV/vis regions are particularly
useful. However, when it is not possible to use a
spectrophotometer or some problems can be
avoided by the separation of the signals, alter-
native methods are necessary. In this paper we
carried out both variable-temperature and vari-
able-concentration kinetic experiments following
them by HPLC to directly compare the results
with those we obtained spectrophotometrically
and applying the same methodology we have
developed in the last few years. HPLC is a largely
employed separation method in pharmaceutical
field, for analytical and preparative purposes but
even for kinetic investigations. Moreover, the use
of chiral stationary phases allowed the direct
separation of chiral analytes without any preli-
minary derivatisation making it a powerful alter-
native to polarimeter for racemisation kinetics.

The reaction model is the hydrolysis of aspirin
which we studied in various conditions [4,13] and
of which we have direct comparative data. Acet-
ylsalicylic acid and its reaction product, salicylic
acid, can be easily separated and monitored by
HPLC.

2. Experimental
2.1. Material

Acetylsalicylic acid was obtained from J.T.
Baker (Phillipsburg, NJ, USA) and recrystallised
from ethanol.
2.2. Solutions

The hydrogen ion concentrations were obtained
by adding a 0.5 M solution of NaOH to a solution
containing H;PO4 (0.01 M) and H3BO; (0.01 M).

2.3. Kinetic measurements

The kinetics of the hydrolysis of aspirin were
carried out chromatographically by both variable-
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Fig. 1. (a) Change in HPLC peak area of salicylic acid (solid circles) during the hydrolysis of aspirin at pH 7.00 at the variable
temperature 7" (K) =323.24+1.631 x 10737 (s) (dashed line). The solid line is the theoretical curve obtained by the best fit to Eq. (4). (b)
Trend of the reaction rate as obtained by differentiation of the kinetic curve (solid line) and k,,s(7) profile obtained by dividing the
derivative to —(A4p—Ay) (dashed line). (c) Eyring plot of the results obtained by various methods: HPLC-VTK (fitting; solid line),
HPLC-VTK (differ. meth.; dashed line); UV/vis-VTK (pointed line), CTK (open circles).
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temperature kinetic (VTK) runs and variable-pH
kinetic (VpHK) runs.

2.3.1. VTK HPLC method

The experiment was carried out in a 250 ml
reaction vessel, equipped with a stirrer to ensure
chemical and thermal homogeneity, immersed in a
thermostated bath HAAKE C 25 which allows a
controlled change of the temperature with time
with an accuracy of +0.05 K. The temperature
was checked by a platinum resistor connected to
the computer (readout resolution 0.01 °C). At
suitable times, samples were withdrawn, stored at
low temperature and analysed by HPLC.

2.3.2. VpHK HPLC method

The experiment was carried out in a 250 ml
reaction vessel immersed in a thermostated bath
(£0.01 K) equipped with a stirrer to ensure
chemical and thermal homogeneity, a glass elec-
trode to measure the actual pH and a platinum
resistor to control the reaction temperature. An
autoburette was used to vary the pH by adding
1.19 ul s~ of a 0.5 M solution of NaOH into the
reaction vessel containing H;PO, (0.01 M), H3BO;
(0.01 M) and NaOH (to adjust the pH at about
7.00) in 200 ml of distilled water. Under these
conditions the H" concentration varies not line-
arly with time but in a more appropriate way to
ensure a sufficient standing of the reaction in the
different zones of pH inside the range 7—10 and it
is not altered by the interaction with the substrate.
The actual values of pH and temperature were
automatically acquired by a computer connected
to the experimental apparatus. At suitable times
samples were withdrawn, stored at low tempera-
ture and analysed by HPLC.

HPLC system used was a Hitachi chromato-
graph equipped with a D-7000 interface, a solvent
pump L-7100 and a spectrophotometric detector
L-7400. A Varian Omnispher 5 C18 150 x 4.6 mm
column was used with a mobile phase methanol—
water—acetic acid (65:33:2, v/v/v). Measurements
were carried out at a flow rate of 0.450 ml min '
and at room temperature.

2.4. Data processing

Processing [16] of stored data was done using
the Jandel Scientific Table Curve 2D.

3. Results and discussion

Fig. 1 summarises the results obtained in the
HPLC-VTK experiment. Fig. 1a shows the kinetic
profile obtained by hydrolysing aspirin at pH 7.00
at a rising temperature 7= T+ ot with Ty =323.2
K and 2 =1.631 x 107 K s~ !. Data points were
obtained by integration of HPLC peak areas
relative to salicylic acid. The direct fitting of this
data was carried out using Eq. (4) as a model:

k AS*
A=(4,— Af)exp{h exp{ R }

t

AH?
X j(T0 + at)exp |— dei + 4,
, R(T, + at)

(4)

where A is the peak area at the time ¢ and Ay, A4y
(respectively, areas at time zero and at the end of
the reaction), AS* and AH* are the parameters to
be optimised. Twenty-seven points were analysed,
very few compared with the hundreds or even
thousands of points possible to acquire by a
computer aided instrument [2,4-8]; nevertheless,
the obtained values of AS* and AH* are quite
similar to those obtained spectrophotometrically,
apart from a greater statistical error (HPLC:
AS*=—10248 J K~ ' mol™', AH*=7342 kJ
mol ~!, R*=0.9997, 27 points analysed; UV/vis:
AS*=—110+1 J K ! mol™!, AH*=714+1 kJ
mol ~!, R =0.9999, 335 points analysed). Indeed,
correlation coefficient is lower and standard de-
viation is higher. Results are comparable to those
obtained by traditional constant-temperature Kki-
netic experiments (CTK: AS*= —115+7 J K~!
mol !, AH*=69+43 kJ mol ™', R*=0.9982, five
kops values). Interpolation, mild smoothing and
application of the Savitsky—Golay [17] method
allowed the calculation of the derivative of the
kinetic profile (Fig. 1b). It shows well the trend of



G. Alibrandi et al. | J. Pharm. Biomed. Anal. 32 (2003) 1073—1079 1077

20 11
18 -
- 10
16 -
= L9
NJRVR z
<<
12 A -8
10 |
L7
() 8 0.0012
0.0016 -
0.0014 - - 0.0010
- 0.0012 -  0.0008 _
%] | N
5 0.0010 - 0.0006
o o
S 0.0008 - o
- 0.0004
0.0006 -
0.0004 | - 0.0002
0.0002 . ; . ; ; ; 0.0000
0 1000 2000 3000 4000 5000 6000 7000
(b) t/'s
-2.8
30
<
]
(7]
~ 321
(72}
S
< 341
(o]
o
-
-3.6 1
-3.8 : ; , ‘ . ;
65 70 75 80 85 90 95 100
© pH

Fig. 2. (a) Change in HPLC peak area of salicylic acid (solid circles) during the hydrolysis of aspirin at 7= 342.3 K at variable pH
(dashed line). The solid line is an interpolated curve. (b) Trend of the reaction rate as obtained by differentiation of the kinetic curve
(solid line) and ks (pH) profile obtained by dividing the derivative to —(Ay— Ay) (dashed line). (c) pH-rate profile obtained by various
methods: HPLC-VpHK (differ. meth.; solid line), UV/vis-VpHK (pointed line), CpHK (open circles).



1078 G. Alibrandi et al. | J. Pharm. Biomed. Anal. 32 (2003) 1073—1079

the reaction rate during the process. The ratio of
the derivative to —(A4y— 4y), according to Eq. (5):
1 d4

A— A dr

kobs[T(t)] (5)

gave the entire k(7T) profile (Fig. 1b). Fig. lc
shows a logarithmic plot of the results obtained
either by the direct fit and by the differential
method together with those obtained by VTK
spectrophotometric experiments [4]. They are all
on the same straight line confirming the goodness
of the method and the reproducibility of the
results. They are all coherent confirming that
both the two processing methods are useful.
Some kinetic data obtained by traditional CTK
experiments are also shown in Fig. 1c. They are,
between the experimental error, also in agreement.

Fig. 2 summarises the results obtained in the
HPLC-VpHK experiment. Fig. 2a shows the
kinetic profile obtained by hydrolysing aspirin at
the temperature 7 =342.3 K at the variable pH
shown in the figure with a dashed line. A direct fit
of the profile to a mathematical model, although
possible, was not attempted because of some
difficulty to describe analytically both the mod-
ulating function pH(¢) and the dependence func-
tion kq,s(pH). Having obtained good results in
VTK experiment, we used the differential method.
Fig. 2b shows the derivative of the kinetic profile
as obtained by interpolation, mild smoothing and
Savitsky—Golay algorithm. The trend of the reac-
tion rate looks irregular but the curve contains in
each point information about the rate constant.
Indeed, dividing the derivative by —(Aq—Ay),
according to Eq. (6), the kons(pH) profile was
obtained (Fig. 2b, dashed line).

1 d4

4, 4~ KelPHOL (©)

Fig. 2c shows the results in logarithmic form, i.e.
the pH-rate profile, together with results obtained
in the same range in a spectrophotometric VpHK
experiment and some points obtained by the
traditional, and so far universally used, constant-
parameter kinetic method. The pH-rate profile of
aspirin in this range of pH shows an upper bend
caused by a change in the reaction mechanism

[18,19]. It would require at least ten kinetic
experiments to be obtained. The result obtained
by a single VpHK kinetic experiment describes the
curve in a very good manner. HPLC-VpHK, UV/
vis-VpHK, UV/vis-CpHK data are almost coin-
cidental confirming the goodness of the method
even when a discontinuous analytical monitoring
is used.

4. Conclusions

The choice of the analytical instrument to be
used in VPaK experiments requires a compromise
between the response of the instrument to the
method and the analytical signal arising from the
physical properties of the system studied. HPLC is
surely not the best choice because of the difficulties
in automating the analysis for acquiring hundreds
of points. Nevertheless, when it is necessary to use
it, every kind of variable-parameter kinetic experi-
ment can be carried out. The results, although with
some limitation, are good and, particularly in the
case of numerous routine measurements, very
frequent in the tuning process of pharmaceutical
molecules, can bring about a great saving of
experimental time.
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