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Abstract

Capillary liquid chromatography (CLC) was applied for quantification and impurity profile determination of ten newly
synthesized acridine thioderivatives. A reversed-phase CLC system employing two different stationary phases, Nucleosil C,
and LiChrosorb RP-select B, was used. The mobile phase composition was optimized to get a satisfactory separation of
impurities from the main acridine component in a reasonable analysis time. Significant differences in the chromatographic
behavior between acridine derivatives containing and lacking amino groups were observed. Optimized separation conditions
were used in CLC to measure the calibration curves of the acridine derivatives in a concentration range from 1.0-10~° to
1.0-107® M at two different detector wavelengths (214 and 230 nm). Limits of detection and quantification of all the
substances were determined. The detection limits went down to units of WM for most of the derivatives. CLC was aso
demonstrated to be a suitable method for the purity determination of test batches of the acridine thioderivatives. [0 2002

Elsevier Science BV. All rights reserved.
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1. Introduction

Some acridine derivatives are considered to be
important chemotherapeutics because they show
bactericidal, fungicidal, and especially, anti-malarial
effects [1]. Derivatives of acridine have been applied
for the treatment of protozoa infections caused by
Plasmodium microorganisms for many years [2].
Additionally, there is the growing importance of
acridine derivatives with antineoplasmatic properties,
which have been identified recently [3]. An increas-
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ing number of unhealthy factors in our environment,
a decreasing immunity of al human beings to
diseases and an increasing resistance of pathogens to
chemotherapeutics used at present are the reasons
why the pharmaceutical companies continue to de-
velop and produce new derivatives with more effi-
cient, effective and specific actions against patho-
gens. At the same time, analytica methods exhib-
iting higher selectivity and sensitivity are needed for
purity determination of chemotherapeutics and their
detection and quantification in biologica materials.
Acridines are chemically derived from dibenzo-
pyridine and contain at least one nitrogen atom in the
aromatic cycle. Aqueous solutions of acridine show
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wesk basic properties (pK,=8.4). Derivatives and
degradation products of acridine also behave as weak
bases having altered dissociation constants deter-
mined through the character of substituents and their
location in the acridine molecule [4].

High-performance liquid chromatography (HPLC)
has most often been utilized to analyze acridine
derivatives with respect to their identity, purity [5]
and pharmacological and pharmacokinetic properties
[6]. Capillary zone electrophoresis has been applied
for the successful separation of acridines [7] as they
can exhibit a positive charge in acidic solutions
owing to their basic properties. Electrochemical
oxidation of acridine without any substituents has
aso been studied [8]. However, capillary liquid
chromatography (CLC) has not been employed for
analysis of acridine and its derivatives to date.

CLC has some advantages, such as a low con-
sumption of organic modifiers and a reduced sample
amount (tens of nanoliters) compared to conventional
HPLC [9,10]. These benefits of CLC can be especially
advantageous for monitoring metabolites in body
fluids and for determination of the main component
and the impurities profile, since each analysis must
be repeated several times to ensure reliability of the
results in the frame work of good laboratory practice.
Moreover, CLC seems to be more compatible with
mass spectrometric  detection than conventional
HPLC.

Based on these facts, CLC was investigated in this
work as a possible analytical technique for the
quantification and the purity determination of ten
newly synthesized acridine derivatives.

2. Experimental
2.1. Chemicals

Acetonitrile (gradient grade purity) for preparation
of eluents was purchased from Merck (Darmstadt,
Germany). Acetic acid (p.a) and sodium hydroxide
(p.a) were supplied by Lachema (Brno, Czech
Republic). Uracil (99%) for determination of the
dead retention time was provided by Sigma (St
Louis, MO, USA). The water used for preparation of

al mobile phases and solutions was purified with a
Milli-Q water purification system (Millipore, USA).

Acetonitrile—water and acetonitrile—0.2 M acetate
buffer (pH 3.5) eluents containing various percent-
ages of acetonitrile were used as mobile phases. The
eluents were sonicated just before use for at least 10
min.

All the studied thioacridine derivatives, the struc-
tures and labels of which are given in Fig. 1, were
synthesized at the Faculty of Pharmacy in Marseilles
using the synthetic procedure depicted in Fig. 2. A
substituted diphenylaminecarboxylic acid is formed
by the reaction of a substituted o-chlorobenzoic acid
and an aniline derivative in accordance to the
Ullmann reaction [11]. The diphenylaminecarboxylic
acid is cyclized to acridone using phosphoryl chlo-
ride and a substituted thioacridone is obtained by
treating the acridone with phosphorus sulfide in
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Fig. 1. Structures and labels of the acridine derivatives.
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Fig. 2. Reaction scheme of the synthesis of acridine derivatives.

pyridine [12]. An alkylation or arylation of the
thioacridone leads to a thioacridine derivative [13].

2.2. Equipment

An ISCO syringe pump model 100 DM (Lincoln,
NE, USA), a Vaco injection valve with a 60-nl
internal loop (Schenkon, Switzerland) and a Linear
UV-VIS 205 dual absorbance detector equipped with
a CE on-column flow cell (San Jose, CA, USA) were
applied for the CLC experiments. A fused-silica
capillary column of 36 cmx320 pm 1.D. packed
with 5 pm Nucleosil 100-5 C,, was prepared at the
Laboratory of Instrumental Analysis in Eindhoven
Technical University, The Netherlands [14]. A stain-
less steel capillary column of 25 cmx300 um I.D.
packed with 5 pm LiChrosorb RP-select B was
purchased from Grom (Herrenberg, Germany). The
column inlet was installed in the injection valve
using a 5-cm polyether ether ketone (PEEK) sSleeve
(500 wm 1.D.) and a PEEK finger-tight fitting and the
column outlet was connected by PTFE tubing to a
220 pm 1.D. fused-silica capillary with detection
window located 7 cm from the column outlet. This
capillary was placed into the absorbance detector
operated at wavelengths of 214 and 230 nm. Chro-
matograms were recorded and evaluated employing
CSW 1.7 computer software provided by DataApex
(Prague, Czech Republic).

3. Results and discussion
3.1 Investigation of the separation conditions

The influence of the acetonitrile (ACN) content in
the ACN—water eluent on retention of the studied
acridine derivatives was investigated within the
range 60-100% of ACN on the Nucleosl C,q
column. Thioacridines without any amino group (i.e.
BG 460, BG 461, BG 757, BG 832, BG 906, BG
924 and BG 979, see Fig. 1) were eluted using all
the mobile phases, however, long analysis times
(over 50 min) were observed if eluents with a low
ACN content were applied. When the ACN—water
mobile phases were replaced with ACN-0.2 M
acetate buffer (pH 3.5) eluents, only a negligible
change in retention behavior and a small improve-
ment considering the separation efficiency and peak
symmetry were observed for acridine derivatives
without amino groups [15,16].

On the other hand, thioacridines containing amino
groups (i.e. BG 204, BG 238 and BG 314, see Fig.
1) were not eluted in a reasonable analysis time of
60 min on the Nucleosil C,4 column, not even with
the ACN-0.2 M acetate buffer eluents. The high
silanol activity of this stationary phase induces its
affinity to basic compounds which can be retained
strongly or even irreversibly in the Nucleosil C,q
column. Based on these results and experience, the
LiChrosorb RP-select B column was chosen for the
analysis of the acridine derivatives with amino
groups. The latter type of stationary phaseis generally
recommended for separation of basic compounds
since the silanol activity of the silica gel support is
considerably diminished. Indeed, the basic thioac-
ridines eluted from the LiChrosorb RP-select B
column in acceptable analysis times using the ACN—
0.2 M acetate buffer maobile phases.

To find separation conditions under which im-
purities from synthesis can effectively be separated
from the main acridine derivative, the ACN content
in the mobile phases was tuned within the range
60—100% (v/v). The ACN-0.2 M acetate buffer, pH
3.5 (90:10, v/v) eluent was able to resolve, in a
reasonable time, the impurities from the main com-
ponent on the Nucleosil C,; column and on the
LiChrosorb RP-select B column in the case of
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Table 1

Parameters of the calibration curves (including standard deviations in parentheses) and linear dynamic ranges of acridines containing amino
groups. Stationary phase, LiChrosorb RP-select B; mobile phase, ACN-0.2 M acetate buffer, pH 3.5 (90:10, v/v); flow-rate, 3 pl/min;

detection wavelength, 214 nm

Derivative Intercept (SD) Slope (SD) r Linear dynamic range
(mv g (mV s I/mol) M)

BG 204 6.973 (3.567) 152 000 (4400) 0.9995 40-10°-1.0-10°

BG 238 —5.114 (4.737) 120 000 (13 500) 0.9877 8.0-10 °-1.0-10°

BG 314 —4.047 (4.403) 253 000 (14 300) 0.9952 2.0-107°-1.0-107°

thioacridines without and with amino groups, respec-
tively. The decrease of ACN content in the mobile
phases did not lead to a separation of further
impurities from the main component, but a longer
analysis time and a greater peak asymmetry of the
acridine derivatives were observed under these con-
ditions. Van Deemter curves for some of the acridine
derivatives were measured in an interval from 2 to 5
pl/min for optimization of the eluent flow-rate [16];
e.g. with the derivative BG 461, HETP values of 26,
31, 35 and 41 pm were reached for the flow-rates of
2, 3, 4 and 5 pl/min, respectively. The linear
dependences of the height equivalent to a theoretical
plate on the flow-rate obtained within this interval
indicated that the resistance to mass transfer was the
major mechanism of band broadening of the analyte
zones. A mobile phase flow-rate of 3 pl/min was
selected as a compromise between the separation
efficiency and the analysis time.

The results showed that the ACN-0.2 M acetate
buffer, pH 3.5 (90:10, v/v) eluent at a flow-rate of 3
pl/min can be applied for separation and quantifica-
tion of impurities from the main acridine component
in an analysis time not exceeding 30 min.

3.2. Quantification of the thioacridine derivatives

Calibration curves for all the studied thioacridine
derivatives were measured in the concentration inter-

Table 2

va from 1.0-10 ° to 1.0-10 ° M at two different
wavelengths, 214 and 230 nm. The optimized sepa-
ration systems composed of the Nucleosil C,4 col-
umn (for the seven derivatives lacking amino groups)
and on the LiChrosorb RP-select B column (for the
three thioacridines containing amino groups) and the
ACN-0.2 M acetate buffer, pH 3.5 (90:10, v/v)
mobile phase at the flow-rate of 3 wl/min were
applied. Measurements at each concentration level
were repeated four times and average values of the
peak area were subjected to linear regressions.
Intercepts, slopes and correlation coefficients of the
calibration curves (peak area versus molar concen-
tration) and linear dynamic ranges for acridines
containing amino groups determined at the wave-
lengths of 214 and 230 nm are summarized in Tables
1 and 2, respectively. Parameters of the calibration
curves and linear dynamic ranges for acridines
lacking amino groups obtained at the same two
wavelengths are listed in Tables 3 and 4.

As an example, calibration curves in logarithmic
coordinates for the acridine derivative BG 832 within
the linear concentration range 6.0-10 °-8.0-10 * M
are depicted in Fig. 3. An excellent linearity was
observed for the calibration curves of thioacridine
BG 832 at both wavelengths over the three con-
centration orders. A very good agreement between
the experimental points and the linear calibration
curves was indicated through the correlation co-

Parameters of the calibration curves (including standard deviations in parentheses) and linear dynamic ranges of acridines with amino
groups. Detection wavelength, 230 nm; for other conditions see Table 1

Derivative Intercept (SD) Slope (SD) r Linear dynamic range
(mv g (mV s |/mol) M)

BG 204 —4.043 (7.915) 275 000 (9700) 0.9993 4.0-107°-1.0-10°

BG 238 —4.898 (9.065) 170 000 (13 400) 0.9938 8.0-10°-1.0-10°°

BG 314 —4.428 (5.241) 309 000 (17 000) 0.9954 2.0-10"°-1.0-10°°
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Parameters of the calibration curves (including standard deviations in parentheses) and linear dynamic ranges of acridines without amino
groups. Stationary phase, Nucleosil C,,; mobile phase, ACN-0.2 M acetate buffer, pH 3.5 (90:10, v/v); flow-rate, 3 wl/min; detection

wavelength, 214 nm

Derivative Intercept (SD) Slope (SD) r Linear dynamic range
(mv g (mV s I/mal) M)
BG 460 0.003 (0.689) 353 000 (13 100) 0.9959 6.0-107°-1.0-107*
BG 461 —0.551 (0.232) 633 000 (4700) 0.9998 4.0-10 °-1.0-10"*
BG 757 0.034 (0.512) 280 000 (1500) 0.9998 1.0-10°-8.0-10"*
BG 832 —0.001 (0.661) 183 000 (2100) 0.9993 6.0-10°°-8.0-107*
BG 906 0.466 (1.738) 232 000 (5000) 0.9981 1.0-10 °-8.0-10"*
BG 924 1.306 (1.515) 448 000 (3500) 0.9996 8.0-107°-1.0-10°°
BG 979 —1.351 (2.141) 601 000 (5400) 0.9995 40-10°-1.0-10°°

efficients for all the calibrations. The worst value of
the correlation coefficient (i.e. r=0.9877) was ob-
tained for acridine BG 238 at 214 nm, the variation
of experimental points was explained from 97.6%
(i.e. 100r?) by the calibration curve variation.

Based on the results summarized in Tables 1-4, a
more sensitive detection for all the acridine deriva-
tives with amino groups was obtained at 230 nm
compared to 214 nm. The most sensitive detection
was observed for the thioacridines BG 461 and BG
979 a 214 nm. The lowest dope values were
obtained for the calibration curves measured with
derivatives BG 204 and BG 238 at the same de-
tection wavelength. None of the intercepts of the
calibration curves in Tables 1-4 were found to be
significantly different from zero at a significance
level of a=0.01 applying the t-test for intercepts,
t = a/SD.

The dependences of the peak height on the molar
concentration of the studied acridines were plotted
for determination of the limits of detection (LOD)

Table 4

and the limits of quantification (LOQ) under the
experimental conditions described previously. The
LOD and LOQ vaues were obtained from these
dependences as concentrations corresponding to the
three-multiple and ten-multiple of root mean squared
baseline noise, respectively [17]. The obtained values
are summarized in Table 5. The detection limits for
most of the acridine derivatives were as low as units
of pM.

3.3 Impurity profile of test batches of the acridine
derivatives

The optimized separation conditions were used to
analyze the impurity profiles of test batches of the
thioacridine derivatives containing various impurities
from the synthetic procedure. The profiles of test
batches of derivatives BG 314 and BG 832 are
presented in Fig. 4. Since the chemical structures of
the impurities were not known and therefore any
standards for the impurities were not available, an

Parameters of the calibration curves (including standard deviations in parentheses) and linear dynamic ranges of acridines lacking amino
groups. Detection wavelength, 230 nm; for other conditions see the caption to Table 3

Derivative Intercept (SD) Slope (SD) r Linear dynamic range
() (mV s |/mol) M)
BG 460 0.065 (0.578) 321 000 (11 000) 0.9965 6.0-10 °-1.0-10"*

BG 461 —0.098 (0.206) 510 000 (4100) 0.9997 4.0-10 °-1.0-10*
BG 757 0.096 (0.725) 491 000 (2100) 0.9999 1.0-107°-8.0-10"*
BG 832 —0.044 (0.838) 322 000 (2600) 0.9996 6.0-10 °-8.0-10*
BG 906 0.658 (1.375) 405 000 (4100) 0.9995 8.0-10 °-8.0-10*
BG 924 0.683 (1.198) 323 000 (2800) 0.9996 8.0-10 °-1.0-10°
BG 979 —0.920 (1.629) 540 000 (4100) 0.9996 40-10 °-1.0-10°°
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Fig. 3. Dependencies of the decadic logarithm of the peak area on
the decadic logarithm of the molar concentration of the acridine
derivative BG 832 in the concentration range 6.0-10 °-8.0-10™*
M measured at detection wavelengths of 214 (A) and 230 nm (B).

internal normalization evaluation method was ap-
plied to quantify the percentage of impurities in the
test batches. Based on this evaluation method the
following contents of the main components were
determined in the corresponding test batches of
thioacridines: 95.9% for BG 204, 96.7% for BG 238,
96.5% for BG 314, 100.0% for BG 460, 100.0% for
BG 461, 100.0% for BG 757, 90.2% for BG 832,
92.9% for BG 906, 92.3% for BG 924 and 100.0%
for BG 979 of the main component was determined
in the corresponding test batch of thioacridine.

Table 5

Limits of detection (LOD) and limits of quantification (LOQ) of
the thioacridines expressed in M. Stationary phase, Nucleosil C,,
or LiChrosorb RP-select B; mobile phase, ACN-0.2 M acetate
buffer, pH 3.5 (90:10, v/v); flow-rate, 3 pl/min; detection
wavelengths, 214 and 230 nm

Derivative 214 nm 230 nm
LOD LOQ LOD LOQ

BG 204% 49-107° 1.6-107* 28-10"°  94-107°
BG 238° 36-10°° 2.1-107° 2.7-10°° 11-10*
BG 314* 8.0-10°° 2.7-10°° 6.5-10° 2.2-10°°
BG 460 9.1-10°° 3.1-10°° 1.0-10"°> 35-10°°
BG 461 6.2:10°° 2.1-10°° 7.3-10°° 25-10°°
BG 757 7.8-10°° 2.6-10°° 5.9-10°° 2.0-10°°
BG 832 9.5-10°° 3.2-10°° 7.1-10°° 24-107°
BG 906 7.6-10°° 25-107° 5.4-10°° 1.8-10°°
BG 924 6.3-10°° 2.1-10°° 8.6-10°° 29-10°°
BG 979 5.3-10°° 1.8-10°° 6.0-10°° 2.0-10°°

® Determined on LiChrosorb RP-select B.

4. Conclusion

An analytical method for quantification and im-
purity profile determination of ten acridine
thioderivatives by CLC has been developed. An
ACN-0.2 M acetate buffer, pH 3.5 (90:10, v/v)
eluent was found to sufficiently separate acridine
impurities from the main component on the Nucleo-
sil C,; column in the case of thioacridines without
amino groups or on the LiChrosorb RP-select B
column in the case of al ten acridine derivatives.
These separation conditions were applied to measure
the calibration curves for the thioacridines at two
different wavelengths (214 and 230 nm) with linear
dynamic ranges from 1.0-10 ° to 1.0-10"°* M and
with detection and quantification limits reaching
units and tens of M, respectively. Additionaly, the
content of impurities in the test batches of the
thioacridine derivatives was determined by CLC
under the same separation conditions. CLC was
demonstrated to be a powerful separation technique
for pharmaceutical applications, moreover, it guaran-
tees a considerable saving in analysis time, organic
modifiers and the use of mobile phases.

5. Nomenclature

A absorbance
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Fig. 4. Chromatograms of the impurity profile of the test batches
of the derivatives BG 314 (A) and BG 832 (B). Stationary phases,
LiChrosorb RP-select B (A) or Nucleosil C,; (B); mobile phase,
acetonitrile—0.2 M acetate buffer, pH 3.5 (90:10, v/v); flow-rate, 3
wl/min; concentration, 1.0-10"% M; injection volume, 60 nl;
detection wavelength, 230 nm; m, main component; i, impurity.

a intercept of calibration curve

ACN acetonitrile

CLC capillary liquid chromatography
HETP height equivalent to a theoretical plate

HPLC high-performance liquid chromatog-
raphy

i impurity

I.D. inner diameter

LOD limit of detection

LOQ limit of quantification

m main component
PEEK polyether ether ketone
RP reversed-phase

r correlation coefficient
SD standard deviation

t Student distribution
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