JOURNAL OF
CHROMATOGRAPHY B

!. s

ELSEVIE

&

Journa of Chromatography B, 754 (2001) 477—-486

www.elsevier.com/locate/ chromb

lon interaction reagent reversed-phase high-performance liquid
chromatography determination of anti-tuberculosis drugs and
metabolites in biological fluids

M.C. Gennaro®*, R. Calvino®, C. Abrigo®

“Dipartimento di Scienze e Tecnologie Avanzate, Universita del Piemonte Orientale ““Amedeo Avogadro”’, Corso Borsalino,
54-15100 Alessandria, Italy
"Dipartimento di Scienza e Tecnologia del Farmaco, Universita di Torino, Via Pietro Giuria, 9-10125 Torino, Italy

Received 30 March 2000; received in revised form 8 January 2001; accepted 8 January 2001

Abstract

New methods of ion interaction reagent (I1R) RP-HPLC are presented for the determination of anti-tuberculosis drugs and
their metabolites, singly or in multi-component mixtures, in biological fluids. The following analytes are considered:
isoniazid, ethionamide, pyrazinamide, morphazinamide, p-aminosalicylic acid, nicotinic and isonicotinic acids. Aqueous
solutions of three different ion interaction reagents are aternatively or comparatively used as the mobile phases, namely: (A)
5.00 mM octylamine at pH 3.00 for o-phosphoric acid, (B) 5.00 mM octylamine at pH 8.00 for o-phosphoric acid, and (C)
5.00 mM 1,6 diaminohexane at pH 6.00 for o-phosphoric acid. The response linearity between peak area and analyte
concentration is verified for all the analytes in the concentration range within the determination limits and 2.00 mg/I.
Detection limits are always lower than 82 g/l for standard solutions; in the analysis of samples of rat serum, rat plasma and
human serum, the matrix effect is negligible, the detection limits are always lower than 94 g/l and the average recovery
yield is always greater than 96%. [ 2001 Elsevier Science BV. All rights reserved.

Keywords: Isoniazid; Ethionamide; Pyrazinamide; Morphazinamide; p-Aminosalicylic acid

1. Introduction

Tuberculosis infection still causes the death world-
wide of ~3 000000 people a year [1] and the
number is increasing, due to the recent diffusion of
the acquired immuno-deficiency syndrome (AIDS),
that potentially increases the frequency and the
progression of pulmonary tuberculosis. The drugs
used in the treatment of tuberculosis are generaly
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assigned to two major categories. The ‘““first —line”
agents, that combine good efficiency with acceptable
levels of toxic side-effects, include isoniazid and
pyrazinamide and are the most widely used, often in
combined formulations. In the presence of microbial
resistance or HIV infection, ‘‘second-line’”’ drugs,
such as ethionamide and p-aminosalicylic acid, must
also be used. Interest in morphazinamide, developed
for its potentia therapeutic superiority over
pyrazinamide, has decreased since both its activity
and toxicity have been ascertained to correspond to
those of pyrazinamide, since morphazinamide is
easily converted to pyrazinamide in vivo. Iso-
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nicotinic acid is of particular interest due to its
inhibitory effect of isoniazid on mycobacteria.

Of the drugs employed against tuberculosis, iso-
niazid has in the past been the most used. However,
due to recently recognised toxic side-effects (such as
hepatic disorders) and the potential emergence of
resistant strains of Mycobacterium tuberculosis, its
use is now forbidden [2,3] in human and aso in
veterinary medicine because of its potential diffusion
to milk and the consequent potential damage to
human health.

Suitable analytical methods are therefore required
for the identification and determination of isoniazid
in plasma, serum and urine of patients, in order to
carry out suitable individual pharmacokinetic studies
of transport and localisation and to develop personal-
ised therapies. Monitoring the drug and its metabo-
lites in plasma in a systematic way together with
anti-TB therapy is very advantageous, especially
when drug resistance is likely. Interest in the de-
velopment of reliable methods also concerns other
anti-TB drugs often used as aternatives or combined
with isoniazid.

A number of analytical methods have been de-
scribed in the literature, essentially based on re-
versed-phase HPLC [2-7], ion-pair HPLC [8-11],
and liquid capillary gas-chromatography with MS
spectrometry detection [12]. Pretreatments of de-
rivatisation with cinnamaldehyde [4,5,13,14], L-L or
L-S extraction are employed [15-18]. Methods are
reported for the determination of isoniazid in milk
[2,3], in aveolar cells after bronchoalveolar lavage
[19], in plasma of HIV-positive patients [19], in
plasma [6], in human serum [4,12,15], in urine
[7,14], in the presence of isonicotinic acid and
acetylisoniazid in biological fluids [14,20], in rat
hepatocytes [9] or cerebrospina fluids [8], and in
pharmaceutical formulations [21-23]. Pyrazinamide
is mainly determined by GC and HPLC methods
[24,25], and ethionamide and p-aminosalicylic acid
in biological fluids by HPLC [26,27].

As can be seen, these methods are mainly devoted
to the separation of single anaytes and the required
sengitivity is achieved through pretreatment steps
based on extraction, preconcentration and derivatiza-
tion.

In this work a liquid chromatographic ion inter-

action reagent (I1R) method is presented, that offers
new advantages: the pretreatment steps are mini-
mised and the simultaneous determination of iso-
niazid, pyrazinamide, ethionamide and p-amino-
sdlicylic acid, as well as the separation of iso- and
nicotinic acid can be obtained. The molecular struc-
tures of the analytes are reported in Fig. 1.

The multi-component method developed is easily
applied to the analysis of rat serum, rat plasma and
human serum.

As is known [28], the IIR technique is based on
the dynamic modification of a commercial reversed-
phase column by a suitable ion interaction reagent
that is contained in the mobile phase and is a salt
containing a lipophilic cation (for instance an
akylammonium ion). Through adsorbtion and
electrostatic forces, a double electric layer is as-
sumed to form onto the surface of the RP stationary
phase [28—-31] The properties of the stationary phase
are thus modified and the new chromatographic
system can simultaneously retain anionic and cat-
ionic species. The method is therefore very suitable
for the simultaneous separation of amines and
anionic species, if working at pH values at which the
amines are present in their protonated form and the
acids in their dissociated forms. A good selection of
the variables involved, in particular the kind and
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Fig. 1. Molecular structures of the analytes investigated.
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concentration of IR and the pH of the mobile phase,
can modulate the retention and make it possible to
separate the components even in a complex mixture.

2. Experimental
2.1. Apparatus

Analyses were carried out using a Merck-Hitachi
Lichrograph L-6200 chromatograph, equipped with a
two-channel Merck-Hitachi D-2500 chromato-inte-
grator, interfaced with an L-4200 UV/VIS detector
and an L-3720 conductivity detector with tempera-
ture control. The precolumn and column tempera-
tures were held at 25.0=0.2°C.

A Metrohom 654 pH meter equipped with a
combined glass-calomel electrode was employed for
the pH measurements and a Hitachi Model 150-20
spectrophotometer for the absorbance measurements.

A “endcapped”’ 5-pum Merck-Lichrocart (250X
4.6 mm 1.D.) Lichrospher 100 RP18 column was
used; the analytical column was usually protected by
a 5-pm Lichrospher RP 18 guard column. After use
and between the use of different mobile phases, the
stationary phase was washed with a mixture of
water / acetonitrile 50/50, v/v (flow-rate 1.0 ml/min,
10 min) and 100% acetonitrile (flow-rate 1.0 ml/
min, 5 min). With this washing treatment, no par-
ticular degradation of the stationary phase, when
compared with use in conventional reversed-phase
mode, was observed and good performances were
maintained during this study (~3 months of intense
work, and more than 500 injections).

2.2. Chemicals and reagents

Ultrapure water from Millipore Milli-Q system
was used for the preparation of all solutions. Oc-
tylamine, ortho-phosphoric acid, isoniazid, nicotinic
and isonicotinic acid, pyrazinamide, and 1,6
diaminohexane were analytical grade reagents from
Fluka. p-Aminosalicylic acid and ethionamide were
analytical grade reagents from |.C.N. Biomedicals
and morphazinamide was analytical grade reagent
from Bracco.

The standard solutions of isoniazid, pyrazinamide,

morphazinamide, nicotinic acid, isonicotinic acid and
p-aminosalicylic acid were prepared in dark flasks
(1000 mg/I); the solutions were stable for at least 3
months. Standard solutions of ethionamide (500 mg/
1) were prepared in methanol and stored at 4°C. The
standard solutions were diluted, as required, with
ultrapure water.

2.3. Sample preparation

All the samples of rat plasma and serum were
prepared in the laboratories of the Dipartimento di
Scienza e Tecnologia del Farmaco of the University
of Torino, while the human plasma was prepared in
hospital laboratories. The serum and plasma samples
were stored at —18°C in polyvinyl containers and
defrosted just before analysis. The only treatments
required prior to HPLC anaysis were filtration
through Millex Fg 13 0.20-pm Millipore filter and
dilution 1/20, v/v, with ultrapure water.

Two commercial pharmaceutical formulations,
namely Nicizina” from Pharmacia and Upjohn, and
Piraldina” from Bracco, were also analysed. A tablet
of drug was dissolved in ultrapure water to obtain a
solution of the expected concentration of 500 mg/I,
diluted to 1.0 mg/l and analysed.

3. Results and discussion
3.1. Development of the methods

The ion interaction chromatographic technique is
very versatile since retention depends on many
experimental factors that must be optimised as a
function of the separation process. In particular, the
technique is very suitable for the separation of
mixtures, whose components are characterised by
different chemical structures and properties.

When using alkylammonium o-phosphate as the
IIR, the factors that mainly affect retention are: the
length of the alkyl chain, the concentration of the ion
interaction reagent, the concentration of the organic
modifier and the pH of the mobile phase.

In order to develop methods for the separation of
the considered analytes, the effects of the different
variables on retention in IR mode were studied. The
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results confirmed the dependencies already observed
in previous papers [28—31]. Due to the more lipo-
philic properties assumed by the modified surface,
the increasing length of the alkyl chain leads to
increased retention of the anionic species (nicotinic
and isonicotinic acids and p-aminosalicylic acid) and
to decreased retention of amines (isoniazid,
ethionamide, pyrazinamide and morphazinamide). A
similar behaviour is observed with increased IIR
concentration, since greater concentrations induce
greater modification of the stationary phase surface.
Anyway, this behaviour holds up to IIR concen-
trations that correspond to the capacity of the
stationary phase surface. For greater concentration, a
plateau behaviour is observed, if the ionic strength of
the mobile phase is controlled. Otherwise, a retention
decrease can be observed, due to competitive
equilibria and electrostatic effects induced by the
increased concentration in the mobile phase of the
counter anions of IIR. In the present study, the
concentration range of IIR was varied between 3.00
and 8.00 mM: in this range a retention increase with
increasing concentration was observed and a con-
centration of 5.00 mM was shown to give good
resolution in reasonable total analysis time. The
effect on retention of the pH of the mobile phase is
due not only to the analyte acid—base equilibria, but
aso to the modification of the stationary phase. For
the analytes considered, the effect on the retention by
the mobile phase pH was studied in the range

between pH 3.00 and 8.00 (the pH limits allowed by
a silicarbased column). The increased concentration
of the organic modifier in the mobile phase leads to a
decrease in the retention times of both anionic and
cationic species; the effect is due to two contribu-
tions, one from the increased eluotropic strength of
the mobile phase and the other from the decreased
concentration of the ion interaction reagent adsorbed
onto the stationary phase surface.

UV detection at 264 nm was chosen to obtain the
maximum average sensitivity of the components of
the mixture.

1,6 Diaminohexane o-phosphate was here used for
the first time as IIR to investigate the effect on the
maodification of the surface of the stationary phase by
an |IR that contains in its molecule two lipophilic
protonated groups, that can constitute the first posi-
tive layer of the electrical double layer. With respect
to the data obtained with mono-polar akylam-
monium chains, it was observed that when using this
IIR, amines are generally retained better while
carboxylic acids show generally lower retention
times, with the fina result of a generally improved
resolution of analytes containing different function-
alities.

The 1IR methods developed utilise three different
aqueous mobile phases, which can be used alter-
natively or, when possible, for comparison, and are:
(A) 5.00 mM octylammonium o-phosphate at pH
3.00, (B) 5.00 mM octylammonium o-phosphate at

Table 1
Analyte detection limits in standard solutions and in biological fluids for the different mobile phases investigated®
Analyte LOD (pg/l) LOD (pg/l) Mobile phase
in standard in biological
solution fluids
Isoniazid 82 91 (C): 5.00 MM 1,6 diaminohexane o-phosphate,
pH 6.00, flow-rate 1.5 ml/min
Ethionamide 65 71 (A): 5.00 mM octylammonium o-phosphate,
pH 3.00, flow-rate 1.5 ml/min
Pyrazinamide 24 63 (A): 5.00 mM octylammonium o-phosphate,
pH 3.00, flow-rate 1.5 ml/min
Morphazinamide 81 94 (B): 5.00 mM octylammonium o-phosphate,
pH 8.00, flow-rate 1.5 ml/min
p-Aminosdicylic 39 68 5.00 mM octylammonium o-phosphate,
acid pH 8.00, flow-rate 1.5 ml/min

® Stationary phase: Phase Separation ODS-2 Spherisorb 5 wm, endcapped.
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pH 8.00, and (C) 5.00 mM 1,6 diaminohexane o-
phosphate at pH 6.00

31.1. Calibration plots and detection limits

In a total working time of ~3 months, the re-
peatibility of the measurements was, for all the
analytes and the three mobile phases used, always
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Fig. 2. Separation of a mixture of: (@) isoniazid (1.00 mg/l), (b)
isonicotinic acid (0.50 mg/l), (c) nicotinic acid (0.50 mg/1), (d)
pyrazinamide (1.00 mg/l), and (e) ethionamide (1.00 mg/l).
Stationary phase: Phase Separation ODS-2 Spherisorb 5 pm,
endcapped. Mobile phase: 5.00 mM octylammonium o-phosphate,
pH 3.00. Spectrophotometric detection at 264 nm; flow-rate 1.0
ml/min.

within 3% for the same mobile phase preparation and
within 6% for different mobile phase preparations.

By employing the optimal conditions of mobile
phase for each analyte, 5-point calibration plots were
built in order to evaluate: (i) the linearity between
peak area and concentration; and (ii) the method
sengitivity. All the plots indicate a good linearity
with correlation coefficients R* always greater than
0.988. From sensitivity (peak area for 1.00-mg/l
concentration) and for a signal-to-noise ratio=3, the
detection limits reported in Table 1 were evaluated.

The same separations of interest are presented
below.

31.2 Separation of isoniazid, pyrazinamide,
ethionamide, isonicotinic and nicotinic acid

Fig. 2 presents the separation of a mixture of:
isoniazid, pyrazinamide, ethionamide (each at a
concentration of 1.00 mg/l), isonicotinic acid and
nicotinic acid (each at a concentration of 0.50 mg/I)
obtained with 5.00 mM octylammonium o-phosphate
at pH 3.00 as IIR (mobile phase A). The separation
gives good resolution in a total analysis time of less
than 25 min. As also reported in the literature, the
peaks that correspond to the aminic species are
somewhat larger and less symmetric than the peaks
of the anionic species. This behaviour is explained
by interactions of amines with sylanol groups that
are always present on silica-based stationary phases,
even following end-capping.

Table 2

Kinetics of the transformation from morphazinamide to
pyrazinamide: mmoles evaluated from peak areas as a function of
time®

Sampling Morphazinamide Pyrazinamide Tota
time (h) (mmol) (mmol) (mmol)
0 5.795 - 5.795
1 5.670 0.300 5.970
2 5.046 0.308 5.354
3 4.905 0.512 5.417
4 4.761 0.674 5.435

24 2.191 2.995 5.186

® Stationary phase: Phase Separation ODS-2 Spherisorb 5 pum,
endcapped. Mobile phase B: 5.00 mM octylammonium o-phos-
phate at pH 8.00. Flow-rate: 0.8 ml/min.
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3.1.3 Kinetic of degradation of morphazinamide
to pirazinamide

As mentioned, morphazinamide (N-morpholino-
methylamide of pyrazinoic acid) is an active pro-
drug of pyrazinamide, to which it is converted in
vivo. A solution of 1.00 mg/l (5.795 mmol) of
morphazinamide was prepared and its natural trans-
formation to pyrazinamide has been followed over
24 h by leaving the solution in a capped flask at
room temperature (~20°C) and collecting samples
every hour for the first 4 h. The samples have been
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analysed with the IIR-RP-HPLC method which
utilises mobile phase B (5.00 mM octylammonium
o-phosphate at pH 8.00). Through the calibration
plots, the concentrations of both analytes have been
evaluated and are reported in Table 2. The data show
that the mass balance is nearly maintained: the sum
of mmoles of morphazinamide and pyrazinamide is
aways within 15% with respect to the expected
value, indicating that the transformation of mor-
phazinamide to pyrazinamide can be considered as
quantitative. Fig. 3 shows examples of the kinetics of
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Fig. 3. Kinetics of the transformation from morphazinamide (8) 1.00 mg/| to pyrazinamide (b). (A) t=0 h; (B) t=4 h; (C) t=24 h.
Stationary phase: Phase Separation ODS-2 Spherisorb 5 wm, endcapped. Mobile phase: 5.00 mM octylammonium o-phosphate, pH 8.00.

Spectrophotometric detection at 264 nm; flow-rate 0.8 ml/min.
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degradation of morphazinamide (1.00 mg/l) to
pyrazinamide at times (A) t=0 min, (B) t=4 h and
(C) t=24 h.

3.2 Application to real samples

The methods developed were then applied to the
analysis of real samples, namely to pharmaceutical
formulations, rat serum, rat plasma and human
serum. For each analyte and each mobile phase the
recovery yield is evaluated by spiking the real
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samples with the correct concentrations and by
guantitative determination performed by 5-point
standard addition method.

321 Determination of isoniazid and pyrazinamide
in pharmaceutical formulations

A Piraldina” tablet containing pyrazinamide, and
a Nicizina” tablet containing isoniazid, were ana-
lysed by using mobile phase A (5.00 mM octylam-
monium ortho-phosphate at pH 3.00). On the basis
of the declared amounts, the tablets were dissolved
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Fig. 4. (A) Chromatogram recorded for atypical rat plasma sample, diluted 1/20, v/v. (B) Chromatogram recorded for atypical rat plasma
sample, diluted 1/20, v/v, and spiked with () morphazinamide (0.18 mg/l) and (b) p-aminosalicylic acid (0.05 mg/l). Stationary phase:
Phase Separation ODS-2 Spherisorb 5 wm, endcapped. Mobile phase: 5.00 mM octylammonium o-phosphate, pH 8.00. Spectrophotometric

detection at 264 nm; flow-rate 1.5 ml/min.
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in ultrapure water and diluted to the expected
concentration of 1.00 mg/l. The results showed a
good correlation between the amount found and that
declared: in Piraldina” tablet 478.7 mg were found
with respect to the expected 500.0 mg and in
Nicizina” tablet 207.6 mg with respect to the
expected 200.0 mg were found.

322 Determination of isoniazid, pyrazinamide
and ethionamide in rat serum and p-aminosalicylic
acid and morphazinamide in rat plasma

On the basis of information based on the metabol-
ic processes, the amounts generally found in real
samples are: 0.19-1.13 mg/| of isoniazid, 0.10-2.74
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mg/l of pyrazinamide, 0.10-1.12 mg/l of
ethionamide, 0.05-3.84 mg/l of p-aminosalicylic
acid and 0.18-3.50 mg/| of morphazinamide.

Samples of drug-free rat plasma were spiked with
the proper amounts of the analytes. Due to the good
sengitivity shown by the IR method in this analysis,
the biological samples could be diluted 1/20, v/v, so
that also the matrix effect was lowered.

For the determination of pyrazinamide and
ethionamide in rat serum, the best mobile phase was
shown to be mobile phase A (5.00 mM octylam-
monium o-phosphate at pH 3.00). The same IIR but
at pH 8.00 (mobile phase B) was shown to be the
most suitable for the determination of mor-
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Fig. 5. (A) Chromatogram recorded for a typical rat serum sample, diluted 1/20, v/v, and spiked, respectively, with isoniazid at
concentration of (B) 0.38 mg/l, and (C) 0.76 mg/|. Stationary phase: Phase Separation ODS-2 Spherisorb 5 wm, endcapped. Mobile phase:
5.00 mM 1,6 diaminohexane o-phosphate, pH 6.00. Spectrophotometric detection at 264 nm; flow-rate 1.5 ml/min.
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phazinamide and of p-aminosalicylic acid in rat
plasma. Fig. 4 presents the chromatogram recorded
for this sample diluted 1/20, v/v, and, respectively,
(A) not spiked, and (B) spiked with 0.18 mg/I of
morphazinamide (peak @ and with 0.05 mg/l of
p-aminosalicylic acid (peak b).

For the determination of isoniazid in rat serum,
5.00 mM 1,6 diaminohexane o-phosphate at pH 6.00
(mobile phase C) is the most suitable. Fig. 5 presents
the chromatogram of rat serum diluted 1/20, v/v,
and, respectively, (A) not spiked, (B) spiked with
0.38 mg/l, and (C) spiked with 0.76 mg/l of
isoniazid (peak @).

For the determination of isoniazid in samples of
spiked human serum, 5.00 mM 1,6 diaminohexane
0-phosphate at pH 6.00 (mobile phase C) as IR was
shown to be suitable.

The recovery determination was performed by the
standard addition method. The good linearity of the
plots correlating peak areas and concentration (R
aways greater than 0.975) and the dlopes very
similar to those obtained in the externa calibration
plot suggest that the matrix interference is negligible.

Table 3

% Recovery yields in spiked samples®

Analyte Concentration Average
range (mg/1) % recovery

(1) Rat serum

Ethionamide 0.10-1.12 (n=5) 102.7+11.2

Pyrazinamide 0.10-2.77 (n=5) 102.6+16.2

(11) Rat plasma

p-Aminosalicylic acid 0.10-3.84 (n=6) 100.2+5.7

Morphazinamide 0.18-3.50 (n=5) 96.5+9.4

(111) Rat serum

Isoniazid 0.19-1.13 (n=5) 97.6+3.6

(1V) Human serum

Isoniazid 0.19-1.13 (n=5) 103.7+5.2

®The vaues are the mean of n experiments performed at
different concentrations in the range indicated. Each experiment
was replicated three times. Stationary phase: Phase Separation
ODS-2 Spherisorb 5 pm, endcapped. (I) Ethionamide and
pyrazinamide in rat serum (mobile phase A: 5.00 mM octylam-
monium o-phosphate, pH 3.00; flow-rate: 1.5 ml/min). (I1) p-
Aminosalicylic acid and morphazinamide in rat plasma (mobile
phase B: 5.00 mM octylammonium o-phosphate, pH 8.00; flow-
rate: 1.5 ml/min). (I11) Isoniazid in rat serum (mobile phase C:
5.00 mM 1,6 diaminohexane o-phosphate, pH 6.00; flow-rate: 1.5
ml/min). (IV) Isoniazid in human serum (mobile phase C: 5.00
mM 1,6 diaminohexane o-phosphate, pH 6.00; flow-rate: 1.5
ml/min.

Table 1 reports the LODs evauated for the different
analytes in the real samples, in comparison with the
detection limits evaluated for the standard solutions.

The per cent recovery yields, reported in Table 3,
are always greater than 96.5%.

4. Conclusion

In conclusion, it can be said that the method
presented here is suitable for the determination of
anti-tuberculosis drugs and metabolites in different
matrices. The method is based on the ion interaction
reagent technique and the use of three different
mobile phases is proposed, as a function of the
specific separation.

The detection limits for the analytes investigated
are aways lower that 90 pg/l in biological fluids
and the recovery yields in the different matrices are
aways greater than 96%. When possible, for identifi-
cation purposes, two different mobile phases can be
comparatively used.

It is also worth noting that the sensitivity offered
by the method is good enough to permit the de-
termination of the amounts of interest without pre-
treatments (like derivatisation) or preconcentration
processes.

Also noticeable are: (i) the possibility of simul-
taneously separating more components of a mixture
and (ii) the use of completely aqueous mobile
phases: the absence of organic solvent in the mobile
phase is an advantage both economicaly and
ecologically.
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