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Abstract

This report describes the determination of thiacetazone in human and rat plasma by direct-injection high-performance
liquid chromatography (HPLC). Plasma filtrate (50 wl) was injected directly into the internal surface reversed-phase (ISRP)
mixed-functional phenyl column (Capcell Pak, 50X4.6 mm, 5 pm) and eluted with an aqueous mobile phase containing
7.5% acetonitrile at a flow-rate of | ml/min. With UV detection at 322 nm, thiacetazone eluted at 11.0 min whereas
endogenous interferences eluted before 5 min. The lower detection limit for a 50-pl sample at a signal-to-noise ratio of 5
was 63 ng/ml, which was several hundred fold lower than its cytotoxic concentrations determined from in vitro cell line
studies. At a concentration range of 0.17 to 2.7 pg/ml, the recovery of thiacetazone was 98.0£4.4% (mean=S.D.). The
intra- and inter-day coefficients of variation were 3.0*+1.4% and 4.2%2.1%, respectively. This method was successfully
applied to study the pharmacokinetics of thiacetazone in rats. The direct injection method is simple, requires small sample
volume and does not require sample extraction, internal standard, or gradient elution.
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1. Introduction thiacetazone in human prostate cancer PC3 and
DU145 cells; thiacetazone produced a sigmoidal
Thiacetazone (NSC 3550-P, MW 236), a synthetic concentration-dependent inhibition of cell prolifer-

thiosemicarbazone, inactivates ribonucleotide reduc- ation with maximal inhibition approaching 100%
tase [1] and is used extensively in the treatment of (unpublished data). Because human prostate cancer is
tuberculosis in developing countries [2-4]. A recent notoriously resistant to chemotherapy, the finding of
study showed that thiacetazone is active against significant activity of thiacetazone warrants further
primary cultures of human prostate cancer cells [S]. investigation.

A study in our laboratories confirmed the activity of Thiacetazone has activity against M. Tuberculosis

and leprosy [4,6,7]. Because of toxicity and low
- potency, it is rarely used in industrialized countries
*Corresponding author. and is not available in the United States [6]. How-
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ever, because of its availability and low cost, this
drug is widely used in developing countries at an
oral dose of 150 mg daily with isoniazid (300 mg)
for 12 to 18 months to treat tuberculosis and leprosy
patients [3,6-8].

Despite its discovered antitubercular activity in
1946 and its wide use in developing countries,
limited information is available on the phar-
macokinetics of thiacetazone in laboratory animals
and humans [4,6,9]. The peak plasma concentration
and time to reach peak concentration are about 1.6—
3.2 wg/ml and 4-5 h in patients, respectively [8].
The apparent plasma terminal half-life is about 13 h
[8]. Approximately 20-40% of the drug is excreted
unchanged in the urine [6]. No data was available on
the bioavailability, plasma clearance, tissue distribu-
tion and protein binding of thiacetazone [10].

Simple colorimetric and spectrophotometric meth-
ods have been used to analyze thiacetazone. These
methods have poor sensitivity (0.3-0.5 pg/ml) and
specificity and are incapable of determining the
trough (24 h) concentration after oral administration
accurately [11-13]. The only reported high-perform-
ance liquid chromatography (HPLC) procedure for
thiacetazone involves a two-step liquid-liquid ex-
traction procedure, an internal standard synthesized
in house and 3 ml of plasma sample [9]. Due to the
complexity and large sample volume requirement,
the previously described HPLC method is not suit-
able for large scale routine analysis and small animal
pharmacokinetic studies. The purpose of this study
was to develop a simple and sensitive analytical
method for thiacetazone in small volumes of bio-
logical fluids.

2. Experimental
2.1. Chemicals

Thiacetazone was obtained from the National
Cancer Institute (Bethesda, MD, USA) and low-
binding Durapore centrifugal filtration units (Ultra-
free-MC, 0.45 pwm pore size) from Millipore (Bed-
ford, MA, USA). All HPLC solvents were of HPLC
grade and were filtered and degassed before use.

2.2. Apparatus and chromatographic conditions

The HPLC consisted of an Hitachi Model L-
6200A Intelligent pump (Hitachi Instruments, Naper-
ville, IL. USA), a Waters 717 autosampler (Waters
Chromatography Division, Milford, MA, USA) with
a 200-wl injection loop, an on-line precolumn filter
(0.45 wm, Upchurch Scientific, Oak Harbor, WA,
USA), an HP 1050 variable-wavelength UV detector
set at 322 nm and an HP 1040A diode-array detector
(Hewlett-Packard, Avondale, PA, USA) connected in
sequence after the variable-wavelength UV detector
to monitor the UV spectrum on-line. The HPLC
system was controlled by the HPLC Chemstation
data system (Hewlett-Packard).

Two different HPLC columns were used in this
study. The conventional reversed-phase HPLC col-
umn was a NovaPak C,, column (150X3.9 mm, 4
wm, Waters Chromatography Division). The direct
injection HPLC column was Capcell Pak mixed
function phenyl column (MF Ph-1, 50X4.6 mm L.D.,
5 wm, Shiseido, Tokyo, Japan), a new type of
internal surface reversed-phase (ISRP) column that
contains a mixed-functional phase coating on
silicone polymer coated silica beads [14].

2.3. Solutions

Thiacetazone (6.8 mg) was dissolved in 25 ml of
acetonitrile to give a stock solution concentration of
0.27 mg/ml. The stock solution was diluted in
acetonitrile to give secondary stock solutions of
appropriate concentrations. Stock solutions (10 wl)
were added to 0.99 ml of blank human plasma to
give standard plasma samples or to 50% acetonitrile
to give reference solutions, with concentrations
ranging from 0.17 to 2.7 pg/ml.

2.4. Animal protocol

Two Copenhagen male rats (Harlan Biomedicals,
Dawley, OH, USA), weighing 298 and 335 g, were
housed in metabolic cages and had access to food
and water ad lib. One day before the experiment, rats
were anesthetized with ether and a permanent cathe-
ter (silastic tubing, 0.020" 1.D.x0.037" O.D.) was
implanted in the right jugular vein for dose adminis-
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tration and sample collection. Intravenous dosing
solutions of thiacetazone were prepared in 30%
propylene glycol in physiologic saline (v/v) at a
concentration of 2.28 mg/ml. The dose (2.5 mg/kg)
was administered over 0.5 min, between 8 and 10
am. Serial blood samples (100 to 250 ul) were
withdrawn through the venous catheter and the
plasma fractions were obtained by centrifugation at
13 000 g and 22°C for 1 min. Plasma samples were
stored at 4°C and protected from light.

2.5. Sample preparation

For direct injection HPLC, plasma samples (250
wl) were filtered using the Ultrafree-MC centrifugal-
driven microporous filters with a pore size of 0.45
pm at 1200 g for 15 min to remove particulates.
About 100-150 pl of plasma was recovered. The
filtered plasma samples (50 wl) were injected direct-
ly into the ISRP column.

2.6. Assay validation

The absolute recoveries at nine different con-
centrations were determined by the ratio of the peak
height obtained from injections of same volumes of
plasma samples and reference solutions with the
same concentrations. Intra-day variation was deter-
mined from results obtained from five analysis of the
same sample on the same day, and the inter-day
variation from injecting the same sample on five
different days. Assay accuracy was determined at
five different concentrations, by comparing the de-
termined concentration with the nominal concen-
tration.

2.7. Data analysis

The chromatographic parameters, i.e. capacity
factor (k'), peak symmetry and theoretical plate
count, were calculated by standard methods [15].
The plasma concentration—time data of thiacetazone
were analyzed by a standard two-compartment open
model using the NLIN routine of SAS (Statistical
Analysis System, Cary, NC, USA).

3. Results and discussion

3.1. Elution of thiacetazone from conventional
reversed-phase column

To determine the retention and elution of
thiacetazone on conventional reversed-phase HPLC
columns, we first established the elution profile of
thiacetazone with varying strengths of mobile phase.
The optimal capacity factor, i.e. k', of 5 to 10 can be
achieved with an aqueous mobile phase of 10-14%
acetonitrile on the NovaPak C,; column (Fig. 1).
The peak width ranged from 0.1-0.4 min using
mobile phase compositions of 10-35% acetonitrile,
with a peak symmetry of 0.8 and a theoretical plate
count of about 9600. The on-the-fly UV spectrum
showed a maximum absorption at 322 nm (Fig. 2).

3.2. Requirements for direct injection HPLC
analysis of plasma sample

ISRP columns have been used as a sample clean-
up column in multi-dimensional HPLC applications
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Fig. 1. Elution of thiacetazone on a NovaPak C,, column.

Capacity factor as a function of mobile phase strength.
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Fig. 2. UV spectrum of thiacetazone. UV spectrum of the
thiacetazone peak eluting from Capcell Pak MF Ph-1 column was
obtained by on-line diode array detector. The maximum absorp-
tion occurred at 322 nm.

[16-20]. However, applications of ISRP column for
direct quantitative analysis of biological samples are
still limited [21-23]. Successful analysis of plasma
samples by direction injection HPLC requires a high
specificity in the detection of the analyte in order to
diminish interferences and a greater retention of the
analyte than the highly bulky and polar plasma
matrix components such as proteins. The stationary
phase of the ISRP Capcell column consists of an
outer surface of hydrophilic polyoxylene groups and
an inner surface of hydrophobic phenyl groups.
Matrix components such as plasma proteins interact
only with the hydrophilic, non-adsorptive outer
surface, whereas small drug molecules are selective-
ly retained and are allowed to penetrate and gain full
access to the internal hydrophobic phase. Retention
of analytes on phenyl groups in the direct injection
ISRP column is relatively low compared to C,,
groups in conventional columns. Hydrophilic com-
pounds with low retention on reversed-phase col-
umns, e.g., 5S-fluorouracil, cannot be separated suffi-
ciently from the front peak even without organic
solvent (unpublished results). On the other hand, to
avoid precipitation of protein in the ISRP columns,
the content of organic solvents cannot exceed 20%.
We previously reported a direct injection method for
mitomycin C in human plasma samples, where

mitomycin C was eluted from the ISRP column with
100% water and detected at 365 nm [23].

3.3. Elution of thiacetazone from direct injection
ISRP column

The retention of thiacetazone on the ISRP column
was lower than on the C,; column. Hence, a lower
strength mobile phase was used. At a flow-rate of 1
ml/min, thiacetazone eluted at 14.1 min with a
mobile phase of water—acetonitrile (95:5, v/v) and
10.9 min with water—acetonitrile (92.5:7.5, v/v).
Under these conditions, the eluting thiacetazone peak
was broader (1.0 to 1.2 min) than that in the
conventional C,; column, with a theoretical plate
count of 888. The lower plate count was due to the
shorter length of the ISRP column (50 mm as
compared to 150 mm for the conventional C, g
column) and the difference in their stationary phase
particle size (5 pm for the ISRP column and 4 wm
for the conventional C,; column). Under these
conditions, endogenous interferences in plasma
eluted within 5 min as a large peak tailing off
gradually. The elution of this front peak showed little
dependence on the mobile phase strength ranging
from O to 15% acetonitrile, which suggests insig-
nificant interaction of compounds in the front peak
with the reversed-phase inner surface of the column.
However, the peak size and tailing of the front peak
diminished significantly when the absorption wave-
length was increased above 250 nm, as shown by the
on-the-fly UV spectrum (data not shown). Using
detection at 322 nm, thiacetazone was baseline
separated from the endogenous interferences (Fig.
3). The column was stable after about 200 injections,
equivalent to about 10 ml of plasma, with no obvious
signs of column deterioration.

3.4. Assay validation

The baseline noise was about 0.025 to 0.035
mAU. At a signal-to-noise ratio of 5, the minimum
detection limit from a 50-pl injection of plasma
sample was 63 ng/ml. This concentration is about
400-fold lower than the concentration needed to
produce 50% cytotoxicity in human prostate PC3 and
DU145 cells (unpublished data), and about 50 fold
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Fig. 3. Elution of thiacetazone on ISRP Capcell Pak MF Ph-1
column. Plasma filtrates were injected into the ISRP column. (A)
Blank human plasma (50 pl); (B) human plasma (50 ul) spiked
with 2.7 pg/ml thiacetazone. The mobile phase was water—
acetonitrile (92.5:7.5, v/v) at a flow-rate of 1 mi/min.

lower than the peak plasma concentration in patients
taking 2.5 mg/kg oral dose [8].

The standard curve was linear over the range
0.17-2.8 pg/ml. The linear regression line was:
peak height=22 093 Xconcentration—549.5, r’=
0.9998. The assay was reproducible with average
intra-day and inter-day coefficients of variation of
below 5%, a high precision of 98.6% and a high and
consistent recovery (Table 1). The nearly complete

recovery eliminates the need of using an internal
standard.

3.5. Application in a preliminary pharmacokinetic
study in rats

Fig. 4 shows the plasma concentration—time
profiles of thiacetazone in two rats. At an intraven-
ous bolus dose of 2.5 mg/kg, thiacetazone showed a
biphasic decline in plasma with a clearance of about
1.2 ml/min/kg and a steady state volume of dis-
tribution of about 1155 ml/kg. The average dis-
tribution and elimination half-lives were about 5.1
and 724 min, respectively.

4. Conclusions

This report describes a direct injection isocratic
HPLC method for the analysis of thiacetazone in
human and rat plasma. The assay procedure is
simple, does not require sample extraction nor the
use of an internal standard, requires only a small
sample volume (50 wl) and is suitable for large scale
routine analysis and pharmacokinetic studies in small
animals where the sample size is limited. This

Table 1

Recovery and intra-day and inter-day variations

Concentration Recovery Intra-day variation Inter-day variation Accuracy
(ug/ml) (%) CV. (%) CV. (%) (%)
2.7 99.6 32 6.5 102.4
24 91.5 34 23 ND
2.1 98.8 34 6.6 ND
1.8 107.9 1.5 2.1 ND
1.6 98.0 1.7 1.8 ND
1.4 95.5 1.5 3.6 100.5
0.68 97.0 34 32 96.8
0.34 98.1 2.4 43 97.4
0.17 95.4 6.1 7.3 99.7
Mean 98.0 3.0 4.2 98.6
S.D. 4.4 1.4 2.1 1.78

Recovery was calculated as the ratio of peak heights of thiacetazone derived from drug-containing plasma filtrates and reference solutions.
Intra-day variation was determined from results obtained from five analyses of the same samples on the same day and the inter-day variation
from injecting the same sample on five consecutive days. Assay accuracy was determined at five different concentrations.

CV.=coefficient of variation. ND=not determined.
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Fig. 4. Plasma concentration—time profiles of thiacetazone in two
rats. Thiacetazone (2.5 mg/kg) was administered to two rats by a
bolus injection. Lines represent the fitted line using a 2-compart-
ment pharmacokinetic model.

method was successfully applied in a preliminary
pharmacokinetic study of thiacetazone in rats.
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