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Short communication

Determination of thiopental in urine sample with high-performance
liquid chromatography using iodine–azide reaction as

a postcolumn detection system
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Abstract

The reaction between iodine and azide ions induced by thiopental was utilized as a postcolumn reaction for chromatographic determi-
nation of thiopental. The method is based on the separation of thiopental on an Nova-Pak® CN HP column with an acetonitrile–aqueous
solution of sodium azide as a mobile phase, followed by spectrophotometric measurement of the residual iodine (λ = 350 nm) from the
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ostcolumn iodine–azide reaction induced by thiopental after mixing an iodine solution containing iodide ions with the column
ontaining azide ions and thiopental. Chromatograms obtained for thiopental showed negative peaks as a result of the decre
round absorbance. The detection limit (defined as S/N = 3) was 20 nM (0.4 pmol injected amount) for thiopental. Calibratio
lotted as peak area versus concentrations, were linear from 40 nM. The elaborated method was applied to determine th
rine samples. The detection limit (defined as S/N = 3) was 0.025 nmol/ml urine. Calibration graphs, plotted as peak area v
entrations, were linear from 0.05 nmol/ml urine. Authentic urine samples were analyzed, thiopental was determined at nmo
evel.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Thiopental, 5-ethyl-5-(1-methylbutyl)-2-thiobarbituric
cid is an ultrashort-acting intravenous anesthetic[1]. It

s frequently used clinically in the treatment of intensive
are patients suffering from severe head injuries and in the
anagement of intracranial hypertension[2]. A fatal case

nvolving mixtures of chemicals including thiopental[3],
suicide by thiopental injection[4,5] and drug-facilitated

exual assault[6] were reported. Monitoring its concentra-
ion in body fluids is important also for the optimization
f pharmacotheraphy. Although thiopental is typically
xcreted in urine at high percentage in metabolized form,
here remains about 1% of the unchanged drug which can

∗ Corresponding author. Tel.: +48 42 635 58 08; fax: +48 42 635 58 08.
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be highly useful for screening and identification of
thiopental[7–9].

High-performance liquid chromatography has been
established as an analytical technique for determinatio
a wide range of drugs in variety of complex matrices. S
eral high-performance liquid chromatographic methods
already been reported for determination of thiopenta
plasma or serum using UV detection aroundλ = 280 nm
[10–16]or mass spectrometry[8]. Main practical problem
in sample treatment prior to drug analysis in biological
ids are related with matrix elimination, which has to car
out as preclean chemistry protocol in order to avoid s
ing the column by protein and to obtain low process bla
which demand mobile phase systems of high purity and
sample clean-up of the biological sample. The postcol
photochemical reaction was also applied for determinatio
the drug but it cannot be detected with sufficient sensit
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[17]. The described photoreactor does not decrease column
efficiency.

The iodine–azide reaction induced selectively by sul-
phur(II) compounds is widely used for their determination by
varied analytical techniques such as measurement of nitro-
gen evolved during the reaction, coulometry, flow injection
analysis, titrimetry, enthalpimetry, and kinetic methods with
amperometric or spectrophotometric detection. Lately, the
iodine–azide reaction has been applied as postcolumn reac-
tion detection system[18,19]. The determination is based
on the separation of sulphur(II) compounds with chromato-
graphic column and then measurement (λ = 350 nm) of the
unreacted iodine in the iodine–azide reaction. The reac-
tion takes place only in the presence of a sulphur(II) com-
pound (selective induction). When constant concentrations
of iodine solution in a postcolumn reagent and azide ions in
the mobile phase are supplied to the HPLC system, a constant
absorbance is maintained and recorded as a background from
iodine absorption. The signal decreases when a sulphur(II)
compound appears in the sample, due to consumption of
iodine in the iodine–azide reaction. The induction activity is
detected as a negative peak photometrically atλ = 350 nm.
The peak area are proportional to the amount of the sul-
phur(II) compound.

For the determination of thiopental in urine samples, it
is necessary to use a selective and sensitive detection sys-
t level
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Fig. 1. Flow diagram system with iodine–azide procedure detection. (1):
sodium azide solution, (2): acetonitrile, (3): pump, (4): injector valve, (5):
analytical column, (6): mixing tee, (7): postcolumn reaction module, (8):
temperature control system, (9): pump, (10): iodine solution in potassium
iodide solution, (11): LC spectrophotometer, (12): busSaT/In module and
(13): computer.

ery to the Postcolumn Reaction Module (the reaction tube,
4 m× 0.25 mm i.d.) (Waters). The temperature of the post-
column iodine–azide reaction was controlled by temperature
control system (Waters). The chromatographic system and
recorder were connected with busSaT/In Module (Waters).
The chromatograms were integrated with Millennium32 soft-
ware (Waters).

2.2. Chemicals and solutions

Thiopental was purchased from Biochemie (Kundl, Aus-
tria). Sodium azide, hydrochloric acid, arsenic(III) oxide,
iodine, potassium iodide, ethylenediaminetetraacetic acid
disodium salt (EDTA), HPLC-grade methanol and acetoni-
trile were obtained from Aldrich (Steinheim, Germany) or
LAB-SCAN Analytical Sciences (Dublin, Ireland).

All the solutions were freshly prepared daily. The water
used in preparation of solutions was triple distilled and then
degassed.

2.2.1. Solution
A stock thiopental solution: 100�mol thiopental was dis-

solved in 1 ml 1 M sodium hydroxide solution and diluted
to 100 ml with water. Working standard thiopental solutions
(20 nM–1�M) were prepared by appropriate serial dilution
o .5 g
s acid
w 0.5 l
w tas-
s er to
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p .2 l.
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em such as iodine–azide reaction because of the low
f thiopental present in urine and also to prevent interfer

rom the complex sample matrix. In this study, we desc
simple, rapid, reliable and specific method for dete

ation of thiopental (as a standard solution and in u
ample) based on high-performance liquid chromatogr
nd iodine–azide reaction as the detection system w
ombines both the specificity and selectivity of chrom
raphic separation and iodine–azide reaction as the po
mn detection system. The sample preparation we pr
as two advantages: it is a one step process and no in
tandard is required.

. Experimental

.1. Chromatographic system

A flow diagram of the chromatographic system u
n this study is shown inFig. 1. The analytical colum
as a Nova-Pak® CN HP (150 mm× 3.9 mm i.d., 5�m,
aters). The flow-rate was 1 ml/min at ambient temp

ure. Eluate from the Postcolumn Reaction Module (Wa
as monitored at a wavelength ofλ = 350 nm using a var
ble wavelength LC spectrophotometer (Waters 2487
). The mobile phase delivery system was a Multisolv
elivery System Model 600E (Waters). Test samples w
pplied to the HPLC column with a Rheodyne 7725i injec
eagent Manager (Waters) was used as a single-piston,
ampened pumping system for postcolumn reagent d
-

f stock solution with water. A sodium azide solution: 1
odium azide was dissolved in water and hydrochloric
as added to obtained pH 7.8 and then was adjusted to
ith water. An iodine solution: 6.3 g iodine and 20 g po
ium iodide were dissolved and were adjusted with wat
.5 l. To 200�l of the solution mentioned above 0.657 g
otassium iodide was added and diluted with water to 0

.3. Sample collection of urine and processing

To 4 ml of urine, 0.75 ml 0.1 M EDTA and specifi
mount of thiopental were added and then diluted
ethanol to 10 ml. The sample was processed further
ection2.4.
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The calibration curve was prepared by adding the known
amount of thiopental (within the range 0.2–10 nmol) to
thiopental-free urine sample and assaying in the manner
described in Section2.4. The peak area of thiopental is plotted
against urine concentration of thiopental.

0.75 ml 0.1 M EDTA was added to a real-world urine sam-
ple and diluted with methanol to 10 ml. If necessary, the
precipitation was filtered. The filtrate was processed further
as in Section2.4. The volume of urine sample was adjusted
as the thiopental peak high was ca. 0.1 AU. Aliquots of the
urine sample were taken, and 0.5, 0.75 and 1 nmol of thiopen-
tal were added to aliquots. Proper dilution and quantities of
thiopental added was read from the calibration curve. The
samples were assayed in the way described in Section2.4.
The thiopental peak area is plotted against amount of added
thiopental into urine samples. The relationship between peak
area and thiopental concentration added was linear and was
extended backward. The amount of thiopental was read using
standard addition technique.

2.4. Recommended procedure

2.4.1. Iodine–azide procedure detection
A 0.3% sodium azide solution buffered to pH 7.8 was

mixed with acetonitrile (84:16) and then was pumped as an
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Fig. 2. Chromatogram obtained for thiopental in patients’ urine sample
(3.49 nmol/ml urine) in urine with iodine–azide reaction procedure detection
method (for chromatographic conditions see text).

effluent from the column was monitored by an ultraviolet
detector set atλ = 275 nm. Thiopental has an UV–vis absorp-
tion maximum at this wavelength in studied chromatographic
conditions.

3. Results and discussion

3.1. Validation

A standard solution (20�l) containing known amount
of thiopental was treated as described in Section2.4. No
interference was observed in the region of interest where the
analyte was eluted, as shown in the thiopental in real word
urine (1 ml) sample chromatographFig. 2. The results are
reported inTable 1.

The relationship between detector response and thiopen-
tal concentration was continuous and reproducible and was
demonstrated using nine-point calibration curves (the amount
of thiopental versus peak area). The calibration curves were
linear in the range 40–1000 nM (for 20�l loop) for stan-
dard solution sample and 0.05–2.5 nmol/ml urine. This cal-

T
D

Found [pmol] ¯x ± t0,95s̄ R.S.D. [%] Recovery [%]

T 0.76±
1.11±
1.54±
1.98±
4.04±
8.06±
12.3±
16.0±
19.8±

T 0.926±
1.09±
1.56±
1.90±
6.15±
20.0±
luent at flow-rate of 1.0 ml/min. A 20�l aliquot of a thiopen
al standard solution or a thiopental urine sample solution
njected into a separating column. The effluent from the
mn was mixed with 0.2 mM iodine solution in 20 mM pot
ium iodide solution pumped with flow-rate of 0.3 ml/m
he mixture obtained was passed through the postco
eaction module maintained at 30◦C, in which iodine–azid
eaction induced by thiopental took place. The absorban
he residual iodine was measured atλ = 350 nm.

.4.2. Spectrophotometric detection
Spectrophotometric detection was performed u

hromatographic conditions described in Section2.4.1. The

able 1
etermination of thiopental with iodine–azide procedure detection (n= 5)

Taken [pmol]

hiopental standard solution 0.800
1.20
1.60
2.00
4.00
8.00

12.0
16.0
20.0

hiopental in urine 0.800
1.20
1.60
2.00
6.00

20.0
50.063 6.7 96
0.06 4.2 92
0.07 3.7 96
0.07 2.9 99
0.08 1.7 101
0.10 1.1 101
0.1 0.6 102
0.2 1.3 100
0.3 1.1 99

0.040 3.5 116
0.03 2.2 90
0.04 2.1 97
0.16 6.9 95
0.23 2.9 102
0.5 1.9 100
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ibration range can be easily extended upwards if required.
The equations for the linear regression line and coeffi-
cient of correlation for the peak area ratios (mAUs) was
y= 0.2010x− 0.0015,r2 = 0.9996 for standard solution sam-
ple (pmol) andy= 0.1957x− 0.0311,r2 = 0.9998 for urine
sample (pmol).

The detection limit, established as the concentration
required to generate a signal-to-noise ratio of 3, was esti-
mated by analyzing solutions of decreasing concentration of
thiopental. Before analyzing each sample, water was pro-
cessed in such way. It was confirmed that there were no
contaminants. The values obtained were 20 nM (0.4 pmol
on-column) and 0.025 nmol/ml urine. The lower limit of
quantitation is reported as the analyte amount required to
generate a signal that is six times the standard deviation of
the background signal. At 40 nM (0.8 pmol on-column) for
both standard solution and 0.05 nmol/ml urine the percent-
age deviation from the nominal concentration and the R.S.D.
were 6.7% for standard solution and 3.5% for urine solution
and these concentration levels were recognized as the lower
quantitation limits.

Intra-run imprecision and inaccuracy for the assay of
thiopental – expressed in RSD were determined. Suitable val-
ues are shown inTable 1.

To show the advantage of the iodine–azide reaction as
the postcolumn detection system, we checked UV detection
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the dose value and determined thiopental concentration in
authentic urine sample but exhaustive studies of the matter
were not the object of our research.

3.2. Influence of various factors on determination of
thiopental

There are several parameters common to HPLC with post-
column detection system which control the optimum perfor-
mance of determination. Some of them influence only the
separation process (i.e. stationary phase), others influence
only iodine–azide detection procedure (i.e. concentration of
iodine and iodide ions, flow-rate of iodine in potassium iodide
solution, temperature of postcolumn reaction module), but
most of them influence both (i.e. composition and pH of
mobile phase, flow-rate of mobile phase). These parameters
were separately evaluated to develop optimized determina-
tion conditions. To optimize postcolumn reaction, the condi-
tions should lead to the highest consumption of iodine in the
induced reaction.

3.2.1. Types of stationary and mobile phases
Three columns were investigated (CN, Ph and C18) to

obtain optimal separation conditions. The CN-column was
chosen as it gave higher peaks than the ones obtained with
the Ph- and C -column. The retention times obtained with
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f thiopental (λ = 275 nm) in our HPLC system. Thiopen
ample was injected using the same chromatographic
itions for postcolumn detection system, but iodine solu
as not supplied to the HPLC system. A calibration cu
as linear in the range 3–20�M of thiopental. The detectio

imit using UV detection was 0.6�M. At this concentra
ion the signal-to-noise ratio was 3. At 1�M the percent
ge deviation from the nominal concentration and R.
ere both lower than 3% and this level of concentra
as recognized as lower limit of quantitation in UV det

ion. Comparing the iodine–azide detection system with
etection method, one may conclude that the linear r
f thiopental concentration is much more wide and lo
sing iodine–azide reaction as a postcolumn detection

em. The primary advantage of the postcolumn method u
odine–azide detection procedure is ca. 300-fold reducti
he detection limit and determination limit when compa
o UV detection.

Developed procedure was applied to determinatio
hiopental in real-word urine samples on the basis of t
atients’ examples. The details concerning the determ

ion is shown inTable 2. There is some relationship betwe

able 2
etermination (nmol/ml urine) of thiopental in real-word urine sample

ose [mg/h] Sex Found R.S.D. [%

50 Female 0.36± 0.03 2.9
40 Male 0.77± 0.02 1.3
00 Male 3.49± 0.03 3.6
18
hree columns significantly depend on the type of the
ionary phases. They are 4, 20 and 27 min. for CN-, Ph-
18 -column respectively. The CN-column was chosen a

etention data is smaller and the resolution of thiopental
rom urine peak is satisfactory.

The effect of the composition of the mobile phase
he induction of iodine–azide reaction was investigated
ddition of organic solvent into the mobile phase lowers
onsumption of iodine in the induced reaction. The consu
ion is higher in the case of acetonitrile added to the mo
hase than when methanol is used (data not shown). Ac

rile was chosen as an organic cosolvent so as to obta
owest detection system. Using CN-column with acetoni
ithin the range 14–18% gives good separation of thiop
nd the other peak in the urine sample.

.2.2. Concentration of acetonitrile in mobile phase
The influence of the acetonitrile concentration in

obile phase was investigated. The optimal conditions
chieved when acetonitrile and sodium azide solution
ixed in the ratio 16:84 (v/v) when CN-column was used

hese conditions peaks are shaped well and the peak w
re smaller than 0.4 min.

The retention times for thiopental peaks do not cha
onsiderably within the range of acetonitrile 5–20% u
N-column (the range of retention time is 3.7–4.8 min).
The consumption of iodine in an induction reaction

igher when the concentration of acetonitrile in the reac
edium decreases (data not shown). To obtain lower d

ion limit, the CN-column was chosen and acetonitrile a
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organic modifier mobile phase. Applying this chromatogram
system leads also to the shortest analysis time.

The influence of the concentration of acetonitrile in the
mobile phase on the postcolumn reaction course was inves-
tigated maintaining the constant concentration of sodium
azide. The studies were performed in the system shown
in Fig. 1, but the separating column was withdrawn. The
optimal conditions were achieved when the percentage of
acetonitrile in the mobile phase was 16. Oddly, some addi-
tion of organic solvent increases the iodine consumption in
iodine–azide reaction. Similar effect was observed in the
case the iodine–azide reaction induced by Vitamin B1 in
methanol–water mixture[20].

3.2.3. Concentration of sodium azide in mobile phase
Sodium azide in a neutral pH buffer is widely used to

prevent bacterial growth. It does not interact with proteins
or change their chromatographic behaviour. It cannot be
used in ion exchange chromatography since it binds to anion
exchangers and blocks binding sites. Sodium azide cannot be
added into a mobile phase applied to the determination of sul-
phur anions[18,19]. It was supplied together with iodine as a
postcolumn reagent and diluted into the postcolumn reaction
tube with the mobile phase. It leads to the employment of
high concentration of sodium azide (10%) to complete the
postcolumn reaction[18,19]. Because of its poisonous prop-
e vent
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medium[21]. Considering the influence of all parameters on
the course of the iodine–azide reaction and chromatographic
separation, pH in the range 7.7–7.8 was chosen as the most
favourable pH for the determination of thiopental.

The retention times for thiopental peaks do not change
within the range of pH of sodium azide solution 5.5–8.0
using CN-column with acetonitrile as a modifier of the mobile
phase.

3.2.5. The flow-rate of mobile phase and iodine solution
as the key to optimise the reaction time of postcolumn
reaction

The contact time between the eluate (containing thiopental
and azide ion) and the postcolumn reaction solution (con-
taining iodine solution) is very important for the reaction to
proceed sufficiently. The flow injection analysis showed a
decrease in the peak area with an increase in mobile phase
flow rate within the rate 0.5–2.2 ml/min. This relationship
confirms that the contact time mentioned above is lower
than the induction time of iodine–azide reaction induced by
thiopental. It is necessary to optimize the reaction time as this
depends on the mobile phase, iodine solution flow-rate and
the distance from the column tip to the detector cell. A study
of the flow rate of the carrier streams was conducted.

Dependence of the thiopental peak area on the mobile
phase flow-rate was examined in the range 0.5–1.5 ml/min.
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rties it should be used in very small amounts. To pre
he dilution of sodium azide (leading to smaller consump
f iodine in the induced reaction) and also to avoid the n

o change the buffer for separation process and postco
etection system, sodium azide was used as a buffer an
assed through the separating column in our research.

To measure the effect of the azide solution conce
ion on thiopental peak area, azide solutions in the ran
oncentration 0.1–1.5% were employed. The optimal
entration of sodium azide was chosen to be 0.3%.

The retention times of the thiopental peak (standard s
ion and in urine sample) and those of thiols (in urine) do
hange considerably within the range of sodium azide
entration 0.1–1.5% using CN-column with acetonitrile
odifier of the mobile phase.

.2.4. The pH of sodium azide solution
Sodium azide solution pH is the factor which influen

oth separation and the course of iodine–azide reaction
onsumption of iodine in the induced reaction has been f
o be dependent on pH reagent solution[21]. The use of solu
ion with a pH lower than 5.5 is not recommended bec
f the emission of the poisonous, volatile hydrazoic a
bove pH 8.0 the catalytic reaction does not proceed s

odine forms iodate(I), which is not a reagent in iodine–a
eaction. In the case of thiopental, peak area increases
ncreasing pH value within the range 5.5–7.7 and decr
ith increasing pH value within the range 7.8–8.0.
ame relationship is observed in the case of the cons
ion of iodine in the induced reaction measured in aqu
he retention time changed within range 7.2 min (for
ow-rate 0.5 ml/min)–2.2 min (for the flow rate 1.5 ml/mi
he highest peak was obtained when the mobile phase
umped with the flow-rate 1 ml/min. The retention ti
btained in these conditions was 3.6 min. The resolutio

hiopental and thiols (in urine sample) does not depen
he flow rate and it value is within the range 1.5–1.8 ml/m

The results showed a decrease in the peak area w
ncrease in iodine solution flow rate over 0.5 ml/min. It me
hat thiopental has not enough time for induction of
odine–azide system (the reaction is incomplete). The p
pplied to the iodine solution gives some background noi

he chromatogram. Applying high flow-rate of iodine solut
ives the noise peak area, so it was necessary to meas
ependence of detection limit on the ratio of thiopental p
rea and noise peak area. The highest signal-to-noise
as obtained when the iodine solution was pumped w
ow-rate of 0.3 ml/min.

.2.6. The concentration of iodine and iodide ions
The concentrations of iodine and iodide ions are fac

hich depend only on the postcolumn reaction. The iodin
otassium iodide solution is supplied to the system afte
eparation step (Fig. 1.). The concentration of iodine sol
ion does not influence peak area for thiopental in the r
.1–0.4 mM. The concentration of iodine solution of 0.2 m

with flow-rate 0.3 ml/min andc(KI) = 20 mM] was chosen
hen the absorbance was ca. 0.5 AU.

In our research iodide ions influence only the cours
odine–azide reaction. To measure the effect of the con
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tration of iodide ions on the area of the thiopental peak, potas-
sium iodide solutions in the range of concentration 3–50 mM
were employed. At the concentration of potassium iodide
within the range 0.2–20 mM, the peak area increase since
the concentration of triiodide ions is increased as a result of
a further shift of the equilibrium iodine/iodide ions to the
right. It gives higher absorbance with a constant concentra-
tion of iodine. The peak area stays constant within the range
20–50 mM and it means that iodide ions within this range
do not influence the course of iodine–azide reaction induced
by thiopental. The optimal concentration of potassium iodide
was chosen 20 mM. Higher concentrations were not checked
against to volumetric titration data[22].

3.2.7. The temperature of the postcolumn reaction
module

The system response was studied by varying the temper-
ature of the postcolumn reaction module within the range
25–50◦C. The peak area increased with an increase in tem-
perature up to 30◦C due to a faster reaction and decreased
above 30–50◦C. The temperature applied to postcolumn
reaction module was maintained at 30◦C.

3.3. Stability of thiopental in urine

Thiopental in urine sample was monitored at ambient
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u ea for
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the mobile phase in RP-HPLC mode. Only sulphur(II) com-
pounds which coelute with thiopental, can interfere with its
detection.
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