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ABSTRACT

A fully automated stepwise injection spectrophotometric method for determination of antipyrine in
saliva (agent for non-invasive assessment of the activity of the drug metabolizing system in hepatocytes)
has been developed. The method is based on the antipyrine derivatization by nitrite-ion dispersive
liquid-liquid microextraction (DLLME) of formed 4-nitrosoantipyrine with subsequent UV-vis spectro-
photometric detection. Under optimal experimental conditions (0.5 M sulfuric acid, 6 x 107> M sodium
nitrite, time 6 min) the absorbance of the colored extract at the 345 nm obeys Beer's law in the range of
3-200 uM of antipyrine in saliva. The LOD, calculated from a blank test, based on 3¢, found to be 1 pM.
The relative standard deviation for the determination of 50 uM antipyrine was 4.5% (n=10). The
proposed method was successfully applied to the determination of antipyrine in saliva and the analytical

Saliva

results agreed fairly well with the results obtained by reference HPLC method.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

A wide variety of various foreign or toxic substances (drugs,
pesticides, food preservatives, etc.) are metabolized by microsomal
oxidase (MO) enzyme system in hepatocytes. This system serves as
a route of detoxification and, in contrast, also as a route of
metabolic activation to yield reactive metabolites which initiate
toxic and carcinogenic events. Moreover they are involved in
metabolism of number of endogenous compounds (steroid hor-
mones, prostaglandins, bilirubin, etc.) [1,2].

There are invasive and non-invasive methods for determination
of MO activity. Invasive methods include liver biopsy to determine
the amount of enzymes in vitro [3-5] but the sample preparation
of liver tissues is labor-intensive and complex process and is also
painful for patients. The activity of MO system of liver is normally
examined by non-invasive measuring the rate of model drug
biotransformation that is only metabolized by the hepatic P-450
enzymes [6]. The procedure based on per os ingestion of model
drug followed by determination of its pharmacokinetics. This drug
should be rapidly and completely absorbed, it should also have no
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side effects from the used dose and it should not induce or inhibit
its own metabolism. As model drug, antipyrine, aminopyrine,
theophylline, phenobarbital and others [7-11] are used in clinical
practice.

Antipyrine test was found to have extensively wide application
because of its low toxicity [12]. Antipyrine is one of the antipyretic
and analgesic drug, it is chemically 2,3-dimethyl-1-phenyl-3-
pyrazolin-5-one. Antipyrine test is based on the estimation of
the pharmacokinetic parameters of antipyrine elimination in
biological fluids (saliva, urine or blood) after its oral ingestion.
Saliva is used for therapeutic monitoring of a variety of drugs.
Moreover, the easy noninvasive, stress-free nature of saliva collec-
tion makes it one of the most accessible body fluids to obtain.

Antipyrine has high bioavailability and secreted in saliva with
saliva/plasma concentration ratio close to unity [13]. It is negligibly
bound with proteins, and its volume of distribution is equal to that
of the total-body water, so that antipyrine clearance can be
accurately estimated with a single saliva sample.

Several methods have been developed for the determination of
antipyrine in biological fluids including capillary electrophoresis
[14], electrochemistry [15], radioimmunoassay [ 16], mass spectro-
metry [17,18], chromatography [19-21] and spectrophotometry
[22,23]. Limit of detection for determination of antipyrine for
chromatography, electrophoresis and electrochemistry is 1 uM, but
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proposed techniques have a range of limitations for automation.
These techniques involves long stages of sample preparation, using
large number of chemicals.

For effective implementation of antipyrine test with high-
performance into clinical practice, it would be perspective to use
the flow methods. Flow methods are well-established analytical
tool for solving problems of routine analysis. Flow methods with
spectrophotometric detection can easily and effectively replace
complicated and expensive chromatographic separation methods,
especially in analysis of biological fluids.

Stepwise injection analysis (SWIA) is the universal solution for the
automation of chromogenic reactions in which the equilibration in the
reaction is reached and dispersion of the reactants is prevented
[24,25]. SWIA manifold is a hybrid analyzer exploiting characteristics
of both flow and batch systems. It combines the advantages of
automated control of flows such as high throughput, complete and
precise control of reactant volumes and timings of operations, low
cost, low consumption of the reagents and low waste production with
the flexibility and the versatility of mixing chamber (MC).

The purpose of this work was to develop a simple and fully
automated non-invasive method for assessment of the activity of
MO system, based on the determination of antipyrine in saliva by
using SWIA.

2. Experimental
2.1. Reagents and materials

All chemicals were of analytical reagent grade. Ultra-pure water
from Millipore Milli-Q RG (Millipore, USA) was used for preparation of
solutions and dilution. The stock solution of 500 pM antipyrine was
prepared by dissolving of the corresponding weight of antipyrine
(Aldrich) in water. The prepared solutions of analyte were standar-
dized by the method that described in [26]. This solution was stored in
a dark place at 5 °C and used within 60 days. The working solutions of
analyte were daily prepared by appropriate dilution of the stock
solution with water. Aqueous solutions of sodium nitrite and sulfuric
acid were used for antipyrine derivatization. Pills of pharmaceutical-
grade of antipyrine (OJSC “Tatchempharmpreparaty”) were used as
model drug. Methanol-phosphate buffer solution as mobile phase was
prepared by mixing 55% phosphate buffer (pH=7) and 45% of
methanol.

2.2. Sampling and sample preparation

A pill containing 600 mg of antipyrine was ingested once per os
by healthy patient to estimate the drug metabolizing capacity of
liver. After pre-rinsing the oral cavity with water, saliva was
collected every three hours during 12 h after antipyrine ingestion
in polypropylene conical tube with a volume of 5mL. 2 mL of
collected saliva was put in polypropylene conical tube containing
3 mL of water for centrifugation. The prepared solution was
centrifuged for 5 min at 5000 rpm. 1 mL of supernatant was
transferred to MC and SWIA was carried out.

2.3. Manifold and apparatus

The SWIA-DLLME manifold (Fig. 1) includes: two solenoid
valves (Cole-Parmer, USA), peristaltic pumps MasterFlex L/S
(Cole-Parmer, USA) ensuring a reverse flow (flow rate is from
0.5 to 5mLmin~"'), multisyringe module 4S (Crison, Austria),
mixing chamber (MC) (PTFE 10 mm in i.d., 5 cm at height), MC
connected with a source of visible light PX-2 (Ocean Optics, USA)
and fiber-optic spectrometer USB 4000 (Ocean Optics, USA) and
communication tubes (PTFE, 0.5 mm in i.d.).

HPLC analysis was carried out on a Shimadzu LC-20 Promi-
nence liquid chromatograph (Shimadzu Corporation, Kyoto, Japan)
with UV detection (243 nm). The chromatographic separation was
achieved by Supelco C18 HPLC column (250 x 4.6 mm, 5 pm
particles size) in a gradient elution mode.

2.4. Procedure for the SWIA-DLLME determination of antipyrine

At the first stage of the measurements, the components for
antipyrine derivatization were sequentially delivered through the
ports of valve (1) by movement of the peristaltic pump (2) into MC
(3) in the following order: 1 mL of supernatant (port a), 1 mL of 0.5 M
sulfuric acid solution (port b) and 1 mL of 6 mM sodium nitrite
solution (port c). To provide the introducing of solutions into the
system in reproducible way, the order of mixing and the amount of
samples and solutions of reagents, the sequence and duration of all the
stages of the analysis, the program which allows to run the analyzer
and actuator components state in each time period was made. To stir
the reaction mixture, a flow of nitrogen gas was passed through the
port d at a rate of 2mL min~"! during 6 min.

At the second stage, the 0.75 mL of extractant mixture (consisted
of acetonitrile and dichloromethane, in ratio 3:2) was delivered
through the port e of the valve (4) by movement of the syringe
pump (5) into MC (3) at a rate of 5 mL min~". A flow of nitrogen gas
was passed through the port d at a rate of 2 mL min~! during 2 min
to reach the extraction equilibrium between water and organic phases
in MC. The extraction efficiency was 95%.

At the final stage, the absorbance was measured directly in MC
under stop-flow conditions (4=345nm). The manifold was
washed out to eliminate the memory effect. During washing stage
all channels and MC was filled with mixture of water and
acetonitrile (1:1). The described sequence of the operations was
repeated but water was injected instead of saliva sample in order
to receive the blank absorbance.

2.5. Procedure for the HPLC determination of antipyrine

The results of SWIA-DLLME determination of antipyrine were
compared with those obtained by means of HPLC method [19]. For
this purpose, 1 mL of chloroform was added to 1 mL of supernatant
and the mixture was mixed properly. At the next stage, the mixture
was centrifuged during 2 min at 3000 rpm. After that, organic phase
was collected using the syringe and put in polypropylene conical
tube. Organic phase was evaporated from tube using water bath
under the flow of argon. Then 0.5 mL of water was added to the solid
residual, the solution filtered and finally 200 pL of the solution was
injected in the loop of chromatograph. Measurements were carried
out in the gradient mode, the column temperature was 35 °C.
Mobile phase was methanol-phosphate buffer solution.

3. Results and discussion
3.1. Optimization of derivative reaction

Determination of antipyrine is based on the reaction of its
derivatization in the presence of nitrite-ions [22]. The reac-
tion proceeds in an acid medium with formation of colored
4-nitrosoantipyrine (Amqx=345 nm):
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Fig. 1. The scheme of the manifold for SWIA-DLLME determination of antipyrine in saliva (a—sample; b—sulfuric acid; c—sodium nitrite; d—nitrogen; e—extraction mixture.

1, 4—six-port valves; 2—peristaltic pump; 3—mixing chamber; 5—syringe pump).

To optimize the conditions of SWIA-DLLME spectrophotometric
determination of antipyrine, concentrations of nitrite-ions and sulfuric
acid have been studied. For this purpose (Fig. 1), 1 mL of 20 uM
antipyrine (port a), 1 mL of 0.5 M sulfuric acid solution (port b) and
1 mL of sodium nitrite solution (port c) were delivered into the MC (3)
by the reversible movements of peristaltic pump (1) using valve (1).
The concentration of nitrite-ions was varied from 1 to 10 mM. Then
the solution was stirred by the flow of nitrogen passed through the
port d at the rate of 2 mL min~! during a time period that varied from
1 to 20 min.

According to the data (Fig. 2) the rate of 4-nitrosoantipyrine
formation naturally increases with the concentration of nitrite ions
and reaction of derivatization is almost completed after 3 min at
concentration 6 mM.

In further studies the effect of sulfuric acid concentration on
the value of the absorbance was carried out under procedure
mentioned above. The concentration of sulfuric acid was varied
from 0.1 to 2 M. It was found that if acid concentration rises more
than 0.5 M, it results in decrease value of absorbance. It occurs due
to reduction of nitrite ions in an acidic medium to nitrogen oxides.

Additionally the influence of temperature on the completeness of
the reaction of derivatization was studied. Temperature was varied
from 20 °C to 60 °C. It was found that increasing of the temperature
decreases the absorbance significantly, which is caused by reduction of
nitrite ions in an acidic medium. Thus, the temperature increase in the
case of the reaction is unreasonable, so further experiments were
carried out at room temperature (20-25 °C).

3.2. Investigation of appropriate conditions of antipyrine DLLME

The possibility of DLLME [27-29] implementation in the SWIA
was studied for the selective determination of antipyrine in saliva.
This approach can significantly increase the efficiency of mass
transfer and accelerate the establishment of phase equilibrium
over traditional liquid-liquid extraction.

1 mL of supernatant (port a), 1 mL of 0.5 M sulfuric acid solution
(port b) and 1 mL of 6 mM sodium nitrite solution (port c) were
transferred in MC (3) in order to select the most efficient extractant.
A flow of nitrogen was passed through the port d at a rate of
2mLmin~"! for a 6 min to stir the reaction mixture. At the next
stage, 0.75 mL of extractant mixture was delivered through the port e
of the valve (4) by movement of the syringe pump (5) into MC (3) at
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Fig. 2. The effect of sodium nitrite concentration (2 x 10~ M antipyrine, 0.5 M
sulfuric acid, A=345 nm, [=1 cm).

the rate of 5 mL min~'. This mixture included the extraction solvent
(chloroform, tetrachloromethane, dichloromethane or perchlorethy-
lene) and the disperser solvent (methanol, ethanol, acetone, acetoni-
trile) in the ratio 1:1. A flow of nitrogen was passed through the
port d at a rate of 2 mL min~! during 2 min to reach the extraction
equilibrium between water and organic phases in MC. The manifold
was washed out with mixture of water and acetonitrile to eliminate
the memory effect. The described sequence of the operations was
repeated with exception that water was injected instead of saliva
sample in order to receive the blank absorbance.

Criterion for the choice of disperser solvent was the ability to
be mixed well with the aqueous phase and extraction solvent as
well to provide the maximum difference in the values of absor-
bance of the sample and the blank sample. Beside the factors
mentioned, the low solubility of the analyte of interest in dis-
persive solvent is also very important requirement [30-32]. The
results showed that the acetonitrile is the most suitable disperser
solvent (Fig. 3).

It was found that the most effective extractant is dichloro-
methane (Fig. 4), which provides maximum extraction of 4-
nitrosoantipyrine and minimum absorbance of the blank sample.

The ratio of extractant solvent and disperser was varied in the
range from 1:1 to 1:3 to select the optimum ratio. The minimum
value of the signal of the blank was used as a criterion for the
choice of the ratio. The blank signal value for dichloromethane and
acetonitrile in ratio 1:1.5 is minimal (Fig. 5).



A. Bulatov et al. / Talanta 133 (2015) 66-70 69

uBlank  Sample
05
04
L
2 03}
£ 0
=
L=
é 02F
01F
o LN Bl -
methanol ethanol acetone  acetonitrile

Disperser solvent

Fig. 3. The effect of disperser solvent (2 x 10~% M antipyrine, 0.5 M sulfuric acid,
6 x 1073 M sodium nitrite, 1=345 nm, =1 cm).
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Fig. 4. The effect of extraction solvent (2 x 10”4 M antipyrine, 0.5 M sulfuric acid,
6 x 103 M sodium nitrite, 1=345 nm, =1 cm).
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Fig. 5. The effect of solvents ratio in the extraction mixture (2 x 10~* M antipyrine,
0.5 M sulfuric acid, 6 x 10~> M sodium nitrite, 1=345 nm, [=1 cm).

3.3. Analytical performance

The absorbance of the colored extract at wavelength 345 nm
obeys Beer's law in the range of 3-200 uM of antipyrine in saliva.

Table 1
Figures of merit for antipyrine determination by SWIA.

Parameter SWIA
Wavelength (nm) 345
Pathlength (mm) 10
Sample volume (mL) 1
Sodium nitrite concentration (M) 6x1073
Sulfuric acid concentration (M) 0.5
Extraction mixture Dichloromethane-acetonitrile
Solvents ratio (V:V) 1:1.5
Line arrange (uM) 3-200
Correlation coefficient (%) 0.998
Regression equation (a-slope, b-intercept) a=0.004 b=0.071
LOD (pM) 1
Sampling frequency (per hour) 5

Table 2

Influence of some interfering species on the determination
of 2 x 10~* M of antipyrine.

Species Tolerable concentration
(mM)

cl- 7

POz~ > 100

SCN~ > 100

HCO35 > 100

Nnorantipyrine 14

4-Hydroxyantipyrine > 100

The LOD, calculated from a blank test based on 3¢, was 1 pM. The
relative standard deviation for the SWIA-DLLME determination of
50 uM of antipyrine was 4.5% (n=10). The sample volume was
1 mL (Table 1).

3.4. Interference effect

The effect of potentially interfering ions, especially antipyrine
metabolites and the main saliva compounds, on the determination
of the analyte was investigated. It was performed by addition of
known concentration of each ion in order to fix Cl-, PO3~, SCN—,
HCO3 norantipyrine and 4-hydroxyantipyrine concentrations. The
tolerable concentration of each taken interfering ions is considered
to be less than 5% of relative error in the signal (Table 2).
Interferences were not found for these compounds at the level
that are in saliva.

3.5. Application

Pills containing 0.6 g of antipyrine were once ingested per os by
39 healthy patients to estimate the drug metabolizing capacity of
the liver. Age category of groups ranged from 18 to 25, body
weight was varied from 55 to 85 kg.

It was found that reliable method of assessing MO activity was
to determine antipyrine concentration in saliva within 12 h after
drug administration. The results (Table 3) allowed to divide the
patients into three groups, three phenotypes of MO oxidation: fast,
medium and slow oxidizers. It was performed according to the
rate of decreasing of the antipyrine concentration in saliva. 20% of
the patients were determined as faster oxidizers, 44% as medium
ones, and 36% as slow oxidizers. This information can be used to
assess the functional state of the liver of the surveyed volunteers.

The correctness of the proposed method was verified by
comparison with the HPLC method, while for chloroform extrac-
tion was used for the isolation of the analyte from the saliva [18].
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Table 3
Determination of antipyrine in saliva of healthy volunteers (dose 0.6 g of antipyrine,
n=39).

Time after antipyrine  Concentration of antipyrine in saliva (10~° M)

ingestion (h)

Fast oxidizers =~ Medium oxidizers  Slow oxidizers

3 26+0.5 18+2 26+3

6 8.0+ 1.0 23+1 46+ 7

9 42405 20+4 29+3

12 1.6+05 7+2 20+6
Table 4

Comparison of results of determination of antipyrine in saliva using the developed
and reference method (n=3, P=0.95).

Sample Antipyrine concentration (106 M)

SWIA HPLC [18]
1 41405 4.0+0.5
2 23+1 23+1
3 50+7 54+7

As we can see from the obtained results (Table 4), the amount of
antipyrine, which was found using SWIA-DLLME and HPLC meth-
ods, are practically the same. It confirms the accuracy of the
obtained results.

4. Conclusions

In contemporary analytical chemistry non-invasive methods of
diagnosis and functioning of various organs are actively devel-
oped. A non-invasive and automated stepwise injection spectro-
photometric method has been developed for the antipyrine
determination in saliva. Additionally, the idea of automation of
DLLME based on SWIA has been brought to life. The proposed
method has been successfully applied for determination of anti-
pyrine in human saliva samples and allows to determine their
phenotype of MO oxidation.
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