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Analytical methods used for indomethacin (INDO) deter-
mination between 1965 and 1999 are described below.

S1 Colorimetry

Abdel-hay et al. [1] applied colorimetry for INDO deter-
mination in 1990. The method was based on the reaction
of INDO with 2-nitrophenylhydrazine in the presence of
dichlohexylcarbodiimide in ethanol to obtain a com-
pound of intense violet color with a maximum absorption
at 550 nm. The measuring range of the method was
14.31–71.56 µg·mL−1.

Bourinbaiar and Lee-Huang [2] applied colorimetry
for clinical purposes. They investigated the effect of INDO
on HIV replication and concluded that INDO could serve
as a leading compound for anti-HIV drug design. Although
it was only used in a small part of the study (determination
of cytotoxicity of INDO), the contribution of colorimetry to
the overall result can be seen.

S2 Fluorimetry

The history of the fluorometric determination of INDO
started in 1965 when Holt and Hawkins [3] studied the

use and absorption of INDO in patients with rheumatoid
arthritis, ankylosing spondylitis, and osteoarthritis.
They determined INDO in human serum. This paper
presents a major shift in the clinical application of
INDO determination.

In 1972, Hvidberg et al. [4] modified a method devel-
oped by Holt and Hawkins. Their aim was to investigate
the binding of INDO to human plasma proteins and its rate
of disappearance from plasma after oral administration. In
contrast to the Holt and Hawkins study that used NaOH
to directly measure fluorescence, their determination was
based on measuring the fluorescence of INDO in phosphate
buffer (pH 11.6), because they found that fluorescence
developed with greater intensity in a less alkaline solution.

In 1986, INDO was determined in a different type of
sample (pharmaceutical preparations) using fluorometry
for routine pharmaceutical analysis. The analytical pro-
cedure was based on the fluorescent reaction of INDO
with m-aminophenol-chloroamine-T. It was concluded
that this method was precise and selective and could be
used in routine analyses [5].

S3 Phosphorimetry

In 1997, Arruda and Campiglia [6] developed a simple,
rapid, and sensitive solid-surface phosphorimetric method
for the determination of INDO in pharmaceutical formula-
tions. For the first time, the phosphorescence of INDO was
studied at room-temperature. The INDO hydrolysis reaction
in a basic medium was used for the induction of phosphor-
escence emission, and chromatography paper treated for
background reduction was used as a solid substrate.

S4 Gas chromatography

In 1978, Sibeon et al. [7] developed a sensitive and spe-
cific gas chromatography (GC)method to determine INDO
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in blood and urine samples. As the GC determination of
INDO requires derivation of the substance prior to injec-
tion into the gas chromatograph, after extraction of the
INDO with ethylene dichloride, pentafluorobenzyl bro-
mide was used for derivative formation.

In 1978, GC was taken to a new level when Møller
Jensen [8] developed a method for INDO determination
in serum using an extractive alkylation technique and
GC. INDO was converted into an anionic form and trans-
ferred into a dichloromethane, as an ion pair with a qua-
ternary ammonium ion. When in the dichloromethane,
the INDO was converted to an ethyl ester by means
of ethyl iodide and determined by GC. The metabolite
O-desmethylindomethacin was added to the serum and
determined in the same way. The extractive alkylation
used in this method does not involve the usual risks,
such as the use of explosive and toxic reagents, due to
the process of converting the INDO into its ethyl ester.

In 1983, Guissou et al. [9] continued to develop a GC
method with electron-capture detection for the determi-
nation of INDO in human plasma and urine. Considering
that the resulting concentration of O-desmethylindomethacin
metabolites may represent an accurate index of INDO bio-
transformation in humans, authors determined the concen-
tration of the INDO as well as its metabolite. Despite the
disadvantage of a long preparation of samples, higher sensi-
tivity was achieved compared to other studies in which the
HPLC method was applied.

To improve the main flaws of GC, as listed in the
introductory paragraph, Nishioka et al. [10] developed a
capillary GC to determine low concentrations of INDO in
plasma. They improved the procedures of previous sample
treatments by applying solid-phase extraction and ethyla-
tion with 1-ethyl-3-p-tolyltriazene, which is low in toxicity
and stable in diethyl ether for a long period.

In 1990, Dawson et al. [11] improved the method
using GC in combination with mass spectrometry for
determination of INDO in plasma and synovial fluid.
The method was based on negative ion chemical ioniza-
tion followed by monitoring of fragmentation ion at m/z
312. That fragmentation ion was generated by decarbox-
ylation of the INDO molecular ion at m/z 356. The limit of
quantification for this method was 0.1 ng·mL−1.

S5 High performance liquid
chromatography

The determination of INDO using high performance liquid
chromatography (HPLC) began in 1980 when Terweij-

Groen et al. [12] described the quantitative determination
of this drug from blood and urine samples. This simple
method also enabled the detection of INDO metabolites,
which was of great importance for studying the phar-
macokinetics of this drug. The authors used ethanol,
n-butanol, and aqueous buffer as the mobile phase,
C18-bonded silica as the stationary phase, and UV detec-
tion at 235 nm.

One year later, Plakogiannis et al. [13] developed a
sensitive and precise method for the determination of
different types of INDO-based drugs in routine pharma-
ceutical analyses using HPLC. They used acetonitrile–
acetic acid (55:45) as the mobile phase, and UV detection
at 254 nm.

Bernstein and Evans [14] combined fluorimetry with
HPLC to obtain a sensitive and specific method for the
determination of INDO and its metabolites in urine and
plasma. As the mobile phase, they used 22.5 or 26% aceto-
nitrile in 0.25% acetic acid.

In 1982, Astier and Renat [15] developed an HPLC
method with UV detection (250 nm) for the determination
of INDO and its metabolites in human plasma at concen-
trations down to 20 ng·mL−1. Compared to previous research,
the preparation was shorter because it involved deprotona-
tion and extraction in just one step. The mobile phase was
acetonitrile–acetic acid (60:40). They also used a pre-
column and studied the disappearance of two different
formulations of INDO in the plasma of subjects.

In 1984, Smith and Benet [16] developed an HPLC
method with UV detection (254 nm) to determine the total
quantity of INDO (free compound plus glucuronide conju-
gate), and its deschlorobenzoyl and desmethyl metabolites
in urine. As the mobile phase, they used acetonitrile–
acetic acid (30:70). The proposed method allowed direct
determination of the compounds, and the chromatography
had better resolution compared to other studies.

De Zeeuw et al. [17] proposed INDO determination in
biological fluids using an HPLC method combined with
post-column in-line alkaline hydrolysis, which enabled
the detection of fluorescence in the low picogram range.
As the mobile phase, they used methanol–water (52:48).

Mawatari et al. [18] developed an HPLC method invol-
ving a post-column photochemical reaction and fluoro-
metric detection. INDO was determined in human serum
using phosphate buffer (pH 6.6)–acetonitrile (65:35) as the
mobile phase. The post-column reaction could be carried
out only by UV irradiation.

In 1990, Hubert and Crommen [19] described a sen-
sitive and automatic method for the determination of
INDO in human plasma using UV detection at 254 nm.
The method was based on liquid–solid extraction on
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disposable extraction cartridges before on-line injection
into the HPLC. The mobile phase was methanol–pho-
sphate buffer pH 7.4 (60:40). The authors used an auto-
sampler equipped with a robotic arm, with a needle for
handling the plasma samples. It can be seen that the
development of this very precise and automated method
facilitates and accelerates further analyses.

In 1992, Kubo et al. [20] proposed the combination of
an HPLC method with fluorometric detection for INDO
determination. As the mobile phase the authors used
35% acetonitrile in phosphate buffer (pH 10.0). They
introduced post-column alkaline hydrolysis at a high
temperature to form a fluorophore. The method was suf-
ficiently specific for the assessment of INDO in serum and
could also be used in routine therapies.

In the same year, Johnson and Ray [21] developed a
simple HPLC method for INDO determination in plasma
samples. They used 80% methanol in anhydrous sodium
acetate buffer as the mobile phase, and UV detection at
320 nm. The developed method could be applied in rou-
tine laboratory analyses.

A year after the previous research, Vree et al. [22]
developed a more complex research, emphasizing the
pharmacokinetics and metabolism of INDO in the human
body. The authors proposed an accurate gradient HPLC
method for the detection of INDO, its metabolite, O-des-
methylindomethacin, and their conjugates in plasma and
urine samples using UV detection at 254 nm. As the mobile
phase, they used acetonitrile–orthophosphoric acid. This
method enabled the direct measurement of the analytes
without enzymatic deglucuronidation and thus acceler-
ated the overall analysis.

In 1994, Niopas andMamzoridi [23] developed a simple,
sensitive, fast, and reliable HPLC method for pharmaco-
kinetic studies and routine monitoring of INDO in the
plasma of children and newborns. The blood samples
were deproteinized with acetonitrile and then analyzed
using HPLC with UV detection at 280 nm. The mobile phase
was phosphoric acid–acetonitrile (40:60). This method was
valuable for pediatric use.

In 1997, the HPLC determination of INDO from plasma
samples continued, following a very similar principle to
previous studies. Once again, the first step of the HPLC
method proposed by Sato et al. [24] involved plasma
deprotonation with acetonitrile. They also used phos-
phoric acid–acetonitrile (50:50) as the mobile phase and
UV detection (205 nm). In addition to being simple and
precise, this method required minimal pre-treatment
of samples and was also suitable for monitoring INDO
therapy in premature infants.

In 1998, another study with HPLC and UV detection
(254 nm) of INDO was published. This time, completely
different types of sample were used, as Cristòfol et al. [25]
applied an animal sample of chicken tissues (muscle,
liver, fat), which had not been applied previously. Three
days after treatment, it was concluded that there was no
significant concentration of INDO in the tissue. As themobile
phase, the authors used acetonitrile–acetic acid (50:50).

S6 Voltammetry

The determination of INDO by voltammetry began in 1998
when Radi [26] described the electrochemical oxidation
and detection of INDO in phosphate buffer (pH 7) on
carbon paste electrodes. The author characterized elec-
trodes based on Nujol, silicone, and castor oil pasting
liquid and found that INDO could be selectively extracted
from aqueous solution into the castor oil electrode. After
its accumulation, the INDO was successfully determined
in urine samples. This fast, selective, and sensitive
method could be applied for multiple determination
of INDO.

In 1999, Ali [27] used CV, cathodic stripping voltam-
metry (CSV), and differential pulse stripping voltammetry
(DPSV) for the determination of INDO in urine, serum,
and pharmaceutical preparations. The developed methods
were based on the adsorptive preconcentration of INDO on
a hanging mercury drop electrode (HMDE), followed by
tracing the voltammogram in a cathodic potential scan,
and the described methods were simple, fast, sensitive,
and easily applicable for routine analyses.

S7 Potentiometry

The first ISE for INDO determination was developed by
Aubeck et al. [28] in 1991. The electrode was based on the
bis(triphenylphosphoranylidene) ammonium-INDO ion
pair in a PVC liquid type membrane. They used direct
potentiometric measurements for INDO determination
in a pure system.

S8 Immunochemical methods

Immunochemical determination of INDO began in 1977,
when Hare et al. [29] developed a radioimmunoassay
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(RIA) to determine INDO in biological fluids. They pro-
duced antibodies in rabbits that were immunized with a
conjugate of bovine serum albumin and INDO. The amount
of antibody was determined by binding radiolabeled INDO
(2-14C-INDO) and antiserum. Diluted antiserum was added to
the blood sample of subjects treated with INDO (unlabeled
INDO), after which a competitive reaction occurred. They
measured the radioactivity using a scintillation counter.

Two years after the first study, Alam et al. [30] devel-
oped an RIA based on the use of protein A labelled with
125I, as a tracer, for the quantification of anti-INDO in
picogram amounts in biological fluid.
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