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Abstract

A sensitive and fast flow-injection spectrophotometric method for the determination of diclofenac sodium based on
the formation of coloured compound with Ce(IV)-3-methyl-2-benzothiazolinone hydrazone hydrochloride (MBTH) in
H2SO4 3×10−2 M medium is proposed. Using the peak height as a quantitative parameter diclofenac was
determined at 580 nm over the range 0.20–8.0 mg ml−1. The proposed method was successfully applied to the
determination of diclofenac in pharmaceuticals and urine samples. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Diclofenac (2-[2,6-dichlorophenyl)amino-benze-
neacetic acid monosodium salt) DCF is a non-
steroidal anti-inflammatory drug (NSAID)
advocated for use in painful and inflammatory
rheumatic and certain non-rheumatic conditions.
It is available in a number of administration
forms which can be given orally, rectally or intra-
muscularly. The drug has a relatively short elimi-
nation half-life, which limits the potential for drug
accumulation. As an analgesic it has a fast onset
and long duration of action. Extensive clinical
experience has been gained with diclofenac,
clearly establishing its safety profile. It is well
tolerated compared with other NSAIDs and

rarely produces gastrointestinal ulceration or
other serious side effects. Thus, diclofenac can be
considered as one of the few NSAIDs of ‘first
choice’ in the treatment of acute and chronic
painful and inflammatory conditions [1].

The literature reveals several methods for the
determination of diclofenac in human urine and
in pharmaceutical preparations. Among these
methods there are chromatographic: GLC [2]
HPLC [3–7], GC [8–11], TLC [12–15], spec-
trophotometric [16–25], fluorometric [26], NMR
[27], anodic-stripping voltammetric [28], ISE [29]
and capillary electrophoresis [30]. Some of these
methods are not suitable for routine analysis be-
cause they need sophisticated instruments, not yet
available in many control laboratories.

Flow injection analysis (FI) is an easy and
inexpensive way to automate analytical determi-
nations and can be applied in several situations to* Corresponding author. Fax: +34 68 835418.
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reduce reagent consumption and increase the re-
peatability, selectivity and accuracy of the deter-
minations. However, only one method to
determination of DCF has used flow injection
technique [31].

The objective of this work was the development
of a simple, inexpensive and rapid FI method for
the routine determination of diclofenac in phar-
maceuticals and urine. The proposed method in-
volves the use of 3-methyl-2-benzothiazolinone
hydrazone hydrochloride (MBTH) in the presence
of Ce(IV) as the chromogenic reagent for
diclofenac.

2. Experimental

2.1. Apparatus

The FI system comprised a Gilson (Villiers Le
Bell, France) Minipuls HP4 peristaltic pump with
isoversinic flow tubes of 2 mm i.d. (Worthington,
OH, USA), an Omnifit injection valve (New
York, USA) a Hellma 18-ml flow cell (Hellma,
Jamaica, NY, USA) and a Philips PV 8675 v/s
spectrophotometer (Cambridge, UK) as the detec-
tor. Poly(tetrafluoroethylene) (PTFE) connecting
tubing of 0.5 mm i.d., various end-fittings and
PTFE standard T-pieces were used.

2.2. Reagents

All chemicals were of analytical reagent grade
and the solutions were prepared with double-dis-
tilled water.

2.2.1. Diclofenac sodium stock solution (1000 mg
ml−1)

This solution was prepared by dissolving 100
mg of diclofenac sodium salt, (2-[2,6-
dichlorophenyl)amino]-benzeneacetic
monosodium salt) (Sigma) in 100 ml of water.

2.2.2. MBTH stock solution (2000 mg ml−1)
This reagent was prepared by dissolving 200 mg

of 3-methyl-2-benzothiazolinone hydrazone hy-
drochloride (Sigma-Aldrich Quı́mica. Madrid,
Spain) in 100 ml of water. The stock solution was
kept at 4°C and is stable at least during 2 weeks.

Diclofenac and MBTH working solutions of
lower concentrations were freshly prepared by
suitable dilution.

2.2.3. Ceric ammonium nitrate solution (8×10−4

M) in H2SO4 3.0×10−2 M
This reagent was prepared by dissolving 0.2193

g of ceric ammonium nitrate (Sigma) in 1.7 ml of
9 M sulphuric acid and diluting to 500 ml with
water.

2.2.4. Sulphuric acid (9 M)
This was prepared by dilution of the concen-

trated acid.

2.2.5. Dosage form of diclofenac
(1) Luase tablet (Alfarma Lab., Spain): 50 mg

diclofenac sodium and excipient to complete the
total weight of the tablet. (2) Dolotren tablet
(FAES Lab., Spain) 50 mg of diclofenac sodium
and excipient to complete the total weight of the
tablet. (3) Voltaren tablet (Geigy Lab., Spain) 50
mg diclofenac sodium, lactose and other excipient
to complete the total weight of the tablet. (4)
Voltaren ampoules (Geigy Lab., Spain) 75 mg
diclofenac sodium, 120 mg bencilic alcohol, sul-
phite and other excipient to complete the total
volume (3 ml) of the vial. (5) Voltaren supposito-
ries (Geigy Lab., Spain) 100 mg diclofenac
sodium and excipient to complete the total weight
of the suppositories.

Fig. 1. FI manifold for the determination of diclofenac.
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2.3. FI procedures

Fig. 1 shows the flow-injection system: 90 ml of
diclofenac solution were injected into an 500 mg
ml−1 MBTH stream, which then joined the 8.0×
10−4 M Ce(IV) in 3.0×10−2 M H2SO4 stream.
The absorbance was measured at 580 nm. A
calibration graph was prepared by plotting the
maximum absorbance of peak versus diclofenac
concentration over the range 0.20–8.0 mg ml−1.

2.4. Determination of diclofenac in
pharmaceutical samples

2.4.1. Tablets
Three tablets were accurately weighed by sepa-

rate, finely powdered and shaken with 20 ml of
distilled water, the solutions were introduced into
an ultrasonic bath for 10 min, and diluted with
water in a 1000 ml calibrated flask. Suitable
aliquots of these solutions were diluted 1:50 and
injected through a Millipore filter into the mani-
fold described in the procedure for calibration.

2.4.2. Ampoules
The content of the three ampoules separately

were dissolved in 1000 ml of water in a calibrated
flask. Suitable aliquots of these solutions were
diluted 1:125 with distilled water and injected into
the FI system described.

2.4.3. Suppositories
Three suppositories were weighed separately,

cut into small pieces and transferred to a small
porcelain dish, 15 ml of distilled water were added
and the mixture was heated at 40–45°C during 5
min, the aqueous phase was separated and the
treatment was applied five times. The aqueous
solutions were mixed and finally diluted to 100 ml
with water in a calibrated flask. Suitable aliquots
of these solutions were diluted 1:1000 and injected
in the FI system described.

2.5. Determination of diclofenac in human urine
samples

Urine samples before the ingestion of DCF
(blank) were collected and calibration graphs were

prepared by adding suitable volumes, 0–500 ml of
100 mg ml−1 DCF to 100 ml of human blank urine
samples which were diluted to 10 ml with water.
Aliquots of these solutions were injected in the FI
manifold described and the recommended proce-
dure was applied. The recovery of DCF was
obtained by adding different known amounts,
1.0–2.5 mg ml−1, of DCF to blank urine samples,
which were then treated in the same way as the
calibration standards.

3. Results and discussion

3.1. Preliminary studies

Diclofenac sodium containing a diphenylamine
group reacts with MBTH in presence of an oxidiz-
ing agent to form a coloured oxidative coupling
product. Preliminary studies showed that in di-
luted sulphuric acid medium (1.5×10−2 M) and
employing Ce(IV) as oxidant, the product formed
presented an absorption maximum at 580 nm.
Mixtures of MBTH and oxidant (reagent blank)
or DCF and oxidant show low or no absorbance
at this wavelength. The absorbance was measured
at 580 nm in all subsequent studies.

Under the reaction conditions MBTH (I) loses
two electrons and one proton on oxidation form-
ing an electrophilic intermediate (II) which has
been postulated to be the active coupling specie.
The intermediate reacts with diclofenac (III) by
electrophilic attack on the most nucleophilic site
on the aromatic ring of the diclofenac, p-position
to secondary amino group, and the resulting inter-
mediate is spontaneously oxidized with Ce(IV) to
form the coloured specie (IV) [17] (Scheme 1).

The above reaction between diclofenac–
MBTH–Ce(IV) is used in this work to develop an
spectrophotometric-FI method for determining
the antiinflammatory agent in its pure form, in
pharmaceuticals and in human urine.

3.2. Flow system

Preliminary experiments under continuous-flow
conditions were carried out to test the manifold
configuration and the approximate ranges of the
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Scheme 1. Reaction between diclofenac–MBTH–Ce(IV).

tested parameters. The design of the manifold
selected is shown in Fig. 1. A two-channel FI
assembly was adopted in which the sample was
injected into the MBTH stream. The acidity of the
carrier–Ce(IV) reagent solution was previously
adjusted to 3.0×10−2 M in H2SO4. Ce(IV) re-
acted with MBTH and DCF to produce a
coloured compound and the absorbance was mea-
sured at 580 nm in the detector previously ad-
justed to zero with the blank carrier solution. The
presence of diclofenac caused an increase in the
analytical signal that was proportional to its
concentration.

The use of FI as an alternative to existing
methods for the determination of DCF is depen-
dent on the optimization of the system to achieve
maximum peak height with a short residence time
and minimum dispersion. As a consequence, dif-
ferent FI variables (sample volume, reaction coil
length and flow-rate), chemical variables (acidity
and concentration of MBTH and Ce(IV) were
optimized by the univariate method in the contin-
uous-flow procedure with a fixed concentration of
2.0 mg ml−1 DCF.

3.2.1. Influence of the FI 6ariables
The influence of the inner diameter of the tubes

in the range 0.3–0.8 mm was studied, and an

inner diameter of 0.5 mm was selected because a
better analytical signal is obtained.

The effect of the sample injection volume, the
reactor length and flow rate on the peak height
was studied with a reagent concentration of 500
mg ml−1 MBTH, 8×10−4 M Ce(IV) in 3.0×
10−2 M in H2SO4.

The volume of sample injected was varied from
55 to 155 ml by changing the length of sample
loop in the injection valve. The absorbances in-
creased slightly with increasing loop size up to 90
ml, above which they were practically constant.
The volume injected was selected at 90 ml.

The influence of reactor length was studied
from the minimum distance possible between the
injection valve and the detector up to 110 cm. The
results showed that the peak height decreases as
reactor length increases up to 75 cm. A 55-cm
reactor was selected.

The effect of flow rate on peak height was
studied over the range 0.75–5.25 ml min−1. Con-
stant and maxima values of absorbance were ob-
tained in the range 2.0–3.0 ml min−1. A flow rate
of 2.5 ml min−1 was selected.

3.2.2. Influence of reagent concentration
The influence of H2SO4 and Ce(IV) concentra-

tion was studied in the range 1.0×10−2–10−1 M
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and 2×10−4–10−3 M, respectively, with a fixed
concentration of 2.0 mg ml−1 DCF and 500 mg
ml−1 MBTH. Constant and maximum values of
absorbance are obtained in a concentration range
of 2.0×10−2–3.5×10−2 M for H2SO4. The ab-
sorbance increased with increasing Ce(IV) concen-
tration up to 7×10−4 above which they were
constant. Concentrations of 3.0×10−2 M H2SO4

and 8×10−4 M Ce(IV) were selected.
The influence of MBTH concentration was

studied in the selected experimental conditions in
the range 100–2000 mg ml−1. Constant and maxi-
mum absorbance values were obtained up to 400
mg ml−1. A concentration of 500 mg ml−1 was
selected.

3.2.3. Features of analytical methods
With the described manifold and under the

selected experimental conditions of 8×10−4 M
Ce(IV) in 3.0×10−2 M H2SO4 and 500 mg ml−1

of MBTH, calibration graphs linear between
0.20–8.0 mg ml−1 were obtained. The regression
equation found was A=5.48×10−292.91×
10−4 [DCF]+4.28×10−391.06×10−3, where
[DCF] is expressed in mg ml−1 with a correlation
coefficient of 0.9999. The variation coefficient for
ten determinations of 1.0 mg ml−1 was 90.87%.
The limit of detection and quantification calcu-
lated according to the recommendations of IU-
PAC [32] was 0.023 and 0.077 mg ml−1 of DCF.
The sampling frequency was 70 samples h−1.

3.3. Applications

In order to demonstrate the applicability of the
proposed method to the determination of DCF
the method was applied to the analysis of DCF in
various samples of pharmaceutical preparations
and human urine.

3.3.1. Pharmaceutical samples
The influence of commonly used excipients and

additives in pharmaceutical dosage forms of DCF
was studied in the determination of 2.0 mg ml−1

of DCF. No interference was observed from the
presence of lactose, glucose, saccharose, starch,
ethanol, bencilic alcohol, sulphite, glycerine, sac-
charine or propylene glycol with the proposed

method in the ratios commonly used in pharma-
ceutical preparations of DCF.

The results obtained for the determination of
DCF in pharmaceutical preparations are summa-
rized in Table 1 and show that the DCF contents
measured by the proposed method were in excel-
lent agreement with the labelled contents. Since
no method for the assay of DCF has been re-
ported in any of the international pharmaco-
poeias, the UV spectrophotometric method at 273
nm [33] has been utilized for comparing the re-
sults of the proposed method in pharmaceutical
preparations. For all the formulations examined
the results obtained by the reference and FI meth-
ods were compared by applying the F-test and
t-test at the 95% confidence level. The calculated
F and t values did not exceed the theoretical
(F4,4=9.605, t=2.78), which indicates that there
is no significant difference between the two meth-
ods with respect to precision and accuracy, in the
determinations of DCF.

Recovery studies were also carried out on sam-
ples of the pharmaceuticals assayed that con-
tained different concentrations of DCF, 0.97–1.01
mg ml−1, to which known amounts of DCF, 0.40,
0.80 or 1.20 mg ml−1 had been added. Every
sample was analyzed by quintuplicate. In all cases
quantitative recoveries between 97.08 and
102.03% were obtained.

3.3.2. Human urine samples
For the determination of DCF in human urine

a previous study on the dilution of the human
urine samples was carried out. Several samples

Table 1
Determination of diclofenac in pharmaceuticals

Samples Labelled Diclofenac content
Reference FI-method*
method*

50a 49.2590.37a 49.5190.66aDolotren
Luase 50a 48.2390.41a 48.6090.77a

Voltaren 50a 49.9590.14a 49.4590.50a

Voltaren 75.1990.16b75b —
Voltaren 99.5890.05c 100.7890.36c100c

* Average of five determinations9S.D.
a mg tablet−1; b mg ampoule−1; c mg suppository−1.
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from different individuals before the ingestion of
DCF (blank) were collected and analyzed by the
described FI procedure after appropriate dilution.
No analytical signal was obtained with dilutions
1:100.

Different amounts of DCF were added to blank
urine samples and injected by triplicate to test the
linearity by applying the procedure described in
Section 2. The calibration graphs were found to
be linear from 0.25–5.00 mg ml−1 (25–500 mg
ml−1 in the original urine sample). The regression
equation was A=1.41×10−291.86×10−

4 [DCF]+7.26×10−393.43×10−4, where A is
the absorbance peak and the DCF concentration
is expressed in mg ml−1; the correlation coefficient
was 0.9998. The quantification limit was 0.11mg
ml−1. A study on the reproducibility of the meth-
ods for 1.0 mg ml−1 of DCF added to the same
urine samples showed that the variation coeffi-
cient of the absorbance was 91.60% (n=10).

Diclofenac is rapidly and efficiently absorbed
after conventional oral, rectal, or intramuscular
administration and it is eliminated principally by
hepatic metabolism and subsequent urinary excre-
tion. The normal dose for adults is 150 mg day−1.
In the urine passed during 24 h, between 15–30%
of the dose administered is excreted as unchanged
diclofenac[33]. The concentrations of DCF in this
urine are found within the range of DCF determi-
nation by the FI-spectrophotometric method
proposed.

The influence of 4%-hydroxidiclofenac was also
included in this study since it has been reported
[33] that is the major metabolite of diclofenac in
urine. This compound was tolerated until ten-
fold.

The method was validated by applying the stan-
dard addition method. Different diluted urine
samples, to which known amounts (1.0–2.5 mg
ml−1) of DCF had been added were analyzed by
the proposed method. In all cases recoveries
around 100% were obtained (Table 2).

4. Conclusions

The FI-spectrophotometric method proposed
for the determination of diclofenac has the known

Table 2
Recovery of DCF from human urine samples

% Recovery9S.D.*DCF (mg ml−1)

Added Found*

1.00 99.5694.490.9956
1.50 1.5142 100.9593.42

1.98622.00 99.3194.31
2.50492.50 100.1992.06

* Average of five determinations.

advantages of flow injection analysis techniques:
simplicity, speed, the use of inexpensive equip-
ment and the accuracy of its results and yielded a
more practical method of DCF determination as
compared to the manual procedures described in
the bibliography. The new proposed method is
more sensitive than the only one FI method re-
ported for this drug.

This method is suitable for the analysis of DCF
in pharmaceuticals, as there are no interferences
from the excipients normally found in commercial
preparations. The FI procedure developed for
DCF allows its determination in human urine
samples in the physiological concentration range
obtained after the usual therapeutic dose of DCF
has been administered.
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