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DETERMINATION OF DICLOFENAC SODIUM
IN HUMAN PLASMA BY REVERSED-PHASE
LIQUID CHROMATOGRAPHY

KE LI*, FEI-LANG ZHAO, YI-SHENG YUAN, AND LI TAN

Department of Instrumental Analysis
Bax 65, Jinling Hospital
Nanjing 210002, The People’s Republic of China

ABSTRACT

Following a detailed study, a simple, rapid and accurate reve-
rsed-phase liquid chromatographic method has been developed for
the determination of diclofenac sodium in human plasma. The
sample is separated isocratically within 7 min using an octade-
cyl-bonded silica colum and a mobile phase of methanol and
sodiun acetate buffer (68:32, v/v; pH 4.2). The compounds were
quantitated using a ultraviolet detector operated at 274 mm
which allowed determination of 0.10 - 2.50 wug/ml of diclofenac
sodium with high reproducibility. The limit of detection is 0.03
ug/ml, Intra-day and inter-day coefficients.of variation for
assaying the plasma sample containing 0.20 wg/ml concentration
of diclofenac sodium were 7.4% (n=9) and 7.6% (n=7), respec-
tively. The extraction efficiency of diclofenac sodium were 91.3
- 93.2% for plasma. The method has been used to determine diclo-
fenac sodium in the plasma samples from ten volunteers and pro-
vide data on the pharmacokinetics of the drug.
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INTRODUCTION

Diclofenac sodium (sodium [o0-(2,6-dichloroanilino)-phenyl] ace-
tate) is a relatively safe and effective non-steroidal drug with
pronounced antirheumatic, antiinflammatory, analgesic, and anti-
pyretic properties (1). It has been widely used for several years
in the treatment of degenerative joint diseases and other arthri-
tic conditions (2,3).

A few procedures have been reported for quantitation of diclo-
fenac sodium in human plasma, including thin-layer chromatography
(TLC) (4), gas chromatography (ch (5-7) and high-performance
liquid chrcmatogfaphy (HPLC) (8-15). TLC lacks the sensitivity
and accuracy required for the analysis of diclofenac sodium in
pharmacokinetic investigation. The GC methods are highly sensi-
tive and specific., However, all require extensive sample prepara-
tion by extraction and derivatization prior to GC separation. In
recent years, HPLC methods have been used for the deternimation
of diclofenac sodium alone or together with its metabolites in
body fluids. Nevertheless, soame procedures have to employ the
corplex instrumentation and installation (8,9) or use expensive
electrochemical detection (10,11) or fluorimetric detection
(12,13). These hardly meet the needs of simplicity and rapidity
for clinical drugs monitoring.

This paper describes a simple and accurate method based on one
organic extraction step with hexane-isopropyl alcohol and quanti-
tation by reversed-phase liquid chramatography with ultraviolet
detection. It has been used to determine diclofenac sodium in the
plasma of ten volunteers who had taken diclofenac sodium tablets,
and provides data on the pharmacokinetics of the drug.

EXPERIMENTAL

Apparatus

The analysis was performed with a high-performance liquid chro-
matograph consisting of a Waters Model 510 pump, a U6K injector,
a 490E programmable multiwavelength detector operated at 274 nm
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and 0.0l AUFS and a Baseline 810 Chramatography Workstation
(Waters Assoc., Milford, MA, U.S8.AR.). Chromatographic separations
were carried out on a Spherisorb ODS colum (200 x 4.6 mm I.D.;
particle size 10 um; Dalian, China) at ambient temperature. A
Model ¢71 pH meter (Beckman Instruments, Fullerton, CA, U.S.A.)
with a pencil combination Beckman eletrode was employed for the
pH measurement of the different solutions.

Standards and reagents

Diclofenac sodium (99.9%) and Diphenylamine (the internal stan-
dard) were supplied by Mingxing Pharmaceutical Factory (Guan-
zhou, P.R.China) and Nanxian Reagent Factory (Shanhai, P.R.Chi-
na), respectively. Diclofenac sodium tablets were provided by
BEIJING CIBA-GEIGY Pharmaceutical (Beijing, P.R.China). HPLC-
grade methanol (Linhai Chemicals Factory, Zhejiang, P.R.China)
and sodium acetate (Shanhai Chemical Reagent Factory, Shanhai,
P.R.China) were used to prepare the mobile phase. All chemi-
cals, except where otherwise stated, were of analytical grade,
and water used in this assay was doubly distilled.

Mobile phase

The mobile phase was a methanol-buffer mixture (68:32, v/v)
which had been passed through a 0.45- un membrane filter (Milli-
pore, Bedford, MA, U.S.A.) and then degassed before wuse. The
buffer was 0.05 M sodium acetate, prepared by dissolving 6.8 g of
sodium acetate in 1000 ml of water and the pH adjusted to 4.2
with hydrochloric acid. Mobile phase flow-rate was 1.40 ml/min
with a typical back-pressure of 11.5 MPa.

Preparation of solutions

A 1.00 mg/ml diclofenac sodium stock standard solution was
prepared by dissclving 100 myg of diclofenac sodium in 100 ml of
methanol and storing in a refrigerator. A 1.00 mg/ml diphenyla-
mine stock solution was prepared by dissolving 100 mg of diphe-
nylamine in 100 ml of wmethanol and storing in a black box in a
refrigerator.
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Analytical procedure

A 0.5-ml volume of a plasma sample was placed in a test tube,
and 0.6 ml of 1 M phosphoric acid added. After vortex mixing for
10s, 5ml hexane-isopropyl alcohol (95:5, v/v, containing 30 ng/ml
diphenylamine as an internal standard) were added and vortex
mixed for 1 min, then centrifuged for 10 min at 1000 g. 4 ml of
the organic layer was collected, evaporated to dryness with air
at 40 °C and 150 ml of the HPLC mobile phase added to dissol-
ve the residue. After 30 s of vortex mixing, 25 ml of this
sample solution were injected into the HPLC system.

RESULTS

Chromatographic separation

Figure 1 shows typical chromatograms of a standard solution and
plasma samples. Under the chramatographic conditions described,
diclofenac sodium and diphenylamine (internal standard) had rete-
ntion times of approximately 4.8 min and 6.4 min, respectively.
It can be seen, fram Figure 1, good separation and detectability
of diclofenac sodium in serum was obtained with minimal interfe-
rence from serumn components. Hence it is relatively easy to
estimate the peak area with accuracy.

Precision

Intra-day reproducibility studies, evaluated by assaying 9
plasma samples containing 0.20 ag/ml concentration of diclofenac
sodium, yielded a coefficient of variation of 7.4%. Inter-day
reproducibility studies, evaluated by assaying the same concen-
tration 7 times over a 7-day period, was 7.6%. At a concentration
of 0.80 wmg/ml, the intra-day and inter-day coefficient of varia-
tion were 3.7% and 2.5 %, respectively.

Linearity and detection limit of method
A series of the solutions containing 0.10, 0.50, 1.00, 1.50,
2.00 and 2.50 ug/ml of diclofenac sodium were prepared to study
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Fig. 1. Chromatograms of diclofenac sodium in human plasma and the
standard solution containing 0.80 wug/ml diclofenac sodium.
(a) a plasma extract of a blank plasma.
(b) a plasma extract containing diclofenac sodium
(2 h after oral administration of 50 mg of diclofenac
sodium) .
(¢) standard solution.
1, diclofenac sodium; 2, diphenylamine.
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the relationship between the peak area ratio of diclofenac sodium
to diphenylamine and the concentrations of diclofenac sodium
under selected conditions. The results showed that the peak area
ratio was linearly related to the diclofenac sodium concentra-
tion for the range 0.10 - 2.50 ug/ml. The linear equation for
the concentration versus the peak area ratio was Y=0.90X+0.02
with a correlation coefficient of 0.9994. The detection limit was
0.03 ug/ml.

Extraction efficiency

Extraction efficiencies of diclofenac sodium and the internal
standard were determined by comparing peak areas of the analytes
from extracted plasma standards to those from a chromatographic
standard solution prepared in mobile phase at the equivalent
concentration and chromatographed directly. Mean (n=7) percent
recoveries (8.D.) of diclofenac sodium were 91.3 (10.1) and 93.2
(3.9) for the low (0.20 mg/ml) and high (1.20 ug/ml) concentra-
tions, respectively. The recovery of internal standard (0.20
ug/ml) from plasma was 97.3 (9.1).

Interferences

The interference of other commonly encountered medications on
the HPLC chromatogram was studied using aspirinum, chlorprophen-
pyridamine, ibuprofen, acidum pipemidicum, norfloxacin, ofloxa-
cin, lomefloxacin and ciprofloxacin. No interference was observed
on the detection of diclofenac peak.

Bpplication

Ten healthy male Chinese volunteers aged 22.9+s0.7 and weighing
67.7+s4.7 kg entered the study. All volunteers gave their writ-
ten consent and underwent a physical examination. There were no
abnormal findings in liver and kidney functions in particular.
After 12 h of overnight fasting, the volunteers received an oral
dose of single 75-mg diclofenac sodium, in a randomized crossover
study design. Blood samples (2.0 ml) were taken before medication
and after 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8 and 10h and the plasma
separated by centrifugation and was then frozen. Fig. 2 illus-
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Fig. 2. Mean plasma levels of diclofenac sodium after oral
administration of 75-mg of diclofenac sodium to ten
human volunteers. n=10, xis.
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Fig. 3. Dependencies of the retention times of diclofenac sodium
and diphenylamine on the camposition of the mobile phase.
1, diclofenac sodium; 2, diphenylamine.
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trates the plasma concentration versus time profile for diclofe-
nac sodium in the ten volunteers.

DISCUSSION

To achieve optimum resclution, the camposition of mobile phase,
buffer concentration and pH were all studied systematically. A
200 x 4.6 m I.D. octadecylsilane colum was chosen, with various
proportions of methanol in agueous sodium acetate buffer and
different pH values as the mobile phase. At a given buffer pH and
composition of mobile phase, neither retention time changed noti-
ceably with varying buffer salt concentration. Fig. 3 shows the
dependency of the retention times of diclofenac sodium and diphe-
nylamine on the composition of the mobile phase. Both retention
times are reduced with increase in methanol content. On the other
hand, the retention time of diclofenac sodium is also reduced
with a increase in buffer pH (Fig. 4). However, the retention
time of diphenylamine was unaltered. 1In addition, it has been
found in the experiment that no changes in the detector response
(peak area) were observed with varying composition of the mobile
phase and pH. Thus, the retentions of diclofenac sodiun and
diphenylamine can be easily controlled within a large appropriate
range by adjusting the pH or methanol content of the mobile
phase. In this method the concentration of sodium acetate
buffer solution was selected as 0.05 M and the pH was adjusted to
4.2 with hydrochloric acid. The ratio of sodium acetate bhuffer
solution and methancl was selected as 32:68 (v/v), delivered at a
flow-rate of 1.40 ml/min at ambient temperature.

There are several methods described that dichloromethane (10)
and hexane (14) can be used as the organic solvents for the
extraction of diclofenac sodium from plasma. However, it has been
observed in the experiment that the emulsive phenomenon was too
frequent to operate when dichloromethane was used as the extra-
ctant. When hexane was selected as the extractant, it was also
not campletely out of the emulsive phenomenon. However, when the
hexane used was mixed with a small amount of isopropyl alcchol
the emulsive phenomenon can be coampletely removed. In the present
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Fig. 4. Dependence of the retention time of diclofenac sodium on
pH of the buffer solution.

method, the ratio of hexane and isopropyl alcohol was selected as
95:5 (v/v).

To obtain higher extraction efficiency for diclofenac sodium
from plasma, a study was made of the effect of the amount of
phosphoric acid added in the plasma on the extraction efficiency.
The results indicated that the extraction efficiency is exceedin-~
gly low when the organic extractant is used for the extraction
alone. However, it is favorable for improving the extraction
efficiency to acidify the plasma before the extraction. The
results showed that the extraction efficiency increased with
increasing the volume of phosphoric acid (1 mol/L) added, but
the responses were unchanged when the acid volume added above 0.5
ml. In this work the volume of phosphoric acid was selected as
0.60 ml.

The pharmacokinetics of diclofenac sodium were studied in 10
healthy Chinese volunteers. After single oral administration of
75 mg diclofenac sodium, the data obtained were fitted with PKBP-
Nl program (16) on computer. In Table 1 are reported the pharma-
cokinetic parameters of diclofenac sodium administered orally to
ten volunteers. The results showed that the dispostion of diclo-
fenac sodium was conformed to a two-compartment model. Peak
plasma drug concentration occur 1.8 h after ingestion and the
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TABLE 1. Pharmacokinetic parameters of diclofenac sodium after administering an oral
dose of single 75-mg to ten healthy Chinese volunteers

a B Ka Kiz Kax Kio Tarca Tai-a Taia AUCa—roc Taax Cmax
(AN ) (LA A (h) o hy b)) wgalh) h) ugmld

1 2.37 0.60 3.07 0.57 1.34 1.06 0.23 0.29 1.16 2.92 2.08 1.39
2 L9t 0.45 2.00 0.34 0.61 1.40 B.35 0.36 1.55 2.66 2.00 1.48
3 2.03 6.34 2.24 0.37 0.45 1.55 6.31 0.34 2.01 3.22 2.06 1.82
4 1.86 0.41 2.13 0.26 0.0 1.51 0.32 0.37 1.70 4.09 1.58 2.26
5 1.31 0.47 1.91 0.21 0.71 0.85 0.36 0.53 1.49 4.39 150 1.72
b 1,72 0.25 2.89 0.53 0.43 1.0t 0.24 0.40 2.73 8.31 1.86 4.12
1 1.17 0.36 1.40 0.12 0.42 0.99 0.49 0.59 1.94 4.06 2.28 1.42
L] 1.90 0.44 3.10 0.35 0.59 1.39 0.22 0.37 1.59 2.95  1.32 1.82
9 2.53 0.51 2.60 0.58 0.77 1.69 0.27 0.27 1.36 2.69 1.50 1.60
16 1.35 0.32 1.70 D0.24 £.43 0.99 0.41 0.52 2.17 2.84 1.63 1.04
X 1.82 0.42 2.30 0.36 0.63 1.24 6.32 0.40 1.71 3.81 1.78 .87
43D 0.44 0.10 0.59 0.16 0.28 0.29 0.09 0.11 0.46 .70 0.32 0.86

mean peak plasma concentration achieved is 1.87 wug/ml. Moreover,
The results implied that diclofenac sodium is absorbed repidly,
distributed widely in the body and also eliminated at a fairly
rapid rate. '

CONCLUSION

The method provided excellent recovery and good precision, and
is simple and reliable in both its chromatographic conditions and
sample preparation procedure. Furthermore, the analytical proce-
dure is easy to handle and because of the short time between two
injections it is very suitable for the routine deternimation of a
large number of sample. It has been successfully applied to the
analysis of plasma sample obtained during the pharmacokinetic
study of diclofenac sodium in ten healthy volunteers participa-
ting in a diclofenac sodium single oral dose clinical trial.
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