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A pharmacokinetic study of diclofenac sodium in rats
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Abstract. The aim of the present study was to examine the
pharmacokinetics of a single intravenous injection (i.v.)
and oral administration (p.o.) of diclofenac sodium (DIC)
in Sprague-Dawley (SD) rats. Twelve male SD rats were
divided into 2 groups (n=6 per group); one group was
injected intravenously with 2 mg/kg DIC, whereas the other
group was lavaged with 2 mg/kg DIC. Blood samples were
collected prior to DIC delivery (0 h) and 0.033, 0.083, 0.167,
0.25,0.5,1,2,4, 6, and 8 h post-administration. Blood plasma
samples were analyzed using liquid chromatography-mass
spectrometry (LC-MS/MS) following pretreatment to induce
protein precipitation. Pharmacokinetics software was applied
to calculate relevant pharmacokinetic parameters using a
non-compartmental model. Following i.v. administration
of DIC, the terminal elimination rate constant (A,),
apparent terminal elimination half-life (t,), area under
the concentration-time curve from time 0 extrapolated
to infinity (AUCO._,,), clearance (CL), apparent volume of
distribution (V,), mean residence time (MRT), and apparent
volume of distribution at steady state (V) were 0.57+0.05 1/h,
1.22+0.11 h, 3356+238 h x ng/ml, 0.60+0.04 1/h, 1.05+0.10 1,
1.05+£0.07 h and 0.63+0.07 1, respectively. Following p.o.
administration of DIC, the A,, t,,, C ., tma» AUC,.., CL,
V,, MRT were: 0.63+0.12 1/h, 1.12+0.18 h, 1272+112 ng/ml,
0.19+0.04 h,2501+303 h x ng/ml,0.81+0.101/h, 1.29+0.121,and
2.70+0.18 h, respectively. The pharmacokinetic parameters of
iv. and p.o. DIC in rats show that the drug is rapidly absorbed,
distributed, and eliminated.

Introduction

DIC is a non-steroidal anti-inflammatory drug advocated
for use in painful and inflammatory rheumatic and certain
non-rheumatic conditions. DIC is available in a number of
administration forms that can be given orally, rectally, or
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intramuscularly (1). DIC is an inhibitor of cyclooxygenase,
and its potency is substantially greater than that of indo-
methacin, naproxen, and several other agents (2-5). Despite the
widespread clinical use of DIC for >20 years, there is little
published information on its pharmacokinetics in animals,
especially in rats. Variations in pharmacokinetic parameters
between different animal species are common and mostly
related to differences in genetics and/or environmental condi-
tions (6).

The aim of the present study was to determine the pharma-
cokinetics profile of DIC in rats after intravenous injection (i.v.)
and oral administration (p.o.).

Materials and methods

Drugs and reagents. DIC was purchased from Sigma-Aldrich
Co., LLC (Shanghai, China) and served as a control. Naproxen
was purchased from Sigma-Aldrich Co., LLC and used as an
internal standard. Acetonitrile of HPLC grade was purchased
from Merck Chemicals Co., Ltd. (Shanghai, China). Methanol
of HPLC grade was purchased from Burdick and Jackson
(Morristown, NJ, USA). Ammonium acetate of HPLC grade
was purchased from Sigma-Aldrich Co., LLC. Ultrapure
water was produced by a Milli-Q Advantage A10 purification
system.

Instruments and equipment. The HPLC system was a
Shimadzu LC-20AD (Shimadzu, Co., Ltd., Shanghai, China)
system consisting of a degasser, a communication bus
module, a pump, an autosampler, and a column oven. Mass
spectrometric detection was accomplished with an Applied
Biosystems Sciex API 3000 mass spectrometer (Applied
Biosystems Sciex, Mississauga, ON, Canada) equipped with
an electrospray ionization (ESI) source. Analytical software
(version 1.4.2; Applied Biosystems/MDS Sciex) was used for
data acquisition and processing. The following instruments
were also used: WH-861 vortex shaker (Taicang HUALIDA
Experimental equipment Co., Ltd., Taicang, China), high-speed
refrigerated centrifuge (5810R; Eppendorf AG, Hamburg,
Germany), analytical balance [XS205; Mettler-Toledo
Instruments (Shanghai) Co., Ltd., Shanghai, China], and
Milli-Q Advantage A10 purification system (Millipore Corp.,
Billerica, MA, USA). The chromatographic column was an
Agilent Zorbax XDB-C18 (3.5 ym, 2.1x50 mm) column.

Experimental animals. Twelve male Sprague-Dawley (SD)
rats weighing 231-257 g were purchased from the Laboratory
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Animal Center of the Zhejiang Academy of Medical Sciences
(Hangzhou, China).

Experimental methods

Solution preparation. A suitable amount of DIC (1 g) was
weighed and dissolved in physiological saline (Sinopharm
Group Co.Ltd., Shanghai, China) to produce a 1 mg/ml solution
that was used for intravenous and intragastric administration.

Drug delivery and sample collection. Before DIC administra-
tion, the rats were fasted for 12 h with access to drinking water.
Six male SD rats were injected with 2 mg/kg DIC through the
tail vein at a dosing volume of 2 ml/kg. Blood (1 ml) was taken
from the orbital venous plexus prior to administration of test
substances (0 h) and after 0.033, 0.083, 0.167,0.25,0.5, 1, 2, 4,
6 and 8 h. Blood samples were collected in tubes containing
K2-EDTA and kept on ice until they were centrifuged at
2,400 x g for 10 min at 4°C to allow the collection of plasma,
which was stored at -80°C.

Six male SD rats were lavaged with 2 mg/kg DIC at a
dosing volume of 2 ml/kg. Blood (1 ml) was taken from the
orbital venous plexus prior to administration of test substances
(0 h) and after 0.033, 0.083, 0.167,0.25,0.5,1,2,4, 6 and 8 h.
Blood samples were collected in tubes containing K2-EDTA
and kept on ice until they were centrifuged at 2,400 x g for
10 min at 4°C to allow the collection of plasma, which was
stored at -80°C.

Preparation of calibration standard samples and quality
control (QC) samples. A standard stock solution (I mg/ml)
of DIC was prepared by dissolving DIC (10 mg) in 5 ml
methanol/10 mM ammonium acetate (80:20, v/v). Calibration
standard samples were prepared at concentrations of 10, 20,
50, 100, 500, 1,000, 5,000, and 10,000 ng/ml with the same
mixed solvent. QC solutions with low, medium, and high
concentrations (20, 500 and 5,000 ng/ml) were prepared in
the same manner. The standard IS stock solution (2 mg/ml) of
Naproxen was prepared by dissolving Naproxen (10 mg) in 5 ml
methanol. The IS working solution (1,000 ng/ml) was prepared
with methanol/10 mM ammonium acetate (80:20, v/v).

Sample preparation. The frozen plasma samples were
thawed at room temperature. An aliquot of 5 ul of IS solu-
tion (1,000 ng/ml Naproxen in the mobile phase) was added
to a 50-ul plasma sample in a microcentrifuge tube. After
vortex-mixing for 10 sec, 200 ul methanol was added to the
mixture to precipitate proteins. The sample was vortex-mixed
for 1 min and centrifuged at 17,829 x g at 4°C for 20 min. Finally,
100 ul of the supernatant was transferred to an injection bottle,
which was loaded into an autosampler cabinet, from which a
7-ul aliquot was injected into the LC-MS/MS system. Samples
with concentrations greater than the maximum standard in
the calibration curve were determined following dilution with
blank plasma.

LC-MS/MS conditions. The concentration of DIC in plasma
was measured using HPLC-MS/MS. The HPLC-MS/MS
system was a Shimadzu LC-20AD coupled to an API 3000
triple quadrupole mass spectrometer with an ESI source.
The tandem mass spectrometer was operated under multiple
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reaction monitoring (MRM) using an electro-spray ionization
source in negative ion mode. The optimized HPLC-MS/MS
conditions were as follows: Collision gas of 10 psi, a curtain
gas of 25 psi, a gas 1 of 50 psi, a gas 2 of 50 psi, an ion
spray voltage of -5,000 V, a source temperature of 500°C,
and an entrance potential of -4 V for DIC and -5 V for the
IS (Naproxen). Quantification of m/z 293.85 to m/z 249.86 for
DIC and m/z 228.67 to m/z 184.71 for Naproxen was performed
in MRM. Chromatograms were integrated with Analyst soft-
ware (version 1.4.2).

Chromatographic separation was performed on a Zorbax
XDB-CI8 column (3.5 gm, 2.1x50 mm). The mobile phase
consisted of methanol/10 mM ammonium acetate (80:20 v/v)
at an isocratic flow rate of 0.3 ml/min. The injection volume
was 7 ul. The run time was 3 min. The temperatures of the
analytical column and autosampler were set at 35 and 4°C,
respectively. Under these conditions, the retention times for
DIC and Naproxen were 1.63 and 1.54 min, respectively.

The quantification method was shown to be suitable
for the determination of DIC in rat plasma. The specificity,
sensitivity, linearity, rate of extraction recovery, within-day
and between-day precision, stability, and matrix effect of the
analytical method conformed to relevant provisions regarding
biological sample analysis (7-9).

Statistical analysis. The pharmacokinetic parameters of DIC
were analyzed and processed by the non-compartmental model
of WinNonlin5.2 software (Pharsight Corporation, Mountain
View, CA, USA). The experimental data were presented as
mean + standard deviation (mean + SD). The maximum plasma
concentration (C,,,) and time taken to reach C,,, (T,,,) were
estimated directly from the observed plasmaconcentration-time
data. The elimination rate constant (X,) was determined by
linear regression analysis of the log-linear part of the plasma
concentration-time curve. The total area under the plasma
concentration-time curve (AUC, ) was calculated using the
linear trapezoidal rule. The AUC from O to infinity (AUC,_..)
was calculated as AUC, ., = AUC + Ct/\A, (Where Ct was the last
plasma concentration measured). The half-life (T, ;) of DIC was
calculated as T,,, = In2/\,. The apparent clearance (CL) of DIC
was calculated as CL = dose/AUC,,.... The apparent volume of
distribution (V,) of DIC was calculated as V = CL/A,.

Results and Discussion

Plasma concentration and concentration-time curve. After
iv. and p.o. administration of 2 mg/kg DIC (n=12) to SD rats,
the relationship between the plasma concentration of DIC and
time was determined (Table I). The concentration-time curves
for i.v. and p.o. DIC are shown in Figs. 1 and 2, whereas the
mean concentration-time curves are shown in Fig. 3. The
drug concentration in the plasma decreased rapidly after i.v.
administration of DIC. After 8 h, the concentration of DIC in
the plasma was approximately 10 ng/ml.

Pharmacokinetic study. WinNonlin pharmacokinetic soft-
ware was used to analyze the plasma concentration of DIC
using a noncompartmental model following administration in
rats. The pharmacokinetic parameters (after fitting) are shown
in Table I.
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Table I. Mean plasma concentration (mean + SD) of diclofenac
sodium after i.v. (rat 1-6) and p.o. (rat 7-12) administration at
a dose of 2 mg/kg.

Table II. Pharmacokinetic parameters (mean + SD) of
diclofenac sodium in plasma following intravenous and intra-
gastric administration to rats.

Concentration (ng/ml)

Time (h) iv. p.o.
0.03 9413.5+1276.0 38.7+12.9
0.08 6197.4+674.6 418.1x1374
0.17 3903.9+5294 1195.6+218.4
0.25 2066.0+364.5 1019.8+123.8
05 1108.6+284.6 649.4+97.2

1 476.6+65.7 416.4+96.6
2 391.0+26.4 402.9+178.5
4 95.5+17.5 368.7+62.7
6 47.2+9.7 109.8+29.2
8 10.7+£3.3 31.3x13.1

SD, standard deviation; i.v., intravenous; p.o., oral administration.
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Figure 1. Individual time-concentration curves of diclofenac sodium (intra-
venous administration of 2 mg/kg to rat 1-6).
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Figure 2. Individual time-concentration curves of diclofenac sodium (admini-
stration by lavage at a dose of 2 mg/kg to rat 7-12).

Pharmacokinetic

parameters Unit iv. p-o.

A, 1/h 0.57+0.05 0.63+0.12
t, h 1.22+0.11 1.12+0.18
tinax h 0.19+0.04
Crax ng/ml 1272+112
G, ng/ml 1244942261

AUC,, h x ng/ml 3337+235 2448279
AUC,.., h x ng/ml 3356+238 2501+303
Vv, 1 1.05+0.10 1.29+0.12
CL I/h 0.60+0.04 0.81+0.10
MRT h 1.05+0.07 2.70+0.18
Vg 1 0.63+0.07

F % 74.4+6 .4

SD, standard deviation; A,, terminal elimination rate constant; t,,
apparent terminal elimination half-life; C,, initial plasma concentra-
tion; C,,,, peak plasma level; T, ,,, time to peak plasma level; AUC,,
area under the concentration-time curve from time 0 to the time of the
last quantifiable concentration; AUC,_.., area under the concentration-
time curve from time O extrapolated to infinity; CL, clearance; V,,
apparent volume of distribution; MRT, mean residence time; V.,
apparent volume of distribution at steady state.
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Figure 3. Mean time-concentration curves of diclofenac sodium (adminis-
tered intravenously and by lavage at a dose of 2 mg/kg to rat 1-12).

As shown in Table II, the A, (0.63+0.12 1/h), t,, (1.12+0.18 h),
Chax (1272112 ng/ml), t.,, (0.19+0.04 h), AUC,..
(2501£303 h x ng/ml), CL (0.81+0.10 1/h), and V, (1.29+0.12 1)
of DIC in rats following p.o. administration were nearly equal
to the corresponding values in rats following i.v. administration.
The pharmacokinetic parameters of DIC determined in the
present study are consistent with those reported in previous
studies (6,10-13). The t, values of 1.22 h (iv.) and 1.12 h (p.o.)
for DIC in rats agree well with the reported t, values of
1.03 h in sheep (6), 1.3 h in dogs (10), and 1.04 and 1.12 h in
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humans (11,12). In the present study, the MRT of DIC was
1.05 h following i.v. administration and 2.7 h following p.o.
administration, whereas the CL of DIC was 0.6 1/h following
i.v. administration and 0.81 1/h following p.o. administration;
these values are very close to reported values in rabbits (t,,
1.30 and 2.68 h; CL, 0.49 and 0.51 1/h) (13). In comparison
with rats, dogs, and sheep, a shorter t, (5.15 h) was observed in
buffalo calves (6).

DIC is almost completely absorbed after p.o. It is subjected
to first-pass metabolism in order that only approximately 50%
of the drug reaches the systemic circulation in an unchanged
form (13). This extensive metabolism is the reason for DIC
having poor oral bioavailability. In previous studies, the
bioavailability of DIC in sheep, rabbits, and humans was 50,
50-60, and 30%, respectively (6,12,13). In the present study, the
bioavailability of p.o. DIC in rats was approximately 74.4%.
These results were markedly different from those of previous
studies. The reasons for this remain to be elucidated in future
studies. In most species, DIC is more than 99% protein
bound (14-16), this property is responsible for its low V, (1.05,
iv.; 1.29, p.o.) and CL (0.60, i.v.; 0.81, p.o.).

The present study revealed that p.o.administrationinduced a
pronounced second peak in the plasma DIC concentration-time
curve of rats; this second peak was not present following i.v.
administration. The double-peak phenomenon has four typical
causes: enterohepatic circulation, gastrointestinal circulation,
delayed gastric emptying, and absorption differences in the
intestines. We hypothesized that enterohepatic circulation
was the main reason for the observed double-peak in the
time-concentration curve of DIC in rats.
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