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Background: This study assessed the relative bioavailability of two formulations of ibuprofen. The
first formulation was Doloraz®, produced by Al-Razi Pharmaceutical Company, Amman, Jordan.
The second forumulation was Brufen®, manufactured by Boots Company, Nottingham, UK.
Methods and results: A prestudy validation of ibuprofen demonstrated long-term stability,
freeze-thaw stability, precision, and accuracy. Twenty-four healthy volunteers were enrolled
in this study. After overnight fasting, the two formulations (test and reference) of ibuprofen
(100 mg ibuprofen/5 mL suspension) were administered as a single dose on two treatment
days separated by a one-week washout period. After dosing, serial blood samples were
drawn for a period of 14 hours. Serum harvested from the blood samples was analyzed for
the presence of ibuprofen by high-pressure liquid chromatography with ultraviolet detection.
Pharmacokinetic parameters were determined from serum concentrations for both formulations.
The 90% confidence intervals of the In-transformed test/reference treatment ratios for peak
plasma concentration and area under the concentration-time curve (AUC) parameters were
found to be within the predetermined acceptable interval of 80%—125% set by the US Food
and Drug Administration.

Conclusion: Analysis of variance for peak plasma concentrations and AUC parameters showed
no significant difference between the two formulations and, therefore, Doloraz was considered
bioequivalent to Brufen.
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Introduction

Bioequivalence studies are used to compare the expected in vivo biological equiva-
lence of two formulations of a drug.'™* The bioequivalence of two formulations of
the same drug can be determined based on the absence of significant differences in
primary pharmacokinetic properties of bioavailability, such as the rates of absorption
and elimination, ie, peak plasma concentration (C_ ) and time to peak concentration
(T,,), and the extent of absorption or total amount of drug absorbed in the body,
ie, area under the concentration-time curve (AUC).’ Ibuprofen is a propanoic acid
derivative (Figure 1), and has the systematic name (RS)-2-(4-(2-methylpropyl) phenyl)
propanoic acid, a molecular weight of 206.28 g/mol, and a molecular formula of
C13H1802'

(S)-ibuprofen. In the human body, only (S)-ibuprofen is active, and even if prepared

Ibuprofen is a chiral molecule, and its two enantiomers are (R)-ibuprofen and

and taken as a racemic mixture, an enzyme readily converts (R)-ibuprofen to the active
(S)-ibuprofen form.*’
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Figure | Chemical structure of (RS)-2-(4-(2-methylpropyl)phenyl)propanoic acid
(ibuprofen).

Ibuprofen is considered a nonsteroidal anti-inflammatory
drug (NSAID). It is the first member of the propionic acid
class of NSAIDs to come into general use.® Ibuprofen has
anti-inflammatory, analgesic, and antipyretic activities,
and is used for relief of symptoms of arthritis and fever, as
an analgesic for pain, especially where there is an inflam-
matory component, and for dysmenorrhea.”'® As a cyclo-
oxygenase (COX) inhibitor, it alters platelet function and
prolongs bleeding time.!®!! The healing properties, side
effects, and efficacy of ibuprofen have been studied.'> '3

Ibuprofen is a nonselective inhibitor of COX-1
and COX-2. This protein enzyme converts certain fatty
acids to prostaglandins after a series of chain reactions.
Prostaglandins cause increased sensitivity to fever, pain, and
increased blood flow or inflammation. Ibuprofen reduces
these symptoms and effects by inhibiting the start of this
chain of events.'®!®

Ibuprofen is rapidly absorbed after oral administration,
more than (90%) of an ingested dose is excreted in the urine
as metabolites or their conjugates, and the major metabo-
lites are hydroxylated and carboxylated compounds.!!!%%
Peak serum concentrations are reached in 1-2 hours after
oral administration. Ibuprofen is rapidly biotransformed,
with a serum half-life of about 2 hours. Ibuprofen is exten-
sively bound to plasma proteins, although it occupies only
a fraction of the total available drug binding sites at usual
concentrations. It passes slowly into the synovial spaces and
may remain there in higher concentrations as plasma levels
decline.”*

The purpose of this study was to determine the bioequiva-
lence (rate and extent of absorption) of a generic formula-
tion of ibuprofen (Doloraz® 100 mg suspension, Al-Razi
Pharmaceutical Industries Company, Amman, Jordan) in com-
parison with the reference formulation (Brufen® 100 mg suspen-
sion, Boots Company, Nottingham, UK). The bioequivalence
of the formulations was assessed by statistical analysis of
pharmacokinetic parameters, as recommended by the US
Food and Drug Administration.>**

Materials and methods

Chemicals and reagents

All solvents were of high-pressure liquid chromatography
(HPLC) grade. All other chemicals and reagents were of
analytical grade. Acetonitrile and methanol (HPLC grade
99.9%) were puchased from LabScan, Dublin, Ireland. Acetic
acid (analytical grade 99.7%) was purchased from Scharlau,
Barcelona, Spain. Anhydrous sodium acetate (analytical
grade, 99.0%) was also purchased from Scharlau. Double
distilled deionized water for HPLC was purchased from
LabScan. Acetone (analytical grade) was purchased from
Scharlau. Ibuprofen and indomethacin (internal standard)
were obtained from Sigma-Aldrich, St Louis, MO.

Subjects

Twenty-four healthy male adult volunteers were enrolled in
this study, which was performed at Ibn Al-Hytham Hospital,
Amman, Jordan. The age range of the subjects was 19—46
years, with a weight range of 53—101 kg and a height range
of 164—187 cm. The subjects were instructed to abstain from
using any medication for at least 2 weeks prior to and during
the study period.’ All eligible subjects were informed of the
aim and possible risks of this study by the investigators, and
then asked to verify their informed consent in writing before
participating in the study. The subjects were told that they
could withdraw from the study at any time.

Clinical protocol

The study was conducted in an open-label, randomized,
nonreplicated, two-sequence, two-period crossover design
with a seven-day washout period between each treatment
phase. The study protocol and informed consent form
were approved prior to the start of the study by the Institu-
tional Review Board of Ibn Al-Hytham Hospital, Amman,
Jordan. The study was conducted in accordance with Good
Clinical Practice guidelines and according to the Revised
Declaration of Helsinki.?® Screening at study start included
physical examination, medical history, laboratory safety
tests, electrocardiogram, and vital signs. In addition, safety
parameters were assessed on treatment days and at follow-up.
All patients had to meet carefully selected exclusion/
inclusion criteria determined by the investigators, taking into
account their current medical status and life expectancy. Any
concomitant disorder not included in the exclusion criteria
and any changes in the concomitant disorder and/or medica-
tion were documented in the case report forms. All clinical
laboratory tests were performed at Ibn Al-Hytham Hospital,
Amman, Jordan.
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Figure 2 Calibration curve for the mean peak height ratios (from five determinations per concentration level, excluding blank samples) versus ibuprofen concentration

ranging from 1.0 to 20.0 pug/mL (A-G).

Subjects arrived at the hospital 24 hours prior to the
beginning of the study. A computer-generated table was
used to select and randomly assign the volunteers in a
1:1 ratio to the two groups in the study. Doloraz or Brufen
suspension 100 mg was taken in period 1 and the alternate
formulation was taken in period 2. In each period, at 9 am,
after an overnight fast of 12 hours and under the supervi-
sion of the investigators, subjects were given a single oral
dose of one of the formulations (reference or test). An equal
number of subjects were assigned to each of the two dos-
ing sequences, in this two-period crossover study design.
No subject was alcoholic or a smoker and no alcohol was
allowed 24 hours before each study period and until after the
last sample in each period had been collected. Volunteers
were ambulatory during the study but prohibited from
strenuous activity, and were under direct medical supervi-
sion at the study site.

Table | Accuracies and precisions for assays of ibuprofen in
human serum (six replicates)

Theoretical Actual Accuracy (%) Precision (%)
concentration concentration

pg/mL pg/mL (mean)

1.00 .16 115.7 16.42

2.00 1.90 94.86 10.73

4.00 3.98 99.50 14.72

8.00 7.79 97.31 9.12

10.00 10.17 101.7 9.0l

20.00 20.00 100.0 12.18

Drug administration and sample collection
Five milliliter suspensions of either the test or reference
product were given with 240 mL of water. Administration
of the study medication was supervised by the investigator
to ensure that the drug had been swallowed, followed by a
mouth check to verify the compliance of the volunteers.

A 10.0 mL blood sample for the ibuprofen assay were
drawn into tubes through an indwelling cannula before
and at 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 3, 4, 6, 8, 10, 12, and
14 hours after dosing. The blood samples were centrifuged
at 1000 g for 10 minutes at room temperature 25°C £ 5°C.
The serum was separated and kept frozen at —35°C in coded
polypropylene tubes. After seven days (washout period),
the study was repeated in the same manner to complete the
crossover design.’

Chromatographic conditions

The HPLC system (GBC-LC) used was an isocratic system
consisting of an HPLC pump (GBC-LC 1150), a GBC-LC
1210 ultraviolet-visible variable wavelength detector, an
HP-3395 integrator, and a manual injector (Rheodyne,
Rohnert Park, CA). Separation was carried out on a stain-
less steel C,, Luna® 5 um C  (2) 100 A new column
(150 x 4.0 mm, Phenomenex, Torrance, CA), with a Waters
Symmetry C ¢ 5 um 3.9 X 20 mm precolumn guard column
(Waters, Milford, MA). The mobile phase consisted of
acetonitrile, in acetate buffer at pH 4.9. The mobile phase was
filtered through a 0.22 um membrane filter, degassed using
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Table 2 Analysis of quality control samples in six replicates from an equivalent serum sample at three concentrations representing the
entire range of the standard curve (indomethacin concentration was 3.0 ug/mL)

Ibuprofen 1.0 pg/mL and indomethacin 3.0 pg/mL

PH ratio | PH ratio 2 PH ratio 3 PH ratio 4
0.1875 0.1746 0.1744 0.1711
Ibuprofen 4.0 pg/mL and indomethacin 3.0 pg/mL

PH ratio | PH ratio 2 PH ratio 3 PH ratio 4
0.7230 0.720 0.7078 0.7340
Ibuprofen 10.0 pg/mL and indomethacin 3.0 pg/mL

PH ratio | PH ratio 2 PH ratio 3 PH ratio 4
1.8281 1.6976 1.7307 1.8823

PH ratio 5 PH ratio 6 Mean CV (%) RE (%)
0.2000 0.1944 0.1836 7.26 94.02
PH ratio 5 PH ratio 6 Mean +SD RE (%)
0.6896 0.7241 0.7164 2.39 91.53
PH ratio 5 PH ratio 6 Mean +SD RE (%)
1.8500 1.7500 1.7897 4.48 9l1.16

Abbreviations: PH, peak height; CV, coefficient of variation; SD, standard deviation; RE, relative error.

ultrasonication before use and was pumped at a flow rate of
0.8 mL/min. The column temperature was 25°C under these
conditions. The effluent was monitored using an ultraviolet
detector with an excitation wavelength of 220 nm 2628

Sample preparation for HPLC injection
Serum samples were analyzed for ibuprofen and the internal
standard according to a precise and accurate HPLC method and
validated according to international guidelines.?** A 0.2 mL of
the sample and 0.2 mL of the internal standard (indomethacin,
3.0 ug/mL) were transferred to a 10.0 mL teflon-screw capped
test tube, and vortex-mixed for approximately 15 seconds.
Methanol solvent 0.5 mL was then added and mixed. The mix-
ture was centrifuged and the upper organic layer was separated
and evaporated under a stream of nitrogen to dryness.?’** The
residue was reconstituted with 0.1 mL of mobile phase, and
15.0 uL was injected into the HPLC column.

Pharmacokinetic analysis

All values below the limit of quantification were considered
as zero for the computation of pharmacokinetic parameters
and statistical calculations. Pharmacokinetic parameters

Table 3 Summary of stability data related to short and
prolonged storage conditions (at —35°C) of ibuprofen expressed
as recovery (%)

Days Analytical ibuprofen concentration 10.0 pg/mL
Recovery (%)

| 104.41

3 97.82
100.55

12 100.85

24 100.03

48 99.75

Mean 100.73

SD 2.30

CV% 2.29

Abbreviations: SD, standard deviation; CV, coefficient of variation.

were determined and calculated using a WinNonMix ver-
sion 2.0.1 computer program. The elimination rate constant
(K,) was obtained from the least-square fitted terminal log-
linear portion of the serum concentration-time profile. The
ibuprofen C__ and the corresponding T were determined
by the individual drug serum concentration-time profiles.
The elimination half-life (T,,) was calculated as 0.693/K .
The area under the curve to the last measurable concentration
(AUC, ) was calculated by the linear trapezoidal rule. The
area under the curve extrapolated to infinity (AUC ) was
calculated as AUC | + C/K , where C, was the last measur-
able concentration.*

Statistical analysis

The primary pharmacokinetic parameters used in the
bioequivalence analysis were AUC, , AUC , and C__ .
Bioequivalence was assessed by means of an analysis of vari-
ance of the crossover design and estimating 90% confidence
intervals (CI) for the ratio of the means of the test/reference

products using log-transformed data.’

Results and discussion

Assay validation

In the procedure described below, a calibration curve and
quality control processes were utilized. Endogenous com-
pound interferences were assessed by analyzing drug-free

Table 4 Summary of stability data of ibuprofen under freeze—
thaw conditions expressed as recovery (%)

Ibuprofen concentration (ug/mL)
4.0 pg/mL (%) 8.0 pg/mL (%)

recovery recovery
Zero time (n = 3) 102.77 101.09
Cycle I (n=3) 10233 99.27
Cycle 2 (n=3) 99.96 100.94
Cycle 3 (n=3) 103.05 101.10
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serum, serum spiked with ibuprofen, and serum obtained
from subjects given ibuprofen.

The matrix-based calibration curves were analyzed in dupli-
cate in each analytical run. Each standard curve was defined by
six standard points excluding the blank sample, covering the
entire range of concentrations between 1.0 (the acceptable lower
limit of quantification was found to be 1.0 ig/mL) to 20.0 pg/mL
(Figure 2). To validate the bioanalytical method, accuracy
and precision were determined using six determinations per
concentration level, excluding the blank sample (Table 1).
Accuracy and precision were also demonstrated for the known
concentration of ibuprofen in the biological matrix, quality
control samples at the low, middle, and near upper level of the
standard curve were accomplished (Table 2).

Long-term stability (Table 3) and freeze—thaw stability
tests for ibuprofen expressed as recovery (Table 4) in the
biological matrix were established.

The linearity of the calibration curve for ibuprofen was
assessed in the range of 1.0-20.0 ug/mL in 0.2 mL serum.
A 0.2 mL aliquot of the internal standard (3.0 pg/mL of
indomethacin) prepared in double distilled water was then
added. The mean regression equation from six replicated
assays was as follows:

11.50
11.00
10.50
10.00
9.50
9.00
8.50
8.00
7.50
7.00
6.50
6.00
5.50
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00
-0.50
-1.00

Mean (SD) plasma ibuprofen concentration (ug/mL)

1.5 2

25 3 3.5

Y = 0.1956x — 0.001, R? = 0.9996. Linear regression
analysis was used to calculate the concentrations of ibuprofen
in the serum samples. The relative standard deviation of the
assay and the relative errors of the mean were used to validate
the precision and accuracy of the assay through identification
of standard samples of ibuprofen in serum. The percentage
peak height ratios of the analyte to the internal standard were
used to assess the absolute recoveries of ibuprofen extracted
from the serum samples.

Proof of applicability
To verify the quality control process, the standard curve
was used with each set of samples. The ratios obtained from
the extracted quality control samples were compared with
those resulting from direct injection of the prepared ibupro-
fen working standard in the mobile phase and the internal
standard (indomethacin 3.0 pg/mL). Three quality control
samples containing 1.0 ug/mL, 4.0 pug/mL, and 10.0 pg/mL
concentrations of the working standard were used to check
precision and accuracy (Table 2).

To test for specificity, different samples of control human
serum were analyzed with and without ibuprofen and inter-
nal standard, to determine whether any endogenous serum

—— Test formulation
—#— Reference formulation

4 4.5 5 7.5 8 8.5

Time (hours)

Figure 3 Serum concentration-time plots for 100 mg of ibuprofen after a single oral dose of the test and reference formulations in healthy adult male volunteers (n = 24).

The lower limit of quantitation was 1.0 pug/mL.
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Table 5 Pharmacokinetic parameters over eight hours with two
formulations, Brufen® (reference) and Dolaraz® (test) after a
single oral dose of 100 mg formulation in 24 healthy adult male

Table 6 Statistical results and ratios of means of test and
reference products and 90% confidence intervals

Pharmacokinetic ~Doloraz® Brufen® Ratioof 90% CI

volunteers parameters mean mean means
Parameter Reference mean Test LnAUC, 3.34 341 0.981 0.807-1.092

(¥sD) (Mean+SD)  |nAUC, 326 330 0.987 0.838-1.098
AUC, _ ug/mL/hour 31.79 (10.60) 29.69 (9.79) LnC_ 2.29 227 1.009 0.914-1.138
AUC,  ug/mL/hour 28.17 (8.12) 27.21 (9.01) Abbreviations: AUC__, area under the curve extrapolated to infinity; AUC, ,
C ug/mL 9.92 (2.13) 10.05 (1.84) area under the curve to the last measurable concentration; Cl, confidence interval;
T::; hours 0.80 (0.42) 0.90 (0.58) Cmax, the peak plasma concentration.
K, 0.31 (0.22) 0.36 (0.23) . . . .
T, hours 298 (137) 244(119  Bioequivalence criteria

Abbreviations: AUC, , area under the curve extrapolated to infinity;
AUC, , area under the curve to the last measurable concentration; C__, peak
plasma concentration; T __, time to peak concentration; T, , elimination half-life;
K., elimination rate constant.

constituents interfered with the analyte or the internal stan-
dard. No significant interfering peaks from the serum were
found at the retention times of ibuprofen and the internal
standard, indomethacin.

A stability test was designed to detect possible degrada-
tion of ibuprofen in the serum samples during sampling,
sample preparation, analysis processes and storage. Two
types of stability studies were carried out, ie, stability under
freeze—thaw conditions and under long-term storage. For the
stability under freeze—thaw conditions, three freeze—thaw
cycles were investigated using spiked serum with ibuprofen
concentrations of 4.0 ug/mL and 8.0 pg/mL. The results are
summarized in Table 4 and show no significant differences.
For long-term storage, ibuprofen was subjected to prolonged
storage conditions (—35°C) during the study period. No sig-
nificant differences were found (Table 3). The mean recoveries
were determined at 1.0 pg/mL and 4.0 pg/mL in six replicates
and were found to be 89.5+9.1 ug/mL and 91.8 + 5.8 ug/mL
(mean * standard deviation), respectively.

Pharmacokinetic properties

Both formulations were readily absorbed and ibuprofen
was measurable at the first sampling time (0.25 hours) in all
volunteers. The mean concentration-time curves of the two
ibuprofen formulations were similar, as depicted in Figure 3.
The mean ibuprofen C__ of'the reference and test formulations
was 9.92 £2.13 pg/mL and 10.05 + 1.84 pg/mL, respectively
(Table 5). The T of the reference and test formulations
was 0.80 £ 0.42 hours and 0.90 £ 0.58 hours. The T, of
the reference and test formulations was 1.73 £ 1.00 hours
and 1.68 £ 1.30 hours. The AUC , mean of the reference
and test formulations were 30.34 £ 9.72 pug/mL/hour and
29.78 £ 11.33 ug/mL/hour.

To make a bioequivalence evaluation on the basis of the
mean serum levels of the 24 volunteers completing the
study, various statistical modules were applied to AUC, _,
AUC,_ ,
istration guidelines.?* Table 6 shows the 90% confidence

and C__ as per current US Food and Drug Admin-

intervals of the ratios (test-reference) for the In-transformed
values of C__ (index of the rate of absorption), AUC, ,

and AUC, _ (indices of the extent of absorption). The
90% confidence intervals for the corresponding ratios of C,_,

AUC, ,and AUC_ _ were 91.4%-113.8%, 83.4%—112.5%,
and 83.0%—112.6%, respectively, meeting the criteria for
bioequivalence.
Tolerability

In this study, ibuprofen was well tolerated by the volunteers.
No incident that could have influenced the outcome of the
study was reported. No clinical significant adverse events
were reported. All volunteers who started the study continued
to the end and were discharged in good health.

Conclusion

The difference between each of the respective primary param-
eters for test and reference products was found to be statis-
tically nonsignificant for each active ingredient (P < 0.05
for the probability of exceeding the limits of acceptance).
The 90% confidence intervals for the test/reference ratios
of these parameters were found to be within the acceptable
range of 80%—125% for bioequivalence, as established by
the US Food and Drug Administration. The pharmacokinetic
results showed no statistically significant differencesin C__
or AUC between the generic and branded formulations of
100 mg formulations of ibuprofen. Based on the regulatory
requirements and criteria for bioequivalence, these two for-
mulations were considered bioequivalent. Both formulations
were well tolerated.
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