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Abstract: Ten healthy male adult volunteers aged
20-40 years and of weight 55-75 kgm administered in
empty stomach and in two occasions under same
conditions 200 mg of ibuprofen tablets produced by
AKRKHIN  company (Russia) and 200 mg of
ibuprofen tablets produced by BOOTS company
(England).  Statistical  comparison  of  the
pharmacokinetic ~ parameters including  the
absorption half-life, the elimination half-life, the time
to reach maximum concentration of the drug in
serum and the maximum concentration of the drug in

serum between the above companies indicated
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insignificant differences. Moreover it appeared that
ibuprofen tablets produced by AKRKHIN company
(Russia) is bioequivalent to the ibuprofen tablets

produced by BOOTS company (England).

Introduction:

Ibuprofen, a propionic acid derivative, is a non-steroidal
antiinflammatory drug. It is used in the management of mild to
moderate pain, dental pain, musculo-skeletal and joint disorders
such as ankylosing spondylitis , osteoarthritis and rheumatoid
arthritis . the main adverse effects are gastrointeastinal
disturbances, therefore if gastro-intestinal disturbances occur
ibuprofen should be given with food or milk (10). Ibuprofen is
absorbed from the gastro-intestinal tract and peak plasma
concentration occur about 1-2 hours after ingestion .The drug has a
plasma half-life of about 2hours (2,3,4,5,6,8,9,10) .The efficacy of
ibuprofen is dependent upon achieving an adequate concentration
of the drug in plasma. Therefore ,the measurement of blood or
serum levels of ibuprofen and studying the rate and extent of drug
bioavailability and clinical pharmacokinetics are important for
insuring a safe and effective therapy especially when using this
drug this drug for long time (10) . It is well known that formulation
factors can influence the rate and extent of drug bioavailability and
pharmacokinetics (12). Therefore the present work was carried out
to establish the relative bioavailability (bioequivalence) of
ibuprofen tablets 200 mg produced by AKRAKHIN company
(Russia) in comparison with a reference (standard) product of
ibuprofen tablets 200 mg produced by BOOTS company (England).
Moreover, some important clinical pharmacokinetic informations
were also introduced in the present work.
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Materials and Methods
Clinical data:

Ten male adult healthy volunteers aged 20-40 years and weight
of about 55-75kg with normal renal and liver functions and no
contraindication to the use of the drug were selected for this study.
The drug was not allowed to be taken by volunteers for one week
prior the investigation and three days for other medications. The
subjects were fasted overnight and during the first 4 hours after the
drug intake. Five mls of blood was taken from each volunteer
before drug intake, which was regarded as blank, or zero time. One
tablet of ibuprofen 200mg produced by AKRKHIN company was
administered directly to each volunteer with 20oml of water after
the blank sample. Five mls of blood was withdrawn after 0.25, 0.5,
1, 2, 3,6, 9and 12 hours following drug intake.

One week later, the same procedures were repeated on the same
volunteers and under the same conditions but using tablets of
ibuprofen 200mg produced by BOOTS company (Brufen tablets).

Each blood sample was kept for 15 minutes to clot and then
centrifuged for 10 minutes. The serum was then separated and kept
in deep freeze until analysis carried out.

Samples Analysis:

The serum was analyzed using HPLC method in combination
with UV detector with a detection limit of 0.1 microgram of
ibuprofen in each ml of serum (1, 7, 11).

Data Analysis:

The concentrations of ibuprofen in serum versus time date
(Tables 1 and 2) are plotted on demo-log graph papers (Fig. 1- Fig.
12). The kinetic parameters including the absorption rate constant
(Ka), the absorption half-life (T sas), the elimination rate constant
(K) and the elimination half-life (Tqseim) Were calculated according
to standard methods (12). The above pharmacokinetic parameters
were measured by curve fitting method applying the method of
Residuals and linear regression analysis (12). The area under the
concentration of the drug in serum versus time curves (AUC) from
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time zero to time 12 hours following drug intake were determined
by Trapezoidal Rule (12). The AUC from time 12 hours to time
infinity were measured as the concentration of the drug at 12 hours
divided by the terminal elimination rate constant (K). The total
AUC from time zero to time 12 hours and the AUC from time 12
hours to time infinity. The time to reach the maximum
concentration of the drug in serum (C.x) and the time to reach this
level (Tna.) were estimated by visual inspection of the drug
concentration in serum versus time curves (Table 1-4, Fig. 1-12).

Statistical Analysis:

Student’s t test was applied to evaluate the differences on the
pharmacokinetic parameters studied on the present investigation
between ibuprofen produced by AKRKHIN company (Russia) and
ibuprofen produced by BOOTS company (England).

Results and Discussions:

Pharmacokinetic data obtained from the administration of a
single oral dose of ibuprofen 200mg tablets produced by
AKRKHIN company to 10 healthy adult volunteers were
summarized in Table 3.

Pharmacokinetic data obtained from the administration of a
single oral dose of ibuprofen 200mg tablets produced by BOOTS
company to 10 healthy adult volunteers were summarized in
Table 4.

Statistical evaluation of the above data, Table 3 and Table 4
indicate that there are significant variations in the Kinetic
parameters between the individuals administered ibuprofen tablets
produced by AKRKHIN company and ibuprofen tablets produced
by BOOTS company and it seems that both products are
bioequivalent. Table 5, Fig. 1 — Fig. 12.

Tables 3 and 4 show a relatively short elimination half-life of
ibuprofen (about 2 hours). This explain the negligible contribution
of the AUC, (measured from time 12 hours to time infinity) to the
total AUC (measured from time zero to time infinity). Accordingly,
12 hours of ibuprofen sampling in serum after oral ingestion of
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ibuprofen tablets is enough for reliable bioavailability and
pharmacokinetic studies.

Tables 3 and 4 also exhibited clear individual variations on the
pharmacokinetic parameters studied, (Tosabs: Toselims T max» Cmax and
AUC). The pharmacokinetic parameters Tgselim, Tmax aNd Cpayx are
comply with the corresponding pharmacokinetic parameters
introduced by previous studies (2, 3, 4, 5, 6, 8, 9, 10).

Conclusions:

In conclusion, it appeared that pharmacokinetic parameters
obtained in the present work including Tosas, Toselims Tmax, and
Cnax are not significantly different after the administration of
ibuprofen 200mg tablets produced by AKRKHIN company and
ibuprofen produced by BOOTS company. Moreover, it seems that
the two products are bioequivalent. The pharmacokinetic
parameters found including Tosas, Toselim: Cmax» Tmax and AUC
exhibited clear individual variations. The values of (T¢saps, To.5elims
Cmax and T are similar to the values presented by previous
studies.

Table 1. Concentrations of Ibuprofen in serum (ug/ml) with
time after the administration of 200mg Ibuprofen tablets,
IBUPROFEN, AKRKHIN company, 10 healthy adult

volunteers
Subject Time (hour)
Number [ 0 [ 025 | 05 1 2 3 6 9 12
1 0 2.6 44 | 141 | 137 | 63 5.0 2.1 1.0
2 0 3.0 73 | 149 | 195 | 131 | 49 3.1 1.4
3 0 2.1 50 | 10.2 9.3 6.0 3.0 1.6 0.5
4 0 1.0 4.0 8.7 157 | 116 | 56 2.8 1.4
5 0 3.0 50 | 12.7 7.6 5.0 3.2 15 0.2
6 0 5.6 83 | 151 | 100 | 5.0 2.1 1.2 0.1
7 0 4.4 103 | 127 | 185 | 100 | 55 3.2 1.1
8 0 3.0 127 | 150 | 190 | 116 | 5.0 1.2 0.4
9 0 2.2 88 | 157 6.6 5.0 2.1 1.4 0.7
10 0 5.6 103 | 127 | 165 | 11.0 | 5.9 1.4 0.6
Mean 0 3.3 77 | 132 | 136 | 85 4.2 2.0 0.7
+SD 0 | 143 | 275 | 216 | 467 | 316 | 1.40 | 075 | 0.44
N 10 10 10 10 10 10 10 10 10
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Table 2. Concentrations of Ibuprofen in serum (ug/ml) with
time after the administration of 200mg Ibuprofen tablets,
BRUFEN, BOOTS company, 10 healthy adult volunteers

Subject Time (hour)

Number | 0 0.25 0.5 1 2 3 6 9 12
1 0 3.0 5.1 159 | 151 7.0 5.2 2.0 0.9
2 0 2.7 6.5 13.0 | 176 | 120 4.1 2.5 11
3 0 25 6.0 115 | 105 7.0 3.5 2.0 0.7
4 0 1.2 5.0 9.2 17.0 | 125 6.0 3.2 1.0
5 0 33 6.5 14.0 7.0 6.1 45 2.0 0.3
6 0 6.0 9.2 15.9 9.5 6.0 3.2 0.9 0.2
7 0 4.0 112 | 139 | 170 | 13.0 8.0 2.2 0.5
8 0 2.0 10.0 | 135 | 161 | 101 3.9 2.0 0.5
9 0 3.6 6.9 15.2 7.2 5.9 3.6 1.9 0.8
10 0 4.4 8.1 115 | 151 | 105 5.0 2.1 1.0

Mean 0 3.3 7.4 134 | 132 9.0 4.7 2.1 0.7

+SD 0 128 | 2.00 | 203 | 400 | 275 | 137 | 054 | 0.30
N 10 10 10 10 10 10 10 10 10

Table 3. Pharmacokinetic data of Ibuprofen after the
administration of 200 mg Ibuprofen tablets, IBUPROFEN,
AKRKHIN company, to 10 healthy adult volunteers.

SUbjeCt Ka Tosaps | Kelim Toselim Crnax Trmax AUC, AUC, AUC(totaI)
Number | hr? hr hrt hr pg/ml | hr | (ug/ml) | (ug/ml) | (ug/ml)
hr hr hr
1 0.885 0.783 0.238 2,912 141 1 62.1 4.2 66.3
2 1407 | 0493 | 0255 | 2718 | 225 2 86.3 55 918
3 1.252 0.533 0.244 2.840 10.2 1 46.1 2.0 48.1
4 0.874 | 0793 | 0239 | 2900 | 157 2 746 59 805
5 1.363 0.508 0.332 2.087 12.7 1 447 0.6 45.3
6 1590 | 0436 | 0409 | 1.694 | 151 1 458 02 46.0
7 1242 | 0558 | 0257 | 2696 | 185 2 86.7 43 91.0
8 1.203 0.576 0.384 1.805 19.0 2 78.2 1.0 79.2
9 1356 | 0511 | 0254 | 2728 | 157 1 44.0 238 46.8
10 1.076 0.644 0.338 2.050 16.5 2 77.5 1.8 78.3
Mean | 1.225 | 0584 | 0295 | 2.443 | 160 | 15 645 283 65.33
+SD 0.22 0.11 0.062 0.453 3.27 0.5 17.13 1.94 19.07
N 10 10 10 10 10 10 10 10 10

Ka: Absorption Rate Constant

Tosans: Absorption half-life

K aim: Elimination Rate constant.

T o5eim: Elimination half-life.

C max: Maximum concentration of drug in serum.
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T max - Time to maximum cincentration of drug in serum.

AUC; : Area under drug concentration in serum versus time curves
measured by Trapezoidal Rule from time 0 to time 12 hours.

AUC , : Area under drug concentration in serum versus time curves
measured from time 12 hours to time infinity which is equal to
concentration of drug in serum at 12 hours divided by the
terminal elimination rate constant (K).

AUC qoa) : Total area under drug concentration in serum versus
time curves measured from time zero to time infinity which is
equal to AUC ; + AUC ».

Table 4. Pharmacokinetic data of Ibuprofen after the
administration of BOOTS company, to 10 healthy adult

volunteers.
Su bJ ect Ka TO.Sabs K0‘5elim T0‘5elim Cmax Tmax AUCI AUCZ AUC(totaI)
Number hr? Hr hr hr pg/mi hr (ng/ml) (ng/ml) | (png/ml)
hr hr hr
1 0.910 | 0.762 | 0.259 2.676 15.9 1 66.8 35 70.3
2 1311 | 0529 | 0.271 2.557 17.6 2 76.0 4.1 80.1
3 1.361 | 0.509 | 0.250 2.772 11.5 1 53.8 2.8 56.6
4 0.811 | 0.855 | 0.271 2.557 17.0 2 80.4 3.7 84.1
5 1.409 | 0.492 | 0.298 2.326 14.0 1 53.0 1.0 54.0
6 1.749 | 0.396 | 0.375 1.848 15.9 1 51.2 0.5 51.7
7 1.057 | 0.656 | 0.345 2.009 17.0 2 90.1 14 91.5
8 1.385 | 0.500 | 0.328 2.113 16.1 2 69.3 15 70.8
9 1.751 | 0.396 | 0.237 2.924 15.2 1 51.8 3.4 55.2
10 1214 | 0571 | 0.270 2.567 15.1 2 71.9 3.7 75.6
Mean 1.300 | 0.567 | 0.290 2.435 15.5 1.5 66.4 2.6 70.0
+SD 0.298 | 0.142 | 0.043 0.332 1.676 0.5 12.93 1.256 13.32
N 10 10 10 10 10 10 10 10 10

For more details of the table see Table 3.
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Table 5. The relative bioavailability (in percent) of Ibuprofen
200mg of AKRKHIN company (test product) to BOOTS
company (standard product) after the administration of

Ibuprofen 200 mg tablets to 10 healthy adult volunteers in two

occasions under the same conditions.
Subject Number Relative Bioavailability

94.3

114.6

85.0

95.7

83.9

96.7

99.5

111.9

84.8

104.9

Mean 97.1

+ SD 10.36

N 10

BSlo|o|N|o|us~|w|N|e

(Bioequivalence) X (D0Sestandard/ D0S€yest)-
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Subject 3 (Fig. 3)
100
Concenmation TN
ofbumfenin | { —+=AKRKHIN
a(:ﬁl:tm ) | ( TBOOTS
10 |
1 e dededdod by e  —— T ST S |
0 2 4 6 8 10 12
Time (hr)
100 Subject 4 (Fig. 4)
[
Concentratitn
of Tpmfaa in P
senm i | —+—=AKRKHIN
i ' J
g | _sBOOTS
10 1

by

Apebddoiy

8 10 12
Time (hr)

Journal of Al Rafidain University College 322 ISSN (1681 — 6870)



Pharmacokinetics and Bioavailability of.. Jaefer Hashim , Khawla Ahmed, Issue No. 32/2013
Mohammed Khalil

0075 Subject 5 (Fig. 5)
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Subject 7 (Fig. 7)
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Subject 9 (Fig. 9)
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Mean + SD (Fig. 11A)
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