@vncsl

J Pharm Biopharm Res, 2022, 4(1): 283-295
DOI: 10.25082/JPBR.2022.02.001

RESEARCH ARTICLE

Effect of experimental hyperglycemia on intestinal elimination and biliary excretion
of ibuprofen enantiomers in hyperglycemic rats

Hawsar Othman Mohammed!? Attila Almasi' Pal Perjési'”

! Institute of Pharmaceutical Chemistry, Faculty of Pharmacy, University of Pécs, Pécs, Hungary
2 College of Veterinary Medicine, University of Sulaimani, Sulaymaniyah, Kurdistan Region, Iraq

ﬁ Check for updates

Correspondence to: Pél Perjési, Institute of Pharma-
ceutical Chemistry, Faculty of Pharmacy, University of
Pécs, H-7624 Pécs, Hungary;

Email: pal.perjesi@gytk.pte.hu

Received: September 3, 2022;
Accepted: October 1, 2022;
Published: October 4, 2022.

Citation: Mohammed HO, Almdsi A and Perjési P. Ef-
fect of experimental hyperglycemia on intestinal elimi-
nation and biliary excretion of ibuprofen enantiomers
in hyperglycemic rats. J Pharm Biopharm Res, 2022,
4(2): 283-295.
https://doi.org/10.25082/JPBR.2022.02.001

Copyright: © 2022 Hawsar Othman Mohammed et
al. This is an open access article distributed under the
terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and repro-
duction in any medium, provided the original author
and source are credited.

Journal of Pharmaceutical and Biopharmaceutical Research e SyncSci Publishing

Abstract: Diabetic complications are mostly due to hyperglycemia. Hyperglycemia is reported to
be associated with oxidative stress. It can result in changes in the activities of drug-metabolizing
enzymes and membrane-integrated transporters, which can modify the fate of drugs and other
xenobiotics. An in vivo intestinal perfusion model was used to investigate how experimental
hyperglycemia affects intestinal elimination and biliary excretion of ibuprofen enantiomers in
the rat. Experimental diabetes was induced by intravenous (i.v.) administration of streptozotocin.
The intestinal perfusion medium contained 250 M racemic ibuprofen. A validated isocratic
chiral HPLC method with UV detection was developed to determine the amount of the two
enantiomers in the intestinal perfusate and the bile. The results indicated that experimental
diabetes doesn’t cause a statistically significant difference in the disappearance of ibuprofen
enantiomers from the small intestine. Analysis of the bile samples detected only the (S)-IBP
enantiomer. Excretion of the ibuprofen enantiomer to the bile decreased in experimental diabetes.
The observed changes can affect the pharmacokinetics of drugs administered in hyperglycemic
individuals.

Keywords: streptozotocin, hyperglycaemia, (S)-ibuprofen, biliary excretion

1 Introduction

Ibuprofen (IBP) (Figure 1(A)) is a non-steroidal anti-inflammatory drug (NSAID) belong-
ing to the group of 2-arylpropionic acids (Figure 1) [1]. The molecule carrying a center of
symmetry is used in therapy in racemic form, exploiting its three main pharmacological effects
(anti-inflammatory, analgesic, and antipyretic). It is most commonly used in therapy by oral
administration. After oral absorption, about 40-60% of the R(-)-form of ibuprofen is metabol-
ically converted to the S(-) form [2, 3] in the intestinal tract and liver [4,5]. Over 70% of the
ibuprofen dose is metabolized and excreted in the urine. The major route of metabolism is
CYP-catalyzed oxidative transformations resulting in the formation of hydroxyl-substituted
ibuprofen metabolites. Ibuprofen and its oxidized metabolites were reported to form glucuronide
conjugates excreted in the feces or the urine [6, 7].
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Figure 1 (A): Structure of ibuprofen; (B): ibuprofen 8-D-glucuronide

Earlier, we investigated the elimination of racemic ibuprofen from the small intestine in
hyperglycemic rats by HPLC-UV. In parallel, by cannulation of the bile duct, we investigated
the excretion of the parent compound and its glucuronide conjugate into the bile. Unconjugated
ibuprofen (1) and ibuprofen-5-D-glucuronide (2) were detected in the bile; however, no ibuprofen-
glucuronide could be detected in the intestinal perfusate. Excretion of both ibuprofen and
ibuprofen-3-D-glucuronide into the bile was decreased in experimental diabetes [8].

Continuing the above investigations, we report on HPLV-UV analysis of ibuprofen enantiomers
in the intestinal perfusate and bile of the hyperglycemic rats. The work aimed to get data if
experimental hyperglycemia can modify the enantiomeric composition of the racemic ibuprofen
in the small intestinal perfusate and the bile in our previously applied animal model. The ex vivo
model provides direct information on the fate of the absorbed drug in the liver [8]. Thus, the
hyperglycemia-induced change in the enantioselective hepatic metabolism and/or transportation
can be investigated before the drug can enter the systemic circulation.
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2 Materials and methods

2.1 Chemicals

Racemic ibuprofen (IBP), (S)-(+)-ibuprofen, salicylic acid, streptozotocin (STZ), and naproxen
sodium (NAP) were purchased from Sigma-Aldrich (Budapest, Hungary). All chemicals and
reagents were analytical or HPLC grade. The standard isotonic perfusion medium had the
following compositions (mM): NaCl 96.4, KCI 7.0, CaCl; 3.0, MgSO4 1.0, sodium phosphate
buffer (pH 7.4) 0.9, Tris buffer (pH 7.4) 29.5, glucose 14.0, mannitol 14.0. Blood glucose level
was checked with an AccuChek blood glucose meter (Roche).

2.2 Animals

Male Wistar rats (9—11 weeks old, weighing 250-300 g) were separated into two groups.
Group I was the control, and Group II was diabetic animals (n = 4 each). Experimental diabetes
was induced by a 65 mg/kg bw intravenous injection of streptozotocin (STZ) one week before
the intestinal perfusion. Blood glucose levels were tested before the STZ treatment and starting
the experiments. The average blood glucose level of the control animals was 6.7 & 1.5 mM,
while that of the STZ-treated rats was 23.4 £ 2.8 mM.

2.3 Intestinal perfusion procedure

The experiments were performed according to the protocol before [8—10]. The animals fasted
for 18-20 h before the experiments; and then were anesthetized with an intraperitoneal injection
of urethane (1.2 g/kg bw, i.p.). The abdomen was opened by a midline incision. A jejunal loop
(length of the jejunal loop about 10 cm) was “’in vivo” isolated and cannulated at its proximal
and distal ends. Body temperature was maintained at 37°C using a heat lamp.

Perfusion through the lumen of the jejunal loop with an isotonic medium containing 250 M
racemic ibuprofen was carried out at a rate of 13 ml/min in a recirculation mode. Perfusate
samples (250 pl) were collected at selected timepoints from the perfusion medium from the
intestinal loop for 150 minutes. The initial volume of the perfusate was 15 ml, and its temperature
was maintained at 37°C.

For parallel investigation of the biliary excretion, the bile duct was cannulated with PE-10
tubing. The bile outflow was collected in 15 minute-periods into tared Eppendorf tubes placed in
ice. The collected samples were stored in a deep freezer until analysis. Bile flow was measured
gravimetrically, assuming a specific gravity of 1.0 [11].

2.4 Sample preparation

Perfusate and bile samples were kept at room temperature for a short time to become defrost.
The extraction technique applies the validated method published by Bonato et al. [12]. The
sample volume (50 u1) was placed in an Eppendorf tube, and then 10 p:1 of NAP solution (250
uM) was added as an internal standard (IS). The mixture was acidified by 40 pl of hydrochloric
acid (2 M) and extracted with 1.5 ml (3-times 0.5 ml) of a mixture of n-hexane and ethyl acetate
(8:2 v/v). The mixture was vortexed for 30 seconds, centrifuged for 5 minutes at 3500 rpm, and
the transparent upper layer separated. The combined organic extracts were evaporated under
nitrogen at 40°C. The residue was reconstituted in 50 ul of the mobile phase.

2.5 Instrumentation and chromatographic conditions

HPLC-UV analysis of the perfusate and bile samples extracts was performed on an integrated
Jasco HPLC (LC-4000) system equipped with a PDA detector, a quaternary HPLC pump, a
degasser, an autosampler, a thermostated column compartment, and a PDA detector. Data
were recorded and evaluated by ChromNAV Data System (Ver.2). Ibuprofen enantiomers were
separated on a Kromasil 3-amylCoat RP (4.6 mm X 150 mm, 3 pm) chiral column with a
Teknokroma (ODS cartridge, 1 cm x 0.32 cm) guard column. The mobile phase consisted of
methanol/water/acetic acid (70:30:0.1 v/v). The run time was 30 minutes with a 0.5 ml/min
flow rate and 10 pl injection volume. The temperature and the UV detector were set at 22°C
and 220 nm, respectively. The analytical method is based on the Kromasil application note [13].
Identification of the separated peaks was made by determination of the retention time of (S)-(+)-
ibuprofen and NAP salt as an internal standard (Figure 2).

2.6 Validation data of HPLC analyses
2.6.1 Specificity

Results were evaluated based on the chromatograms of extracts of blank perfusate and blank
bile samples. The examined extracts didn’t give a detectable chromatographic peak at the
retention time of ((R)-IBP (1) tr = 14.5 min, (S)-IBP (2) tr = 16.72 min, and NAP (3) tr =20.3

Journal of Pharmaceutical and Biopharmaceutical Research e SyncSci Publishing 284 of 295


https://www.syncsci.com/journal/JPBR
https://www.syncsci.com

Volume 4 Issue 2, October 4, 2022

Hawsar Othman Mohammed, Attila Almasi and Pal Perjési

min) of the perfused medium; and at the retention time of ((R)-IBP (1) tr = 14.4 min, (S)-IBP
(2) tr = 16.61 min and NAP (3) tr = 20.18 min) of the bile (Figure 3).

Figure 2 (A) HPLC-UV chromatogram of the (S)-IBP (tzp=16.85 min) in methanol, (B) the naproxen
(tg=20.44 min) in methanol, (C) the racemic IBP ((R)-ibuprofen (1) t p=14.59 min, (S)-ibuprofen (2) tr=
16.86 min) and naproxen (3) (tg= 20.43 min) dissolved in the mobile phase.

Figure 3 (A) HPLC-UV chromatogram of the two IBP enantiomers ((R)-IBP (1) tr = 14.5 min, (S)-IBP
(2) tr = 16.72 min and NAP (3) tg = 20.3 min), extracted from the spiked control perfusion medium of
non-treated animal, (B) the blank control perfused medium, (C) the two IBP enantiomers ((R)-IBP (1) tg =
14.4 min, (S)-IBP (2) tg = 16.61 min and NAP (3) tp = 20.18 min), extracted from the spiked control bile of
non-treated animal; (D) the blank control bile.
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2.6.2 System suitability

System suitability data were evaluated from chromatograms of the standard solutions of
racemic IBP (100 uM, 250 M) and NAP (50 M) in methanol. Results were obtained from
five parallel injections. The evaluation was based on the relative standard deviation (RSD%).
The percent RSD values are shown in Table 1.

Table 1 Data for system suitability of methanol solutions of racemic ibuprofen (rac-IBP) (100 M, 250 M)
and naproxen sodium (NAP) as internal standard (IS) (50 uM).

Injections NAP rac-IBP
(Standard Solutions) C(uM : ; R : ~

M) tr(min) Area C (uM) t g (min) R-Area tr(min) S-Area

1 50 20.24 68666 100 14.48 12019 16.74 12119

2 50 20.22 68779 100 14.47 12081 16.72 12125

3 50 20.29 68783 100 14.50 12034 16.75 12156

4 50 20.30 68542 100 14.52 12034 16.79 12215

5 50 20.31 68632 100 14.53 12065 16.79 12247

Mean 20.27 68680 14.50 12047 16.76 12172

RSD% 0.17 0.13 0.16 0.19 0.17 0.41

Compounds tr RRT kK T NTP Rg
NAP 20.27 N/A 19.27 1.23 1567 N/A
R-IBP 14.50 1.40 13.50 1.24 2057 1.63
S-IBP 16.76 1.21 15.76 1.16 2009 1.99

1 50 20.24 68740 250 14.47 32102 16.72 32200

2 50 20.24 68575 250 14.46 32121 16.70 32481

3 50 20.24 68552 250 14.46 32107 16.70 32272

4 50 20.24 68667 250 14.47 32096 16.71 32224

5 50 20.25 68244 250 14.48 31873 16.72 31979

Mean 20.24 68556 14.47 32060 16.71 32231

RSD% 0.03 0.25 0.03 0.29 0.04 0.50

Compounds tr RRT kK’ T NTP Rg
NAP 20.24 N/A 19.24 1.26 1522 N/A
R-IBP 14.47 1.40 13.47 1.24 2057 1.63
S-IBP 16.71 1.21 15.71 1.17 2026 1.99

2.6.3 Precision

Precision was studied by investigating repeatability and intermediate precision. Repeatability
was determined by measuring intra-day data of 3 parallel injections of 2 parallel dilutions of 2
independent weighings of racemic IBP (c = 100 uM, ¢ = 250 uM in MeOH) and NAP (c = 50
uM, in MeOH). Intermediate precision was determined by measuring inter-day (by injection of
the samples over three consecutive days) data of 3 parallel injections of 2 dilutions of racemic
IBP (c = 100 uM, ¢ =250 uM in MeOH), and NAP (c = 250 uM, in MeOH). The evaluation
was based on the relative standard deviation (RSD%) (Table 2 and 3).

Table 2 Data for system repeatability methanol solution of racemic ibuprofen (rac-IBP) (100 uM, 250
©M) and naproxen sodium (NAP) as internal standard (IS) (50 uM).

Weighting/Dilution NAP rac-IBP
Standard Solution C (uM) Area C (uM) R-Area S-Area
11 50 68358 250 31427 31471
12 50 68736 250 31612 31845
173 50 68381 250 31454 32084
21 50 68014 250 31765 32110
212 50 68568 250 31974 32247
213 50 68424 250 32123 32316
Mean 68414 31726 32012
RSD% 0.32 0.81 0.89
11 50 68901 100 12396 12362
12 50 68867 100 12124 12198
13 50 68882 100 12299 12442
21 50 68947 100 12284 12450
22 50 68993 100 12172 12268
23 50 68848 100 12288 12361
Mean 68906 12261 12347
RSD% 0.07 0.73 0.73

2.6.4 Accuracy

Accuracy was calculated by spiking control perfusion and bile samples with the concentrations
of racemic IBP (50 uM, 100 M, 250 M) and NAP (50 uM). After the extraction of the samples,
the percentage of recoveries was calculated with the mean of the same concentrations of standard
dilutions of racemic IBP ( 50 uM, 100 pM, 250 uM) and NAP (50 uM). The evaluation was
based on the relative standard deviation (RSD%) (Table 4).
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Table 3 Data for system intermediate precision of methanol solution of racemic ibuprofen (rac-IBP) (100
#M, 250 M) and naproxen sodium (NAP) as internal standard (IS) (50 uM).

Day Dilution Standard NAP rac-IBP

Solution C (uM) Area C (uM) R-Area S-Area

1 50 68358 250 31427 31471
1 2 50 68736 250 31612 31845
3 50 68381 250 31454 32084

1 50 68313 250 31617 31781
2 2 50 68687 250 31440 31686
3 50 68747 250 31325 31546
1 50 68884 250 32130 32366
3 2 50 68262 250 32055 32349
3 50 68461 250 32052 32308
Mean 68537 31679 31937

RSD% 0.31 0.93 1.03
1 50 68901 100 12396 12362
1 2 50 68867 100 12124 12198
3 50 68882 100 12299 12442
1 50 68935 100 12355 12492
2 2 50 68227 100 12065 12129
3 50 68568 100 12207 12291
1 50 68905 100 12148 12246

3 2 50 68859 100 12178 12315
3 50 68714 100 12058 12375
Mean 68762 12203 12317

RSD% 0.32 0.94 0.88

Table 4 Accuracy of NAP, R- and S-IBP determination in spiked control perfusates and spiked control bile
with the same range of standard dilutions of racemic IBP (50 uM, 100 M, 250 M) and NAP(50 uM).

NAP rac-IBP
Csp (uM) Area Recovery % Csp (uM) R-Area Recovery % S-Area Recovery %
50 67646 98.1 50 5299 86.5 5241 85.0
50 67599 98.0 50 5335 87.1 5299 85.9
50 67569 98.0 50 5320 86.8 5227 84.7
50 68004 98.4 100 11355 92.8 11248 90.9
50 67423 97.6 100 11151 91.1 11088 89.6
50 67536 97.7 100 11097 90.7 11006 88.9
50 56635 81.6 250 26897 85.7 26898 85.3
50 56225 81.1 250 26855 85.5 26741 84.8
50 55432 79.9 250 26361 83.9 26326 83.5
Mean 92.3 87.8 86.5
RSD% 8.76 323 2.81

Css (M) Area Recovery % Css (M) R-Area Recovery % S-Area Recovery %

50 61456 89.1 50 5168 84.3 5164 83.7
50 61475 89.2 50 5127 83.7 5169 83.8
50 61466 89.2 50 5147 84.0 5166 83.8
50 60576 87.7 100 10930 89.3 11049 89.3
50 60411 87.4 100 10916 89.2 11003 88.9
50 60494 875 100 10923 89.3 11026 89.1
50 60968 87.9 250 28149 89.6 29544 93.7
50 61118 88.1 250 27995 89.2 28732 91.1
50 61043 88.0 250 28072 89.4 29138 92.4
Mean 88.2 87.6 88.4
RSD% 0.77 2.88 4.09

Note: SP: spiked perfusate; SB: spiked bile.
2.6.5 Linearity

Linearity was studied by analysis of standard solutions of racemic IBP of five different
concentrations (250 M, 200 uM, 150 uM, 100 uM, 50 M) using methanol as solvent. Each
solution had a known concentration of NAP as an internal standard (50 #/M). Data were obtained
from three parallel injections of each concentration. Calibration curves were generated by
plotting the theoretical concentrations against the relative peak areas (ratio of the peak areas of
the enantiomers and the internal standard). Linearity was determined by least-squares regression.
The regression equation for (R)- and (S)-IBP was as follows: (R)-IBP: y = 0.3360x + 0.2408, R?
=0.9993; (S)-IBP: y =0.1676x + 0.2110, R2 =0.9994) as shown in Figure 4.

2.6.6 Determination of LOQ

The limit of quantitation (LOQ) was considered the lowest concentration (50 uM) of the
calibration curve contracted by using racemic ibuprofen. Taking into consideration the exact
concentration of the two enantiomers in the investigated sample ((R)-IBP: 49.81%; (S)-IBP:
50.019% - See Table 1), the LOQ of the (R)-IBP and (S)-IBP are 24.91 uM and 25.09 uM,
respectively.

Journal of Pharmaceutical and Biopharmaceutical Research @ SyncSci Publishing 287 of 295


https://www.syncsci.com/journal/JPBR
https://www.syncsci.com

Volume 4 Issue 2, October 4, 2022 Hawsar Othman Mohammed, Attila Almasi and Pal Perjési

R-IBP

Peak area/IS (%)
~
&
L}

0 25 50 75 100 125 150
Concentration (uM)

S-IBP

Peak area/IS (%)
N
&

0 25 50 75 100 125 150
Concentration (uM)

Figure 4 The HPLC-UV calibration curves of R-IBP (A) and S-IBP (B) with the linear regression trend
lines, constructed by five different concentrations (250 M, 200 uM, 150 pM, 100 uM, 50 uM) of standard
racemic IBP.

2.7 Calculations and statistics

The luminal disappearance of the IBP enantiomers was calculated based on their luminal
concentrations and the volume of the perfusion solution. The biliary excretion was calculated
on the base of the volume of bile flow in 15 minutes periods. Data show the mean + SD of
four independent experiments. The difference among groups was determined by SPSS One-way
Anova. Significant differences from the control value: * p<0.05, ** p < 0.01, and x4 p <
0.001.

2.8 Ethical approval

The study was designed and conducted according to the European legislation (Directive
2010/63/E.U.) [14] and the Hungarian Government regulation (40/2013., II. 14.) [15] on the
protection of animals used for scientific purposes. The project was approved by the Animal
Welfare Committee of the University of Pécs and by the Government Office of Baranya County
(license No. BAI35/51-61/2016 and license supplement (supplement No. BAI35/90-5/2019).

3 Results

Figure 3(A) and 3(C) shows the HPLC-UV chromatograms of the two ibuprofen enantiomers
and naproxen (used as internal standard) extracted from the control perfusion medium and the
control bile, respectively. The blank control (buffer perfused through isolated small intestine of
not treated rat) doesn’t have any interfering peak (Figure 3(B)). The blank control bile (biliary
excretion collected from the bile duct) doesn’t have any interfering peak (Figure 3(D)).

HPLC chromatograms of the intestinal perfusates of the control and the STZ-treated (hy-
perglycemic) rats at the 0, 29, and 90-minute timepoints are shown in Figure 5 and Figure 6,
respectively. Changes in concentrations of the IBP enantiomers in the perfusions of the control
and hyperglycemic rats are shown in Figure 7. The relative amount of the (S)-IBP enantiomer in
the control animals was slightly higher from the 22- to the 45-minute timepoints of the exper-
iments; however, the difference cannot be assessed statistically (Figure 7(A)). Such a change
couldn’t be observed in the samples of the hyperglycemic rats (Figure 7(B)).

In the bile samples collected during the intestinal perfusion of racemic IBP, only the (S)-
IBP enantiomer could be detected. HPLC chromatograms of bile samples of control and
hyperglycemic rats at the 30, 60, and 120-minute timepoints are shown in Figure 8 and Figure 9,
respectively. In the chromatograms, two unknown peaks also appeared. Based on their relative
retention times (compared to the IS), none of them could be identified by the available standards
(IBP, 1-, 2-, 3-OH-IBP, and IBP-GLU). The concentrations of the (S)-IBP enantiomer measured
in the bile samples of control and hyperglycemic rats are shown in Figure 10. The biliary
excretion (S)-IBP was statistically lower in the hyperglycemic (STZ-treated) animals.
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Figure 5 HPLC-UV chromatograms of extracts of intestinal perfusate of 250 M racemic IBP spiked
with 250 M NAP (IS) at (A) O-minute: (R)-IBP (1) (tg=14.52 min), (S)-IBP (2) (tr=16.75 min), NAP
(3) (tg=20.35 min); (B) 29-minute: (R)-IBP (1) (tr=14.53 min), (S)-IBP (2) (tg=16.76 min), NAP (3)
(tr=20.35 min); and (C) 90-minute: (R)-IBP (1) (tr=14.54 min), (5)-IBP (2) (tg=16.78 min), NAP (3) (tg=
20.35 min) of control rats.
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Figure 6 HPLC-UV chromatograms of extracts of intestinal perfusate of 250 M racemic IBP spiked
with 250 uM NAP (IS) at (A) O-minute: (R)-IBP (1) (tg=14.52 min), (S)-IBP (2) (tg=16.75 min), NAP
(3) (tg=20.35 min); (B) 29-minute: (R)-ibuprofen (1) (tg=14.53 min), (S)-IBP (2) (tg=16.76 min), NAP
(3) (tg=20.35 min); and (C) 90-minute: (R)-IBP (1) (tg=14.51 min), (S)-IBP (2) (tg=16.73 min), NAP (3)
(tr=20.31 min) of hyperglycemic rats.
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The cumulative excretion of (S)-IBP in the extracts of the bile samples of control and hy-
perglycemic rats is shown in Figure 11. The cumulative excretion of the IBP enantiomer was
statistically lower in the hyperglycemic rats.
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Figure 7 The concentrations of the IBP enantiomers in the extracts of the intestinal perfusates of the
control (7A) and hyperglycemic (7B) rats (n = 4).
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Figure 8 (A) HPLC-UV chromatogram of 250 M of racemic IBP ((R)- (1) tp=14.45 min, (S)-IBP (2)
tr=16.69 min) and NAP (3) (tr=20.26 min) in the mobile phase; HPLC-UV chromatograms of bile extract at
(B1) 30-minute: unknown peak (1) (tp=7.68 min), unknown peak (2) (tg=15.72 min), (S)-IBP (3) (tp=16.75
min), NAP (4) (tr=20.33 min); (B2) 60-minute: unknown peak (1) (tg= 7.68 min), unknown peak (2)
(tg=15.72 min), (S)-IBP (3) (t.= 16.76 min), NAP (4) (tg=23.35 min); and (B3) 120-minute: unknown peak
(1) (tg=7.69 min), unknown peak (2) (tr=15.72 min), (S)-IBP (3) (tr=16.76 min), NAP (4) (tr=20.36 min)
of control rats.
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Figure 9 (A) HPLC-UV chromatogram of 250 mM of racemic IBP ((R)- (1) tr=14.45 min, (S)-IBP (2)
tp=16.69 min) and NAP (3) (tg=20.26 min) in the mobile phase; HPLC-UV chromatograms of excreted
bile extract at (B1) 30-minute: unknown peak (1) (tr=7.68 min), (S)-IBP (2) (tr=16.72 min), NAP (3)
(tr=20.3 min); (B2) 60-minute: unknown peak (1) (tr=7.66 min), (S)-IBP (2) (tr=16.73 min), NAP (3)
(tg=20.31 min); and (B3) 120-minute: unknown peak (1) (tz=7.66 min), (S)-IBP (2) (tz=16.75 min), NAP
(3) (tg=20.32 min) of hyperglycemic rats.

Control vs STZ biliary excretion of (S)-IBP
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Figure 10 The concentration of (S)-IBP in the extracts of the bile samples of control and hyperglycemic
animals (n = 4). Significant differences from the control value: * p < 0.05, ** p < 0.01, and *** p < 0.001.

Control vs STZ biliary excretion of (S)-1BP
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Figure 11 The cumulative excretion of (S)-IBP enantiomer in the extracts of the bile samples of control
and hyperglycemic rats (n = 4); Significant differences from the control value: * p < 0.01.
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4 Discussion

As shown in Figure 7A and 7B, the concentration of the two IBP enantiomers was contin-
uously decreased in the intestinal perfusion medium over the experiments. (In the samples
collected between the 105-150 min timepoints, IBP peaks could not be quantified. Legen et al.
demonstrated that the inwardly directed proton gradient could be a driving force for transporting
monocarboxylic acid-type drugs (among them IBP) across the intestinal epithelia [16]. The
passive diffusion of the compound can explain the gradual decrease of concentration of the
ibuprofen enantiomers in the perfusate.

Disappearance (absorption, metabolism, and excretion) of both enantiomers of IBU was
lower in the hyperglycemic rats (Figure 7A and 7B); however, the change was statistically
insignificant. Several reports have demonstrated that diabetes may decrease P-gp (MDR1) efflux
transporter function and expression in the brain and the intestine [17-20]. In addition, curcumin
and ibuprofen were reported to inhibit the P-gp activity of human sarcoma MES-SA/Dx-5 cells
well below their therapeutic plasma concentrations [21]. P-gp effluxes drug substrates from
enterocytes into the GI lumen, thus regulating the intestinal absorption of drugs. It is still unclear,
however, which, if any, transporters facilitate the uptake or efflux of ibuprofen in vivo. It is
a weak acid and is lipid soluble; hence, it is feasible that it may be able to cross membranes
without the need for specific transporters [1].

In the bile samples, only the (S)-ibuprofen enantiomer could be detected (Figure 8 and 9).
Figure 11 shows that the excreted amount of (S)-IBP is statistically lower in the bile samples of
the hyperglycemic rats. Uptake transporters are expressed highly on the basolateral membrane
of hepatocytes [22,23]. The organic anion transporters hOAT1-5 are predominantly expressed
in renal proximal tubules; however, hOAT2 (Slc22a7) is also expressed in the liver [24-26].
In the rat, the main site of expression of Oat2 is the sinusoidal membrane domain of the
hepatocytes [27]. Kimoto et al. evaluated the role of organic anion transporter 2 (OAT2)-
mediated hepatic uptake in the clearance of 25 ECCS Class 1A drugs. The authors provided
evidence for the role of OAT2-mediated hepatic uptake of most of the investigated ECCS 1A
drugs, including IBP [28]. Members of the organic anion transporting polypeptide (OATP) family
are also important determinants of hepatic uptake of endogenous and exogenous compounds.
Kindla et al. reported that only diclofenac was significantly transported by OATP1B3, whereas all
other NSAIDs investigated (including IBP) were not substrates for these uptake transporters [29].
Accordingly, ibuprofen is supposed to enter the hepatocytes by passive diffusion and OATP2-
mediated uptake [1,28,30].

Schneider et al. investigated the biliary elimination of ibuprofen, indomethacin, and diclofenac
in patients suffering from obstructions of the common bile duct. Whereas a very low amount
(0.15%) of ibuprofen was excreted in bile as unchanged drug and active conjugates, biliary
elimination of diclofenac was somewhat higher (1.09%), and that of indomethacin was substantial
(above 10%) [31]. Like the small intestine, the P-gp efflux transporter (Mdr1) is also expressed in
the apical side of the rat hepatocytes [22]. P-gp has been reported to be reduced in hyperglycemic
rats [18,19,32]. Using the present experimental protocol (entering the total amount of absorbed
IBP in the bile through the vena portae), we found a relatively low amount of (non-enantiomer-
separated) IBP and IBP-glucuronide in the bile. The biliary appearance of both compounds was
depressed under hyperglycemic conditions. Our molecular biology studies on liver samples of
the STZ-treated rats showed decreased expression of the efflux transporters P-gp (Mdr1B), Mrp2,
and Berp [8]. These transporters are involved in exporting organic anions from the hepatocytes
into the bile canaliculus [33].

Biliary excretion of the parent compounds and their metabolites is crucial for the so-called
enterohepatic circulation of the drugs and other xenobiotics [34]. Drugs in bile are usually more
concentrated than in plasma, and passive transport is considered negligible. Accordingly, biliary
excretion represents an active process involving transporters embedded in the apical membrane of
hepatocytes. Furthermore, the liver was the most important organ in the unidirectional conversion
of (R)-arylpropionic acid drugs to their (S) enantiomer. Whether the asymmetric appearance of
the IBP enantiomers is the consequence of the OAT2-mediated enantioselective hepatic uptake
or the enantioselective excretion of the hepatic efflux transporters P-gp (Mdr1B), Mrp2, and
Bcerp (or both) needs further molecular biology studies.

5 Conclusions

This study provided experimental data on intestinal elimination and hepatic excretion of the
IBP enantiomers in control and hyperglycemic experimental animals. The results demonstrated
that the elimination of IBP from the small intestine is not enantioselective. Analysis of the bile
showed the presence of only the pharmacologically more active (S)-IBP enantiomer. Since the
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pharmacological activity of (S)-IBP is one order of magnitude higher than that of the (R)-IBP [35],
the asymmetric appearance of the enantiomers in the bile could determine the pharmacokinetics

and p!

harmacodynamic action of the drug.
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STZ Streptozotocin
HPLC High performance liquid chromatography
uv Ultraviolet
NSAID Non-steroidal anti-inflammatory drug
IBP Ibuprofen
NAP Naproxen sodium salt
IS Internal standard
MeOH Methanol
SD Standard Deviation
RSD Relative Standard Deviation
MDRI1/P-gp  Multidrug resistance protein 1/P-glycoprotein
OAT Organic anion transporters
OATP Organic anion transporting polypeptide
MRP2 Multidrug resistance-associated protein 2
BCRP Breast cancer resistance protein
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