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Abstract:

Gastrectomy leads to pathophysiological changes within the alimentary tract, which may affect drug absorption and pharmacoki-

netic parameters (PK). The need to apply orally administered analgesics in this group of patients is often related with alternative ap-

plication of currently available generic products. Thus, from the clinical point of view it is necessary to evaluate the PK of these

drugs to confirm their equivalence. The aim of the study was therefore an analysis of the pharmacokinetics of paracetamol from two

generic products in patients after total gastric resection. The research was carried out on two groups of patients after gastrectomy

with Roux-en-Y reconstruction (n = 30; mean [SD] age, 63.0 [11.5] years; weight, 67.6 [13.7] kg; and height, 166.4 [9.1] cm). The

patients received paracetamol in a single orally administered dose of 1,000 mg. Blood samples were collected within 6 h of drug ad-

ministration. The concentration of paracetamol and paracetamol glucuronide in the blood plasma was marked by means of a vali-

dated high-pressure liquid chromatography with ultraviolet detection (HPLC-UV). The main PK for paracetamol in group 1 (n = 17)

and 2 (n = 13) were as follows: Cmax, 9.46 (3.66) and 12.79 (5.32) µg/ml, respectively (p = 0.0517); AUMC0-t, 77.64 (30.37) and

51.01 (15.76) µg h2/ml (p = 0.0046); AUC0-inf, 41.61 (23.52) and 30.28 (9.74) µg h/ml (p = 0.0862); tmax, 1.68 (0.63) and 0.50 (0.25)

h (p < 0001). The obtained Cmax and AUC values in patients after gastrectomy were reduced in comparison with healthy subjects.

Total gastrectomy therefore affected the pharmacokinetics of paracetamol administered in tablets. In our patients, we also observed

significant differences between the PK of paracetamol and two generic preparations. These two drugs can thus be used interchangea-

bly, but with caution.
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Introduction

The latest data shows that every year 1.4 million new

cases of gastroesophageal cancer and gastric cancer

are diagnosed and 1.1 million patients die of the dis-

ease [4]. In spite of progress in prophylaxis and treat-

ment, the average five-year survival rate is 20% in

most regions of the world. Low survival rates are usu-

ally accounted for by the advanced stage of disease

progression at diagnosis [8].

Gastrectomy causes anatomic and functional changes

in the gastrointestinal system, which may affect the pro-

cess of absorption of orally administered drugs and

change their pharmacokinetics [12, 13]. Oral drug ad-

ministration is the most frequent method of drug ap-

plication to a patient. Drugs may be absorbed from

different sections of the alimentary tract, but it is the

mechanical and motor function of the stomach that is

responsible for fragmentation and liberation of the ac-

tive substance from the solid form of the drug. Thus,

gastrectomy may significantly affect the therapeutic

substance absorption process [6].

Paracetamol (acetaminophen, N-acetyl-p-aminoph-

enol) is widely used in monotherapy and combined

therapy in order to treat pain of moderate intensity, es-

pecially in the post-operative period. Apart from its

analgesic effect, paracetamol also exhibits an antipy-

retic effect related to the inhibition of endogenous py-

rogens in the thermoregulatory center in the hypo-

thalamus. After dissolution in the alimentary tract,

paracetamol is absorbed through passive diffusion.

The rate of absorption of the drug depends on its con-

tact surface with the mucosa of the alimentary tract

and regional perfusion, but it is independent of the de-

gree of drug ionization and the pH of the gastric con-

tents. The absorption of paracetamol also depends on

gastric emptying time. Ueno et al. proved that after

gastrectomy, the rate of absorption in patients of

paracetamol administered in a solution depended on

the surgery type, which dictated gastric emptying

time. If the gastric emptying time was extended, the

ability to absorb paracetamol was impaired [22]. The

drug is not absorbed in the stomach, but rather rapidly

and completely absorbed in the small intestine [15].

The aim of the research was an analysis of the

pharmacokinetics of paracetamol from two generic

products (pills) in patients after total gastrectomy. We

performed a National Library of Medicine’s biblio-

graphic database (MEDLINE®) search and found no

evidence in the literature regarding the effects of total

gastrectomy with the Roux-en-Y procedure on the

pharmacokinetics of paracetamol from tablets.

Materials and Methods

The research was conducted at the 1�� Department of

Oncological and General Surgery, Wielkopolska Can-

cer Center, Poznañ and the Department of Clinical

Pharmacy and Biopharmacy, University of Medical

Sciences, Poznañ, Poland with the approval from the

Bioethics Committee of the Poznañ University of

Medical Sciences. The subjects of the research were

patients who underwent total gastrectomy for gastric

cancer between December 2009 and November 2010.

The research was explained to the patients, and those

who consented to the drug administration and blood

collection were enrolled as subjects. The chief criteria

for exclusion included: previous paracetamol expo-

sure, partial gastrectomy (Billroth I and II reconstruc-

tion), serious functional cardiac, hepatic and renal dis-

orders and age under 18 years. The background of all

30 patients enrolled in the study is shown in Table 1.

Two Polish generic drugs were subjected to analysis:

Paracetamol�, Biofarm (tablets) and Paracetamol�,

Polfa £ódŸ (tablets). Both preparations contained

identical doses of paracetamol (500 mg). The excipi-

ents of Paracetamol�, Biofarm included povidone,

magnesium stearate, pregelatinized starch, stearic

acid, and crospovidone. Paracetamol� , Polfa £ódŸ

included povidone, magnesium stearate, potato starch,

and sorbitol.

Administration and blood sampling

The patients in group I (n = 17) received paracetamol

as Paracetamol�, Biofarm at a single dose of 1000 mg

(two tablets, 2 × 500 mg). The patients in group II

(n = 13) received paracetamol as Paracetamol�, Polfa

£ódŸ at a dose of 1,000 mg (two tablets, 2 × 500 mg).

The patients swallowed the pills with water (about

200 ml) and did not eat 30 min before and after the

administration of the drug. To determine the concen-

tration of paracetamol, venous blood (2 ml) was col-

lected 0, 0.25, 0.5, 0.75, 1, 2, 3, 4 and 6 h after receiv-

ing the daily dose. Further collection of samples was

limited by the necessity to continue the patients’ anal-
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gesic treatment. The samples were collected 6–7 days

after the gastrectomy. The blood samples were trans-

ferred into heparinized tubes and centrifuged at 4,000 rpm

for 8 min at 4°C. Next, the plasma was transferred to

propylene tubes and stored at –20°C until analysis.

The paracetamol and its metabolite concentrations in

plasma were measured within two months by high-

performance liquid chromatography.

Assays

Paracetamol and its metabolites were detected by means

of high-pressure liquid chromatography with ultraviolet

detection (HPLC-UV) modified using the Brunner and

Bai method [2]. The chromatography separation pa-

rameters were: an Agilent Hypersil column, BOS-C18

5 µm, 4.6 × 150 mm (Agilent); mobile phase, Na�SO�

(0.05M)/acetonitrile (93:7; pH 2.2); mobile phase

speed, 1.5 ml/ min; detector wavelength, 254 nm; inter-

nal standard, theophylline. Samples were eluted iso-

cratically throughout the 10 min run. The limit of quan-

tification was estimated at 0.1 µg/ml. Inter- and intra-

day coefficients of variation were less than 10%. The

calibration for paracetamol was linear in the range

0.25–250 µg/ml (r = 0.997) and in the range 0.25–

400 µg/ml (r = 0.999) for metabolites.

Pharmacokinetics

The pharmacokinetic parameters were estimated by

means of non-compartmental methods with validated

software (WinNonlin® Professional Version 5.3;

Pharsight® Corp., USA). The following pharmacoki-

netic parameters were calculated for paracetamol:

area under the plasma concentration-time curve from

time zero to infinity (AUC��� ), area under the plasma

concentration-time curve from zero to the time of last

measurable concentration (AUC������), maximum ob-

served plasma concentration (C��	), time to the first

occurrence of C��	 (t��	), elimination phase plasma

half-life (t
���), apparent oral clearance (CL/F), appar-

ent volume of distribution (Vz/F), area under the first

moment curve (AUMC) and mean residence time

(MRT). The pharmacokinetic parameters for the me-

tabolites were AUC��� , AUC������, C��	, t��	, t
��, CL/F,

Vz/F and AUMC.

Statistical methods

Differences between the means were analyzed by

means of a two sample t-test in the T-TEST procedure

of the Windows SAS package, version 9.1 (SAS Insti-

tute Inc. 2002–2003, Cary, NC 27513-2414 USA).

Pooled or Satterthwaite approximation standard errors

were used following the results of equality of the vari-

ance test. For the ratio of geometric means, 90% con-

fidence limits were constructed.

Results

Thirty subjects (15 men, 15 women; 44–97 years of

age) were enrolled in and completed the research

(first subject visit: December 9, 2009; last subject

visit: November 14, 2010). In the analyzed groups,

the mean ages of the subjects were similar, as were

mean subject weights and BMI (Tab. 1). The patients

were characterized by normal hepatic function, except

for one patient whose alanine transaminase (Alat) was

54 U/l, which probably led to the reduced C��	 value

of the paracetamol metabolite (2.46 µg/ml). In 10 pa-

tients in both groups the calculated creatinine clear-

ance value was under the limit (80 ml/min), whereas

in 6 patients it exceeded the recommended value. The

reduced value of the parameter may have resulted

from advanced age (15 patients aged over 65 years).

Nineteen patients showed hypoalbuminemia, which

was likely caused by the neoplastic disease and disor-

dered absorption after the surgery.

As required, all the subjects had total gastrectomy.

The tumor was located in the proximal (19% group 1

and 8% group 2), in the middle (56% group 1 and

69% group 2) or in the distal (25% group 1 and 23%

group 2) part of the stomach. The histological type

was classified by Lauren’s classification [10]. In the

first group, 25% of the tumors were diffuse, 31% in-

testinal, and 44% mixed. In the second group, 15% of

the tumors were diffuse, 31% intestinal, 46% mixed

and 8% not classified. During the course of the re-

search there were no serious or unexpected adverse

events.

There were measurable paracetamol and metabolite

concentrations within 15 min after dosing and they re-

mained quantifiable at all of the following time points

for all the subjects. Peak paracetamol concentrations
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in groups 1 and 2 were achieved approximately 1.7

and 0.5 h after dosing (mean time to the first occur-

rence of C��� [t���]), respectively. Figures 1 and 2

show mean plasma concentration-time profiles for

paracetamol and metabolite, respectively, in the two

subject groups during the six-hour period after the ad-

ministration of paracetamol. Tables 2 and 3 show the

pharmacokinetics of paracetamol and its glucuronide.

All the data are expressed as the mean ± standard de-

viation (SD)

Discussion

Changes in the pharmacokinetic parameters of drugs

in patients after gastrectomy result from different pa-

thophysiological disorders, which occur after the sur-

geries from the physicochemical properties of the

therapeutic substance in question and the form of the

drug. There are few studies on the pharmacokinetics

of drugs in patients after gastrectomy. In a case study
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Tab. 1. Patient characteristics

Parameter Group 1 (S ± SD) Group 2 (S ± SD)

n 17 13

Males/females 11/6 4/9

Age [years] 63.6 ± 10.8 62.2 ± 12.7

Body mass [kg] 69.6 ± 13.2 64.8 ± 14.4

BMI [kg/m2] 24.4 ± 3.4 24.3 ± 5.6

CLCR [ml/min] 108.9 ± 31.2 100.8 ± 34.0

Albumins [g/dl] 3.3 ± 0.6 3.5 ± 0.8

Aspat [U/I] 20.9 ± 7.1 18.7 ± 6.5

Alat [U/I] 20.4 ± 11.9 16.7 ± 9.7

Tumor location

Cardia

Body

Pylorus

3

9

4

1

9

3

Lauren’s histological type

Diffuse

Intestinal

Mixed

Unclassified

4

5

7

–

2

4

6

1

Stage

G

T

N

M

HER-2

3 (n = 13); 2 (n = 3)

3 (n = 4); 2 (n = 10); 1 (n = 2)

3 (n = 1); 2 (n = 8); 1 (n = 5); 0 (n = 2)

n = 0

n = 3

3 (n = 11); 2 (n = 1); 1 (n = 1)

4 (n = 2); 3 (n = 4); 2 (n = 6); 1 (n = 1)

3 (n = 4); 2 (n = 4); 1 (n = 2); 0 (n = 3)

n = 1

n = 1

Lymph node metastasis n = 14 n = 10

S – arithmetic mean, SD – standard deviation, CL�� – creatinine clearance estimated by the Cockroft-Gault formula, G – graduation, T – primary
tumor, N – regional lymph nodes, M – distant metastasis, HER 2 – human epidermal growth factor receptor 2 [18]



on a patient treated with cyclosporine A in capsules

after gastrectomy and kidney transplantation, Tewari

et al. reported a very low concentration of the immu-

nosuppressive (below the therapeutic range) [20].

Pavlovsky et al. [14] also reported reduced imatinib

concentrations after resection in a patient suffering

from chronic myeloid leukemia who underwent

sleeve gastrectomy. Another antineoplastic drug

whose pharmacokinetics after gastrectomy was exam-

ined is S-1, a drug widely used in monotherapy or in
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Fig. 2. Mean metabolite plasma con-
centration vs. time following oral ad-
ministration of a single 1,000 mg dose
of paracetamol in groups 1 and 2

Fig. 1. Mean paracetamol plasma con-
centration vs. time following oral ad-
ministration of a single 1,000 mg dose
of paracetamol in groups 1 and 2



combination with other drugs in advanced gastric can-

cer. However, Tsuruoka et al. [21] did not observe

a significant influence of stomach resection on the PK

parameters of S-1 in patients before and after total and

partial gastrectomy. The reduced t��	 in patients after

total gastrectomy was accounted for by the atrophy of

the retentive function of the stomach [9, 21].

This study analyzed the pharmacokinetic parame-

ters of paracetamol after single administration to pa-

tients after total gastrectomy. The drug was applied

to patients in a monotherapy or in combination

with opioids or nonsteroidal anti-inflammatory drugs

(NSAIDs) in the treatment of postoperative pain.

Ueno et al. [22] also investigated the pharmacokinet-

ics of acetaminophen after oral administration to pa-

tients undergoing stomach resection. The drug was

administered as a solution. The researchers analyzed

the concentration of paracetamol after partial and total

gastrectomy and compared with the control group.

The t��� was reduced by 75% and the C��� and AUC

increased by 69% and 36%, respectively, in patients

after total resection (n = 5) when compared with

healthy volunteers. These changes were probably

caused by reduced gastric emptying time [22].

In the study, the patients from group 1 exhibited

much lower maximum paracetamol concentrations

than healthy individuals (C��� = 9.5 (± 3.7) vs. 17.0

(± 3.3) [17] vs. 17.7 (± 4.0) [16] vs. 23.9 (± 9.2) µg/ml

[5]). The mean C��� value obtained from the patients

was in the lower limit of the therapeutic range

(5–20 µg/ml). The minimum concentration obtained

from apatient in group 1 was 1.99 µg/ml. The reduced

maximum concentrations in the patients from group 1

suggested reduced absorption of the drug after total

gastrectomy. In comparison with healthy volunteers,

the patients from group 2 also exhibited reduced C���

(12.8 ± 5.3 µg/ml), but to a lesser degree. The differ-

�����������	��� 
������ ����� ��� ��������� 1523

Pharmacokinetics of paracetamol in patients after total gastric resection
����� ����	
 	� ���

Tab. 2. Pharmacokinetic parameters for paracetamol in plasma

Parameter Group 1 (n = 17)
[S ± SD]

Group 2 (n = 13)
[S ± SD]

Group 1 vs. group 2
p-value

Cmax [µg/ml] 9.46 ± 3.66 12.79 ± 5.32 0.0517

AUC0-last [µg h/ml] 30.01 ± 11.23 25.65 ± 7.26 0.2340

AUC0-inf [µg h/ml] 41.61 ± 23.52 30.28 ± 9.74 0.0862

AUMC0-last [µg h2/ml] 77.64 ± 30.37 51.01 ± 15.76 0.0046

tmax [h] 1.68 ± 0.63 0.50 ± 0.25 < 0.0001

t1/2� [h] 2.61 ± 1.61 2.27 ± 0.60 0.4233

MRT [h] 4.52 ± 2.25 3.06 ± 0.70 0.0207

CL/F [l/h] 31.31 ± 18.33 36.17 ± 10.87 0.4044

Vd/F [l] 103.21 ± 71.25 114.02 ± 32.58 0.5848

Tab. 3. Pharmacokinetic parameters for the metabolite in plasma

Parameter Group 1 (n = 17)
[S ± SD]

Group 2 (n = 13)
[S ± SD]

Group 1 vs. group 2
p-value

Cmax [µg/ml] 13.63 ± 6.52 20.81 ± 5.84 0.0047

AUC0-last [µg h/ml] 45.49 ± 22.70 91.30 ± 22.05 < 0.0001

AUC0-inf [µg h/ml] 93.34 ± 104.23 180.08 ± 85.01 0.0229

AUMC0-last [µg h2/ml] 151.91 ± 82.77 276.71 ± 56.06 < 0.0001

tmax [h] 2.88 ± 0.70 2.62 ± 0.92 0.3846

t1/2� [h] 3.75 ± 3.65 5.27 ± 4.94 0.3513



ence between the C��� values in the compared groups

was at the limit of statistical significance (p = 0.0517).

Another parameter that changed in patients after

gastrectomy was the time necessary to reach the

maximum concentration. In the patients from group 1,

t��� was 1.7 (± 0.6) h, whereas in group 2 it was 0.5

(± 0.3) h. These values were identical to the healthy

volunteers (0.5 (± 0.1) [17] vs. 0.5 [16] vs. 0.8 (± 0.4)

h) [5]. The difference in the parameter values in both

of the compared groups was statistically significant

(p < 0.0001). In 4 patients from group 2 the maximum

concentration of paracetamol was observed in as soon

as 15 min. Furthermore, reduced AUC����� values were

observed in the patients in both groups: group 1 was

41.6 (± 23.5) and group 2 was 30.3 (± 9.7) mg h/l (p =

0.0862). The healthy volunteers had AUC����� values

of 77.8 (± 13.7) [17] vs. 44.0 (± 3.7) mg h/l [16].

For patients in groups 1 and 2, the elimination

half-lives (t�	
�) were similar to each other (2.6 (± 1.6)

vs. 2.3 (± 0.6) h) and to the healthy volunteers (2.7

(± 0.2) h) [16]. The obtained PK differences were not

related to the form of the drug because both prepara-

tions were tablets. However, Paracetamol� , Polfa

£ódŸ contained an additional excipient, sorbitol,

which may have caused the differences. Chen et al.

[3] proved in their studies that ranitidine C��� and

AUC����� were decreased by approximately 50% and

45%, respectively, in the presence of sorbitol vs. su-

crose. Sorbitol also reduced metoprolol C��� by 23%

in the same study [3]. In our study, we observed simi-

larly reduced AUC����� values for paracetamol from

the preparation containing sorbitol.

This study also explored the pharmacokinetic pa-

rameters of the main metabolite of paracetamol (i.e.,

the glucuronide adduct). Once again, distinct differ-

ences were observed between the analyzed generic

formulations. In both groups a distinct increase was

observed in C���, t��� and AUC�����. A larger increase

in the studied values was found for the patients from

group 2. The mean C��� of the glucuronide in patients

from group 1 was 13.6 (± 6.5), whereas it was 21.5

(± 5.8) from group 2 (p = 0.0047). For comparison,

the mean C��� measured in healthy volunteers was

10 (± 2.4) µg/ml [17]. The mean t��� of the glucu-

ronide was 2.9 (± 0.7) h in patients from group 1 and

2.4 (± 0.9) h in group 2 (p = 0.3846), whereas in the

healthy volunteers it was 2.0 h [17]. The AUC�����

values also showed a similar tendency: for group 1

was 93.3 (± 104.2) and for group 2 was 180.1 (± 88.5)

(p = 0.0229), while for healthy volunteers was 66 ±

15 µg h/ml [17].

Metabolism was slower in the patients who re-

ceived the drug from Polfa £ódŸ. The change was not

caused by a hepatic disorder because normal values of

hepatic enzymes were found in the patients from this

group. There were no significant differences in the

t��� of the metabolite, but there was a large and sig-

nificant difference in the C��� value. This fact resulted

from the difference in the elimination rate of the me-

tabolite, which was significantly lower in group 2.

This difference in the elimination rate was suspected

of being the main impact on pharmacokinetic profiles

of the metabolite in both groups.

According to the Biopharmaceutics Classification

System (BCS) criteria, paracetamol is a BCS Class III

compound (high solubility and low permeability), al-

though its properties come similar to a BCS Class I.

Because of its uncomplicated PK and wide therapeu-

tic index, a biowaiver (a drug product approval with-

out in vivo pharmacokinetic bioequivalence study) for

immediate release paracetamol solid oral drug prod-

ucts was accepted [1, 7]. However, the interchange-

able application of some generic products by patients

does not always guarantee their bioequivalence [11,

19]. Proving the comparability of interchangeably ap-

plied drugs to patients is particularly important from

the clinical point of view. It is known that tests for

bioequivalence of most drugs are made on healthy

volunteers and, for class I substances according in

BCS comparative studies, are only made in vitro.

Therefore, a comparison of the pharmacokinetics of

frequently prescribed generic drugs in patients could

explain a wide range of doubts connected with their

quality. Patients after gastrectomy are a special group

as they receive an oral therapy within the first days af-

ter the surgery despite the possible disruption of their

absorption ability.

Conclusion

Total gastrectomy affects the pharmacokinetics of

paracetamol administered as tablets. Significant dif-

ferences were observed in some pharmacokinetic pa-

rameters of paracetamol from two generic prepara-

tions. Therefore, they should only be used inter-

changeably with caution.

1524 �����������	��� 
������ ����� ��� ���������



References:

1. Blume HH, Schug BS: The biopharmaceutics classifica-

tion system (BCS): class III drugs – better candidates for

BA/BE waiver? Eur J Pharm Sci, 1999, 9, 117–121.

2. Brunner LJ, Bai S: Simple and rapid assay for aceta-

minophen and conjugated metabolites in low-volume se-

rum samples. J Chromatogr B Biomed Sci Appl, 1999,

732, 323–329.

3. Chen ML, Straughn AB, Sadrieh N, Meyer M, Faustino

PJ, Ciavarella AB, Meibohm B et al.: A modern view of

excipient effects on bioequivalence: case study of sorbi-

tol. Pharm Res, 2007, 24, 73–80.

4. Comella P, Franco L, Casaretti R, de Portu S,

Menditto E: Emerging role of capecytabine in gastric

cancer. Pharmacotherapy, 2009, 29, 318–330.

5. Crome P, Rizeq M, George S, Braithwaite RA,

Jones PW: Drugs absorption may be delayed after stroke:

results of the paracetamol absorption test. Age Ageing,

2001, 30, 391–393.

6. Gubbins PO, Berth KE: Drug absorption in gastrointesti-

nal disease and surgery. Clinical pharmacokinetics and

therapeutics implications. Clin Pharmacokinet, 1991, 21,

431–447.

7. Kalantzi L, Reppas C, Dressman JB, Amidon GL, Jung-

inger HE, Midha KK, Shah VP et al.: Biowaiver mono-

graphs for immediate release solid oral dosage forms:

acetaminophen (paracetamol). J Pharm Sci, 2006, 95,

4–14.

8. Kamangar F, Dores GM, Anderson WF: Patterns of can-

cer incidence, mortality, and prevalence across five con-

tinents: defining prorities to reduce cancer disparities in

different geographic regions of the world. J Clin Oncol,

2006, 24, 2137–2150.

9. Kim WY, Nakata B, Hirakawa K: Alternative pharma-

cokinetics of S-1 components, 5-fluorouracil, dihydro-

fluorouracil and á-fluoro-â-alanine after oral administra-

tion of S-1 following total gastrectomy. Cancer Sci,

2007, 98, 1604–1608.

10. Laurén P: The two histological main types of gastric car-

cinomas: diffuse and so-called intestinal – type carci-

noma. Acta Pathol Microbiol Scand, 1965, 70, 50–55.

11. Lopes RA, Neves Fde A: Meta-analysis for bioequiva-

lence studies: interchangeability of generic drugs and

similar containing hydrochlorothiazide is possible but

not with enalapril maleate. J Bras Nefrol, 2010, 32,

173–181.

12. Murawa D, Murawa P, Oszkinis G, Biczysko W: Long-

term consequences of total gastrectomy: quality of life,

nutritional status, bacterial overgrowth and adaptive

changes in esophagojejunostomic mucosa. Tumori, 2006,

92, 26–33.

13. Murawa D, Po³om K: Pathophysiological disorders,

quality of life, evaluation and recommendations after

total resection of the stomach. Rep Pract Oncol Radio-

ther, 2008, 13, 240–246.

14. Pavlovsky C, Egorin MJ, Shah DD, Beumer JH, Rogel

S, Pavlovsky S: Imatinib mesylate pharmacokinetics be-

fore and after sleeve gastrectomy in a morbidly obese pa-

tient with chronic myeloid leukemia. Pharmacotherapy,

2009, 29, 1152–1156.

15. Prescott LF: Kinetics and metabolism of paracetamol

and phenacetin. Br J Clin Pharmacol, 1980, 10, 291–298.

16. Rawlins MD, Henderson DB, Hijab AR: Pharmacokinet-

ics of paracetamol (acetaminophen) after intravenous

and oral administration. Eur J Clin Pharmacol, 1977, 11,

283–286.

17. Shinoda S, Aoyama T, Aoyama Y, Tomioka S, Matsu-

mota Y, Ohe Y: Pharmacokinetics/pharmacodynamics of

acetaminophen analgesia in Japanese patients with

chronic pain. Biol Pharm Bull, 2007, 30, 157–161.

18. Sobin LH, Compton CC: TNM seventh edition: What’s

new, what’s changed: communication from the Interna-

tional Union Against Cancer and the American Joint

Committee on Cancer. Cancer, 2010, 116, 5336–5339.

19. Taylor PW, Arnet I, Fischer A, Simpson IN: Pharmaceu-

tical quality of nine generic orlistat products compared

with Xenical(r). Obes Facts, 2010, 3, 231–237.

20. Tewari A, Ward RG, Sells RA, Roberts NB: Reduced

bioavailability of cyclosporin A capsules in a renal trans-

plant patient with partial gastrectomy and ileal resection.

Ann Clin Biochem, 1993, 30, 587–589.

21. Tsuruoka Y, Kamano T, Kitajima M, Kawai K, Watabe S,

Ochiai T, Sakamoto K et al.: Effect of gastrectomy on

the pharmacokinetics of 5-fluorouracil and gimeracil af-

ter oral administration of S-1. Anticancer Drugs, 2006,

17, 393–399.

22. Ueno T, Tanaka A, Hamanaka Y, Suzuki T: Serum drug

concentrations after oral administration of paracetamol

to patients with surgical resection of the gastrointestinal

tract. Br J Clin Pharmacol, 1995, 39, 330–332.

Received: February 16, 2011; in the revised form: July 11, 2011;

accepted: August 1, 2011.

�����������	��� 
������ ����� ��� ��������� 1525

Pharmacokinetics of paracetamol in patients after total gastric resection
����� ����	
 	� ���


	1305	Review Œ Pharmacological activity of Salvinorin A, 
the major component of Salvia divinorum.
	Joanna Listos, Alicja Merska, Sylwia Fidecka

	1310	Review Œ Role of serotonin (5-HT)1B receptors in psychostimulant addiction.
	Joanna Miszkiel, Ma³gorzata Filip, Edmund Przegaliñski

	1316	Review Œ Neurogenesis in the epileptic brain: a brief overview from temporal lobe epilepsy.
	Marta Andres-Mach, John R. Fike, Jarogniew J. £uszczki

	1324	Review Œ Kynurenic acid and kynurenine aminotransferases in retinal aging and neurodegeneration.
	Robert Rejdak, Anselm Junemann, Pawe³ Grieb, Sebastian Thaler, Frank Schuettauf, Tomasz Chor¹giewicz, Tomasz ¯arnowski, Waldemar A. Turski, Eberhart Zrenner

	1335	Review Œ Ezetimibe Œ a new approach in hypercholesterolemia management.
	Dariusz Suchy, Krzysztof £abuzek, Antoni Stadnicki, Bogus³aw Okopieñ

	1349	Effects of the noradrenergic neurotoxin DSP-4 on the expression of a1-adrenoceptor subtypes after antidepressant treatment.
	Grzegorz Kreiner, Agnieszka Zelek-Molik, Marta Kowalska, Adam Bielawski, Lucyna Antkiewicz-Michaluk, Irena Nalepa

	1359	GET73 modulates rat hippocampal glutamate transmission: evidence for a functional interaction with mGluR5.
	Luca Ferraro, Sarah Beggiato, Maria Cristina Tomasini, Tiziana Antonelli, Antonella Loche, Sergio Tanganelli

	1372	Memory-related effects of cholinergic receptor ligands in mice as measured by the elevated plus maze test.
	Marta Kruk, Kinga Tendera, Gra¿yna Bia³a

	1383	Partial lesion of the dopaminergic innervation of the ventral striatum induces ﬁdepressive-likeﬂ behavior of rats.
	Katarzyna Kuter, Wac³aw Kolasiewicz, Krystyna Go³embiowska, Anna Dziubina, Gert Schulze, Klemencja Berghauzen, Jadwiga Wardas, Krystyna Ossowska

	1393	Effect of prior stress on interleukin-1b and HPA axis responses to acute stress.
	Anna G¹dek- Michalska, Joanna Tadeusz, Paulina Rachwalska, Jadwiga Spyrka, Jan Bugajski

	1404	Imipramine counteracts corticosterone-induced enhancement of glutamatergic transmission and impairment of long-term potentiation in the rat frontal cortex.
	Bartosz Bobula, Joanna Wabno, Grzegorz Hess

	1413	Investigations on gastroprotective effect of citalopram, an antidepressant drug against stress and pyloric ligation induced ulcers.
	Bhagawati Saxena, Sanjay Singh

	1427	Modification of local anesthetic-induced antinociception by fentanyl in rats.
	Tufan Mert, Yasemin Gunes, Dilek Ozcengiz

	1435	Paracetamol treatment increases telomerase activity in rat embryonic liver cells.
	Augustinus Bader, Oliver Petters, Mario Keller, Sanja Pavlica

	1442	Novel I1-imidazoline S43126 enhance insulin action in PC12 cells.
	Jerusalem Tesfai, Louis Crane, Genevieve Baziard-Mouysset, Wentsworth Kennedy, Lincoln P. Edwards

	1450	Acute myocardial ischemia enhances the vanilloid TRPV1 and serotonin 5-HT3 receptor-mediated Bezold-Jarisch reflex in rats.
	Sebastian £. £upiñski, Eberhard Schlicker, Anna Pêdziñska-Betiuk, Barbara Malinowska

	1460	Effects of two isomers of DDT and their metabolite DDE on CYP1A1 and AhR function in human placental cells.
	Anna K. Wójtowicz, Ewelina Honkisz, Dorota Ziêba-Przybylska, Tomasz Milewicz, Ma³gorzata Kajta

	1469	Cytoprotective effects of CSTMP, a novel stilbene derivative, against H2O2-induced oxidative stress in human endothelial cells.
	Li Zhai, Peng Zhang, Ren-Yuan Sun, Xin-Yong Liu, Wei-Guo Liu, Xiu-Li Guo

	1481	Effects of bestatin on phagocytic cells in cyclophosphamide-treated mice.
	Magdalena Lis, Bo¿ena Obmiñska-Mrukowicz

	1491	Effect of neuroleptics on cytochrome P450 2C11 (CYP2C11) in rat liver.
	Anna Haduch, Jacek Wójcikowski, W³adys³awa A. Daniel

	1500	Oleanolic acid derivative methyl 3,11-dioxoolean-12-en-28-olate targets multidrug resistance related to ABCB1.
	Anna Paszel, B³a¿ej Rubiœ, Barbara Bednarczyk-Cwynar, Lucjusz Zaprutko, Mariusz Kaczmarek, Johann Hofmann, Maria Rybczyñska

	1518	Comparison of the pharmacokinetics of paracetamol from two generic products in patients after total gastric resection.
	Edyta Sza³ek, Agnieszka Kamiñska, Dawid Murawa, Karol Po³om, Bartosz Urbaniak, Matylda Sobiech, Edmund Grzeœkowiak, Tomasz Grabowski, Anna Wolc, Zenon J. Kokot, Pawe³ Murawa

	SHORT COMMUNICATIONS
	1526	NMDA and AMPA receptors are involved in the antidepressant-like activity of tianeptine in the forced swim test in mice.
	Piotr Wla�, Regina Kasperek, Aleksandra Wla�, Micha³ Szumi³o, Andrzej Wróbel, Gabriel Nowak, Ewa Poleszak


	1533	Enhancement of the anti-immobility action 
of antidepressants by risperidone in the forced swimming test in mice.
	Zofia Rogó¿, Marcin Kabziñski

	1539	Different pattern of changes in calcium binding proteins immunoreactivity in the medial prefrontal cortex of rats exposed to stress models of depression.
	Monika Zadro¿na, Barbara Nowak, Magdalena £asoñ-Tyburkiewicz, Ma³gorzata Wolak, Magdalena Sowa-Kuæma, Mariusz Papp, Gra¿yna Ossowska, Andrzej Pilc, Gabriel Nowak

	1547	Anxiolytic-like effects of olanzapine, risperidone and fluoxetine in the elevated plus-maze test in rats.
	Zofia Rogó¿, Gra¿yna Skuza

	1553	Effects of the histamine (H)3 receptor antagonist ABT-239 on acute and repeated nicotine locomotor responses in rats.
	Joanna Miszkiel, Marta Kruk, Andrew C. McCreary, Edmund Przegaliñski, Gra¿yna Bia³a, Ma³gorzata Filip 

	1560	Low-dose oral caffeine induces a specific form 
of behavioral sensitization in rats.
	Kevin T. Ball, Alex Poplawsky

	1564	Effects of PB190 and PB212, new s receptor ligands, on glucocorticoid receptor-mediated gene transcription in LMCAT cells.
	Gra¿yna Skuza, Magdalena Szymañska, Bogus³awa Budziszewska, Carmen Abate, Francesco Berardi

	1569	Kynurenic acid: a new effector of valproate action? 
	Piotr Maciejak, Janusz Szyndler, Danuta Turzyñska, Alicja Sobolewska, Adam P³a�nik

	1574	Effects of simvastatin on the pharmacokinetics of diltiazem and its main metabolite, desacetyldiltiazem, after oral and intravenous administration in rats: possible role of P-glycoprotein and CYP3A4 inhibition by simvastatin.
	Dong-Hyun Choi, Jin-Seok Choi, Cheng Li, Jun-Shik Choi
	1583	Note to Contributors


	content
	cont
	contents_3'2005
	contents
	abstract
	indeks

