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Abstract

The oral application is the application of the first choice for drug administration. A lot of drugs exhibit relatively low bioavailability. This may be
caused by binding of the drug in the gastro-intestinal tract, by poor penetration of the intestinal mucose or by highly hydrophilic propeffiees, There
problem drugs were only used for i.v. administration (intravenously) or for i.m. administration (intramuscularly). In the present study, wefpirom
investigated as a model substance. Cefpirom (Cp) is a semi-synthetic amino-2-thiazolyl-methoxyimino cephalosporin. It exhibits highlichydrophi
properties o, =0.024+ 0.01) and a very low bioavailability (AUC = 524 403.g min/ml). Itwas only applied i.v. ori.m. In this work, the influence
of absorption enhancers (aggregation and ion-pair formation) on the bioavailability and on the hydrophilic properties of Cp was investigated. T
bioavailability of cefpirom was improved through the combination with absorption enhancers (hexadecyldimethylbenzylammonium chloride, BA(
hexylsalicylic acid, HSA). The absolute bioavailability of the Cp combination with absorption enhancers was 21 times larger for BAC and 15 time
larger for HSA than in the case when Cp was used alone.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction obtained through manufacturing of prodru8aterhoff et al.
(1991) Nishihata et al. studied the effect of absorption enhancers
Alarge number of important cephalosporins show no or onlyon rectal absorption o-lactam antibioticsNishihata et al.
poor absorption from the intestinum. Therefore, they have to bél987) In recent years, a lot of studies was carried out to
applied intravenously or intramuscularBryskier et al., 1990; investigate the influence of absorption enhancers on the intesti-
Brockmeier and Dagrosa, 1992; Isert et al., I9&@hly a small  nal absorption of drugsvan Hoogdalem et al., 1989; Sancho
number of cephalosporins can be administered or&lligénie, et al., 1995; Kakemi et al., 19%9Tsuji et al. showed that
1996; Yamamoto et al., 2000; Palin et al., 19880 enable the micellar solution of cetyltrimethylammonium bromide pro-
oral administration, one has to search for modifications whichectsB-lactam antibiotics from acidic decompositidauiji et al.
improve the absorption of such drugs. In the literature, many1982) Park et al. improved the nasal and intestinal resorption
possibilities for the improvement of the lipophilicity and the of cefotaxim through ion-pair formation with cetylpyridinium
bioavailability of hydrophilic drugs are described. For instance chloride, cetyltrimethylammonium bromide and benzalkonium
improvement of the bioavailability of hydrophilic drugs was chloridePark etal. (1995)We reported recently on our investiga-
tions of the influence of bile salts (anionic absorption enhancers)
- on the transport of the extremely hydrophilic cephalosporin cef-
Abbreviations: Cp, cefpirom;i.d., intraduodenal; BAC, hexadecyldimethyl- pirom in in vitro and in vivo transport models using artificial
benzylammonium chloride; HSA, hexylsalicylic acid; CZE, capillary zone |iniq membranes and in the rabbit modééstani et al. (2004)

electrophoresis; HPLC, high performance liquid chromatography; cmc, criti- - .
cal micelle concentration The effect of cationic absorption enhancers and HSA on the

* Corresponding author. Tel.: +49 345 5525000; fax: +49 345 5527292. bioavailapility and on the_ hydrophi_lic properties of the model
E-mail address: neubert@pharmazie.uni-halle.de (R.H.H. Neubert). drug cefpirom was investigated using tictanol/buffer sys-
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tem. The experimental results on the partition coefficients werguas 15.8 cri. For permeation, cells were simultaneously used
confirmed using in vitro and in vivo model systems with artificial at 37°C. Twenty milliliters of the corresponding solution

membranes and rabbits. (200p.g/ml of the drug) were placed in the donor compart-
ment, and 20 ml of the buffer (phosphate, pH 7.4) were filled

2. Materials and methods into the acceptor compartment. Samples (2.0 ml) were peri-
odically removed from the acceptor compartments over 4 h.

2.1. Materials After sample removal, the sample volume (2 ml) was filled up.

The drug content was analysed for every sample by HPLC
Cefpirom (Cp) was obtained from Hoechst (Frankfurt, Ger-and CZE.

many). Hexadecyldimethylbenzylammonium chloride (BAC)
and hexylsalicylic acid (HSA) were obtained from Sigma- L L
Aldrich Chemie (Minchen, Germany). Collodium 4%, diethyl 2.4.3. Determination of the content of cefodizim in the

ether, ethanol, dodecanol amdctanol were obtained from Cae- ™é™brane
sar & Lorentz (Hilden, Germany). The membrane was removed from the model after 4 h and

shaken in 20 ml water for 30 min. After 30 min shaking, the
membrane was removed and repeatedly washed with water. The
membrane was then dried and dissolved in 2 ml ethanol:water
in a ratio of 90:10. After 30 min the solution was filtered and
measured using HPLC.

2.2. Sample preparation

Standard solutions of cefpirom were prepared at26/nl
in phosphate buffer at pH 7.4 for the determination of parti-
tion coefficients Pow) and for the application in the permeation

model. 2.5. Invivo models
2.3. Analytical assays 2.5.1. Rabbit model

Female rabbits (Chinchilla Bastard and New Zealand White,
2.3.1. CZE 3-5kg body weight (b.w.), Charles River, Kisslegg, Germany)

The capillary electrophoresis experiments were performeavere fasted for 18 h. For the experimental preparation, the rab-
on a Hewlett Packard Model G1600A (Waldbronn, Germany)bits were narcotised by 50 mg/kg b.w. pentabarbitone sodium
3DCE system. The detection wavelength was at 264 nm. FusedSPOFA, United Pharmaceutical Works Prague, Czech Repub-
silica capillaries from Hewlett Packard (Waldbronn, Germany)lic). The animals were fixed onto an operation table which was
with a total length of 48.5 cm, a length to the detector of 40 cnkept at constant temperature (38). Polyethylene tubes of dif-
and an internal diameter of %0m were used. ferent diameters were inserted into a carotid artery, common bile

A 20 mM phosphate buffer (pH 7.4), 30 kV, a temperature ofduct, ureters and duodenum. In order to prevent clotting and to
25°C and an injection time of 9 s at 50 mbar were used for thestabilise the blood circulation, an infusion of 36 ml/h of hep-

determination of CpNirestani et al., 1996, 1997 arinized physiological saline solution was administered using
an infusion pump (Program2, Becton Dickinson, France). The
2.3.2. HPLC investigations were approved by theUFimger Landesverwal-

A liquid chromatography system equipped with a diodetungsamt, Germany, 74043-2684.04-52/99. Cp with absorption
array detector (Lichrograph, MERCK-Hitachi) was used. Forenhancers was administered i.d. via an inserted polyethylene
the stationary phase, a reversed-phase column (RP-18, nuctebe in the duodenum. The doses of Cp were 100 mg/kg in
osile) was used. The mobile phase consisted of a mixture gghosphate buffer at pH 7.4. The volume of the solution was
acetonitrile:water:phosphoric acid (15:85:0.5). Cefpirom wasl0 ml/kg ethanol/Soerensen phosphate buffer (1:5, v/v) at a pH
determined by measuring the UV absorption at 260ven  of 7.4. For comparison, Cp (100 mg/kg b.w.) was also injected

Krimpen et al. (1987) as bolus intravenously (i.v.) via the femoral vein. Following
the Cp administration 3 ml blood was withdrawn from the
2.4. In vitro models carotid artery with a syringe containing 3 ml sodium citrate
solution (3.13%) at 0, 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, and 6h.
2.4.1. Determination of partition coefficients (P,,,) The blood was centrifuged at 3000 rpm for 10 min to obtain

The partitioning coefficients of cefpirom with absorption plasma, which was kept at20°C until analysis. Bile and
enhancers in 1:1, 1:10, and 1:20 molar ratios were determinegtine were sampled via the cannulas in ductus choledochus or
between buffer (phosphate, pH 7.4) andctanolMestanietal. ureters at different intervals between 0 and 6 h after dosing

(2004) and the aliquots were kept at20°C until further process-
ing. The determination of Cp in plasma, bile and urine was
2.4.2. Permeation model performed by CZE Nirestani et al., 1996, 1997and HPLC

The transport model system was described Nwubert  Van Krimpen et al. (1987)The pharmacokinetic parameters
and Rirst (1989) The donor and the acceptor compartmentsCmay, fmax and area under the plasma concentration—time curve
were separated by a dodecanol collodium membrane. Th@AUC) were calculated using the PC program TOPFIT 2.0
effective permeation area of dodecanol collodium membranéHeinzel et al., 1998
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Table 1 80
Partition coefficients of cefpirom in the systenoctanol/water at pH 7.4

701

Pow cmc (mM) :;\ —o—100 mg/kg Cp
118 110 1207 .E:E 60 —e—+ 243 mg/kg BAC
) ) ) =t % —o—+100mg/kg HSA
Cefpirom (Cp)  0.02+ 0.01 g’
Cp+BAC 0.532+ 0.42 0.660+ 0.35 0.356+ 0.45 4.2+ 1.1 £ 401
Cp+HSA 0.215+ 0.11 0.333+ 0.14 0.456+ 0.12 - §
2 304
Data are meatt S.D.,n=8, pH 7.4,7=37°C. BAC, hexadecyldimethylbenzy- Z
lammonium chloride; HSA, hexylsalicylic acid. % 20
@ Molar ratio: cefpirom:absorption enhancer. =

o o0—F—0———p——g—=
. . 0 T T T T T
3. Results and discussion 0 60 120 180 240 300

min
The combination with bile salts as anionic absorption_ . o , .
. Fig. 1. The mean arterial plasma concentration—time profiles of cefpirom after
enhancers below and above the cmc leads to an improvementQf ,iminisiration using rabbits (Chinchilla). BAC, hexadecyldimethylbenzy-
the permeation, of the lipophilicity properties and of the bioavail-jammonium chioride; HSA, hexylsalicylic acid.
ability of cefpirom. We have found recently that the AUC of the
Cp combination with anionic absorption enhancers was 17 timesient of the permeation of Cp via the lipid membranes. Only Cp
larger than that when Cp was used without absorption enhancesgas found in the membrane. The content of Cp in the membrane
(Mestani et al., 2004 In the present study, the effect of cationic was between 0.3 and 6%.
absorption enhancers (below and above the cmc) and of HSA |n the present study, the rabbit model was found to be very
as ion-pair formation on the improvement of the bioavailabil-useful for parallel investigation of biliary and renal excretion
ity of cefpirom was investigated. For the characterisation ofin comparison to plasma concentration—time profiles of drugs
the hydrophobic/hydrophilic properties of Cp with absorptionafter separated or simultaneous administration. The cumula-
enhancers, partition coefficient8qy) in the n-octanol/buffer tive biliary excretion of Cp after 6h was 0.34% with BAC
system were used. Cp is a very hydrophilic drug and exhibit&ind 0.4% with HSA of the administrated dose in comparison
very small partition coefficientsPg,, = 0.0240.01). The parti-  to Cp used without absorption enhancers (0.05%). The combi-
tion coefficients of Cp were determined through the combinatiomation of Cp with BAC leads to an increase of the amount of
with cationic absorption enhancers below the cmc and above thep in urine of about 16%, with HSA of about 10% in com-
cmc (aggregation form). The combination with BAC below the parison to Cp when it was used without absorption enhancers
cmc increases the lipophilicity of Cp till 27-fold. The combina- (2.1% total) after 6 h. The pharmacokinetics and the absolute
tion with BAC above the cmc leads to an increase of 83  bioavailability of Cp were detected after i.v. and i.d. admin-
and of the lipophilicity of Cp till 18-fold. The combination with stration using Chinchilla rabbitsF{g. 1). The AUC of Cp
varying concentrations of HSA (ion-pair formation) led to anused without absorption enhancers after i.d. administration
improvement of the lipophilicity of Cp till 23-foldfable ).  was 524+ 403ugmin/ml (:=6) and after i.v. administration
Electrostatic interactions (ion-pair formation) and hydrophobic189074 9368.g min/ml (2 = 6). After i.d. administration of Cp
interactions (aggregation) between HSA, BAC and Cp led to ain combination with BAC and HSA, the plasma concentra-
increase of the lipophilicity of Cp. tion was significantly higher than in the case without absorp-
Furthermore, the influence of BAC and HSA on the per-tion enhancersHig. 1). When Cp was administered simultane-
meation of cefpirom through artificial lipid membranes (dode-ously with BAC, Cimax Was 66+ 3 ug/ml, Tmax was 604 2 min
canol collodium membranes)ble 2 was studied. Cp without and the AUC was 20-fold higher (109831220ug min/ml,
absorption enhancers showed no transport via the lipid memr=4) than in the case when Cp was used without absorp-
branes. The combination with BAC and HSA led to an improve-tion enhancersTable 2. The combination of Cp with HSA

led to an increase of'max Of about 20-fold compared to Cp

Table 2 used without absorption enhancerRalfle 3. The absolute
Amount of cefpirom (%) in the artificial lipid membranes after 4 h _bioava-”a:bi.“ty Qf Cp used without absorption e_n.hanclers after
In the membrane (%) In the acceptor i.d. adm|n|strat|9n was 2.8%, for _the cp-a(_jmln[strat|on with
%) BAC 59% and with HSA 42%. The investigations in the present
study demonstrated that non-ggalactam-cefpirom can be used
Cp (4mg, total amount of 0 0 for peroral administration through the combination with BAC
Cpch'r:Ch, elfjlo nor) 0.3-0.31 (12ug of Cp) 0 gnd _HSA. A lot Qf other studies supported our rgsults. Inv_es—
Cp+BAC, 1:10 0.7 0.45 (28ug of Cp) 0 tigations of Tsuji and Park showed that cationic absorption
Cp+HSA, 1:1 4.6t 0.15 (1609 of Cp) 0 enhancers can be used in order to propetactam antibiotics
Cp+HSA, 1:10 6.660.25 (240ugofCp) 0 from acidic decomposition and for the improvement of nasal

Data are meatt S.D.,n =8; pH 7.4,T=37°C. BAC, hexadecyldimethylbenzy- @nd intestinal resorption of cefotaxime through_ion-pai_r fo_rma-
lammonium chloride; HSA, hexylsalicylic acid. tion (Tsuji et al., 1982; Park et al., 1999n addition, cationic
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Table 3 Eugenie, B.B., 1996. Oral cephalosporins in the treatment of respiratory tract
Pharmacokinetic parameters of cefpirom after separate or simultaneous admin- infections. Curr. Ther. Res. 57, 87—-809.
istration of absorption enhancers Heinzel, G., Woloszcak, R., Thomann, P., 1993. TOPFIT 2. 0 Pharmacoki-

netic and Pharmacodynamic Data Analysis for the PC. Gustav Fischer

Timax (Min)  Cmax (wg/ml)  AUCo_300 (jrg min/ml) Verlag, Stuttgart, Jena, New York.

Cp,i.v. @=6) 18907+ 9368 Isert, D., Klesel, N., Limbert, M., Markus, A., Seibert, G., Schrin-
Cp,i.d. @=6) 90+ 2.0 3+ 2.0 524+ 403 ner, E., 1992. Pharmacokinetics of cefpirom administered intravenously
Cp:BACid.z=3) 60+ 2.0 66+ 3.0 10903+ 1220 or intramuscularly to rats and dogs. J. Antimicrob. Chemother. 29,
Cp:HSAid. @=4) 45+2.0 59+ 4.0 7864+ 3151 31-37.

- — - . Kakemi, K., Sezaki, H., Muranishi, S., Tsujimura, Y., 1969. Absorption and
i.v., Intravenous; i.d., intraduodenal; BAC, hexadecyldimethylbenzylammonium o retion of drug. XL. Enhancement of the rectal absorption of pharma-

chloride; HSA, hexylsalicylic acid. ceutical amines with lauryl sulfate and saccharinate anions. Chem. Pharm.
Bull. 17, 1641-1650.

absorption enhancers were also used as local mouth antiseptidsstani, Y., Bretschneider, B., &ftl, A., Brandsch, M., Neubert, R.H.H.,

Collins and Deasy (199(()|'able 3 2004. Influe_n(_:e of _enhf_:mcgrs on th_e apsorption and on the pharmacokinet-
ics of cefodizim using in vitro and in vivo models. J. Pharm. Pharmacol.
. 56, 485-493.
4. Conclusion Mrestani, Y., Neubert, R., Schiewe, J.aH, A., 1996. Application of cap-

illary zone electrophoresis in cephalosporin analysis. J. Chromatogr. B
In the development of novel antibiotics, more and more 690, 321-326. o
compounds have been found that cannot be absorbed OraM;estam, Y., Neubert, R., &tl, A, Wohlrab, J., 1997. Determination of

. . . ~ cephalosporins in urine and bile by capillary zone electrophoresis. Anal.
and, therefore, must be administered intravenously or intramus- ~ &= = 349, 207-213.

cularly. The administration (intra\_/en(_ms'y or intra_mUSCUIaHY) Neubert, R., Brst, W., 1989. In vitro-Untersuchungen des Arzneistofftrans-
of non-oralB-lactam-cephalosporins is accompanied by many ports. Pharmazie in unserer Zeit 18, 112-124.

problems and high costs. The aim of the present work was tdishihata, B.T., Lee, C.S., Rytting, J.H., Higuchi, T., 1987. The synergistic
demonstrate that non—or&l—lactam-cefpirom should be used effects of concurrent administration to rats of EDTA and sodium salicylate

- — . on the rectal absorption of sodiumcefoxitin and the effect of inhibitors.
for peroral applications. Here, cationic absorptionenhancersand ;7 - o~ 39, 180-184.

HSAhave been.use.d forthe d_evek)pmentOf newv?hide'sys_t'enﬁlin, K.J., Phillips, A.J., Ning, A., 1986. The oral absorption of cefoxitin
for the oral application of cefpirom. The absolute bioavailability  from oil emulsion vehicles in rats. Int. J. Pharm. 33, 99-104.
of Cp in combination with BAC and HSA after i.d. administra- Park, G.E., Jeon, S., Lee, K.P., 1995. Effect of ion-pair on jejunal and nasal

tion shows that the aim of the work could be achieved. absorption of cefotaxim. Yakche. Hakhoechi. 25, 353-363.
Sancho, C.V,, Fabra, C.S., Gomez, M.V., Bengochea, M., Martin, V.A., 1995.

Experimental studies on the influence of surfactants on intestinal absorp-
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