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Ceftiofur sodium is a third-generation cephalosporin antibiotic. It is possible that 
non-steroidal anti-inflammatory drugs such as acetyl salicylate (aspirin) may be 
used concomitantly with ceMofur sodium in dairy cattle. Therefore this study 
evaluated potential phamcokinetic interactions between ceftiofur sodium and 
aspirin. In addition, this study evaluated the potential for interaction between 
ceftiofur and its active metabolites and the organic anion transporter. The organic 
anion transporter substrate used in this evaluation was probenecid. Ten healthy, 
non-pregnant, non-lactating dairy cows were used in a randomized complete 
three-way crossover design. In repeated experiments all cows were administered 
(1) 2 mg of ceMofur sodium per kg body weight by intravenous bolus or (2) 10 mg 
of probenecid per kg body weight by intravenous bolus, followed immediately by 
2 mg of ceftiofur sodium per kg body weight by intravenous bolus or (3) 26 mg of 
aspirin per kg body weight by intravenous bolus, followed immediately by 2 mg of 
ceftiofur sodium per kg body weight by intravenous bolus. For treatment with 
ceftiofur sodium alone, the mean volume of distribution at steady-state V,, was 
0.2 f 0.06 L/kg, the mean volume of distribution by the area method Vd(-) was 
0.38 f 0.22 Ukg, mean residence time ( M R T )  was 6.5 f 1.8 h. mean residence 
time in peripheral tissues (MRTJ was 2.6 f 1.0 h. total body clearance (CI) was 
0.032 f 0.013 L/kg/h and elimination rate constant (p) was 0.097 f 0.044 h-’ 
(mean f standard deviation). No statistically significant changes were detected as 
a result of preceding treatment with aspirin. Preceding treatment with probenecid 
resulted in a decrease in both CI (0.007 f 0.005 L/kg/h) and MRTp (0.89 f 0.45 
h). These results suggest that ceftiofi or its metabolites may interact with the 
organic anion transporter, but that consideration of alterations to dose and dose 
interval may not be necessary when ceftiofur sodium is administered to the cow 
concomitantly with a single dose of aspirin. 

(Paper received 10 November 1993; accepted for publication 25 April 1994) 

T. Whittem, Department of Veterinury Clinical Sciences, Masseg University, Private 
Bag, Palmerston North, New Zealand 

INTRODUCTION 

Ceftiofur sodium is a third-generation cephalosporin antibiotic 
with a broad spectrum of activity, including activity against gram- 
positive and gram-negative aerobes and some anaerobic bacteria. 
CeMofur sodium is registered in several countries. Owing to the 
antibiotic’s high efficacy against Pasteurdla haemolyffcu, Pasteurelh 
multocida and Haemophilus somnus (Anonymous, 1991; Jaglan et 
d.. 1992) ceMofur sodium is labelled for use in bovine respiratory 
disease. In beef cattle, cehiofur sodium is used primarily to treat. 
‘shipping fever’, an acute bronchopneumonia that oRen occurs 
following transport to feed lots (Sweeney & Smith, 1990). In dairy 

cattle, celliofur sodium is indicated for the treatment of e m t i c  
calf pneumonia (Sweeney & Smith, 1990: Anonymous. 1991). 
Ceftiofur sodium has been proposed for the treatment of bovine 
mastitis because of its broad antimicrobial spectrum (Soback et d., 
1989: Owens et d., 1990) but it is not licensed for this indication. 

Non-steroidal anti-idlammatory drugs (NSAIDs) are indicated 
as an adjunct to antimicrobial therapy for tnfections with bacteria 
which elaborate endotoxins. In dairy cattle. the use of NSAIDs such 
as phenylbutazone. flunixin or acetyl salicylate (aspirin) is oRen 
associated with the treatment of coliiorm mastitis (Ziv, 1992), 
pneumonia (Selman et al.. 1986), and neonatal septicaemia. For 
practical purposes, single doses of these NSAIDs are frequently 
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used at the initiation of a therapeutic regimen. Therefore, it is likely 
that NSAIDs may be used concomitantly with ceftiofur sodium in 
dairy cattle, especially at the onset of treatment. 

Probenecid ( C u ~ i n g h a ~ ~ ~  et d., 1981, Weiner, 1992), several 
cephalosporins (Uv et d., 1979; Arvidsson et d., 1981; Carbon et 
d., 1984; Dromer d d., 1985; Guerrini et d., 1985: Soback et d., 
198 7 )  and several NSAIDs (Carbon et d., 19 84: Weiner, 1992) are 
substrates for the organic anion transporter of the renal proximal 
convoluted tubule in many species. Transport of these xenobiotics 
by the organic d o n  transporter is a saturable process, and there- 
fore concomitant use of these drugs could lead to competitive 
inhibition of renal secretion or distribution within tissues. This 
competitive inhibition of transport processes could lead to altera- 
tions of each drug's phamacokinetics. Since it Is possible that 
NSAIDs and ceftiofur sodium may be used concomitantly, knowl- 
edge of a potential phannacokinetic interaction would assist in 
correction of dose requirements and facilitate necessary adjust- 
ment to food product withholding times recommended on the basis 
of single drug use. 

The objectfves of this study were to: (1) examine the pharmaco- 
kinetics of ceMofur sodium and its active metabolites in dairy 
cattle; (2) examine the potential for ceftiofur sodium and its active 
metabolites to interact with the organic anion transporter: and (3) 
examine potential phannacolcinetic interactions between dtiofur 
sodium and its active metabohtes and aspirin in a clinically rele- 
vant dose regimen. The null hypotheses for this study were that the 
apparent volume ofdistribution at steady-state (V4rl, the apparent 
volume of distribution by the area method (V,,,& the total body 
mean residence time (MRT), the mean residence time in peripheral 
tissues (MRTJ,  total body clearance (Cl) and elimination rate 
constant (B ) for ceftiofur sodium and its active metabolites aRer a 
single intravenous dose are not altered by either (1) the archetypi- 
cal anion pump substrate, probenecid or (2) simultaneous single- 
dose intravenous administration of aspirin at the labelled 
therapeutic dose rate. 

MATERIALS AND METHODS 

Aspirin ( Vetalgine, Sanofi Animal Health, France) as DGlysine- 
acetyl saIicylate was a gdt from Techvet Laboratories (Otahuhu, 
Auckland. New Zealand) and ceftiofur sodium (Naxcel Sterile Pow- 
der, The Upjohn Company. Kalamazoo, MI, USA) was a gift from 
Upjohn New Zealand (Ellerslie, Auckland, New Zealand). 
Probenecid was obtained from Sigma (St Louis, MO, USA): Prowi- 
dencia dcdijaciens (ATE 9886) and all other chemicals and re- 
agents were of the best available source. 

Aspirin was dissolved according b labelled instructions in sum- 
cient Water for Injection (BP) to achieve a f i a l  concentration of 
220  mg/mL. Celtiofur sodlum was dissolved according to labelled 
instructions in sflicient Water for Injection (BP) to achieve a final 
concentration of 50 mg/mL. Probenecid was suspended in 10 
rnmoi/L NaH,PO, pH 7.4 and the pH was adjusted by addition of 
0.1 N NaOH to achieve dissolusion. The solution was diluted with 
deionized water to a final concentration of 50 mg/mL pmbenecid 

in 5 mmoVL NaH,PO, at pH 7.8. This solution was Gltered through 
a 0 . 4 5 ~  filter prior to use. 

Ten healthy, non-pregnant, non-lactating dalry cows were se- 
lected lrom the Department of Veterinary Clinical Science's teach- 
ing herd. A randomized complete three-way crossover design was 
used, with a 2 week washout period between successive experi- 
ments. Randomization of treatment order was achieved by lottery. 
In repeated experiments all cows were administered: (1) 2 mgkg 
ceftiofur sodium by intravenous bolus; (2) 10 mg/kg probenecid by 
intravenous bolus, followed immediately by 2 mg/kg ceftiofur 
sodium by intravenous bolus; or (3) 26 mgkg aspirin by intrave- 
nous bolus, followed immediately by 2 mg/kg ceftiofur sodium by 
intravenous bolus. These doses for both ceftiofur sodium and aspi- 
rin were the recommended, labelled doses. 

A jugular venecatheter was placed into each jugular vein under 
light sedation with xylazine the day before each experiment. These 
catheters were flushed with 5 mL of 15 5 mmoL/L NaCl containing 
25 IlJ/mL heparin. Catheters were flushed with 5 mL of 155 
mmoVL NaCl prior to and between administrations of the test 
drugs. Test drugs were administered through one jugular catheter 
and blood was collected through the opposite jugular catheter at 0, 
5,10.20,30,45,60 and 90 min after injection and at 2,3.4,5,6, 
8.10,12 and 24 h after injection. Serum was harvested and frozen 
at -80°C until analysis. A ceftiofur standard for assay was also 
prepared as follows: ceftiofur sodium was added to drug-free, 
pooled bovine serum to achieve a concentration of 100 mg/L and 
was lrozen at -80°C with the samples. 

Samples were assayed by microbiological assay according to the 
method of Bennett et d. (1 966) using Providencia dcal$uciens as the 
test organism. To minimize the elTect or interassay variation, all 
samples for each cow from one experiment were assayed together. 
Data were analysed by least-squares linear regression of the loga- 
rithm of the cekiofur standard concentration vs. the diameter of the 
growth inhibition zone. It was recognized that this assay fails to 
distinguish between ceftiofur sodium and its active metabolites, 
and therefore results were expressed as serum ceftiofur-equivalent 
activity in mg/L. 

Serum ceftiofur-equivalent activity vs. time data from 30 min 
after injection to 24 h after injection were analysed by a non-linear 
weighted least-squares curve-fitting method using the computer 
program Microsoft Excel v. 4.0 on a Macintosh computer. Using 
Akaike's information criterion to select the best-fitting model 
(Yamaoka et d., 19 78). a two-compartment open model provided 
the best fit to the (post 20 min) data in all cows. Analyses were run 
for each data set independently. 

The following pharmacokietic parameters for each data set 
were calculated from the ordinate axis intercepts and the rate 
constants for the distribution and e l ina t ion  phases of the serum 
ceftiofur-equivalent activity vs. time curves (respectively A and a 
and B and B) according to previously reported pharmacokinetic 
formulae: the serum ceftiofurequivalent activity at any time t 
(C(t)). the apparent volume of the central compartment (VJ, the 
apparent volume ofdistribution at steady-state (Vdlr1), the elimina- 
tion half-life (th) (Gibaldi & Perrier, 1975). The area under the 
serum ceftiofutequivalent activity vs. time curve from time zero to 
inIinlty (AUC), the area under the ' f i t  moment curve' of the serum 

OBlackwellScience 1995 J. vet. Pharnincol. Therap. 18.61-67 



Eflict o/uspirin on pharmacokinetics o/ce/tio/ur 6 3  

ceftiofur-equivalent activity vs. time from time zero to infinity 
(AUMC) and the total body mean residence time (MRT) were 
calculated using the computer program Minim (purves, 1992) on 
a Macintosh computer by the log-trapezoidal method. The appar- 
ent volume of distribution according to the area method (Vd(-J, 
the total body clearance (CZ) (Ritschell, 1986) and the mean 
residence time in peripheral tissues (MRTJ (Veng-Pedersen, 1989) 
were calculated according to previously reported model- 
independent methods. 

The apparent volume of distribution at steady-state, total body 
mean residence time, mean residence time in peripheral tissues, 
total body clearance and elimination rate constant are theparame- 
ters of clinical interest for potential interaction between the test 
drugs, as alteration of these parameters might necessitate changes 
to dose, dose interval or food product withholding times. Most of 
these parameters probably do not conform to a normal population 
distribution (Whittem, 1993) and therefore descriptive statistics 
used included the mean, median, standard deviation about the 
mean and i n t e q u a d e  ranges. The 95% confidence interval for 
the mean was also calculated, based on Student's tdistribution. 

The formulated null hypotheses excluded any need to compare 
the results obtained between the two pretreatments: probenecid 
was used solely to probe the question of organic anion transporter 
competition and aspirin was used to pmbe the question of whether 
it causes a clinically important interaction. Therefore, only pair- 
wise comparisons were appropriate between each treatment and 
ceftiofur alone. Since examination of the descriptive statistics and 
the skewness and kurtosis coemcients for each parameter con- 
firmed non-normal population distributions for most parameters, 
Wilcoxon's sign-ranked test for paired data was used for these 
comparisons with the acceptable probability for a error set at P < 
0.05. Since the calculation of the probability of krror  is not 
possible using this non-parametric test. power for accepting the 
null hypotheses was calculated using Student's tdistribution, ac- 
knowledging that the values so determined should be interpreted 
with care. 

RESULTS 

The microbiological assay for ceftiofur was h e a r  between 0.1 and 
5.0 mg/L with the correlation coeflicient (?) always exceeding 
0.99. The intra-assay coefficient of variation was 5.81 f 1.9% 
(mean? standard deviation, n = 14) and the inter-assay coemcient 
ofvariation was 8.7% ( n  = 10) at 5 m a .  The assay detection limit 
was defined as 0.1 mg/L. Recovery from fortified serum was deter- 
mined as 100%. The assay parametem were not altered signifi- 
cantly by the inclusion in the serum for dilution of either 100 mg/L 
aspirin or 100 mg/L probenecid. 

All the serum ceftiofurequivalent activity vs. time curves for all 
cows showed an increase in ceftiofur-equivalent antimicrobial 
activity during the first 20  min after injection. "his finding was 
unexpected. When curve fitting by non-linear unweighted or 
weighted least-squares methods to the expression 

C(t) = Ae4 + Be-@ - C.e4-' 

was performed, where Cis  a constant and k, is the rate constant for 
the initial increase in ceftiofur equivalent, the estimates for k,,, and 
C were unstable and highly correlated (r' 2 0.95). This instability 
was due to insufRcient data points during the fmt 20 min after 
injection, and permitted multiple minima for the sum of squared 
residuals. Therefore no result for C or k, could be obtained by these 
methods. Since the time to maximum serum concentration of 
ceffiofurequivalent activity was approximately 20 min in all 
cases, further modeldependent data analysis was performed on 
the serum ceftiofur-equivalent activity-tiie curves only for the 
time points subsequent to 20 min after injection. Assuming that 
this early kinetic event was 97% completed by 20 min, k, was 
estimated lrom a half-time of approximately 4 min. The curves of 
'best fit' shown in Figs 1 and 2 are based on the equation above, 
fixing k, at 0.173/min. with the estimate for C constrained to 
create a positive y-axis intercept. 

The phannacokinetic parameters for ceftiofur sodium and meta- 
bolite activity following single intravenous bolus of 2 mgkg ceftio- 
fur sodium are presented in Table 1. These parameters following a 
single intravenous bolus injection of aspirin or probenecid are 
presented in Tables 2 and 3 respectively. Owing to laboratory error. 
data for five cows' probenecid treatments were lost. Therefore 
Table 3 presents only the data from the remaining five cows. 

Preceding treatment with probenecid resulted in statistically 
significant alterations in h4RTp and CI. Power to accept the null 
hypotheses for each of Vq,,,, Vd(nm,, MRTor p was 0.92,0.94,0.94 
and 0.86 respectively. 

Preceding treatment with aspirin did not result in statistically 
significant alterations to any parameter. Power to accept the null 
hypotheses for VaS,, Vq,,, MRT, MRT,, CZ or p was 0.87, 0.90, 
0.95,0.94,0.92 and0.92 respectively. 

DISCUSSION 

The initial 20 min rise in serum ceftiofurequivalent activity was 
unexpected, as such a rise is atypical for intravenous bolus 
doses of most drugs. Since the half-time for this phase of the curve 
approximates estimates of the half-time for metabolism of ceftiofur 
to its major metabolite, desfuroylceftiofur (Brown et d., 199 l), it is 
likely that the apparent increase in ceftiofur-equivalent activity is 
a function of ceftiofur's metabolism. Accepting the assumption 
that this elTect is due to metabolism, four explanations for the 
phenomenon are possible. First, it is possible that ceftiofur is less 
potent than desfuroylceftiofur for Provfdencia ddiJiiciens, and that 
the equipotency ofceftiofur and this metabolite previously reported 
(Brown etd., 1991) applies only to some bacteria. Alternatively, it 
is possible that ceftiofur and desfuroylceftiofur are synergistic in 
vitro for Providencfa almlijaciens. Synergism for some test organisms 
has previously been demonstrated between a thlrd-generation 
cephalosporin, cefotaxime, and its major metabolite (Neu, 1982). 
Third, it is possible that the early increase in serum ceftiofur- 
equivalent activity observed in this study was due to unequal loss 
of potency by ceftiofur and its various active metabolites during 
storage at -80°C prior to assay. These three possible explanations 
have been examined and found not to be true, but the final expla- 
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Flg 1. Mean f SEM for serum CCItiolur equivalent activity in mg/L v e m  
time from zero to 24 h after single intravenous bolus in)don of 2 mglkg 
oettiohr sodium to non-pregnant, non-lactating dairy cattle (n  = 10). 
Inset: Mean f SEM for serum aMofur equivalent activity in m g h  verslls 
time from zero to 2 h. 

Hours 

Fig 2. Mean + SD for serum ceRiofur equivalent activity in mg/L versus 
time in hours after single intravenous bolus injection of 2 mgfkg cdtiofur 
sodium (1 )  alone (A) ( n  = 10). (2) when p r d e d  by a single intravenous 
bolus injection of 26 mg/kg aspirin (a) ( n  = 10) and (3) when preceded 
by a single intravenous bolus injectionof 10 mgfkg probenecid (0) ( n  = 
5). 

nation, that the apparent volume of distribution for the metabolite 
desfuroylceftiofur is less than that of the parent drug, is true. This 
explanation is supported by the observation of this phenomenon 
when using alternative assay methods such as high-performance 
liquid chromatography OJPLC) (S.A. Brown, personal communi- 
cation). 

In modeldependent analysis for calculation of Vc, V,,, and t,,. 
the changing apparent volume of distribution during the f i t  20 

min necessitated use of only those data points subsequent to 20 
min post injection. Although model-independent methods were 
used to calculate the V6(-), Cl, M R T  and MRTp and utilized all the 
data time points it is important to consider that an assay of biologi- 
cal activity was used to analyse the samples. It is therefore neces- 
s a r y  to emphasize that estimated values for all pharmacokinetic 
parameters are composite values for all assayed drug and metabo- 
lites together. Since it is the degree and duration of antimicrobial 
activity that is of interest to veterinary clinicians, the use of an 
antimicrobial assay in the context ofthis work’s aims was appropri- 
ate. 

The MRT and t,, for ceRiofurquivalent activity reported herein 
were greater. than those reported previously for lactating dairy 
cattle (6.48 and 7.12 h vs. 5.06 and 3.61 h respectively) (Soback 
etnl. 1989).However, intheirworkSobacketd. (1989)examined 
the elimination phase only to 8 h post injection. and their assay 
detection limit for serum was 0.78 m g L  It is probable therefore 
that their estimates for the terminal elimination rate constant were 
not as accurate as those ofthe study presented here, where samples 
were collected to 24 h post injection and where the assay used had 
a lower detection limit. An alternative explanation has been pro- 
posed by Brown et d. (1 99 l), who demonstrated that the t, oftotal 
desfuroylceftiofur when analysed by HPLC was 9.65 f 1.97 h. 
They proposed that differences in t, determined by dilTerent assay 
methdo\ogies may be due to the effects of protein binding on the 
assay results (Brown et d., 199 1). However, the serum t, reported 
herein is in closer agreement with the value reported by Brown et 
d. (199 1) than the value reported by Soback et al. (1989). This 
dnerence is despite the assay methodology of this work being 
similar to that of Soback et al. (1989) and distinct from that of 
Brown et al. (199 1). Therefore, it is more likely that the diflerence 
in reported values is due to a higher number of sample time points 
and a longer duration of sample collection, since these factors 
result in better definition of the terminal elimination rate constant. 

Ceftiofur and all its major metabolites possess a carboxylic acid 
moiety (Jaglan t t  nl., 1992), and therefore may be present in 
biological fluids as organic anions. Thus, these xenobiotics are 
potential substrates for the organic anion transporters of the renal 
proximal tubule and other tissues. These xenobiotics may be par- 
tially excreted or resorbed by active transport across the epithelia of 
the proximal convoluted tubule, and distribution to or from periph- 
eral tissues may be assisted in part by organic anion transporters. 
Probenecid is an archetypical substrate for the organic aniontrans- 
porter. In this study probenecid increased the CI and decreased 
MRTp for ceftiofur and its metabolites, indicating the possibility of 
altered tissue distribution and/or elimination. Although other in- 
teractions such as alteration to plasma protein binding cannot be 
ruled out, these changes to the pharmacokinetics of ceftiofur so- 
dium and its metabolites may have been due to competition for 
transport by the organic anion transporter. Nevertheless. aspirin 
did not alter the pharmacokinetics of ceftiofur and its metabolites. 
CeRiofur sodium and its metabolites demonstrate unusual protein 
binding, possibly because of an exposed sulphydryl group (Brown 
et d., 1991). It is possible that this characteristic reduced their 
access to the organic anion transporter. Alternatively, it is possible 
that the alkaline urine expected in the mature dairy cow may 
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Table 1. Pharmacokinetic parameters for CeRiofur and its active metabolitol in cattle alter a single Intravenous bolus d m  of 2 mglkg ceMoIur sodium 
(n = 10). 

Parameter Mean Median SD cv First quartile Third quartile CI(95) 

C(0) (rng/L) 18.9 17.3 5.8 0.30 14.9 23.2 3.6 
a (/h) 0.483 0.421 0.205 0.42 0.367 0.497 0.127 
B (lh) 0.097 0.08 7 0.044 0.45 0.068 0.134 0.027 
A (mglL) 15.0 14.7 6.2 0.41 10.1 19.6 3.8 
B (mg5) 3.9 3.4 2.5 0.64 2.3 5.5 1.6 

Vdl.1 (wd 0.200 0.181 0.062 0.3 1 0.150 0.253 0.03 8 
VdlmI) (Lflrg) 0.382 0.288 0.224 0.59 0.245 0.413 0.139 
cI WWh) 0.032 0.028 0.013 0.41 0.025 0.03 5 0.008 
AUC(mgUh) 72.4 70.8 27.5 0.38 57.7 79.6 17.0 
AUMC (rngWh 2, 491.9 401.8 269.5 0.55 310.1 6 70.2 167.0 

MRTp (h) 2.65 2.63 1.01 0.38 2.30 2.94 0.63 

V, WW 0.115 0.116 0.036 0.31 0.086 0.134 0.022 

M R T W  6.48 6.05 1.76 0.27 5.34 6.83 1.09 

ti, (h) 7.12. 7.98 - 5.18 10.19 - - 

'Harmonic mean. 
SD is the standard deviation. CV is the d i c i e n t  of variation and CI (95) Ls the 95% m d d e n a  IntuvaI surrounding the mean. based on Student's 
tdistribution. 
Note that the SD. CV and CI (95) are potentially misleading for markedly skewed population distributions. and should therefore be interpreted with 
caution. 

Table 2. Pharmacokinetic parameters for cehiofur and its active metabolites in cattle after a single intravenous bolus dose of 2 mglkg ceMofur sodium 
preceded by a single intravenous bolus doseof 26 mglkg acetyl salicylate (asprin) (n = 10) 

Parameter Mean Median SD cv Fmt quaNle Third quartile CI(95) 
~ 

c(0) (mg/L) 17.0 17.7 3 .O 0.18 14.8 19.4 1.9 
a ( /h)  0.520 0.383 0.500 0.96 0.279 0.445 0.310 
P (/h) 0.076 0.074 0.045 0.59 0.043 0.09 5 0.028 
A (mg/L) 14.8 15.4 3.1 0.21 11.9 17.6 2 .o 
B (mglL) 2.1 2.5 1.2 0.57 0.9 3.0 0.7 
V, (Wkg) 0.122 0.113 0.026 0.2 1 0.104 0.137 0.01 6 
Va,, ( L k )  0.253 0.212 0.100 0.39 0.199 0.244 0.062 
Vdhm) (wkg) 0.558 0.442 0.314 0.56 0.389 0.582 0.195 

AUC(mgUh) 63.8 61.8 20.5 0.32 53.7 77.4 12.7 
AUMC(mgL/hz) 433.2 425.0 171.5 0.40 340.9 558.1 106.3 
MRTW 6.57 6.84 1.22 0.19 6.36 7.46 0.76 
MRTp (h) 2.78 2.62 0.78 0.28 2.28 3.44 0.48 

CI (Ukglh) 0.036 0.032 0.019 0.52 0.026 0.037 0.012 

tlh (h) 9.10' 9.54 - - 7.35 16.29 - 

'Harmonic mean. 
SD is the standard deviation, CV is the coelficient of variation and CI (9 5) is the 95% conGdence interval surrounding the mean, based on Student's 
tdistribution. 
Note that the SD. CV and CI (95) are potentially misleading for markedly skewed population distributions, and should therefore be interpreted with 
caution. 
No statistically significant dillirences from control (celtiolur alone) were detected using Wilcoxon's signed-rank test lor paired samples (P < 0.05). 

decrease the potential for probenecid or aspirin to affect organic 
anion transporter secretion of ceftiofw at the basolateral mem- 
brane of the proximal convoluted tubule. The effect of probenecid 
on secretion ofcefsulodin in the rabbit (Dromer et d., 198 5) and on 
aspirin In humans (Weiner, 1992) is minlmal with alkaline urine, 
since akaline urine reduces the resorption ofeach anionic xenobi- 

otic from the urinary ultrafiitrate (Weiner, 1992). Finally, the 
harmonic mean of the serum t, of aspirin in these cows was 0.5 1 
h (T. Whittem. unpublished data). This relatively rapidelimination 
may have reduced the time available for its potential interaction at 
the organic anion transporter. While repeated or higher doses of 
aspirin may lead to an alteration of CeRiofUr sodium pharmacoki- 
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Tabk 3. Pharmecokinetic parameters for eftiofur and its active metabolites in cattle after a single intravenous bolus dose of 2 mg/kg ceftiofur sodium 
preceded by a single Intravenous bolus dose of 10 mgkg probenecid (n = 5) 

Parameter MtFUl Median SD cv First quartile Third quartile (95) 

C(0) (mglL) 22.0 20.4 3.9 0.17 19.6 23.0 3.4 
a (/h) 0.310 0.359 0.078 0.2 5 0.226 0.360 0.068 
P (/h) 0.074 0.09 1 0.03 5 0.47 0.043 0.101 0.030 
A (mglL) 19.5 17.4 4.8 0.25 17.1 21.9 4.2 
B (mglL) 2.6 1.8 1.7 0.65 1.5 3.3 1.5 
v, (Uke) 0.093 0.098 0.014 0.15 0.087 0.102 0.012 
Vdh, (me) 0.149 0.146 0.024 0.16 0.146 0.151 0.02 1 
Vd(-, (Lk3) 0.346 0.333 0.124 0.36 0.275 0.348 0.109 
c1 (Llkdh) 0.023t 0.023 0.008 0.34 0.016 0.02 5 0.007 
AUC (mghlL) 96.9 86.3 33.3 0.34 80.0 121.4 29.2 
AUMC(mghz) 624.4 582.6 281.5 0.45 499.3 782.9 246.7 
MRT(h) 6.23 6.45 1 .OO 0.16 6.24 6.75 0.88 
MRT,, (h) 1.91 t 2.22 0.53 0.28 1.53 2.32 0.47 

9.39' 7.62 - - 6.86 16.12 - 
th (h) 

*Harmonic mean. 
t MITers Signihnt ly  from control (cehiofur alone) using Wilcoxon's signed-rank test for paired samples (PS 0.05). 
SD is the standard deviation. CV is the cotmdent of variation and Q (95) is the 95% confidence interval surrounding the mean. based on Student's 
tdistribution. 
Note that the SD. CV and CI (9 5) are potentially misleading for markedly skewed population distributions. and should therefore be interpreted with 
caution. 

netics, this work has demonstrated that the potential for inlluence 
on ceftiofur's excretion rate by aspirin is not realized at clinically 
relevant single doses. 
This study detcnnined that the mean residence time in the 

peripheral tissues for all ceftiofur and metabolite molecules, irre- 
spectiveofwhetherornotthey aredistributedtothetissues(MRTJ 
was not altered by aspirin in the administered regimen. These data 
support the suggestion that a single dose of aspirin concomitant 
with cettiofur sodium may not afTect the necessary food product 
withholding time for ceRlofur sodium. Nevertheless, since this 
pharmacokinetic parameter is a mean value and assumes that the 
peripheral tissues are a homogeneous kinetic space (Veng-Ped- 
ersen, 1989), conclusions about tissue residue times cannot be 
steadfastly accepted without tissue residue studies. 

In conclusion, these results suggest that celliofur or some of its 
active metabolites may be substrates for the organic anion trans- 
porter. Nevertheless, alterations to dose or dose interval may not be 
indicated when ceMofur sodium is administered to the cow con- 
comitantly with a single dose of aspirin. 
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