© 523 -

CN 34-1206/R, ISSN 1009-2501
http: [hwew. DrugChina. net
2004 May; 9(5): 523— 526

Effects of probenecid on pharmacokinetics of cefaclor in rats
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ABSTRACT AIM: To investigate the effect of concur-
rent probenecid administration with different dosages on
phamacokinetics of cefaclor in rats. METHODS: Cefa-
clor ( 100 mg °kg71, ig) was given alone or in the pres-
ence of probenecid (300, 600 and 900 mg kg ! ig) lo
rats. Serial blood samples were drawn according to the
exact time schedule and concentrations of cefaclor were
determined by HPLC method. RESULTS: Under the
dosages of probenecid ranged from 300 to 600 mg“kgil,
Cua and AUC of cefaclor increased, while Vd F and C1 £
of cefaclor decreased. However, when a still higher dos-
age (900 mg °kg71) of probenecid was used, Cuu of cefa-
clor decreased, while AUC, Vd [F and Cl £ maintained at
the levels of those with probenecid 600 mg“kgi1 . CON-
CLUSION: Pwobenecid can markedly alter phamacoki-
netics of cefaclor and the influential magnitude for each
parameter is dependent on the dose of probenecid used in
the trial. The C,. of cefaclor increases with proper dosage
of probenecid, while decreases with over dose of probene-
cid, and this phenomenon may be related to the inhibition
of cefaclor intestinal absorption attained with over dose of
pobenecid.
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The ability of uricosuric agent probenecid to inhibit
renal tubular secretion and to cause increased and pro-
longed blood drug levels of B-lactam antibiotics is well
documented " ' . Even though the prolongation of blood ;
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B-lactam levels in the presence of probenecid is thought to
be related to the competitive inhibition of the drugs for re-
nal active transport processes, the mechanisms underlying
the increased blood drug levels are unclear. The influence
of probenecid with different dosages on pharmacokinetics
of cefaclor in rats was examined in the present study. It
was noteworthy that overdose of pobenecid might reduce

Conae of cefaclor.

1 MATERIALS AND METHODS

1.1 Drugs and reagents
vided by National Institute for the Contwol of Pharmaceuti-
cal and Biological Pwducts. Cefaclor capsules were ob-
tained from Eli Lilly pharmaceutical Co., lid, Suzhou.
Pwobenecid tablets were obtained from Shanghai Jicheng
pharmaceutical factory. Methamol was at HPLC grade,

Standard cefaclor was pro-

other chemicals were analytical reagent grade, and doubly
digtilled water was used for HPLC assay.

1.2 Animals and study design 24 Sprague-Dawley
rats (either sex weighing 240—280 g) after an overnight
fasting were randomly divided into 4 groups. Group I :
cefaclor 100 mg°kg '; Group Il : cefaclor 100 mg kg '
+ probenecid 300 mg“kgil; Group I
100 mg"kgil"—plobenecid 600 mg°kgil; Group V. ce-
faclor 100 mg °kg7| + probenecid 900 mg °kg7| . Probe-
recid was administered intragastrically (ig) 0.5 h before
cefaclor ig administration. Blood samples were collected
at 0.25, 0.5, 0.75, 1, 2, 4, 6 and 8 h after cefaclor
administration. Samples were promptly centrifugated to
determine cefaclor levels by HPLC method.

1.3 Apparatus and chromatographic conditions

cefaclor

Analyses were performed on a Cl18 column ( 4 mm X
125 mm) linked to a CI8 pre-column (4.6 mm X
12.5 mm) with fluorescence detector. The mobile phase
corsisted of methanol-water( 20 - 80, v/v) with acetic
acid adjusted to pH=3.1. Flow rate was 1 ml°min ]
The UV detection wavelength was set at 265 ' ”

1.4 Sample preparation Blood samples were collect-
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ed in heparinized centrifugation tubes and centrifugated at
3000X g for 10 min. 0.2 ml plasma in 10 ml glass cen-
trifugation tube, 6% (v /v) HCLO,s 0.2 ml was added.
The mixture was vortexed for 2 min and centrifugated at
3000X g for 10 min. An aliquot (20 1) of supernatant
was injected into the HPLC apparatus.

1.5 Quantitation Calibration curve was constructed
by plotting the peak-area of cefaclor against the known
concentrations of cefaclor added to drug-free plasma to
cover the range of 2.5— 800 mg °L.'. The drug concen-
tration was quantitated by relating the peak-area to obtain
the concentration from the calibration curve.

1.6 Data analysis Fxperimental data were presented
as x 1T-s. Pharmawkinetics parameters were calculated by
DAS software'” . Student r-test was used to determine
differences between groups.

2 RESULTS

2.1 Calibration curve and assay validation Cali-

]
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bration curve of cefaclor was shown in Fig 1. The regres-
sion equation was: 4=15.852C +1.361 (r=0.999, n
=15). Concentrations of cefaclor were linear in a range
between 2.5 and 800 mg°L '

faclor was 0.1 mg°1:l as a signal to noise ratio of 3.

. Low limit detection of ce-

RSDs of within-day and between-day were all less than
7%. The analytical peaks of cefaclor were well resolved
with good symmetry (Fig 2), and the relention time was

5.1 min. No endogenous interference was observed.
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Fig 2 Chromatograms

A: blank plasma; B: sandard component added to plasma; C: plasma sample after ig cefaclor; S: cefaclor

2.2 Pharmacokinetics of cefaclor The plasma wn-
centration-time data of cefaclor after administration were
fitted to a one-compartment model. Plasma concentration-
time curves of cefaclor were showed in Fig 3, Mean plasma
concentrations and phamacokinetics parameters of cefa-
clor obtained fiom the 4 goups were given in Tabl and

Tab 2, espectively.
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Fig3 Mean plasma concentration -time curves of cefacdor of
group | -1V in rats(x +s, n=6)

The cefaclor concentrations increased in proportion to
probenecid dosage of 300 — 600 mg"kgﬂ, maximum
plasma concentration (Cwax) and area under the plasma
concentration-time curve ( AUC) of cefaclor increased sig-
nificantly (P<<0.01) compared with those in absence of
probenecid, which was accompanied by a dramatic reduc-
tion ( P<0.01) in clearance ( Cl /F) and apparent distri-
bution volume (Vd /F) . Absorption half-life ( Tipw) of
cefaclor was prolonged ( P<0.05) by pwobenecid co-ad-
ministration. Time to reach the peak plasma concentration
(Twx), Mean residence time (MRT) and elimination
half-life (Titke) also presented a tendency for prolonga-
tion, while there wer no significant gatistically differenc-
es for these parameters.

However, when a still higher dosage of probenecid
(900 mg °kg71) was used, plasma levels of cefaclor de-
clined as well as Cna strikingly decreased ( P<Z0.01),
MRT and T;p. prolonged ( P<< 0.05) in opposition to

those with probenecid 600 mg °kg71; no_obvious changes
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were observed in Cl £ and AUC. In addition, T, pwo- 0.05) .
longed compared with cefaclor administered alone ( P<<
Tab1 Mean plasma concentrations of cefaclor at different times after dosing (x+s, n—6, mg'L ')
Times after dosing h
Groups
0. 25 0.5 0.75 1 2 4 6 8
1 167 31+7 388 42 +8 28 +7 1944 1244 7+3
il 23414 451421 64+24 69 +22° 60 +13" 38+7° 184" 12+4
m 2+6 5715 84+17 14E11° 98 +13° 56 +25 34+16 2812
I\ 19+10 42+ 14 60+ 18° 71+18¢ 724124 50+7 3548 2849
II, IOL IV ws T PP<<0.05, P<<0.01 IV vs Il °P<<0.05 P<<0.01
Tab 2  Effects of probenecid with different dosages on pharmacokinetics parameters of cefaclor in rats(x - s, n=26)
T AUC VdlF T Tilxe MRT CLIF
Groups B N .
I JmgL" mg'h "eL [ I I h Lok
1 1.00%0. 00 4248 10731 2.201+0. 42 0. 16£0. 05 2. 00£0.28 2.9840.1 10.49+0. 11
I 1.3340.52 72419 177+ 52¢ 1.07£0.33  0.33=£0. 17" 1. 77+0. 30 2.981+0. 17 0.25+0. 04
11 L17£0.55  110£9° 29868 1.020.38  0.244-0. 07" 2.35%£0.34  3.1340.34  0.1320.07°
IV 1.5040.55" 76147  281+65°  1.3040.19°  0.2740.08" 4. 054+1.50"  3.48£0.15° 0.1540.02

I, 1L IV ws T "P<<0.05 P<<0.01; IV ws III°P<0.05, "P<<0.01

3 DISCUSSION

The present study showed that proper dosage of pwo-
benecid increased and also prolonged circulating levels of
cefaclor, which were consistent with previous studies

- Simultaneously, it was noteworthy that a reduction in
cefaclor plasma concentration was also observed by @w-ad-
ministration over dose of probenecid, which has not been
reported by other documents. Earlier studies have shown
that the absorption and elimination of cefaclor and probe-
necid are saturable’® | whereas these properties can not
account for a full reasonable explanation for the phenome-
non.

Previous studies tend to support the traditional notion
that major action of probenecid on kinetics of [-lactam
antibiotics is due to its inhibition effect of renal tubular
secretion of the latter. The result in this study demon-
strated that cefaclor plasma concentrations elevated upon
dosages of 300
600 mg °kg ", The fact might be the esult of at least
three phenomena: (1) the decreased Vd F, which could

be expected to reflect as a change in the drug distribu-

pwobenecid  co-administration

tion. Some obsewations have shown that probenecid inter-
feres with distribution of B-lactam antibiotics in the body.
Support for this aigument was found in other observations
that probenecid could inhibit uptaking of various drugs by
. Po-
benecid could also reduce uptaking of some [3-lactam anti-

liver and decrease drug elimination from the liver'”

biotics by brain tissue' . Additionally, since probenecid
has a high degree of plasma protein-binding ( 83% —
95%). it has also been shown to displace other com-

pounds from serum proteinsI """ a factor which would tend
to increase free drug concentration in plasma by releasing
more drug. (2) When the drug was co-administered with
probenecid, the decreased Cl F of cefaclor, compared
with the drug used alone, might be partly due to the com-
petition of two drugs for the tubular excretion. (3) It has
been confimed that probenecid elimination from the kid-
rey shows a dose-dependent mamer, high dosage of pro-
benecid might cause T . of the drug to prolong and yield
cefaclor levels increasing positively correlated with probe-
recid dosage. Present study suggested that reduction in
Vd F of cefaclor produced by probenecid might be the
major cause attributed to the elevation of cefaclor plasma
concentration.

Of particular interest was the observation that C . of

cefaclor was apparently decreased by co-adminsiration
overdose probenecid ( 900 mg °kg71) . Tie as well as
MRT markedly prolonged in goup IV compared with other
groups implyed that probenecid at such a higher dosage
could directly inhibit cefaclor elimination from kidrey,
but failed to elicit the reason for cefaclor concentration
decreasing contrasted with group Il Wheras there ap-
peared to be a striking prolongation ( P<0.05) in ab-
sorption parameters Tiska and Tua of cefaclor in group IV,
it suggested that high dosage probenecid might prolong or
inhibit cefaclor intestinal absorption. In addition, AUC of
cefaclor appeared to be a progressive increase when pro-
benecid dosage of 300— 600 mg°kg71, while maintained
at the level of those with probenecid 600 mg kg ' in
goup [V, which also supported the view mentioned

above.
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It has shown recently that some transport systems are
found both in intestine and kidrey with functional and
. C (1) .
morphological similarities’ ~ , such as peptide transport

12 . . 2
system[ 3 , organic anion transport system[ ],
(4

organic
cation transport system = and P-glycoprotein-mediated
transport system[lsl . All these transport systems partici-
pate in the transportation process of B-lactam antibiotics
in different extent. 1t would seem logical that inhibitors of
renal transport, probenecid, for example, might also af-
fect drug absorption in the intestine. Further studies such
as experiment for cefaclor kinetics after ivadministration
and experiment for cefaclor intestinal absorption are
required to examine whether overdose of probenecid might

have influence on cefaclor absorption in intestine.
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