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Rapid communication

Improvement of norfloxacin oral bioavailability
by EDTA and sodium caprate
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Abstract

The EDTA and sodium caprate (Na caprate) effects on the oral bioavailability of norfloxacin were tested. It was found that
absorption kinetic of norfloxacin was markedly accelerated when mixed with EDTA or Na caprate in a ratio of 1:1. When
mixed with the absorption enhancers in a ratio of 1:5, only Na caprate improved norfloxacin bioavailability significantly. In vitro
dissolution tests demonstrated that EDTA and Na caprate increased norfloxacin dissolution kinetic. However, the correlation
between bioavailability and in vitro dissolution improvement was not clearly established. So, we can conclude that the solubilizing
property of EDTA and Na caprate did not take a prominent part in norfloxacin absorption.
© 2003 Elsevier Science B.V. All rights reserved.

Keywords: Norfloxacin; EDTA; Sodium caprate; Absorption enhancer; Bioavailability; Dissolution

Many authors have attempted to improve the nor-
floxacin oral bioavailability by increasing its solu-
bility (Guyot et al., 1995; Fawaz et al., 1996) or
by the use of absorption enhancers (Aungst et al.,
1996; Robinson and Yang, 1999; Aungst, 2000).
On the other hand, norfloxacin is known to interact
with divalent and trivalent cations to give insoluble
complexes followed by a relatively large decrease in
its oral bioavailability (Alkaysi et al., 1992; Wallis
et al., 1996). In this study, we have attempted to use
chelating and solubilizing properties of two absorp-
tion enhancers, disodium ethylenediaminetetraacetate
(EDTA) and sodium caprate (Na caprate) in order to
increase oral bioavailability of norfloxacin.
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The influence of EDTA and Na caprate at different
ratios on norfloxacin absorption was evaluated after
oral administration of solid preparations to rabbits.
Aqueous solution and powder of pure norfloxacin were
used as references.

Investigations were carried out on male albinos
rabbits, weighing 2–2.5 kg, randomly assigned in six
groups (n = 6) and fasted 24 h prior to oral admin-
istration (water ad libitum). Solution of norfloxacin
(Sigma, St. Louis, USA) (10 mg/ml) was obtained by
dissolving the drug in water and adjusting the pH to
4.5 with glacial acetic acid. Hard capsules were filled
up either with powder of pure norfloxacin or with
physical mixtures of norfloxacin with EDTA (Sigma)
or with Na caprate (Sigma). Each mixture was used
in two molecular ratios, 1:1 and 1:5.

Whatever formulation, a single dose of nor-
floxacin equivalent to 10 mg/kg was given orally to
each animal. After the administration of norfloxacin
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formulations, blood samples (0.5 ml) were taken at
defined times (0, 0.5, 0.75, 1, 1.25, 2, 3, 6, 9 and 24 h)
from marginal ear vein ponction and collected in hep-
arinized tubes. Plasma was isolated by centrifugation,
frozen and stored at−25◦C. Drug concentrations
in plasma were determined by employing a HPLC
method (Myers and Blumer, 1987). Separation was
achieved at room temperature on a Nucleosil C18
(250 mm× 4.6 mm) column. The mobile phase was a
78:13:9 (v/v) mixture of 0.02 M dihydrogenpotassium
phosphate, methanol, and acetonitrile, containing
0.15% (w/v) of tetrabutylammonium hydroxide. The
pH was adjusted to 3 witho-phosphoric acid. The
flow rate was 1.6 ml/min. Fluorimetric detection was
performed with excitation wavelength at 280 nm and
emission wavelength at 430 nm.

The tmax and Cmax were extracted from data.
AUC0–24 h was calculated using the linear trapezoı̈dal
rule. Theke andt1/2 were calculated from the slope of
the linear regression line in the elimination phase of
the semi-logarithmic plot of plasma concentration ver-
sus time. Results were expressed by mean± standard
deviation. Statistical analysis was performed using
ANOVA analysis. Mean differences were considered
to be significant at levelP < 0.05.

Fig. 1. Mean plasma concentration–time profiles of norfloxacin after oral administration to rabbits of different norfloxacin investigated
preparations at a dose of 10 mg of drug per kilogram.

Dissolution studies were performed using USP
XXII apparatus (Sotax AT 7). The same hard cap-
sule formulations were tested in 1000 ml of deionized
water maintained at a temperature of 37± 1◦C. The
dissolution medium was stirred with a rotating pad-
dle (75 rpm). The aqueous solutions were filtered
and continuously pumped to a flow cell in the UV
spectrophotometer and absorbance was monitored
automatically at 268 nm. The dissolution tests were
carried out over 70 min. All experiments were carried
out in triplicate.

The in vivo results are shown inFig. 1andTable 1.
The norfloxacin mixtures with EDTA or Na caprate
in the molecular ratio of 1:1 exhibited very similar
bioavailability profiles with atmax value nearly closed
to that obtained from norfloxacin solution. When Na
caprate proportion was increased, all the evaluated
pharmacokinetic parameter values were improved.
Thus, in comparison with powder of pure norfloxacin,
there was a 1.7-fold increase ofCmax (P = 0.013)
and a 2-fold decrease oftmax (P = 0.009). Last but
not least, the inter-animal variability was considerably
reduced and so the standard error values ofCmax and
AUC0–24 h were divided by 4 as compared with those
obtained from pure norfloxacin. Surprisingly, when
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the ratio was increased to 1:5, a back action on the
pharmacokinetic parameters (except for AUC0–24 h)
was obtained from the norfloxacin:EDTA mixture.
Differences between the mean calculated AUC0–24 h
from all norfloxacin preparations as compared to
norfloxacin solution were not statistically significant.
However, it must be emphasized that intra-individual
variability from the pure powder of norfloxacin was
large. As shown inFig. 1, in the norfloxacin prepa-
rations, except powder pure product, plasma concen-
trations decreased quickly afterCmax was attained.
On the other hand, physical mixtures of norfloxacin
either with EDTA or Na caprate improvedtmax as
compared to powder of pure drug.

In order to know if the dissolution kinetics of
norfloxacin preparations were correlated with the
promoting effect of EDTA and Na caprate, disso-
lution tests were carried out. As shown inFig. 2,
both absorption enhancers improved dissolution ki-
netics. Nevertheless, Na caprate was more effective
than EDTA and dissolution kinetic increased as the
concentration of absorption enhancer increased. This
result is in agreement with those previously reported
by Fawaz et al. (1996)for norfloxacin solid disper-
sion and cyclodextrin inclusion complexes. However,
surprisingly, the best in vivo absorption kinetic in-
crease was obtained from norfloxacin:EDTA (1:1)
whereas in vitro dissolution was faster with the 1:5
mixture. Moreover, Na caprate is a better solubilizing
agent than EDTA and known as a non-ionic surfac-
tant. So, this could explain its solubilizing effect on
norfloxacin. On the other hand, Na caprate solubility
in gastric medium being poor, its in vivo effect on
norfloxacin absorption would be delayed.

All these results suggested that Na caprate, acting
by increasing intra-cellular calcium level, was more
effective on norfloxacin absorption than EDTA, which
acts by chelating extra-cellular Ca2+ and opening up
tight junction. These findings are in agreement with
those reported byTomita et al. (1996). Morishita et al.
(1993) had shown that EDTA causes more cellular
damage to the mucosa than Na caprate and so EDTA
may exhibit the best promoting effect at once in the
small intestine and in the colon. The region in the
gastro-intestinal tract where EDTA does act on the
mucosa was likely not the most useful one for nor-
floxacin absorption. Thus, results from EDTA were
finally less interesting than from Na caprate. More
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Fig. 2. Dissolution profiles of pure norfloxacin and norfloxacin mixtures with EDTA and Na caprate.

recently, according to a study on Caco-2 cell,Quan
et al. (1998)had reported that there is a good relation-
ship between the enhancement permeability of cells
and the toxic effects of EDTA and Na caprate. This
finding could explain why EDTA being less cyto-
toxic, is less effective than Na caprate on norfloxacin
absorption. However, all these results do not explain
why the promoting effect of EDTA was lower with 1:5
norfloxacin:EDTA mixture than with the 1:1 mixture.

In conclusion, EDTA and Na caprate improved nor-
floxacin oral absorption kinetic. This result is likely
due, at least in part, to their solublizing effect on
norfloxacin. The mechanisms by which both absorp-
tion enhancers promote absorption are more complex
and different for each one. EDTA and Na caprate
had a weak effect on absorption as compared with
norfloxacin pure powder so they appeared as poor
absorption enhancers for this drug. However, they
allowed to obtain blood concentration profiles after
administration of solid dosage forms similar to those
obtained from the drug solution. Finally, Na caprate
was more effective than EDTA because it improved at
once the rate and the extent of norfloxacin absorption.
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