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An improved HPLC assay for ciprofloxacin in biological samples
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AHSTRACT A simple and sensitive high per-
formanee ligquid chromatographic method was
developed for determination of ciprofloxacin
(Cip? in 0.1 m! of rabbit and human serum
and CSF.
acid (internal standard} was achieved on Nu-

Separation of Cip and pipemidic

cleosil Cy (4. 6 mm » 250 mm ) using fluores-
cence detection with A, 274 nm and X, 118
nm. The mobile phase was composed of ace-
tonitrile and phosphate buffer 10 mmol » L'
(pH 2. 7) containing tetrabutylammonium hy-
drogen sulfate 5 mmol = L™'{18 ¢ 82, vol ¢
vol} and the flow rate was set at 1.0 ml
* min ' The retention times were 5.9 min
for Cip and 4.0 min for pipemidic acid. The
inter—day coefficient of variation was <Z6. 97 %
{a = 57 and the intra-day coefficient of varia-

tion was <7 3.33% (r = B).

The limits of
detection were 3 ng « ml~ ' serum and 5 ng
«ml™' CSF, {r == 0.9996).

this method was demonstrated with simultane-

Application of

ous measurements of concentration-time pro-
files of Cip in rabbit serum and CSF during iv
infusions at constant rates of 0. 33, 1.0, and
2.5mg kgt hL

KEY WORDS
liquid chromatography; pharmacokinetics
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Ciprofloxacin (Cip?} is a new fluoro-
quinolone antibiotic, which exhibits excellent
activity against a broad spectrum of bacteria
and is highly effective in the treatment of a

wide variety of infectious diseases. The mini-
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mum inhibitory concentrations {MIC) of Cip
ranges from 0. 008 to 2.0 pg » mi~'™*. For
pharmacokinetic studies in tissue sites where
sample volume is small and where drug pene-
tration is poor. it is necessary that the method
of analysis be quite sensitive, requiring small
sample volumes and be extremely accurate.
Unfortunately most of the existing assays do
not meet this criteria. Among the high-per-
CHPLC )

methods of analysis for Cip in biclogical flu-
ids[ﬂ—lﬂj

formance liquid chromatographic

+ nearly half of these methods did not
use internal standards. The detection limits
of most of these methods were above 0. 01 ug
« mi™', which do not make them useful for
measuring Cip concentration around the MIC.
1n addition, all of these methods need a sam-

ple size of 0. 2 — 0.5 ml. 1n this article, we

described an improved HPLC assay for Cip in
biological fluids and its application in the de-
termination of Cip pharmacckinetic curves in
rabbit serum and CSF during iv infusion.

MATERIALS AND METHODS

Chemnlcals and reagents Cip standard powder.,
pipemidic acid (internal standard } and tetrabutylam-
monium hydrogen sulfate were obtained from Sigma
Chemical Co- HPLC-grade acetonirrile and dichloro-
methane wete purchased from Mailinckrodt Specialty
Chemical Co. ©Other chemicals and reagents wers all
of analytical grade. Deionized HPLC grade water was
used throughout the expariments.

Chromatographle condlilon The chromato-
graphic system consisted of a Waters 510 solvent deliv-
ery pump. a WISP 7T10A automatic injéctor,a Waters
730 data module, and a Kratos 980 programmable flu-
orescence detector. Separation was accomplished on a
Nucleosil C,s column (4. 6 mm X 250 m‘m + Alltech As-

sociates , Inc), Detection was at an excitation wawve-
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length of 274 nm and an emission wavelength of 418
nm with a sensitivity of 0. 005 AUFS. The mobile
phase was composed of acetonitrile and phosphate
buffer 10 mmol = L™ (pH 2.7) containing tetrabutyl-
ammonium hydrogen sulfate 5 mmol « L' (18 = 82,
vol : vol). The flow rate was set at 1 ml * min~",

Sample preparation 20 ul of pipemidic acid (0.3
ugd. the internal standard . was added to 100 ul of hu-
man or rabbit serum or CSF in a2 1. 5 ml polypropylene
120 ut of MNa S0, solution
(259%) and 20 pl of deionized water were then added

to the tube.

micto-centrifuge fube-

After mixing for a few seconds on a vor-
tex mixers, 1. | ml of CH,Cl: was added to each sam-
ple. The biphase mixture was shakep for 10 min on a
Eberbach shaker, and then centrifuged for 7 min arc
1000 < g.

phase was completely transferred to a second micro-

After separating the 2 layers, the organic

centrifuge tube. and gently brought to dryness by
flowing owver the sample at 55 T. The sample was re-
constituted with 75 pl of mobile phase on a vortex
mixer for 30 5. 40 pl of the reconstituied sample was
injected onto the column via the automatic injectar.

A standard

stock solution of Cip was prepared in HPLC grade wa-

Establishment of standurd curves
1er at a concentration of 32 pg - ml™ ). This stock so-
lution was further diluted with water. pooled rabbit
gerum or CSF to get conceniTations of 6400. 3200,
1640, 800, 400, 100, 50, 25, 12.5, 6.25 ng - mt™'
in setum, or 800, 400, 100, 50, 25, 12.5, 6.25 ng
* mi~" in CSF.
standard curves were constructed. One served for the

In these conceniration ranges. 2

concentration range from 6400 to 100 ng « ml™" for
serum samples or from 800 1o 50 ng * ml™"' for CSF
samples, and the other, from 10010 6. 25 ng * mt ' or
50 to 6.25 ng - mI™', in serum and CSF respectively.
The standard curves were freshly prepared each day.
For quality control purposess 2 “check ™ samples for
each curve were prepared independently. The concen-
trations of "check™ samples for the first standard curve
were 12.5 and 50 ng < mt~’ for both serum and CSF
gsamples) and those for the second were 200 and 1600
ng * m1~! for serum samples, and 100 and 400 ng
» ml~' for CSF samples- Concentrarions of Cip in
rabbit serum and CSF were calculated from the stan-
dard curves constructed by plotting the ratio of the
peak area for Cip to that for the internal standard

against the labeled concenirations. When serum or

C5F samples had Cip concentrations higher than the
highest point of the standard curve, the samples were
diluted with pooled rabbit serum or CSF.

Vaiidation procedures To 1est the inter-day re-
producibility. 5 aliquots of each check sample (for
both serum and CSF) were assayed one by one on 5
consecutive days. For intra-day reproducibilicy, 5
atiguots of the serum check sampies of 50 and 200 ng
* ml~' and the CS5F check samples of 50 and 400 ng
* ml™" were analyzed on the same day. Accuracy and
precision were evaluated by calculating the recovery
wvalues from the standard curve and the coeflicients of
variation (C1°) among the aliquots . respectively.

Sampiing Six Mew Zealand white rabbits with
neutropenia (white blood cell count <3 23X 10° L—")
weighing 2. 4+ 0.3 kg were anesthetized with iv ure-
A metal cannula (0. 6 mm X 35

mm )} was introduced into the cisterna magna through

thane 1.5 g * kg™ "'

the atlanto-occipital membrane with a 3-dimensional
geared iptroducer and maintained ip the position with
dental acrylic (Lang dental MFG Co Inc. Wheeling
1L >. An iv catheter needle was inserted into a
At 9 h after infro-
duction of the cannuala. the animals were infused with
Cip (Miles Pharmaceuticals . West Haven CT. USA)
through a marginal ear vein ar a tate of 0. 33, 1. 0and

marginal ear artery for sampling.

2.5 mg - kg™ - h™!, respectively. The serum and
CSF samples were collected periodically from the ap-

propriate cannula and stored at —20 C until assay.
RESULTS

Chromatography Typical chromato-
grams resulting from serum and CSF are
shown in Fig 1. Both Cip and the internal
standard appeared as sharp and well-resolved
peaks with retention times of 5.9 and 4.0
min, respectively. During the analysis of sam-
ples, no interference due to endogenous sub-
stances was detected. The limits of detection
of the assay were 3 ng * mi™ ! for serum and 5
ng » ml~’ for CSF resulting in a signal-noise
ratio of 4 ¢ 1.

Accuracy and reproducibility The stan-
dard curves for serum and CSF within all the
concentration ranges studied were linear {(r_=

0.9995), The inter-day CF were <6.97%;,
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Flg I. Chromatograms for rabbit CSF containing

clprofloxacin {Cip} 0 (a). 25 (b}, and 8. I pg * m1 ™'
{¢?. human serum containing Clp 0 {d), and &. 25 ng
» mi~'(e). water solutlon of Cip 100 ng » mL™' ().
rabblt serum containlog Clp 0 (g). 8. 25 (h),s and LTI
ng * mi (L.

the intra-day € <Z3.33%, and the variation
in the percentage recovery was <_7. 04% (Tab
13.

Tab I. HPLC for ciprofloxacin ln rabbits (n="35).

Added/ng * ml™"'  Recovery/% ol /%
inter-day
Serum 1. 26 93. 4 4. 94
50 92. 6 5.74
200 145. 6 6. 20
1 600 103.5 6. 80
CSF 1.25 99.5 4. 42
50 98. 2 5.83
100 103. 2 6. 97
400 9B. b 4. 52
Intra-day
Serum 50 99. 4 2.61
200 100. 7 1. 06
CSF 50 101. 2 3.338
100 98. ¢ 2.08

Rabbit Iv Cip pharmacokinetic curves
The concentration-time profiles of Cip in the

serum and CSF of 3 rabbits during iv infusion
at 3 different rates were shown in Fig 2. The
measured Cip serum concentration ranges
were 1254— 4359, 605.3— 1399, and 198. 8—
234.5 ng « ml1~?, and the CSF concenttation
ranges. 04.6-—516.4, 7.7—87.2, and 1.9—
10.1 ng » ml~’. respectively. It was found
that this HPLC method offers a ng » ml~’ level
of quantitative measurement and could be used
for direct determination of the Cip concentra-
tions using infusion rates from 2. 5to 0. 33 mg
kg’ hth
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Fig 2. Cip concentratlon in rabblt serum (solid) and
CSF (open) during Iv Infusion of 2.5 (]}, L. 0 (A),
or .33 (N mg kg™ . (n=13).

DISCUSSION

Presently, the factors influencing the
therapeutic activity of antibiotics is still limit-
ed”" and under study. These factors are re-
lated not only to the complex interaction
among the hosts, microoganisms and antibi-
otics , but also to the difficulty in the accurate
determination of drug concentrations at the
site of infection™®’. The HPLC assay of Cip
developed here offers a ng * ml™! level sensi-
tivity and requires only a microliter of sample
volume. Thus it provides a simple. sensitive
and accurate analytical method for the phar-
macokinetic and pharmacodyn:amic study of

Cip, especially in CSF samples. In addirtion.
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since the sample volume is only 0.1 ml at
most, it allows the experiment to be carried
out in animals without depleting their normal
physiological pool of CSF. This insures that
the results are mote reliable and accurate than
those experiments where the CSF pool is
abnormally low.

Cip is one of the drugs with strong fluo-
rescence. Compared with uv detection. fluo-
rescence detection provides not only a higher
In de-

veloping this assay method . it was found that

sensitivity but also higher selectivity.

the peak of maximal absorbance of Cip in the
mobile phase desecribed in the procedure was

274 nm which iz slightly shorter than 277 and

278 nm reported in the literature®:5-310-11-131

The maximal fluorescence was obtained at 418
nm without any interferences compared with

the reported emission wavelength (= 445

nm #1111 Eyurthermore . it was observed

that the glass surface absorbed Cip and facili-
tated the degradation of Cip under light. As
a result. any contact of Cip with glass should
be avoided throughout the assay procedures.
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Protective effect of dipfluzine on experimental brain edema in rats

WANG Yong-Li. HE Rui-Rong' (Department of Pharmacology . ' Department of Physwology .
Hebe: Medical College., Shijiazhuang 030017, China)

ABSTRACT The effects of dipfluzine (1-
diphenylmethyl -4 - { 3- { 4 - fluorobenzoyl ? } -
piperazine, Dip}, a new calcium antagonist
developed in China. on experimental brain
edema in § Wistar rats with bilateral carotid
artery ligation were compared with those of
Dip 25— 100 mg - kg 'ip
protected the rats against the characteristic

cinnarizine (Cin ).

signs of global cerebral ischemia that correlate
well with the development of brain edema.
lts effects were more potent than those of
Cin; and the effects of both drugs were motre
potent by both pretreatment and posttreat-
ment than those by posttreatment alone. Dip

1

50 mg - kg™’ ip attenuated the reduction in
cerebral blood flow (CBF7 and the infarct size
after occlusion, but did not alter CBF before
ischemia. These findings suggested that Dip
may be potentially useful to treat ischemic
brain edema in part by preserving CBF in the

ischemic zone.

KEY WORDS
cerebral infarction; brain edema

dipfluzine; cinnarizine;
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Brain edema is a serious complication in
acute cerebrovascular disorders. yet there are
few drugs available for its therapeutic inter-
Dipfluzine {1l-diphenylmethyl-4-(3-
{4-fluorobenzoyl ) )-piperazine. Dip}. a novel

vention.

diphenylpiperazine calcium channel blocker
first developed by Department of Chemistry,
Beijing University. has been demonstrated to
possess selective and more potent dilatory ef-
fects on cerebral vessels than cinnarizine (Cin)

did @ vttro and in e .

Accordingly. Dip
may be of prophylactic or therapeutic value for
ischemic brain edema. The present study was
to evaluate the therapeutic effects of Dip and
Cin for experimental brain edema induced by
bilateral common carotid artery ligation in ¥

Wistar rats.
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