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Summary 

A rapid isocratic technique was developed for the analysis of fluoroquinolones (pefloxacin. ofloxacin and ciprofloxacin) in 

parenteral solutions using Hugh-perf~~rrnallce liquid chron~~t[~gr~~phy (HPLC) with flu~~rimetric detection and a C ix column, The 

~v~iil~ihi~ity and co~lp~tjbility of drugs from solutions infused via plastic infusion hags through plastic ~Idmini~tr~ltion sets have been 

examined. No significant drug loss was observed during simulated infusions (pi = 4) for 1 h using PVC infusion hags and 

administration sets. No significant difference was found between infusion solutions (5% glucose or 0.9% NaCl). The stability of 

drugs was also studied in solution in PVC hags after storage at room temperature without protection from light. The results show 

the stability trf pefloxacin and ciprofloxacin during h h of storage to be satisfactory. irrespective of the infusion solution (5% glucose 

or 0.93 N&II. However. we have ohsetved more significant variations with ofloxacin in the solution of 5% glucose, but remaining 

below I Wi 

Introduction 

The ~uor~~quino~ones (Fig. 11, pefloxacin (Al, 
off oxacin (B) and ciprofloxacin (Cl, form a homo- 
geneous group not only in their chemical struc- 
ture, but also in their mechanism of action. They 
are rapidly bactericidal on sensitive strains (Wolf- 

son and Hooper, 19X5; Rolin and Bouanchaud, 
1988). Many studies have shown that this effect is 
due to an inhibitor activity of the fluoro- 
quinohmes on DNA synthesis. In contrast to what 
is observed in the majority of antibiotics where 
resistance is mostly transmitted by plasmids, bac- 
teria resist fluoroquinolones exclusively by chro- 
mosomal mutation (Courvalin et al., 1985; De- 
splace et al., 1986; Nix and Devito, 1987; Neu, 
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1(38X). In case of emergency, the injectable form 
of fluoroquinolones is used and these drugs may 
be administered by perfusion which also presents 
advantages (Barre et al., 1984; Frydman et al., 
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Fig. 1. Structures of pefloxacin (A). otloxacin (B) and 

ciproflosacin (Cl. 

1986; Lode et al., 1986). Therefore. with increas- 
ing use of continuous i.v. infusion and intermit- 
tent small-volume i.v. infusion modes of adminis- 
tration, it is imperative that the stability and the 
compatibility of fluoroquinolones in administra- 
tion vehicles and PVC containers be investigated. 
Consequently, when drugs are administered by 
continuous i.v. infusion with PVC material, 
knowledge of the rate of drug delivery to the 
patient is essential (D’Arcy, 1983). 

Previous studies (Moorhatch and Chiou, 1974; 
Kowaluk et al., 1981; Illum and Bundgaard, 1982) 

have reported the loss of certain drugs from 
aqueous solutions stored in plastic infusion bags 
for various periods of time. Generally. these losses 
have been attributed to interaction (adsorption or 
absorption) between the drug and the plastic 
infusion bag, and in some cases. may diminish the 

therapeutic response due to rcduccd drug dcliv- 
ery to the patient. Documentation of the compat- 
ibility of fluoroquinolones (Gcelcn and Waas. 
198.5: Bails ct al.. 1991; Goodwin ct al.. lYI1) 
administered by plastic infusion bags and intra- 
venous administration sets is limited. 

The present study was undertaken with the 

following objectives: (i) to survey a range of drugs 
(fluoroquinoloncs). including those presently be- 
ing administered by i.v. infusion for possible in- 

teraction with plastic infusion bags; (ii) to study 
the behaviour of thcsc drugs in simulated inI’ll- 
sion using PVC’ containcra and administration 
sets; (iii) to conform with the condition of’ infu- 
sion routinely used in hospitals (inl’usion flou 
rate, dose. volume. tcmperaturc and light); and 
(iv) to dctcrmine the differences in possible intcr- 
actions between PVC‘ containers and administra- 
tion sets, as well as the diffcrcnccs in stability ot 
the drugs in O.YG NaCl and 5’; glucose. 

A high-performance liquid chromatography 
(HPLC) method has previously been rcportcd by 
Montay and Tassel ( 1985) for the dctcrmination 
of A and by Wartich ct al. ( lCM)) for that 01’ H in 
biological fluids. With some modifications. 0111 
method allowed the rapid determination not only 
of A and B, but also of C in infusion solutions 
(5% glucose and 0.9’; NaC’I) using ;I suitable 

chromatographic column and mobile phase. 
WC have used this analytical technique to in- 

vestigatc the compatibility of the drugs with PVC‘ 
containers and PVC infusion sets both during 
simulated infusions, and during storage at room 
temperature in PVC bags. 

Experimental 

A was obtained from Roger Bellon Laborato- 
ries (Neuilly sur Seine. France) in vials of 300 
mg/S ml water. B was purchased from Diamant 



Laboratories (Puteaux, France) in vials of 200 

mg/40 ml saline solution ready for use. C was 
obtained from Bayer Laboratories (Sens, France) 
in vials of 200 mg/lOO ml water solution ready 
for use. Sodium acetate. sodium citrate acid and 
triethylamine (Rectapur) wcrc supplied by Pro- 
labo (Paris. France). Acetonitrile (HPLC grade) 
was obtained from Touzart et Matignon (Vi&y 

sur Seine. France). Injectable preparation water 
(sterile and apyrogcn) obtained from Ma- 
copharma Laboratories (Tourcoing, France) was 
used for buffers, dilutions and standard solutions. 

Chromatographic c.onditions und instrumentation 

Chromatographic analysis was performed with 
an HP 1090 high-performance liquid chromato- 
graph (Hewlett Packard, Orsay, France). 
equipped with a variable volume injector, an au- 
tomatic sampling system and an HP 1046A fluo- 
resccnce detector operating at excitation and 
emission wavelengths of 277 and 435 nm for A, 
290 and 490 nm for B and 276 and 451 nm for C. 
The output from the detector was connected to a 
Hewlett Packard 9000 model integrator and the 
data recorded on an HP Thinkjct terminal printer. 

Analysts were performed on a 5 pm C,, Inter- 
chim column (100 x 4.6 mm i.d.) (Interchim, 
Montluqon) operating at room temperature. A 
was eluted isocratically with a mobile phase con- 
sisting of acetonitrilc and buffer (triethylaminc 
0.1% adjusted to pH 3.3 with 85% phosphoric 
acid) mixture (50: 50, v/v) at a tlow rate of 2 
ml/min. B and C wcrc also eluted isocratically 
with a mobile phase consisting of acetonitrile and 
buffer (2 g of sodium acetate, 2 g of sodium 
citrate, 1 ml of triethylamine in 850 ml of water, 
pH 4.5) mixture (40: 60, v/v) at a flow rate of 1 
ml/min for B and 1.5 ml/min for C. 

For simulated infusions, we used a volumetric 
infusion pump (ref. P3000) and PVC infusions 
sets (S05, ref. 72201) obtained from Becton Dick- 
inson Laboratories, Division Vial Medical 
(Saint-Eticnne de Saint-Geoirs, France). Maco- 
flex ” PVC infusions bags containing either 5% 
glucose or 0.9% NaCl in water (250 ml) were 
provided by Macopharma Laboratories (Tour- 
coing, France). 

Prepurution of standard solutions 

To obtain standard stock solutions, A-C were 
reconstituted with distilled water. Working solu- 
tions were prepared from the standard solutions 
of A-C by suitable dilutions with distilled water 
in polypropylene tubes. Calibration curves were 

constructed between 6 and 12 pg/ml for A, be- 
tween 5 and 12.5 pg/ml for B and between 5 and 

I5 pg/ml for C. 

Simulated infusions 

Infusion of A-C to patients was carried out 
under laboratory conditions simulating those rou- 
tinely used in hospitals. For this purpose, we used 
an infusion pump and plastic administration sets. 

The respective drug concentrations in solution 
were 400 mg/250 ml (1600 pg/ml) for A, 200 
mg/250 ml (800 Fg/ml) for B and 200 mg/250 
ml (800 pg/ml) for C. The simulated infusions 
were carried out over a period of 1 h at a flow 

rate of 4.16 ml/min. 
Infusion solutions of drug were prepared in 

PVC infusion bags containing 250 ml of 5% glu- 
cose or 0.9% NaCl immediately before infusion. 

The bag containing drug was then attached to an 
administration set connected to the infusion pump 
that allowed the solution to flow through at a 
constant rate. At specified times of infusion, sam- 
ples (1 ml) were withdrawn at regular intervals 
into the PVC bags, and at the same time, an 
aliquot of effluent (1 ml) was collected from the 
administration set. Samples were kept frozen in 
polypropylene tubes at - 20°C until analysis by 
HPLC. 

All simulated infusions were carried out at 
least in duplicate (two infusions in 0.9% NaCl 
and two infusions in 5% glucose) at room temper- 
ature (20-24°C) and without protection from light. 

Storage in infusion hags 

Insofar as it was possible, we employed condi- 
tions in conformity with the drug concentrations 
normally used in hospital pharmacy departments 
for the storage of drugs in infusion bags. To 
infusion bags containing 250 ml of 0.9% NaCl or 
5% glucose solution, a known amount of drug 
was added to achieve the following concentra- 



tions which arc most often used in hospitals: A. 
1600 /*g/ml; B and C. 800 pg/ml in the hags. 

After mixing the drug in the hag by rapid 
shaking, samples (1 ml) were withdrawn at rcgu- 
tar intervals and stored in polypropylene tubes at 
~20°C until HPLC analysis. Infusion bags con- 
taining the drug were stored at room tcmpcrature 
for a period of 6 h without protection from light. 
Drug storage in these bags was carried out in 

0.9v NaCl and 5% glucose. 

Results and Discussion 

The chromatographs of the three drugs in so- 
lution obtained immediately after mixing arc il- 
lustrated in Fig. 2. (a. pefloxacin; b, ofloxacin: c. 
ciprofloxacin). Drugs were rapidly identified and 
quantified. The components were satisfactorily 
resolved by this HPLC method and had retention 
times of 1.59, 1.45 and 1.06 min (A-C, respcc- 
tively). 

Table 1 summarises the validation data of the 
assay procedure for each drug. We observed good 
linearity between peak area and concentrations. 
The calibration curves were fitted by the least- 

square method for the peak area of the sample 
substance (x) vs the concentration of the anal- 
yscd product (x 1. The correlation cocfficicnta 
were all above 0.998 and no significant diffcr- 
cnct‘s were found between the equation parame- 
ters. 

‘To assess reproducibility. the same conccntra- 
tion was analysed five times for each point of the 
calibration curves. The results demonstrate that 
this analytical method had ;tcceptable accuracy 
and precision in cvcry cast. 

The analysis of each sample was perl‘orn~ecl by 
HPLC‘ after suitable dilution in water in order to 
fit the calibration curves. Fig. 3. depicts the con- 
centration kinetics of all three drugs during simu 
latcd infusion (ti = 3). using PVC‘ infusion bags 
and sets. When solutions of A-C’ were infused 
through infusion sets fr-om PVC infusion bag\ 
over a period of I 11. the variation in drug concen- 
tration in both the PVC’ bags and effluent in no 
cast exceeded 10~; This dcmonatratcs that the 
drugs. A-C. were not sorbed by the PVC‘ infusion 
bags and sets during infusion at rocm tempera 
turc. No significant difference was observed with 
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Fig. 2. Chromatoyraphs of (a) pefloxacin. (b) ofloxacin. (c) ciprotloxacin. 

TABLE 2 

Concmtrations (mg /250 ml) of A-C in solutior~ uftcr storqe in plastic, hags at room temperutuw 

Storage 

time 

(h) 

0 

I 
2 

3 

5 

6 

Drug 

A 

Infusion solution: NaCl 

(O.YV ) 

400 

39x 

412 

407 

412 

407 

Glucore 

(SC;) 

400 

407 

406 

420 

408 

403 

B 

NaCl 

(Il.‘)%) 

200 

20 I 
21s 

209 

211 

212 

Glucose 

(Sr/; ) 

200 

200 

IX2 

188 

1x4 

IX1 

C 

N&l 

(O.Scr,) 

200 

200 

201 

19s 

200 

203 

Glucose 

(5%) 

200 

IYX 

lY2 

194 

IYX 

206 
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The analysis 01‘ each sxnple was pcrformcd b> 

HPLC after suitable dilution in water in order to 

fit the calibration curves. The concentrations of 

A-C present in solution after various periods of 

storage in PVC infusion bags at room tempera- 

ture and without protection I‘rom light arc lis~cd 

in Table 7. No significant disappearance of drug 

was observed in PVC infusion bags for A and C’. 

However, we have observed more significant vari- 

ations with B in ;I solution of 5c; glucose. but 

remaining below IOc;. On the other hand. these 

variations were not statistically significant. 

Neither precipitation of drugs, nor alteration 

or change in dour of the solution wa4 observed 

during storage at room temperature for all three 
drugs after reconstitution in PVC’ bags and ii-rc- 

spectivc of the infusion solution (0.0 NaCI or 5“; 

glucose). 

In conclusion, the HPLC proccdurc dcscribcd 

in this paper is rapid and reproducible for the 
determination of tluoroyuinoloncs in parcnteral 
solutions. The present study has cxamineci the 
kinetics of pefloxacin. ofloxacin and ciprotloxacin 
concentration during siniulatcd infusion using 
PVC infusion bags and administration sets. The 

results dcmonstratc satisfactory compatibility of 

tluoroquinoloncs wifh PVC int‘usion material (MYI- 

;I 1 h infusion period. It is likely that other drugs 

interact with PVC infusion bags and administra- 

tion sets. leading to ;I reduction in the clinical 
effectiveness of the drug. This type of study is 
important concerning the packaging of pharma- 
ceuticals in PVC containers in general, and might 
be carried out for all drugs administereti in PVC’ 
infusion bags. 
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