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Our aim was to apply high-performance liquid chromatography method for quantitative evaluation of the
total amount of sparfloxacin (SPA) immobilized on the surface of the antimicrobial urological catheters.
The amounts of SPA bound to catheter were determined indirectly on the basis of the differences in SPA
concentrations before and after the immobilization process (they have been shown to vary from 0.11 to
5.66 mg/g of catheter). We estimated the immobilization yield, which altered from 14% to 70% depending
on the SPA concentration used. As in vitro release studies show, the antibiotic binds to the catheter matrix
in two modes: relatively stable covalent bond and weak non-covalent bond. Antibacterial activity of the
modified catheter samples with SPA was controlled by using the zone of inhibition test against gram
positive and gram negative bacteria.

1. Introduction

Urinary tract drainage using catheters represents a fundamental
aspect of urological practice. Putting these medical devices into
a patient’s bladder can lead to serious problems that limit their
function, such as urinary tract infections, incrustation, patient
discomfort and difficulties associated with catheter removal.
Fluoroquinolone antibiotics, administered orally, are widely
used in the treatment of urinary tract infections which are
predominantly caused by Escherichia coli and other Enter-
obacteriaceae, as well as by Staphylococci, Enterococci and
non-fermenting bacteria such as Pseudomonas spp. These
antibiotics are highly potent, broad–spectrum agents which pen-
etrate bacterial cell walls and inhibit bacterial DNA gyrase
activity, rapidly killing bacteria or preventing their growth
(Kuhlmann et al. 1998; Sharma et al. 2009). However, clinical
and in vitro data suggest that certain antibiotics including fluo-
roquinolones eradicate the planktonic microorganisms from the
urine but do not eradicate the biofilms that adhere to devices.
In complicated catheter-associated urinary tract infections, the
susceptibility of the pathogens is several times lower when com-
pared to the planktonic cells or pure culture cells. Therefore, it is
necessary to use several times higher concentration of antibio-
tics to effectively overcome biofilm infections (Pascual 2002;
Tenke et al. 2006; Reid 1999; Choong et al. 2001; Nicolle 2005;
Yassien et al. 1995).
Despite the current lack of a completely biofilm-resistant
catheters, the ongoing research for new antibacterial devices is
promising. In several in-vitro studies, Stickler and associates
(Jones et al. 2006) have shown that the filling of the retention
balloons of urinary catheters with the antibacterial agent
triclosan prevents the biofilm formation and incrustation
processes.
Antimicrobial activity of the catheters has been achieved also
by covering the catheter surface with silver and other metals

(Johnson et al. 1990; Roe1 et al. 2008; Sekiguchi et al. 2007;
Yao et al. 2008) or by controlled release antimicrobial agents or
antiseptics incorporated into the catheter material (Baveja et al.
2004; Reid et al. 1994; DiTizio et al. 1998; Raad et al. 1996;
Chaiban et al. 2005; Hachem et al. 2009).
We have previously reported on the development of
antimicrobial urological catheters using the mixed, cova-
lent and non-covalent binding of fluoroquinolone antibiotic,
sparfloxacin, to heparin film applied on its silicone-coated latex
surface (Kowalczuk et al. 2010).
The purpose of the present study was to evaluate the application
of HPLC method as a tool for the quantitative evaluation of
the total amount of sparfloxacin immobilized on the surface of
the developed antimicrobial urological catheters, as well as for
the evaluation of the in-vitro release of SPA from the modified
catheter surface while controlling the antimicrobial activity of
the tested catheter samples.

2. Investigations, results and discussion

The presence of heparin layer with sparfloxacin on the catheter
surface was confirmed using the scanning electron microscopy
and ATR-FTIR analysis (Kowalczuk et al. 2010). The catheter
surface changes during the surface modification using two meth-
ods, named as method 1 and method 2 (Ginalska and Kowalczuk
2011), were also observed under ultraviolet light at 366 nm. The
untreated latex samples and SPA-treated samples were visible
as green fluorescent surfaces, but in the case of samples with
SPA the fluorescence observed was more intensive. The sam-
ples coated with heparin appeared as fluorescence-quenched
surfaces.
The HPLC method (Kowalczuk et al. 2011) with small modifica-
tions was adopted for the quantitative assessment of SPA binding
to the HP-coated catheter surface modified using method 1 and
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Fig. 1: Typical chromatograms obtained for the solutions before (sample A) and
after (sample B) immobilization at initial SPA concentration of 1.0 mg/ml.

method 2. The total amount of SPA attached to the catheter sur-
face via relatively stable covalent imine bond and other weak
non-covalent bonds was determined using the HPLC method.
This method allowed to estimate the release of SPA from the
modified catheter surface as well.
The linear calibration curve (Mandel’s linearity test:
TV = 1.01 < F99%, (1,15) = 8.68) was constructed by plot-
ting the peak areas of SPA standard solutions versus the
concentrations in the range of 20.0–0.625 �g/ml and was
expressed by the following equation: y = 96999.7 (± 1236.9)
x + 10571.1 (± 11660.2) with correlation coefficient of 0.999.
The total amount of SPA bound to the modified catheter surface
via the mixed-type bonds were calculated on the basis of the
differences in SPA concentrations in the solutions prepared for
immobilization and obtained after this process. The exemplary
overlapped chromatograms obtained for the solutions before
and after immobilization are illustrated in Fig. 1. The results
achieved during optimization of the immobilization process are
summarized in Table 1. The bound amounts of SPA as a func-
tion of the initial SPA concentrations is shown in Fig. 2. As it
can be observed (Table 1, Fig. 2), the quantities of SPA attached
to the catheter changed concurrently with the changes in the
antibiotic concentrations in solutions used for immobilization.
The immobilization of SPA increased progressively with the
initial SPA concentration. The saturation was finally obtained at
SPA concentration of 1.0 mg/ml, with the attachment of approx-
imately 5.66 mg SPA per 1 g of catheter (method 1). In case of
method 2, the immobilization of SPA increased as the initial
SPA concentration increased in the range from 0.1 to 2.0 mg/ml
with tendency for the saturation at SPA concentration above
1.0 mg/ml (a attachment of approximately 2.5 mg SPA per 1 g of

Fig. 2: Influence of SPA concentration in the solutions used for immobilization on
the SPA amount attached to the catheter matrix for both immobilization
methods.

catheter). The immobilization yield (Table 1, Fig. 3), expressed
as percentage of SPA associated with the matrix compared to
initial SPA concentration of 1.0 mg/ml, was found to be at an
average of 56% for method 1 and 31% for method 2.
The immobilization methods allowed to create covalent bonds
between SPA and the modified surface of catheter. The non-
covalent interactions of SPA with the heparinized surface such
as physical adsorption, ionic interactions, hydrogen bond, turned
out to be possible under the immobilization conditions applied.
The affinity of SPA to the heparinized catheter depends on the
matrix hydrophilicity which is related to the functional groups
capable of specific interactions with this antibiotic. In case of
heparin, which contains acidic sulphate groups and hydroxyl
groups in its polysaccharide chain, ionic interactions and hydro-
gen bond interactions can take place. Via its amino groups, SPA
can create acid-base interactions with the heparinized catheter.
The release of SPA incorporated into the catheter matrix
was tested by carrying out washings with numerous portions
of different solvents (water, sodium chloride solution, phos-
phate buffers at pH 3.2 and at pH 8.5). The amount of SPA
released intra-day gradually decreased with each successive
washing, finally reaching the detection limit of the HPLC
method (LD = 0.02 �g/ml). The smallest quantity of the drug
was released to water (0.85–1.25%), while its greatest quan-
tity was released to the basic medium (4.58–6.85%) (Table 2).
The amount of SPA remaining on the modified catheter surface
after washing was calculated from the difference between the
total amount of SPA immobilized into the matrix and the total
amount of the antibiotic determined in the washings (Table 2).
The inter-day release of SPA (every other day, for more than
month) proceeded in the similar way, but with greater deviations

Fig. 3: The yields of immobilization process obtained for method 1 and method 2
versus initial SPA concentrations. Data are representative of means ± SD of
five independent tests.
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Table 1: Evaluation of the immobilization of sparfloxacin (SPA) at various concentrations according to method 1 and method 2 with
use of HPLC method; solution before (solution A) and after (solution B) immobilization

Samples Solution A (mg/ml) Solution B (mg/ml) SPA amount (mg/piece) attached to catheter (mg/g catheter) Immobilization yield (%)

Method 1
S1 2.1249 1.5614 0.5635 ± 16.08* 5.2233 26.52
S2 1.0854 0.4778 0.6076 ± 7.62* 5.6600 55.98
S3 0.5123 0.1488 0.3635 ± 2.95* 3.6419 70.96
S4 0.0969 0.0518 0.0451 ± 11.63* 0.4437 46.57

Method 2
S1 2.1249 1.5030 0.6219 ± 13.18* 4.4142 29.27
S2 1.0854 0.7510 0.3345 ± 5.69* 2.5356 30.81
S3 0.5123 0.3370 0.1753 ± 18.08* 1.3590 34.21
S4 0.0969 0.0830 0.0139 ± 28.65* 0.1126 14.39

* average value ± RSD% for n = 10

Table 2: Intra-day release study of sparfloxacin (SPA), immobilized on the catheter according to method 1 (M1) and method 2 (M2),
to the different media by HPLC method

Medium Total amount of SPA attached to catheter Amount of SPA released from catheter Amount of SPA remained on catheter

(mg) (mg) (%) (mg) (%)

Water M1 0.6254 0.0078 1.25 0.6176 98.72
M2 0.3029 0.0026 0.85 0.3003 99.15

NaCl M1 0.5283 0.0082 1.55 0.5201 98.45
M2 0.3458 0.0030 0.87 0.3428 99.13

Phosphate M1 0.6254 0.0424 6.85 0.5829 93.15
buffer pH 8.5 M2 0.3387 0.0152 4.58 0.3235 95.42
Phosphate M1 0.5943 0.0119 2.01 0.5823 97.99
buffer pH 3.2 M2 0.3552 0.0137 3.79 0.3416 96.21

from the trend line (Fig. 4). It was found that the total amount of
SPA released to washing solvent, after 40 days, varied from 63.0
to 166.1 �g (that is 6.86–18.08%), depending on the washing
solvent used, immobilization method or size of catheter sample.
The biggest quantity of the drug was released in the first washing
and the significant part of the drug was released in the initial five
washings. The release study showed that a relatively inconsid-
erable fraction of the total amount of the initially attached SPA
was released, hence it can be concluded that SPA attachment to
the modified surface of catheter is relatively stable.
The HP-coated SPA-attached catheter can be categorized as an
antibiotic carrier. Taking this fact into account, the release pro-
file was tested using the phosphate buffer solution at pH 5.5
(pH of urine) as the dissolution medium. As shown in Fig. 5, the
release of SPA from the carrier increased progressively, show-

Fig. 4: The inter-day release of SPA from the modified catheter to the different
washing solutions (μg SPA/ml of washing solution); sample = the modified
catheter piece with SPA; logarithmic scale.

ing a tendency for the stabilization. It was found that the average
amount of SPA released to 1 ml of phosphate buffer, after 3 h,
was 0.282 �g (it is 0.035%) for method 1 and 0.054 �g (it is
0.011%) for method 2. Similarly as in the test described above,
a relatively small fraction of the total amount of the initially
attached SPA has been released.
Antibacterial activity of the test catheter samples against E. coli,
S. epidermidis and S. aureus strains at each stage of its prepara-
tion and during release was examined using plate antimicrobial
test. The obtained effects are shown in Fig. 5 (A, B and C, respec-
tively). The zones of inhibition, on Mueller Hinton agar, around
the catheters modified in a solution of 0.1 mg SPA/ml (samples
S4, containing an average of 0.05 mg of SPA) were 18–36 mm.
In the case of the catheters modified in a solution of 1.0 mg
SPA/ml (samples S2, containing an average of 0.6 mg of SPA),
the inhibition zones were 32–42 mm (the similar results were
obtained previously, Kowalczuk et al. 2010). Catheters without

Fig. 5: In vitro release of SPA as a function of time at pH 5.5 observed for both
immobilization methods.
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Fig. 6: Inhibition zones around the test samples as their effect against E. coli (A), S.
epidermidis (B) and S. aureus (C) strains; SPA-HP samples obtained after
immobilization in SPA solutions of 1 mg/ml (S2) and 0.1 mg/ml (S4), HP test
samples (H), the untreated samples as control (C).

antibiotic showed no zone of inhibition against all tested strains,
similarly to the catheters coated with heparin and oxidized (with-
out antibiotic), with the only exception of small inhibition zone
against E. coli strain. Judging from the dimensions of inhibition
zones of bacterial growth around antibiotic-containing catheter
samples, it can be concluded that the release of SPA depends on
the total amount of the SPA attached as well as on the strength
of the antibiotic-catheter binding. Results demonstrate also a
slightly higher activity of SPA against the gram-negative E. coli
than against the gram-positive S. aureus and S. epidermidis.
In conclusion, the HPLC method was applied for the quantitative
evaluation of the total amount of SPA attached to the matrix
of the developed antimicrobial urological catheter via mixed,
covalent and non-covalent bonds. The studies of the SPA release
from HP-coated SPA-attached surface proved that the binding
of SPA is relatively stable. The SPA release from the modified
catheter proceeded gradually while maintaining antimicrobial
activity against E. coli, S. aureus and S. epidermidis. Despite
intensive washing, the significant part of SPA immobilized via
covalent bonds remained on the catheter. This characteristics
of the drug release guarantees the effective protection against
infections.

3. Experimental

3.1. Materials and chemicals

Pure sparfloxacin (SPA) was obtained from Rhōne-Poulenc Rorer. Hep-
arin sodium salt (HP) and all other reagents used for the immobilization
process were obtained from Sigma-Aldrich Co. Foley urinary catheters of
a natural latex coated with silicone fluid (Tyco Healthcare/Kendall, UK)
were obtained from a local medical supplier (Skamex, Poland). Methanol,
acetonitrile (both of HPLC grade) and all other reagents and solvents of ana-
lytical grade were obtained from POCh (Poland). Mueller-Hinton agar from
Oxoid (UK). The water used in the experiments was double–distilled. Phos-
phate buffer solution (0.1 M) was prepared by dissolving 13.6 g of potassium
dihydrogen phosphate in 500 ml water, adjusting the pH to 3.2 with phospho-
ric acid, or to 5.5 and 8.5 with sodium hydroxide and making up to 1000 ml
with water. Sodium chloride solution (0.1 M) was prepared by dissolving
5.8 g of sodium chloride in 1000 ml of water.

3.2. Preparation of the test catheter samples

The test catheter samples were prepared according to the procedure
described in a Polish Patent (Ginalska and Kowalczuk 2011). Briefly, the
catheter segments of about 0.5, 1.0 or 2.0 cm in length were coated with hep-
arin and then modified using two immobilization methods. In the method 1,
the heparin-coated surfaces were directly oxidized and coupled with SPA
in organic medium to form a Schiff base. In the method 2, the heparin-
coated surfaces were activated with glycidol to introduce the diol groups,
then oxidized and linked with SPA in organic medium to form a Schiff base.
In order to optimize the immobilization process, HP-coated and oxidized
samples were subjected to impact of SPA solutions in different concentra-
tions of 2.0 mg/ml (S1), 1.0 mg/ml (S2), 0.5 mg/ml (S3), 0.1 mg/ml (S4).

3.3. HPLC determination of total amount of the immobilized
sparfloxacin

Chromatographic analysis was carried out at �=300 nm (spectrophotometric
(UV) detection) and at �ex 290 nm/�em 530 nm (fluorescence (FL) detec-
tion) on a Waters HPLC system (USA) equipped with a Nova-Pak® RP-18
(3.9 mm × 150 mm, 5 �m) column, using a mixture of acetonitrile-
methanol-water-85% phosphoric acid (25 : 25 : 50 : 0.025, v/v/v/v) as mobile
phase at a flow rate of 1.0 ml/min.
The calibration solutions in concentrations of 0.625 �g/ml, 1.25 �g/ml,
2.5 �g/ml, 5.0 �g/ml, 10.0 �g/ml i 20.0 �g/ml were prepared by appropri-
ate diluting the stock SPA with mobile phase in concentration of 100 �g/ml.
The SPA solutions prepared for the immobilization process (S1–S4) and
the SPA solutions obtained after the immobilization process were diluted
1:100 with the mobile phase and were subjected to HPLC analysis using
UV-detection, and FL-detection for the control. The concentrations of SPA
in the tested solutions were calculated from the calibration equation after
multiplying by the dilution factor.

3.4. Release study in vitro

The studies of SPA release from the HP-coated SPA-attached surface were
carried out through washing, under vigorous stirring, in various washing
solutions and evaluating the amount of the released antibiotic in the washing
solutions by UV-FL HPLC.
Intra-day release study. The SPA-treated catheter segments were immersed
in 2 ml of a washing solution (distilled water, sodium chloride solution,
phosphate buffer solution at pH 3.2, or phosphate buffer solution at pH 8.5)
and were shaken repeatedly every 30 min with new portion of the washing
solution. The drug released to washing solution was determined directly
(without diluting). The experiment was conducted three times.
Inter-day release study. The SPA-treated catheter segments were immersed
in 10 ml of washing solution (distilled water, sodium chloride solution, phos-
phate buffer solution at pH 3.2, or phosphate buffer solution at pH 8.5) and
were repeatedly shaken every second day, for 40 days, with the washing
solution changed after each shaking. The drug released to washing solution
was determined directly (without diluting). The experiment was repeated
three times.

3.5. Release profile

The drug release study was carried out using a paddle apparatus (Distek,
USA) at pH 5.5, at the temperature of 37 ◦C and at rotation speed of 75 rpm.
The modified catheter segments with SPA were immersed in 500 ml of the
phosphate buffer solution as the dissolution medium. Samples (1 ml) were
withdrawn from each recipient at definite time intervals and replaced with
the same volume of fresh phosphate buffer solution previously heated to
37 ◦C for compensating the sampling. The dissolution study was carried out
for three samples. The amount of SPA in solution samples was determined
chromatographically.

3.6. Microbiological test

Antibacterial activity of the test catheter samples (S1–S4) against Echerichia
coli (ATCC 25992), Staphylococcus aureus (ATCC 25923) and Staphylo-
coccus epidermidis (ATCC 12228) strains at every stage of its preparation
were controlled using procedure described previously (Kowalczuk et al.
2010). Briefly, the samples were placed on the agar plates containing the
appropriate bacterial test strain (1.5 × 108 CFU/ml) and then incubated at
37 ◦C for 24 h. Thereafter, the inhibition zones of microbial growth produced
around the catheter segments were observed.

Acknowledgement: This research was supported by a grant from the Polish
Ministry of Science and Higher Education (grant number N N405 385037).
The paper was developed using the equipment purchased within the Project
“The equipment of innovative laboratories doing research on new medicines
used in the therapy of civilization and neoplastic diseases” within the Oper-
ational Program Development of Eastern Poland 2007–2013, Priority Axis
I Modern Economy, Operations I.3 Innovation Promotion.

References

Baveja JK, Willcox MD, Hume EB, Kumar N, Odell R, Poole-Warren LA
(2004) Furanones as potential anti-bacterial coatings on biomaterials.
Biomaterials 25: 5003–5012.

Chaiban G, Hanna H, Dvorak T, Raad I (2005) A rapid method of impreg-
nating endotracheal tubes and urinary catheters with gendine: a novel
antiseptic agent. J Antimicrob Chemother 55: 51–56.

Choong S, Wood S, Whitfield H (2001) Catheter-associated urinary tract
infection and encrustation. Int Antimicrob Agents 17: 305–310.

Pharmazie 67 (2012) 23

http://www.ingentaconnect.com/content/external-references?article=0924-8579()17L.305[aid=6184972]
http://www.ingentaconnect.com/content/external-references?article=0305-7453()55L.51[aid=9811841]
http://www.ingentaconnect.com/content/external-references?article=0142-9612()25L.5003[aid=8533451]


ORIGINAL ARTICLES

DiTizio V, Ferguson GW, Mittelman MW, Khoury AE, Bruce AW (1998) A
liposomal hydrogel for the prevention of bacterial adhesion to catheters.
Biomaterials 19: 1877–1884.

Ginalska G, Kowalczuk D inventors (2011) A method of antibacterial matrix
obtainment via immobilization of chemotherapeutic agent onto bioactive-
surface. Polish Patent No 208173.

Hachem R, Reitzel R, Borne A, Jiang Y, Tinkey P, Uthamanthil R, Chandra
J, Ghannoum M, Raad I (2009) Novel antiseptic urinary catheters for
prevention of urinary tract infections: correlation of in vivo and in vitro
test results. Antimicrob Agents Chemother 53: 5145–5149.

Johnson JR, Roberts PL, Olsen KA, Moyer KA, Stamm WE (1990) Pre-
vention of catheter associated urinary tract infection with a silver oxide
coated urinary catheter: clinical and microbiologic correlates. J Infect Dis
162: 1145–1150.

Jones GL, Muller CT, O’Reilly M, Stickle DJ (2006) Effect of triclosan
on the development of bacterial biofilms by urinary tract pathogens on
urinary catheters. J Antimicrob Chemother 57: 266–272.

Kowalczuk D, Ginalska G, Golus J (2010) Characterization of the developed
antimicrobial urological catheters. Int J Pharm 402: 175–183.

Kowalczuk D, Ginalska G, Gowin E (2011) Development and comparison
of HPLC method with fluorescence and spectrophotometric detections
for determination of sparfloxacin. Annales UMCS, DDD Pharmacia, 24:
163–169.

Kuhlmann J, Dalhoff A, Zeiler H-J (1998) Quinolone Antibacterials.
Springer-Verlag, Berlin, Heidelberg.

Nicolle LE (2005) Catheter-Related Urinary Tract Infection Drugs. Aging
22: 627–639.

Pascual A (2002) Pathogenesis of catheter-related infections: lessons for
new designs. Clin Microbiol Infect 8: 256–264.

Raad I, Darouiche R, Hachem R, Mansouri M, Bodey GP (1996) The broad-
spectrum activity and efficacy of catheters coated with minocycline and
rifampin. J Infect Dis 173: 418–424.

Reid G (1999) Biofilms in infectious disease and on medical devices. Int J
Antimicrob Agents 11: 223–226.

Reid G, Sharma S, Advikolanu K, Tieszer C, Martin RA, Bruce
AW (1994) Effects of ciprofloxacin, norfloxacin, and ofloxacin on
in vitro adhesion and survival of Pseudomonas aeruginosa AK1
on urinary catheters. Antimicrob Agents Chemother 38: 1490–
1495.

Roe1 D, Karandikar B, Bonn-Savage N, Gibbins B, Roullet J-B (2008)
Antimicrobial surface functionalization of plastic catheters by silver
nanoparticles. J Antimicrob Chemother 61: 869–876.

Sekiguchi Y, Yao Y, Ohko Y, Tanaka K, Ishido T, Fujishima A, Kubota Y
(2007) Self-sterilizing catheters with titanium dioxide photocatalyst thin
films for clean intermittent catheterization: Basis and study of clinical
use. Int J Urol 14: 426–430.

Sharma PC, Jain A, Jain S (2009) Fluoroquinolone antibacterials: a review
on chemistry, microbiology and therapeutic prospects. Acta Pol Pharm
Drug Res 66: 587–604.

Tenke P, Kovacs B, Jäckel M, Nagy E (2006) The role of biofilm infection
in urology. World J Urol 24: 13–20.

Yao Y, Ohko Y, Sekiguchi Y, Fujishima A, Kubota Y (2008) Self-sterilization
using silicone catheters coated with Ag and TiO2 nanocomposite thin film.
J Biomed Mater Res Part B Appl Biomater 85: 453–460.

Yassien M, Khardori N, Ahmedy A, Toama M (1995) Modulation of
biofilms of Pseudomonas aeruginosa by quinolones. Antimicrob Agents
Chemother 39: 2262–2268.

24 Pharmazie 67 (2012)

http://www.ingentaconnect.com/content/external-references?article=0066-4804()39L.2262[aid=684411]
http://www.ingentaconnect.com/content/external-references?article=0066-4804()39L.2262[aid=684411]
http://www.ingentaconnect.com/content/external-references?article=0724-4983()24L.13[aid=9811843]
http://www.ingentaconnect.com/content/external-references?article=0919-8172()14L.426[aid=9811845]
http://www.ingentaconnect.com/content/external-references?article=0305-7453()61L.869[aid=9811846]
http://www.ingentaconnect.com/content/external-references?article=0066-4804()38L.1490[aid=4855288]
http://www.ingentaconnect.com/content/external-references?article=0924-8579()11L.223[aid=9811847]
http://www.ingentaconnect.com/content/external-references?article=0924-8579()11L.223[aid=9811847]
http://www.ingentaconnect.com/content/external-references?article=0022-1899()173L.418[aid=9811848]
http://www.ingentaconnect.com/content/external-references?article=0305-7453()57L.266[aid=9811852]
http://www.ingentaconnect.com/content/external-references?article=0022-1899()162L.1145[aid=9811853]
http://www.ingentaconnect.com/content/external-references?article=0022-1899()162L.1145[aid=9811853]
http://www.ingentaconnect.com/content/external-references?article=0142-9612()19L.1877[aid=9811855]
http://www.ingentaconnect.com/content/external-references?article=1198-743x()8L.256[aid=9811849]

