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Abstract

Based on the theory of stochastic resonance, the signal to noise ratio (SNR) of HPLC/UV chromatographic signal of roxithromycin is enhanc
by cooperation of signal, noise and nonlinear system. A simple new method for the determination of low concentration of roxithromycin in beag
dog plasma is presented. Using signal enhancement by stochastic resonance, this method extends the limit of quantitation from the reporte
to 0.1pg/ml. During validation of the new method, HPLC/MS was used as a comparison technique. The results indicate that the recovery &
low concentrations of roxithromycin in beagle dog plasma were equivalent between the two mé&h@d85). Stochastic resonance may be a
promising tool for improving detection limits in trace analysis.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of them. In comparison with other macrolides, roxithromycin
has somewhat higher absorbance at lower wavelengths. Macek
Stochastic resonance generally occurs in bistable dynamicat al. have established a method with spectrophotometric detec-
systems attacked by a weak signal corrupted by noise througion [11]. With a limit of quantitation of 0.jug/ml, itis difficult
the nonlinear internal dynamics of the system, the small sigto determine low concentration with UV detection in plasma.
nal is amplified by the presence of no[4#. It has been shown The goal of this work is to apply stochastic resonance algo-
in numerous research works that the strength of signals wiltlithms (SRA) to satisfy the requirement of quantitative analysis
increase and that of noise will decrease by the cooperation aff weak chromatographic signals. The method was used to deter-
proper noise, weak signals and nonlinear system with athreshofdine the roxithromycin in beagle dog plasma with limit of
[2—-4]. Since then SR has attracted considerable int¢sesl, = quantitation of 0.3.g/ml, and a limit of detection of 0.Q5g/ml.
e.g. Wang has applied SR to analyze the weak laser-Raman spddizis method greatly extended the low limit of quantitation com-
trum of CCI4[8]. Pan et al. have improved the detectability of pared with the published work. A HPLC/MS method, whose
analytes in gas chromatograp}®y. limit of detection was as low as 0.@&/ml, was also developed
Roxithromycin is a semisynthetic macrolide antibiotic to determine the concentrations of roxithromycin in plasma in
derived from erythromycin. It is rapidly absorbed with long order to compare with the UV. The result showed that there
elimination half time and gives plasma levels that are higher thamwas no significant difference between HPLC/UV with SRA and
those of erythromycifil0]. Several chromatographic methods HPLC/MS analyses.
have been reported for determination of roxithromycin in bio-

logical fluids. Electrochemical detection was employed in mosb, Theory and algorithm

The Langevin equation has been frequently employed in
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where I(r) = S(¢) + N(r) denotes an input signal embedded in
a noisy environment with the signdl(f) and the intrinsic
noise N(¢); x is the displacement of particle(s) is exter-
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included weak signal of roxithromycin and noise around was
first chosen. In this work, the retention time of roxithromycin is
10.24 min, so we choose a section of signals during the period of

nal noise added to induce SR/ is an adjustable parameter. 9.8-11.0 min to perform stochastic resonance. The input signal
U(x) = —(1/2)ax? + (1/4)bx* is a simple double-well potential just over the range of time from 9.8 to 11.0 min is first prepared
with the constanta andb characterizing the system. The min- by normalizing in the range{1, 1]. Therefore, all samples in
ima are located at = +./a/b, wherexmin=(a/b)/2. These analyzed series will have the same intensity in the nonlinear sys-
are separated by a potential barrier with the height given byem. Then the output signal can be obtained by solving Langevin
AU=al4b. The barrier top is located at= 0. When the input  equation. The final results can be obtained by inverse normal-
signal, noise and nonlinear system cooperate well, the poterization of the output signals. The algorithm was implemented in
tial barrier will lower and the signal which rest at one of the matlab6.5 (Math-Works, Natick, MA, USA) by authors and the
two minima of the potential may surmount the energy bar<alculations were carried out on a computer (Perffidr€pu

rier hopping from one potential well to another. Thus, the2.00 GHZ, Memory 512 M).

intensity of signals will increase and that of the noise will

reduce. The output signal of the system will be obtained witt3. Experimental

a better SNR compared to the inp[i—3,5,6,12] Suppos-
ing the input signal is a sinusoid(r) =A sin(@ot), and D is
the noise intensity, wherd is the intensity of input signal
and wg is frequency of the input signal. Based on the adi- Roxithromycin (98.0% purity) and clarithromycin (internal
abatic approximate theorfl3], the SNR can be described standard, 98.0% purity) were obtained from the National Insti-

3.1. Materials

as: tute for the Control of Pharmaceutical and Biological Prod-

Nz 2 212 /4D AN2 ucts (Beijing, China). Methanol (HPLC-grade) and acetonitrile

SNR= “—2 = ﬁAU<> e AU/D (2)  (HPLC-grade) were purchased from Merk Company (Amer-
4D D ica). Ammonium acetate, ether and sodium carbonate (analyti-

The equation shows that the SNR of the output signal igal grade) were from Nanjing Chemical Co. (Nanjing, China).
decided by the potential barriéxUU and the noise intensit. ~ Heparinized blank (drug free) beagle dog plasma was pro-
The SNR of the Eq(2) has a maximum aPmax= AU/2. Based Vided by the Experimental Animal Center of China Pharma-
on the theory, SR can be observed by adding external nois€gutical University. Distilled water was used throughout the
adjusting the input signal intensity, and modulating the nonstudy.
linear system simultaneously. Previous literatUfey clearly
showed that it was impossible to do quantitative determinatiod-2. HPLC/UV system
by adding external noise. Because noise in analytical signals
is often assumed to be Gaussian white noise, but added exter- The LC-10AT vp HPLC (SHIMADZU) system was used
nal noise, which is usually simulated is somewhat colored. Thavith SPD-10A vp UV-vis detector. The N2000 chromatogra-
addition of external noise will damage the characteristic of theohy data system (Zhejiang University Star Instrument Tech-
intrinsic noise and result in the serious distortion of the obtainediology Co, Ltd.) was used with sampling frequency of 10 Hz.
signals. It is impossible to do quantitative determination undefhe samples were separated on a Hanbang C18 column
this condition. In order to do quantitative determination, only(250 mmx 4.6 mmi.d., 5um, Jiangsu Hanbon Science & Tech-
the parametersandb of the system are modulated to match thenology Co, Ltd., China) column. The mobile phase was a mixture
input signal including real signal and intrinsic noise to achieveof methanol-10 mmol/l ammonium acetate buffer (68:32, v/v)
SR. adjusted to pH 4.5 at a flow-rate of 1 ml/min. The detector was

Eq. (1) is solved by a fourth-order Runge—Kutta methodset at 215 nm.

[9,15,16]and algorithm can be described as follows: The plasma was prepared by a liquid-liquid extraction
method for spectrophotometric detection. 0.5 ml of plasma and

50l clarithromycin acetonitrile solution (internal standard,
200pg/ml) were added to the centrifuge tube, and mixed.
Then 50ul saturated NgCOs solution was added and vor-
tex mixed. Five milliliters of ether serving as extraction sol-
vent was added and the tubes were vortex mixed for 3 min.
About 4 ml of the organic phase was drawn out to another

ka = alvn + ka/2) = b(xn + k3/2)° + tn 1 centrifuge tube aftergcentrir;ugation at 218@ for 10 min
whereu,, =1, +&,. and was evaporated to dryness under nitrogen atmosphere in

Because there were other peaks in the signal of plasmie water bath at 48C. Before HPLC analysis, the residues
sample, which would also absorb energy from noise in SNRyere reconstituted by 500 of mobile phase. The reconsti-
the magnification of roxithromycin might be affected and thetuted plasma extract was centrifuged at 16,880for 10 min
output might be not ideal. Thus, it is not possible to procesand 20ul of supernatant fluid was injected into the HPLC for
the whole chromatogram. A section of chromatograph signahnalysis.

xn+1=Xn+%(k1+2k2+2k3+k4), n=01---,N—1
k1 = ax, — bx> + u,

k2 = a(x, + k1/2) = b(xn + k1/2)* + up

ks = alxn +k2/2) = b(oxn + k2/2)° + up+1
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3.3. HPLC/MS system ) )
peak height to peak half-width
An Agilent series 1100 HPLC with a mass detector, includ- ¢ .15-
ing a binary pump (Model G1312A), a vacuum degasser (Model 14
G1322A), an autosampler (Model G1313A) and acolumnoven 445
(Model G1316A). The chromatographic conditions were a Han- 0
bang C18 column (250 mm 4.6 mm i.d., Su.m) column and a 0.08
mobile phase (75:25, v/v) of methanol:water (10 mmol/l ammo- 5
nium acetate buffer) at a flow-rate of 1 ml/min. The mass detector
was set at SIM mode. The monitored ions were 837.5 (M} H
for roxithromycin and 748.5 (M + H) for the internal standard

~76.01

(clarithromycin). oo.ds"‘
Because of high sensitivity of mass detector, the plasma a ' i " 0.005
sample was injected directly for determination after being depro- 070 b

teinized. 0.2 ml volume of plasma was transferred to a 1.5ml
centrifuge tube, mixed with 5@I of internal standard solution
(5 p.g/ml), followed by the addition of 0.8 ml acetonitrile. The
sample was vortexed for 60 s and centrifuged at 16;88dor  the described HPLC/UV system, and the retention time were
10 min and 2Qul supernatant fluid was injected into HPLC for 10.24 and 8.89 min, respectively. There were no endogenous

Fig. 1. Peak height to half-width to parameter$ (0-0.01).

analysis. plasma components interfering with them both before and after
SRA. When the concentration of blood sample was lower than
4. Results and discussion 0.5ug/ml, the peak of roxithromycin was too weak to per-
form quantitative analysis. So stochastic resonance algorithm
4.1. Effect of the system parameters a and b on the was used to extend the instrumental linear ramgg. 4A was
performance of SRA chromatogram of roxithromycin of 0.Q&g/ml, Fig. 4B was the

. _ . especially enlarged chromatogram of roxithromycin Rigd 4C
The parameters andb in Eq. (1) not only define the height \yas the chromatogram of roxithromycin which was obtained

of the potential barrier, but also affect the profile of the potentiakfter SRA with the parameters=9.9x 1075, »=8.0x 107,
well. When the input signal was fixed, the parameteesidb  andFig. 4D was especially enlarged chromatograrfigf. 4C. It
effected the quality of final output signal directly. Therefore, it yoes seem clear that there is an increase in S/N betiigenA
is necessary to optimize the parameteendb in order to get  and C. The peak area raiowhich was the ratio of the peak
a good output res_ult. The optimization method in the refgrenceg,rea of this sample after SRA to the origin peak area of the
reported was to fix one parameter amarandb, then to adjust  internal standard, was applied to make the regression analysis.
another to optimize peaks with different hei@®f In suchway,  peak area ratios were plotted against roxithromycin concentra-
some information obtained from the adjusting on parameter§ons and standard curves were in the formfefA +Bx. To
of the target signal may be lost. This article presented a newyajuate linearity, plasma calibration curves were prepared and
method to optimize andb synchronously for the firsttime with  assayed in duplicate on separate 5 days. Effective concentrations
the ratio between peak height to peak half-width as evaluating, plasma samples were 0.1, 0.2, 0.5, 1, 2, 5 angd/énl for

indicator. A greater value of the ratio of peak height to half-roxithromycin. Visual inspection of the plotted duplicate cali-
width indicates a better output signal. Generally, our experience

showed that: andb should be small to get a satisfactory result,
so we optimized: andb in the range from 0 to 0.01 firstly with
the results showed iRig. 1 It is obvious that parametérhas a
much influence on the ratio tharand the result is better when 048
bis near to 0. Thery andb were varied in the range from 16

to 10~* and fromFig. 2 we can see that the ratio of peak height ~ 0.17-
to peak half-width becomes larger with increasingntil it has
reached the maximum wherequals to 9.% 10~° andb equals
to 8.0x 107°. After that, the ratio was reduced rapidly withthe 45
increase ob. Thus, witha=9.9x 10-° andh=8.0x 108, the

peak height to peak half-width

signal get the best output result. 014
4.2. Analysis of the roxithromycin and the recovery of the 1 g
two methods x10-4 i

a 0.5 05 b x104

As shown inFig. 3, roxithromycin and internal standard 0o

were separated well from the biological background under  Fig. 2. Peak height to half-width to parameters (10-6 to 1074).
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Fig. 3. (A) Chromatogram of a blank plasma sample; (B) especially enlarged chromatogram of a blank plasma sample; (C) especially enlargecganhadmatogr
a blank plasma sample by SRA withe 9.9x 105 andb=8.0x 10-5; (D) a blank plasma sample spiked with roxithromycin atigdml and .S obtained by
HPLC/UV.

bration curves and correlation coefficients =0.9994 confirmed.1-10w.g/ml in plasma. The assay methods were validated in
that the calibration curves were linear over the concentratioterms of recovery. It was evaluated by processing three differ-
ranges 0.1 to 1g/ml for the analyte. Typical standard curve ent concentration levels of the samples (each level analyzed five
wasf=5.265x ¢ — 0.2738, whergrepresents the ratios of rox- times). The data are givenTrable 1, and the results showed that
ithromycin peak area to that of I.S. andepresents the plasma the two methods had no significant difference.

concentrations of roxithromycin. The corresponding confidence

intervals ¢ =0.05) was intercept-1.629 to 0.8834 and slope: 4 3. comparisons between HPLC/UV with SRA and

5.088-5.671. HPLC/MS
Fig. 5 was a typical chromatogram of roxithromycin

and internal standard analyzed by HPLC/MS. The approxi- The blood samples were determined at concentrations at 0.1,
mate retention times of roxithromycin and internal standarch 2 and 0.4 ng mit by different methods—HPLC/UV with SRA
were 4.678 and 4.260 min, respectively. The calibration curvgng HPLC/MS (each level analyzed five timejble 2showed

Table 1 Table 2

Recovery Comparisons between HPLC/UV with SRA and HPLC/MS

Content HPLC/UV/SRA (1=5) HPLC/MS @=5) Content HPLC/UV/SRA (1=5) HPLC/MS @ =5)

(hg/mb) Recovery (%) (R.S.D.%) Recovery (%) (R.S.D.%) (hg/mb) Content (ng/ml) (R.S.D.%) Content (ng/ml) (R.S.D.%)
0.1 98.62 9.84 102.4 7.53 0.1 0.1024 12.48 0.1040 10.16
1 96.53 5.26 99.37 4.86 0.2 0.2024 8.42 0.2098 7.13

10 102.3 3.64 101.5 3.21 0.4 0.3889 7.82 0.4037 6.18
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Fig. 4. (A) Chromatogram of the internal standard and roxithromycin at0gd®l; (B) especially enlarged chromatogram of roxithromycin at @.§4nl; (C)
chromatogram of roxithromycin at 0.Q% /ml by SRA witha =9.9x 10~° andb =8.0x 10~5; (D) especially enlarged chromatogram of roxithromycin at g.g8n!
by SRA witha=9.9x 10-% andb=8.0x 1076,
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Fig. 5. Chromatogram of roxithromycin at Gu@/ml and the internal standard in plasma obtained by HPLC/MS.

concentration and peak strength. This method gives analysts a
completely different way to improve the instrumental detectabil-

The accurate quantitative analysis of roxithromycin in plasmaty. The new method is applied to trace analysis in a biological
showed that SR could not only improve the quantification limitsample. It can be expected that the proposed SRA may be a
of instruments but also kept good quantitative linearity betweepromising chemometrics method for trace analysis.

5. Conclusion
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