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Abstract

A rapid and selective high performance liquid chromatographic (HPLC) method has been developed for the
separation and determination of five commercially used tetracyclines. The chromatography was performed on a
porous graphitic carbon (PGC) column, using 0.05 M potassium phosphate buffer (pH 2.0) — acetonitrile (40+60)
as the mobile phase and ultraviolet detection at 268 nm. The method permits the simultaneous determination of
oxytetracycline, metacycline, chlortetracycline and doxycycline as well as the separation of one of their common
impurities (6-Epi-doxycycline) in bulk powder and pharmaceutical preparations with detection limits of 0.5–2 mg
ml−1 and recoveries of 98.9–100.5%. Correlation coefficients for calibration curves in the range of 5–50 mg ml−1

were greater than 0.999 for all tetracyclines. The within- and between-day precision was determined for both retention
times and peak area. It is suggested that the proposed HPLC-PGC method should be used for routine quality control
and dosage form assay of tetracyclines in pharmaceutical preparations. The chromatographic behaviour of the five
tetracyclines was examined under variable mobile phase compositions, the results revealed that elution order and
selectivity were dependent on the buffer agent used. Comparison between retentions obtained with PGC and with
silica-based stationary phase (ODS), showed similar variations of the capacity factors with the mobile phase
composition, but with a different elution order. © 2000 Published by Elsevier Science B.V.
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1. Introduction

The tetracyclines are referred to as broad-spec-
trum antibiotics, due to their ability to fight many
different types bacteria (Gram-positive and
Gram-negative bacteria), being used in human
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and veterinary medicines as well as feed additives.
Many tetracyclines are commercially available,
such as oxytetracycline, methacycline, chlortetra-
cycline and doxycycline that are permitted for
human administration. Under abnormal condi-
tions (heat, pH, humidity), tetracyclines undergo
reversible epimerisation at position C-4 and C-6
to form a mixture of degradation products. These
degradation products or contaminants of tetracy-
clines have very low antibiotic activity [1], in
addition some of them have shown certain toxic-
ity [2]. Therefore, it is very important that their
contents can be controlled simply and precisely.

Many high performance liquid chromato-
graphic (HPLC) methods have been described for
the determination of common tetracyclines antibi-
otics using silica gel [3,4], silica-based and poly-
mer-based stationary phases [5–15]. One of the
main reasons is the increasing interest in finding
robust systems for evaluation of different pharma-
ceuticals and their contaminants. These methods
are time consuming in addition the alkyl bonded
silica based stationary phases suffer from a num-
ber of drawbacks, including poor stability at ex-
tremes of pH and a variety of unwanted
interactions due to the surface heterogeneity [16].
Furthermore, the use of polymeric columns has
been mostly in conjunction with elevated column
temperature, and required the use of viscous or-
ganic modifier, and alkaline mobile phases con-
taining additives such as tetrabutylammonium ion
pairing agent or EDTA [17,18].

However, these separations and reproducibility
levels have also not been satisfactory due to the
instability of packing materials and the compli-
cated separation systems; in addition, the highly
stable and selective porous graphitic carbon
(PGC) is preferable for the separations and deter-
mination of these compounds. PGC was intro-
duced as an alternative for HPLC [19,20]. This
material has several advantages, most notably its
physical and chemical stability as well as superior
selectivity towards diasteriomers and geometric
isomers [21]. PGC has successfully been used in
the separation of drugs and pharmaceuticals [22–
27] and also is most applicable to the separation
of small ionisable molecules which are not re-
tained on octadecylsiloxane (ODS) columns [28].

This paper describes a rapid and selective
HPLC method for simultaneous separation and
determination of tetracycline antibiotics and one
of their common impurities 6-Epi-doxycycline (6-
EpD) using PGC column. This proposed method
designed to be suitable for the quality assessment
of these drugs in pharmaceutical products. The
effect of the mobile phase composition in the
retention and elution order of tetracyclines on
PGC was further investigated.

2. Experimental

2.1. Chromatography (instrumentation and
conditions)

The analytical separation was carried out with
a gradient modular HPLC system equipped with
an UV 166 variable wavelength spectrophotome-
ter (Beckman Instruments Inc., USA). The detec-
tor wavelength was set at 268 nm as required by
different analytes. A flow rate of 1 ml min−1 was
used for the separation of tetracyclines. The
column was carbon column (100×4.6 mm i.d., 7
mm particle size) packed with Hypercarb porous
graphitic carbon (Shandon, Runcorn, UK) was
used for retention measurements. The mobile
phase composed of two components, acetonitrile
and buffer solutions with different ratios. The
buffer solutions tested were potassium phosphate,
trichloroacetic acid, acetic acid, sodium acetate
and ammonium acetate with a concentration of
50 mM and a pH of 2.0 otherwise stated.

2.2. Reagents

HPLC-grade acetonitrile was obtained from
Prolabo (Paris, France). LC-grade water was pre-
pared by purifying demineralised water in a Milli-
Q filtration system (Millipore, Bedford, MA,
USA). Reference standards for oxytetracycline-
HCl (OTC), methacycline-HCl (MC), chlortetra-
cycline-HCl (CTC) and doxycycline-HCl (DC)
were kindly supplied by laboratory Ibn Al-Baytar
(Tunis, Tunisia). The degradation product was
obtained from Janssen Chimica (Beerse, Belgium).
Dosage forms were obtained from local pharma-
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Fig. 1. Structures of tetracycline compounds studied.

cies; Doxamycine Tablets ‘100 mg DC’, Monocy-
cline Tablets ‘200 mg DC’, Vibramycine Tablets
‘200 mg DC’, Oxytetracycline Tablets ‘250 mg
OTC’, Metacycline Tablets ‘200 mg MC’ and
Oxytetracycline ointment ‘3% OTC’. All other
chemicals were of analytical grade and were ob-
tained from Prolabo. The tetracycline compounds
studied are shown in Fig. 1.

2.3. Preparation of solutions

Stock solutions containing 1 mg ml−1 of tetra-
cyclines were prepared in the mobile phase and
stored at 4°C. The working standards (5–50 mg
ml−1) were prepared from the stock solutions by
dilution with the appropriate volume of the mo-
bile phase. Drug tablets were prepared by crush-
ing 20 tablets and an accurately weighed portion
of the mixed powder equivalent to the antibiotic
content of one tablet was transferred to 100 ml
volumetric flask and dissolved by sonication. The
sample was filtered and diluted to make a final
concentration in the range of 10–20 mg ml−1.
Drug ointments were prepared by dissolving in
cyclohexane and the drug was extracted from the
organic phase with the buffer solution of the
mobile phase. All tetracycline compounds were
protected from light.

3. Results and discussion

3.1. Chromatography

By appropriate choice of mobile phase condi-
tions, the baseline separation of the five tetracy-
clines was achieved using PGC column (Fig. 2).
The analysis time of the five tetracyclines on PGC
was very short with a maximum retention time of
11.2 min. These separation conditions are much
better than the separation obtained by reversed
phase ODS columns [7], by the United States
Pharmacopoeia XXIII [29] or by the British Phar-
macopoeia 1993 [30] official methods. Improved
peak symmetry and reduced peak widths are also
features the present method along with the im-
proved resolution of the tetracycline from their
impurities (see Table 2). This method can be used
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Fig. 2. The separation of various tetracycline compounds on a
porous graphitic carbon column. Column: 100×4.6 mm i.d.
packed 7 mm porous graphitic carbon. Eluent: potassium
dihydrogenophosphate buffer (50 mM, pH 2.0) containing
40% (v/v) acetonitrile. Flow rate 1 ml min−1 and injection
volume 20 ml. Peak1: OTC, Peak2: 6-EpD, Peak3: MC, Peak4:
CTC, Peak5: DC.

changes in the mobile phase composition and a
high stability during the analysis.

3.1.1. Comparison of mobile phase effects
The effect of potassium phosphate,

trichloroacetic acid (TCA), acetic acid, sodium
acetate and ammonium acetate buffers (pH 2.0)
on the retention of tetracyclines on PGC were
studied, the results are summarised in Table 1.

Initially, a phosphate buffer (50 mM) contain-
ing different ratios of acetonitrile (35–60% v/v) as
the mobile phase was tested for the chromatogra-
phy of OTC, 6-EpD, MC, CTC, DC. The higher
the ratio of the organic modifier in the mobile
phase, the lower the retention time of the tetracy-
cline compounds. The retention time of doxycy-
cline decreases from 22.1 min at 35% acetonitrile
to 4.2 min at 50% acetonitrile, but this ratio (50%)
was not effective for the separation of all tetracy-
cline compounds. Therefore, 40% of acetonitrile
was selected as the ratio of the organic modifier
for the baseline separation of the five tetracyclines
(Fig. 2).

Using the same organic phase ratio, the reten-
tion order of tetracyclines with phosphate and
trichloroacetic acid buffers (50 mM) were similar,
OTC, 6-EpD, MC, CTC, DC. These compounds
were retained to a higher extent with the TCA
buffer (Fig. 3). The chromatographic parameters
of tetracyclines on PGC using the appropriate
phosphate and TCA conditions were shown in
Table 2. The resolution of these compounds on
PGC was better achieved with phosphate buffer
(Rs 2.1–2.7) than with TCA buffer (1.1–2.4).
These results are within the validated standard
values for antibiotics determination which re-
quire; a resolution between the target antibiotic
and the contaminant (e.g. 6-EpD) peaks not less
than 1.5, the column efficiency is not less than
1000 theoretical plates and the tailing factor is not
more than 2.0.

The elution order of tetracyclines with acetic
acid, sodium acetate and ammonium acetate
buffers (50 mM) were similar, 6-EpD, MC, OTC,
DC, CTC. However, this elution order was differ-
ent to that obtained with phosphate and TCA
buffers. With these buffers, OTC showed a higher
retention than 6-Ep and MC and CTC was re-

for controlling tetracyclines contaminates within
the limits that specified in the current official USP
and BP methods.

The main advantage of PGC method is that the
results (replicates of samples and standards) can
be obtained rapidly in less than 1 h. Furthermore,
this column showed fast equilibrium with the
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tained longer than DC. The higher retention times
for the tetracyclines were obtained with ammo-
nium acetate followed by sodium acetate and
acetic acid. These results indicated that acetic acid
has a higher interaction with the PGC stationary

phase than the other two buffers. Among the
many mobile phases tested, phosphate buffer
proved to be the eluent of choice for the PGC-te-
tracycline assay validation. A baseline resolution
(Rs between 2.1 and 2.7) was achieved between

Table 1
Effects of buffer components on the retention factors (k %) of tetracycline compounds on a porous graphitic carbon columna

Potassium phosphate Acetic acidTCA Sodium acetateTetracycline compounds Ammonium acetate

7.23 1.773.38OTC 7.460.46
0.733.02.696-EpD 6.110.75
1.151.13 8.92 5.77 5.54MC

1.62 12.61CTC 13.62 13.23 3.92
DC 10.010.3817.07 2.612.23

a Mobile phase 50-50 acetonitrile/buffer. Column size: 100×4.6 mm i.d., 7 mm, concentration of buffer 50 mM.

Fig. 3. The separation of various tetracycline compounds on a porous graphitic carbon column. Column: 100×4.6 mm i.d. packed
7 mm porous graphitic carbon. Eluent: trichloroacetic acid (50 mM, pH 2.0) containing 60% (v/v) acetonitrile. Flow rate 1 ml min−1

and injection volume 20 ml. Peak1: OTC, peak2: 6-EpD, Peak3: MC, Peak4: CTC, Peak5: DC.
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Table 2
Chromatographic parameters of tetracyclines on PGC column using the optimum separation conditions: acetonitrile–phosphate
buffer (pH 2.0) 40–60% v/v; and acetonitrile–trichloroacetic acid buffer (pH 2.0) 60–40% v/va

KH2PO4Tetracycline compounds TCA

As N Rs k %k % As N Rs

1.2 3220 2.7OTC 2.771.27 1.3 1720 1.5
1.4 2710 2.1 3.622.62 1.56-EpD 1496 1.8
1.6 2550 2.3 5.46MC 1.73.85 1280 2.4
1.6 2040 2.45 8.855.54 1.3CTC 1020 1.1
1.5 2965 10.38 1.2DC 11807.48

a Column size: 100×4.6 mm i.d., 7 mm, concentration of buffer 50 mM.

the peaks of tetracyclines in a shorter retention
time than that obtained with TCA. The PGC
column efficiency is more than 1000 (2040–3220)
theoretical plates and the tailing factor between
1.2 and 1.6.

3.1.2. Mobile phase pH
The high stability of the PGC material over a

wide range of pH values makes it feasible to use
the mobile pH to provide an effective means of
varying selectivity and optimising separation. The
pH of the mobile phase was chosen as 2.0 to
minimise the formation of isomeric analogues,
which occurs rapidly in alkaline medium [13].
Furthermore, at the alkaline pH, these com-
pounds were most likely to be suppressed and
their hydrophobocity increases and as a conse-
quence these solutes will interact strongly with the
hydrophobic surface of PGC leading to excessive
retention. However, at acidic pH these com-
pounds were in the ionised forms, therefore their
hydrophobocity is decreased and so their reten-
tion. The effects of separating tetracyclines at high
and low pH have been demonstrated by the sepa-
ration of OTC antibiotic. At pH 7.5, OTC is
eluted as a broad peak with long retention time
($12 min) while under acidic mobile phase con-
ditions (pH 2.0), OTC was eluted with a satisfac-
tory peak shape and retention time ($3 min).
The range of pH stability of PGC columns (1–14)
will thus allow a greater flexibility in optimising
the separation of closely related compounds com-
pared to the more limited pH range available on
conventional bonded silica columns.

3.1.3. Comparison of retention effects on PGC
and ODS columns

The retention of tetracycline compounds on
PGC have been compared with ODS columns
(m-Bondapak and PLRP-S, 250×4.6 mm i.d.).
The retention required for the separation of the
tetracycline compounds by ODS columns was
greater than 30 min when using isocratic elution
of 84/16 phosphate buffer pH 2.5/acetonitrile [7]
and greater than 22 min when using a gradient
elution of oxalic acid — acetonitrile-methanol [6].
Furthermore, and under these chromatographic
conditions the elution order of these compounds
on ODS was; OTC, CTC, 6-EpD, MC and DC,
where the elution order on PGC using a higher
ratio of acetonitrile (40%) was; OTC, 6-EpD, MC,
CTC and DC.

The difference in tetracyclines elution order be-
tween PGC and ODS suggest that the molecular
interactions determining solute retention are dif-
ferent for the two materials. This difference is
believed to be associated with the sensitivity of
PGC toward the number of contact points or
total contact area of the solutes with the surface
of PGC and/or electronic interactions, which
proved that the retention mechanism was different
from that observed on silica based stationary
phases [31,32]. These results indicates that PGC
stationary phase has effectively proved to be
unique, showing selectivity towards the separation
of compounds difficult or impossible to achieve
on silica, silica based or polymer based stationary
phases. In addition to its high selectivity towards
pharmaceuticals, PGC showed a faster equilibra-
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tion time (B5 min) when changing the mobile
phase composition than ODS columns.

3.2. Validation of the analytical method

To validate our PGC-HPLC method, a series of
tests were performed on the proposed method
using the optimised chromatographic conditions
chosen (Fig. 2).

3.2.1. Selecti6ity
The selectivity of the method for determination

of tetracyclines (especially doxycycline) in the
presence of degradation product was studied by
spiking the tetracycline samples with 6-epidoxycy-
cline. As shown in Fig. 2, there was adequate
resolution of all these compounds, especially be-
tween DC and its degradation product 6-EpD.
No interference of 6-EpD was detected for doxy-
cycline or for other tetracyclines. The purity of
doxycycline peak was verified using a diode array
detector (Beckman Model 168). Furthermore, the

selectivity of this method was assessed by analysis
of standard solutions containing freshly prepared
chlortetracycline and chlortetracycline that had
been degraded in two different ways: after storage
at room temperature for 1 week and after storage
at room temperature for 4 weeks. Fig. 4 shows the
presence of decomposition peaks along with unde-
composed CTC. The areas of decomposition
peaks (unknowns) increase as a function of time,
in the mean time the peak area of undecomposed
CTC decreases. So the proposed method is capa-
ble for resolving tetracyclines from the degrada-
tion products that could be formed during
manufacture or storage. Further investigations are
needed for the identification of the unknown CTC
decomposition peaks.

3.2.2. Linearity
The calibration curves were constructed sepa-

rately for each drug using the above mentioned
conditions. The concentrations examined were be-
tween 5 and 50 mg ml−1 for OTC, MC, CTC and

Fig. 4. A typical chromatogram from the analysis of chlortetracycline bulk drug substance in aqueous solutions: (a) immediate
analysis after preparation of the solution; (b) after storage of the solution at ambient temperature for 1 week; (c) after storage of
the solution at ambient temperature for 4 weeks. Column: 100×4.6 mm i.d. packed 7 mm porous graphitic carbon. Eluent:
potassium dihydrogenophosphate buffer (50 mM, pH 2.0) containing 45% (v/v) acetonitrile. Flow rate 1 ml min−1 and injection
volume 20 ml.
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Table 3
Calibration curve parameters for the analysis of tetracyclines
on PGC, obtained by linear regression analysis of peak area
versus concentration in mg ml−1

Intercept R2SlopeTetracycline compounds

OTC 27173 32040 0.9993
6-EpD 18268 1397 0.9990

727119921 0.9993MC
17153CTC 6546.3 0.9997

DC 8848 6883 0.9999

3.2.4. Analytical reco6ery, reproducibility and
limit of detection

The PGC-HPLC recovery assessment was per-
formed by analysing real drug samples (tablets
and ointments) spiked with known amounts (10
mg ml−1) of drug standards. The recovery of OTC
from drug ointment was 98.8% and the recoveries
of other tetracyclines from tablets were 99.8–
101%. The detection limit was measured by injec-
tion of 50 ml of standard solutions and the values
of tetracycline compounds were 0.5–2.0 mg ml−1

(signal-to-noise ratio of 3:1). The reproducibility
of the retention times and peak areas are sum-
marised in Table 4.

3.2.5. Analysis of tetracycline formulations
The newly developed PGC-HPLC method was

applied to the analysis of commercially available
tetracycline formulations from different manufac-
turers. The formulations collected were treated as
mentioned in Section 2.3, filtered through a filter
of 0.45 mm before injection. The assay was re-
peated six times for each type of preparation. The
quantitative results of these assays are sum-
marised in Table 5. The results demonstrated that
the content of active compounds correspond to
each formulation label.

4. Conclusion

The proposed HPLC-PGC method showed the
successful baseline separation of the five tetracy-

DC and 6-EpD. The correlation coefficients (R2)
of tetracyclines calibration curves (peak area ver-
sus concentration) were between 0.9993 and
0.9999. The equations of these curves (y=mx+
b) were then used to calculate the unknown con-
centrations in the samples. The least squares
linear regression analysis data are shown in Table
3.

3.2.3. Precision
The within- and between-day precision (ex-

pressed as the relative standard deviation (RSD))
of the proposed method was determined for both
retention times and peak areas by repeated analy-
sis (n=6) of each tetracycline standard solution
(Table 4). The within-day RSD values obtained
for retention times were less than 1.0%, and for
peak areas were between 1.55 and 2.0%. The
between-day RSD values obtained for retention
time were 0.7–1.2%, and for peak areas 1.7–
2.6%.

Table 4
Reproducibility, recovery and limit of detection of chromatographic analysis of tetracyclines using isocratic elution and a PGC
column

Tetracycline Retention timea mean9S.D. RSD (%) Limit of detection (mgRecoveryc (%)Peak areab RSD
ml−1)(min)compounds (%)

OTC 0.67 1.55 98.8 0.52.9590.02
1.299.11.796-EpD 0.854.7190.04

0.646.3290.04 2.0 99.8 1.2MC
101.01.80.678.5190.05CTC 2.0

0.80DC 2.0100.21.9511.2090.09

a Chromatographic conditions as in Fig. 2
b A total of 20 ml injection of 20 mg ml−1 solutions of tetracyclines (n=6)
c A total of 20 ml injection of tetracycline samples spiked with 10 mg ml−1 standard tetracycline solutions (n=6).
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Table 5
Results of the analysis of different forms of commercialised drugs using PGC-HPLC method

Label amount % Found9S.D. (n=6)Commercialised formulations

200 mgMonocycline 98.891.4DC
100 mgDoxamycine 97.992.0DC
200 mgDC 100.591.7Vibramycine

Mynocine DC 100 mg 99.391.2
200 mgMC 98.892.0Metacycline
250 mgOxytetracycline 98.591.6OTC

3%OTC 98.291.9Oxytetracycline ointment

clines in less than 12 min using isocratic elution.
The best separation was achieved using 50 mM
potassium phosphate buffer (pH 2.0) with 40%
acetonitrile. These separation conditions are
much better than that obtained by the USP
XXIII, or by the BP 1993 official methods. This
method is precise, reproducible and specific for
individual tetracyclines and can be used for qual-
itative and quantitative analysis of tetracyclines
in pharmaceutical products and for controlling
there contaminates within the limits specified in
the current official methods. The simplification
of the working condition of the method reported
here make it a suitable alternative to other offi-
cially methods used for quality controlling of
tetracycline antibiotics. Furthermore, PGC
column showed a rapid equilibrium and a high
stability during the analysis. The chromato-
graphic behaviour of tetracyclines on PGC is
different from that obtained with other reversed
phase sorbents.

References

[1] L.A. Mitscher, The Chemistry of the Tetracycline An-
tibiotics, Medical Research Series, vol. 9, Marcel
Dekker, New York, 1978.

[2] I.M. Gross, Ann. Int. Med. 58 (1963) 23–28.
[3] W. Naidong, K. Verresen, R. Busson, E. Roets, J.

Hoogmartens, J. Chromatogr. 586 (1991) 67–72.
[4] R. Bocker, J. Chromatogr. 274 (1983) 255–262.
[5] N. Furusawa, J. Chromatogr. A 839 (1999) 247–251.
[6] S. Croubels, H. Vermeersch, P. De Backer, M.D.F. San-

tos, J.P. Remon, C. Van Peteghem, J. Chromatogr. B
708 (1998) 145–152.

[7] A.G. Kazemifard, D.E. Moore, J. Pharm. Biomed. Anal.
16 (1997) 689–696.

[8] M.D. Santos, H. Vermeersch, J.P. Remon, M.
Schelkens, P. De Backer, R. Ducatelle, F. Haesebrouck,
J. Chromatogr. B 682 (1996) 301–308.

[9] D.S. Vienneau, C.G. Kindberg, J. Pharm. Biomed. Anal.
16 (1997) 111–117.

[10] M.C. Carson, M.A. Ngoh, S.W. Hadley, J. Chromatogr.
B 712 (1998) 113–128.

[11] J.F. Nouws, G. Loeffen, J. Schouten, H. Van Egmond,
H. Keukens, H. Stegeman, J. Dairy Sci. 81 (1998) 2341–
2345.

[12] P.D. Bryan, J.T. Stewart, J. Pharm. Biomed. Anal. 12
(1994) 675–692.

[13] P.D. Bryan, J.T. Stewart, J. Pharm. Biomed. Anal. 11
(1993) 971–976.

[14] W. Naidong, K. Verresson, E. Roets, J. Hoogmartens, J.
Chromatogr. 586 (1991) 61–66.

[15] J. Hoogmartens, N.H. Khan, H. Vanderhaeghe, A.L.
van der Leeden, M. Oosterbaan, G.L. Veld-Tulp, W.
Plugge, C. van der Vlies, D. Mialanne, R. Melamed, J.
Pharm. Biomed. Anal. 7 (1989) 601–610.

[16] J. Nawrocki, B. Buszewiski, J. Chromatogr. 449 (1989)
1.

[17] J.W. Muritu, I.O. Kibwage, C.K. Maitai, J. Hoog-
martins, J. Pharm. Biomed. Anal. 12 (1994) 1483–1488.

[18] N.H. Khan, P. Wera, E. Roets, H. Vanderhaeghe, J.
Chromatogr. 385 (1986) 444–447.

[19] J.H. Knox, M.T. Gilbert, UK Pat., 7939449; US Pat.,
4263268.

[20] J.H. Knox, B. Khaur, in: P.R. Brown, R.A. Hartwick
(Eds.), High Performance Liquid Chromatography, Wil-
ley, New York, 1989, p. 189.

[21] C.K. Lim, Adv. Chromatogr. 32 (1992) 1–19.
[22] Y. Inamoto, S. Inamoto, T. Hanai, M. Tokuda, O.

Hatase, K. Yoshii, N. Sugyama, T. Kinoshita, J. Chro-
matogr. B 707 (1998) 111–120.

[23] E. Forgacs, T. Cserhati, J. Pharm. Biomed. Anal. 18
(1998) 15–20.

[24] A. Karlsson, M. Berglin, C. Charron, J. Chromatogr. A
797 (1998) 75–82.

[25] J. Ayrton, M.B. Evans, A.J. Harris, R.S. Plumb, J.
Chromatogr. B 667 (1995) 173–178.



L. Monser, F. Darghouth / J. Pharm. Biomed. Anal. 23 (2000) 353–362362

[26] M.D. Rose, J. Tarbin, W.H. Farrington, G. Shearer,
Food Addit. Contam. 14 (1997) 127–133.

[27] L.I. Monser, G.M. Greenway, D.F. Ewing, Tetra-
hederon Asymmetry 7 (1996) 1189–1198.

[28] L.I. Monser, G.M. Greenway, Anal. Chim. Acta 33
(1996) 63–68.

[29] United States Pharmacopoeia XXIII, United States

Pharmacopoeial Convention, Rockville, MD, USA,
1995.

[30] British Pharmacopoeia, HMSO, London, 1993.
[31] P. Chaimbault, C. Elfakir, M. Lafosse, J. Chromatogr.

A 829 (1998) 83–91.
[32] E. Forgacs, T. Cserhati, J. Chromatogr. B 681 (1996)

197–204.

.


