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Abstract

A sensitive and specific high-performance liquid chromatographic (HPLC) method with UV detection was developed for
the determination of minocycline in human plasma and parotid saliva samples. Samples were extracted using an OasisE
HLB cartridge and were injected into a C Nucleosil column. The HPLC eluent contained acetonitrile–methanol–distilled8

water–0.1% trifluoroacetic acid (25:2:72.9:0.1, v /v). Demeclocycline was used as internal standard. The assay showed
linearity in the tested range of 0.1–25 mg/ml. The limit of quantitation was 100 ng/ml. Recovery from plasma or parotid
saliva averaged 95%. Precision expressed as %CV was in the range 0.2–17% (limit of quantitation). Accuracy ranged from
93 to 111%. In the two matrices studied at 20 and 48C, rapid degradation of the drug occurred. Frozen at 2308C, this drug
was stable for at least 2 months, the percent recovery averaged 90%. The method’s ability to quantify minocycline with
precision, accuracy and sensitivity makes it useful in pharmacokinetic studies.  2000 Elsevier Science B.V. All rights
reserved.
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1. Introduction microbiological parameters [3,4]. However, the sys-
temic use of broad spectrum antibiotics, like tetra-

Periodontal diseases are caused by oral micro- cyclines, entails a certain risk of disturbing the
organisms growing in dental plaque, in gingival and commensal flora. Moreover, such administration may
subgingival periodontal niches [1,2]. Due to the increase the bacterial resistance, interfere with other
infective nature of periodontal diseases, antimicro- drugs, and have several adverse effects [5].
bial agents were used. In several studies the systemic Therefore, local administration of antimicrobial
use of tetracyclines was found to have some, al- drugs directly onto the periodontal pocket has been
though limited, beneficial effects on clinical and suggested as a means of bypassing systemic compli-

cations and targeting localised areas of periodontal
destruction.*Corresponding author. Present address: Laboratoire de Phar-

Tetracyclines are among the most widely studied´ ´macocinetique, Faculte de Pharmacie, 34060 Montpellier Cedex 1,
France. Tel.: 133-4-6754-8075; fax: 133-4-6779-8075. antibiotics used for local delivery. In addition to its
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antimicrobial effectiveness against suspect microfl- incomplete assay validation. A capillary zone elec-
ora, these drugs inhibit mammalian neutrophil col- trophoresis has been also described to separate
lagenase and in vitro bone resorption and enhance minocycline from its potential synthesis impureties
attachment of fibroblasts to root structure [6]. Tetra- [27].
cyclines have been incorporated into a variety of The present paper describes an isocratic reversed-
delivery systems (hollow polymer fibers, acrylic phase HPLC method for the measurement of
strips, collagen formulations, ointments and pastes) minocycline, in human plasma and parotid saliva.
for insertion into periodontal pockets [7]. The procedure involved a sample clean-up by solid–

This work has been undertaken, to study the phase extraction; moreover the use of an internal
delivery rate of a tetracycline antibiotic, minocycline, standard allowed enhanced precision. This method

from a resorbable collagen membrane (BIOMEND , was validated with respect to accuracy, precision,
Sulzer Medica Laboratory, Carlsbad, CA, USA) into selectivity, and limits of quantitation and of detection
the gingival liquid and its passage into the systemic according to Good Laboratory Practice Guidelines
circulation. This membrane is used in the Regenera- [28–30]. Moreover, stability tests under various
tion Tissular Guided technical and contains a col- conditions have been performed.
lagen tendon steer. The first step of this study was to
validate a method to quantify this drug in plasma and
parotid saliva. Tetracyclines are polar amphoteric 2. Experimental
drugs with unfavorable chromatographic properties.
They are also difficult to extract from biological 2.1. Materials and reagents
fluids. Moreover, these drugs are unstable in acidic
or alkaline media and are subject to photodegrada- Minocycline hydrochloride and demeclocycline
tion. (internal standard) were obtained from Sigma (St.

Several HPLC methods have been developed to Louis, MO, USA). Methanol and acetonitrile were
quantify tetracyclines in biological fluids (plasma or purchased from Carlo Erba (Val de Reuil, France)
serum, urine, tissues) with the aim of assaying either and used without further purification. Orthophos-
one main member of this group or a series of phoric acid and trifluoroacetic acid (Sigma) were all
tetracycline derivatives by one chromatographic step analytical grade. 0.1% trifluoroacetic acid was then
[8–20]. A systematic comparison of chromatograph- prepared by dilution in purified water (Laboratoires
ic performance has been reported by White et al. Fandre, Ludres, France). The 1 cc /30 mg OasisE
[21]. These techniques are directed towards the HLB extraction cartridges were obtained from Wa-
analysis of tetracycline in general and not the ters Corporation (Milford, MA, USA).
specific drug minocycline. For the sample prepara- The structures of minocycline and the internal
tion prior to HPLC analysis, either liquid–liquid standard are shown in Fig. 1. Stock solutions of
extraction or solid–phase extraction is used. minocycline (2.5 mg/ml) were prepared in the

Today, several methods have been described to
quantify minocycline in biological samples [22–26].
This drug had pK values of 5 and 9.5 for the twoa

amine functions (aromatic amino group in position 7
and basic group in position 4, respectively), and 2.8
and 7.8 for the hydroxyl groups. A column-switching
HPLC assay has been developed by Bompare et al.
[22]. In the method developed by Bocker et al. two
metabolites were isolated and identified [23]. These
methods require solid–phase extraction [26], liquid–
liquid extraction [23,25] or simple protein precipi-
tation [24]. However, most of the published methods
either did not report assay validation or reported Fig. 1. Structural formulae of minocycline and internal standard.
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mobile phase. Nine working solutions ranging from 2.3. Analytical procedure
0.005 to 1.25 mg/ml were prepared in the mobile
phase; they were used to prepare calibration curves 2.3.1. Calibration curves and quality control (QC)
and quality control (QC) samples. The internal samples
standard solution was prepared in the mobile phase Quantitation was based on the internal standard
at a concentration of 1.25 mg/ml. method. Twenty microliters of each working solution

An unextracted working solution in the mobile of minocycline were used to spike plasma and
phase containing minocycline at a concentration of parotid saliva samples (1 ml) in order to obtain
12.5 mg/ml and the internal standard at a con- calibration standards at concentrations of 0.1, 0.5, 2,
centration of 25 mg/ml was prepared daily to check 5, 10, 12.5, 15 and 25 mg/ml.
the resolution of the chromatographic system. QC samples were prepared at the concentrations of

For validation of the method, human plasma 0.1, 3.5, 10.5 and 20 mg/ml.
(Centre de Transfusion Sanguine, Montpellier, Immediately after preparation, samples were
France) and parotid saliva were obtained from acidified, as indicated below, to avoid degradation of
pooled samples collected from healthy volunteers. the drug.
Parotid saliva samples were collected by means of a
modified double-lumen parotid cup. Orange- 2.3.2. Extraction procedure
flavoured lozenges served as a reflex stimulus to Preconditioning of the column was done with 1 ml
induce salivation. They were stored at 2308C before of methanol and 1 ml of distilled water. Before
use. solid–phase extraction, one milliliter of each sample

(plasma or parotid saliva) was acidified to a final
concentration of 2% phosphoric acid then 20 ml of

2.2. Equipment and chromatographic conditions the internal standard was added. The samples were
vortex-mixed for 10 s and loaded onto the column.

The apparatus used for the HPLC analysis was a The column was then rinsed with 1 ml of 5%
Hewlett-Packard multisolvent delivery system HP methanol solution. Afterwards, the column was dried
1100 (Hewlett-Packard, Les Ulis, France) equipped by suction for 10 min. Elution was done with 1 ml of
with an autosampler, an oven and a Model HP 1100 methanol. The eluate was evaporated at 408C to
diode array detector (Hewlett-Packard) set at wave- dryness under nitrogen stream. The residue was
length of 350 nm. Data acquisition and treatment dissolved in 100 ml of the mobile phase; a 20-ml
was performed with an IBM computer using the aliquot was injected into the column.
ChemStation G2170 AA (Hewlett-Packard). Sepa-
ration was done at 208C using a C Nucleosil column 2.4. Data analysis8

(25034 mm I.D.; 5 mm particle size) from Macherey
¨Nagel (Duren, Germany). A guard column (LiChros- From recorded peak areas the ratios of the drug to

pher 100 RP-8, 434 mm I.D., 5 mm particle size; internal standard were calculated. Unweighted least
Hewlett-Packard) was placed just before the inlet of squares linear regression of the peak-area ratio’s as a
the analytical column to reduce contamination of the function of the theoretical concentrations was applied
analytical column. The HPLC eluent containing to each standard curve (formula: y 5 a 1 bx; where
acetonitrile–methanol–distilled water–0.1% tri- x5concentration (mg/ml) and y5peak area ratio).
fluoroacetic acid (25:2:72.9:0.1, v /v; pH51.76) was The resulting slopes and intercepts were used to
prepared daily. This mixture was filtered through a obtain concentration values for that day’s quality
0.45-mm HV filter (Millipore, Bedford, MA, USA). control samples and unknown samples.
Prior to use, it was degassed by vacuum then with a The linearity of the method was statistically
stream of helium during use. The isocratic separation confirmed by comparing the slopes and the intercepts
was performed at 0.9 ml /min flow-rate, which of linear calibration curves with zero, and the
corresponds to a pressure of about 14.8 MPa (148 correlation coefficients with 1. The back-calculated
bars). concentrations (C ) were compared to the theoret-TEST
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ical concentrations (C ) and the bias (or mean 2.8. Extraction recoveryREF

predictor error) was computed as follows:
The extraction efficiency (recovery) was deter-

i5n1 mined three times at three concentration levels for]Bias 5 O C 2 Cf gTEST(i ) REF(i )n minocycline (3.5, 10.5 and 20 mg/ml) and at thei51

concentration used during the assay for the internal
The 95% confidence interval for bias was also standard (25 mg/ml). The peak areas obtained after

computed. extraction were compared with peaks resulting from
standard solutions at the same concentrations.

2.5. Specificity

2.9. Stability study
The specificity of the method was investigated by

screening six different batches of blank human The stability of stock solutions was assessed at 20
plasma and parotid saliva samples. The retention and 48C.
times of endogenous compounds in the matrix were For stability studies in the two matrices, QC
compared with those of minocycline and internal samples at the concentrations of 3.5, 10.5 and 20
standard.

mg/ml were used. The short-term stability was
assessed at 0.25, 0.5, 1, 2, 4, and 6 h at both ordinary
laboratory conditions (208C at daylight exposure)2.6. Precision and accuracy
and at 48C. The stability of the drugs in frozen
samples (2308C) was determined by periodic analy-The precision and accuracy of the method were
sis over a period of 2 months. Samples wereevaluated by performing replicate analyses of QC
analyzed immediately after preparation (referencesamples (0.1, 3.5, 10.5 and 20 mg/ml) in plasma and
values) and after storage. Prior to their analysis,parotid saliva against a calibration curve. The pro-
samples were brought to room temperature andcedure was repeated on different days (plasma, n5

vortex-mixed well. For each QC sample, three13; parotid saliva, n57) on the same spiked samples
extractions were performed.to determine inter-day repeatability. Intra-day re-

The freeze–thaw stability was also determined.peatability was determined by treating spiked plasma
QC samples were analyzed immediately after prepa-samples in replicate the same day (n56).
ration and on a daily basis after repeated freezing–Accuracy was expressed as percent recovery
thawing cycles at 2308C on three consecutive days.[mean back-calculated concentrations / theoretical

The stability of minocycline in the samples in theconcentrations]3100, while the precision was given
autosampler was inspected after 12 h at 208C.by the inter-day and intra-day coefficients of vari-

ation.

2.7. Determination of the limits of quantitation 3. Results
(LOQ) and detection (LOD)

3.1. Retention times and specificity
The LOQ was defined as the lowest drug con-

centration that can be determined with an accuracy Observed retention times were 4.2 and 8.2 min for
of 80–120% and a precision #20% on a day-to-day minocycline and internal standard, respectively. The
basis. To determine accuracy and precision of the time intervals, where minocycline and the internal
method at this concentration, replicate analyses of standard eluted, were free of interferences in all of
QC samples in plasma and parotid saliva were the drug-free plasma and parotid saliva samples
performed against a calibration curve. tested (Figs. 2a and 3a).

The LOD was defined as the sample concentration Representative chromatograms are shown in Figs.
resulting in a peak area of three times the noise level. 2 and 3.
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Fig. 2. Chromatograms of blank plasma (a), of plasma spiked with 0.5 mg/ml (b), 12.5 mg/ml (c), and 25 mg/ml of minocycline (c). For
chromatographic conditions see text. Peak 1 is minocycline; peak 2 is demeclocycline; peak 3 is an additional product present in
demeclocycline.

3.2. Linearity calibration curves were equal to or better than 0.992.
Intra-day repeatability was determined for calibration

Peak area ratios of minocycline over the internal curves in plasma prepared the same day (n56) using
standard varied linearly with concentration over the the same stock solutions. Results of unweighted

2range used. The determination coefficients (r ) for least-squares linear regression analysis of these data
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Fig. 3. Chromatograms of blank parotid saliva (a), of parotid saliva spiked with 0.5 mg/ml (b), 12.5 mg/ml (c), and 25 mg/ml of
minocycline (d). For chromatographic conditions see text. Peak 1 is minocycline; peak 2 is demeclocycline; peak 3 is an additional product
present in demeclocycline.

were as follows: r 5 0.99660.0048 (CV50.48%), 0.26%), slope50.05160.0063 (CV512%) and
slope50.05160.0023 (CV54.5%) and intercept5 intercept520.02560.026 in plasma; r5

20.01660.014. Inter-day repeatability was deter- 0.99760.0028 (CV50.28%), slope50.04760.007
25mined for calibration curves prepared on different (CV514.8%) and intercept50.02166.60310 in

days in plasma (n513) and parotid saliva (n57). parotid saliva.
Results were as follows: r50.99760.0026 (CV5 For each point of calibration standards, the con-
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centrations were back-calculated from the equation at concentrations of 3.5, 10.5 and 20 mg/ml, the
of the linear regression curves (experimental con- precision ranged from 2.6 to 11%. At the lowest
centrations) and the coefficients of variation (CV%) concentration (0.1 mg/ml), the precision was 9–15%
were computed. Inter-day and intra-day variabilities .
at concentration of calibration standards are pre-
sented in Table 1. A linear regression of the back- 3.4. Extraction recovery
calculated concentrations versus the nominal ones
provided a unit slope and an intercept equal to 0 In plasma, the mean recovery (n59) averaged
(Student’s t-test). The distribution of the residuals 99.363.6% for minocycline, it was 93.063.5% (n5
(difference between nominal and back-calculated 6) for the internal standard. In parotid saliva (n59),
concentrations) shows random variations, the number recoveries were 91.365.1 and 99.360.02% for the
of positive and negative values being approximately two analytes, respectively. The extraction efficiency
equal. They were normally distributed and centred is not statistically different over the range of con-
around zero. The bias was not statistically different centrations studied.
from zero (Student’s t-test) and the 95% confidence
interval included the zero value.

3.5. Limit of quantitation and limit of detection

3.3. Precision and accuracy
The limit of quantitation was 0.10 mg/ml in

plasma and parotid saliva.The limit of detection wasFor concentrations (0.5–25 mg/ml) of calibration
0.05 mg/ml.standards, the precision around the mean value did

not exceed 12% (0.2–12%); at the lowest concen-
trations (0.1 mg/ml), the precision was 12–17% and 3.6. Stability
the accuracy 96–98% (Table 1).

The results for accuracy, intra-day, and inter-day Stock solutions of minocycline and internal stan-
precision are presented in Table 1. For QC samples dard were stable for 12 h at 208C without measurable

Table 1
aIntra- and inter-day reproducibilities of the HPLC analysis

Intra-day reproducibility Inter-day reproducibility

Theoretical Experimental Mean Experimental Mean Experimental Mean
concentration concentration recovery concentration recovery concentration recovery
(mg/ml) (mg/ml) (%) (mg/ml) (%) (mg/ml) (%)

(Mean6SD) (Mean6SD) (Mean6SD)

Human plasma Parotid saliva

(n56) (n513) (n57)

QC, 0.1 0.09560.0085 95.0 0.09860.0095 98.0 0.160.015 100.0
0.1 0.09660.013 96.0 0.09760.012 97.0 0.09860.017 98.0
0.5 0.4860.041 96.0 0.4860.042 96.0 0.51460.041 102.8
2.0 2.0560.06 102.5 2.0560.075 102.5 2.0360.235 101.4
QC, 3.5 3.9060.10 111.4 3.5260.40 100.6 3.6160.22 103.1
5.0 4.8760.25 97.4 4.7460.13 94.8 4.9160.49 98.2
10.0 9.9461.09 99.4 9.8960.16 98.9 10.360.75 102.8
QC, 10.5 11.160.47 105.7 10.660.54 101.0 10.160.99 95.8
12.5 13.360.66 106.4 12.660.36 100.8 12.860.88 102.1
15.0 15.160.21 100.7 15.560.26 103.3 14.661.03 97.3
QC, 20.0 18.660.53 93.0 20.260.93 101.0 19.360.88 96.5
25.0 24.860.26 99.2 24.860.055 99.2 25.160.20 100.4

a Calibration standards: 0.1, 0.5, 2, 5, 10, 12.5, 15, 25 mg/ml; quality control samples: 0.1, 3.5, 10.5, 20 mg/ml.
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Table 2
Mean percent recoveries after storage at 20 and 48C

Concentration Percent recovery (mean6SD)
added (mg/ml)
n53 208C 48C

3.5 10.5 20 3.5 10.5 20

Human plasma
15 min 95.761.26 96.862.17 98.661.90 93.861.93 97.561.49 93.861.49
30 min 86.063.04 93.263.49 89.360.65 87.761.08 95.762.10 90.463.36
1 h 78.161.93 93.361.44 89.360.65 81.261.70 91.262.76 89.661.98
2 h 72.361.09 86.762.06 88.160.50 71.161.03 87.462.74 88.161.47
4 h 65.261.99 68.869.86 63.861.16 67.161.07 79.863.40 89.662.10
6 h 42.860.36 59.961.19 38.267.90 42.461.08 58.765.28 63.5612.9

Parotid saliva
15 min 102.664.54 102.263.46 104.461.07 107.968.82 97.463.63 98.463.56
30 min 96.868.38 96.161.51 98.864.22 98.660.97 98.560.30 98.660.11
1 h 98.666.98 96.061.75 97.866.36 98.061.20 97.060.35 98.660.39
2 h 83.262.43 97.861.27 87.961.74 78.262.83 87.963.97 91.461.75
4 h 73.063.15 69.662.26 86.161.44 83.062.11 77.060.05 85.162.83
6 h 54.960.43 55.460.62 57.861.55 62.866.74 62.662.88 59.261.17

decomposition. At 48C, these solutions were stable attention must be paid to sample collection and
for at least 8 days. handling. Assay performance was assessed both on

Stability results of plasma and saliva samples, at the basis of the statistical characteristics of individual
20 and at 48C, are given in Table 2. After storage at calibration lines and from the results of QC samples.
20 and 48C, a monoexponential decline in drug Demeclocycline was regarded as an acceptable inter-
concentration was detected; the corresponding half- nal standard because it exhibits similar extraction
life values ranged from 6 to 8 h at 208C and from 6 properties; moreover, its use allowed enhanced preci-
to 13.5 h at 48C. sion. The limit of quantitation, 100 ng/ml, was

The long-term freezer stability indicated that higher than that reported by Mascher (30 ng/ml)
minocycline was stable during 2 months, the percent [25]; however, the limit of quantitation of the
recovery averaged 90%. Compared to the reference proposed analytical method can be improved by
values, no statistical difference appeared. increasing the injected volume to 50 ml. The advan-

Run-time stability at room temperature of pro- tage of the solid–phase extraction used for the
cessed samples after extraction was determined for sample pretreatment is that the procedure can be
each point of calibration standard. After 12 h no fully automated. The present method validation
significant losses occurred. results indicate that the performance characteristics

At least two freeze–thaw cycles can be tolerated of the method fulfilled the requirements for a suffi-
without losses higher than 10%. ciently accurate and precise assay method to carry

out pharmacokinetic studies.

4. Discussion and conclusion

In this manuscript we described a high-perform- Acknowledgements
ance liquid chromatographic (HPLC) method to
quantify minocycline in plasma and parotid saliva. In The authors gratefully acknowledge support of this
the two matrices studied at 20 and 48C, rapid work by Sulzer Medica Laboratory, Carlsbad, CA,
degradation of the drug occurred. Therefore, special USA.
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