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Abstract

A rapid and efficient isocratic high-performance liquid chromatographic assay for the measurement of
atovaquone in plasma has been developed and validated. The drug was extracted from plasma with organic
solvents, assayed on a C, column with a mobile phase of methanol—-{(.1% acetic acid (70:30, v/v), and detected by
ultraviolet absorbance at 254 nm. Recovery of atovaquone from plasma was greater than 85%. Intra- and
inter-assay variability were less than 8%, and the average accuracy of the assay (expressed as % bias) ranged from
—7.4t0 +2.2%. The upper and lower limits of quantitation were 100 and 0.25 wg/ml, respectively. Measurement
of atovaquone in spiked plasma control samples during routine runs of clinical trial samples confirmed the

reliability of the assay.

1. Introduction

The hydroxynaphthoquinone, atavaquone
(trans - 2 - [4 - (4 - chlorophenyl) - cyclohexyl] -
3 - hydroxy - 1,4 - naphthalenedione, 566C80), is
a potent, selective inhibitor of a variety of
medically important protozoa, including Pneu-
mocystis carinii, Texoplasma gondii, and Plas-
modium species [1]. Atovaquone is structurally
related to ubiquinone and is thought to act at the
cytochrome bc, (complex IH) site of the mito-
chondrial electron transport chain by indirectly
inhibiting several metabolic enzymes linked via
ubiquinone [2]. The compound was initially
under development as an antimalarial compound
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[3,4], but its activity against P. carinii and T.
gondii in in vitro models [5,6] and in experimen-
tally induced P. carinii pneumonia (PCP) infec-
tions in rats [1] prompted further development
for therapy for PCP and toxoplasmosis infections
in immunocompromised (especially AIDS) pa-
tients. Phase I, I/11, and III clinical trials have
been completed [7-10], and atovaquone was
shown to be equivalent to trimethoprim/sul-
famethoxazole in overall therapeutic outcome
against PCP [11]. The phase 1II trial also demon-
strated that the incidence of therapeutic success
with atovaquone was directly correlated with
steady-state plasma concentrations of the com-
pound [11].

The structure of atovaquone is shown in Fig.
1; it is a yellow crystalline solid with a molecular
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Fig. 1. Chemical structure of atovaquone.

mass of 366.84. It is poorly soluble in a variety of
organic solvents, and its aqueous solubility is
<0.2 pg/ml. Atovaquone is highly lipophilic
and, like many other hydroxynaphthoquinones,
is poorly bioavailable in experimental animals
and humans [12]. A reliable, accurate, sensitive,
and specific analytical method for the quantita-
tion of atovaquone in plasma was required both
for determining plasma concentrations in pre-
clinical pharmacology, toxicology, and disposi-
tion studies and for defining therapeutic concen-
trations in clinical trials.

In the early stage of the compound’s develop-
ment, a gas chromatographic method for
measuring plasma concentrations of atovagquone
was devised and reported [13]. Because of the
number of manipulations involved in the ex-
traction and derivatization steps, a more direct,
less time-consuming procedure was needed. The
HPLC assay reported in this paper was originally
developed and validated to support preclinical
toxicology, pharmacology, and disposition ex-
periments in animals. As the compound pro-
gressed from the preclinical stage to early phase
I clinical trials, the method was modified to meet
the different demands of clinical studies (e.g.
larger number of samples covering a broader
concentration range) and was transferred from
research laboratory to routine drug assay labora-
tory. An evolution of the assay paralleled the
progress of atovaquone through its preclinical
and clinical development. The validation experi-
ments and results reported in this paper reflect
the evolving nature of a typical analytical meth-
od in a pharmaceutical research setting. The
initial validation experiments (model selection,
specificity, recovery, accuracy, and precision of
the assay) and stability studies were performed
on a single HPLC system by one analyst. After

the assay was transferred to the routine assay
laboratory, it was performed on a slightly differ-
ent HPLC system by several analysts. The va-
lidity of the method as performed in the routine
assay laboratory was then verified; results from
both laboratories were used to establish the
validity of the mecthod and are reported in this

paper.

2. Experimental
2.1. Reagents

Atovaquone was provided by Compound Reg-
istration, Burroughs Wellcome Co. (Research
Triangle Park, NC, USA). All solvents were
HPLC-grade and were obtained from EM Sci-
ence {Gibbstown, NJ, USA). Glacial acetic acid
and dimethylformamide (99.9% pure) were pur-
chased from Aldrich Chemical Company (Mil-
waukee, WI, USA). Potassium phosphate buffer
(0.05 M, pH 7.0) was obtained from Fisher
Scientific (Pittsburgh, PA, USA).

2.2, Instrumentation and chromatographic
conditions

The HPLC system used in the initial develop-
ment and validation of the assay consisted of a
Waters Associates (Milford, MA, USA) Model
600 Multisolvent Delivery System, an autoin-
jector (Waters WISP Mode 712B), and a pro-
grammable multiwavelength detector (Waters
Model 490E). The HPLC system used in the
routine assay of atovaquone consisted of an IBM
LC/9560 liquid chromatograph (Danbury, CT,
USA), an autoinjector (Waters WISP Model
712), and a programmable multiwavelength de-
tector (IBM Model LC/9523). For both systems,
the UV detector was set at 254 nm; UV, for
atovaquone in the HPL.C mebile phase was 251
nm. Detector output was monitored and ana-
lyzed with an in-house chromatography data
acquisition program, which was operated by a
Digital Specialties DS-80Z microcomputer (Carr-
boro, NC, USA). For all of the initial develop-
ment and validation experiments and some of
the routine assays, chromatographic separations
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were performed on a Supelcosil LC-8-DB col-
umn (15 cm X 4.6 mm L.D., particle size 5 pm,
Supelco, Bellefonte, PA, USA) protected by an
inert C,; guard column cartridge (1 cm X 4 mm
[.D., Keystone Scientific, Bellefonte, PA, USA)
and a precolumn filter (2 pwm, Upchurch Sci-
entific, Oak Harbor, WA, USA). The maobile
phase of acetonitrile-1% acetic acid (85:15, v/v)
was pumped at a flow-rate of 0.8 ml/min. The
injection vehicle was methanol-1% acetic acid
(80:20, v/v). A Supelcosil LC-1 column (15 cm X
4.6 mm [.D., particle size 5 um) protected by an
mert C, guard column cartridge (1 cm X 4 mm
1.D., Keystone Scientific) and a precolumn filter
(2 pm, Upchurch Scientific) was also used in the
routine assay of atovaquone. For this column, a
mobile phase of acetonitrile-0.1% acetic acid
(60:40, v/v) or methano}-0.1% acetic acid
(70:30, v/v) pumped at a flow-rate of 1.0 ml/min
was used.

2.3. Preparation of calibration standards and
quality control samples

In the initial development and validation of
the assay, calibration standards were prepared
for each assay run. A concentrated stock solu-
tion of atovaquone (0.3 mg/ml) was prepared in
methanol-dimethylformamide (99:1, v/v). Stock
solutions A (0.1 mg/ml) and B (0.01 mg/ml)
were made by diluting appropriate amounts of
the stock solution with injection vehicle. Appro-
priate amounts (0.01-0.05 ml) of stock solutions
A or B, blank plasma (0.1 ml), and potassium
phosphate buffer (1.0 ml) were combined in
disposable tubes to yield spiked calibration stan-
dards (duplicates at cach concentration) ranging
from 0.5 to 50.0 pg/mi. For routine assays,
calibration standards were prepared in batches of
30-40 ml at each concentration and stored in
1-ml aliquots at —40°C. Subsequent to the initial
validation of the assay over the concentration
range of 0.5 to 50 pug/ml, the calibration curve
was extended to a range of 0.25 to 100 pg/ml.
Quality control (QC) samples were prepared at
three concentrations (1.96, 5.66, and 16.67 ug/
ml) from stock solutions that were made separ-
ately from those used to prepare the calibration
standards. The concentrations of the QC samples

were relevant to the atovaquone concentration
range of clinical interest. The routine accuracy
and precision (i.e. quality control) of the assay
were important to monitor at concentrations
between 2 and 20 ppg/mi, because that was the
concentration range associated with therapeutic
failure or success. Plasma concentrations near 17
pg/ml were associated with a high rate of
therapeutic success [11].

2.4. Sample preparation

Atovaquone was extracted from plasma with a
solvent mixture of hexane-iscamyl alcohol (98:2,
v/v). Plasma (0.1 ml), phosphate buffer (1.0
ml}, and extraction solvent (5.0 ml) were com-
bined in a disposable screw-cap tube with a
teflon-lined cap, shaken on a reciprocal shaker
for 15 min, and centrifuged (1000 g, 5 min). A
portion (2.0-4.0 ml) of the extract was removed
and combined with isopropyl alcohol (1.0 ml) in
a disposable glass test tube. The solvent was
evaporated under a stream of nitrogen, and the
sample was reconstituted by vortex-mixing for 10
s in HPLC injection vehicle (0.2 ml). A portion
(0.05 ml) of each sample was injected into the
column.

Calibration standards and QC samples were
prepared and extracted as described above with
each set of unknown samples. One set of cali-
bration standards was assayed at the start and a
duplicate set was assayed at the end of the
HPLC run; QC samples (duplicates at each
concentration) were interspersed throughout the
HPLC run. As suggested in a recent consensus
report on bioanalytical methods validation [14],
a portion of stock solution B (0.5 upg) was
injected at regular intervals to serve as a system
suitability check (i.e. to ensure that the system
was performing as expected).

2.5. Calculations

Calibration curves were obtained by weighted
least-squares linear regression (LSLR) of the
peak areas of the calibration standards (dupli-
cates assayed at each of six concentrations) on
the concentrations of the calibration standards.
Concentrations of atovaquone in the QC and



214 D.V. DeAngelis et al. / J. Chromatogr. B 652 (1994} 211-219

unknown samples were calculated from the
equation of the regression.

2.6. Assay validation

Calibration maodel selection

The appropriate regression model for the
assay was determined from several sets of cali-
bration standards that were assayed as described
above. The concentration and peak-area data
were fitted to LSLR models with weighting
factors of 1/(concentration) and 1/(concentra-
tion)>. The residuals plots obtained from these
regressions were inspected for homogeneity of
variance in the response (peak area) across the
concentration range and for random distribution
of the residuals around a residual value of zero
[15]. In addition, back-calculated concentrations
for the calibration standards were determined,
and percent relative concentration residuals
(%RCR) were calculated according to the for-
mula described by Karnes and March [16]. The
LSLR model and weighting scheme that pro-
duced the lowest total % RCR was chosen.

Stability of atovaguone

Atovaguone’s stability in stock solution was
examined over a three-week period. Portions of
a stock solution (n=4, 0.5 g in 0.05 ml)
prepared on the first day of the test period were
stored at room temperature in the dark. Once
each week, concentrations of atovaquone in this
original stock solution were then calculated from
a standard curve derived from a freshly prepared
stock solution.

The stability of atovaquone in frozen plasma
stored at —40°C was examined over a six-month
period in assays run with freshly prepared calib-
rators. The stability of the drug in plasma that
underwent four freeze-thaw cycles also was in-
vestigated. Portions of spiked plasma (n =35, 25
mg/ml) were assayed on the day of preparation,
and the remainder of the plasma was frozen at
—40°C. The plasma was thawed, re-assayed, and
refrozen over a four-day period.

Before routine assay of samples from HIV-
positive subjects, plasma is heated to 56-58°C
for 5 h to inactivate the virus [17]. The stability

of atovaquone during heat inactivation was ex-
amined in spiked human plasma. Samples (2.0
ml) of the spiked plasma (n =7) were pipetted
into screw-capped polypropylene vials; a portion
of cach sample was removed to serve as the
non-heat-treated control. The remaining sample
was placed in a hot air oven (56°C) for 5 h. The
ratio of the peak area of atovaquone in the
heat-treated sample to that in the control was
calculated to assess atovaquone stability during
the heat treatment.

Recovery

Spiked plasma samples (5.2, 26.0, and 52.0
pg/ml; =35 at each concentration) were ex-
tracted, and the recovery of atovaquone from
plasma was determined from a calibration curve
prepared with standards that were injected di-
rectly into the HPLC system.

Specificity

Blank plasma samples from untreated volun-
teers and predose plasma samples from patients
were analyzed in routine assay runs, and the
chromatograms were cxamined for compounds
that would interfere with the quantitation of
atovaquone. In addition, four drugs that are
commonly taken by HIV-positive patients
(pentamidine, zidovudine, sulfamethoxazole,
and trimethoprim) were injected directly into the
HPLC system to determine their retention times
relative to atovaquone.

Accuracy and precision

The accuracy and precision of the method
were estimated by assaying spiked plasma at two
concentrations (3.79 and 37.89 pg/ml) in sepa-
rate assays on seven days, Accuracy (expressed
as % bias) was calculated as shown in Table 2.
One-way analysis of variance (ANOVA) was
used to partition the total observed variance of
the assay into its two components, within-assay
variance (random error) and between-assay var-
iance (error associated with differences in day-to-
day conditions} [18]. Precision was expressed as
the coefficient of variation (C.V.) of the means
from these runs. In addition to the specific
validation experiment designed to estimate ac-
curacy and within- and between-day precision,
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quality control charts were maintained during
the course of the clinical trials, and these results
were used to monitor assay precision during the
routine use of the assay.

3. Results

Representative chromatograms of blank plas-
ma, plasma spiked with atovaquone near the
lower limit of quantitation (0.5 ug/ml), and
plasma from a patient who received atovaquone
are shown in Figs. 2a—c. The retention time of
atovaquone was typically 6—7 min, and no en-
dogenous interferences were noted. As the
HPLC column aged and the retention time of
atovaquone decreased, the composition of the
mobile phase was adjusted to compensate for the
change in retention. Columns were replaced
when the amount of methanol in the mobile
phase reached 60%, the peak shape deterior-
ated, or baseline resolution was lost.

3.1. Calibration model selection

Residuals plots from the calibration data fitted
to an LSLR model indicated that the variance
associated with the response (peak area) was
homogeneous throughout the concentration
range when the data were weighted by 1/(con-
centration) or 1/(concentration)’ functions. Ex-
amination of the residuals plots during the vali-
dation runs revealed that a better fit to the
model was achieved with the 1/(concentration)’
weighting function for most of the calibration
curves, Back-calculated concentrations of the
standards and 9%9RCR values from routine assay
runs suggested that a good fit was achieved
weighting by either 1/(concentration) or 1/{con-
centration)”.

Examination of the residuals plots for each
assay also influenced the assignment of the upper
and lower limits of quantitation. The highest and
lowest calibration standards in the run were
assessed for their fit to the weighted LSLR
model. Also, the variance in response for those
standards was compared to the variance for the
other calibration standards. For most routine
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Fig. 2. (a) Chromatogram of a blank plasma extract. The
arrow indicates the retention time of atovaquone. Column
LC1; Mobile phase, methanol-0.1% acetic acid (70:30, v/v);
flow-rate, 1.0 ml/min; detection, UV at 254 nm (0.003
AUFS). (b) Chromatogram of an extract from plasma spiked
at 0.5 pg/ml (0.003 AUFS). (¢) Chromatogram of a plasma
extract from a patient receiving atovaquone; the concen-
tration of atovaquone in this sample was 18.7 ug/ml (0.015
AUFS).
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runs, the upper and lower limits were set at 100
and 0.25 pg/ml, respectively.

3.2. Stability

The concentration of atovaquone in stock
solution stored at room temperature was stable
during the three-week test period; differences
butween the measured and nominal concentra-
tions were less than 10%. Atovaquone was
stable in plasma frozen at —40°C over a period
of at least six months. For the three concen-
trations studied (1.96, 5.66, and 16.67 pg/ml),
the daily assayed concentrations of atovaquone
were within 11% of the nominal concentrations.
No trends in concentrations were observed; the
overall averages of the assayed concentrations
were within 2% of their nominal concentrations.
The compound was also stable during repeated
freeze-thaw cycles. The average ussayed con-
centration measured after each freeze-thaw cycle
was within 10% of the nominal concentration,
indicating that plasma could be frozen and
thawed at least four times with no appreciable
change in the concentration of atovaquonc. The
heat-inactivation process applied to plasma sam-
ples from HIV-positive patients also did not
affect the concentration of atovaquone in plas-
ma. The peak-area ratios (heat-inactivated:con-
trol) of the spiked human plasma samples ranged
from 0.848 to 1.179. The average difference
between the peak areas in the samples before
and after heat inactivation was —1.2%.

3.3. Recovery

The recovery of atavaquone from human
plasma is shown in Table 1. Greater than 85% of
the compound was recovered at the three con-
centrations studied. The CJV. value at each
concentration was less than 5%.

3.4. Accuracy and precision

The accuracy of the assay, expressed as %
bias, estimated from assay of control samples
(3.79 and 37.89 pg/ml) is presented in Table 2.
The average % bias was 2.16% for the high

Table 1
Recovery of atovaquone from plasma

Nominal concentration Recovery” CV.
(pg/ml) (%) (%)
5.2 88.8 2.1
26.0 87.8 3.3
52.0 85.5 4.7

® n =5 samples at each concentration.

control and —7.39% for the low control. Within-
assay precision was estimated at 7.4% and 5.4%
for the low and high controls, respectively. The
between-assay precision was estimated to be
3.9% for the low controls, and 0.4% for the high
controls. The ANOVA resuits showed that es-
sentially all of the variability seen in the assay of
the high control samples in these validation runs
was accounted for by the within-assay variability
[18]. These results were extended by analysis of
the OC data from the assay of patient plasma
samples obtained in clinical trials. In one such
study [11], intra-assay precision for the low, mid,
and high QC samples was calculated as 4.9, 2.7,
3.8%, respectively. Inter-assay precision over
the 13-month course of analyzing samples from
that trial was 2.8, 4.2, and 4.5% for the low,
mid, and high QC samples.

3.5. Specificity

Plasma samples from untreated volunteers
contained no endogenous peaks that interfered
with the quantitation of atovaquone. Peaks asso-
ciated with pentamidine, zidovudine, trimetho-
prim, and sulfamethoxazole were well resolved
from atovaquone (data not shown). Extracts of
predose plasina samples from patients in clinical
trials were also free of interfering substances;
fewer than 1% of the samples from clinical trials
showed interferences in the assay for atova-
quone.

4. Discussion

A method for the measurement of plasma
concentrations of atovaquone that is specific,



D.V. DeAngelis er al. | J. Chromatogr. B 652 (1994) 211-219 217

Table 2
Accuracy and precision of the assay
Day Nominal concentration Assayed concentration” CV. Bias®
(1g/ml) (ug/ml) (%) (%)
1 37.89 37.87+1.26 3.33 -0.05
3.79 3.51+£0.39 11.11 ~7.39
2 37.89 39.88x3.13 7.85 5.25
3.79 3.83+0.11 2.87 1.06
3 37.89 39.19+0.57 1.45 3.43
3.79 3.46x0.23 6.65 —-8.71
4 37.89 38.24+1.43 374 0.92
3.79 3.35+0.07 2.09 —11.61
5 37.89 38.56 =1.98 5.13 1.77
3.79 3.28=0.23 7.01 —13.46
6 37.89 39.79+3.39 8.52 5.01
3.79 3.58+0.22 6.14 —5.54
7 37.89 37.45=1.12 2.99 —1.16
3.79 3.57+0.39 10.92 —5.80
Overall 37.89 38.71£2.09 2.16
3.79 3.51+0.29 -7.39
Within-assay 37.89 5.39
3.79 7.39
Between-assay 37.89 0.36
3.79 3.95

e

n=35 meantS.D.
* Bias = (assayed conc — nominal conc)/nominal conc x 100.

rapid, and simple to perform has been described.
Validation experiments have shown that the
assay has good accuracy and precision, and an
internal standard was deemed unnecessary.
Assay of patients’ predose plasma samples gen-
erated in clinical trials indicated that interfer-
ences caused by endogenous substances or con-
comitant medications were seen in fewer than
1% of patients. Because the HPLC run duration
is short, an analyst can readily assay 100 plasma
samples per day. The stability of atovaquone
during heat inactivation of the human immuno-
deficiency virus enables the drug to be quanti-
tated after minimizing the HIV-related heaith
hazard to laboratory personnel.

During the initial development of the assay, a
Supelco L.C 8-DB HPLC column was used for
the analysis of atovaquone. Most of the assay
validation experiments were performed with this
column. Unfortunately, atovaquone eluted as a

badly tailing peak when the original column was
replaced with other LC 8-DB columns. Because
atovaquone was strongly retained by many
nonpolar stationary phase columns, a relatively
polar reversed-phase column, C,, was chosen to
replace the LC 8DB column. Use of the C,
column reduced atovaquone’s retention time and
improved its peak shape. As our experience with
the C, column grew, we discovered that the
retention of atovaquone decreased as the column
aged, which resulted in problems with the res-
olution of the drug and endogenous substances.
To maintain the resolution, we progressively
decreased the proportion of methanol in the
mobile phase. When the proportion of methanol
reached 60%, the difference in methanol content
between the mobile phase and the injection
vehicle caused the atovaquone peak shape to
degrade [19], and the column was replaced with
a new C, column. In our experience, more than
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2000 samples could be analyzed before an ana-
lytical column needed to be replaced.

Much of the variability in this method
occurred at the step where the extract was
reconstituted in the injection vehicle. Propor-
tions of methanol in the injection vehicle less
than 70% resulted in erratic recovery of the
compound and increased variability of the assay.
In addition, we discovered that decreasing the
sample vortex time in the reconstitution step to
less than 10 s increased the variability of the
method, especially if the concentration of ato-
vaquone in the sample was above 50 pg/ml.
Standardizing the length of the vortex-mixing to
10 s stabilized the precision of the method.

The use of an internal standard was not
pursued in the development and validation of
this assay. Although internal standards are fre-
quently incorporated into HPLC assays, it is
usually done by force of habit, and a critical
evaluation of an internal standard’s contribution
to assay accuracy and precision is rarely con-
ducted [20,21]. Use of an internal standard
would require evaluation of the potential im-
provement the internal standard might make [21]
as well as additional validation work to show
purity, stability, recovery, and specificity of the
internal standard. (The fact that AIDS patients
are usually taking several medications al once
makes specificity a heightened concern in an
assay of a drug such as atovaquone.) Careful
attention to the assay procedure for this HPLC
method has resulted in an assay that is as
accurate and precise as most other methods that
incorporate an internal standard.

Simple nonweighted LSLR is not a valid
calibration model for most HPLC assays that
employ UV detection, because the absolute error
of the response (peak area) usually increases
with the concentration of the analyte [15,16].
When the assumption of constant variance of the
response across the concentration range is vio-
lated [15,16,18], weighted LSLR can be used to
solve this problem. Weighted LSLLR produces a
calibration line that more accurately predicts the
concentrations of unknowns, especially those at
the lower end of the calibration range [22]. For
routine assays, the number of replicates at each

concentration was too small to obtain meaningful
residuals plots from the data, therefore, the
weighting factor that minimized the %RCR
values for the calibration standards was used
[18].

The changing demands on an analytical assay
during its development, validation, and routine
use occasionally call for modifications to be
implemented in the assay procedures. The mag-
nitude of each change and its effect on the
validity of the assay must be carefully assessed,
50 that appropriate revalidation experiments can
be designed and carried out. Careful monitoring
of the assay by the routine analyst allows early
detection of problems in the method. The
routine analyst and the developer of the assay
can then collaborate to solve the problems and
perform appropriate experiments to validate the
modified assay [23].

S. Conclusion

A simple, accurate, and efficient high-per-
formance liquid chromatography method for
measurement of atovaquone in plasma has been
developed and validated. The assay, which is less
time-consuming than a previous gas chromato-
graphic method, was validated for the plasma
concentration range expected in patients being
treated for PCP and toxoplasmosis infections. It
has been used successfully to assay plasma sam-
ples from preclinical and phase I, 1I, and Il
clinical trials. The simplicity and reliability of the
assay make it a valuable tool in the clinical
laboratory for the measurement of plasma con-
centrations of atovaquone in patients being
treated for PCP and toxoplasmosis.

6. Acknowledgements

The authors gratetully acknowledge the useful
discussions with Ms. Ann Jones, Mr. Graham
Ridout and Dr. Mira Doig, Wellcome Research
Laboratories, UK and Dr. James Hubbell, Bur-
roughs Wellcome Co., USA during the develop-
ment and validation of this assay.



DYV. DeAngelis et al. / J. Chromatogr. B 652 (1994) 211-219 219

7. References

[1] W.T. Hughes, V.L. Gray, W.E. Gutteridge, V.S. Latter
and M. Pudney, Antimicrob. Agents Chemather., 34
{1990) 225.

[2] M. Fry, A.T. Hudson, A.W. Randall and R.B. Williams,
Biochemn. Pharmacol., 33 (1984) 2115.

[3] W.E. Gutteridge, J. R. Soc. Med., 17 (1989) 63.

[4] V.S. Latter, in M.J. Rand and R. Raper (Editors),
Proceedings of the 10th International Congress of
Pharmacology, Elsevier Science Publishers, New York,
1987, p. 661.

[5] J.C. Comley, R.J. Mullin, L.A. Wolfe, M.H. Hanlon
and R. Ferone, Antimocrob. Agents Chemother., 35
(1991) 1965.

[6] F.G. Araulo, J. Huskinson and J.S. Remington, An-
fimicrob. Agents Chemother., 35 (1991) 293.

[7] W.T. Hughes, W. Kennedy, J.L. Shenep, P.M. Flynn,
S.V. Heatherington, G. Fullen, D.J. Lancaster, D.S.
Stein, S. Palte, D. Rosenbaum, $.H.T. Liao, M.R.
Blum and M.D. Rogers, J. Infect. Dis., 163 (1991) 843.

[8] J. Falloon, J. Kovacs, W.T. Hughes, D. O'Neill, M.
Polis, R.T. Davey, M. Rogers, S. LaFon, 1. Feuerstein,
D. Lancaster, M. Land, C. Tuazon, M. Dchn, S.
Greenberg, H.C. Lane and H. Masur, ¥N. Engl. J. Med.,
325 (1991) 1534,

[9] W.T. Hughes, Ann. Intern. Med., 116 (1992) 953,

[10] J.A. Kovacs, Lancet, 340 (1992) 637.
[11] W.T. Hughes, G. Leoung, F. Kramer, 5.A. Bozzette, S.
Safrin, P. Frame, N. Clumeck, H. Masur, D. Lancaster,

C. Chan, J. Lavelle, J. Rosenstock, J. Falloon, J.
Feinberg, S. LaFon, M. Rogers and F. Sattler, N. Engl.
J. Med., 328 (1993} 1521.

[12] A.T. Hudson, A'W. Randall, M. Fry, C.D. Ginger, B.
Hill, V.S. Latter, N. McHardy and R.B. Williams,
Parasitology, 90 (1985) 45.

[13] M.V. Deig and A.E. Jones, Methodsl. Survey Biochem.
Anal., 20 (1990) 157.

[14] V.P. Shah, K.K. Midha, S. Dighe, I.J. McGilveray, I.P.
Skelly, A. Yacobi, T. Layloff, C.T. Viswanathan, C.E.
Cook, R.D. McDowall, K.A. Pittman and §. Spector, J.
Pharm. Sci., 81 (1992) 309,

[15] D.L. MacTaggart and 5.Q. Farwell, J. Assoc. Off.
Anal. Chem. Int., 75 (1992} 594.

(16] H.T. Karnes and C. March, J. Pharm. Biomed. Anal., 9
(1991) 911,

[17] L. Resnick, K. Veren, §.Z. Sallahuddin, §. Tondreau
and P.D. Markham, J. Am. Med. Assoc., 255 (1986)
1887.

[18] 7.C. Miller and 1.N. Miller, Swtistics for Analytical
Chemistry, 2nd ed., Ellis Horwood Limited, Chichester,
1988.

[19] JW. Dolan, LC-GC, 10 (1992) 511.

{20} S.H. Curry and R. Whelpton, in E. Reid (Editor),
Blood Drugs and Other Analytical Challenges, Ellis
Horwood, Chichester, 1978, p. 29.

[21] P. Haefelfinger, J. Chromatogr., 218 {1981) 73.

[22] P. Bonate, LC-GC, 10 (1992) 448.

[23] I.J. Kirschbaum, J. Pharm. Biomed. Anal., 7 {(1Y89)
813.



