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Abstract

A reversed-phase high-performance liquid chromatographic method for the simultaneous quantitative determination of five
HIV protease inhibitors (i.e. indinavir, amprenavir, saquinavir, ritonavir and nelfinavir) in human plasma is described. An
aliquot of 500 wl plasma was extracted with 0.5 ml of 0.1 M NH,OH and 5 ml of methyl tert.-butyl ether. After evaporating,
the residue was dissolved in eluent mixture of acetonitrile and 50 mM KH,PO, adjusted to pH 5.6 with 50 mM Na,HPO,
(43:57, v/v). Subsequently, the eluent was washed with hexane. Chromatography was performed using a C, reversed-phase
column. Ultraviolet detection at 215 nm was used. Linearity of the method was obtained in the concentration range of
0.05-20 wg ml~* for al five protease inhibitors. Our method is now in use to analyse plasma samples from patients treated
with co-administration of HIV protease inhibitors. [0 2001 Elsevier Science BV. All rights reserved.
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1. Introduction drug monitoring is necessary to prevent or delay the

occurrence of viral resistance to protease inhibitors,

The use of human immunodeficiency virus (HIV)
protease inhibitors has been associated with signifi-
cant progress in the treatment of HIV infection. The
first protease inhibitors were indinavir, saquinavir
and ritonavir, these were followed by nelfinavir and,
recently, amprenavir became available. Therapeutic
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and to ensure optimal therapy for HIV infected
patients [1]. Several methods for determining pro-
tease inhibitors have been described [2—6]. However,
most of these methods are suitable for the determi-
nation of only one or two protease inhibitors in one
analytical run. Since many combinations of the
above five protease inhibitors are administered to
HIV infected patients, there is an urgent need to
determine the plasma concentrations of many more
protease inhibitors in one analytical run. Recently,
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the determination of four or five protease inhibitors
by high-performance liquid chromatography (HPLC)
in a single analytical run was reported [7,8]. Al-
though the method of Hugen et a. [7] could de-
termine four protease inhibitors in one analytical run,
it required a costly system of gradient elution, and
reguired the time to return equilibrium of the eluent
from the end of one analytical run. The method of
van Heeswijk et al. [8] for five protease inhibitors
regquired a change in wavelength during the analysis
and expensive disposable cartridges were used for
extraction [8].

We have developed a simple method for the
simultaneous determination of five protease in-
hibitors in human plasma by HPLC in one analytical
run.

2. Experimental
2.1. Chemicals

Amprenavir was a generous gift from Kissel
Pharmaceutical Co. (Tokyo, Japan), indinavir was
obtained from Merck & Co. (NJ, USA), nefinavir
from Japan Tabacco Inc. (Tokyo), saquinavir from F.
Hoffmann-La Roche Ltd. (Basel, Switzerland) and
ritonavir was from Dynabott Co. (Tokyao). Acetoni-
trile (HPLC Supra gradient), methanol, NH,OH,
KH,PO,, Na,HPO,, methyl tert.-butyl ether and
n-hexane were obtained from Wako Pure Chemical
Industries LTD. (Osaka, Japan). Donated Blood
Distribution Co. (Tokyo) supplied drug-free human
plasma.

2.2. Equipment

The HPLC system consisted of the following
components. an LC-10Advp solvent delivery pump
(Shimadzu Co., Tokyo); a model LC33 automatic
sample injector (System Instruments Co., Tokyo);
SPD-10Avp wavelength detector (Shimadzu Co.,
Tokyo); DGU-12Avp degasser (Shimadzu Co.,
Tokyo). The analytical column was a Sensyu Pack
ODS C,4 column (5 um particle size; 150X4.6 mm,
Sensyu Scientific Co., Tokyo).

2.3 Preparation of standards

Separate stock solutions of indinavir, amprenavir,
saquinavir, ritonavir and nelfinavir were prepared by
dissolving the appropriate amount of drug, accurately
weighed, in methanol to yield a final concentration
(as the free base) of 1000 wgml ~*, respectively.
Each of these stock solutions was used for the
preparation of a solution containing the five protease
inhibitors at a concentration of 20 wgml ~*, and this
solution was used for the preparation of the cali-
bration curves.

2.4. Chromatographic conditions

The mobile phase consisted of a mixture of
acetonitrile and 50 mM KH,PO, adjusted to pH 5.6
with 50 mM Na,HPO, (43:57, v/v). Chromato-
graphic analysis was performed at ambient tempera-
ture and a flow-rate of 1.5 ml min~*. Drugs were
detected by their UV absorbance at a wavelength of
215 nm. Aliquots of 100 wl were injected into the
chromatograph.

2.5. Sample preparation

An aiquot of 500 pl plasma was transferred to a
10-ml glass tube and spiked with 0.5 ml NH,OH
followed by the addition of 5 ml methyl tert.-butyl
ether. After shaking for 10 min, the samples were
centrifuged for 10 min at 2000 g at 4°C. Four ml of
organic phase was transferred to a clean 10-ml glass
tube and evaporated at 30°C. The residue was
dissolved in 300 pl mobile phase, and then the
mixture was vortexed for 1 min. Three ml of n-
hexane was added to the mixture and shaken for 15
min, then centrifuged for 10 min at 2000 g at 4°C.
The upper organic phase was discarded and the
eluent was transferred into an autosampler vial for
injection into the chromatograph.

2.6. Accuracy, precision and recovery

The accuracy, intra-day and inter-day precision of
the method were determined by assaying six repli-
cate plasma samples at three different concentrations
(0.1, 5.0 and 20 pgml %) in three analytical runs.
Accuracy was calculated as the percentage of the
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nominal concentration. The inter- and intra-day
precisions were obtained by analysis of variance
(ANOVA) for each concentration, using the ana-
Iytical run as the grouping variable. Recovery of
each protease inhibitor after extraction procedure
was determined by comparing the observed protease
inhibitor concentrations in extracted plasma with
those of nonprocessed standard solutions.
Values are expressed as means+ SD.

2.7. Limit of quantitation

For the concentration to be accepted as the lower
limit of quantitation (LLQ), the percentage deviation
from the nominal concentration and the relative
standard deviation had to be less than 20%. The
upper limit of quantitation (ULQ) of all compounds
was arbitrarily defined as 20 wgml ™.

2.8 Analysis of patients sample

Plasma sample from four HIV-1 infected patients
who used one or two protease inhibitors were
analyzed with the currently described method. One
patient received ritonavir 100 mg twice daily and
saguinavir 400 mg twice daily. Another three pa
tients received indinavir 800 mg three times daily,
nelfinavir 1250 mg twice daily and amprenavir 1200
mg twice daily, respectively. The blood samples
from patient were collected before the next adminis-
tration of drugs as the trough values. Plasma was
separated by centrifugation at 3000 g for 10 min and
immediately stored at —30°C until analysis.

3. Results and discussion
3.1. Chromatographic characteristics

Fig. 1 shows chromatograms of an extracted blank
sample and plasma containing five protease in-
hibitors (1 g ml " each). The retention times in the
six experiments were 4.92+0.02 min for ritonavir,
6.15+0.02 min for indinavir, 13.21+0.09 min for
amprenavir, 16.15+0.04 min for saquinavir and
36.34+0.05 min for nelfinavir. Drug-free plasma did
not contain endogenous substances, which led to
interfering peaks.
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Fig. 1. (A) Chromatogram of a drug-free plasma sample. (B)
Chromatogram of a spiked plasma sample containing 1.0 wgml™*
of ritonavir (a), indinavir (b), amprenavir (c), saquinavir (d) and
nelfinavir (€).

3.2, Calibration curves

The correlation coefficients (r*) of the calibration
curves for each protease inhibitor were >0.999 as
determined by least-squares analysis over a con-
centration range of 50-20000 ngml " for each
protease inhibitor.
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Table 1
Inter-assay of five protease inhibitors

100 ngml* 5000 ngml " 20000 ngml "

Mean sb Accuracy Mean sD Accuracy Mean sb Accuracy

y(%)  CV. (%) y(%)  CV. (%) y(%)  CV.(%)

Indinavir 97 9.5 9.8 98 5044 742  100.9 15 19881 3984 994 20
Amprenavir 106 42 106.1 4.0 4958 253.6 99.2 51 20 445 839.6 102.2 41
Saquinavir 111 95 1107 85 4928 436.9 98.6 8.9 19831  366.0 9.2 18
Ritonavir 103 7.8 102.7 7.6 4826 504.6 96.5 105 19 621 344.0 98.1 18
Nelfinavir 102 54 102.2 53 5086 81.6 101.7 1.6 19934 512.7 99.7 2.6

3.3 Accuracy, precision and recovery

For the inter-assay precision, the coefficient vari-
ation (CV.) for the calculated five protease inhibitor
concentrations ranged from 1.5 to 10.5% (Table 1).
The mean accuracy for five protease inhibitor con-
centrations ranged from 96.5 to 110.7% (Table 2).
For the intra-assay, the CV. for the calculated five
protease inhibitor concentrations ranged from 1.2 to
11.2% (Tables 1 and 2). The mean accuracy for five
protease inhibitor concentrations ranged from 98.0 to
106.0%. The extraction recoveries were 80.0£6.4%
for indinavir, 92.2+4.7% for amprenavir,
90.1+7.1% for saquinavir, 95.1+2.2% for ritonavir
and 92.0£5.9% for nelfinavir.

34. Limit of detection and limit of quantitation

The LLQ was defined as the concentration for
which the percentage deviation from the nominal
concentration and relative standard deviation was
less than 20%, as determined in three separate
analytical runs. For al protease inhibitors, a con-
centration of 0.05 ug ml~* was defined as the LLQ.

At al other concentrations up to the ULQ (20
pgml~* for al protease inhibitors) the percentage
deviation from the nomina concentration and the
relative standard deviation was less than 15%.

3.5. Analysis of patients sample

The assay described in this study was applied to
the determination of plasma concentration in four
patients. The trough values of protease inhibitors in
patients are shown in Table 3. The concentrations the
protease inhibitors were detected in the plasma of all
patients.

4. Conclusion

We developed a simple and specific method for
the simultaneous determination of five protease
inhibitors. Our method was also sensitive enough
todetermine a wide range of the plasma concen-
trations. The assay described here can readily be
used in a hospital laboratory for the monitoring of
protease inhibitor concentrations in patient plasma.

Table 2
Intra-assay of five protease inhibitors

100 ngml ~* 5000 ngml " 20000 ngml ~*

Mean SD  Accuracy Mean sD Accuracy Mean sb Accuracy

y (%)  CV. (%) y (%)  CV.(%) y (%)  CV.(%)

Indinavir 98 106 983 10.7 5040 59.4 100.8 12 19 816 3331 991 17
Amprenavir 106 5.7 106.0 54 5021 186.7 100.4 37 20 293 5645 1015 2.8
Saquinavir 104 11.7 103.9 11.2 5037 310.6 100.7 6.2 20 220 7282 1011 3.6
Ritonavir 104 7.1 1035 6.8 4902 341.8 980 7.0 19 665 502.6 983 26
Nelfinavir 103 59 103.0 5.8 5080 714 101.6 14 19870 6825 994 34
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Table 3

The trough concentrations of protease inhibitors in four patients

Patient Sex Age Protease inhibitors Dose Trough values

No. (ngml ™)

1 male 36 ritonavir 100 mg, twice daily 0.64
saguingvir 400 mg, twice daily 0.40

2 male 43 indinavir 800 mg, three times daily 0.09

3 male 38 nelfinavir 1250 mg, twice daily 124

4 male 36 amprenavir 1200 mg, twice daily 1.58
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