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Abstract

The deproteinization of human plasma was carried out using a hydroxy apatite cartridge as a precolumn. After
human plasma had been passed through the cartridge followed by suitable elution, protein-free eluate was obtained
within only 1 min without the need for centrifugation. Deproteinization was evaluated by the determination of
albumin, y-globulin and transferrin in the eluate by high-performance liquid chromatography (HPL.C) with UV
detection. Determination of theophylline and diazepam in human plasma was performed by HPLC with UV
detection. The proposed method was suitable for the determination of these two drugs in human plasma, because it
is simple and rapid (retention time of each drugs =~ 15 min) and microamounts of sample are required {50-100 p1).
The calibration graphs for theophylline and diazepam were linear in the range 0.1-10 pg and 0.1-65 ng,
respectively. Recoveries of both drugs were over 90% by the standard addition method.

1. Introduction

The protein present in human plasma exerts a
considerable influence on the determination of
physiclogically important compounds such as
amino acids, vitamins, drugs and their metabo-
lites. Deprotenization methods for handling bio-
logical fiuids, including chemical methods (or-
ganic solvents, acids or ion exchangers) and
physical methods (thermal fixation, ultrafiltration
or ultracentrifugation) have been reviewed by
Deyl et al. [1] and Sarwar and Boung [2].

* Corresponding author.

Deproteinization of plasma or serum should be
carried out within 30 min after sample collection
and the supernatant should be analysed as soon
as possible [1]. Of the chemical deproteinization
methods, precipitation, elution and centrifuga-
tion procedures are most frequently used. Usual-
ly, the protein was removed by the addition of
acetonitrile, alcohols, perchloric acid, metaphos-
phoric acid, trifluoroacetic acid or sulphosalicylic
acid [3-12] to biological samples prior to analy-
sis. More than 50% of some amino acids were
trapped in the protein precipitate. The protein
precipitate must be washed several times [1].
However, these methods are tedious and time
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consuming, because they require the addition of
reagent to sample followed by centrifugation to
obtain a clear supernatant.

A hydroxyapatite (HAP) analytical column
has been used in analyses for proteins, mono-
clonal antibodies and naturally occurring glyco-
sides and saponins {13-16]. An HAP cartridge
has not been used for the simple, rapid and
microsample deproteinization. In this paper, we
report a deproteinization method for human
plasma using an HAP cartridge (PCPure car-
tridge) for the determination of theophylline
(therapeutic blood level 5-25 pug/ml [17]), which
is used therapeutically to treat reversible airway
obstruction and apnea of infancy, and the muscle
relaxant diazepam (therapeutic blood level 0.1-1
pg/ml [17]) in human plasma. Determinations
were performed by high-performance liquid
chromatography (HPLC) with UV detection.

Various methods have been developed for the
determination of theophylline [11,12,18-21] and
diazepam [22-24] in biological samples by HPLC
after clean-up, including deproteinization fol-
lowed by centrifugation, solid-phase cxtraction
and column switching.

This paper deals with the optimization of the
deproteinization and elution conditions of stan-
dard theophylline and diazepam using a PCPure
cartridge for the simple, rapid and microsample
determination of two drugs in human plasma by
HPLC with UV detection. Further a comparison
of the analytical data for the two drugs in human
plasma by the proposed method and published
methods is presented.

2. Experimental
2.1. Reagents and materials

Theophylline, 7-(2-hydroxyethyl}theophylline
and 4,4'-difluorobenzophenone were purchased
from Tokyo Kasei (Tokyo, Japan) and diazepam
from Wako ((Osaka, Japan). Acetonitrile was of
HPLC grade. Other reagents were all of ana-
lytical grade. Albumin, y-globulin and transfer-
rin were purchased from Sigma (St. Louis, MO,

USA). PCPure cartridges (0.4 g) were obtained
from Moritex (Tokyo, Japan) and Koken
(Tokyo, Japan). After washing the cartridges
with acetonitrile (10 ml) followed by removal of
acetonitrile by evaporation, the cartridges were
ready for use.

2.2. Preparation of theophyliine and internal
standard [7-(2-hydroxyethy{)theophylline]
standard solutions

Theophylline (S0 mg) and 7-(2-hydroxy-
ethyD)theophylline (50 mg) were each dissolved
in and diluted to 100 ml with aqueous 5%
acctonitrile solution in a volumetric flask, then
cach solution (10 ml) was further diluted to 100
ml with 0.5% aqueous acetonitrile solution in a
volumetric flask, giving concentrations of 50 ug/
ml each.

2.3. Preparation of diazepam and internal
standard [4,4'-difluorobenzofenone] standard
solutions

Diazepam (10 mg) was diluted to 100 ml with
10% aqueous acetonitrile solution in a volu-
metric flask, then this solution (10 ml) was
further diluted to 100 ml with 1% aqueous
acetonitrile solution in a volumetric flask, giving
a concentration of 10 ug/ml.

4.4’ -Difluorobenzofenone (10 mg) was diluted
to 100 ml with 5% aqueous acetonitrile solution
in a volumetric flask, giving a concentration of
100 pg/ml.

2.4. Preparation of albumin, y-globulin and
transferrin standard solutions

Albumin (800 mg) and transferrin (60 mg)
were diluted to 20 ml with 0.9% NaCl solution
and y-globulin (600 mg) was diluted to 20 ml
with sodium phosphate buffer (pH 7) in volu-
metric flasks. '

2.5. Plasma collection

Blood was freshly collected in a heparin tube
from hcalthy individuals and drug-free plasma
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was obtained by centrifugation at 1700 g for 15
min at 5°C. The plasma obtained was then used
immediately.

2.6. Sample preparation for evaluation of
deproteinization

In the dilution method, plasma was diluted
with various eluents followed by passing through
PCPure cartridges. In the injection method, a
20-300-.1 aliquot of plasma was directly injected
into PCPure cartridges after the eluent had
passed through the cartridge. Each fraction 1-5
(300 wul) obtained by the above two methods was
tested for the evaluation of deproteinization by
HPLC with detection at 250 nm.

Deproteinization was calculated from follow-
ing equation:

deproteinization (%) =[(A — B)/A]-100

where A is the content (mg) of albumin, y-
globulin or transferrin in the amount of plasma
used and B is the content (mg) of albumin,
y-globulin or transferrin in each eluate (300 ).

2.7. Sample preparation for determination of
theophylline

To drug-free plasma (2 ml) in a centrifuge
tube, 1 ml of standard theophylline (50 pg) was
added. The mixture was vortex-mixed for 10 s
and then this solution was used as the sample for
the determination of the theophylline in human
plasma.

In the dilution method, to an aliquot of 750 ul
of the above plasma sample, 250 ul (12.5 ug) of
7-(2-hydroxyethyl)theophylline and 1500 ul of
0.9% NaCl solution were added. The mixture
was vortex-mixed for 10 s and passed through a
PCPure cartridge. The protein-free eluate (first
elution of 300 ul) was used as the test solution.

In the injection method, an aliquot of 75 ul of
the above plasma sample and 25 pl (1.25 pg) of
7-(2-hydroxyethyl)theophylline were injected
into a PCPure cartridge and then 10% aqueous
acetonitrile solution was passed through. The
protein-free eluate (first elution of 600 xl) was
used as the test solution.

2.8. Sample preparation for determination of
diazepam

To a drug-free plasma (100 ul) in a centrifuge
tube, 10 pul of standard diazepam solution (0.1
1g) was added. The mixture was vortex-mixed
for 10 s and this solution was used for the
determination of diazepam in human plasma.

An aliquot of 110 pul of the above plasma and
10 pl (1 pg) of 4,4'-difluorobenzofenone were
injected into PCPure cartridges and then 50%
aqueous acetonitrile solution was passed
through. The protein-free eluate (first elution of
600 1) was used as the test solution.

2.9. Apparatus and condifions for the
determination of albumin, y-globumin and
transferrin

A  Model 576 high-performance liquid
chromatograph equipped with a Model 502U UV
detector (GL Sciences, Tokyo, Japan) set at 250
nm was used. The samples were applied with an
LC-Robo Model APS-220 (Ajinomoto, Tokyo,
Japan) with an effective volume of 10 pl. HPLC
was carried out on a 50 X 0.7 em 1.D. column of
Asahipak G-520 (5 pm) (Asahikasei, Tokyo,
Japan) using 30 mM sodium phosphate-150 mM
sadium sulphate (pH 7, adjusted with phosphoric
acid) as eluent. The flow-rate was 1.0 ml/min at
40°C,

2.10. Apparatus and conditions for the
determination of theophyliine and diazepam

A Model 655 A-11 high-performance liquid
chromatograph  (Hitachi, Tokyo, Japan)
equipped with a Model L-4000 UV detector
(Hitachi) set at 280 nm for theophylline and 240
nm for diazepam was used. Each sample was
applied with a Rheodyne Model 7125 sample-
loop injector with an effective volume of 20 ul.
HPLC was carried out on a 15x0.46 cm 1.D.
column of Inertsil ODS-2 (5 pm) (GL Sciences)
using acetonitrile—-water (5:95) for theophylline
and acetonitrile-water (50:50) for diazepam.
The flow-rate was 1.0 ml/min at 40°C.
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3. Results and discussion
3.1. Deproteinization

In order to examine the different effects of the
eluents in deproteinization, deproteinization of
human plasma was evaluated using PCPure car-
tridges with various eluents. Deproteinization of
protein was evaluated by the determination of
albumin, y-globulin and transferrin in the eluate
by HPLC with UV detection at 250 nm. Cali-
bration graphs were constructed by plotting the
peak heights against the amounts of albumin,
vy-globulin and transferrin, respectively. Satisfac-
tory linearity was obtained in the ranges 0-400
pg for albumin and vy-globulin and 0-60 g for
transferrin. The detection limits (at a signal-to-
noise ratio of 2) of albumin, vy-globulin and
transferrin were each evaluated as ca. 0.5 ug.

The effects of the amount of human plasma
and the choice of eluents on removing of human
plasma by both the dilution method and the
injection method were studied. It can be seen in
Figs 1-3 and Table 1 that these factors have an
effect on the deproteinization.

1o

100 4 » & —_
Qa0 1

BO 9

70
-50“
50
40 -

30

Deproteinization(%)

20 4

0 L] L) L
o] 1 2 3 4 5 6

Fraction(300 ¢ )

Fig. 1. Effect of pH of eluent on deproteinization (dilution
method). Eluent, 10 mM sodium phosphate buffer; sample,
plasma—eluent (1:3). pH: 0=6.0, ¢ =6.5; M=6.8, 0 =7.7,
® =8.5; (last two sets of data are almost identical).
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Fig. 2. Effect of salt of phosphate buffer and 0.9% sodium
chioride on deproteinization (dilution method). Eluent, 10
mM phosphate buffer (pH 6.8); sample, plasma-eluent
(1:3). Phosphate salt: O0=Na; ¢=NH,; B=K. ¢~
0.9%NaCl.

When the ratio of plasma to 10 mM sodium
phosphate buffer was 1:3, the deproteinization
efficiency was over 99% in fractions 1-3. Com-
pounds in human plasma may be eluted com-
pletely in the above fraction. In particular,
buffer (pH 6.5) was the most suvitable eluent,
because the deproteinization efficiency was
100% in fractions 1-3 and 5 and 99.7% in
fraction 4. A comparison of sodium, ammonium
and potassium salts of 10 mM phosphate buffer
(pH 6.8) showed that the sodium salt was a
suitable component in the three eluents. Further
comparison of 10 and 50 mM sodium phosphate
buffers and the amount of plasma showed that a
higher deproteinization efficiency was obtained
when the concentration of the eluent was lower
and the amount of plasma was smaller; 0.9%
NaCl solution was suitable as the eluent in the
same way as described for 10 mM phosphate
buffer (pH 6.5) because the deproteinization
efficiency was almost the same in fractions 1-4.

In the injection method, agueous solutions
[water, 0.9% NaCl and 10 mM sodium phos-
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Fig. 3. Effect of amount of plasma and concentration of
cluents on deproteinization (dilution method). OJ: Eluent, 10
mM sodium phosphate buffer (pH 7.7); sample, plasma
eluent (1:3). M: Eluent, 10 mM sodium phosphate buffer
(pH 7.7); sample, plasma—eluent (1:1). ¢: Eluent concen-
tration, 50 mM sodium phosphate buffer (pH 7.7); sample,
plasma—eluent (1:1).

Table 1

phate buffer (pH 6.8 and 8.6)] and organic
solvents (acetonitrile and methanol) were ex-
amined as eluents using 20-300 ul of plasma.

The deproteinization efficiency was about 99—
100% in fractions 1-5 for any plasma samples
using both the aqueous and organic solvents.

Plasma protein was deproteinized within only
1 min by the dilution method or the injection
method. The injection method was simpler and
more convenient than the dilution method
because it required no dilution of samples prier
to passing through the cartridge and was usable
with both aqueous and organic solvents.

3.2. Effect of eluent on recoveries of
theophyliine and the internal standard (1.5.)

Elution of standard theophylline and the 1.S.
from PCPure cartridges was examined (Table 2).
Theophylline and the 1.S. were determined in
fractions 1-5 (each 300 ).

In the dilution method, water, 0.9% NaCl
solution and 10 mM sodium phosphate buffer
{pH 6.8) were examined as eluents. It can be

Deproteinization of fractions using a PCPure cartridge with the injection method

Plasma Eluent Deproteinization (%) in fraction (300 ul)
(xD)
1 2 3 4 5
100 H,0 100.0 99.0 99.4 99 4 100.0
50 10 mM PB* (pH 6.8) 100.0 100.0 99.3 99.3 98.8
100 10 mM PB (pH 6.8) 100.0 100.0 99.2 99.1 100.0
50 10 mM PB (pH 8.6} 100.0 100.0 99.3 99.3 98.8
100 10 mM PB (pH 8.6) 100.0 100.0 99.2 99.1 100.0
50° 0.9% NaCl 100.0 100.0 100.0 100.0 100.0
300 0.9% NaCl 100.0 98.1 98.7 99.9 99.9
100 5% CH,CN 100.0 9.9 99.5 99,9 100.0
100 10% CH,CN°® 100.0 100.0 100.0 100.0 100.0
300 50% CH,CN 98.8 100.0 99.8 100.0 100.0
100 10% CH,O0H 100.0 100.0 99.7 99.8 99.8
100 W% C,H,OH 100.0 100.0 100.0 100.0 100.0
20 10 mMPB(pH 6.8)* 100.0 100.0 100.0 100.0 100.0

“ PB = sodium phosphate buffer.

“ 100 and 200 1 of plasma: deproteinization in all fractions = 100.0%.
“25%, 50%, 75% and 100% CH,CN: deproteinization in all fractions = 100.0%.

? Containing 0.25% L-cysteine.
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Table 2
Effect of eluent on recoveries of theophylline, diazepam and
the LS. (dilution method)

Table 3
Effect of eluent on recoveries of theophylline and the L.S.
(injection method)

Fraction  Sample  Recovery (%) Eluent Recovery in fraction (300 ul) (%)
Theophylline Diazepam 1 2
H,O0 0.9% NaCl  0.9% NaCl Theophylline 1.S.  Theophylline 1.§.
1 Drug 80.5 100 86.1 H,0 99.3 100 07 0
1.S. 92.8 100 713 10 mM PB” 98.3 100 1.7 0
2 Drug 87.6 100 87.4 (pH 6.8)
LS. 94.6 100 753 0.9% NaCl 97.1 100 2.9 0
3 Drug 94.4 100 87.5 5% CH,CN 97.4 100 2.6 0
L.S. 94.6 100 78.6 10% CH,CN 97.5 100 2.5 0
4 Drug 95.5 100 89.2 25% CH,CN 97.1 971 29 2.9
LS. 94.6 100 80.0 50% CH,CN 100 100 0 0
5 Drug 96.5 100 100.0 75% CH,CN 100 100 0 0
LS. 94.6 100 101.0 100% CH,CN 94.4 920.6 5.6 9.4
10% CH,OH 96.2 100 38 0
Sample concentration: theophylline, 25 pg/ml and 1.5, 25 25% CH,OH 95.9 993 41 0.7
ng/ml; diazepam, 1 pg/ml and LS., 10 pg/ml. 50% CH,OH 100 00 0 0
75% CH,OH 100 100 0 0
100% CH,OH 86.7 926 133 7.4

seen in Table 2 that the recoveries of both
compounds in fractions 1 and 5 were about 95%
using water as the eluent. On the other hand,
both compounds were recovered completely in
fractions 1-5 using 0.9% Na(l solution. Phos-
phate buffer was not suitable as the cluent,
because both compounds showed peaks with
inflections on the chromatograms for all frac-
tions, and thus could not be measured. The
0.9% NaCl solution was selected as a suitable
cluent, considering the complete elution of both
compounds and deproteinization of protein (Fig.
3.

In the injection method, water, 0.9% Na(l
solution, 10 mM sodium phosphate buffer (pH
6.8), acetonitrile and methanol were examined
as eluents (Table 3). It was found that 10%
aqueous acetonitrile solution was a suitable
eluent, considering the removal of protein and
complete clution of theophylline and the 1.S.

3.3. Effect of eluent on recoveries of diazepam
and the L.5.

Elution of standard diazepam and the LS.
from PCPure cartridges was examined (Table 4).

Amounts injected: theophylline, 1.25 ug; .8, 1.25 ng.
“ PB = sodium phosphate buffer.

Diazepam and the LS. were determined in
fractions 1-5 (each 300 wl).

In the dilution method, 0.9% NaCl solution
was examined. However, unsatisfactory re-
coveries of both diazepam and the 1.5, were
obtained (Table 2}, because of their solubility in
the eluent. Thus, the dilution method might not
be suitable for compounds with some solubility
in the cluent.

In the injection method, water, 0.9% NaCl
solution, 10 mM sodium phosphate buffer (pH
6.8), acetonitrile and methanol were examined
as eluents. It was found (Table 4) that complete
and rapid elution (first elution of 300 w1} of both
diazepam and the I.S. was obtained by using
50% and 60% aqueous acetonitrile solution. In
subsequent work, 50% acetonitrile aqueous solu-
tion was adopted as the eluent, considering the
deproteinization of protein, complete and rapid
elution of diazepam and the E.S. and the solvent
front on the chromatogram.
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Table 4
Effect of eluent on recoveries of diazepam and the 1.S. (injection method)
Eluent Recovery in fraction (300 1) (%)

1 2 3

Diazepam LS. Diazepam 1.8. Diazepam LS.
H,O 79.5 95.5 20.5 4.5 0 0
10 mM PB” (pH 6.8) 54.3 83.6 41.2 16.4 4.5 0
0.9% NaCl B?.8 91.9 9.7 8.1 24 0
10% CH,CN 93.9 97.2 6.1 2.8 0 0
25% CH,CN 94.6 96.4 5.4 3.6 0 0
50% CH,CN 100 100 0 0 0 0
60% CH,CN 100 100 0 0 0 0
75% CH,CN 2.7 94.3 8.3 5.7 0 0
100% CH,CN 73.0 85.5 27.0 14.5 0 0

Amounts injected: diazepam, 0.1 ug; 1.5., 1 pg.
* PB = sodium phosphate buffer.

3.4. Chromatography of theophylline and
diazepam

Theophylline and diazepam were determined
in human plasma by HPLC with UV detection
using PCPure cartridges and 10% or 50% aque-
ous acctonitrile solutions.

Typical chromatograms of theophylline (detec-
tion limit ce. 2.9 ng at a signal-to-noise ratio of
2) and diazepam (detection limit ca. 0.25 ng at a
signal-to-noise ratio of 2) obtained by the in-
jection method are shown in Fig. 4. These drugs
and the 1.S. were detected without interference
from coexisting compounds. Both drugs and
both I.S. of blank plasma (drug-free) were not
detected on the chromatograms.

3.5. Determination of theophylline and
diazepam

Calibration graphs for theophylline and
diazepam were constructed by plotting the peak-
height ratio (y) with respect to the 1.S. against
the amount of theophylline and diazepam (x,
ig). Satisfactory linearity was obtained in the
ranges 0.1-10 ug (y=0.068x — 0.001) for
theophylline and 0.1-65 ng (y = 0.494x — 0.004)
for diazepam.

Known amounts of theophylline and diazepam
were added to drug-free plasma and the overall
recoveries were calculated by the standard addi-
tion method. The recoveries of theophylline and
diazepam were over 90% (Table 5).

Analytical data for theophylline and diazepam
obtained using the proposed method and pub-

Table 3
Recoveries of theophylline and diazepam added to drug-free
plasma by injection method

Concentration (pug/ml) R.S.D. Recovery
(n=3) (%)

Added Found (%)

Theophylline

0 0 -

5 4.6 1.25 92
10 9.7 1.23 97
25 24.5 1.24 98
50 50.3 1.21 100.6
Diazepam

0 0 -

0.25 0.23 33 92

0.5 0.47 3.4 94

1 0.94 3.3 94

2 1.87 3.2 93.5
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Fig. 4. {A) Chromatogram of theophylline in human plasma obtained by HPLC with UV detecticn at 280 nm after
deproteinization using a PCPure cartridge. Amount of theophylline injected, 62.5 ng in 20 pl. HPLC was carried out on a
15 % 0.46 cm 1.D. column of Inertsil ODS-2 (5 wm) using acetonitrile-water (5:95) as the eluent at a flow-rate of 1.0 ml/min at
40°C with 0.05 AUFS. Peaks: 1=theophylline; 2 = 7-(2-hydroxyethyl)theophylline (1.5.); 3 = caffeine. (B) Chromatogram of
diazepam in human plasma obtained by HPLC with UV detection at 240 nm after deproteinization using a PCPure cartridge.
Amount of diazepam injected, 3.33 ng in 20 x1. HPLC was carried out on a 15 x 0.46 cm 1.D. column of Inertsil ODS-2 (5 pm)
using acetonitrile-water {50:50) as the eluent at a flow-rate of 1.0 ml/min at 40°C with 0.005 AUFS. Peaks: 1 =diazepam;

2 =4 4'-difluorobenzophenone (1.5.).

lished methods were compared (Table 6). To
examine plasma protein binding, plasma sampies
were incubated at 37°C for 30 min.

The results in Table 6 show that the analytical
data for theophylline and diazepam in human
plasma were almost identical, irrespective of
incubation at 37°C or not. These results might
sugpest that PCPure cartridges can be applicd to

protein-binding compounds. The relative stan-
dard deviations (R.S.D.) of the theophylline and
diazepam recoveries were 1.23% and 3.2% (n =
5), respectively.

Hence the simple and rapid determination of
theophylline and diazepam in human plasma was
achieved by the proposed method using both
dilution and injection methods.
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Table 6

Comparison of analytical data for theophylline and diazepam
in human plasma using the proposed method (injection
method) and published methods

Method Recovery (%)
RT*, 10s 37°C, 30 min
Theophylline
Proposed method
Dilution method 99.7 98.8
Injection method 99.6 099.1
Published methods
6% HCIO, [11) 100.5 99.5
20% HCIO, [12] 994 994
Diazepam
Proposed method
Injection method 93.5 93.7
Published methods
Acetonitrile [22] 95.5 95.6
Methanol [23] 96.0 93.0

Sample: theophylline, 1.25 g in human plasma (50 wl);
diazepam, 0.1 pg in human plasma (100 ul}.
“ Room temperature.

4. Conclusion

The use of commercially available PCPure
cartridges for the simple, rapid and micro-sample
deproteinization of human plasma seems very
useful for the determination of theophylline and
diazepam in human plasma by HPLC with UV
detection.

After human plasma was passed through the
cartridge, followed by suitable elution, the
protein-free compounds were obtained within
only 1 min in the ¢luate without the need for
centrifugation,

The proposed method is satisfactory with
Tespect to simplicity, rapidity and accuracy in
comparison with published methods [10,11,18-
24]. It is simple and convenient, and therefore
applicable to the automated routine determi-
nation of theophylline and diazepam in human
plasma. Application of the proposed method to
the determination of drugs and their metabolites,
vitamins and amino acids in biological fluids is

being studied. PCPure cartridges could also be
applied for the purification of proteins.
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