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A high-performance liquid chromatographic technique for the
simultaneous determination of prednisolone and prednisone in
human plasma, whole blood, urine, and bound-to-plasma

proteins, using betamethasone as internal standard, is presented.
Liquid-liquid extraction is used for whole blood samples, and solid
phase extraction is used for plasma, urine, and proteins

bound to plasma. The accuracy, precision, specificity, linearity, and
repeatability meet the requirements of current recommendations
in bioanalytical method validation. The method is suitable for

high altitude pharmacokinetic studies, in which the quantitation
of drugs in those fluids is required. The results from healthy
volunteers are presented.

Introduction

Prednisone and prednisolone are widely used synthetic corticos-
teroids in inflammatory conditions, neoplastic diseases, asthma,
and as immunosuppressive agents. Prednisone is both a prodrug
and a metabolite of the active drug prednisolone (1,2). A number
of studies have been published in the literature describing their
phammcokinetics (1-4), and analytical methods to assay both
compounds in plasma and urine have been reported (5-7).

High-altitude pharmacokinetic studies are a new and very
imporant field in pharmacology because short- or long-term
exposure to a high altitude generates a number of physiological
changes that may alter the absorption and disposition of drugs in
those circumstances. Acute mountain sickness has become a
public health problem and has consequences for people who live
and work at high altitudes and also in sport medicine and other
groups of interest. Few studies have been published in the litera-
ture related to high-altitude pharmacokinetics (8-11). As physio-
logical changes caused by high-altitude exposure may involve all
the pharmacokinetic processes, the appropriate characterization
of such changes needs to assay the drug in diffe rant biological

fluids. Quantitation of drugs in plasma, whole blood, urine, and
bound-to-plasma proteins (plasma proteins) allows the study of
the influence of high altitudes on erythrocyte binding, excretion
rate, and unbound drug fraction, all of which are relevant to the
clinical effects of drugs. The high-perf o rmance liquid chromatog-
raphy (HPLC) methods currently available are appropriate for
measuring prednisone and prednisolone in plasma and urine, but
an HPLC method that is simultaneously appropriate for the four
diffe rnt fluids previously mentioned has not been found in the
literature. The purpose of this work has been to develop and vali-
date an HPLC method that is easy to apply and serves to deter-
mine prednisone and prednisolone in humans in different
biological fluids, as is require in pharmacokinetic studies.

Experimental

Apparatus
Liquid chromatograph

The HPLC system consisted of a Model L-6200 A, a Model L-
7250 LaChrom autosampler, and a programmable L-4250 UV-vis
absorbance detector (Merck, Darmstadt, Germany). Data
recording was carried out by D7000-HSM software (Merck).

Column

The separation was performed by LichroCART 250-4
Lichrospher Si 60 (Merck) column (250- x 4.6-mm i.d., 5-pm par-
ticle size) and LichroCART 4-4 Si 60 (5-um particle size) guard
column (Merck).

Chemicals

P rednisolone (lot no. S-3908) was purchased from Miinnich
Pharma Medical (Santiago, Chile). Prednisone (lot no. 210802)
and betamethasone (lot no. 601-9), used as internal standard ,
were donated by Laboratorio Chile (Santiago, Chile) and
Laboratorio Bag (Santiago, Chile), respectively. Acetonitrile,
dichlorarethane, methanol, and ethyl acetate were of HPLC
grade (Merck). Sodium hydroxide and glacial acetic acid were of
analytical-grade (Merck). Nitrogen was extra-pure grade 4.5 (Air
Liquide, Santiago, Chile).



Analytical sample
Preparation of stock solution, internal standard, calibration
standard, and quality control samples

Stock solutions of prednisolone and prednisone were prepared
in mobile phase (20 pg/mL). Internal standard solutions of
betamethasone were prepared in mobile phase (20 pg/mL).
Ultrasonic was used for several minutes in order to accelerate the
dissolution. The nominal plasma concentrations of the calibra-
tion standard were 100, 250, 500, 750, 1000, and 1500 ng/mL. The
nominal concentrations of the calibration standard in urine,
whole blood, and plasma proteins were 100, 250, 500, 750, 1000,
1250, and 1500 ng/mL). Three levels of quality control at 100,
500, and 1500 ng/mL were prepared.

Samples Preparation
Procedure fo obtain drug bound fo plasma proteins

A 1-mL sample of plasma was filtered with an YM 50 Centricon
filter (Amicon, Bedford, MA) for 25 min at 2500 g; the filtere d
(plasma-water) was discarded. The biological matrix obtained
was named plasma proteins.

Extraction procedure for plasma, urine, and plasma proteins
A 100-pL sample of internal standard solution (20 pg/mL) was
added to 500 pL of plasma, 100 pL of urine or 500 pL of plasma
proteins prior to solid-phase extraction (SPE). The extraction
system consisted of a Lichrolut RP-18 solid-phase column
(Merdk). Methanol, ethyl acetate, and acetonitrile were used for
SPE. Sodium hydroxide (0.2N) was used to wash the eluate after
SPE. The SPE column was activated with 1 mL methanol and
washed with 1 mL of distilled water. The sample was passed slowly
through the SPE column and then washed with 1 mL of distilled
water for plasma and plasma proteins and 2 mL for urine. The
sample was eluted with 3 mL of acetonitrile for plasma and
plasma proteins, and with ethyl acetate (9 mL) for urine. In the
case of urine, the eluate was washed with 3 mL sodium hydroxide
(0.2N). The samples were evaporated to dryness under nitrogen
stream at 37°C. The residue was reconstituted with 300 uL of
mobile phase and vortex mixed for 30 s. The solution was filtered
through a 0.22 pm GVWP Millipore filter (Bedford, MA).

Extraction procedure for whole blood

A 1.5-mL sample of distilled water was added to 500 pL of whole
blood and mixed by shaking. A 100-pL sample of internal stan-
dard solution (20 pg/mL) was added to the sample prior to the
liquid-liquid extraction. Sodium hydroxide and ethyl acetate
were used for liquid-liquid extraction. Ethyl acetate (9 mL) was
added and shaken for 15 min. The sample was centrifuged for 10
min at 1800 g; the organic phase was removed and washed by
shaking with 3 mL of 0.2N NaOH. The organic phase was sepa-
rated and evaporated to dryness under nitrogen stream at 37°C.
The residue was reconstituted with 300 pL of mobile phase and
vortex mixed for 30 s. The solution was filtered through a 0.22-
pm GVWP Millipore filter.

Chromatographic conditions
Mobile phase

The mobile phase was a mixture of methanol-glacial acetic
acid—dichloromethane (1.5:8.0:90.5, vivv). The flow rate was 1.8
mL/min and the room temperature fluctuated from 15°C to 20°C.

The eluate was monitored by UV absorbance at 254 nm. The injec-
tion volume was 100 pL.

Defining assay characteristics
Specificity

To demonstrate the specificity of the method, blanks of plasma,
urine, and whole blood were analyzed. As recommended (12),
plasma, urine, and whole blood samples from at least six different
sources were used during validation. Each blank sample was
tested for interfering substances, mainly endogenous matrix
components.

Linearity

For the evaluation of linearity, a linear regression model in a
standard curve with seven concentrations between 100 ng/mL
and 1500 ng/mL and three quality control samples (100 ng/mL,
750 ng/mL, and 1500 ng/mL) was used. In accordance with the
Food and Drug Administration’s recommendations for evaluation
of linearity, a plot of concentration versus signal and the mean
relative error (RE) of the interpolated concentration of the quality
control standards were taken into consideration.

interpolated concentration of

RE < standard — nominal concentration « 100 Eq.1

nominal concentration

The following criteria were taken into account to assess lin-
earity: the values for the medium- and high-quality control sam-
ples should be within 15% of the actual value, only low quality
control samples could be within 20%, four to six quality control
samples fulfilled the same criteria and a correlation coefficient =
0.95 was considered adequate (12).

Precision and accuracy

Accuracy and precision for the assay were determinated by cal-
culating the interday variation at three concentrations (100, 750,
and 1500 ng/mL) in six replicates for plasma and urine, in five repli-
cates for whole blood, and in three replicates for plasma proteins.

Precision was expressed as the coefficient of variation (CV) of
the interpolated concentrations. A CV < 15% for medium and
high controls and < 20% for low range is acceptable (12).

Accuracy was expressed as the RE of the interpolated concen-
tration of samples. A RE < 15% for medium and high controls,
and = 20% for low range is acceptable (12).

Limit of quantitation

The limit of quantitation (LOQ) was determined by repeated
analysis of spiked plasma, urine, whole blood, and plasma protein
samples (n = 6). Precision and accuracy were calculated.
Following international recommendations a CV < 20% is accept-
able at the LOQ (12).

Recovery

The assay recovery for each steroid was determined at three
concentrations (n = 3). A minimum of 50% of recoverywas used
as criteria. The absolute recovery (AR) was calculated using peak
areas of extracted biological samples (n = 3 at each concentration)
and directly injecting solutions of the same concentrations. AR



was calculated using the same matrix as a reference, which was
purified before the addition of the standard solutions.
Peak area extracted analyte

AR = x 100 bl
Pea.k area unextracted analyte

Stability of the extracted samples

After the extraction procedure, the spiked samples with known
concentrations (100, 750, and 1500 ng/mL) were stored for three
months at —20°C and analyzed using the same HPLC method.
Quality control samples were compared with a calibration curve
prepared freshly, after 1, 2, and 3 weeks, and 1, 2, and 3 months.

Results

Specificity

Figure 1 shows the chromatograms of a blank individual vol-
unteer whole blood sample (A), a blank whole blood sample
spiked with prednisone, prednisolone, and betamethasone (B),
and a whole blood sample of a volunteer after an oral administra-
tion of 80 mg of prednisolone (C). The chromatograms demon-
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Figure 1. Blank individual volunteer sample of whole blood (A). Whole blood
spiked with prednisone, prednisolone, and betamethasone (B). A whole
blood sample of a volunteer after an oral administration of 80 mg of pred-
nisolone (Prelone) (C).

strated that the compounds of interest could be detected sepa-
rately and without interfe rence with endogenous compounds.
Chromatograms of plasma, urine, and plasma proteins showed
very similar behavior, with fewer signals from the biological
matrix than whole blood. Total time of analysis was 20 min for all
the samples.

Linearity

Table I gives the slopes, intercept, and correlation coefficients
for the four biological matrices. Correlation coefficients for
plasma, urine, and plasma proteins were 0.99 and  0.97 for
whole blood.

Precision and accuracy

Table II shows the values obtained during a 6-day validation for
repeatability and accuracy for plasma. The CV for each biological
fluid ranged from: 2.1% to 3.5% for prednisone and 3.5% to 4.6%
for prednisolone in plasma; from 1.1% to 5.7% for prednisone
and 3.8% to 8.9% for prednisolone in urine; from 4.3% to 14.6%
for prednisone and 4.7% to 13.5% for prednisolone in whole
blood; and from 4.3% to 6.7% for prednisone and 2.8% to 6.9%
for prednisolone in plasma proteins.

LOQ

The LOQ determined by repeated analysis was 100 ng/mL for
prednisolone for each biological fluid. For prednisolone the preci-
sion at the LOQ was determined as CV = 8.3% and for prednisone
5.3%; the mean RE was 13.0% for prednisolone and 17.0% for
p rednisone in plasma. The CV was 6.0% for prednisolone and
4.3% for prednisone; the mean RE was 17.7% for prednisolone
and 18.0% for prednisone in urine. For whole blood, the CV was
11.7% for prednisolone and 10.8% for prednisone; the mean RE

Table I. Linear Correlation Parameters

Correlation
Drug Slope Intercept  coefficient
Plasma
Prednisone Curve 1 3.699 x 104 -0.020 0.9897
Curve 2 4.077 x 104 0.014 0.9901
Prednisolone  Curve 1 3.337 x 10 -0.021 0.9927
Curve 2 4276 x 104 -0.002 0.9949
Urine
Prednisone Curve 1 5.363 x 10 -0.019 0.9938
Curve 2 4992 x 104 0.063 0.9947
Prednisolone  Curve 1 4,901 x 104 0.006 0.9932

Curve 2 5.715x 10 0.072 0.9926

Whole blood

Prednisone Curve 1 5.678 x 10~ -0.017 0.9841
Curve 2 4,998 x 104 -0.035 0.9725

Prednisolone ~ Curve 1 4,467 x 10~ -0.047 0.9768
Curve 2 4.001 x 104 -0.009 0.9816

Plasma proteins

Prednisone Curve 1 4125 x10* -0.063 0.9957
Curve 2 4,147 x 104 -0.024 0.9909

Prednisolone  Curve 1 3.941 x 104 -0.061 0.9902
Curve 2 4.035x 104 -0.098 0.9894




was 19.4% for prednisolone and 18.2% for prednisone. The CV
was 6.3% for prednisolone and 6.0% for prednisone, the mean RE
was 16.6% for prednisolone and 15.2% for prednisone in plasma
protein.

Recovery

The absolute recoveries of prednisolone, prednisone, and
betamethasone are listed in Table III. The CV ranged from 0.9% to
4.3% for plasma, 3.0% to 6.9% for urine, 2.3% to 4.5% for plasma
proteins, and 5.6% to 11.3% for whole blood.

Stability
The samples were stable for at least 3 months.
Table 11. Results of Interday Precision and Accuracy for
Prednisone and Prednisolone in Plasma
Conc. Conc. Ccv
added calculated Mean RE (%)

Compound  (ng/mL) Day (ng/mL) (ng/mL) SD (%) (n=6)
Prednisone 100 1 1233 23.3

2 117.8 17.8

3 111.6 1170 41 116 35

4 113.7 13.7

5 119.1 19.1

6 116.3 16.3
Prednisone 750 1 768.3 2.4

2 763.2 1.8

3 742.6 7570 158 -1.0 2.1

4 756.5 0.9

5 776.4 3.52

6 734.8 -2.0
Prednisone 1500 1 1578.1 5.2

2 1589.7 59

3 1562.7 1543.0 513 42 33

4 15719 4.7

5 1483.1 1.1

6 1472.6 -1.8
Prednisolone 100 1 109.2 9.2

2 117.5 17.5

3 113.7 1130 48 137 4.2

4 116.4 16.4

5 105.3 53

6 115.9 15.9
Prednisolone 750 1 732.1 2.4

2 764.9 2.0

3 7813 7564 349 42 46

4 698.7 -6.8

5 768.6 2.5

6 792.7 5.6
Prednisolone 1500 1 14634 2.4

2 1593.7 6.2

3 15726 1559.3 540 48 35

4 15315 2.1

5 1611.1 7.4

6 15834 5.6

Volunteer samples

Figure 2 shows the concentration time profiles for plasma and
whole blood, and Figure 3 shows the amount of prednisolone and
prednisone excreted in urine, both from a healthy volunteer after
the administration of 80 mg of prednisolone (Prelone, Asta
Medica, Brasil)
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Figure 2. Concentration time profile of prednisolone and prednisone in
plasma after the administration of 80 mg of prednisolone (Prelone) oral
tablets (A). Concentration time profile of prednisolone in whole blood after
the administration of 80 mg of prednisolone (Prelone) oral tablets (B).
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Figure 3. Amount of prednisone and prednisolone excreted in urine after the
administration of 80 mg of prednisolone (Prelone) oral tablets.




Discussion

The method for the simultaneous determination of pred-
nisolone and prednisone in plasma, whole blood, urine, and
plasma proteins in healthy volunteers following oral administra-
tion of prednisolone is shown to be efficient.

Plasma protein binding to some drugs has been reported to be
altered in subjects exposed to high altitudes (8). Data on the
binding of prednisolone and prednisone to plasma proteins are
importnt to better understand the pharmacokinetics of these
drugs. Prednisolone and prednisone have a 90% rate of binding
to protein (13). For this reason, it was necessary to develop a
method to measure the amount of drug bound to plasma pro-
teins. A Centricon filter (Amicon) was used for concentrated
plasma proteins.

SPE was used for plasma, urine, and plasma protein purifica-
tion, and the results were not appropriated in the case of whole
blood samples. Because of the composition of such samples,
the cartridges did not allow flow or elution. Liquid-liquid extrac-
tion was appropriate in this case.

In order to obtain an adequate separation of prednisone, pre d-
nisolone, and betamethasone and other endogenous matrix com-
ponents, it was very important to maintain the room temperature
between 15°C to 20°C. The retention times were 8, 11, and 14 min
for prednisone, betamethasone, and prednisolone, respectively.

Precision and accuracy for prednisolone were comparable with
other HPLC methods previously described in the literature. The
LOQ for prednisolone (100 ng/mL) was higher than in other
described methods (5-7). The precision and accuracy at the LOQ,
the CV and mean RE were lower than 20%, as recommended in

the literature (12)

Table Ill. Absolute Recoveries of Betamethasone (IS), Prednisone, and tT(}il 's method is dsultabl.ef fZ]rl phar}?a}ioﬁzet&c
Prednisolone for Each Biological Fluid study purposes and, specifically, n high-altitude
pharmmcokinetic experiments, in which it is
Concentration Absolute recovery imporlgnt to assay.the dyug in whole blood and
Biological fluid Compound  added mg/ml)  (meanSD)(%)  CV (%) | Other biological fluids. Figures 2 and 3 show the
concentration-time curves (plasma and whole
Plasma betamethasone 100 86.8 + 2.1 1.2 blood and urinary excretion, respectively) after a
750 91.7+ 1.4 1.5 single oral dose of 80 mg of prednisolone
1500 90.2£0.8 0.9 (Prelone) is given to a healthy volunteer. The max-
prednisone 100 83.4£36 43 imum and minimal concentrations of pred-
750 86.7£ 25 29 nisolone were reached at 2 and 24 h, respectively.
orednisolone 1?88 2‘5‘2 f ;; §:g quever, the prednisone concentratign found in
250 817521 26 thls study was 20% of the Foncentratlon of.pre d
1500 842526 31 nisolone. Therefore, prednisone concentration in
whole blood was close to the LOQ or undetectable.
Urine betamethasone 100 76.3%3.1 41 This prednisolone—prednisone relationship con-
750 729£26 3.6 centration has also been reported by others (4).
1500 75.7+£23 3.0
prednisone 100 71.6+4.2 5.8
750 69.8 £ 3.8 5.4
1500 73.6 £4.7 6.3
prednisolone 100 73.5+5.1 6.9 Acknowledgments
750 76.1+34 4.5
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Plasma proteins  betamethasone 100 81327 33 Fon(.iecyt’ Chlle' The authors wish to thank Asta
750 824419 )3 Medica, Brazil, for the donated Prelone.
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