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Abstract A sensitive, specific and reproducible high-performance 
liquid chromatographic procedure, using the normal phase and radial 
compression system, is described for the simultaneous determination of 
corticosterone, hydrocortisone, and dexamethasone in plasma, with 
prednisolone as the internal standard. Samples were extracted with 
methylene chloride and chromatographed on a microparticulate silica 
gel column using a radial compression system with UV detection at 254 
nm. The assay has been applied in pharmacokinetic studies, and a typical 
plasma concentration-time profile for the three corticosteroids (all with 
2 ng/ml sensitivity) is presented for dogs receiving dexamethasone. 
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Many methods for the determination of corticosteroids 
in plasma have been described, but many of them lack 
specificity or are too time-consuming for routine use. 

Fluorometric techniques (1, 2) measure different ste- 
roids that fluoresce with varying intensity, but overesti- 
mate the true amounts of hydrocortisone and corticoste- 
rone. Analysis using GC (3) is complicated, because ste- 
roids with a C17 hydroxyacetone side chain undergo ther- 
mal degradation at the temperature employed. The assay 
of corticosteroids by GC would also seem to require the 
prior formation of a stable derivative. In competitive pro- 
tein binding methods, the unknown and radiolabeled hy- 
drocortisone compete for a hydrocortisone-binding 
protein such as transcortin (4-6). However, endogeneous 
substances with significant cross reactivity confound the 
assay performance. Radioimmunoassay is a competitive 
protein binding technique using an antibody to hydro- 
cortisone as the binding protein. If the antibody is specific 
and binds hydrocortisone with high affinity, a sensitive 
assay can be made, although separation of hydrocortisone 
and corticosterone is crucial to obtaining a good specificity 
(7,8).  All these procedures are time-consuming and diffi- 
cult to automate for use in a routine pharmacokinetic 
study. 

The recent emergence of commercial high-pressure 
liquid chromatographic (HPLC) equipment (coupled with 
a sensitive UV detector), having the advantages of simple 
preliminary treatment of the sample, has attracted the 
attention of workers studying the analysis of corticoste- 
roids in plasma. 

Separation of corticosteroids by HPLC in humans has 
been documented by several authors (9,lO). However, in 
the dog, levels of endogeneous corticoids are lower than in 
humans, and techniques already described are not sensi- 
tive enough to be applied in this species. 

The purpose of the present study was to report the use 
of a new radial compression system to determine simul- 
taneously the plasma levels of endogenous and synthetic 
corticoids with a sensitivity level of -2 ng/ml. 

EXPERIMENTAL 

Apparatus-The apparatus used in the extraction procedure was 
constant shaker' and a refrigerated centrifuge2. A constant volume high 
pressure liquid chromatograph3 was equipped with a single wavelength 
254 nm detecto+. The column (10 X 0.8-cm i.d.) was packed with a 10- 
pm nominal normal phase5 and was included in a radial compression 
system6. 

Reagents-Hydrocortisone, corticosterone, dexamethasone, and 
prednisolone reference standards7 were used as received. Methylene 
chloride8 and acetic acids (analytical grade solvents) were used without 
further purification. 

Mobile Phase-The mobile phase was prepared by mixing exact 
volumes of methylene chloride, methanol, and glacial acetic acid. The 
solution was strained and the gas removed. The ratio of methylene 
chloride, methanol, and acetic acid was 96:4:0.4 (v/v/v). 

Operating Conditions-The UV detector was fixed at 254 nm, with 
a sensitivity of 0.005 aufs. A constant flow rate of 1.5 ml/min was main- 
tained. The radial compression pressure was 1500 psi, and the inlet 
pressure was 200 psi. Chart speed was 0.5 cm/min. 

Preparation of Standard Solutions-Each steroid was dissolved in 
methanol at a concentration of 1 mg/ml. The operating standard mixture 
was prepared by a 1:IOO dilution in the elution solvent. Prednisolone was 
used as an internal standard at  a concentration range of 1 mg/ml in 
methanol; a working solution was prepared by a 1:lO dilution in the same 
solvent. 

Extraction Procedure-One milliliter of plasma sample, 1 ml of 
0.1 N NaOH, and 10 ml of methylene chloride were added to a 30-ml 
tube9. The tubes were shaken for 10 min and centrifuged at  8400Xg for 
10 min at 4'. The methylene chloride layer was aspirated and evaporated 
at 40' under a nitrogen gas stream to prevent oxidation. The residue was 
dissolved in 100 p1 of elution solvent and then injected into the 
column. 

Calibration and Reproducibility-Pooled plasma of the dog was 
spiked with corticosterone and hydrocortisone (10-100 ng/ml) and with 
dexamethasone (10-1000 ng/ml). A constant amount of 100 ng of pred- 
nisolone as the internal standard was added to each sample (10 p1 of a 
solution containing 10 rglml). Pooled plasma was extracted and was 
performed as outlined previously. 

Calibration curves were constructed by calculating the ratio of the peak 
height of each compound to that of the internal standard, plotting the 
ratio against the amount of compound added to the sample. Peak heights 
of hydrocortisone and corticosterone were corrected for blank plasma 
response representing an endogenous serum component. The corrected 
peak height was used as the response. 

Least-squares linear regression analysis was used to determine the 
slope, y intercept, and correlation coefficients. 

The response of the HPLC system was linear in the concentration range 
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Table I-Retention Times and Capacity Factor  of Selected 
Glucocorticoids 

Compound Capacity Factor ( K )  Retention Time, min 

Corticosterone 1.3 4.0 
Dexamethasone 2 5.0 
Hydrocortisone 2.5 6.0 
Prednisolone 3.3 7.5 

of 10-100 ng/ml for corticosterone and hydrocortisone and 10-100 ng for 
dexamethasone. 

The analytical recovery of the compounds was measured by comparing 
the chromatographic peak heights from the analysis of biological samples, 
spiked with 100 ng of each compound and the peak height resulting from 
a direct injection of methanol standards. 

Recovery of all compounds from plasma was 80-85% when -85-90% 
of the methylene chloride layer was available for evaporation. 

Assay precision was determined with successive sampling of pooled 
dog plasma. Ten successive samplings gave coefficients of variation <5% 
for all compounds: 3.39 for corticosterone, 4.90 for hydrocortisone, and 
1.92 for dexamethasone. 

Calculations-The concentration of corticosterone, hydrocortisone, 
and dexamethasone in the sample was determined from the following 
expression: 

(Eq. 1) 
R C , : - t b  

where C, is the concentration of the substance in plasma (ng/ml), R is 
the peak height ratio (drug:interndstandard), a is the slope of the cali- 
bration curve, and b is t hey  intercept. 

Retention Time a n d  Selectivity (Table 1)-Normal-phase liquid 
chromatography using radial compression showed a high selectivity in 
the separation of corticosteroids. A good separation of the four com- 
pounds was obtained in 8 min. 
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Figure 1-Chromatogram of  extracted blank dog plasma containing 
only  internal standard (la); chromatogram of extracted dog serum 
spiked with hydrocortisone, corticosterone, and dexarnethasone (I b). 
1,  Corticosterone; 2, dexarnethasone; 3, hydrocortisone; 4 ,  predniso- 
lone. 
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Figure 2-Chromatogram of a plasma sample taken  from a dog before 
the administration of corticotropin (2a); chromatogram of plasma 2 hr 
after the  dose of corticotropin (2b); and chromatogram of extracted 
plasma after t h e  injection o f  dexamethasone (2c). I ,  Corticosterone; 
3, hydrocortisone; 4 prednisolone. 

Drug Disposition Study-To test the ability of this method to detect 
endogenous corticosteroids, corticotropin1° was administered intra- 
musculary (20 IU) into two dogs (11-12 kg; 4-5 years of age). T o  prove 
that exogenous corticoid could be detected, dexamethasone" was injected 
intravenously (1 mg/kg). Blood was withdrawn uia the jugular vein at 15 
and 30 min and 1,2,4,8, and 24 hr after the treatment and placed in tubes 
containing 10 U of heparin. The plasma was separated immediately and 
stored a t  - 2 O O  until analysis. 

RESULTS AND DISCUSSION 

A chromatogram of a blank dog plasma extract and a chromatogram 
of plasma spiked with 40 ng of hydrocortisone, corticosterone, and 
dexamethasone are shown in Fig. 1. These chromatograms illustrate the 
response of the chromatographic system to 40 ng of corticosteroids/ml 
of plasma and to 100 ng of prednisolone which was used as the internal 
standard. 

Figure 2a illustrates the chromatogram of a plasma sample taken from 
a dog before the administration of corticotropin. In addition, Fig. 26 il- 
lustrates the steroid concentration 2 hr after the dose of corticotropin; 
hydrocortisone concentrations were much greater in contrast to the small 
increase in corticosterone. 

Figure 2c shows the effect of an injection of dexamethasone 12 hr 
postadministration. This chromatogram indicates that dexamethasone 
suppressed plasma corticosterone and hydrocortisone so that concen- 
trations were no longer detectable. At this time, concentrations of 
dexamethasone were not detected. 

Figure 3 presents a typical plasma concentration-time profile of 
dexamethasone after intravenous administration and the simultaneous 
evolution of the endogenous corticosteroids. 

The simultaneous determination of corticosterone, hydrocortisone, 
dexamethasone, and prednisolone by this HPLC method proves to be 

lo ACTH-Choay, Choay, Paris, France. 
1' Aziurn, Unilabo, Levallois-Perret, France 
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1 ooa This chromatographic procedure differs from those previously de- 
scribed (11-19), as a new radial compression separation system was used. 
In this system a strong radial compression is applied to a soft column, thus 
diminishing the dead volume and the formation of preferential ways in- 
side the column. This results in higher efficacy, with a lower pressure and 
increased flow rate. Moreover, it is possible to attain the same separation 
in 2 min with a flow rate of 6 ml/min and with only a 10% decrease in re- 
sponse. 

Responses were considered significant when the signal to noise ratio 
was >1.5. In such conditions, using a detector sensitivity of 0.005 aufs, 
levels as low as 2 ng/ml, giving 0.5-cm peaks, could be quantitated. 

In conclusion, the described method offers a simple, rapid, and reliable 
determination of corticosteroids for use in pharmacokinetic studies. 
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Figure 3-Plasma concentration-time curve in the dog given a 1 mg/kg 
iv dose of dexamethasone. Key: (@), dexamethasone; (o), hydro- 
cortisone; (m), corticosterone. 
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Abstract A rapid enzymatic method for the preparation of [I- 
''C]D-leucine is described. [1-l4C]D-Leucine was obtained from [l- 
14C]DL-leucine by oxidative deamination of the L-isomer using immo- 
bilized L-amino acid oxidase. The total preparation (including ion ex- 
change purification) was accomplished in 40 min with an 83% The 
methodology is applicable to the production of [ l-llC]D-leucine, a PO- 

tential imaging agent for tumor localization. 
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~OCdiZatiOn 0 Enzymatic preparation-D-leucine isomers, ["C]D-leucine 
production for tumor localization 

Amino acids labeled with gamma-emitting radionuclides 
(carbon 11 or nitrogen 13) have been investigated for tumor 
localization, pancreatic scanning, and the study of normal 

physiological processes. Several l3N-Iabeled L-amino acids 
have been synthesized enzymatically and their tissue 
distribution and pancreatic uptake studied in animals 
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