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Abstract. 

A sensitive and specific high-performance liquid chromatographic assay for the determination of corticosterone in 
rat plasma using dexamethasone as the internal standard is reported. Rat plasma (0.5 ml) is extracted with 
methylene chloride, washed with 0.1 M sodium hydroxide and then with water. The extract is analyzed by HPLC 
on a C18 column with ultraviolet absorbance detection at 254 nm. Pooled rat plasma was treated with activated 
decolorizing carbon to remove endogenous corticosterone, and was then used to prepare standards for the assay. 
Using 0.5 ml plasma for extraction, the detection limit of the assay is 10 ng/ml. The standard curve is linear over 
the concentration range 10-500 ng/ml. The recovery of corticosterone after extraction was independent of 
concentration and ranged from 87 to 95%. The coefficient of variation for intra-day and inter-day precision ranged 
from 2.4 to 7.4% and 2.1 to 8.7%, respectively. In addition, for concentrations ranging from 10 to 500 ng/ml the 
accuracy is within 5% of the spiked standards. The assay was utilized to examine the circadian rhythm of plasma 
corticosterone, and to examine the effect of immobilization stress on corticosterone levels in rats. 

1. Introduction 

A major  physiological response to stress in 
rats is the activation of the hypothalamic-pituit-  
a ry-adrena l  (HPA) axis, leading to an increase 
in circulating levels of corticosterone (B). To 
assess the levels of B in rats after different stress 
paradigms, a reliable and efficient method of 
measuring plasma B is necessary. Most studies 
have employed radioimmunoassay (R/A) and 
fluorimetric methods to measure B. The com- 
monly employed RIA techniques use antiserum 
which significantly crossreacts with precursors 
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and metabolites of B, and with other  endogen- 
ous steroids and their met abolites [1,2]. Conse- 
quently levels of B measured by RIA are proba- 
bly an overestimate of the true levels. Chroma- 
tography of plasma samples prior to RIA analy- 
sis results in lowered estimates of B concen- 
trations compared to direct RIA analysis of 
unchromatographed samples [2-4]. Further-  
more,  some RIA assays show poor  precision 
with inter- and intra-assay coefficients of vari- 
ation ranging from 10-25% [1,2]. 

Fluorimetric methods developed for the analy- 
sis of B require lengthy sample preparat ion,  lack 
specificity, and have an inadequate detection 
limit of 50 ng/ml [5,6]. Fluorimetric assays also 
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show a time-dependent increase in background 
fluorescence which complicates standardization 
of the assay and necessitates a correction for 
background fluorescence [5,7]. Chromatography 
or differential extraction (using organic solvents) 
of plasma samples, prior to fluorimetry, im- 
proves the selectivity of the assay [8,9]. 

Unlike RIA and fluorimetry, HPLC methods 
in combination with an autosampler easily lend 
themselves to automation and processing of a 
large number of samples. Also, while the initial 
capital costs of HPLC methods are high, the 
routine cost of processing samples is much lower 
compared to RIA assays. HPLC methods have 
been developed for the determination of plasma 
B levels in animals and in humans. However use 
of these methods is limited by the tedious ex- 
traction techniques with harmful solvents 
[10,11], lack of precision and accuracy data, or 
poor precision and accuracy, especially at con- 
centrations of B between 10 and 100 ng/ml [10- 
14], and the use of the less cost efficient, and less 
stable normal-phase columns [13,15]. 

This report describes a specific, precise, and 
sensitive reversed-phase HPLC method for the 
determination of B levels in rat plasma. The 
assay has been used to examine circadian 
rhythms of B in rats, and to examine the effect 
of immobilization stress on plasma B levels in 
rats. 

2. Experimental 

2.1. Materials 

Corticosterone and the internal standard dex- 
amethasone were obtained from Sigma (St. 
Louis, MO, USA). HPLC grade acetonitrile and 
methylene chloride were obtained from Burdick 
and Jackson Labs (Muskegon, MI, USA). De- 
colorizing carbon (Norit) was purchased from 
Fisher (Fair Lawn, NJ, USA). All other reagents 
were of analytical reagent grade. The cone- 
shaped plastic bags used to immobilize rats were 
obtained from Braintree Scientific (Braintree, 
MA, USA). 

2.2. Preparation o f  standards 

Stock standard solutions of B and dex- 
amethasone were prepared in methanol and 
stored at 4°C. Plasma used for the preparation of 
standards was first treated with decolorizing 
carbon in order to remove endogenous B. The 
decolorizing carbon was added to pooled rat 
heparinized plasma at a concentration of 0.04 
g/ml of plasma. The suspension was stirred for 
90 min at room temperature and then cen- 
trifuged at 10 000 g for 60 min at 4-6°C. The 
plasma layer was decanted and then filtered 
through a 0.80-#m Millipore filter to remove 
carbon particles. Decolorizing-carbon treated 
plasma was spiked with standard solutions of B 
to create plasma standards over the concentra- 
tion range 10-500 ng/ml. 

2.3. Extraction procedure 

A 500-/xl aliquot of plasma was added to a 
20x  125 mm screw-capped borosilicate glass 
tube containing 50/.d of dexamethasone solution 
(4/xg/ml). The mixture was extracted with 15 ml 
of methylene chloride on a horizontal reciprocat- 
ing shaker for 15 min, and then centrifuged at 
3000 g for 10 min. After removal of the plasma 
phase, the organic phase was washed with 2 ml 
of 0.1 M sodium hydroxide and then with 2 ml of 
water. After aspirating the aqueous phase, the 
organic layer was evaporated to dryness under 
nitrogen at room temperature. The residue was 
reconstituted in 250/.d of mobile phase and 100 
/xl was injected onto the HPLC system. 

2.4. Chromatography 

A reversed-phase column, LiChrospher 100 
RP-18 (250 x 4.6 mm I.D., 5 /zm particle size) 
was purchased from Merck (Darmstadt, Ger- 
many). The mobile phase was acetonitrile- 
water-glacial acetic acid (35:65:0.05, v/v) and 
was pumped through a Waters 501 pump (Wa- 
ters, Milford, MA, USA) at a flow-rate of 1.0 
ml/min. The eluent was monitored by a variable 
wavelength UV detector (Spectro Flow 783, 
Kratos Analytical Instruments, Ramsey, NJ, 
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USA) at 254 nm. Peak heights of B and the 
internal standard, dexamethasone, were mea- 
sured using a SP4290 integrator (Spectra-Physics, 
Piscataway, NJ, USA). Plasma concentrations 
were calculated from a standard plot of peak- 
height ratio of B to dexamethasone versus B 
concentration. 

2.5. Precision and accuracy 

Spiked plasma standards were extracted as 
described above and used to determine the 
within-day (n = 7) and between-day (n = 6) co- 
efficients of variation (C.V.) of the assay. 

The percent accuracy of the assay was ex- 
pressed as the difference between the spiked and 
analyzed concentration and was determined by 
the following equation: 

Percent accuracy = 

[(observed conc. - spiked conc.)/spiked 

conc.] • 100 

2.6. Extraction recovery 

Plasma samples containing B at concentrations 
of 10, 20, 100 or 500 ng/ml were extracted as 
described above. Simultaneously, methanolic 
solutions of B at identical concentrations as in 
plasma were prepared and served as the un- 
extracted standards. These solutions were evapo- 
rated to dryness under nitrogen, the residue 
reconstituted with 250 ~1 of the mobile phase 
and then injected onto the HPLC system. The 
extraction recovery for each concentration was 
calculated using the following equation: 

Percent recovery = (peak height of extracted 

plasma/peak height of unextracted standard) 

• 100 

scanning mode was used. The MS-MS analysis 
was performed by setting the Q1 to admit only 
the protonated molecular ions at m/z  347. Q2 
was used to induce fragmentation by collisions 
with argon gas at a gas thickness of 240 x 1012 
atom/cm 2, and an ion energy of 24 eV. The 
product ions were analyzed by Q3. In all experi- 
ments, the orifice, ion-spray, and the electron- 
multiplier voltage were set at +50 V, +5500 V 
and -4000 V, respectively. 

2.8. Animal studies 

Male Sprague-Dawley rats (Taconic Farms, 
Germantown, NY, USA) weighing 250-300 g 
were used in the studies. They were housed in 
pairs in 24 x 20 x 40 cm clear Plexiglas cages 
with wood shavings in a temperature controlled 
room (25°C) with a 12-h light cycle (lights on at 
6:00 a.m.). Rats were acclimated for 9-10 days 
prior to the study. In the study designed to 
examine the circadian rhythm in plasma B levels, 
groups of eight rats were randomly assigned to 
either a day or a night group. Day group rats 
were decapitated between 10:00-12:00 a.m., and 
night group rats were decapitated between 
10:00-12:00 p.m. Trunk blood was collected in a 
heparinized beaker for the determination of 
plasma B. To study the effect of immobilization 
stress on plasma B levels, a group of rats 
received a one-hour immobilization stress in the 
morning between 10:00-12:00 a.m. Physical im- 
mobilization stress was applied by enclosing the 
rats in cone-shaped plastic bags. Rats were 
decapitated immediately after the immobiliza- 
tion, and trunk blood was collected in a heparin- 
ized beaker for the determination of plasma B. 

3 .  R e s u l t s  

2.7. Specificity 

The specificity of the assay was verified by 
mass spectrometric (MS) analysis. A triple- 
quadruple mass spectrometer (Model API 111, 
Thornhill, Ont., Canada) interfaced with an ion- 
spray ionization source operated in the Q1 

Chromatograms obtained from extraction of 
untreated plasma, decolorizing-carbon-stripped 
plasma, and decolorizing-carbon-stripped plasma 
containing 50 ng/ml of B are shown in Fig. 1. 
Untreated plasma which contained endogenous 
B showed a peak with a retention time of 10.8 
min (Fig. 1A). Injection of a standard solution of 
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Fig. 1. Chromatograms of an extract of 0.5 ml untreated 
plasma (A), decolorizing-carbon-treated plasma (B), and 
decolorizing-carbon-treated plasma spiked with corticoster- 
one at a concentration of 50 ng/ml (C). Dexamethasone is 
the internal standard (ISTD). 

B indicated that the peak observed in untreated 
plasma had a retention time similar to B and 
corresponded to a concentration of 66 ng/ml. In 
the decolorizing-carbon-stripped plasma chro- 
matogram, no interfering peaks were observed at 
the retention time of B or the internal standard 
(Fig. 1B). In stripped plasma spiked with B and 
the internal standard, the two peaks with re- 
tention times of 8.9 and 10.7 min, respectively 
were well separated (Fig. 1C). 

In order to verify specificity of the assay, the 
eluent corresponding to the 10.7-min peak was 
collected from differentially processed samples, 
and subjected to MS analysis. Fig. 2A shows the 
mass spectrum of a pure standard of B in 
methanol. The m / z  347 was represented by the 
(M + H) +. Fig. 2B is the spectrum of an extract 
of decolorizing-carbon-stripped plasma contain- 
ing 100 ng/ml of B. The fragmentation pattern 
of this sample was identical to that of the 
standard solution of B. Figs. 2C and 2D show 
mass spectra of plasma extracts of naive rats and 
rats immediately after a one-hour physical im- 
mobilization stress, respectively. The fragmenta- 
tion pattern of these two samples are similar to 
that of the standard solution of B. 

In our assay, two standard curves were con- 
structed on each day. The low-concentration 
standard curve included concentrations ranging 
from 10 to 100 ng/ml, while the high-concen- 
tration standard curve included concentrations 
ranging from 100 to 500 ng/ml. The correlation 
coefficients for both standard curves were usually 
0.990 or better. As shown in Tables 1 and 2, the 
within-day (n = 7) and between-day (n = 6) C.V. 
of the assay ranged from 2.4 to 7.4% and 2.1 to 
8.7%, respectively. The accuracy of the assay 
ranged from within -1.3 to 4.5% of the spiked 
standard over the entire validated concentration 
range (Table 2). As indicated in Table 3, the 
mean extraction recoveries of B ranged from 87 
to 95%. Based on a 0.5-ml plasma sample and a 
signal-to-noise ratio of 7 to 1, the detection limit 
of the assay was 10 ng/ml. 

Fig. 3 shows the circadian rhythm of plasma B 
levels in rats. Night-time levels of 81 +- 11 ng/ml 
(mean +-S.E.M.) were significantly higher than 
day-time levels of 36 +--8 ng/ml. Fig. 4 shows 
chromatograms of extracts of plasma of naive 
rats and of rats immediately after a one-hour 
immobilization stress. The mean plasma B con- 
centration immediately after the stress of 336--- 
10 n g / m l  (mean-S .E .M.)  was found to be 
significantly higher [p <0.001] than the mean 
plasma B concentration in naive unstressed ani- 
mals of 36 +-- 8 ng/ml (Fig. 3). 

4. Discussion 

A reversed-phase HPLC assay utilizing liquid 
extraction was developed for the quantitation of 
B in samples of rat plasma. The specificity of the 
assay was evaluated using MS analysis. The 
similarity of the fragmentation patterns of plas- 
ma samples of naive rats and of rats subjected to 
a one-hour immobilization stress to that of a 
methanolic solution of pure B confirmed the 
specificity of the assay. 

Decolorizing carbon was used to strip the 
endogenous B in plasma used for the construc- 
tion of standard curves. This improved the 
accuracy and precision of the assay, especially at 
the low end of the standard curve. Our attempts 



Y.N. Wong et al. / J. Chromatogr. B 661 (1994) 211-218 215 

.= 

100 .~ 

75 

50 

97.2 

25, 

83.2 ~1 

o ,l~ . !.... ,/~..~.lv,, 
50 75 

121.2 

135.2147.2 171.2 

100 128 150 175 200 225 280 278 300 325 350 

m/z 

> 
° .  
01 

100 
B 

75. 

50 . 

121.2 

97.2 

. 135.2 147.2 
28 107,2 ; l i 329,2 

83.2 'lJ llll Ill III IlJJ ~111 197.2 293.2 3112 / 1972 2232 252.8 268.8 ~ i 

78 100 125 180 175 200 225 250 278 200 325 350 
m / z  

Fig. 2. Mass spectra of corticosterone samples. (A) 100 ng/ml Methanolic solution of corticosterone. (B) Extract of decolorizing- 
carbon-stripped plasma containing 100 ng/ml of corticosterone. (C) Plasma extract from a naive rat. (D) Plasma extract from a 
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Table 1 
Intra-day variability for corticosterone in rat plasma 

Spiked Observed C . V .  Accuracy 
concentration concentration (%) (% difference) 
(ng/ml) (mean ± S.D.) (ng/mi) 

10 9 .9±0.7 7.4 -0 .7  
20 20.0±0.8 4.1 0.0 
50 51.6±2.2 4.2 3.2 

1 ~  1 ~ . 1 ± 2 . 5  2.4 0.0 
2 ~  197.4±5.7 2.9 -1 .3  
5 ~  5 ~ . 9 ± 1 4 . 6  2.9 0.2 

Number of replicates n = 7. 

Table 2 
Inter-day variability for corticosterone in rat plasma 

Spiked Observed C.V. 
concentration concentration (%) 
(ng/ml) (mean --- S.D.) (ng/ml) 

Accuracy 
(% difference) 

10 9.9 --- 0.9 8.7 
20 19.9 ± 1.7 8.4 
50 49.9 ± 3.1 6.2 

100 104.5 ± 3.4 3.3 
200 199.1 ± 4.2 2.1 
500 493.9 ± 12.3 2.5 

-1 .3  
-0 .7  
-0 .2  

4.5 
-0 .4  
-1 .2  

Number of replicates n = 6. 

to use unstripped plasma as a standard to mea- 
sure low basal levels of B resulted in markedly 
inaccurate estimates. Earlier HPLC assays have 
used unstripped plasma to construct standard 
curves. The total concentration of B in the 
standards was determined and the endogenous 
level of B in the unstripped plasma was sub- 
tracted in order to estimate the actual concert- 

Table 3 
Extraction recovery of corticosterone in rat plasma 

Concentration Recovery 
(ng/ml) (mean + S.D.) (%) 

20 87 ± 1 
50 95 --- 9 

100 88 ± 3 
500 93 ± 5 

Number of replicates n = 8. 

tration of the standards. The actual concentra- 
tions of standards were then used to compute 
accuracy and precision data of these assays [10- 
14]. This procedure might have contributed to 
the less than optimum precision and accuracy 
observed in the earlier HPLC assays. The inter- 
and intra-day coefficients of variation of our 
assay were lower than those reported for the 
RIA assays. 

Another feature of our assay which improved 
the accuracy in the low-concentration range was 
the construction of a separate low-concentration 
standard curve. In our assay, the low basal levels 
of B in the morning (less than 100 ng/ml) can be 
measured within a 9% C.V. and with an accuracy 
of within 4.0% of the spiked standard. Use of 
stripped plasma also increased the sensitivity of 
the assay. The detection limit of our assay was 10 
ng/ml, and was better than that reported for 
other HPLC assays or using fluorimetry. 
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Fig. 4. Chromatograms of an extract of 0.5 ml plasma 
collected from control unstressed rat (A), or from a rat 
immediately after a one-hour immobilization stressor (B). 
Corticosterone peaks correspond to a concentration of 35 
ng/ml in the naive animal and a concentration of 261 ng/ml 
in the stressed animal. 

Similar to reports in the literature [16], we 
observed a circadian rhythm in basal plasma B 
levels in rats. In our study, the basal B levels in 
the morning ranged from 10 to 60 ng/ml and 
were at the low end of the range reported in the 
literature [17,18]. This probably reflects the 
increased specificity of the assay, and the rela- 
tively quiet and stress-free environment of the 
vivarium. A variety of stressors are known to 
increase B levels. As reported in the literature 
[18], a one-hour immobilization stressor pro- 
duced significant increases in the levels of B. 

In summary, the proposed HPLC method is 
specific, sensitive, and has good reproducibility. 
It has been used to examine the circadian rhythm 

-of plasma B levels in rats, and to examine the 
effect of immobilization stress on plasma B 
levels. 
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