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Abstract. PURPOSE. Stress increases plasma corticos-
terone concentration in rats. We studied the time-course of
plasma corticosterone post jugular vein cannulation, a
potential stress producing process, and after 1 h restraint
stress using an improved assay. Current HPLC methods
for corticosterone analysis require long extraction times
with large volumes of solvent. METHODS. Adult male,
Sprague-Dawley rats were used. Tail vein blood samples
were collected from uncannulated rats (n=4). Other rats
were cannulated in the right jugular vein, allowed to
recover overnight and assigned to days 1, 2, 3 or 4 groups
(n=4-6/group). Blood was sampled before and after expo-
sure to 1 h of restraint stress. Plasma was separated and
extracted with 5 mL ethyl acetate (betamethasone as inter-
nal standard), and then the extract was washed with
sodium hydroxide (0.1 M) and water. After evaporation of
ethyl acetate, the residue was dissolved in mobile phase
(acetonitrile-water-acetic acid-TEA, 22:78:0.1:0.03, v/v)
and injected into an isocratic HPLC consisting of a 10 cm
C18 column, and UV detector at 254 nm. RESULTS. The
minimum quantifiable concentration was 10 ng/mL of
corticosterone based on 0.5 mL plasma. The standard
curve was linear over the concentration range of 10-500
ng/mL. The extraction efficiency was 84-87%. The coeffi-
cient of variation for intra-day and inter-day precision was
<10% with <8% error. Plasma corticosterone before can-
nulation (74 ± 17 ng/mL) and those measured daily before
restraint stress were not significantly different from one
day to another (day 1, 60 ± 21; day 2, 59 ± 39, day 3, 45 ±
23, and day 4, 41 ± 8 ng/mL). Exposure to restraint stress
elevated corticosterone (day 1, 122 ± 33; day 2, 82 ± 23;
day 3, 148 ± 33; and day 4, 134 ± 20 ng/mL). Except on
day 2, all concentrations were significantly elevated as
compared to the pre-stress levels. CONCLUSIONS. Cor-
ticosterone concentrations were stable after jugular vein

cannulation, and were increased by restraint stress. The
present assay is a more convenient method as compared to
those previously reported. 

INTRODUCTION

Blood vessel cannulation allows repeated blood sampling
from conscious, unrestrained rats while avoiding the stress
due to handling, restraint and anesthesia (1-3). The pro-
cess, and the presence of the catheter itself, however,
potentially induces stress. Cannulation surgery and physio-
logical changes that occur because of a chronic catheter
may evoke a stress response as indicated by a rise in plasma
corticosterone. Surgery may cause changes in hormonal
and hemodynamic responses (4) that are reduced when
pre-surgery analgesics are given to decrease stress and pain
(5). Catheter infection, while uncommon in rats, is known
to stimulate a stress response, and is a potential conse-
quence of long-term catheterization (6, 7). While an ade-
quate recovery time from surgery (8) and aseptic surgical
technique may minimize these effects, the precise time for
full recovery is uncertain. Fagin et al. (8) showed that while
plasma corticosterone levels stabilized three to four days
after cannulation, they remained elevated compared with
uncannulated rats. This is not surprising since recovery of
the hypothalamic-pituitary-adrenal axis to acute stress may
be prolonged following a severe stressor (9, 10). An ade-
quate recovery time is therefore required to minimize the
effects of surgery on a subsequent stressor (8, 10). 

It would be advantageous to use a cannula within days of
insertion. Besides the risk of infection in a chronic cathe-
ter, and the challenge of keeping the cannula patent for
more than a week (1), other physiologic changes (e.g.
altered levels of plasma proteins) have been observed (11).
While a 7-day recovery period from surgery allowed rats to
respond to experimentally induced stress (8), it is unclear
whether a robust stress response could be detected 1 or 2
days following cannulation. To assess the optimum time to
recovery from the stress of cannulation surgery, we studied
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the time-course of plasma corticosterone during recovery
of the hypothalamic-pituitary-adrenal axis from jugular
vein cannulation and the subsequent stress response. 

High performance liquid chromatography (HPLC) meth-
ods for corticosterone analysis have been developed that
are specific and sensitive (12, 13). They, however, require
long extraction times with large volumes of solvent. We
report the development of a reversed-phase HPLC
method with a simple extraction method for the determi-
nation of corticosterone in rat plasma.  

MATERIALS AND METHODS

Chemicals

Corticosterone and betamethasone were obtained from
Sigma (St. Louis, MO, USA). Acetonitrile (HPLC grade)
and ethyl acetate (reagent grade) were obtained from Cale-
don Laboratories Ltd. (Georgetown, Canada). Decoloriz-
ing charcoal (Norit A) was obtained from BDH Inc.
(Toronto, ON, Canada).

Apparatus and chromatographic conditions

The HPLC apparatus consisted of a Model 590 pump, a
712 WISP autosampler (Waters, Mississauga, ON, Can-
ada), a 10 cm x 4.6 mm I.D. C18 analytical column packed
with 5-µm particles (Phenomenex, Torrance, CA, USA),
and a HPLC pre-column insert packed with C8 (Waters,
MA, USA) particles. The detector was an SPD-10A ultra-
violet visible detector (Shimadzu, Tokyo, Japan) set at 254
nm, and the recorder-integrator was a Model 3390A
(Hewlett-Packard, Palo Alto, CA, USA). The mobile phase
was acetonitrile-water-acetic acid-TEA (22:78:0.1:0.03, v/
v), and was pumped at a flow-rate of 1.0 mL/min at ambi-
ent temperature.

Standard Solutions

Stock solutions of corticosterone (2.5 µg/mL) and
betamethasone (1.25 µg/mL) were prepared in ethyl ace-
tate and stored at 4° C. Standard curves were prepared
using pooled plasma treated with decolorizing charcoal to
remove endogenous corticosterone (12,14,15). Decoloriz-
ing charcoal (0.05 g/mL of plasma) was added to rat
plasma and stirred for 90 minutes at room temperature.
The suspension was then centrifuged at 13 600 g for 8
minutes at 4-6° C. The plasma layer was decanted and fil-
tered through a 0.45 µm Lida filter to remove carbon par-
ticles.   

Sample preparation

To each 500 µL plasma sample was added 50 µL of
internal standard (betamethasone, 1.25 µg/mL). This
mixture was extracted with 5.0 mL of ethyl acetate, vortex-
mixed for 30 seconds, followed by centrifugation at 1800 g
for 10 min. The organic layer was transferred to clean
tubes, then washed with 1.0 mL of 0.1 M NaOH and then
with 1.0 mL of water, and centrifuged for 5 minutes. The
organic layer was transferred to clean tubes, and evapo-
rated to dryness. The residue was reconstituted in 170 µL
of mobile phase and 150 µL was injected into the HPLC
system.

Extraction efficiency

To determine the extraction efficiency of corticosterone
from plasma, 0.5 mL of plasma was spiked with corticos-
terone at concentrations of 10, 100, and 500 ng/mL and
extracted as described above. Unextracted standards con-
sisted of corticosterone solutions prepared at the same
concentrations, evaporated to dryness, then reconstituted
with mobile phase, and injected into the HPLC system.
Percentage recovery was calculated as follows:

 Recovery (%) = (peak area of extracted plasma/peak area of unex-
tracted standard)*100

Accuracy and precision

Plasma samples spiked with corticosterone at concentra-
tions of 10, 25, 50, 100, 250, and 500 ng/mL were ana-
lyzed according to the procedure described above.
Precision was determined by the calculation of inter- and
intra-day co-efficients of variation (% C.V.). Accuracy was
calculated as percentage error: 

 % error = (observed concentration – expected concentration)/
expected concentration *100

Animal study

This study was approved by the University of Alberta ani-
mal ethics committee. Male, Sprague-Dawley rats (n=24)
weighing between 250 and 300 g (Health Sciences Labora-
tory Animal Services, University of Alberta, Edmonton,
Canada) were housed in the study area 24 hours prior to
cannulation surgery, with a 12 h light/dark cycle (lights on
at 8:00 a.m.). Under pentobarbital sodium 65 mg/kg i.p.
(Somnotol; MTC Pharmaceuticals, Cambridge, ON, Can-
ada) anesthesia, polyethylene (PE-50; Clay Adams, Parsip-
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pany, NY, USA) cannulas tipped with 2 cm of silastic (Dow
Corning Corp, Midland, MI, USA) tubing, were inserted
into the right jugular vein and exteriorized by subcutane-
ous tunneling to an incision made in the interscapular area.
Rats were then allowed to recover overnight and had free
access to food and water. Rats were divided into 4 groups
and were exposed to stress on either 1, 2, 3 or 4 days (day
1, 2, 3, and 4) following surgery. On the day of experiment,
1.0 mL of blood was sampled immediately before (base-
line) and after (stress) exposure to 1 hour of restraint stress
to determine levels of corticosterone at baseline and in
response to stress, respectively. Corticosterone levels of
control (intact) rats (n=4) were measured by withdrawing
blood from the tail vein of intact rats under halothane/O2

anesthesia. All blood samples were drawn between the
hours of 8:00 and 11:00 a.m. After collection of blood
samples, the plasma layer was separated by centrifugation
and stored at –20° C until analysis.

Statistical Analysis

The significance of the observed differences between the
control (intact) and baseline (cannulated) corticosterone
was assessed using the one-way ANOVA followed by the
Duncan’s New Multiple test. For cannulated rats, the dif-
ference between baseline values and those after stress was
tested using the paired Student’s t-test. For all tests α was
at 0.05.

RESULTS 

Corticosterone Assay

Representative chromatograms of untreated plasma, char-
coal-treated plasma, and charcoal-treated plasma spiked
with internal standard and 100 ng/mL of corticosterone
are shown in Figure 1.

Endogenous corticosterone was present in untreated
plasma, with a peak retention time of 22.3 minutes (Figure
1A). 

No interfering peaks were observed in the charcoal-treated
plasma, at the retention time of corticosterone or internal
standard (Figure 1B). 

The retention time was 17.3 minutes for the internal stan-
dard peak (Figure 1C), and 22.5 minutes for corticosterone
(Figure 1D).

Figure 1: Chromatograms of untreated plasma containing
endogenous corticosterone (Cort) (A), charcoal-treated
plasma (B), charcoal-treated plasma spiked with internal
standard (betamethasone) (C), and charcoal-treated
plasma spiked with internal standard and corticosterone
(100 ng/mL) (D).

Standard curves showed excellent linearity (r > 0.99)
between the peak-area ratios of corticosterone:internal
standard and corticosterone concentration. A typical stan-
dard curve could be described by the equation, y =
0.0095x - 0.0022 over a range of 10 – 500 ng/mL. As
shown in Table 1, accuracy of the assay was within 7.9% of
the spiked standards and the intra- and inter-day coeffi-
cient of variation (C.V.) of the assay ranged from 1.0 to
6.9% and 0.8 to 10%, respectively. 

Table 1: Intra- and inter-day variability of assay of
corticosterone spiked in rat plasma.
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Extraction efficiency was at least 84% at each of the con-
centrations as shown in Table 2.

Table 2: Extraction efficiency of the assay for
corticosterone spiked in rat plasma (n=3).

Animal Study

Plasma corticosterone measured daily before restraint
stress (baseline) were not significantly different from one
day to another and were similar to corticosterone levels in
the control (intact) group (Figure 2).

Figure 2: Plasma corticosterone in control (intact) rats
and those before (baseline) and after 1 h restraint stress
in cannulated rats. Data expressed as mean ± SD.
a Significantly different from control (p<0.05).
b Significantly different from baseline (p<0.05).

Exposure to restraint stress significantly elevated corticos-
terone concentrations compared to the pre-stress levels,
except on day 2 (Figure 2). 

DISCUSSION

We describe an HPLC method that is accurate and precise
and suitable for determination of corticosterone in rat
plasma. We used an established method, i.e., removing
endogenous corticosterone by carbon treatment, for con-
struction of our standard curves (12,14,15). The extraction
procedure was simple and rapid. A smaller volume of sol-
vent was required, 5 mL ethyl acetate, compared with pre-
vious assay (12), which required 15 mL of methylene

chloride. This extraction required only 30 seconds of vor-
tex mixing compared with 15 minutes on a shaker (12).
This yielded good extraction efficiency, at least 84% at all
concentrations, and very good accuracy and precision;
accuracy within 7.9% of the spiked standards and the
intra- and inter-day coefficients of variation of the assay
ranged from 1.0 to 6.9% and 0.8 to 10%, respectively. The
drug and internal standard were resolved with no interfer-
ing peaks. The peak elution times of 17 and 22 min were
observed for internal standard and corticosterone, respec-
tively, which were longer than 9 and 12 min reported pre-
viously (12). This is due likely to our use of a more polar
mobile phase.  

Our results show that baseline plasma corticosterone lev-
els in jugular vein cannulated rats were not significantly
different from basal corticosterone in uncannulated rats.
These levels were similar to literature reports of corticos-
terone levels in jugular vein cannulated rats (16) and
carotid artery cannulated rats after they had returned to
baseline (8). Whereas Fagin et al. (8), observed plasma cor-
ticosterone to be elevated initially after cannulation and
then declining by day 3, we observed stable corticosterone
levels for four days following surgery. This may be due to
an inherent difference between jugular vein and carotid
artery cannulation. Carotid cannulation is a more stressful
procedure than jugular cannulation, and can cause marked
weight loss as well as sympathetic nerve damage (1).

Cannulated rats responded to 1 hour of restraint stress
with elevated plasma corticosterone concentrations on all
four days following surgery, although the rise was not sig-
nificant on day 2. The lack of significance in corticoster-
one concentration on day 2 may be attributed to the high
relative variability in the data on that day (Figure 2).
Repeated blood sampling has been shown to increase
plasma corticosterone levels, particularly in the first 0.5 h
(17), and could possibly have contributed to the variability
in our data. The effect of sampling time however, was
likely minimal, as Vachon and Moreau (2001) demon-
strated that the effect of sampling on corticosterone level
is no longer apparent by 1 h following the first sampling
time. Our post-stress blood samples were collected at least
1 h following the first blood sample. Furthermore, the rise
in corticosterone levels in our study are a good reflection
of the effects of restraint stress since peak corticosterone
levels have been shown to occur at 1 h following 1 h of
restraint stress (10).
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In the case of a more intense stressor such as carotid artery
cannulation, one would expect a less obvious rise in corti-
costerone level in response to stress due to the already ele-
vated levels of corticosterone. In addition, it has been
suggested that rats previously exposed to stress may
exhibit a reduced response to a subsequent stressor due to
a combination of negative feedback by corticosterone, and
adaptation of the HPA axis (18,19). Our data however
showed a robust corticosterone response to stress follow-
ing surgery. This may be explained by evidence that the
HPA axis is unlikely to show adaptation to a stressor that is
different from the previous one (20). 

In summary, our data suggest that jugular vein cannulation
does not alter subsequent stress responses and therefore
may be used within days of the surgical procedure without
the confounding effects of stress. The HPLC assay pre-
sented here is sensitive, reliable and simple. It has been
used to assess plasma corticosterone levels in the rat fol-
lowing jugular vein cannulation, and subsequent response
to stress. 
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