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Dexamethasone (DEX) Concentrations in Human
Plasma by Ultra Performance Liquid Chromatography / Photo Diode Array Detector (UPLC/PDA)
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ABSTRACT

Objective: At present, Cushing’s syndrome (CS) is diagnosed by measuring cortisol levels and the dexamethasone
suppression test. However, the false positive results were found in patients who have stress or lack of drug compliance. Several studies reported a relationship between cortisol and dexamethasone concentration in plasma and
measurement of both has proved most useful for identifying patients’ diagnoses. Although, many highly sensitive
and specific methods have been reported, the method which was suitable for routine analysis was required. In
this study, we aimed to develop a cheaper UPLC-PDA method and to fully validate it for determination of dexamethasone in human plasma.
Methods: Chromatographic separation was carried out by the ACQUITY UPLC™ BEH Shield RP, 1.7 µm (100
x 2.1 mm.I.D.) with mobile phase consisting of 0.05% Trifluoroacetic acid / Acetonitrile in gradient program.
The Photodiode Array (PDA) Detector was set at 240.2 nm.
Results: The run time was 6 min, 2.40 min for dexamethasone and 3.67 min for prednisolone (IS). The limit of
quantification was 2.0 ng/mL. The standard curves are in the range 2-60 ng/mL with good linearity (r2 > 0.9975).
The method was acceptable in terms of selectivity, accuracy, precision, stability and matrix effect. The measured
dexamethasone concentrations ranged from 2.0 - 8.2 ng/mL (5.12 - 21.03 nmol/L).
Conclusion: A highly rapid, sensitive, accurate and reproducible UPLC-PDA method was developed and fully
validated for the determination of dexamethasone in plasma. This method was successfully applied to routine
measurement of dexamethasone concentration in plasma of patients after the low-dose dexamethasone suppression test.
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used to control blood sugar, immune system,
anti-inflammatory system, balance of electrolyte
			 ortisol is a steroid (glucocorticoid) hor- and function of central nervous system. Cortisol
			 mone produced by the adrenal gland. It is released from adrenal cortex by activation
			 is the essential hormone for life which of hypothalamus and pituitary gland in brain.
Abnormal increase in cortisol level is diagnosed as
Cushing’s syndrome (CS). In contrast, abnormal
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INTRODUCTION

At present, Cushing’s syndrome (CS) is
diagnosed by analysis of a 24-hour urine cortisol
and low-dose dexamethasone suppression test
(LDDST) by measuring how cortisol levels
change after taking one milligram dose of dexamethasone at night and in the morning time.2,3
However, the reported sensitivity of this test is
98-100% and specificity is 87.5%.3-5 The false
positive results were found in non- Cushing’s
syndrome patients such as fat, stress, alcoholism,
high cortisol binding globulin, glucocorticoid
resistance or lack of drug compliance.3 The false
positive results lead to unnecessary testing and
patients often end up by wasting even more time
and money.
		 Several studies reported a relationship
between cortisol level and dexamethasone concentration in plasma and measurement of both
has proved most useful in identifying patients.6,7
Moreover, Meikle reported the cut off of dexamethasone concentration should be more than 5.6
nmol/L (2.18 ng/mL) in the evaluation for false
positive results.6
		 Now, the general laboratory can analyze
cortisol level by automated machine but few
laboratories can analyze dexamethasone concentration by complicated chromatographic machine.
As a low dose of dexamethasone is taken in the
dexamethasone suppression test, many highly
specific and highly sensitive methods have been
reported for determination.8-16 The most common
is LC-MS/MS method8-11,16 which can measurement dexamethasone at the low concentration.
However, this method is more difficult, expensive, and time consuming than UPLC method,

(A)					

and is not suitable for routine analysis. UPLC
with photodiode array detection is regular employed for drug determination, the parameter in
identifying a drug are its retention time and UV
spectrum. This easier and cheaper method is not
only highly specific and sensitive but also suitable
for routine analysis. Efficiency of analysis is of
great importance in many applications, especially
in bio-analysis. In this study, we aimed to develop
and validate our UPLC-PDA method for determination of dexamethasone in human plasma.
MATERIALS AND METHODS

		
1. Chemicals
		 Dexamethasone and Prednisolone were
purchased from Sigma-Aldrich Ltd. (Steinheim,
Germany), and the chemicals’s structure are as
shown in Fig 1. The HPLC grade acetonitrile and
methanol (MeOH) were purchased from Labscan
Ltd. (Bangkok, Thailand). Milli-Q water from
water purification system, Millipore Corporation
(Massachusetts, USA) was used. Other chemicals
were of analytical grade. Drug-free human plasma
from the Department of Transfusion Medicine,
Siriraj Hospital was used and the protocol was
approved by Siriraj Institution Review Board,
Faculty of Medicine Siriraj Hospital, Mahidol
University, Bangkok, Thailand.
		
2. Instrumentations
Acquity TM Ultra Performance Liquid
Chromatography from Waters Co., Ltd. (USA)
was used for separation module. Separation was
achieved on the ACQUITY UPLC™ BEH Shield

			

(B)

Fig 1. The chemical structure of (A) dexamethasone, (B) prednisolone (IS) from Frerichs VA, et al. (2004)10
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RP, 1.7 μm (100x2.1 mm.i.d.) from Waters Co.,
Ltd. (USA). The ACQUITY UPLC® Photodiode
Array (PDA) Detector from Waters Co., Ltd.
(USA) was operated at wavelengths between
200-380 nm and quantification was done at 240
nm. The Empower 2 software was used for data
management.

the percentage of coefficient of variation (%CV)
within ± 20%.
		 5.2 Accuracy and precision
			 Accuracy and precision were
examined by six replicate analyses of plasma
spiked with four different concentrations (LOQ,
6, 25 and 50 ng/mL) for three separate days. The
precisions of each method were calculated as
the percentage of coefficient of variation (%CV)
which should be within ± 20% at LOQ and 15%
at other concentrations. The accuracy was calculated as percentage of relative error (%RE) which
should be in the range 80-120% at LOQ and 85115% at other concentrations.

		
3. Standard stock solutions
		 Standard stock solutions of Dexamethasone and Prednisolone (internal standard) were
prepared in MeOH and this working standard
was diluted with milli-Q. The stock solutions of
dexamethasone were diluted to concentrations
which ranged from 100-3,000 ng/mL which were
used as working solutions. The Quality Control
(QC) samples were prepared at 100, 300, 1,250, 		 5.3 Linearity and calibration curve
and 2,500 ng/mL. Standard solutions were stored 			 A calibration curve was assessed by
at -20 degree Celsius until use.
a linear regression model, y=mx+b and weighted
by 1/x, where y is the ratio of peak area of analyte
		
4. Sample preparations
to the peak area of IS, and x is the concentration
		 The liquid-liquid Extraction (LLE) was at 2, 10, 20, 30, 40 and 60 ng/mL. The coefficient
used for sample preparation. One mL aliquot of the of determination (r2) should be more than 0.995.
spiked plasma and 20 µL of 2.5 µg/mL prednisolone (IS) were pipetted into a 2 mL centrifuge 		 5.4 Recovery of extraction
tube. The mixture was protein precipitated with 			 The recovery of method was per500 µL of acetonitrile, the samples were mixed for formed by comparing peak areas of the extracted
10 min and centrifuged at 4,000 rpm for 10 min. samples at 6, 25 and 50 ng/mL with peak areas of
Then, 1,000 µL of supernatant were transferred non-extracted standard solution at the same coninto the 2 mL centrifuge tube. The samples were centrations. The percentage of absolute recovery
extracted with 1 mL of diethyl ether and 120 (% RV) was the ratio of the measured extracted
µL of ammonia solution, mixed for 10 min and peak area to the non-extracted peak area.
centrifuged at 4,000 rpm for 10 min. After that,
the organic layers were transferred into a 1.5 mL 		 5.5 Stability
centrifuge tube and evaporated to dryness. The 			 The stability of analysis was perresidue was reconstituted with 120 µL of mobile formed by three replicated analyses of plasma
phase before it was injected into the UPLC system. spiked at 6, 25 and 50 ng/mL under various
conditions including 3 cycles of freeze and thaw,
		
5. Bio analytical method validation
short term stability, post-preparative stability and
		 The developed method was fully validated long term stability. The acceptable percentage of
according to the USFDA guidance.17
variation must be within ±15%.
		 5.1 Selectivity and sensitivity
				
The selectivity was examined 		 5.6 Matrix effect
using six sources of free drug plasma which were 			 Matrix effects were determined in
extracted and analyzed by the developed method. terms of matrix factor (MF). MF is the ratio of the
The sensitivity at the limit of quantification (LOQ) peak responses in the presence of matrix to peak
was also examined on the basis of signal to noise response in the absence of matrix. The absolutely
ratio of 5:1. LOQ and should be reproducible with acceptable matrix effect should be within 0.8-1.2
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which means no matrix effect on analysis by this 240.4 nm which had much better detector response
developed method.
for dexamethasone.
		 No interference peak was observed at the re6. Bio-analysis
tention time of both prednisolone and dexame-tha		 This method was used to determine con- sone as shown in Fig 3. The limit of quantification
centrations of dexamethasone in plasma of 30 (LOQ) was found to be 2 ng/mL with the coeffipatients after LDDST. The protocol was approved cient of variation of 5.75% and the relative error
by Siriraj Institutional Review Board, Faculty of was 110.0%. The calibration cure was assessed by
Medicine Siriraj Hospital, Mahidol University, plotting the ratio of peak area of dexamethasone
Bangkok, Thailand.
to the peak area of IS versus concentration in the
range of 2 – 60 ng/mL. This method has a good
RESULTS
linearity with the coefficient of determination (r2)
more than 0.997 as shown in Fig 4. All were within
		 The mobile phase was optimized in a gra- the acceptable range (r2 >0.995). This method has
dient program for the determination of dexametha- acceptable precision and accuracy as summarized
sone. A mixture of 0.05% Trifluoroacetic acid / in Table 1. Within-day precision of the method
Acetonitrile was used in this gradient program, was found to be in the range of 3.79-13.09% and
and 25/75(v/v) at initial, 32/68(v/v) at 4 min and accuracy ranged from 89.10-110.00%. Between25/75(v/v) at 6 min was found to be the most suit- day precision of the method was found to be in
able. This method has an excellent separation of the range of 4.95-10.89% and accuracy ranged
dexamethasone and internal standard which were from 91.31-103.89%. The absolute recovery of
achieved within 6 min. The appropriate retention extraction (%RV) was found to be in the range of
time were 2.4 min for IS and 3.67 min for dexa- 56.11-76.37% which was reproducible as shown
methasone. A chromatogram showed the separa- in Table 2. This study show that the plasma
tion of IS and dexamethasone. The capacity factor samples containing dexamethasone were stable
(k′) was 2.99 for IS and 5.12 for dexamethasone in various tested conditions as demonstrated in
while the resolution factor was 20.15. The PDA Table 3. The percentage of variation in each condispectrums of individual drugs have been shown in tion was within the acceptable range. No matrix
Fig 2 and the optimum wavelength was selected at effect was observed when a matrix effect test was

Fig 2. The PDA spectrum of prednisolone (IS) and dexamethasone.
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Fig 3. The chromatograms of extracted (A) blank plasma, (B) plasma spiked with 50 ng/mL of dexamethasone
and IS.

Fig 4. The calibration curve of dexamethasone.
TABLE 1. The precision and accuracy (within-day and between-day).
Expected 		
Within day			
Between days
concentration		
(n=6)			
(n=18)
(ng/mL)
Mean ± S.D. Precision Accuracy Mean ± S.D. Precision Accuracy
		
(ng/mL)
(%CV)
(%RE)
(ng/mL)
(%CV) (%RE)
2
2.2±0.13
5.75
110.00
2.08±0.23
10.89
103.89
6
5.83±0.31
5.27
97.22
5.97±0.33
5.45
99.44
25
24.58±0.93
3.79
98.33
25.33±1.31
5.19
101.33
50
45.62±2.93
6.43
91.23
45.66±2.26
4.95
91.31
n = number of replicates, % CV = percentage of coefficient of variation
%RE = percentage of relative error
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performed. The matrix factors were 0.99-1.02
and 1.04 for dexamethasone and IS, respectively.
		 Dexamethasone concentrations in plasma
of 30 patients after LDDST were determined.
The dexamethasone concentrations ranged from
2.0-8.2 ng/mL which associated with low dose
of dexamethasone ingestion. However, the concentration of three patients was less than 2.0 ng/
mL which may be variation of absorption and
metabolism of the dexamethasone.
DISCUSSION

		 The developed method was fully validated
according to the USFDA guideline. The validated
result indicated that this method was highly sensitive, precise and accurate to determine dexamethasone. The applied chromatography condition of
UPLC permitted a good separation even though
the structure of dexamethasone is closely related
with prednisolone (IS). PDA detection is used for
drugs identification in combination with retention
times.
TABLE 2. The recovery of extraction.
Concentration Recovery of
Precision
(ng/mL)
extraction
(%CV)
		
(%RV)
Dexamethasone		
6 (n=6)
76.56
1.24
25 (n=6)
60.50
0.51
50 (n=6)
54.30
1.37
Prednisolone		
25 (n=6)
55.36
1.93
n = number of replicates

		 In comparison with other published methods,
our UPLC method was rapid and the run time was
within 6 min with a dramatic reduction in retention
time from more than 10 to 3.67 min.14,16 The limit
of quantification of this study was 2 ng/mL (5.12
nmol/L) which was reproducible and less than the
cut-off level (5.6 nmol/L) of the dexamethasone
concentration after LDDST reported by Meikle.6
Therefore, this concentration was accepted as the
limit of quantification.
		 For the extraction, the previously published
methods used complicated and high cost solid
phase extraction for sample extraction.9-11,14-16 In
this experiment, the liquid-liquid with diethyl
ether and ammonia solution was used because it
was an easier extraction method with lower cost.
The recoveries of extraction were acceptable with
repeatability, even though it requires a larger sample
volume (1.0 mL) than the previously published
methods (0.2-0.5 mL).9,10,15,16 After that, the stability
of dexamethasone in plasma was examined and
the result indicated that dexamethasone had a
good stability in human plasma and also in auto
sampler.
		 Our developed method was applied to determine dexamethasone concentrations in plasma of
patients with suspected Cushing’s syndrome and
the detection of the concentrations was between
2.0-8.2 ng/mL (5.12-21.03 nmol/L). This result
was in agreement with previous studies, 3.3-19.6
nmol/L6 and 3.0-21.5 nmol/L.11 Moreover, the
measurement of dexamethasone is recommended
to be measured together with cortisol level in
LDODST.

TABLE 3. The stability of dexamethasone (N=3).
Stability test		
Variation (%)
		
LQC
MQC
HQC
		
(6 ng/mL)
(25 ng/mL)
(50 ng/mL)
Freeze and thaw (3 cycles)
-9.89
0.40
-6.62
Short term (6 hr.)
-0.55
-3.49
-8.50
Long term (60 day)
1.15
1.17
5.68
Post-preparative
2.75
-8.59
-8.08
(in auto sampler) 8 hr.)
n = number of replicates, LQC = Lower quality control, MQC = Medium quality control, HQC = High quality control
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CONCLUSION

		 UPLC Technology has been adopted successfully in laboratories around the word for the
most demanding separation. It is highly robust,
dependable and reproducible. The UPLC with
photodiode array (PDA) developed method
provides a rapid, sensitive precise and accurate
analysis for the quantification of dexamethasone
in human plasma. All the validation parameters
in this study were found to be within the acceptable range of USFDA guideline. This method was
successfully applied to routine measurement of
dexamethasone concentration. It will be beneficial for the patients who need to determine their
dexamethasone level as increasing for suspected
Cushing’s syndrome.
ACKNOWLEDGMENTS

		 We would like to express our gratitude
to Dr. Tada Kunavisarut from the Division of
Endocrine & Metabolism, Department of Medicine for assistance. This study is under the
research framework of Mahidol University and
supported by grant of Siriraj Research Development Fund, Faculty of Medicine Siriraj Hospital,
Mahidol University.
REFERENCES
1.
2.
3.
4.

5.

122

Schleimer RP. An overview of glucocorticoid anti-inflammatory actions. Eur J Clin Pharmacol. 1993;45 Suppl
1:S3-7.
Kirk LF, Jr., Hash RB, Katner HP, Jones T. Cushing’s
disease: clinical manifestations and diagnostic evaluation.
Am Fam Physician. 2000 Sep 1;62(5):1119-27, 33-4.
Vilar L, Freitas Mda C, Faria M, Montenegro R, Casulari
LA, Naves L, Bruno OD. Pitfalls in the diagnosis of
Cushing’s syndrome. Arq Bras Endocrinol Metabol. 2007
Nov;51(8):1207-16.
Isidori AM, Kaltsas GA, Mohammed S, Morris DG,
Jenkins P, Chew SL, Monson JP, et al. Discriminatory
value of the low-dose dexamethasone suppression test in
establishing the diagnosis and differential diagnosis
of Cushing’s syndrome. J Clin Endocrinol Metab. 2003
Nov;88(11):5299-306.
Dichek HL, Nieman LK, Oldfield EH, Pass HI, Malley
JD, Cutler GB, Jr. A comparison of the standard high dose
dexamethasone suppression test and the overnight 8-mg

6.
7.

8.
9.

10.

11.

12.
13.
14.

15.
16.

17.

dexamethasone suppression test for the differential diagnosis of adrenocorticotropin-dependent Cushing’s syndrome. J Clin Endocrinol Metab. 1994 Feb;78(2):418-22.
Meikle AW. Dexamethasone suppression tests: usefulness
of simultaneous measurement of plasma cortisol and dexamethasone. Clin Endocrinol (Oxf). 1982 Apr;16(4):401-8.
O’Sullivan BT, Cutler DJ, Hunt GE, Walters C, Johnson
GF, Caterson ID. Pharmacokinetics of dexamethasone and
its relationship to dexamethasone suppression test outcome
in depressed patients and healthy control subjects. Biol
Psychiatry. 1997 Mar 1;41(5):574-84.
Damonte G, Salis A, Rossi L, Magnani M, Benatti U.
High throughput HPLC-ESI-MS method for the quantitation of dexamethasone in blood plasma. J Pharm Biomed
Anal. 2007 Jan 4;43(1):376-80.
Difrancesco R, Frerichs V, Donnelly J, Hagler C, Hochreiter J, Tornatore KM. Simultaneous determination of
cortisol, dexamethasone, methylprednisolone, prednisone,
prednisolone, mycophenolic acid and mycophenolic acid
glucuronide in human plasma utilizing liquid chromatography-tandem mass spectrometry. J Chromatogr B Analyt
Technol Biomed Life Sci. 2007 Nov 1;859(1):42-51.
Frerichs VA, Tornatore KM. Determination of the glucocorticoids prednisone, prednisolone, dexamethasone, and
cortisol in human serum using liquid chromatography
coupled to tandem mass spectrometry. J Chromatogr B
Analyt Technol Biomed Life Sci. 2004 Apr 5;802(2):32938.
Hempen C, Elfering S, Mulder AH, van den Bergh FA,
Maatman RG. Dexamethasone suppression test: development of a method for simultaneous determination of cortisol and dexamethasone in human plasma by liquid chromatography/tandem mass spectrometry. Ann Clin Biochem.
2012 Mar;49(Pt 2):170-6.
Kumar V, Mostafa S, Kayo MW, Goldberg EP, Derendorf
H. HPLC determination of dexamethasone in human
plasma and its application to an in vitro release study from
endovascular stents. Pharmazie. 2006 Nov;61(11):908-11.
Lasic S, Bobarevic N, Nikolin B. Simultaneous determina
tion of prednisone, prednisolone, cortisol and dexamethasone in plasma by high-performance liquid chromatography. J Pharm Biomed Anal. 1989;7(6):777-82.
McWhinney BC, Ward G, Hickman PE. Improved HPLC
method for simultaneous analysis of cortisol, 11-deoxy
cortisol, prednisolone, methylprednisolone, and dexamethasone in serum and urine. Clin Chem. 1996 Jun;42(6 Pt 1):
979-81.
Plezia PM, Berens PL. Liquid-chromatographic assay of
dexamethasone in plasma. Clin Chem. 1985 Nov;31(11):
1870-2.
Ray JA, Kushnir MM, Rockwood AL, Meikle AW. Analysis
of cortisol, cortisone and dexamethasone in human serum
using liquid chromatography tandem mass spectrometry
and assessment of cortisol: cortisone ratios in patients with
impaired kidney function. Clin Chim Acta. 2011 Jun 11;412
(13-14):1221-8.
Department of Health and Human Services Food and
Drug Administration US. Guidance for Industry Bioanalytical Method Validation, 2001.

