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Two  specific  liquid  chromatography–mass  spectrometric  (LC–MS/MS)  assays  were  developed  and  vali-
dated for the  determination  of betamethasone  (BET),  and  its  acetate  (BA)  and  phosphate  (BP)  esters.  The
plasma and  the  blood  used  for the  development  and  validation  of these  two  methods  were  previously
stabilized.  Liquid–liquid  extraction  techniques  were  used  after  the  addition  of  prednisolone  as  internal
standard  (IS).  Samples  were  chromatographed  using  C8  column,  while  mass  detection  was  carried  out
by electrospray  ionization  in  the  positive  mode  (ESI+).  The  method  was proved  linear  over  a  working
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range  0.50–50.00  ng/ml  for BET  (r > 0.99),  while  BA  linear  range  was  1.0–20.0  ng/ml  (r > 0.99).  Sensitiv-
ity  was  determined  as  0.50  ng/ml  for BET  and  1.00  ng/ml  for BA.  Betamethasone  phosphate  LC–MS/MS
method  involved  solid  phase  extraction  after  the  addition  of prednisolone  phosphate  as  (IS).  Separation
was  carried  out  using  C18  column,  while  detection  was  by ESI+.  The  method  showed  good  linearity  over
the working  range  2.0–200.0  ng/ml  (r2 > 099).  Both  methods  were  applied  to determine  BET, BA  and  BP
in plasma  samples  obtained  for pharmacokinetics  studies  in  human.
. Introduction

Betamethasone, 9-fluoro-11�,17,21-trihydroxy-16�-methyl-
regna-1,4-diene-3,20-dione (Fig. 1), is a synthetic glucocorticoid.

t is active in replacement therapy for adrenal insufficiency and as
n anti-inflammatory and immunosuppressant. Betamethasone
s used to treat many conditions including dermatitis, arthritis,
nflammatory bowel disease, reactive airways disease, and res-
iratory distress syndrome in preterm infants and pruritus in
orticosteroid-responsive dermatoses. Betamethasone is formed
y hydrolysis of the phosphate or acetate esters after intravenous
r intramuscular administration to human. Other esters and salts
f betamethasone are available for other routes of administration
r applications, e.g., valerate, butyrate, propionate benzoate.

There are several approved products formulated based on a fast
eleasing betamethasone phosphate ester or as a dual acting sus-
ension formulation containing BP and BA esters [1,2]. Both esters
re expected to be hydrolyzed in vivo to the active glucocorticoid

ET [3].

Several analytical techniques have been published for the
nalysis of BET in different matrices, e.g., high performance liquid
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chromatography (HPLC) [3–5], gas chromatography with mass
detection (GC–MS) [6,7] or liquid chromatography with mass
detection (LC–MS/MS) [8–19]. The mentioned methods showed
low sensitivity, e.g., 10, 50 and 300 ng/ml [3–5], implicated
derivatization [6],  were not fully validated or were not applicable
to clinical or pharmacokinetic (PK) studies in human [12–19].
Nevertheless, some of these methods were applied to PK studies
in animals, e.g., Samtani et al. [13] reported the use of LC–MS/MS
for BET determination in sheep. Though the report did not include
method’s validation, yet was  applied to PK determination in ani-
mals after IM dose of BP/BA suspension. The authors reported BET
PK, while BP and PA were not measured. The authors suggested
further PK studies are needed in human.

Surprisingly, though of its major importance, to date, BET, BA
and BP pharmacokinetics in human after IM administration still
is not well documented in the literature. One of the reasons is
due to the absence of well-documented specific and sensitive
validated methods of analysis. Therefore, the main aim of our
work was to develop and validate highly specific and sensitive
liquid chromatographic–mass spectrometric methods for the
determination of BET, BA, and BP in human plasma. These methods
were to be applied for PK determination in human after IM admin-
istration of BP/BA suspension. The first method was designed

for BET and BA determination. The targeted working range for
BET was 0.50–50.00 ng/ml, while for BA was 1.0–20.0 ng/ml. A
second method was designed to determine BP in human plasma
covering the linearity over the working range of 2.0–200.0 ng/ml.

dx.doi.org/10.1016/j.jpba.2011.07.020
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:dr.salem@iprc.com.jo
dx.doi.org/10.1016/j.jpba.2011.07.020
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Fig. 1. Structures of BET, BA, BP and the internal

urthermore, it was aim of our work to evaluate and validate
rsenate and fluoride efficacy inhibiting the hydrolysis of BA and
P esters to BET in blood and plasma [3].  The methods were applied
o determine the concentrations of the three analytes in the plasma
btained from healthy subjects participating in PK studies.

. Experimental

.1. Reagents

Betamethasone, its acetate and phosphate esters, prednisolone
nd its phosphate ester were obtained from TRC (Toronto, Canada).
nalytical grade for HPLC acetonitrile, methanol, formic acid and
iethyl ether were supplied by Merck (Darmstadt, Germany).
odium arsenate dibasic heptahydrate, potassium fluoride anhy-
rous, ammonium formate, ammonium hydroxide were obtained
rom Sigma (UK). MCX  solid phase cartridges we supplied by

aters (Milford, USA). Water was purified using a Milli-Q® (Milli-
ore, France). Six different batches of lithium heparin blood were
btained from healthy blood donors who were proved to be HIV,
epatitis B & C negative.

.2. Plasma pretreatment

In order to prevent the in vitro hydrolysis of BP or BA esters to
ET during blood collection and plasma sample handling, the blood
amples were collected into pre-chilled plastic heparinized tubes
ontaining 10 �l 2 M sodium arsenate solution per ml  blood [3].
lood samples (kept over ice) were harvested to plasma within

 maximum of 15 min  by centrifugation for 5 min  at 1789 × g
nd 5 ◦C. Plasma was siphoned into pre-chilled plastic tubes con-
aining 10 �l of 50% (w/v) potassium fluoride solution per ml
lasma [3].  Plasma samples were immediately frozen and stored
t −70 ◦C.

.3. Preparation of stock solutions
Stock solution of BET and BA were prepared using equivalent
mounts of 10.0 mg  of BET or BA in 100 ml  methanol to produce

 concentration of 100.0 �g/ml of either analytes. Stock solutions
ards prednisolone and prednisolone phosphate.

were stored at −20 ◦C. Working solutions of BET or BA were pre-
pared by diluting in methanol to a final concentration of 10.0 �g/ml
and stored at −20 ◦C. Serial solution of both working solutions were
prepared in methanol at 10.0, 20.0 40.0, 100.0, 200.0, 400.0, 600.0
and 1000.0 ng/ml of BET, and 20.0, 40.0, 80.0, 120.0, 160.0, 240.0,
320.0 and 400.0 ng/ml of BA.

Quality control (QC) serial solutions were prepared in methanol
at 10.0, 30.0, 500.0 and 840 ng/ml of BET and 20.0, 60.0, 200.0 and
340.0 ng/ml of BA.

Prednisolone (IS) working solution was  prepared in methanol
at 150 ng/ml and stored at −20 ◦C.

Stock (100.0 �g/ml) and working solution (20.0 �g/ml) for BP
were prepared in methanol. BP serial dilution of 40.0, 80.0, 200.0,
400.0, 1200.0, 2400.0, 3400.0 and 4000.0 ng/ml was also prepared
in methanol. Quality control samples were prepared at 40.0, 120.0,
2000.0 and 3200.0 ng/ml. The IS (prednisolone phosphate) working
solution was  prepared with a final concentration of 500 ng/ml. All
solutions were stored at −20 ◦C.

2.4. Calibration curves

Calibration curve standards were prepared by spiking 50 �l of
each one of the abovementioned working solutions in 1.0 ml  of
stabilized plasma to produce the calibration curve standards equiv-
alent to 0.50, 1.00, 2.00, 5.00, 10.00, 20.00, 30.00 and 50.00 ng/ml
of BET and 1.00, 2.00, 4.00, 6.00, 8.00, 12.00, 16.00 and 20.00 ng/ml
of BA.

A double blank plasma sample (no IS) and a single blank plasma
prepared containing 30.0 ng/ml of IS were used as part of each run.
Neither the double blank sample nor the single blank was  used to
construct the calibration function. Calibration curves were run daily
together with quality control samples.

Betamethasone phosphate calibration curve standards were
prepared by spiking 1.0 ml  stabilized plasma with 50 �l of each one
of the abovementioned working solutions, producing the calibra-
tion curve standards equivalent to 2.0, 4.0, 10.0, 20.0, 60.0, 120.0,

170.0 and 200.0 ng/ml. As in the above case of BET and BA, double
and single blank samples were used. The single blank contained
100.0 ng/ml of IS. Calibration curves were run daily together with
quality control samples.
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.5. Quality control samples

Quality control samples were prepared at lower limit of quantifi-
ation (LLOQ), low QC (three times the LLOQ), mid  QC and a high QC
80% of the ULOQ). Quality control samples were prepared daily by
piking 50 �l of each one of the abovementioned working solutions
n 1.0 ml  of stabilized plasma to produce QC samples equivalent to
.50, 1.50, 25.00 and 42.00 ng/ml of BET and 1.00, 3.00, 10.00 and
7.00 ng/ml of BA.

Quality control samples of BP were prepared at final concentra-
ions of 2.0, 6.0, 100.0 and 160.0 ng/ml.

.6. Extraction

For BET and BA analysis, all QC, calibration curve, single
lank and double blank plasma samples were extracted using a

iquid–liquid extraction technique. 500 �l plasma sample were
piked with 100 �l of IS working solution (150.0 ng/ml) and vor-
exed for 10 s. Six ml  of extraction solvent (diethyl ether) were
dded to each plasma samples, vortexed for 60 s and centrifuged for

 min  at 1789 × g. The organic layer was evaporated under nitrogen
tream at 40 ◦C. Finally, samples residues were reconstituted with
00 �l mobile phase, vortexed for 30 s, transferred to 250 �l glass

nsert tubes then centrifuged for 5 min  at 1789 × g. Only 50 �l of
he supernatant were injected into the LC–MS/MS system.

Betamethasone phosphate QC samples, calibration curve stan-
ards, single blank and double blank plasma samples were
xtracted using a solid phase extraction (SPE) technique. 500 �l
tabilized plasma were spiked with 100 �l of IS (prednisolone
hosphate) working solution (500.0 ng/ml) and vortexed for 10 s.
00 �l of 2% formic acid in water were added to the plasma
ample and vortexed for 10 s, centrifuged at 1789 × g for 5 min,
nd then applied to MCX  solid phase extraction cartridge. The
PE cartridges were previously conditioned by adding 1.0 ml
ethanol and 1.0 ml  deionized water. After the addition of

lasma samples, the SPE cartridges were washed with 1.0 ml  2%
ormic acid in deionized water and 0.5 ml  of deionized water.
he samples were eluted with 1.0 ml  5% ammonium hydrox-
de in methanol. Samples were then evaporated under nitrogen
tream at 40 ◦C. Finally, samples residues were reconstituted
ith 200 �l mobile phase, vortexed for 30 s and transferred to

50 �l glass insert tubes then centrifuged for 5 min  at 1789 × g.
nly 50 �l of the supernatant were injected into the LC–MS/MS

ystem.

.7. Chromatographic conditions

After several attempts using different columns and mobile phase
ombinations, the separation and determination of the BET, BA and
S (prednisolone) were carried out by using XTera MS  C8 5 �m
.1 mm × 100 mm column (Waters, Ireland), connected to Agilent
100 HPLC series (Agilent, Germany). The analytical column was
hermostated at 30 ◦C. The combination of the mobile phase, pre-
ared by mixing ammonium formate buffer (35%) and methanol
65%), with a flow rate of 0.3 ml/min was found to be adequate
or the samples analysis. Samples were kept in the autosampler
t 5 ◦C.

The analysis of betamethasone phosphate and IS (prednisolone
hosphate) was carried out by injecting the samples into XTera
S C18 5 �m 3.9 mm × 150 mm  column (Waters, Ireland), using

gilent 1100 series. The analytical column was thermostated at

0 ◦C. The mobile phase was prepared by mixing ammonium for-
ate buffer (60%), methanol (20%) and acetonitrile (20%). Flow

ate was 1.0 ml/min, while samples were kept in the autosampler
t 5 ◦C.
 Biomedical Analysis 56 (2011) 983– 991 985

2.8. Mass spectrometric conditions

BET and BA monitoring and quantitation were achieved using
a API4000 triple quadrupole mass spectrometer (Applied Biosys-
tems, MDS, SCIEX, Canada) set at unit resolution in the multiple
reaction monitoring (MRM)  mode using turbo ion spray with
positive mode ionization. The analyses were run by Analyst 1.5
software.

The mass spectrometric conditions were optimized to obtain
maximum sensitivity for BET, BA and prednisolone (IS). To achieve
this, 100 ng/ml solution from each one of these solutions were pre-
pared separately in mobile phase (35% ammonium formate buffer,
65% methanol) and infused into mass detector using syringe pump
in the infusion mode. The best mass detector specific parameters
for each compound were found to be for BET m/z  393.10 > 373.10
with the declustering potential (DP): 26, collision energy (CE): 13
and collision cell exit potential (CXP): 20, while for BA were m/z
435.10 > 415.10 with DP: 51, CE: 13 and CXP: 14. Prednisolone (IS)
parameters were m/z 361.10 > 343.10 with DP: 51, CE: 13 and CXP:
10. Other parameters were: curtain gas (CUR): 10, ion spray volt-
ages: 5500, temperature: 600, collision gas (CAD): 4, ion source
GS1: 35, ion source GS2: 35, interface heater: ON and entrance
potential (EP): 10.

Betamethasone phosphate monitoring and quantitation were
achieved using a API4000 triple quadrupole mass spectrometer
set at unit resolution in the multiple reaction monitoring (MRM)
mode using turbo ion spray with positive ionization. Betametha-
sone phosphate parameters were m/z 473.20 > 435.20 with (DP):
51, (CE):15 (CXP): 12; while for prednisolone phosphate (IS) were:
m/z 441.00 > 423.00 with (DP): 66, (CE):15 and (CXP): 12. Other
parameters were (CUR): 10, (IS): 5500, temperature: 600, collision
gas: 4, ion source (GS1): 35, ion source (GS2): 35, interface heater:
ON and entrance potential (EP): 10.

The detection in MS/MS  technique is highly specific and sen-
sitive, nevertheless, endogenous substances can exist in much
higher concentration than the analytes of interest and may  co-
elute with those affecting the ionization of the analytes leading to
high imprecision and loss of sensitivity [20]. In order to determine
ion suppression matrix effect profiles, analytes were infused into
the mobile phase through a T-connection between the column and
the interface while injecting the extracted blank plasma samples.
The purpose of this post-column infusion with the analytes is to
raise the background level so the suppression matrix will appear
as negative peaks.

2.9. Stability testing

In order to prevent the in vitro hydrolysis of BP or BA esters
to BET during blood collection and plasma sample handling and
storage stages, 50 �l of 2 M sodium arsenate solution/ml blood was
used as stabilizer during blood collection, while 10 �l of 50% (w/v)
potassium fluoride/ml plasma was  used during plasma handling
and storage stages. This method of stabilization was first reported
by Petersen et al., yet no validation data were submitted [3].

Stability of BET, BA and BP was  studied in blood and plasma cov-
ering the interval from the time the blood samples are withdrawn
from the volunteers until the moment the samples are stored in the
freezer after centrifuged to plasma.

Different blood aliquots, stabilized with sodium arsenate solu-
tion and kept over ice, were spiked with 50 ng/ml BA or 160 ng/ml
BP. Blood were harvested to plasma and siphoned into potassium
fluoride containing tubes at zero, 30 and 60 min of storage. The

obtained plasma samples were analyzed for BET, BA and BP using
the corresponding LC–MS/MS method.

Additional blood aliquots, stabilized with sodium arsenate solu-
tion, were spiked with 50 ng/ml of BET. Blood samples were
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arvested to plasma and siphoned into potassium fluoride contain-
ng tubes at zero, 30 and 60 min  of storage over ice. The obtained
lasma samples were analyzed for BET, BA and BP using the corre-
ponding LC–MS/MS method.

Another set of experiments were conducted to determine the
nalytes stability in plasma. For that purpose, enough volumes of
rsenate stabilized blood were harvested to plasma and collected
nto plastic tubes containing potassium fluoride. These plasma
ubes were spiked with 50 ng/ml of BET, BA or 160 ng/ml of BP, and
ere kept at bench top (room temperature) during 1 h simulating

xtreme extraction conditions. Samples were analyzed for BET, BA
nd BP using the corresponding LC–MS/MS method.

Moreover, the stability of the three analytes in the same stabi-
ized plasma aliquot was studied for 3 h over the bench top. The
im of this last experiment was to assure no interference would
ave place between the three analytes present in subjects’ plasma
amples at their highest possible concentrations (42 ng/ml BET,
7 ng/ml BA and 160 ng/ml BP). After 3 h storage, samples were
nalyzed for BET, BA and BP using the corresponding LC–MS/MS
ethod.

.10. Data treatment

The linearity of the method of determination of BET and BA was

ested over the range of concentrations 0.50–50.00 ng/ml for BET
nd 1.0–20.0 ng/ml for BA; while for BP linearity was  tested over
he range 2.0–200.0 ng/ml. Calibration curves were constructed by
etermining the best-fit of peak area ratios (peak area analyte/peak

Fig. 2. Mass spectra of BET, BA, BP, prednisolone and prednis
 Biomedical Analysis 56 (2011) 983– 991

area internal standard) vs. concentrations, and fitted to the equa-
tion y = bx + a by least-squares regression. Different runs have been
made and the best fit was obtained by using 1/X  weighing.

3. Results and discussion

3.1. Separation and specificity

ESI is a soft ionization technique that produces high mass-to-
charge [M+1]+ precursor ions with minimal fragmentation of the
analyte. BET, BA, BP and internal standards gave protonated pre-
cursor [M+1]+ in the MS  mode. The major ions observed were
m/z 393.1 for BET, 435.1 for BA and 361.1 for prednisolone. The
major ion observed for BP was 473.2, while was 441.0 for pred-
nisolone phosphate. The most intense product ions observed in the
MSMS  spectra were m/z 373.1 for BET, 415.1 for BA and 343.1 for
the prednisolone. Betamethasone phosphate most intense product
ion was 435.2, while was  423.0 for prednisolone phosphate. The
corresponding spectra of all analytes are depicted in Fig. 2.

The combination of HPLC (under the isocratic conditions
described) with ESI-MS/MS leads to short retention times and
yields both high selectivity and sensitivity. The SRM chro-
matograms obtained from extracted double blank plasma samples
are depicted in Fig. 3, indicating no endogenous peaks at the reten-

tion times (tR) of analytes or internal standard. No interferences of
the analytes were observed due high selectivity of the MSMS tech-
nique. Fig. 4 shows the chromatogram of blank plasma samples. No
ion suppression effects were observed.

olone phosphate listed top to bottom and left to right.
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Fig. 3. LC–MS/MS chromatograms of BET, BA and BP double blank plasma s

.2. Method validation

The two LC–MS/MS methods have been validated according to
urrently accepted US Food and Drug Administration (FDA) bioana-
ytical method validation guidance [21]. The following parameters

ere considered.
To test the specificity, six double blank and six blank samples

ere prepared using six different batches of human plasma. Sam-
les were tested for interference using the proposed extraction
rocedure and chromatographic/mass spectrometric conditions
nd were compared with those at LLOQ. No significant interference
t the retention time of the drug or internal standard was  observed
s illustrated in the chromatograms presented in Figs. 3 and 4.

Betamethasone LC–MS/MS method was proved linear for BET
etermination over the range 0.50–50.00 ng/ml with backcalcu-

ated accuracy of 95.33–100.83% (CV% 1.92–4.53). The method

as linear for BA over the range 1.0–20.0 ng/ml with backcal-

ulated accuracy of 95.00–103.33% (CV% 2.25–5.77). Betametha-
one phosphate LC–MS/MS method was linear over the range

Fig. 4. LC–MS/MS chromatograms of BET, BA and BP blank plasma sample ob
 obtained from one of the volunteers listed top to bottom and left to right.

2.0–200.0 ng/ml with backcalculated accuracy of 97.00–102.38%
(CV% 1.86–8.54). In all 18 calibration curves, the coefficients of
determination were better than 0.99.

Betamethasone intra-day accuracy results obtained by analyz-
ing six plasma samples at LLOQ, low, mid  and high QC ranged
between 98.67 and 101.08% (CV% 1.69–5.58); while for BA ranged
97.78–99.17% (CV% 1.76–1.48). Betamethasone phosphate intra-
day accuracy ranged 96.39–102.04% (CV% 4.29–1.86). The inter-day
precision and accuracy results obtained by analyzing six spiked
samples of BET, BA and BP at LLOQ, low, mid  and high QC over three
consecutive days are depicted in Table 1. The limits of detection
were 0.04 ng/ml for BET, 0.07 ng/ml for BA and 0.32 ng/ml for BP,
while the lower limits of quantitation chromatograms of the three
analytes are depicted in Fig. 5. Results are presented in Table 1.

For the two  methods, the obtained results were within the
acceptance criteria of no more than 20% deviation at LLOQ and no

more than 15% deviation for standards above this point (LLOQ).

The matrix suppression was  determined by injecting pure
authentic standard solution of BET, BA or BP and internal

tained from one of the volunteers listed top to bottom and left to right.
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Table 1
Interday accuracy and precision.

Betamethasone Betamethasone acetate Betamethasone phosphate

LLOQ Low Mid  High LLOQ Low Mid  High LLOQ Low Mid  High

N 18 18 18 18 17 18 18 18 18 18 18 17
Ratio  per level 100% 100% 100% 100% 94% 100% 100% 100% 100% 100% 100% 94%
Mean  of accuracy (%) 92.89 98.30 99.90 99.10 107.35 95.19 103.78 102.42 96.11 98.89 99.22 95.36
SD 10.20  5.33 2.25 4.71 7.10 4.39 3.52 2.14 10.37 3.62 1.56 3.24
CV  (%) 10.98 5.42 2.25 4.76 6.61 4.61 3.39 2.09 10.79 3.66 1.57 3.40

N: number of QC samples included in the calculations of mean accuracy, SD and CV%.

ET, BA
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Fig. 5. LC–MS/MS chromatograms showing plasma samples spiked with B

tandard at low, mid  and high QC and compared to the same
olution reconstituted in extracted blank human plasma from 6
ifferent batches.

Matrix mean factor was found to be 5.17% (2.38 CV%) for BET
nd 4.35% (3.20 CV%) for BA; while for BP was found to be 1.90%
3.35 CV%).

The results of stability testing in blood proved that the arsenate
tabilizer prevented the in vitro hydrolysis of BA to BET as this last
as not detected (<0.2 ng/ml), while BA was found stable after 1 h

+4.18%). BP hydrolysis in blood was also prevented by the addition
rsenate solution to blood as BET was determined to be +4.61% after

 h of storage, while BP showed an increase of +3.24%. Both positive
alues reflected within criteria variability of the method rather than
tability problem. The analysis of the stabilized blood spiked with

ET showed that the analyte was stable after 1 h (+4.03%).

The addition of fluoride solution to plasma samples prevented
he hydrolysis of BA and BP to BET as BET was not formed (<LLOQ)

able 2
reeze and thaw stability after 3 cycles at −70 ◦C.

Sample no. Betamethasone Betamethaso

QC lowAccuracy (%) QC highAccuracy (%) QC lowAccur

1 102.00 104.26 103.33 

2  90.67 94.24 90.00 

3  100.00 94.50 96.67 

4  94.00 94.31 96.67 

5 92.00  103.50 93.33 

6  90.67 96.57 96.67 

Mean  of accuracy (%) 94.89 97.90 96.11 

CV  (%) 5.19 4.82 4.61 
 and BP at LLOQ, chromatograms are listed top to bottom and left to right.

after leaving the stabilized plasma samples spiked with BA or BP
for 1 h over the bench at room temperature.

Moreover, it was proved that the presence of the three moieties
in the same sample did not show interference between the analytes.
The analytes were stable for 1 h over the bench at room temperature
(95.81% BET, 97.15% BA and 99.18% BP).

Table 2 shows the data representing the stability of BET, BA and
BP in plasma samples over three cycles of freeze (−70 ◦C) and thaw-
ing (room temperature). The tests indicated that the analytes were
stable in human plasma for three cycles of freeze and thaw when
stored at −70 ◦C and thawed to room temperature.

The post-preparative stability of QC samples kept in the
autosampler for 42 h (BET and BA) and for 17 h (BP) at 5 ◦C, was
also assessed. The mean recoveries at low and high QC were 110.

61–111.11 for BET; 96.27–112.22 for BA and 91.94–100.37% for BP.
Precision ranged between 1.28 and 5.20%. The results indicated that
analytes can remain at the autosampler at 5 ◦C for at least 42 h (BET

ne acetate Betamethasone phosphate

acy (%) QC highAccuracy (%) QC lowAccuracy (%) QC highAccuracy (%)

118.24 101.67 108.75
95.29 113.33 118.69

100.00 108.33 107.75
93.53 98.33 117.19
95.29 85.00 109.19

100.00 106.67 112.38
100.39 102.22 112.32

9.10 9.71 4.13
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Table 3
Short term stability at room temperature.

Sample no. Betamethasone
6 h

Betamethasone
acetate 6 h

Betamethasone
phosphate 5 h

QC low
Accuracy (%)

QC high
Accuracy (%)

QC low
Accuracy (%)

QC high
Accuracy (%)

QC low
Accuracy (%)

QC high
Accuracy (%)

1 117.33 94.95 116.67 85.88 101.67 102.81
2 109.33  104.40 100.00 104.12 96.67 99.63
3 110.00  95.07 106.67 106.47 100.00 99.19
4  114.00 100.60 110.00 102.94 90.00 94.31
5  100.67 100.86 96.67 94.12 95.00 100.13
6  89.33 104.26 93.33 101.76 81.67 103.81
Mean of
accuracy (%)

106.78 100.02 103.90 99.22 94.17 99.98

CV  (%) 9.57 4.20 8.47 7.82 7.82 3.34

Table 4
Long term stability at −70 ◦C.

Sample no. Betamethasone
248 days

Betamethasone acetate
248 days

Betamethasone phosphate
121 days

QC low
Accuracy (%)

QC high
Accuracy (%)

QC low
Accuracy (%)

QC high
Accuracy (%)

QC low
Accuracy (%)

QC high
Accuracy (%)

1 105.33 102.07 113.33 114.71 80.00 97.31
2  97.33 100.90 106.67 105.88 91.67 98.88
3 99.33  103.29 106.67 117.65 95.00 99.69
4  98.00 99.26 103.33 112.35 93.33 105.19
5  100.67 101.67 106.67 117.65 106.67 97.00
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6 106.67  100.86 113.33
Mean of accuracy (%) 101.22 101.34 108.33
CV  (%) 3.85 1.34 3.77

nd BA) and for 17 h (BP), without showing significant loss in the
uantified values, and that samples should be processed within this
eriod of time.

For short-term stability determination, stored plasma aliquots
ere thawed and kept at room temperature for a period of time

xceeding that expected to be encountered during the routine
ample preparation. Samples were extracted and analyzed as
bovementioned. Results are given below in Table 3. Short-term
tability indicated reliable stability behavior under the experimen-
al conditions of the regular runs.

Table 4 summarizes the long-term stability data of the three
nalytes in human stabilized plasma samples stored for a period
f more than four months at −70 ◦C. The stability study of BET, BA
nd BP in human stabilized plasma showed reliable stability behav-
or as the mean of the results of the tested samples were within
he acceptance criteria of ±15% of the initial values. These findings
ndicated that storage of BET, BA and BP stabilized plasma samples
t −70 ◦C is adequate, and no stability-related problems would be
xpected during the samples routine analysis for pharmacokinetics
r clinical studies.
The recoveries were evaluated for BET, BA and BP by compar-
ng peak areas of the extracted samples with the unextracted pure
uthentic standard solutions peak areas at two low and high QC.
esults are presented in Table 5.

able 5
nalytical recovery.*

QC low QC mid  QC high QC low 

N 12 12 12 12 

Recovery (%) 73.49 69.76 69.87 78.99 

Mean recovery (%) 71.04 

SD 2.13
CV  (%) 2.99 

: number of QC samples included in the calculations of mean accuracy, SD and CV (%).
* Analytical recovery calculated by comparing peak area of (QC spiked plasma samples
114.71 90.00 103.69
113.82 92.78 100.29

3.85 9.28 3.38

The stability of the stock solution of BET was tested and estab-
lished for 20 days at −20 ◦C and was found to be 101.20% (CV%
1.54), while working solution kept at room temperature was  stable
for at least for 6 h with 100.98% recovery (1.12 CV%). Betametha-
sone acetate stock solution stability was evaluated as 99.02% (CV%
3.17), while working solution stability was 105.08% (1.14 CV%).

The stability of the stock solution of BP was tested for 36 days
at −20 ◦C and was  found to be 101.02% (CV% 1.19), while working
solution at room temperature was stable for at least 5 h with 99.11%
recovery (1.62 CV%).

4. Application

These two specific and sensitive methods were applied to ana-
lyze plasma samples obtained from six healthy volunteers who
participated in a pilot pharmacokinetics study. Formal informed
consent form was signed by each volunteer. The study protocol was
approved by the institutional review board (IRB) and by Jordan FDA.
Each subject received a single dose of 1 ml  of Celestone® suspen-
sion containing 3 mg/3 mg  betamethasone phosphate and acetate,

administered by intramuscular injection. Each blood sample was
split into 2 different tubes. The first blood portion (accurately 5 ml)
was placed into a prechilled heparinized tube containing 50 �l of
2 M sodium arsenate solution as stabilizer. This stabilized portion

QC mid  QC high QC low QC  mid  QC  high

12 12 12 12 12
72.71 71.65 79.98 78.06 78.34
74.45 78.79

3.97 1.04
5.33 1.32

) with standard solution spiked in extracted blank plasma samples.
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Fig. 6. Representative chromatograms of a plasma sample obtained from a volunteer afte
tions  were 23.04 ng/ml for BET, below LLOQ for BA, while BP was  35 ng/ml. Chromatogram
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ig. 7. Mean plasma concentration-time profiles of BET in six healthy subjects after
 single-dose IM administration of a dual acting suspension containing 3 mg BA and

 mg  BP.

f the blood was centrifuged to plasma and siphoned into a plas-
ic tube containing 10 �l of 50% (w/v) potassium fluoride solution
er ml  plasma. The second portion of blood, around 5 ml,  was  cen-
rifuged to plasma and placed in a plain plastic tube. No stabilizer
as added to this portion of blood or plasma. In both cases, the
lasma samples were stored immediately at −70 ◦C until analysis.
ET, BA and BP methods were applied to analyze both portions.
ig. 6 illustrates a representative chromatograms of a plasma sam-
le obtained from a volunteer after IM administration of 3 mg/3 mg
A and BP suspension, while Fig. 7 shows mean BET pharmacoki-
etics profile of six subjects when their samples were analyzed
ith and without stabilizers. Pharmacokinetics parameters were

s follows: Cmax: 21.19 ± 2.29 with stabilizer; 22.09 ± 3.68 ng/ml
ithout stabilizer; while AUC was 354.06 ± 76.28 stabilizer and

79.79 ± 56.25 ng/ml h without stabilizer. Betamethasone acetate
as not detected in the plasma regardless the samples were sta-

ilized or not, while, betamethasone phosphate was perfectly
rofiled in all subjects when samples were stabilized (Fig. 7).

. Conclusion
The LC–MS/MS methods developed for the quantitation of BET,
A and PB in human plasma were proved accurate, precise, sensi-
ive, specific and reproducible. Under the stabilization conditions
sed during blood and plasma samples processing, the hydrolysis

[

r IM administration of 3 mg/3 mg BA and BP suspension. Backcalculated concentra-
s are listed top to bottom and left to right.

of betamethasone acetate or phosphate to betamethasone was  pre-
vented. Betamethasone phosphate ester was  only detected when
blood and plasma samples were stabilized, while betamethasone
PK profiling in human reflected the need for sample stabilization in
order to predict the clinical efficacy properly.
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