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Abstract

A liquid chromatography–electrospray ionization tandem mass spectrometric (LC/ESI–MS/MS) method for the determination of 2�-(3-
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ydroxypropoxy)-1�,25-dihydroxy vitamin D3 (ED-71) in human serum has been developed. ED-71 in human serum was extracte
wo solid-phase extraction steps on Bond Elut C18 and NH2 cartridge. The separation of ED-71 and preED-71 isomer was atta
sing 2 mmol/L ammonium acetate–methanol (15:85, v/v) as a mobile phase on a Symmetry C18 column (5�m, 150 mm× 2.1 mm i.d.)
SI–MS/MS analysis was operated using selected reaction monitoring (SRM) in positive ion mode. The method achieved a low
uantitation of 25 pg/mL. The calibration curve (25–3200 pg/mL) gave acceptable linearity (r > 0.9964). Intra-assay precision ranged f
.3 to 9.7%. Inter-assay precision ranged from 1.0 to 3.4%. The accuracy was within 90.8–107.0%. This highly sensitive and re
ethod is able to determine only biologically active ED-71 by separating it from preED-71, which is considered to be applicab
etermination of serum samples from pharmacokinetic studies in human.
2004 Elsevier B.V. All rights reserved.
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. Introduction

2�-(3-Hydroxypropoxy)-1�,25-dihydroxy vitamin D3
ED-71) is a synthetic analog of 1�,25-dihydroxy vitamin D3
1�,25(OH)2D3) substituted with a hydroxypropoxy group
t the 2�-position of the A-Ring[1–3]. It is now well rec-
gnized that 1�,25(OH)2D3 is not only the biologically ac-

ive metabolite for calcium homeostasis[4], but also plays
n important role in differentiation inducing activity[5] and
egulating immunological function[6]. At present, 1�OHD3
s prodrug of 1�,25(OH)2D3 has been clinically used for the

reatment of rickets, hypovitaminosis, hypocalcemia, chronic
enal failure, and osteoporosis[7,8]. ED-71 was developed

∗ Corresponding author. Tel.: +81 550 87 6781; fax: +81 550 87 5397.
E-mail address:muraonoa@chugai-pharm.co.jp (N. Murao).

as a candidate for the treatment of osteoporosis with
calcemic activity than 1�OHD3 and 1�,25(OH)2D3 [9–14].
ED-71 has unique properties that its binding capacity to
tamin D binding protein (DBP) is twice as strong and
affinity to Vitamin D receptor (VDR) is eight times weak
compared with those of 1�,25(OH)2D3 [9]. It is considere
that ED-71 has a long half-life (approximately 70 h in rat
the higher affinity to DBP.

1�,25(OH)2D3 and its related analogs exhibit therap
tic effects at very low concentrations and are used as
dose oral drugs. Therefore, a sensitive and reliable m
for the determination in biological fluids is required. For
determination of Vitamin D analogs, bioassays such as
petitive protein binding assays[15,16], radioimmunoassa
(RIA) [17–19], and radioreceptor assays (RRA)[20–22]are
currently used. The bioassay is highly sensitive, but i
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ten shows poor specificity and accuracy owing to the inter-
ference by endogenous Vitamin D metabolites, and requires
extensive sample clean-up. Further, high-performance liquid
chromatography (HPLC) with electrochemical detection[23]
and fluorometric detection[24] employing chemical deriva-
tization is also difficult to apply to routine analysis of bio-
logical samples at low concentrations because these meth-
ods show poor sensitivity or require complicated pretreat-
ment.

Liquid chromatography–mass spectrometry (LC/MS) is
now a powerful tool for the determination of Vitamin D
compounds in biological samples. Electrospray ionization
(ESI) in conjunction with atmospheric pressure chemical
ionization (APCI) is especially considered to be a sensi-
tive and convenient method[25–29]. In a previous paper,
we reported the method for the determination of 22-oxa-
1�-25-dihydroxy vitamin D3 (OCT) in human plasma, em-
ploying LC/ESI–MS/MS[25]. Vitamin D analogs are nor-
mally in thermal equilibrium with their previtamin D iso-
mers. The equilibrium of the reaction between Vitamin D3
and previtamin D3 greatly inclines toward Vitamin D3 un-
der normal conditions without biological fluids (neutral pH,
room temperature). In addition, it was reported that the pre-
vitamin D form of 1�,25-(OH)2D3 lost most of its biolog-
ical activity in vitro and in vivo[30]. However, the iso-
meric conversion into previtamin D after administration of
V re is
t ina-
t in
D D.
T logs
s pre-
v in
D hods
[ f the
d ar-
m is
v nly
u from
p

2

2

D ard,
D at
C Elut
C mg,
3 ob-
t an
s ceuti-
c
r pan).

Fig. 1. Chemical structures of ED-71, D6-ED-71 and preED-71.

All other chemicals and solvents were of analytical reagent
grade.

2.2. Apparatus

LC/ESI–MS/MS was performed using a Quattro LC (Mi-
cromass, Manchester, UK) equipped with an Alliance 2790
Separation Module (Waters Corp., Milford, MA). The ESI
was operated in the positive ion mode at 2.8 kV for the cap-
illary voltage. The cone voltage was set at 15 V. The neblizer
gas (nitrogen gas) flow setting was 60 L/h at 110◦C and desol-
vation gas (nitrogen gas) flow setting was 600 L/h at 350◦C.
Argon was used as collision gas and gas cell pressure was
maintained at 8.0× 10−4 to 9.0× 10−4 mbar for SRM. A
collision energy of 10 eV was used for ED-71 and D6-ED-
71. The analytical chromatography of ED-71 was performed
on a Symmetry C18 column (5�m, 150 mm× 2.1 mm i.d.,
Waters Corp., Milford, MA) with 2 mmol/L ammonium
acetate–methanol (15:85) as a mobile phase at a flow rate
of 0.2 mL/min.

A TSKgel ODS-120T (5�m, 250 mm× 4.6 mm i.d.,
Tosoh Corp., Tokyo, Japan) was also used for the purification
of ED-71 in HPLC-RRA with acetonitrile–water (60:40) as
a mobile phase at a flow rate of 1 mL/min.
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he possibility of causing overestimation in the determ
ion of Vitamin D using LC/MS/MS because previtam

isomer has the same molecular weight as Vitamin
herefore, the determination method of Vitamin D ana
hould be a method in which they are separated from
itamin D isomer. Separation of Vitamin D and previtam

has not been examined in previously reported met
25–29]. The present paper describes the development o
etermination of ED-71 in human serum for clinical ph
acokinetic study using LC/ESI–MS/MS. This method

ery specific, rapid and reliable compared with commo
sed bioassays and can completely separate ED-71
reED-71.

. Experimental

.1. Materials and chemicals

ED-71 [2�-(hydroxypropoxy)-1�,25-dihydroxy vitamin
3], [26,27-methyl-D6] ED-71 (used as internal stand
6-ED-71) and preED-71 (Fig. 1) were synthesized
hugai Pharmaceutical Co. Ltd. (Tokyo, Japan). Bond
18 cartridge (200 mg, 3cc), Bond Elut C8 cartridge (200
cc), and Bond Elut NH2 cartridge (100 mg, 1cc) were

ained from Varian Inc. (Harbor City, CA). Drug free hum
erum (Consera) was purchased from Nissui Pharma
al Co. Ltd. (Tokyo, Japan). Bovine thymus 1�,25(OH)2D3
eceptor was purchased from Yamasa Corp. (Chiba, Ja
.3. Preparation of serum samples

A stock solution of ED-71 in ethanol was prepared
00�g/mL and was further diluted with ethanol to obt

he working solutions ranging from 1.25 to 800 ng/mL.
he calibration study, human serum (1 mL) was spiked
ach working solution (20�L). Final concentrations of ca
ration standards were 25.0, 50.0, 100, 200, 400, 800,
nd 3200 pg/mL, respectively. In addition, 0 pg/mL of c
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bration blank was prepared by adding ethanol (20�L) instead
of the working solution to human serum (1 mL). Quality con-
trol (QC) samples used for accuracy, precision, recovery, and
stability tests were prepared by diluting the working solu-
tions with human serum at 25, 50, 400, and 2400 pg/mL. To
measure the recovery of preED-71, the serum sample spiked
with preED-71 was prepared at 2400 pg/mL.

2.4. Pretreatment of serum samples

After adding D6-ED-71 solution (800 ng/mL, 20�L),
serum samples (1 mL) were acidified with 1 mol/L hy-
drochloric acid (200�L) and loaded on a Bond Elut C18 car-
tridge that was successively washed with methanol (2 mL),
water (2 mL), and 1 mol/L hydrochloric acid (2 mL). After
washing with water (2 mL) and 50% methanol (2 mL), ED-
71 and D6-ED-71 were eluted with methanol (3 mL). Then,
the eluate was evaporated under a nitrogen gas stream at
40◦C. The residue was dissolved inn-hexane–isopropanol
(90:10, 500�L) and applied to a Bond Elut NH2 that was suc-
cessively washed withn-hexane–isopropanol (60:40, 1 mL)
andn-hexane–isopropanol (90:10, 1 mL). After washing with
n-hexane–isopropanol (90:10, 1 mL), ED-71 and D6-ED-71
were eluted withn-hexane–isopropanol (60:40, 3 mL). Then
the eluate was evaporated under a nitrogen gas stream at
40◦C. The residue was reconstituted in 2 mmol/L ammonium
a
s ysis.
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2.8. Stability test

2.8.1. Freeze/thaw stability
The freeze/thaw stability of ED-71 in human serum was

determined using QC samples at 50 and 2400 pg/mL. Sam-
ples were frozen at−20◦C and thawed at room temperature.
The cycles were repeated three times. Before and after each
freeze/thaw cycle, three samples were analyzed.

2.8.2. Stability at room temperature
The room temperature stability of ED-71 in human serum

was evaluated using QC samples at 50 and 2400 pg/mL. The
samples were stored at room temperature for 24 h. Before and
after storage, each of the three samples was analyzed.

2.8.3. Stability in the autosampler
The stability of ED-71 extracted from human serum in

the autosampler was examined using QC samples at 50 and
2400 pg/mL. After the pretreatment procedure, the samples
were stored in the autosampler at 5◦C. Each of the three
samples was analyzed at 0, 24 and 48 h.

2.9. Cross-validation

The bioavailability study was undertaken by the Jikei Uni-
versity School of Medicine, ED-71 (1�g, tablet or capsule)
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cetate–methanol (15:85, 50�L) and a 30�L aliquot of the
olution was then subjected to the LC/ESI–MS/MS anal

.5. Specificity

Human blank serums from five healthy subjects were
racted as described above. Chromatograms were com
ith calibration blank (0 pg/mL) and calibration stand

25 pg/mL) and confirmed that was no interference pea
he retention time of ED-71 and D6-ED-71.

.6. Precision and accuracy of assay

The intra-assay precision and accuracy were evaluat
nalyzing multiple replicates (n= 5) of QC samples at 2
0, 400, and 2400 pg/mL on the same day. The inter-a
recision and accuracy were evaluated by analyzing thes
amples on three days.

.7. Recovery test

After extraction of blank serum (n= 3) as described abov
he working solutions and D6-ED-71 solution were adde
xtracts of blank serum by the concentration correspon
o each QC level. Extraction recovery of ED-71 and D6-
1 was calculated from the ratio between the mean peak
f 50, 400 and 2400 pg/mL of QC samples (n= 5) versus th
ean peak area of blank serum added ED-71 and D6
1 after extraction. Similarly, the recovery of pre-ED-71 w
lso evaluated.
as single orally administrated to healthy volunteers. B
amples for ED-71 analysis were collected by the range
.5 to 96 h after administration. Serum was separated an
tored at below−20◦C until analysis. Previously, the stab

ty of ED-71 in human serum at−20◦C had been confirme
or six months by the HPLC-RRA method. Informed cons
as obtained from healthy volunteers at the Jikei Unive
chool of Medicine. The serum samples from the bioa
bility study in human were determined by LC/MS/MS a
PLC-RRA. The developed HPLC-RRA in our laborat
ad been fully validated, LLOQ is 25 pg in 1 mL hum
erum aliquots (not published). RRA analysis using bo
hymus 1�,25(OH)2D3 receptor was performed after sol
hase extraction on Bond Elut C8 cartridge and follow
urification by reversed-phase HPLC.

The cross-validation experiment was performed by ev
ting the differences of two determinations, employing
reviously reported method[31]. Statistical comparison
ere performed using linear regression analysis, a pait-

est, and random error in Microsoft Excel 2000 (Micros
edmond, WA). The fixed systematic error and proporti
ystematic error were determined from the 95% confid
nterval andt-statistic about the intercept and slope. Tht-
ritical value was taken from thet table with (n− 2) degree
f freedom at the appropriate significance level (p= 0.05).
andom error was estimated from %difference norma

o the reference concentration obtained by the HPLC-R
ethod and the standard deviation of %difference was

ulated. The combined assay precisions for two assays
alculated from the individual inter-assay precision data
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Fig. 2. Electrospray positive ion mass spectra of (A) ED-71 and (B) D6-
ED-71 obtained by infusion of 10�L/min using 10 mmol/L ammonium
acetate–methanol (10:90, v/v) as a mobile phase.

cording to the reference method[31]. The combined %R.S.D.
value at a low QC level (50 pg/mL) near the ED-71 concen-
trations observed in the bioavailablity study was compared
with the random error.

3. Results and discussion

3.1. LC/ESI–MS/MS analysis

For highly sensitive and selective determination of trace
compounds in biological fluids, tandem mass spectrometry
is effective. Previously, we reported that OCT was character-
ized by an intense adduct ion [M+ NH4]+ with a high abun-
dance of product ion formed by cleavage of 22-ether group in
LC/ESI–MS/MS and achieved the LLOQ of 20 pg/mL[25].
Therefore, an initial effort was made to examine efficient
ionization condition and SRM setting of ED-71 in the ESI
mode.

The ESI mass spectra of ED-71 and D6-ED-71 (in-
ternal standard) were obtained in 10 mmo/L ammonium
acetate–methanol (10:90, v/v) by infusion of 10�L/min. Typ-
ical spectra of ED-71 and D6-ED-71 are shown inFig. 2.
ED-71 and D6-ED-71 exhibited an ammonium adduct ion
[M+ NH4]+ as a most intense ion atm/z 508.4 and 514.4,
respectively. The effects of capillary and cone voltage on
t ned;

Fig. 3. Product ion mass spectra of (A) ED-71 and (B) D6-ED-71 obtained
by infusion of 10�L/min using 10 mmol/L ammonium acetate–methanol
(10:90, v/v) as a mobile phase. Precursor ion,m/z508.4 and 514.4, respec-
tively; collision energy, 10 eV.

optimal ionization conditions were 2.8 kV and 15 V for the
capillary and cone voltage, respectively. Furthermore, the ef-
fects of pH and concentration of ammonium acetate in a mo-
bile phase for the effective detection of ammonium adduct
ion were investigated. The decreasing of concentration of
ammonium acetate brought about an enhancement of inten-
sity of an ammonium adduct ion, whereas pH had no ef-
fect on the intensity of an ammonium adduct ion (data not
shown). As a result, the concentration of ammonium acetate
was set at 2 mmol/L, which was the minimum concentration
to obtain higher sensitivity and the efficient chromatographic
peak shape. For D6-ED-71, the ratio of the unlabeled com-
ponent to fully labeled component was determined in the
selected ion monitoring (SIM) mode to be less than 1/2000,
which was sufficiently available isotopic purity as an internal
standard.

The product ion mass spectra of ED-71 and D6-ED-
71 using ammonium adduct ion [M+ NH4]+ as a precur-
sor ion for finding the effective SRM condition were deter-
mined (Fig. 3). ED-71 and D6-ED-71 were easily fragmented
in the low collision energy, and the fragment ions formed
by elimination of the 2�-hydroxypropoxy group and water
molecule were observed. When the SRM transitions of the
m/z508.4 > 397.3 and 514.4 > 403.3 for ED-71 and D6-ED-
71 using the product ions formed by the elimination of the 2�-
he intensity of an ammonium adduct ion were exami
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Fig. 4. Selected reaction monitoring (SRM) ion chromatogram of an au-
thentic mixture of ED-71 and preED-71. SRM transition,m/z508.4 > 397.3.

hydroxypropoxy group and one water molecule with 10 eV
of a collision energy were chosen, the most sensitive and spe-
cific determination was attained, the limit of detection was
20 fmol (ED-71, 10 pg)/injection at a signal-to-noise ratio
of 10.

As shown inFig. 4, the chromatographic separation of ED-
71 and preED-71 having the same molecular weight as ED-71
was attained using 2 mmol/L ammonium acetate–methanol
(15:85, v/v) as a mobile phase on a Symmetry C18
column.

3.2. Pretreatment of serum sample

Because ED-71 is a neutral compound, the pretreatment
method by two different separation modes is effective for
the purification of biological specimens. To eliminate coex-
isting substances such as protein and inorganic salts in bio-
logical fluids, plasma sample was subjected to solid-phase
extraction with Bond Elut C18 and Bond Elut NH2, as
described in Section2. As shown inTable 1, the extrac-
tion recoveries of ED-71 and D6-ED-71 were greater than
80% at each QC level. The extraction recovery of preED-
71 was 84.2% at 2400 pg/mL, which was the same result as
that of ED-71. In contrast, the previtamin D form of OCT
is unstable compared with preED-71, completely decom-
p pre-
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Fig. 5. Specificity of ED-71: selected reaction monitoring ion chro-
matograms of (A) blank human serum; (B) human serum spiked with D6-ED-
71 (ca. 1600 pg/mL) and (C) human serum spiked with ED-71 (25 pg/mL)
and D6-ED-71 (ca. 1600 pg/mL). SRM transition:m/z508.4 > 397.3 for ED-
71.

treatment procedure in the reference method[25]. Therefore,
the chromatographic separation of ED-71 and preED-71 is
required.

Typical SRM chromatograms obtained from blank serum,
calibration blank (0 pg/mL), and the lowest calibration stan-
dard (25 pg/mL) are illustrated inFigs. 5 and 6. In these chro-
matograms, there was no interfering peak derived from en-
dogenous substances and unlabeled component of D6-ED-71
at the retention times of ED-71 and D6-ED-71.

F hro-
m with
D -
7

osed by the treatment with hydrochloric acid during

able 1
xtraction recovery of ED-71 and D6-ED-71 from human serum

ominal concentration
f ED-71 (pg/mL)

Recovery (%)

ED-71 D6-ED-71a

Mean S.D. Mean S.D.

50 85.0 8.5 80.1 10.1
400 90.2 3.0 90.9 1.8
400 92.1 5.1 93.2 4.5

= 5.
a The concentration of D6-ED-71 is 1600 pg/mL.
ig. 6. Specificity of D6-ED-71: selected reaction monitoring ion c
atograms of (A) blank human serum and (B) human serum spiked
6-ED-71 (ca. 1600 pg/mL). SRM transition:m/z514.4 > 403.3 for D6-ED
1.
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Table 2
Linearity of calibration curve for the determination of ED-71 in human serum

Nominal concentration (pg/mL) Accuracy of back calculated concentration (%)

Day 1 Day 2 Day 3 Day 4 Day 5

25 110.8 106.0 105.6 116.8 107.2
50 101.2 85.8 96.8 89.2 101.0

100 98.3 95.3 96.1 92.5 95.8
200 95.5 103.0 98.5 99.5 97.5
400 101.3 113.5 105.8 104.5 104.5
800 91.0 103.6 95.8 98.3 92.0

1600 98.9 90.7 101.7 98.1 100.3
3200 102.9 102.2 99.7 101.1 101.5

Coefficient of correlation 0.9984 0.9964 0.9997 0.9997 0.9992

3.3. Calibration curve

Calibration curves were constructed for five days by
the weighted (1/x) linear regression using the ratio of
the peak area of ED-71 to that of D6-ED-71, plot-
ted against the concentrations. The results are shown in
Table 2. The linearity was good from 25 to 3200 pg/mL
[correlation coefficient (r) > 0.9964], and the accuracies
of back calculated concentrations were within 85.8–
116.8%.

3.4. Precision and accuracy of assay

The precision and accuracy of assay are summarized in
Table 3. The intra-assay precision and accuracy were evalu-
ated by analyzing five replicates of QC samples at the con-
centrations described in Section2. The inter-assay precision
and accuracy were determined by measuring the same sam-
ples on three different days. The intra- (n= 5) and inter-assay
(n= 5, three days) coefficient of variations (CVs) were less
than 9.7 and 3.4% at all levels, respectively. The intra- and
inter-assay accuracies were within 90.8–107.0% of the nom-
inal concentration. From the results, the LLOQ was assigned
as 25 pg/mL.

T
I D-71
i

N
(

I

2

I

2

Table 4
Freeze/thaw stability of ED-71 in human seruma

Nominal
concentration (pg/mL)

Percentage of expected

Freeze/thaw cycle

0 1 2 3

50 97.8 90.2 94.4 102.0
2400 97.1 95.7 97.9 104.8

a n= 3.

3.5. Stability

The freeze/thaw stability of ED-71 in human serum was
examined, which indicated that ED-71 was stable up to three
freeze/thaw cycles (Table 4). ED-71 was stable in human
serum at room temperature for at least 48 h (Table 5). ED-71
extracted from human serum was also found to be stable in
the autosampler at 5◦C for 48 h (Table 5).

3.6. Cross-validation

The present method was applied to the determination
of serum samples from healthy subjects who received a
single oral administration (1�g). A typical SRM chro-
matogram obtained from a serum sample in the bioavail-
ability study is illustrated inFig. 7. In this chromatogram,
there was no peak of preED-71. It was confirmed that mostly

Table 5
(A) Room temperature stability in human plasma and (B) stability of ED-71
extracted from human serum in the autosamplera

Nominal concentration
(pg/mL)

Percentage of expected

Time (h)

0 24 48

(

2

(

2

able 3
ntra- and inter-assay precision and accuracy for the determination of E
n human serum

ominal concentration
pg/mL)

Found concentration
(pg/mL, mean± S.D.)

CV (%) Accuracy
(%)

ntra-assaya

25 25.2± 2.0 7.9 100.8
50 47.6± 4.6 9.7 95.2

400 428± 10 2.3 107.0
400 2439± 66 2.7 101.6

nter-assayb

25 26.5± 0.9 3.4 106.0
50 45.4± 0.9 2.0 90.8

400 421± 4 1.0 105.3
400 2355± 48 2.0 98.1
a n= 5.
b n= 5, three days.
A)
50 89.4 102.0 98.2

400 99.2 101.7 99.2

B)
50 104.2 102.0 108.8

400 94.4 98.1 100.3
a n= 3.
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Fig. 7. Selected reaction monitoring ion chromatogram of human serum 5 h
after a single oral administration of 1�g ED-71 tablet. SRM transitions:m/z
508.4 > 397.3 for ED-71;m/z514.4 > 403.3 for D6-ED-71.

biologically active ED-71 was exposed to human blood
stream since preED-71 was stable during the pretreatment
procedure.

As depicted inFig. 8, comparable results were obtained us-
ing the LC/MS/MS method and HPLC-RRA, and indicated
a good correlation (r = 0.8845). The summary of statistics
during a cross-validation experiment is shown inTable 6.
Unweighted linear regression analysis showed an intercept
of 12.9 pg/mL with a confidence interval from−0.873 to
26.7 pg/mL, which contains zero. The observedt-statistic was
less than thet-critical with (n− 2) degrees of freedom. There
is, therefore, no significant fixed bias. Similarly, the results

F tions
d e ob-
t ation
(

Table 6
Summary of statistics obtained in the cross-validation of LC/MS/MS and
HPLC-RRA

Test Statistic

1. Random error (%difference)
Mean 14.4
S.D. 11.7

2. Regression analysis (intercept)a

Coefficient 12.9
Standard error 6.8
Confidence interval −0.873–26.7
Observedtb 1.89

3. Regression analysis (slope)a

Coefficient 0.885
Standard error 0.070
Confidence interval 0.743–1.03
Observedtb −1.64

a Unweighted least squares regression.
b t-Critical: 2.02 (p= 0.05),n= 46, degrees of freedom: 44.

Table 7
Combined assay precisions for two assays

LC/MS/MS HPLC-RRAa

Mean (pg/mL) 45.4 52.6
S.D. (pg/mL) 0.9 12.5
CV (%) 2.0 23.8
S.D.comb (pg/mL)b 12.5
%R.S.D.comb

c 25.1
a In-house data.
b S.D.comb=

√
(S.D.LC/MS/MS)2 + (S.D.HPLC-RRA)2.

c %R.S.D.comb= [S.D.comb/concentration]× 100.

of the statistical tests for the calculated slope (0.885) showed
no significant proportional error, usingt-statistic (−1.64) and
a confidence interval (0.743–1.03). The random error (stan-
dard deviation of a %difference) of 11.7% was within the
combined assay precision (%R.S.D.comb) of 25.1% (Table 7)
indicate that the cross-validation can be considered success-
ful. From these results, the LC/MS/MS method described
here can be used as a rapid and reliable assay alternative to
complicated HPLC-RRA.

4. Conclusion

A highly sensitive and specific method has been developed
for the determination of unchanged ED-71 in human serum
and fully validated with good accuracy and reproducibility.
The method achieved the LLOQ of 25 pg/mL and the separa-
tion from preED-71 isomer. The data obtained in this study
demonstrate that LC/MS/MS can provide a powerful alterna-
tive to HPLC-RRA for the determination of Vitamin D ana-
log. Further clinical studies are also now being implemented
with the proposed method. It is hoped that the availability of
the present method for the determination of ED-71 in human
serum will contribute to provide ED-71 for the patients of
osteoporosis immediately.
ig. 8. Cross-validation: comparison of the serum ED-71 concentra
etermined by both LC/MS/MS and HPLC-RRA. Serum samples wer

ained from the healthy volunteers received a single oral administr
1�g) in the bioavailability study.
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