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1. Introduction

Heat shock protein 90 (Hsp90) is an ATP dependent molecular
chaperone critical for the folding, assembly, intracellular trans-
port, and activity of multiple cellular proteins including numerous
oncogenic proteins [1]. Hsp90 functions as a dimer and binds
to an Hsp70–Hsp40-(client protein) bound complex through the
intermediary Hop to form a heterocomplex [2]. ATP binds to this
heterocomplex resulting in the transfer of the client protein to
Hsp90 and the subsequent release of Hsp70–Hsp40 and Hop.
This substrate–Hsp90 complex is stabilized by p23 and, upon ATP
hydrolysis, the properly folded mature client protein is released
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veloped and validated for the measurement of 17-(allylamino)-17-
AG) and its active metabolite 17-amino-17-demethoxygeldanamycin
17-(dimethylaminoethylamino)-17-demethoxygeldanamycin (17DMAG)
e addition of internal standard, 200 �L of plasma was extracted using ice
alysis on a Thermo Finnigan triple-quadruple mass spectrometer coupled
. Chromatography was carried out on a 50 mm × 2.1 mm Agilent Zorbax
d to a 3 mm Varian metaguard diphenyl pre-column using glacial acetic
tonitrile and water at a flow rate of 500 �L/min. Atmospheric pressure

ion of 17AAG, 17AG and 17DMAG were accomplished using selected reac-
541.3, 544.2 > 501.2, and 615.3 > 572.3, respectively in negative ion mode.
G, and 17DMAG were 4.1, 3.5, and 2.9 min, respectively, with a total run
ear over the range 0.5–3000 ng/mL for 17AAG and 17AG. Replicate sample
between-run accuracy and precision within 15%. The recovery of 17AAG
a containing 1, 25, 300, and 2500 ng/mL was 93% or greater. This high-

raphic tandem mass spectroscopy (HPLC/MS/MS) method is superior to
analytical method reported to date for the quantitation of both 17AAG and

iably quantitate concentrations of both compounds as low as 0.5 ng/mL.

© 2008 Elsevier B.V. All rights reserved.

and capable of activating specific signaling pathways. Hsp90 is an
abundant protein representing 1–2% of all cytosolic proteins, but
is a selective target for cancer therapy [3]. In tumor cells, Hsp90 is
present in an activated multi-chaperone complex with high ATPase
activity, whereas in normal tissues, Hsp90 is present in an inactive
uncomplexed form with low ATPase activity [4]. The ATP-binding
site of Hsp90 is required for its function and occupation of this site
inhibits the protein’s conformational refolding reactions resulting
in substrate degradation through the ubiquitin–proteasome system
[5].

Benzoquinone ansamyacins such as geldanamycin are natu-
rally occurring products produced by yeast that are capable of
binding Hsp90 resulting in anti-tumor effects [6,7]. However,
due to toxicity, geldanamycin was dropped from development
and replaced with the less toxic geldanamycin analog 17-
(allylamino)-17-demethoxygeldanamycin (17AAG) (Fig. 1) [8,9].

http://www.sciencedirect.com/science/journal/15700232
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ve me
Fig. 1. Structures of 17-(allylamino)-17-demethoxygeldanamycin (17AAG), its acti
(dimethylaminoethylamino)-17-demethoxygeldanamycin (17DMAG).

The cytochrome P450 isoform CYP3A4 metabolizes 17AAG to 17-
amino-17-demethoxygeldanamycin (17AG) (Fig. 1) through the
oxidative loss of the 17-allyl group from the ansamycin ring [10,11].
Both 17AAG and 17AG bind to and occupy the ATP-binding pocket
of HSP90 preventing activity and resulting in client protein degra-
dation [5]. 17AAG and 17AG bind to tumor Hsp90 with a 100-fold
higher binding affinity compared to Hsp90 from normal cells [4].
Numerous Phase I and Phase II clinical trials involving 17AAG as
a single agent or in combination with other agents are currently
ongoing [10,12–19].

The objective of this study was to develop a validated, simple,
rapid, sensitive, and specific LC/MS/MS analytical method for simul-
taneous measurement of 17AAG and its active metabolite 17AG in
human plasma. Other analytical methods exist for the measure-
ment of 17AAG in human plasma, but to our knowledge this is the
first validated LC/MS/MS method that measures both 17AAG and

17AG in human plasma [11,20]. We developed this [21] method in
conjunction with several ongoing Phase I clinical trials and it has a
lower limit of quantitation for both 17AAG and 17AG of 500 pg/mL.

2. Experimental

2.1. Solvents and chemicals

17AAG, 17AG, and 17DMAG as a pure powder were all obtained
from the National Cancer Institute (NCI) and used as received.
Acetonitrile, DMSO, and water (HPLC grade) were purchased from
Fisher Scientific. Analytical grade glacial acetic acid was obtained
from Mallinckrodt Baker Inc. (Paris, KY, USA).

2.2. Standards

Stock solutions (1 mg/mL in DMSO) of 17AAG, 17AG, and
17DMAG (IS) were prepared in 100 �L single use aliquots and stored
at −80 ◦C. Plasma calibration standards were prepared by adding
different serial diluted stock solutions (in plasma) to give 200 �L of
0.1, 0.5, 1, 3, 25, 100, 300, 1000, and 3000 ng/mL of 17AAG and 17AG
tabolite 17-amino-17-demethoxygeldanamycin (17AG), and internal standard 17-

in plasma. 20 �L of 2.5 �g/mL of 17DMAG was added as internal
standard to individual samples.

2.3. Instrumentation

Reconstituted samples were analyzed on an Agilent (Santa Clara,
CA) 1100 HPLC system connected to a ThermoFisher TSQ Quantum
Discovery Max mass spectrometer operated by LCQuan software.
The HPLC system consisted of a G1312A dual pump with static
mixer, a degasser, a heated column compartment and a G1313A
well-plate autosampler.

2.4. Sample preparation

Standards and patient samples were prepared and processed in
1.5 mL eppendorf tubes (Sarstedt, Newton, NC). This procedure was

validated by spiking human plasma with known concentrations of
17AAG and 17AG followed by internal standard 17DMAG (Fig. 1).
Pooled human plasma was obtained from the local American Red
Cross and stored frozen in aliquots at −80 ◦C. Protein precipita-
tion of 17AAG, 17AG, and 17DMAG was carried out by addition of
ice cold acetonitrile. Acetonitrile (580 �L) was added to 220 �L of
spiked human plasma. The sample was then vortexed and subse-
quently centrifuged at 18,000 rcf at 4 ◦C for 10 min. The resulting
supernatant (500 �L) was removed and added to 500 �L of HPLC
grade water. The mixture was vortexed and 20 �L was injected for
all calibration levels.

2.5. Chromatographic and mass spectrometer conditions

17AAG, 17AG, and 17DMAG were separated on a
50 mm × 2.1 mm Agilent Zorbax SB-phenyl 5 �m column (Agilent;
Santa Clara, CA, USA) coupled to a 3 mm Varian metaguard diphenyl
pre-column (Varian Inc., Lake Forest, CA). The chromatography
was performed at 40 ◦C. The mobile phase consisted of water
containing 0.1% (v/v) acetic acid as solvent A and acetonitrile
containing 0.1% (v/v) acetic acid as solvent B. The components
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were eluted with a gradient system initially from 20% B to 85%
B in 3 min, 1 min at 95% B, 95% B to 20% B in 3 min and 3 min of
equilibration at 20% B. The flow rate was 0.5 mL/min.

2.6. Validation

2.6.1. Selectivity
Plasma from pooled human donors whose medication status

was unknown was extracted and analyzed for the assessment of
potential interferences with endogenous substances.

2.6.2. Accuracy and precision
To validate the method, intra-day accuracy and precision for

17AAG and 17AG was evaluated at 1, 50, 800, and 2200 ng/mL.
These concentrations were selected to cover the entire range of the
calibration curve. Analysis was done by preparing five samples at
each concentration level and concentrations were calculated from
calibration curves. The between-day accuracy and precision was
determined by three repetitions of the intra-day assay.

2.6.3. Recovery
The recovery of 17AAG and 17AG was performed by spiking

200 �L of plasma or 50% acetonitrile (unextracted samples) at four
different concentration levels (1, 25, 300, and 2500 ng/mL). Plasma
samples and unextracted samples were processed identically (see
sample preparation) with the exception that for the unextracted
samples all solvents were replaced with 50% acetonitrile. After pro-
cessing, an equal amount of IS was added to each sample and 20 �L
was injected. The recovery was estimated by comparing the ratio
of parent compound to internal standard of the extracted sam-
ples to the ratio of parent compound to internal standard of the
unextracted samples at each concentration level. The analysis was
performed in pentupulate and the mean value was reported.

2.6.4. Freeze/thaw analysis
Analyte stability was determined after three freeze–thaw cycles

following storage at −80 ◦C. Pentupulate analysis at four separate
concentration levels (1, 50, 800, and 2200 ng/mL) was performed.
Samples were thawed unassisted at room temperature. When com-
pletely thawed, the samples were refrozen at −80 ◦C for 24 h. This
freeze–thaw cycle was repeated two additional times and the sam-
ples were analyzed on the third cycle. All determinations were
made by comparing the freeze–thaw samples to samples prepared
from freshly made stock solutions.
2.6.5. Calibration and sample quantification
Linearity was evaluated by preparation of a single calibration

curve in the range of 0.1–3000 ng/mL. Standard concentrations
were 0.1, 0.5, 1, 3, 25, 100, 300, 1000, and 3000 ng/mL of 17AAG and
17AG. The analysis was done using 17DMAG as the internal standard
and the ratio of parent compound to internal standard was plot-
ted against concentration per milliliter of plasma. The calibration
curve was linearly fitted and weighted by 1/concentration. Concen-
trations of 17AAG and 17AG were calculated from this calibration
curve.

2.6.6. Stability
2.6.6.1. Storage stability. The stability of 17AAG and 17AG at −80 ◦C
was investigated at 0, 30 and 60 days using spiked plasma samples
at four different concentrations (1, 50, 800, and 2200 ng/mL). Five
aliquots at each concentration were thawed and analyzed at 30 and
60 days by comparison to a freshly prepared calibration curve.

2.6.6.2. Bench stability. The stability of 17AAG and 17AG in plasma
at room temperature was investigated at 0, 1, 3, 24, and 48 h.
gr. B 871 (2008) 15–21 17

Table 1
Assay linearity of method (n = 5)

Drug Slope y-Intercept Coefficient of correlation

17AAG
Calibration mean 0.0080199 −0.001364 0.9986

17AG
Calibration mean 0.005448 0.001781 0.9983

Results were calculated using peak area ratios. Calibration curves for 17AAG were
linear using weighted (1/concentration) linear regression in the concentration range
of 0.1–3000 ng/mL.

Four separate concentrations (1, 25, 300, and 2500 ng/mL) were
prepared in pentupulate and kept at room temperature. At each
appropriate time the samples were processed and analyzed by com-
parison to a freshly prepared calibration curve.

2.6.6.3. Autoinjector stability. Stability of the samples in the autoin-
jector was carried out over a 24 h period. A calibration curve and five
samples per concentration level (1, 50, 800, and 2200 ng/mL) were
prepared. The calibration curve was run first followed by injections
of the same samples every 4 h for 24 h. The mean ratio of drug/IS
over the 24 h period was compared to the calibration curve.

3. Results

3.1. Mass spectral analysis

Using negative ion mode and APCI conditions 17AAG gave MH−

at m/z 584.3 as the base ion (Fig. 2A). This ion was selected for
collision induced dissociation (CID) experiments which generated
one major product ion at m/z 541.3 representing the cleavage of
the CONH2 group from the ring. 17AG gave MH− at m/z 544.2 as
the base ion (Fig. 2B). This ion was selected for collision induced
dissociation (CID) experiments which generated one major prod-
uct ion at m/z 501.2 again representing the cleavage of the CONH2
group from the ring. The internal standard 17DMAG gave MH− at
m/z 615.3 as the base ion (Fig. 2C). This ion was selected for colli-
sion induced dissociation (CID) experiments which generated one
major product ion at m/z 572.3 representing the same group loss as
17AAG and 17AG. The analysis conditions were optimized for 17AAG
in SRM mode using precursor/product ion pair at m/z 584.3/541.3
for quantitation. Using the same analysis conditions, the precur-
sor/product ion pairs at 544.2/501.2 and 615.3/572.3 were selected

in SRM mode for analysis of 17AG and 17DMAG, respectively.

3.2. Separation and relative retention time

Retention times for 17AAG, 17AG, and 17DMAG were 4.1, 3.5,
and 2.9 min, respectively. The run time was 7 min. Blank plasma
contained no interfering endogenous substances. Representative
chromatograms are shown in Fig. 3. Fig. 3A shows a representa-
tive chromatogram of blank plasma whereas Fig. 3B shows 17AAG
(0.5 ng/mL), Fig. 3C shows 17AG (0.5 ng/mL) and Fig. 3D shows
17DMAG at a concentrations of 250 ng/mL.

3.3. Linearity

17AAG and 17AG linearity was examined by analyzing calibra-
tion curves containing seven standard concentrations of 17AAG
and 17AG (0.5, 1, 3, 25, 100, 300, 1000, and 3000 ng/mL) over sev-
eral months using weighted (1/concentration) linear regression.
The results from five separate days are presented in Table 1 and
were calculated using peak area ratios. Correlation coefficients from
each curve were greater or equal to 0.998. The accuracy of the
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Fig. 2. Atmospheric pressure chemical ionization mass spectrum of 17AAG (2A), 17AG
spectrum of each compound (below parent). The inset represents the proposed fragment

calibration curves is presented in Table 2 demonstrating that the
measured concentration is within 15% of the actual concentration.
The lower limit of quantitation was determined by the lowest stan-
dard with a signal to noise ratio of at least 5:1, a precision of at least
20% and an accuracy of 80–120% [21]. The 0.5 ng/mL concentration
met these criteria for both 17AAG and 17AG. The average signal to
(2B), and 17DMAG (2C) accompanied by the collision induced dissociation mass
ation.

noise ratio of both 17AAG and 17AG from five separate standard
curves was >1000:1. For 17AAG at a concentration of 0.5 ng/mL,
the mean back calculated concentration was 0.505 ng/mL with a
standard deviation of 0.10 ng/mL and a coefficient of variation of
19.8%. The deviation of mean value from nominal was 0.92%. For
17AG at a concentration of 0.5 ng/mL, the mean back calculated
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Table 3
Intra- and inter-day precision and accuracy for 17AAG and 17AG in human plasma

Theoretical concentration 1 50 800 2200

17AAG (ng/mL)
Intra-day run

Overall mean (n = 5) 0.928 47.3 818.5 2178.2
SD 0.07 1.6 24.8 29.5
CV (%) 7.5 3.4 3.0 1.4
Fig. 3. Chromatograms of 20 �L injection of blank human plasma (A), 17AAG
(0.5 ng/mL) and 17AG (0.5 ng/mL) (B) and 17DMAG (IS) (250 ng/mL) (C).

concentration was 0.489 ng/mL with a standard deviation of
0.016 ng/mL and a coefficient of variation of 3.3%. The deviation

of mean value from nominal was −2.3%.

Since patients would also be receiving bortezomib in the clinical
trial, the effect of bortezomib in the assay was tested. Standard
curves were prepared with (100 ng/mL) bortezomib and without
bortezomib. The 100 ng/mL represents the approximate the peak
plasma concentration reported for patients receiving 1.45 mg/m2

of bortezomib (patients in the current study received 0.7 mg/m2 of
bortezomib) [22]. There was no interference from bortezomib and
the standard curves overlapped with almost identical slopes and
intercepts.

3.4. Recovery data

Absolute recovery of 17AAG and 17AG from plasma was com-
pared to unextracted samples. The recovery of AAG from 200 �L of
plasma containing 1, 25, 300, and 2500 ng/mL was 92.8%, 101.4%,
100.1%, and 96.4%, respectively (n = 5). The recovery of AG from
200 �L of plasma containing 1, 25, 300, and 2500 ng/mL was 93.2%,
101.4%, 101.5%, and 99.4%, respectively (n = 5). The recovery of
DMAG from 200 �L of plasma containing 250 ng/mL was 104%

Table 2
Back calculated concentration from calibration curves (n = 5)

Nominal concentration (ng/mL) 17AAG accuracy (%) 17AG accuracy (%)

0.5 100.9 97.7
1 95.0 91.9
3 87.9 95.6

25 92.0 94.2
100 94.6 90.6
300 94.9 94.2

1000 100.4 96.9
000 101.6 102.0

Accuracy: 100% measured concentration/nominal concentration.
DMT (%) −7.2 −5.4 2.3 −1.0

Inter-day run
Overall mean (n = 15) 0.927 49.5 837.7 2177.3
SD 0.074 5.4 35.0 98.8
CV (%) 7.9 11.0 4.2 4.5
DMT (%) −7.3 −1.0 4.7 −1.0

17AG (ng/mL)
Intra-day run

Overall mean (n = 5) 0.941 48.1 837.9 2139.5
SD 0.06 0.94 21.0 44.3
CV (%) 6.86 1.96 2.51 2.07
DMT (%) −5.81 −3.69 4.75 −2.75

Inter-day run
Overall mean (n = 15) 0.980 49.8 827.0 2233.0
SD 0.082 5.2 22.4 95.2
CV (%) 8.33 10.44 2.71 4.26
DMT (%) −2.0 −0.31 3.4 1.5

SD, standard deviation; CV, coefficient of variation; DMT, deviation of mean value
from nominal.

3.5. Accuracy and precision

The intra-day coefficients of variation for 17AAG samples (1,
50, 800, 2200 ng/mL) were 8.2%, 3.1%, 3.7% and 0.5%, and for 17AG
samples (1, 50, 800, 2200 ng/mL) the results were 6.9%, 2.0%, 2.5%
and 2.1%, respectively. Coefficients of variation of inter-day analysis
of 17AAG samples (1, 50, 800, 2200 ng/mL) were 7.9%, 11.0%, 4.2%
and 4.5%, and for 17AG (1, 50, 800, 2200 ng/mL) were 8.3%, 10.4%,
2.7% and 4.3%, respectively. The data obtained both for the 17AAG
and 17AG adhered to guidelines for bioanalytical method validation
[21]. Data for accuracy and precision are shown in Table 3.

3.6. Storage stability data at −80 C

The stability of 17AAG and 17AG at −80 ◦C was evaluated in
human plasma to establish optimal storage conditions for clinical

samples. Incubation of 17AAG and 17AG at −80 ◦C for 30 and 60 days
prior to extraction resulted in no discernable difference as com-
pared to freshly prepared samples. The coefficient of variation for
AAG and AG ranged from 0.7% to 8.4% and 1.8% to 3.6%, respectively.
Percent recovery ranged from 92.4% to 97.4% and 93.3% to 104.1%
for AAG and AG, respectively. Storage stability data for 17AAG and
17AG are presented in Table 4.

3.7. Autoinjector stability

Stability of samples (1, 50, 800, 2200 ng/mL) stored in the autoin-
jector over a period of 24 h was evaluated by injecting the same
samples every 4 h for 24 h. The coefficient of variation ranged from
3.5% to 10.3% and 4.5% to 6.2% for AAG and AG, respectively. The cal-
culated concentration was within ±10% and ±11% of the nominal
concentration for AAG and AG, respectively. The results demon-
strate that the samples were stable in the autosampler for up to
24 h. Results are shown in Table 5.



romato

2

2

2

20 J.S. Johnston et al. / J. Ch

Table 4
Stability data for 17AAG and 17AG at −80 ◦C

Concentration (ng/mL) 30 Days

1 50 800

17AAG
Overall mean (n = 5) 0.991 44.8 837.0
SD 0.095 1.07 63.2
CV (%) 9.57 2.38 7.56
Recovery (%) 99.1 89.6 104.6

17AG
Overall mean (n = 5) 0.96 46.2 763.8

SD 0.08 0.32 18.3
CV (%) 8.41 0.70 2.39
Recovery (%) 96.1 92.4 95.5

The long-term stability of 17AAG and 17AG at −80 ◦C.

3.8. Freeze/thaw analysis

To assess the stability of 17AAG and 17AG under freeze–thaw
conditions, four separate concentrations (1, 50, 800, and
2200 ng/mL) were analyzed after being subjected to three sep-
arate freeze–thaw cycles. Both compounds were stable after 3
freeze–thaw cycles. The coefficient of variation was less than 15%
for all measured concentrations of both 17AAG and 17AG. In addi-
tion, the measured concentrations were within 15% of the expected
concentrations for both 17AAG and 17AG. The data is shown in
Table 6.

3.9. Bench stability

Plasma samples at four concentration levels were kept at room
temperature for 1, 3, 24, or 48 h. At the indicated time points the

Table 5
Autoinjector stability data for extracted 17AAG and 17AG samples over 24 h in 50%
ACN

Theoretical concentration (ng/mL)

1 50 800 2200

17AAG
Overall mean (n = 6) 0.90 48.6 892.1 2349.6
SD 0.092 2.0 38.6 83.4
CV (%) 10.3 4.2 4.3 3.5
Recovery (%) 90.0 97.3 111.5 106.8

17AG
Overall mean (n = 6) 1.11 45.86 788.18 2419.56
SD 0.07 2.82 47.59 108.56
CV (%) 6.04 6.16 6.04 4.49
Recovery (%) 110.9 91.7 98.5 110.0

Stability of the samples stored in the autoinjector was carried out over a period of
24 h by injecting the same sample at an interval of 4 h.

Table 6
Freeze–thaw precision and accuracy for 17AAG and 17AG in human plasma

Theoretical concentration (ng/mL)

1 50 800 2200

17AAG
Mean (n = 5) 1.03 47.26 823.90 2290.74
SD 0.04 0.56 10.07 109.04
CV (%) 3.53 1.19 1.22 4.76
DMT (%) 2.68 −5.47 2.99 4.12

17AG
Mean (n = 5) 0.970 42.54 751.8 2122.7
SD 0.14 0.65 18.3 240.4
CV (%) 14.1 1.53 2.44 11.3
DMT (%) −3.04 −14.9 −6.02 −3.51

2
4

2
4

gr. B 871 (2008) 15–21

60 Days

200 1 50 800 2200

223.2 1.12 50.8 922.3 2452.7
46.2 0.08 3.44 36.3 71.1

2.08 7.56 6.77 3.94 2.90
101.1 112.0 101.6 115.2 111.5

143.3 0.93 46.6 828.0 2289.8
50.4 0.03 1.3 15.3 73.9

2.35 3.6 2.9 1.8 3.2
97.4 93.4 93.3 103.5 104.1

samples were extracted and analyzed by comparison to freshly pre-
pared standard curves. 17AAG and 17AG are stable in human plasma
for up to 48 h when kept at room temperature. The calculated
concentrations ranged from 95% to 112% of expected concentra-
tion as determined from the standard curve. The data is shown in
Table 7.

3.10. Application to clinical sample analysis

The method was applied to a clinical study of 17AAG in com-

bination with bortezomib for treating patients with relapsed or
refractory hematologic cancer. A 1 h infusion of 150 mg/m2 of
17AAG was administered to eight patients with acute myeloid
leukemia (AML). 17AAG was administered on days 1, 4, 8, and 11
of a 21-day cycle. Patients with evidence of an objective response
may continue therapy for up to 12 cycles. Twelve samples were
collected per patient over a 48 h period and analyzed using the
described method. Patient samples were run with eight calibration
levels and 12 QC’s at the start, in the middle and at the end of each
run. QC accuracy was within 15% of expected values for both 17AAG
and 17AG.

The analyzed data from eight patients was pooled and the
plasma concentration versus time profile is presented in Fig. 4.
Pharmacokinetic parameters were calculated using WinNonlin
(Pharsight, Mountain View, California) and noncompartmental
analysis. At the dose level of 150 mg/m2 of 17AAG, the mean
Cmax, AUC, volume of distribution, and clearance was 2420 ng/mL
(standard deviation [SD], 785), 4738 ng/mL h (SD, 1964), 108 L
(SD, 38), and 36.4 L/h (SD, 13.7), respectively. The mean Cmax,
AUC, volume of distribution, and clearance was 821 ng/mL (SD,
450), 6600 ng/mL h (SD, 6935), 347.0 L (SD, 261.0), and 44.3 L/h

Table 7
Bench stability for 17AAG and 17AG in human plasma at room temperature (n = 5)

%Theoretical concentration (ng/mL)

1.0 25 300 2500

17AAG
0 h 100 100 100 100
1 h 111.7 97.2 91.2 108.6
3 h 111.0 102.7 94.5 104.4
4 h 100.0 89.2 108.7 102.5
8 h 112.7 107.5 98.0 103.4

17AG
0 h 100 100 100 100
1 h 107.5 98.8 105.9 106.9
3 h 111.1 102.9 104.6 106.8
4 h 100.8 96.9 99.9 99.7
8 h 98.5 94.9 98.7 97.8

Values presented are percent control (time = 0 h) (n = 5).
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[

[13] E.A. Ronnen, G.V. Kondagunta, N. Ishill, S.M. Sweeney, J.K. Deluca, L. Schwartz,
Fig. 4. Pooled plasma concentration versus time profiles from eight patients receiv-
ing a 1 h IV infusion of 150 mg/m2 17AAG.

(SD, 29.5) for 17AG, respectively. Theses values are in line with
previously published data [12–15,19,23]. Based on this data and
other published results this assay is capable of quantifying 17AAG
concentrations at a dose level of 150 mg/m2. Higher dosing levels
may require dilution of the first few time points.

4. Discussion

Although other methods exist for the measurement of 17AAG,
this is the first report of a validated LC/MS/MS method for the
simultaneous measurement of 17AAG and its active metabolite
17AG in human plasma. The lower limit of quantitation for both
compounds is 0.5 ng/mL which represents a 15-fold increase in
sensitivity over current methods. The method is simple, rapid and
highly sensitive. Extraction using acetonitrile protein precipitation
was performed yielding nearly 100% recoveries of 17AAG, 17AG,
and internal standard thus eliminating the need for a complicated
extraction procedure. Total run time per sample was 6 min and
peaks for AAG, AG, and IS resolved at 4.1, 3.5, and 2.9 min, respec-
tively.

The assay was linear from 0.5 to 3000 ng/mL using pooled
human plasma, with regression coefficient (r2) > 0.998 for both

17AAG and 17AG after injection of a 20 �L sample. Analysis was
performed under negative ion mode and APCI conditions using
precursor/product ion pair at m/z 584.3/541.3, 544.2/501.2 and
615.3/572.3 for quantitation of 17AAG, 17AG, and IS (17DMAG). No
interfering peaks were present within the run.

The intra- and inter-day accuracy and precision were measured
at four concentration levels (1, 50, 800, and 2200 ng/mL). The within
day precision, expressed as %CV ranged from 1.4% to 7.5% for 17AAG
and 2.0–6.9% for 17AG. The between-day precision values ranged
from 4.2% to 11.0% for 17AAG and 2.7% to 10.4% for 17AG. The accu-
racy values for the assay varied from 92.8% to 104.7% for 17AAG and
94.2% to 104.7% for 17AG.

Numerous stability tests indicated that both 17AAG and 17AG
were stable under all conditions encountered during processing
and analysis. Plasma samples were subjected to a stability study
performed at room temperature and at −80 ◦C. Plasma samples
containing 17AAG and 17AG at four different concentrations were
stable up to 48 h in plasma at room temperature and up to 60 days
at −80 ◦C. Repeated freeze–thaw cycles demonstrated that samples
could be thawed and refrozen up to three times without compro-
mising the integrity of the sample. Finally, the samples were stable
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in mobile phase for up to 30 h suggesting that sample degradation
would not occur during extended run times.

5. Conclusion

We have developed a sensitive and selective LC/MS/MS method
for the quantitation of 17AAG and its active metabolite 17AG in
human plasma using 17DMAG as the internal standard. The assay
has been validated as reproducible and accurate. The extraction
process is simple requiring only 200 �L of plasma and run times
are relatively short allowing for high sample throughput as com-
pared to previous methods. This LC/MS/MS method has a superior
detection limit of 0.5 ng/mL not only for 17AAG but for the active
metabolite 17AG as well.
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