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bstract

SR16157 (21-(2-N,N-diethylaminoethyl)oxy-7�-methyl-19-norpregna-1,3,5(10)-triene-3-O-sulfamate) is a novel, dual-acting estrone sulfatase
nhibitor currently in preclinical development for use in breast cancer therapy. The compound has a dual mechanism of action: the sulfamate-
ontaining parent compound SR16157 inhibits estrogen biosynthesis by irreversibly inhibiting the enzyme estrone sulfatase. The phenolic
etabolite, SR16137, generated by the sulfatase enzyme is a potent antiestrogen in breast tissues and has beneficial effects in bone and the

ardiovascular system.
As part of the ongoing preclinical studies, an HPLC assay method has been developed and validated for SR16157. The assay method is
pecific, accurate (recovery = 99.4–101.1), linear (r2 ≥ 0.9999), precise (intraday R.S.D. ≤ 1.1%, intermediate R.S.D. ≤ 0.8%), and sensitive (limit
f detection = 1.0 �g/ml). It separates SR16157 from its impurities and forced decomposition products, which have been characterized by LC
oupled with mass and UV spectral data. Major decomposition pathways are hydrolysis, hydroxylation, and oxidation.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Two-thirds of breast cancer cases occur in postmenopausal
omen, and about 50% of them are estrogen dependent. In
ostmenopausal women, estrogens are synthesized from cir-
ulating inactive precursors and exert their mitogenic effects
n tumor growth by their action at the estrogen receptor.
ndocrine (antihormonal) therapy is the mainstay of therapy

or estrogen-dependent breast cancer. Two general approaches
ave been clinically validated for endocrine therapy of breast
ancers: (i) antagonism of estrogen action at the estrogen recep-
or (antiestrogens) and (ii) inhibition of estrogen biosynthesis.
strogen receptor antagonism with selective estrogen receptor

odulators (SERMs) such as tamoxifen has been successfully

sed for breast cancer therapy for over three decades. Estro-
en biosynthesis, on the other hand, is dependent on three
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nzymes: aromatase, estrone sulfatase, and 17�-hydroxysteroid
ehydrogenase. Aromatase inhibitors are now being used as
rst-line therapy for estrogen-dependent breast cancer. The
nzyme estrone sulfatase (also called steroid sulfatase, STS)
lso plays a major role in the production of active estrogen from
nactive precursors in tumor tissue (Fig. 1). In postmenopausal
omen, circulating plasma estrogen is present mainly in the

nactive sulfated form, and is converted to active estrogen by
he action of steroid sulfatase in breast and other peripheral tis-
ue [1]. In breast tissue, steroid sulfatase contributes to 10-fold
igher production of estrogen than the aromatase enzyme [2,3].
TS activity is found to be up to 200 times higher than aromatase
ctivity [4] in breast tumor tissue. Furthermore, higher levels of
TS mRNA are found in malignant compared to normal breast

issue and are associated with poor prognosis [5]. Therefore, STS
s a good target for inhibition of estrogen biosynthesis and repre-

ents a new approach for the endocrine therapy of breast cancer.
lthough several STS inhibitors have been reported in litera-

ure [6], only one compound, 667 COUMATE, has advanced to
hase I clinical trials in the United Kingdom [7].

mailto:jennie.wang@sri.com
dx.doi.org/10.1016/j.jpba.2007.08.015
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ig. 1. Enyzmatic conversion of estrone sulfate to estrone and estradiol, and the
R16137.

We have discovered a novel and potent estrone sulfa-
ase inhibitor, SR16157, which is currently in late-stage
reclinical development [8]. SR16157 is a sulfamate-
ontaining steroidal compound with a unique, dual-targeted
echanism of action. The parent sulfamate SR16157

21-(2-N,N-diethylaminoethyl)oxy-7�-methyl-19-norpregna-
,3,5(10)-triene-3-O-sulfamate) is a potent, irreversible
nhibitor of estrone sulfatase. It is transformed by estrone sul-
atase to a novel phenolic steroidal SERM, SR16137 (Fig. 1),
nd therefore potentially offers a dual mechanism for inhibition
f estrogenic action via inhibition of estrogen biosynthesis and
strogen receptor antagonism [9].

The compound is in preclinical development, supported
y the National Cancer Institute’s (NCI’s) Rapid Access to
ntervention Development (RAID) program. As part of this
reclinical development, we have performed detailed chemical
nd chromatographic analysis of this steroidal compound. We
eport here a reversed-phase HPLC assay method, along with
haracterization of decomposition products for SR16157. The
ssay method has been validated for specificity, accuracy, preci-
ion, linearity, and sensitivity. Identities of impurities and forced
ecomposition products of SR16157 were elucidated by their
ass and UV spectral data. The analytical method will be use-

ul in characterization of the drug substance and drug product.
nformation on degradation pathways and degradation condi-
ions, as well as on identities of degradation products, will be
seful for future formulation and metabolic pathway studies.

. Experimental
.1. Chemicals and reagents

SR16157 (NSC 732011) was provided by the NCI (Bethesda,
D, USA). SR16137 was synthesized in house at SRI Inter-

s
5
v
s

rsion of sulfamate-based sulfatase inhibitor SR16157 to the antiestrogen SERM

ational (Menlo Park, CA, USA). Anhydrous trifluoroacetic
cid (TFA), estrone (E1), 4-hydroxylestrone (4-OH E1), and
6�-hydroxylestrone (16�-OH E1) were purchased from Sigma
hemical (St. Louis, MO, USA). 2-hydroxylestrone (2-OH E1)
as purchased from Fisher Scientific (Pittsburgh, PA). HPLC
rade acetonitrile (ACN) and hydrogen peroxide (H2O2) 30%
olution were purchased from Mallinckrodt (Paris, KY, USA).
ater was purified through a Millipore Super-Q Pure Water

ystem (Waltham, MA, USA). Solutions of HCl and NaOH
ere prepared from Dilute-it Analytical Concentrate (J.T. Baker,
hillipsburg, NJ, USA).

.2. HPLC

A Hewlett-Packard 1050 HPLC system (Wilmington, DE)
quipped with a solvent degasser, pump, autosampler, and vari-
ble wavelength UV detector was used in the study. A 1040 photo
iode-array (PDA) detector was employed for peak purity anal-
sis. HP ChemStation® for LC (A 05.02) software was used for
nstrument operation control and data collection. In the method
alidation of intermediate precision, a second HPLC system, the
gilent 1100 system, was used. The HPLC was performed on
Phenomenex Luna C18 (2) column (5 �m, 250 mm × 4.6 mm

.d., Torrance, CA, USA). The column was held at 27 ◦C. The
obile phase was a combination of solvent A (0.1% TFA in
ater) and solvent B (0.08% TFA in ACN). For assay, an iso-

ratic elution at 45% of solvent B and 55% of solvent A was
sed. The injection volume was 5 �l. For qualitative analysis
nd investigation of decomposition products, the following gra-
ient program was used: 0–20 min, 45% solvent B and 55%

olvent A; 20–39 min, linear gradient to 95% solvent B and
% solvent A; 39–44 min, hold at 95% solvent B and 5% sol-
ent A; 44–52 min, re-equilibrate at 45% solvent B and 55%
olvent A before the next injection. The injection volume was
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0 �l. For both isocratic and gradient conditions, the elution flow
ate was 1.0 ml/min, and the detection wavelength was set at
20 nm.

LC–MS was performed on a ThermoQuest system con-
isting of a Surveyor LC pump, a Surveyor autosampler,

Surveyor PDA UV detector, and a Finnigan LCQ-DUO
on trap mass spectrometer (San Jose, CA, USA). The PDA
V detector was used for recording UV–visible spectra. The
ass spectrometer was equipped with an electrospray ion-

zation (ESI) probe operating at atmospheric pressure. The

SI source parameter settings were: spray voltage 5 kV; cap-

llary voltage 33 V; capillary temperature 250 ◦C; tube lens
ffset 0 V; sheath gas flow rate 80 units; auxiliary gas flow

t
b
i

ig. 2. Chromatograms of thermally stressed SR16157 (solution E) and a solvent blan
cale. (c) Solvent blank injection.
Biomedical Analysis 45 (2007) 572–582

ate 20 units. Tandem mass spectrometry was performed at
5% normalized collision energy level. Signals with mass
ange of m/z 150–800 were collected. The LC conditions
sed for identification of decomposition products of SR16157
ere the same as those described above except that the elu-

ion was isocratic at 55% solvent A and 45% solvent B
ith a flow rate of 0.5 ml/min. Matching of the peak identity
etween the LC-UV system (Hewlett Packard 1050) and LC–MS
ystem (ThermoQuest) was achieved by relative retention
ime and relative UV peak intensity. Each forced degrada-

ion solution was divided into two portions and analyzed by
oth systems on the same day to ensure comparable peak
ntensities.

k injection. (a) Thermally stressed, full scale. (b) Thermally stressed, expanded
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Table 1
Preparation of the forced decomposition solution

Solution ID Preparation

A 0.5 ml of the stock solution was mixed with 0.5 ml of 0.1%
TFA in ACN/H2O (1:1)

B 0.5 ml of the stock solution was mixed with 0.5 ml of 0.01N
HCl, heated at 60 ◦C for 1 h and neutralized with 0.5 ml of
0.01N NaOH before injection

C 0.5 ml of the stock solution was mixed with 0.5 ml of
0.025N NaOH, allowed to stand at room temperature for 2 h
and neutralized with 0.5 ml of 0.025N HCl before injection

D 0.5 ml of the stock solution was mixed with 0.5 ml of 5%
H2O2 and heated at 60 ◦C for 1 h

E 1 mg of the solid sample was heated in a heating block at
80 ◦C for 11 days, and then dissolved in 2 ml 0.1% TFA in
ACN/H2O (1:1)

F 1 mg each of the solid sample was placed into two
individual clear glass vials, one wrapped with foil as control
and the other unwrapped. These two vials were stored in the
environmental chamber with both UV-A light and cool
white light on for 30 h and then the cool white light on for
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an additional 120 h. They were finally dissolved in 2 ml of
0.1% TFA in ACN/H2O (1:1)

.3. Environmental chamber for photo stressed
ecomposition
The forced degradation study under UV and visible light was
arried out in the ES 2000 Environmental Chamber (Environ-
ental Specialties, Inc., Raleigh, NC, USA), equipped with a

s
a
S

able 2
ummary of the observed peaks

R (min) RRTa m/z λmax (nm) P

3.2 0.24
3.5 0.26
3.9 0.29 430 230, 280 m
4.4 0.33 509 215, 260 h
4.8 0.36 509 225, 265 h
5.1 0.38 507 225 e′
5.5 0.41 428 225, 255, 325 g
5.7 0.43 525 220, 265 d
5.9 0.44 572 225, 270 f
6.4 0.48 507 250, 295 e
7.3 0.55
7.9 0.59 651 225, 270 n
8.6 0.65 386 225, 280 c
8.7 0.65
9.4 0.71 465 225, 265 b
9.7 0.73 523 235, 290 I
0.4 0.78
1.2 0.84 412 265, 300 o
1.8 0.89 491 p
2.6 0.95 414 225, 280 a
3.3 1.00 493 225, 275 S
4.9 1.12 507 j
5.8 1.19 430 m
6.3 1.23 509 220, 275 k
7.2 2.14
8.5 2.27
0.2 0.24

a RRT: tR/tR major peak.
b imp.: Sample impurity.
Biomedical Analysis 45 (2007) 572–582 575

ool white lamp (8.0 kilolux) and a UV-A lamp (14.00 W/m2),
n conformance with the ICH Q1B option 2 for photostabil-
ty testing. Temperature and humidity conditions were set at
5 ◦C/60% RH.

.4. Sample preparation

.4.1. Forced decomposition sample solutions
A stock solution of 0.5 mg/ml SR16157 in ACN/H2O (1:1)

ith 0.1% TFA was prepared. Forced decomposition samples
nder various stressed conditions were prepared from the stock
olution as described in Table 1.

.4.2. For validation of linearity, accuracy and precision
Accurately weighed 0.1–1.5 mg portions of SR16157 were

issolved in 2.0 ml of ACN/H2O (1:1) with 0.1% TFA to yield
olutions at 0.05, 0.1, 0.25, 0.5, 0.63, and 0.75 mg/ml. The solu-
ions were sonicated to ensure complete dissolution.

. Results and discussion

.1. HPLC method development
Reversed-phase HPLC (RP-HPLC) is commonly used in
teroid hormone drug analyses. As described in Görög’s review
rticle [10], it is the predominant method in the United
tates Pharmacopoeia for assay and related impurities tests

ossible identity Comment/significant changes

imp.b

imp.
imp., increased in HCl heated, NaOH, and thermal

′ imp.
imp.
increased in HCl
imp., increased in HCl heated, NaOH, thermal
generated in H2O2 and UV
imp.
imp., increased thermal, decreased in HCl heated
imp.
imp., decreased in HCl heated and H2O2

generated in HCl heated and NaOH
imp.
generated in HCl, H2O2, thermal, and UV
generated in thermal
imp.
imp., increased in NaOH
imp.
imp., increased in all stressed solutions

R16157 NSC 732011
imp.

′ generated in HCl and NaOH
imp.
imp.
imp.
imp.
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Fig. 3. Mass spectra of SR

f bulk steroid hormones and hormone-like structures. In the
verwhelming majority of cases, porous octadecylsilica sup-
ort (3–10 �m) is used for the reversed-phase separations.
nbuffered binary or ternary mixtures of water with methanol,

cetonitrile, or tetrahydrofuran are used as the mobile phase.
or steroids that possess ionizable groups, the aqueous phase in
ome cases contains phosphate buffer, acetic acid, or ion pair
eagents [11]. The applicability of the RP-HPLC separation in
strogen-related compounds was demonstrated by the work of
ygaard et al. in which 10 impurities and degradation products
ere resolved from the active drug 17�-estradiol using a Waters
ymmetry C18 column and water–ACN mobile phase [12].

Since RP-HPLC is most commonly used for the analysis of
strogens, the effort to develop a method for SR16157 was
nitiated with C18 and C8 columns. The following columns
ere tested: Eclipse XDB C8 (5 �m, 150 mm × 4.6 mm i.d.,
gilent Technology, Wilmington, DE, USA), Ace C18 (3 �m,
50 mm × 4.6 mm i.d., Mac-Mod Analytical, Chadds Ford,
A, USA) and Luna C18 (2) (5 �m, 150 mm × 4.6 mm and

50 mm × 4.6 mm i.d., Phenomenex, Torrance, CA, USA). The
obile phase was a combination of ACN and water. With the
CN content at 40–50%, the compound has a reasonable reten-

ion time (k′ = 4–5) on the above-listed columns. TFA was added

l
a
a

7 and products a–i, m–p.

o the mobile phase to suppress the reactivity of the resid-
al silanol and curtail tailing. Among the columns tested, the
una C18 (2) (5 �m, 250 mm × 4.6 mm i.d.) provided the best
eparation between impurities closely eluting with SR16157
i.e., impurities a and j; see Fig. 2) and the most symmetrical
eak shape. Thus the Luna C18 column was chosen for fur-
her refinement of the composition of the mobile phase. Before
he method was finalized, a complete gradient program, 5–95%
CN in 30 min, was used to detect possible early or late elut-

ng decomposition products. No significant early or late eluting
omponents were found. For separation of impurities a and j, the
ptimal mobile phase composition was found to be 45% ACN
nd 55% water, each containing 0.08% and 0.1% TFA, respec-
ively. As assurance for the completeness of the impurity profile,
gradient from 45% to 95% ACN in 19 min was added. Three

race impurities were observed in the gradient portion of the
lution (Table 2). To minimize the baseline drift in the gradient
lution, the TFA content was made unequal, with 0.08% in ACN
nd 0.1% in water, to correct for the varying UV absorptivity.
In order to obtain a decomposition profile that closely simu-
ates stability testing conditions, forced degradation was targeted
t a level which is equal to 5–20% decrease of the active drug,
s recommended in literature [13]. The conditions that led to the
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Fig. 4. UV spectra of SR1

argeted decrease were found after several trial runs, as presented
n Table 1. The optimized LC condition separated SR16157
rom all decomposition products. Additionally, major decom-
osition products are adequately resolved from one another.

representative chromatogram, from the heated solid sam-
le, and a chromatogram of the solvent blank are shown in
ig. 2. The peak of SR16157 in all forced decomposition sam-
le chromatograms passed the peak purity check performed by
he HP ChemStation® software. When examined by LC/MS, no
mpurity was found within the peak of SR16157 in any forced
ecomposition sample chromatogram. These findings indicate
hat the method is specific for analysis of SR16157. Mass bal-
nce was assessed by comparing the decrease in SR16157 and
he increase in all detectable degradants. The total peak area in
ach forced decomposition sample was not less than 93% of that
efore decomposition. As the major decomposition product is a,
hich is identified as compound SR16137 (see Section 3.2), the
V molar extinction coefficients ε of SR16157 and SR16137

ere measured and found to be 9000 and 8000 cm−1 l mol−1,

espectively, at the HPLC detection wavelength of 220 nm.
ith consideration of the difference in UV absorptivity, the

ecrease in SR16157 was mostly (>94%) accounted for by

P
u
o
t

and products a–h, m–o.

he corresponding increase in product a (SR16137) in all
he decomposition solutions. A reasonable mass balance was
chieved.

It is noteworthy that SR16157 is susceptible to base-catalyzed
ydrolysis. Dissolving the compound in 0.1N NaOH led to
n instant decrease of the main peak to 75%. Over time, the
ompound decreased to 10% (in 45 min) and 2% (in 12 h). A
oncomitant increase in the peak area of the hydrolysis product
was recorded, along with increases in other minor decompo-

ition products, e.g., the hydroxylation product m (m/z 430) and
he corresponding oxidation product g (m/z 428) (see Section
.2).

.2. Characterization of decomposition products

Table 2 lists the observed peaks from all the forced degrada-
ion solutions. Representative mass and UV spectra of impurities
nd degradation products obtained through LC with MS and

DA detections are shown in Figs. 3 and 4. The observed molec-
lar ions and wavelengths of maximum UV absorption (λmax)
f these compounds are also listed in Table 2. An alphabetic let-
er was assigned to the components for which MS and UV data
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F a path
( he nu
t

a
f
e
c
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r

ig. 5. Proposed structures of impurities and decomposition products formed vi
3) hydroxylation; (4) de-ethylation; (5) side reaction in the synthesis process. T
he respective components.

re available. Possible identities of these impurities are deduced

rom spectral (MS and UV) data as well as mechanistic consid-
rations. The process of generating all the observed impurities
an be classified as follows: (1) hydrolysis of the sulfamate;
2) oxidation; (3) hydroxylation; (4) de-ethylation; and (5) side

p

m
o

ways as indicated on the arrows: (1) hydrolysis of the sulfamate; (2) oxidation;
mbers next to the structure identification letters show the molecular weight of

eaction in the synthetic process. The proposed structures are

resented in Fig. 5.

The most significant degradant is the hydrolysis product a. Its
olecular ion is m/z 414 which is 79 mass units lower than that

f the parent drug SR16157 (m/z 493). Since chemical reactivity
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redicts that the sulfamate is the most labile functional group, it
s straightforward to assume that product a is generated through
ydrolysis of the sulfamate moiety (M−80+H), catalyzed by the
ucleophilic hydroxyl ion. The identity of the resultant phenolic
ompound (SR16137; see Figs. 1 and 5 for its structure) is also
onfirmed by spiking the solutions of SR16157 with an authentic
ample of SR16137. Co-elution of SR16137 and product a was
bserved. The UV spectral data of product a and SR16137 are
dentical. Analogously, the molecular ions of product b (m/z 465)
nd product c (m/z 386) differed by 79 mass units, indicating
hat c is the desulfamated b, where b is a de-ethylated product
f SR16157 (28 mass units less, [M−CH2CH3+H]).

Among the observed impurities and decomposition prod-
cts, companion compounds with differences of 2 mass units
ppeared frequently, including pairs with m/z 509/507 (h/e),
14/412 (a/o), 430/428 (m/g), 525/523 (d/i), and 493/491
SR16157/p), as shown in Table 2. For those with available UV
rofiles (Fig. 4), the λmax of the lower mass component always
hifts to a longer wavelength (red shift), probably as a result of
n extended conjugation formed by dehydrogenation (oxidation)
f the respective high mass component in the pair. The double
ond could be �6,7, �8,9, or �9,11, which would be expected
o extend the conjugation in the A ring (see Fig. 1 for structural
osition labels). UV spectral data are well documented for the
someric (�6,7, �8,9, and �9,11), unsaturated, steroidal phenols.
s the quality of the UV spectra for the pair of 414/412 (a and
) is good (Fig. 4) and their chromophoric structures are closest
o the example compounds found in the literature (i.e., 3-OH
nstead of 3-O-sulfamates or di-hydroxylated A ring), they are
aken as the representative pair for structural-UV profile exam-
nation. Based on literature examples [14,15], the �8,9 isomer
sually exhibits an absorption band at 274 nm and negligible
bsorbance around 300 nm. Because product o does not follow
his pattern, the �8,9 structure can be ruled out for product o.
he �6,7 and �9,11 isomers have absorption bands at 261–272
nd 298–306 nm. The intensity ratios of the two bands would
e 3:1 for the �6,7 isomer and 6:1 for the �9,11 isomer. Product
showed a 6:1 ratio of intensities of the two bands at 265 nm

nd 300 nm, and therefore it was concluded that product o is
he �9,11 isomer. Although direct UV data for other unsaturated
mpurities and decomposition products (i.e., the 3-O-sulfamates
r di-hydroxylated A ring) are not available, based on the pro-
osed structure of product o, a reasonable assumption is that
9,11 forms more easily than �6,7 and �8,9. Therefore, those

ecomposition products (e, e′, j, g, p, and i) are also assumed to
e �9,11 isomers, as shown in Fig. 5.

Hydroxylations at the 2, 4, and 16 positions are well-
nown metabolic pathways for estrogens [16–21]. In the case
f SR16157, multiple sites of hydroxylation were observed
ecause there were several products with m/z 509 (h, h′, and
), m/z 507 (e, e′, and j), and m/z 430 (m and m′). Compo-
ent m is proposed to be the monohydroxylated product of a.
V spectra of m and a displayed similar absorption bands at

25 and 280 nm, respectively. The chromophoric structure of a
s similar to that of estrone (E1). E1, 2-OH E1, 4-OH E1, and
6�-OH E1 are available as the model compounds for study-
ng the hydroxylation position of m. The UV spectra of E1,

b
t
i
p

ig. 6. UV spectra of E1, 2-OH E1, 4-OH E1, and 16�-OH E1 in a mixture of
CN/H2O (V/V = 45:55) with 0.1% TFA.

-OH E1, 4-OH E1, and 16�-OH E1 in the same solvent mix-
ure used in the mobile phase were obtained with a Diode Array
pectrophotometer (Hewlett-Packard 8452A). The results are
hown in Fig. 6. The UV spectra of E1, 4-OH E1, and 16�-OH
1 have similar absorption bands at 280 nm, whereas 2-OH E1
isplays a different absorption band at 288 nm. Analogously,
-hydroxylated estradiol (2-OH E2) also exhibits an absorption
aximum at 288 nm [22]. Based on the UV data shown in Fig. 4

m, λmax 280 nm), it is unlikely that m would have the hydroxyl
ubstitution at C-2. Because of the scarcity of samples, further
lucidation of the substitution pattern of the series of hydroxy-
ated products (e, e′, j, h, h′, k, and m and m′) by NMR was not
ursued. Based on chemical reactivity, C-4 and C-6 are expected
referentially to undergo hydroxylation. The C-4 hydroxylation
attern for these degradants, as depicted in Fig. 5, is arbitrary.

Two impurities with molecular mass higher than that of the
arent drug were detected in a few pilot synthesis lots. They
ere impurities f (m/z 572) and n (m/z 651). They are 79 mass
nits higher (for f) or twice 79 mass units higher (for n) than
he parent drug (m/z 493). They are assumed to be the process-
elated, oversulfamated by-products, as depicted in Fig. 5. This
ssumption is plausible because of the known property of the
ulfamic acid reagent, which reacts readily with OH or NH2 to
orm O substituted or N substituted sulfamates.

To obtain further proof of the proposed structures of impu-
ities and decomposition products, tandem mass spectrum
MS/MS) was attempted. Three common fragmentation patterns
re observed. The first one is the loss of sulfamate, resulting
n the M-80 fragment, presumably a positively charged radi-
al ion, in products j (507 → 427), k (509 → 428), SR16157
493 → 413), and p (491 → 411). The second pattern is the
oss of the diethylamino ethanol (HOC2H4N(C2H5)2, M-117),
bserved in product o (412 → 295). The third pattern is the
ragment of m/z 173, probably resulting from the steroidal

ackbone AB rings, which was observed in the MS/MS spec-
ra of products a and c. Typical MS/MS spectra are shown
n Fig. 7. The MS/MS fragmentation was consistent with the
roposed structures, although it did not explicitly confirm the
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of p,

h
p

h
p
n
c
i

3

c
o
d
t

e
a single analyst on one LC system (the Hewlett-Packard 1050
system) on two different days. Validation 3 was performed by
a second analyst on a different LC system (the Agilent 1100
system).

Table 3
System suitability

Chemical SR16157

Retention time (min) 13.8
Capacity factor, k′ 4.7
Fig. 7. Tandem mass spectra

ydroxylation, de-ethylation, and oxidation (dehydrogenation)
roducts.

Overall, the most significant decomposition pathway is the
ydrolysis of the sulfamate. The resulting product a is the
henolic compound (SR16137), a known estrogen antago-
ist [9]. Other proposed structures of the degradants will be
onfirmed in future studies by total synthesis and spectral
nvestigation.

.3. Validation of the HPLC assay

The proposed method was validated in accordance with the

urrent ICH guideline Q2 (R1). Fig. 8 is a typical chromatogram
f the HPLC assay. SR16157 elutes at 13.8 min. The results
escribed in Section 3.1 have demonstrated the specificity of
he method. The system suitability data are presented in Table 3.

R
U
N
%

SR 16157, j, k, o, a, and c.

Three sets of validation were designed by varying analysts,
quipment, and days. Validation 1 and 2 were performed by
esolution to a 1.8
SP tailing factor 1.6
umber of theoretical plates/column 10,565
R.S.D. in peak areas from six injections 0.23
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Fig. 8. A chromatogram of SR16157 assay.

Table 4
Linearity data on SR16157 standard curves

Standard curve Slope y-Intercept r2 value

Validation 1 4619.69 −4.34 1.0000
V
V

f
0
T
l
o
r
a

r
c
v
a
i
T
t
T
9

Table 5
Accuracy: average percent recoveries of three preparations/determinations at
each concentration

0.05 mg/ml 0.5 mg/ml 0.75 mg/ml

Validation 1 101.08 100.45 100.29
V
V

u
r

(
in the autosampler for 16 h during analysis, as is evident from
the recoveries shown in Table 5, which were obtained from run
sequences that lasted 16 h. The error due to decomposition was

Table 6
Precision: percent R.S.D. of three preparations/determinations at each con-
centration, and nine preparations/determinations at each concentration as the
intermediate precision

0.05 mg/ml 0.5 mg/ml 0.75 mg/ml

Validation 1 0.26 0.20 0.54

T
R

F

T
2
2
3

alidation 2 4548.74 1.78 0.9999
alidation 3 4812.24 −4.35 1.0000

Linearity of the method was demonstrated by standard curves
or the range of 0.05–0.75 mg/ml. Six solutions at 0.05, 0.10,
.25, 0.50, 0.63, and 0.75 mg/ml were used as the calibrators.
he sample peak area (R) versus drug concentration was ana-

yzed by linear least square regression to obtain the equation
f R = slope × concentration + y-intercept. The results, summa-
ized in Table 4, show an excellent correlation between peak
rea ratio R and the concentration of the drug with r2 ≥ 0.9999.

Accuracy and precision were established by evaluating
ecoveries and R.S.D. values obtained with test solutions at
oncentrations of 0.05, 0.5, and 0.75 mg/ml. Within each set of
alidation experiments, three individual preparations were made
t each concentration level. Recovery was calculated by compar-
ng the theoretical concentration and the nominal concentration.
he theoretical concentration was calculated from the calibra-
ion curve obtained within each set of validation experiment.
he accuracy results (Table 5) showed recoveries between
9.4 and 101.1%. The intraday and intermediate precision val-

V
V
I

able 7
obustness

tR (min) Number of theoretical plates

low rate (ml/min)
0.9 14.6 11,122
1.0 13.4 9,905
1.1 12.0 9,869

emperature (◦C)
3 13.5 10,081
7 13.4 9,905
1 12.7 11,597
alidation 2 100.95 99.87 100.82
alidation 3 100.00 99.44 99.88

es, as shown in Table 6, are less than 1.1 and 0.8% R.S.D.,
espectively.

The stability of SR16157 in the sample diluent, ACN/H2O
1:1) with 0.1% TFA, is sufficient for the test solution to stay
alidation 2 0.68 0.36 0.21
alidation 3 1.09 0.97 0.03

ntermediate 0.48 0.64 0.77

Resolution to component a USP tailing factor

1.60 1.52
1.56 1.49
1.52 1.44

1.87 1.48
1.56 1.49
1.19 1.78
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ess than 1%. Using a freshly prepared standard curve to assay a
et of solutions (three preparations for each concentration, 0.05,
.5, and 0.75 mg/ml) that were stored in the autosampler tray at
oom temperature for 24 h indicated a 2% decrease in the active
rug, mainly due to hydrolysis of the drug to product a. It is
ecommended that the assay be performed within 16 h after the
ample is dissolved in the diluent.

The robustness of the method was evaluated by analyzing a
.5 mg/ml sample solution and evaluating performance param-
ters after varying, individually, the HPLC pump flow rate
±10%) and column compartment temperature (±4 ◦C). Results
re presented in Table 7. Varying the flow rate did not cause
ignificant changes in the following performance parameters of
esolution (for SR16157 and component a), USP tailing factor
nd number of theoretical plates. Raising the column tempera-
ure to 31 ◦C, however, caused deterioration in resolution and an
ncrease in the tailing factor.

The proposed assay method is of high sensitivity. The limit of
etection (LOD) and limit of quantitation (LOQ) were obtained
y serial dilution of the 0.05 mg/ml standard solution until the
esultant chromatogram provided the SR16157 peak at a defined
ignal to noise ratio (S/N). Based on three and ten times S/N,
he LOD and LOQ were determined to be 1.0 and 3.3 �g/ml,
espectively.

. Conclusion

An HPLC assay method has been developed and validated
or SR16157. The HPLC method separates SR16157 from its
mpurities and forced decomposition products. Identities of the
mpurities and decomposition products have been elucidated
y LC/MS and LC/UV spectral data. Major decomposition
athways are hydrolysis of the sulfamate, hydroxylation, oxi-
ation, and hydrolysis of the ethyl side chain. The assay has
een validated to be accurate (recovery = 99.4–101.1%), lin-
ar (r2 ≥ 0.9999), precise (intraday R.S.D. ≤ 1.1%, intermediate
.S.D. ≤ 0.8%), and sensitive (LOD = 1 �g/ml).
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