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bstract

SK3530·2HCl, (2-(5-(4-(2-hydroxyethyl)piperazin-1-ylsulfonyl)-2-n-propoxyphenyl)-5-ethyl-7-n-propyl-3,5-dihydro-4H-pyrrolo[3,2-d]pyri-
idin-4-one dihydrochloride), is a novel a new phosphodiesterase type V (PDE V) inhibiting agents. The pharmaceutical development of SK3530

ecessitated the availability of an assay for the quantification and purity determination of SK3530 active pharmaceutical ingredient (API) and its
harmaceutical dosage form. A reversed-phase high performance liquid chromatographic (HPLC) method with ultraviolet (UV) detection was
eveloped, consisting of separation on a C18 column with a CapcellPack MG (4.6 mm × 150 mm, 5 �m) column with ammonium acetate buffer (pH
.0, 20 mM)–acetonitrile (60:40, v/v) as the isocratic mobile phase and UV detection at 250 nm. The method has been shown good chromatographic

eparation for SK3530 and the other related substances. The method was found to be linear 200–300 �g/ml, precise and accurate. Stress testing
howed degradation products, which were well separated from the parent compound, confirming its stability-indication capacity. Moreover, the
se of LC–MS and on-line diode array detection enabled us to propose structures for degradation products.

2006 Published by Elsevier B.V.
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. Introduction

SK3530·2HCl, 2-(5-(4-(2-hydroxyethyl)piperazin-1-ylsulf-
nyl)-2-n-propoxyphenyl)-5-ethyl-7-n-propyl-3,5-dihydro-4H-
yrrolo[3,2-d]pyrimidin-4-one dihydrochloride, is a new phos-
hodiesterase type V (PDE V) inhibitor which was developed
or the treatment of male erectile dysfunction (Fig. 1). The pKa
f SK3530 was 5.99. The log partition coefficient (octanol/
ater) of SK3530 was 3.67. The tablets containing
K3530·2HCl are currently in clinical trials for the treatment
f male erectile dysfunction.

The pharmaceutical development of an oral dosage form for
K3530 necessitated the availability of an assay [1–6] for quan-
ification and purity determination of SK3530 and its tablet.
arlier chromatographic methods for SK3530 utilized two sep-
rate isocratic, reversed-phase systems: one for a quantitation
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angan-gu, Suwon, Kyunggi-do 440-745, Republic of Korea.
el.: +82 31 240 8450; fax: +82 31 240 8255.

E-mail address: ohjg@skchemicals.com (J.G. Oh).
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f impurities and another for an assay of SK3530. These meth-
ds included phosphate buffer as the mobile phase. Therefore,
t is incompatible with mass spectrometric detection. Compat-
bility with mass spectrometric detection can be useful when
dentification of unknown impurities is required.

This paper describes the development of a reversed-phase
PLC method with ultraviolet detection (UV) that is suitable

s a stability-indicating for the determination of SK3530 and its
mpurities. Validation of the analytical method was performed
ccording to the international guideline [3,4]. On-line diode
rray detection (DAD) and HPLC coupled to mass spectrometry
LC/MS) were used to attain more information on the observed
mpurities and degradation products of SK3530.

. Experimental

.1. Chemicals
SK3530·2HCl (API), SK3530 were obtained from research
aboratory of SK Chemicals Co. Ltd. (Suwon, Korea). HPLC-
rade acetonitrile was purchased from Burdic & Jakson (MI,

mailto:ohjg@skchemicals.com
dx.doi.org/10.1016/j.jpba.2006.10.011
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Fig. 1. Chemical structures of SK3530.

SA). Reagent grade ammonium acetate was purchased from
igma Chemical Co. Ltd. (Mo, USA). Reagent grade glacial
cetic acid was purchased from Shinyo Pure Chemicals (Osaka,
apan). The inactive ingredients used as the drug-matrix include,
icrocrystalline cellulose type PH 102 of NF grade (Mingtai,
aiwan), croscarmellose sodium of NF grade (FMC, Ireland),
olloidal silicon dioxide of NF grade (Tomita, Japan) and mag-
esium stearate of NF grade (Merck, USA), Opadry orange
Colorcon, UK) used as a film material was composed of
olyvinyl alcohol, talc, titanium dioxide, FD&C yellow No. 6
ake, lecithin, FD&C blue No. 2 lake and iron oxide red.

The compounds related to SK3530 which could be expected
s impurities or might appear as degradation products have
een prepared and identified at SK chemicals Co. Ltd.
Suwon, Korea). These compounds include, 3-(5-ethyl-4,
-dihydro-4-oxo-7-n-propyl-3H-pyrrolo[3,2-d]pyrimidin-2-yl)
4-propoxybenzenesulfonic acid (Impurity A); 5-ethyl-2-[5-
iperazinylsulfonyl-2-n-propoxyphenyl]-7-n-propyl-3,5-dihy-
ro-4H-pyrrolo[3,2-d]pyrimidin-4-one (Impurity B); 5-ethyl-2

5-[4-(2-hydroxyethyl)piperazin-1-ylsulfonyl]-2-hydroxyphe-
yl} -7-n -propyl-3,5-dihydro-4H-pyrrolo[3,2-d]pyrimidin-4-
ne (Impurity C); 5-ethyl-2-[2-n-propoxy-5-(4-n-propylpipe-
azin-1-ylsulfonyl)phenyl]-7-n-propyl-3,5-dihydro-4H-pyrrolo

Fig. 2. Chemical structures of Impurities A, B, C and D.
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3,2-d]pyrimidin-4-one (Impurity D). The structural formulas
f Impurities A, B, C and D are shown in Fig. 2.

High pure water was prepared by using Milli-Q plus purifi-
ation system from Millipore Co. (MA, USA).

. Methods

.1. Sample preparation

.1.1. Standard solutions of SK3530 and related substances
Samples of about 100 mg SK3530 or related substances

Impurities A, B, C and D) were accurately weighed quantity
f was dissolved in the mobile phase and diluted quantitatively.
erial dilutions were carried out, using the mobile phase, to
btain solutions of known concentrations to be used for the
tandard preparation and the assay purposes. The solutions were
ltered through a PTFE 0.45 �m membrane filter (Sun Sri Co.,
C, USA). This standard solution was stored at 4 ◦C until use.

.1.2. Standard solution of SK3530 and related substances
n the drug-matrix

Samples of about 100 mg of SK3530 or related substances
ere accurately weighed and mixed with appropriate propor-

ions (1:3, w/w) of the drug-matrix components mentioned
bove. The mixtures were dissolved and diluted quantitatively
o 100 ml using the mobile phase. The solutions were sonicated
or 15 min and were filtered through a PTFE 0.45 �m membrane
lter. The filtrate was used to prepare solutions of various quan-

ities of SK3530 using the mobile phase as a diluent. Samples
ere stored at 4 ◦C until use.

.1.3. Preparation of sample solution from API and tablet
ontaining it

An API sample was prepared by accurately weighing 56.9 mg
f API and dissolving in 200 ml of the mobile phase, correspond-
ng to 250 �g/ml SK3530. Samples were stored at 4 ◦C until use.

An SK3530 tablet was prepared with API and excipients, as
bove mentioned. SK3530 tablet and placebo tablet were pre-
ared. To prepare sample solution from the tablets, 20 tablets
ere milled to a fine powder. The powder, equivalent to about
0 mg of SK3530, was dissolved in 200 ml of mobile phase. The
olution was filtered through a PTFE 0.45 �m membrane filter.

.2. Chromatographic conditions

.2.1. HPLC
The HPLC system consisted of HP1100 series (Agilent Tech-

ologies, Palo Alto, USA): G1379 on-line degasser, G1312A
inary pump, G1329A auto-sampler, G1330B thermostated
utosampler, G1316A column oven and G1315B diode-array
etector. Data was acquired and processed with Chemstation®

Agilent Tenchologies). The mobile phase was the mixture
f 0.02 M ammonium acetate buffer (pH 4.0) and acetoni-

rile (60:40, v/v). Its flow rate was 1.0 ml/min. Separation was
chieved using a CapcellPack MG column (4.6 mm × 150 mm,
�m particle size, C18, Shiseido, Japan). The column temper-
ture was kept at 40 ◦C. The detection wavelength was 250 nm.
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he injection volume was 10 �l. Concentration of the API was
alculated using the peak area of sample solutions compared to
hat of standard solution.

.2.2. LC/MS
HPLC conditions were described in Section 3.2.1. The eluate

as led into the interface of an LCQ-DECA XP plus ion-
rap mass spectrometer. The instrument was equipped with an
lectro-spray ionization (ESI) source (Thermo Finnigan, USA),
ontrolled by the Xcaliber®.

The mass spectrometric conditions were as follows: ESI pos-
tive ionization mode, auxiliary gas was 10 arb, spray voltage
as 5.0 kV, full scan from 1500 to 200 amu. In MS/MS determi-
ation, collision energy (CID) was set at 27%, the mass detector
ange was set from 1500 to 200 amu limited by the instrument.

For direct injection MS analysis, capillary temperature was
75 ◦C. Sheath gas was 60 arb. For LC/MS analysis, capillary
emperature was 275 ◦C. Sheath gas was 60 arb. The effluent
as split in a ratio of 2:8 before being pumped into the mass

pectrometer.

.3. Validation procedure

The HPLC method was validated with respect to the follow-
ng parameters: specificity, linearity, accuracy, precision, and
tability of sample solution [3–6].

.3.1. Specificity
Two types of specificity experiments were performed. In
he first experiment, interference between API and impurities,
ncluding tablet excipients, were evaluated from the comparison
f spectral purity and mass spectra obtained from the analy-
is for the API solution and sample solutions containing API,

p
o

a

ig. 3. HPLC chromatograms for SK3530 in standard preparation (Chromatogram
olution (Chromatogram B).
iomedical Analysis 43 (2007) 1179–1184 1181

ther impurities and tablet excipients. In the second experiment,
hromatographic purities were also evaluated in the presence of
ossible degradation products which were generated by several
ccelerated conditions. Stock solutions of 2 mg/ml were sub-
ected to several accelerated conditions [7]. Heat: 1 ml of API
tock solution and API itself was exposed to 100 ◦C for 24 h.
xidation: to 1 ml of API stock solution, 1 ml of 0.3% hydrogen
eroxide solution was added and storing the sample at 100 ◦C for
0 min. Acidic or alkaline condition: to 1 ml API stock solution
.5 ml of 3 M hydrochloric acid (HCl) or 3 M sodium hydroxide
NaOH) was added and storing the sample at 100 ◦C for 24 h.
amples were neutralized using 0.5 ml of 3 M NaOH or 3 M
Cl. All samples were diluted with mobile phase to a theoretical

oncentration of 250 �g/ml SK3530 before analysis.

.3.2. Linearity
In order to evaluate the linearity of HPLC assay method, cal-

bration curves (five concentration of standard solution versus
eak area) were constructed for SK3530 and its related sub-
tances. Calibration curves were also plotted in the presence of
ablet component.

The degree of linearity was assessed by the correlation coef-
cient, y-intercept, slope, the confidence intervals for the slope
nd the intercept of the regression line [8–11].

.3.3. Accuracy and precision
In order to estimate the accuracy of the assay method, dif-

erent sample solutions of SK3530 and SK3530 with other
mpurities at various concentration levels were analyzed in the

ure solutions state. The same sample solutions in the existence
f tablet excipients were also analyzed [8,9].

In relation to the precision, system precision and intermedi-
te precision were investigated. To assess the system precision,

A), a mixture of SK3530 and related compounds prepared in the drug-matrix
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.05 and 100% sample solutions for SK3530 were injected 10
imes consecutively and the R.S.D. (%) for 10 peak areas was
alculated. Intermediate precision was evaluated by assaying
uality control samples in triplicate in three separate runs, with
ithin-run and between-run. The within-run and between-run
recisions were calculated by analysis of variance (ANOVA)
or each test concentration using the analytical run as the group-
ng variable [7]. From the ANOVA analyses, the day mean
quare (DayMS), error mean square (ErrMS) and grand mean
GM) were obtained. Within-run and between-run precisions
ere defined using Eqs. (1) and (2), respectively, where n is the
umber of replicates

ithin-run precision (%) = 100 ×
√

ErrMS

GM
(1)

etween-run precision (%) = 100 ×
√

(DayMS − ErrMS)/n

GM
(2)

.3.4. Limit of detection (LOD) and limit of quantitation
LOQ)

Limit of detection was calculated as three times of noise level
rom the calibration curve of SK3530 and its related compounds.
imit of quantitation was calculated as ten times of noise level

rom the same chromatogram [4].

. Results and discussion

.1. Specificity

The HPLC chromatogram recorded for the matrix (mixture
f the excipients) solution showed no peaks within 30 min of run
ime. Fig. 3 shows a representative chromatogram for SK3530
lone (Chromatogram A) and a chromatogram (Chromatogram
) for a mixture of SK3530 with its related compounds A, B,

and D (a mixture containing about 2.5 �g/ml of each compo-

ent) in the drug-matrix solution. The figure shows that SK3530
s clearly separated from its related compounds and these four
ompounds are also well separated from each other. Thus, the

i
o

s

able 1
elative peak areas (%) of SK3530, impurities and degradation products in SK3530 A
lkaline condition compared to SK3530 reference standard

ompound RRT Ref API Acidic

0.15
0.36
0.39 0.69
0.43
0.46
0.57
0.66
0.88 0.16

(SK3530) 1.00 100.0 100.0 99.15
0 1.09

RT: relative retention time.
iomedical Analysis 43 (2007) 1179–1184

PLC method presented in this study is selective for SK3530
nd the other four related compounds, which might coexist as
mpurities originated from the synthesis process.

The specificity was also demonstrated by the accelerated
egradation of API as was described in Section 3.3.1. Table 1
hows the relative peak areas of SK3530 and additional impuri-
ies or degradation products observed during accelerated testing.
egradation products were included in the table only when their

elative peak areas (degradation peak area per total peak area)
ere higher than 0.15% in one of the analyzed samples.
Only minor degradation was observed after subjecting

K3530 stock solution to acidic, alkaline and heat stress con-
itions at solution state for 24 h. The parent peak was well
eparated form the all of peaks from the accelerated degra-
ation. However, the decomposition was significant when
K3530·2HCl was treated with 0.3% H2O2 or heated at solid
tate where the SK3530 recovery was 92.97 and 98.17% and
he total degradation was 7.03 and 1.83%, respectively. The
arent peak was also well separated from degradation products
enerated by heat and oxidation.

Samples were analyzed against a control sample (no degra-
ation treatment). Degradation peaks, where observed, were
esolved from the SK3530 peak. The results showed that,
hen each of the assayed substances was decomposed with

he accelerated degradation test, the decomposition products did
ot interfere with the determination of the primary substances
Fig. 4). UV Spectral extraction for the peak of SK3530 was
arried on at the time of upslope, apex and down-slope and
omparison among three UV spectra shows that there is no co-
lute within retention time of SK3530. LC/MS analysis also
howed no additional ions, which is conformational evidence
hat there is no co-eluting material with SK3530 in this HPLC

ethod.
Because degradation products are susceptible to positive ion-

zation, these products are well detected in the positive mode.
he major degradants (compounds 3, 8 and SK3530) was
ppeared the most abundant m/z values and their correspond-

ng MS/MS fragments observed in the ion-trap. The formation
f dimmers was also observed from corresponding m/z value.

An overlay chromatography of the degradation study was
hown in Fig. 4. The UV spectra of the difference degradation

PI and after API in solution to oxidation, heat (solution and solid), acidic and

Alkaline Oxidation Heat (solution) Heat (solid)

4.44
0.59

0.45
0.36
0.52
0.33

0.15 0.31
0.53 0.23 1.38

99.32 92.97 100.0 98.17
0.25
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ig. 4. Overlay of chromatograms of SK3530 degradation study chromatogra
olution); D, heat stress (API solid); E, oxidation condition; F, acidic condition;

roducts obtained with on-line DAD detection. The UV spec-
rum of degradation compound 3 was found quite similar to the
pectrum of SK3530.

Thus, the developed assay method in this study is stability-
ndicating since it enables the separation of SK3530 from
ts related compounds and degradation products as well as
uantitative determination of SK3530 in the presence of other
ompounds.

.2. Linearity

Linearity of the HPLC method was evaluated over the
K3530 concentration range of 2.51–50.11 and 200–300.7 �g/
l at pure standard solution as well as in the drug-matrix solu-

ion. This range corresponds to 1–20% and 80–120% of the
ntended test concentration of 250 �g/ml for pharmaceutical
uality control of API and the drug in its tablet. Table 2 shows
hat the correlation coefficients were better than 0.999 in most
ases. Furthermore, the linearity of the calibration curves for

he compounds related to SK3530 were also studied over the
anges between 0.125 and 3.0 �g/ml. This range corresponds
o 0.05–1.20% of intended test concentration of 250 �g/ml for
harmaceutical quality control of SK3530 API and the drug

1
s
a

able 2
inearity of calibration curves for SK3530 and its related compounds in standard prep

s 5 for SK3530 and 7 for its related compound

ompound Calibration
range (�g/ml)

Correlation
coefficient

Slope 95% confidence
intervals of the sl

tandard preparations
SK3530 2.51–50.11 1.000 37.0 ±0.192
SK3530 200–300.7 0.9996 36.2 ±0.473
Impurity A 0.116–2.791 1.000 36.8 ±0.0598
Impurity B 0.123–2.962 1.000 41.0 ±0.0532
Impurity C 0.119–2.851 1.000 45.4 ±0.706
Impurity D 0.124–2.969 0.9999 37.0 ±0.530

rug-matirx preparations
SK3530 2.51–50.11 1.000 37.1 ±1.48
SK3530 200–300.7 0.9999 36.3 ±1.15
Impurity A 0.116–2.791 1.000 36.1 ±2.92
Impurity B 0.123–2.962 1.000 40.3 ±0.890
Impurity C 0.119–2.851 1.000 48.5 ±3.66
Impurity D 0.124–2.969 1.000 36.4 ±1.04

a Confidence intervals of the slope and the intercept = S.D. of the slope or intercept
, SK3530 drug substance solution; B, standard solution; C, heat stress (API
kaline condition).

n its tablet. Table 2 also shows that the correlation coeffi-
ients were better than 0.9999 for all the cases in either pure
olutions of in solutions comprising the drug-matrix. The y-
ntercept% was calculated target concentration response at assay
r 1.2 wt.% impurity response at impurity, respectively. The y-
ntercept% not more than 2.0% found for all three calibration
urves.

.3. Accuracy and precision

The results of accuracy were expressed as percent of recovery
f the particular components from the sample solutions. The
ccuracy results were expressed as percent recoveries of the
articular components in the samples. The overall percent of
ecoveries of SK3530 in pure and drug-matrix solutions were
00.0 (relative standard deviation (R.S.D. = 0.34%) and 100.0
R.S.D. = 0.26%), respectively. However, the related compounds
howed the overall percent of recoveries ranging from 100.1 to
01.0 with R.S.D.s ranging from 1.14 to 3.25%.
The first type of precision, as 10 injections of 0.05% and
00% sample solution, was 5.6% and 0.2% at 0.05% and 100%
ample, respectively. The result of precision for within-run
nd between-run was listed in Table 3. Table 3 shows that

arations and in the drug-matrix preparation. Number of points in the regression

opea
Intercept 95% confidence intervals

of the intercepta
LOD
(�g/ml)

LOQ
(�g/ml)

0.859 ±2.59 0.07 0.22
118 ±98.5 2.82 8.55

0.0482 ±0.274 0.01 0.02
−0.167 ±0.192 0.00 0.01
−0.448 ±0.524 0.01 0.04
−0.523 ±1.21 0.03 0.10

0.448 ±4.74 0.13 0.40
−11.6 ±113 3.24 9.81

0.916 ±1.95 0.06 0.17
−0.0973 ±0.201 0.01 0.02
−0.492 ±0.909 0.02 0.06
−0.485 ±0.572 0.02 0.05

× t; the value of t at 3 degrees of freedom and 95% confidence level is 3.18.
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Table 3
Results of SK3530 quality control samples

Concentration (nominal, �g/ml) Within-run precision (%) Between-run precision (%) Accuracy (%)

203.3 0.098 0.12 100.3
254.2 0.059 0.18 100.0
305.0 0.060 0.17 99.89

n
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= 3 per concentration level.

ithin-run and between-run precisions were not less than 0.2%
ith accuracies between 99.9 and 100.3%.

.4. LOD and LOQ

The values for LOD and LOQ are given in Table 2. The
hromatogram with SK3530 of 0.125 �g/ml (0.05% of the label
laim) showed signal to noise ratio approximately as 11/1 and
xhibited 5.6% (%R.S.D.) of value for 10 times repeatability.

.5. Stability of sample solutions

Stability for sample solutions of SK3530 and SK3530 with
ablet excipients was checked by analyzing their solutions aged
ver 3 days. The percent difference observed between initial
nd value after 3 days was in the range of −0.83 to 0.60%,
ndicating that there are no additional peaks nonetheless using
tandard solutions of SK3530 in pure or drug-matrix solutions
apsed a period of 3 days.

.6. System suitability parameters

The observed linearity of the analytical method supports the
se of a single standard concentration for the standardized quan-
itative analysis of SK3530. The system suitability will consist
f 1 blank injection (mobile phase), 10 injection of the SK3530
tandard reference solution and 1 injections of a separately
eighed SK3530 standard reference solution. Criteria for reten-

ion factor, theoretical plate, tailing factor, %R.S.D. in area (10
njections), and ratio between the area of the separately weighed
tandard reference solutions were defined as: k′ ≥ 4, N > 6000,
.5 ≤ T ≤ 2, %R.S.D. < 1.0%, ratio 0.99–1.01, respectively.

The SK3530 content of sample solutions will be calculated
sing the bracket mode, in which the area of two preceding and
wo following standard reference solutions are used.
. Conclusions

An HPLC method for the assay of SK3530 and its related
ompounds in the API and its tablet formulation was vali-

[
[

ated in this study. SK3530 and the other related compounds
hich may coexist with it as impurities or as degradants gave

hromatograms of very well resolved peak which indicate the
pecificity of the method and the possibility of using it as an
ndicator of stability. All the statistical values (percent of recov-
ries, R.S.D., confidence intervals of the slope and the intercept,
OD and LOQ) calculated were within the acceptable limits.

The validation data provided here indicated that the chro-
atographic assay for SK3530 tablets is transferable method

nd is suitable for regulatory filing. The method satisfies the
egulatory requirements of linearity, precision and selectivity to
uantitate SK3530 in the tablets.

The developed stability-indicating LC-UV method will be
sed for the pharmaceutical quality control of SK3530 API and
ts tablet.
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