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A new procedure for the analytical control of a pharmaceutical formulation by high performance liquid chro-
matographic (HPLC) is proposed. It allows the simultaneous determination of the major compounds in the formula-
tion of the active compound (sodium picosulfate) and the degradation product (impurity), which slowly degrades by
hydrolysis with different concentrations of sodium hydroxide, at different temperatures. Separation of sodium pico-
sulfate from the degradation product was performed using the ZORBAX Eclipse XDB C-18 column, with a mobile
phase consisting of phosphate buffer (pH = 7) : acetonitrile 85:15 v/v. The method was validated using the HPLC
procedure, evaluating selectivity, accuracy, linearity and precision. The proposed method was successfully applied,
with excellent recovery, to the analysis of a pharmaceutical formulation (Sodium picosulfate, Zdravlje-Actavis, Ser-
bia) containing sodium picosulfate.
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KBAHTUTATUBHA AHAJIN3A HA HATPUYMIITUKOCYJI®AT
BO NIPUCYCTBO HA HETOBHUOT AJIKAJIEH JETPAJAIIMOHEH ITPOAYKT

Bo TpynoT e mpeoskeHa HOBa IIOCTAIKa 3a aHAJIMTHYKA KOHTpOIIa Ha papManeBTcka Gopmynanuja co HPLC.
Co Hea € OBO3MOXEHO HCTOBPEMEHO OIpEeNTyBamke Ha aKTHBHATa KOMIIOHEHTA HaTpUyMIUKocyindar Bo (Gopmymna-
[UjaTa U Ha JAETPafaliMoOHUOT MPOIYKT, JOOHEH CO XHAPOIN3a IIPH PA3INYHI KOHIICHTPAINH Ha HATPUYMXHUAPOKCHII,
Ha pa3nuuHu TemnepaTypu. OIBOjyBameTo Ha MHKOCYN(HATOT OJ ACTPAJAIMOHHOT IMPOLYKT € HOCTUTHATO CO
yrnotpeba Ha konmonata ZORBAX Eclipse XDB C-18, co moOmiHa ¢a3a, coctaBoT Ha hochatarot mydep (pH =7) :
aneToHATPIWIOT 85:15 v/v; Mertomot e Bammmupan co ymorpeba Ha HPLC u co oxpemyBame Ha CEIEKTHBHOCTA,
TOYHOCTA, JINHEApHOCTa U MPennu3HOCTa. [IpeaIoskeHHOT METO YCIIeITHO € IIPUMEHET CO BHCOKA peKylepanuja mIpu

aHanm3a Ha papmManeBTcka Gopmyrnanuja (HaTpuyMmukocyidar, 3apasise-Axrasuc, Cpouja).

Kunyuynn 360poBu: Hatprymnukocyidar; ankaina gerpagauuja; HPLC; kunetnka

1. INTRODUCTION

Sodium picosulfate (4,4'-(2-pyridylmethylene)
diphenil bis(hydrogen sulfate)disodium) is a me-
dicine known as a stimulant laxative. After being
taken by mouth, it is activated by the bacteria
naturally present in the large intestine. It then
stimulates nerve endings in the intestinal wall.
These nerves make the muscles in the intestine and
the rectum contract more often and with more
force, a process known as peristalsis. This moves

the contents of the intestine along so that the
bowel can be emptied, and hence relieves consti-
pation. Sodium picosulfate is also used to stimu-
late the emptying of the bowel before surgery,
childbirth or medical investigation of the gut.

The HPLC is not yet an official method in
any pharmacopoeia for the analysis of sodium pi-
cosulfate [1, 2]. The analysis of sodium picosulfate
in bulk drugs and pharmaceutical products is well
described in the literature [3—11], but the HPLC
method for determination of sodium picosulfate in
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presence of its impurity (degradation product) has
not been described.

The present work aimed to develop validation
of a new RP-HPLC feasible, sensitive and specific
analytical procedure. The procedure is suitable for
application in a drug quality control or regulatory
laboratory analysis of sodium picosulfate, in the
presence of its degradation product. The analysis
of degradation product obtained during the alka-
line hydrolysis in sodium hydroxide solutions with
various concentrations, at different temperatures,
was presented in this paper. The developed ana-
lytical method was validated as per International
Conference on Harmonization guidelines [12] and
Serbian requirements [13]. Statistical tests were
performed on validation data [14]. The validation
consists of testing the method selectivity towards
components and the assessment of the method pre-
cision, trueness and accuracy [15, 18] at different
concentration levels over the range investigated, as
well as the confirmation of the limit of quantita-
tion (LOQ) and the method linearity [15-17]. Ad-
aptation of the proposed procedure for the analysis
of the available dosage form, including expired
ones, is also an important task in order to solve
problems encountered in the quality control.
Moreover, kinetic studies and accelerated stability
experiments to predict expiry dates of pharmaceu-
tical products necessitate such methods.

2. EXPERIMENTAL

Samples. Standard substances of sodium pi-
cosulfate and sodium-4-((2-pyridinyl)(4-hydroxi-
phenyl) methyl) phenylsulfat), as well as Sodium
picosulfate tablets were kindly supplied by Zdrav-
lje-Actavis, Leskovac. Each tablet is claimed to
contain 5 mg of sodium picosulfate.

Reagents. All chemicals used were of analy-
tical grade and deionized water was HPLC grade.
Disodium hydrogen phosphate, kalium dihydrogen
phosphate and acetonitrile for HPLC were ob-
tained from Merck, N.J., U.S.A.

Apparatus. The method development was
performed with an Agilent 1100-Series HPLC sys-
tem consisting of an Agilent 1100-Series variable
wavelength UV detector and an Agilent 1100-
Series auto-sampler using a 50 upl sample loop
(Faculty of Technology, Leskovac). The system
was controlled and data analyses were performed
with the Agilent HPLC Data Analysis software.

The assays (reproducibility) were performed with
another LC system consisting of an Agilent 1100-
Series binary pump and an Agilent 1100-Series
DAD detector (Zdravlje-Actavis, Leskovac). The
detector was set at 263 nm and the peak areas were
integrated automatically by the computer using the
Agilent HPLC Data Analysis software program.
The separation was carried out at ambient tempe-
rature using a ZORBAX Eclipse XDB-C18 column,
(4.6 x 250 mm, 5 pm). All the calculations con-
cerning the quantitative analysis were performed
with the external standardization by measuring the
peak areas.

Chromatographic conditions. RP-HPLC ana-
lysis was performed by isocratic elution with a
flow rate of 1.5 cm’min”'. A mobile phase consisted
of phosphate buffer in water : acetonitrile 85:15 v/v,
phosphate buffer: transfer 0.5 g disodium hydro-
gen phosphate and 0.301 g kalium dihydrogen
phosphate to a 1 dm” flask and dissolve in water.
All solvents were filtered through a 0.45 pm milli-
pore filter. Volumes of 50 pL of the solutions and
samples prepared were injected into the column.
Quantification was effected by measuring at 263
nm as established from the 3-D chromatogram.
Throughout the study, the suitability of the chro-
matographic system was monitored by calculating
the capacity factor (k’), the selectivity (a) and the
peak asymmetry (Ay).

Procedures. For preparing different concen-
trations, aliquots of the stock solution were trans-
ferred into a series of 10 cm’ standard volumetric
flasks and the volumes were made with the respec-
tive media. Ten different concentrations were pre-
pared in the range of 10-100 pgem of sodium
picosulfate in the mobile phase for a standard
curve. The final concentrations of sodium picosul-
fate in the samples were calculated by comparing
the sample and the standard peak obtained with the
average of three injections of standard solutions.

For studying the kinetic order of the reaction
in a 100 cm’ volumetric flask was dissolved 10 mg
of sodium picosulfate in NaOH (0.5 moldm™) and
completed to the mark with the same solvent. This
solution was transferred into another clean dry
conical flask and refluxed in a thermostatically
controlled water bath at 40 °C for 30 minutes.
One cm’ of samples were taken at 1 minute inter-
vals and neutralized with 1 cm’ of 0.5 moldm™ of
HCI. The solutions were injected in the liquid
chromatograph using the chromatographic conditi-
ons described above. The concentration of sodium
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picosulfate was calculated from the regression
equation. The log% of sodium picosulfate was
ploted remaining against time.

For studying the effect of NaOH concentrati-
ons and temperatures on the reaction rate in a
100 cm® volumetric flask was dissolved 10 mg of
sodium picosulfate in 0.1, 0.5 and 1.0 moldm™
NaOH and completed to the mark with the same
solvent. This solution was transferred into another
clean dry conical flask and refluxed in a thermo-
statically controlled water bath at 25, 40 or 60 'C
for 30 minutes. One cm’ of samples were taken at
5 minutes intervals and then completed as de-
scribed in the section for kinetic order of the reac-
tion. The log% of sodium picosulfate was ploted
remaining against time for different concentrations
of NaOH and different temperatures. The rate con-
stant was calculated, and ploted the Arrhenius plot
for the effect of temperature on the rate of hy-
drolysis.

The accuracy of the method is the closeness
of the measured value to the true value for the
sample. To determine the accuracy of the proposed
method, different levels of drug concentrations-
lower concentration (LC, 80%), intermediate con-
centration (IC, 100%) and higher concentration
(HC, 120%), were prepared from independent
stock solutions and analyzed (n = 10). Accuracy
was assessed as the percentage relative error and
mean % recovery (Table 1). To provide an addi-
tional support to the accuracy of the developed
assay method, the standard addition method was
employed, which involved the addition of different
concentrations of pure drug (10, 20 and 30 pgem™)
to a known preanalyzed formulation sample and
the total concentration was determined using the
proposed methods (n = 0). The % recovery of the
added pure drug was calculated as % recovery =
[(C,— C))/C,]*x 100, where C; is the total drug con-
centration measured after standard addition; C,,
drug concentration in the formulation sample; C,,
drug concentration added to the formulation
(Table 2).

The reproducibility was determined by using
different levels of drug concentrations (the same
concentration levels taken in the accuracy study),
prepared from independent stock solutions and
analyzed (n = 10) (Table 1). Inter-day, intra-day
and inter-instrument variations were studied to
determine the intermediate precision of the pro-
posed analytical methods. Different levels of drug
concentrations in triplicates were prepared three

Maced. J. Chem. Chem. Eng., 28 (2), 151-158 (2009)

different times in a day and studied for the intra-
day variation. The same procedure was followed
for three different days in order to study the inter-
day variation (n = 10). One set of different levels
of the concentrations was reanalyzed using another
HPLC Agilent 1100-Series system, by proposed
methods to study the inter-instrument variation
(n=10). The percent relative standard deviation
(% R.S.D.) of the predicted concentrations from
the regression equation was taken as precision
(Table 3). The precision studies were also carried
out by using the real samples of sodium picosul-
fate in a similar way to a standard solution to
prove the usefulness of method.

Table 1

Accuracy and the precision data for the developed
method (n=10)

Predicted concentration Mean  Accuracy

Level (pgcmﬂ _ recovery
Mean (£S.D) % R.S.D. % (%)
LC
+
(40 pgem™) 40.23 +0.33 0.81 100.57 0.57
IC
+
(50 pgem™) 50.21+0.34 0.67 100.42 0.42
HC 59.92+£0.32 0.53 99.87 —0.13
(60 pgcm’S) . . . . .
Table 2

Standard addition of sodium picosulfate
for accuracy (n=10)

Concentration Pl;rj d(igug Toft(é)lllncli(riug % recovery
(ngem®)  (ugem™) (ugem”) (=S.D)  (xR.S.D)
50 0 50.21+£0.34 100.42 £0.67
50 10 59.92+£032  99.87+0.58
50 20 70.35+£0.45 100.50 £ 0.64
50 30 79.87+£0.42  99.84 +0.53

Procedure for tablets. A total of 20 tablets of
studied pharmaceutical preparation (Sodium pico-
sulfate, Zdravlje-Actavis, Leskovac, Serbia) con-
taining sodium picosulfate were weighed and
finely powdered using a pestle and mortar. An ac-
curately weighed quantity of the resulting powder,
equivalent to 5 mg (weight of one tablet) of so-
dium picosulfate was dissolved in 10 cm’ of
methanol. Then it was filtered directly into a 10
cm’ standard volumetric flask. For HPLC determi-
nation, aliquots (1 cm®) of sodium picosulfate were
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taken and suitably diluted with the mobile phase in
order to get a 50 pugem ° concentration and the
samples were injected into the chromatograph.

Comparative method. The employed proce-
dures for the comparative method (potentiometric
titration) is described in the European Pharmaco-
poeia [1].

3. RESULTS AND DISCUSSION

HPLC analysis

A simple isocratic HPLC method is described
for the determination of sodium picosulfate in the
presence of its degradation product without prior
separation. During the optimization of the method
two columns (ZORBAX Eclipse XDB-C8 column,
4.6x250 mm and ZORBAX XDB-C18 column,
4.6x250 mm), three solvents (bufrer : acetonitrile
: methanol) with differention ratios (40:30:30,
60:20:20, 50:40:10, 40:50:10 and 85:15:0 v/v),
three wavelengths (250, 263 and 270 nm) and four
flow rates (0.5, 1.0, 1.5 and 2 cm’min”') were
tested.

It was found that the ZORBAX Eclipse XDB-
C18 column (4.6 x 250 mm), with a particle size of
5 um gave the most suitable resolution. Satisfac-
tory separation of used standards was obtained
with a mobile phase consisting of 0.05% disodium
hydrogen phosphate and 0.0301% kalium dihydro-
gen phosphate in water : acetonitrile (85:15:0 v/v).
A flow rate of 1.5 cm’min™' gave an optimal signal
to the noise ratio with a reasonable separation
time. The maximum absorption of sodium picosul-
fate was detected at 263 nm and this wavelength
was chosen for the analysis.

The corresponding HPLC chromatogram of
standard sodium picosulfate and the HPLC chro-
matograms of its products after alkaline hydrolysis
(0.5 moldm™ NaOH) at 40 'C, recorded at 263 nm,
are shown in Fig. 1.

The obtained compounds during alkaline hy-
drolysis were identified by using the adequate
standard. At retention time of 1.454 min was iden-
tified sodium picosulfate and at 2.578 min was
noticeable its alkaline degradation product so-
dium-4-((2-pyridinyl)(4-hydroxiphenyl)methyl) phe-
nylsulfat) (Fig. 1c). Based on the identified degra-
dation product (impurity A), the proposed scheme
for preparing the degradation product of sodium
picosulfate by alkaline hydrolysis is shown in Fig. 2.
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Fig. 1. The HPLC chromatograms at 263 nm of: blank solution (a), sodium picosulfate standard (b), and products during alkaline
hydrolysis in 0.5 moldm > of NaOH at 40 °C and 5 min (c), 10 min (d). It is noticeable sodium picosulfate at #,= 1.454 min and
degradation product sodium-4-((2-pyridinyl)(4-hydroxiphenyl)methyl)phenylsulfat) at 7. = 2.578 min
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Fig. 2. Proposed scheme of sodium picosulfate degradation process in alkaline solutions

The chromatographic parameters such as the
efficiency column and the peak asymmetry were
reconsidered for the sodium picosulfate standard
(Fig. 1b). According to the obtained value of
Number of Theoretical Plato (N = 1144), the con-
clusion is that the efficiency column is satisfactory
(HETP = 0.2184). The asymmetry peak value of
0.368 indicates that the peak is not ideally sym-
metric, that is, it is not Gauss’s peak. Having in
mind that Wy, < W, this means that there is a cer-
tain interaction between the stationary phase and
the investigated component. k> values were found
to be 2.80 and 4.95 for sodium picosulfate and so-
dium-4-((2-pyridinyl)(4-hydroxiphenyl)methyl)phe-
nylsulfat), respectively. The value of selectivity («)
was 1.77.

The good linearity was obtained between the
peak areas and the concentrations. The linear re-
gression equation (eq. 1) obtained with a regres-
sion coefficient () of 0.9933 was:

Argy =[21395.35x C(mgem™3) +294.005] (1)

Beer’s law was obeyed in the range of decade
10-100 pgem . The chromatogram of sodium pi-
cosulfate was not changed in the presence of
common excipients used in the pharmaceutical
preparations. The chromatogram of the pure drug
sample was matched with the formulation samples
in the mobile phase. The calculated #-values of
1.468 were found to be less than that of the tabu-
lated t-values (¢ = 2.225). Therefore, the proposed
analytical method is specific and selective for the
drug. The linearity range for sodium picosulfate
estimation was found to be 10-100 pgem
(r=10.9933). Goodness of the fit of the regression
equations was supported by high regression coeffi-
cient values.

The accuracy of the method was checked by
determining recovery values. Series of solution
were made containing 80, 100 and 120% of so-
dium picosufate regarding the declared content.
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The accuracy ranged from 40 to 60 pgem™ (Table
1). The excellent mean % recovery values, close to
100%, and their low standard deviation values
(SD < 1.0) represent high accuracy of the analyti-
cal methods. The validity and reliability of the
proposed methods were further assessed by recov-
ery studies via the standard addition method. The
mean % recoveries (% RSD) for the concentration
of 50 pg cm are shown in Table 2. These results
revealed that any small change in the drug concen-
tration in the solutions could be accurately deter-
mined by the proposed analytical methods.

Precision was determined by studying the re-
producibility and the intermediate precision. Repro-
ducibility (% RSD) ranged from 40 to 60 pug cm
(Table 3). The reproducibility results indicated the
precision under the same operating conditions over
a short interval of time and the inter-assay preci-
sion. The intermediate precision expresses within
laboratory variations in different days and in dif-
ferent instruments. In the intermediate precision
study, % RSD values were not more than 2.0% in
all the cases. RSD values found for the proposed
analytical method were well within the acceptable
range indicating that the method has excellent re-
producibility and the intermediate precision.

Table 3
System precision study (n=10)

Concentration  Estimated concentration  Intra-instrument
(ngem™) Intra-day reproducibility ~ reproducibility
% R.S.D.,n=10 % R.S.D.,,n=10
day 1 day2 day3
40 39.65 3994  40.48 38.96 (0.89)
(0.81) (0.67) (0.51)
50 49.85 50.32  49.88 50.35(1.41)
(0.05) (0.21) (0.08)
60 60.55 60.51 60.15 60.34 (1.55)

(0.18)  (0.84) (0.08)
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The limits of detection (LOD) and quantifica-
tion (LOQ) were evaluated using the following

equations [19-22]:
LOD=33% L0Q =10

were S is the standard deviation of the calibration
line and b is the slope. They were found to be
0.086 and 0.258 pgem >, respectively.

Applicability of the proposed method

The proposed method was applied for the de-
termination of sodium picosulfate in pharmaceuti-

cal formulations using the direct calibration curve.
As it can be seen in Table 4, the results obtained
for this method are in accordance with the official
potentiometric titration. The results of the pro-
posed method were statistically compared with this
of the official method using a point hypothesis test
[23, 24]. Table 4 shows that the calculated F and ¢
values at the 95% confidence level are less than
the theoretical ones, confirming no significant dif-
ferences between the performance of the proposed
method and the official method.

Table 4
Determination of sodium picosulfate by the HPLC and the official methods (potentiometric titration)
Pharmaceutical ~Taken, |Sodium picosulfate found by HPLC® [RSD* Recovery®: F value®! ¢value® i Potentiometric titration
preparation pgem x1SD, Mg-cmf3 % % x£SD, pg-cm73
Sodium 50 51.20£0.02 216 10241 136 0.609 51.3040.01
picosulfate

? Data are based on the average obtained from five determinations;

® Theoretical F value (vi=4, v,=4) and ¢ value (v=8) at the 95% confidence level are 6.39 and 2.306, respectively

Kinetics of the sodium picosulfate degradation

The degradation sodium picosulfate during
alkaline hydrolysis and kinetics investigation was
carried out in sodium hydroxide solutions of 0.1,
0.5 and 1.0 moldm™, at different temperatures
(25°C, 40 'C and 60 'C), by monitoring the parent
compound itself.

For sodium picosulfate hydrolysis in 0.5
moldm™ of NaOH at 40 'C the linear relationship
was obtained by plotting the /og concentrations of
the remaining against time (Fig. 3).

Since the hydrolysis was performed in a large
excess of NaOH (0.5 moldm™), it follows a
pseudo-first order reaction rate which is the term
used when two reactants are involved in the reac-
tion but one of them is in such a large excess (i.e.
NaOH) that any change in its concentration is neg-
ligible compared with the change in concentration
of the other reactant (i.e. drug).

Different parameters that affect the rate of the
reaction were studied. The effect of temperature
was studied by conducting the reaction at different
temperatures using different concentrations of the
alkaline solution (Figs. 3, 4).
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T T T T T T
time in minutes

Fig. 3. First order plot of the sodium picosulfate
with 0.1 moldm™ of NaOH at different temperatures

InC/C
o

time in minutes

Fig. 4. First order plot of the sodium picosulfate
with 0.5 moldm™ of NaOH at different temperatures
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At each temperature the rate constant was
calculated and then /og of rate constant was plot-
ted against the reciprocal of the temperature in
Kelvin units (Arrhenius plot (Fig. 5)) to demon-
strate the effect of temperature on the rate con-
stant.

0.0+

= 0.1 moldm®

0.5 3
® 0.5 moldm

-1.04
-1.54
-2.0 4

-2.5—- Y .

-3.0

log k

-3.5 1

-4.0 —
0.015 0.020 0.025 0.030 0.035 0.040
1/7T

Fig. 5. Arrhenius plot for the sodium picosulfate
with 0.1 and 0.5 moldm™ of NaOH

The energy of activation was determined by
calculating the rate constant [25] from the follow-
ing (eq. 2) equation:

K, E

T, -T
10g — a ( 2 l) (2)
K, 2303R TiT,

where E, is the activation energy, 7; and 7, are the
two temperature degrees in Kelvin, R is the gas
constant, and K; and K, are the rate constants at the
two temperatures used.

The calculated E, was found to be 83.193
kJ mol™', suggesting the instability of sodium pico-
sulfate in alkaline medium. Another factor that
affects the rate of the reaction is the alkaline
strength of NaOH, thus different concentrations of
NaOH solutions were used to study the hydrolysis
increased with an increasing NaOH concentration,
although the effect was minor compared to the ef-
fect of temperature (Figs. 3, 4 and Table 5). In
conclusion, the alkaline hydrolysis of sodium pi-
cosulfate and its alkaline degradation product so-
dium-4-((2-pyridinyl)(4-hydroxiphenyl)methyl)phe-
nylsulfat) were found to follow a pseudo-first or-
der reaction rate. Also the reaction rate increases
in the temperature and the strength of the alkaline
solution.
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Table 5

Kinetic and statistical data of sodium picosulfate
alkaline hydrolysis, with different concentrations
of NaOH at different temperatures

Temperature « or k (the rate

(0 constants) b " Sb

0.1 moldm™ NaOH

25 -0.0147 —0.0059 -0.9983 0.009
40 —0.0702 —0.4551 -0.9925 0.095
60 -0.1111 —0.7769 -0.9946 0.128

0.5 moldm™ NaOH

25 —0.0031 —0.0040 -0.9938 0.004
40 —0.0037 -0.0171 -0.9952 0.003
60 —0.0045 —0.0311 -0.9982 0.004

1.0 moldm™ NaOH

25 - - - -
40 - - - -
60 - - - -

4. CONCLUSION

A new RP-HPLC method was developed and
validated for the determination of sodium pico-
sulfate in the solid pharmaceutical products. The
analytical method is a simple, sensitive and selec-
tive method suitable for application in a drug
manufacturing quality control or regulatory analy-
sis laboratory of sodium picosulfate either in the
pure powdered form or available pharmaceutical
dosage forms. The HPLC assay method was
developed for the identification and separation of
sodium picosulfate its potential impurity or
degradation product.

The alkaline hydrolysis of sodium picosulfate
was found to follow a pseudo-first order reaction
rate. Also, the reaction rate increases with the in-
crease in the temperature and the strength of the
alkaline solution. Sodium picosulfate was found to
be highly susceptible to 0.5 moldm ™ of NaOH. At
the beginning of alkaline hydrolysis of sodium pi-
cosulfate with 1 moldm > NaOH, the concentration
of the active substance was so low that was not
determined by eq. 1.

However, general degradation from different
cases (acid hydrolysis, oxidation and UV-
photolysis) is possible but needs to be studied
further by the developed HPLC method.
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