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Chapter 3

3a. ESTIMATION OF SUMATRIPTAN SUCCINATE USING UV-VISIBLE
SPECTROSCOPY

This method of estimation is based on the observation that sumatriptan succinate in 0.1IN
HCI , distilled water, phosphate buffer saline(pH 6.4), Kreb’s solution, sodium free
Kreb’s solution and calcium free Kreb’s solution shows strong absorbance in the UV

regio‘n of the electromagnetic spectrum.
3a.1 EXPERIMENTAL
3a.1.1.Reagents and solutions
(1) 0.IN HCI was prepared as per the method given in Indian Pharmacopoeia (1996).

(2) Phosphate buffer saline (pH 6.4): Dissolve 1.79 gm of disodium hydrogen
phosphate, 1.36gm of potassium dihydrogen phosphate and 7.02 gm of sodium

chloride in sufficient distilled water to produce 1000 ml.

(3) Kreb’s solution: The composition of the Krebs solution (mM) was NaCl 118, KCl
4.7, CaCl, 2.5, MgSO04 1.2, KH,PO4 1.2, NaHCO; 22.0, and glucose 11.0.

(4) Sodium free Kreb’s solution: Sodium chloride and sodium bicarbonate in the

kreb’s solution were replaced by equimolar NMDG(N-methy! D-glucamine)

(5) Calcium free Kreb’s solution: Calcium chloride was omitted in the Kreb’s

solution and 2.5mM EGTA was added

3a.1.2. Preparation of calibration curve

Stock solution of sumatriptan succinate in the solvent in which calibration curve is to be
prepared (0.IN HCI , distilled water, phosphate buffer saline(pH 6.4), Kreb’s solution,
sodium free Kreb’s solution and calcium free Kreb’s solution ) was prepared by
dissolving 10 mg of sumatriptan in 100 ml solvent with sonication. Suitable aliquots of
100pg/ml stock solution of drug were pipetted into 10 ml volumetric flasks. The volume
was made up with the same solvent, the contents shaken well and the absorbance
measured at 283 nm using a Shimadzu UV, 1601 UV-Visible spectrophotometer with
cells of 10mm path length against the same solvent used as blank. The above procedure
was repeated six times. Mean absorbance values and the regressed values(method of least

squares) of the calibration curve m 0.1N HC!, distilled water, phosphate buffer saline(pH
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6.4), Kreb’s solution, sodium free Kreb’s solution and calcium free Kreb’s solution are
shown in Table 3.1, 3 4, 3.7, 3.10, 3.13 and 3.16 respectively. The calibration curve in
0 IN HCI, distilled water, phosphate buffer saline(pH 6 4), Kreb’s solution, sodium free
Kreb’s solution and calcium free Kreb’s solution is shown in Figure 3.1,3 3,3.5,3 7,3.9
and 3.11 respectively The optical characteristics for the solution of drug in 0.1N HCI ,
distilled water, phosphate buffer saline(pH 6.4), Kreb’s solution, sodium free Kreb’s
solution and calcium free Kreb’s solution are shown in Table 3.2, 3.5, 3.8, 3.11, 3 14 and
3.17 respectively. Absorptivity scans over the wavelength range of 200 to 400 nm of the
solution of sumatriptan succinate in 0.IN HCl , distilled water, phosphate buffer
saline(pH 6.4), Kreb’s solution, sodium free Kreb’s solution and calcium free Kreb’s

solution are shown in Figure 3.2,3.4, 3.6, 3.8, 3 10 and 3.12 respectively.

3a.1.3 Stability and selectivity

Changes in absorbance of the solutions of sumatriptan succinate in 0.1N HCI , distilled
water, phosphate buffer saline(pH 6.4), Kreb’s solution, sodium free Kreb’s solution and
calcium free Kreb’s solution used for preparing calibration curve at analytical
wavelength over a period of 72 hours, was used as a means to study the stability of these

solutions with time.

Sumatriptan succinate was estimated in presence of other constituents of the formulations
(chitosan glutamate, carbopol 934P, pluronic-F127), in the same concentration in which
they were included in the formulations, to obtain an understanding of the selectivity of the

developed method for estimation of sumatriptan succinate.

3a.1.4. Accuracy and Precision

Known amounts of sumatriptan succinate in each of the above mentioned solvents were
analysed using the procedure described above, in three replicates, to determine the
accuracy and precision of the method The analytical results obtained from these
investigations are summarized in Table 3.3, 3.6, 3 9, 3.12, 3.15 and 3.18 for 0.IN HCI,
distilled water, phosphate buffer saline(pH 6.4), Kreb’s solution, sodium free Kreb’s

solution and calcium free Kreb’s solution respectively.
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Table 3.1 Mean absorbance values, regressed values and statistical data of the

calibration curve for estimation of Sumatriptan succinate in 0.1 N hydrochloric acid

Concentration (ug/ml)  Mean Absorbance + SEM*  Regressed Values

2.5 0025 £+ 0 001 0027
5 0061 +0.002 0.052
10 0.108 £ 0 002 0.101
20 0.200 + 0.001 0199
30 0295 + 0.005 0297
40 0.388 = 0.001 0395
50 0.471 + 0.003 0.493
75 0.747 £ 0.009 0.738

100 0.988 + 0.013 0.983

Regression equation: Y=0 0098X -+ 0.0029, Correlation coefficient = 0.9991

* Mean of six values

Table 3.2 Optical Characteristics for Sumatriptan succinate in 0.1 N hydrochlorie

acid

Characteristic Value
Absorption maxima 283
Beer's law limit at 283 nm (ug/ml) 2.5-100

Apparent molar absorptivity at 283 446 x 10°
nm(1 mol™ cm")

Sandell's sensttivity coefficient (S) at 9.27x 107
283 nm (ug/cm?/0.001 abs unit)

58



Chapter 3

Table 3.3 Evaluation of accuracy and precision of the estimation method of

Sumatriptan succinate in 0.1 N hydrochloric acid

Added Found(ug/mly+  Coefficientof % Relative  Confidence imits®

(ug/ml) SD* variation (CV)  mean error
5 552 £ 010 2.00 2245 552 + (0253
20 1964 + 033 167 1820 1964 + 0816
40 3885 = 046 118 2 866 3885 = 1.144
75 7457 £ 117 157 0576 7457 + 2918

n=3, ® Confidence limits at P=0 95 and two degrees of freedom
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Figure 3.1 Calibration curve of sumatriptan succinate in 0.1N HCl
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Figure 3.2 Absorptivity scan of sumatriptan succinate in 0.1N HCl
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Table 3.4 Mean absorbance values, regressed values and statistical data of the

calibration curve for estimation of Sumatriptan succinate in Distilled water

Concentration (ug/ml)  Mean Absorbance + SEM*  Regressed Values

2.5 0032+ 0003 0028
5 0 054 = 0 002 0052
10 0.115 £ 0.006 0.101
20 0.185 = 0.004 0.198
30 0.282 + 0.004 0.295
40 0.383 + 0.008 0.392
50 0.487 & 0.008 0.489
75 0.736 £ 0.014 0.731

100 0971 £ 0020 0974

Regresston equation: Y=0.0097X + 0.0037, Correlation coefficient = 0.9993

* Mean of six values

Table 3.5 Optical Characteristics for Sumatriptan succinate in distilled water

Characteristic Value
Absorption maxima 283
Beer's law limit at 283 nm (pg/ml) 2.5-100

Apparent molar absorptivity at 283  4.75x 10°
nm(1 mol™ cm'l)

Sandell's sensitivity coefficient (S) at  8.71x 107
283 nm (ug/cm2/0.001 abs unit)

Table 3.6 Evaluation of accuracy and precision of the estimation method of

Sumatriptan succinate in distilled water

Added Found(ug/ml)+  Coefficientof % Relative  Confidence limits®

(ug/ml) SD* variation (CV)  mean error
5 508 + 010 203 1 649 508 £ 02565
20 1952 £ 047 2.42 2423 1952 £ 11755
40 3958 £ 053 1.34 1.040 39.58 £ 13142
75 7498 £ 082 110 0027 7498 £ 2 0494

2n=3, ® Confidence limits at P=0.95 and two degrees of freedom
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Table 3.7 Mean absorbance values, regressed values and statistical data of the

calibration curve for estimation of Sumatriptan succinate in Phosphate buffered

saline (pH=6.4)

Concentration (pg/ml)  Mean Absorbance + SEM*  Regressed Values

1.25
2.5
5
10
20
30
40
50
75
100

0.020 +.0.001 0.019
0.034 £ 0.001 0.034
0.068 + 0.002 0.064
0.130 + 0 002 0124
0.245 £ 0.003 0.244
0356 + 0006 0.364
0.487 + 0.004 0.484
0.599 £ 0.003 0 604
0.896 + 0.013 0.904
1.218 + 0 002 1204

Regression equation” Y=0.012X + 0 0038, Correlation coefficient = 0 9997

*Mean of six values

Table 3.8 Optical Characteristics for Sumatriptan succinate in Phosphate buffered

saline(pH=6.4)

Characteristic Value
Absorption maxima 283
Beer's law limit at 283 nm (ug/ml) 1.25-100

Apparent molar absorptivity at 283  538x 10’

nm(1 mol’ cm'l)

Sandell's sensitivity coefficient (S) at 768 x 107

283 nm (pg/cm2/0.001 abs unit)
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Table 3.9 Evaluation of accuracy and precision of the estimation method of

Sumatriptan succinate in Phosphate buffered saline (pH=6.4)

Added Found(pg/mf) + Coefficient Of % Relaﬁve Conﬁdence hmltsb

(ug/ml) SD* variation (CV)  mean error
5 510 =+ 014 283 20 5.10 + 0359
20 20.21 = 063 312 1.056 2021 £ 1571
40 4016 + 017 043 0.389 4016 + 0436
75 7543 = 046 062 0578 7543 + 1153

*n=3, ® Confidence limits at P=0.95 and two degrees of freedom
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Figure 3.5 Calibration curve of sumatriptan succinate in PBS (pH 6.4)
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Figure 3.6 Absorptivity scan of sumatriptan succinate in PBS (pH 6.4)
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Table 3.10 Mean absorbance values, regressed values and statistical data of the

calibration curve for estimation of Sumatriptan succinate in Kreb’s solution

Concentration (ug/ml)  Mean Absorbance £+ SEM*  Regressed Values

125 0.027 £ 0 002 0021
2.5 0.037 + 0 001 0.036

5 0069 £ 0.003 0.066
10 0138 + 0.003 0126
20 0244 + 0003 0246
30 0.355 = 0.004 0.366
40 0.472 + 0 005 0.486
50 0.589 + 0.004 0.606
75 0.910 + 0.015 0.906
100 1.212 +£ 0042 1206

Regression equation Y=0.012X + 0 0057, Correlation coefficient = ( 9994

*Mean of six values

Table 3.11 Optical Characteristics for Sumatriptan succinate in Kreb’s solution

Characteristic Value
Absorption maxima 283
Beer's law Iimit at 283 nm (ug/ml) 1.25-100

Apparent molar absorptivity at 283 572x10°
nm(1 mol™ cm'l)

Sandell's sensitivity coefficient (S) at  7.23 x 107
283 nm (ug/cmz/0.00I abs unit)

Table 3.12 Evaluation of accuracy and precision of the estimation method of

Sumatriptan succinate in Kreb’s solufion

Added Found(ug/ml)+  Coefficient of % Relative  Confidence limits®

(ng/ml) SD* variation (CV)  mean error
5 511 £ 008 163 2167 511 £ 0207
20 2022 + 034 167 1 097 2022 + 0839
40 3919 £ 115 292 2021 3919 £ 2.842
75 7408 £ 129 174 1226 74 08 + 3211

“n=3, ® Confidence limits at P=0 95 and two degrees of freedom
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Figure 3.7 Calibration curve of sumatriptan succinate in Kreb’s solution
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Figure 3.8 Absorptivity scan of sumatriptan succinate in Kreb’s solution
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Table 3.13 Mean absorbance values, regressed values and statistical data of the
calibration curve for estimation of Sumatriptan succinate in Sodium free Kreb’s

solution

Concentration (ug/ml)  Mean Absorbance + SEM*  Regressed Values

1.25 0.023 + 0001 0.017
25 0.038 = 0.002 0.031

5 0.059 £ 0.002 0.059
10 0.120 + 0.002 0.115
20 0221+ 0.003 0.227
30 0324 £ 0.002 0.339
40 0451 £0002 0.451
50 0557 £0.003 0.563
75 0.854 = 0 004 0.843
100 1.122 £ 0.014 1123

Regression equation Y=0.0112X + 0.0031, Correlation coefficient = 0.9996

*Mean of s1x values

Table 3.14 Optical Characteristics for Sumatriptan succinate in Sodium free Kreb’s

solution

Characteristic Value
Absorption maxima 283
Beer's law limit at 283 nm (pg/ml) 125-100

Apparent molar absorptivity at 283 495% 10>
nm(1 mol™ ecm™)

Sandell's sensitivity coefficient (S) at 8§ 36 x 107
283 nm (pg/cm’/0 001 abs unit)
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Table 3.15 Evaluation of accuracy and precision of the estimation method of

Sumatriptan succinate in Sodium free Kreb’s solution

Added Found(ug/ml) +  Coefficientof % Relative  Confidence limits®

(pg/ml) SD? variation (CV)  mean error
5 505 £ 0.10 2.04 1.012 5.05 £ 0257
20 20.05 + 036 1.80 0.253 20.05 £ 0.901
40 4011 + 031 0.78 0275 40.11 = 0780

75 76.33 = 047 0.62 1.774 7633 + 1.170

n=3, ® Confidence limits at P=0.95 and two degrees of freedom
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Figure 3.9 Calibration curve of sumatriptan succinate in sodium free Kreb’s

solution
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Table 3.16 Mean absorbance values, regressed values and statistical data of the
calibration curve for estimation of Sumatriptan succinate in Calcium free Kreb’s

solution

Concentration (ug/ml)  Mean Absorbance + SEM*  Regressed Values

1.25 0.029 £ 0 002 0.020
2.5 0.042 £ 0.002 0.036

5 0.060 + 0 002 0.067
10 0 138 + 0.003 0.129
20 0.239 + 0.004 0.253
30 0.364 + 0.003 0377
40 0 499 + 0.004 0501
50 0 643 + 0.008 0.625
75 0.934 + 0008 0.935
100 1.250 + 0011 1245

Regression equation Y=0.0124X + 0.0045, Correlation coefficient = 0 9994
* Mean of six values

Table 3.17 Optical Characteristics for Sumatriptan succinate in Calcium free Kreb’s

solution

Characteristic Value
Absorption maxima 283
Beer's law limit at 283 nm (pg/ml) 125-100

Apparent molar absorptivity at 283  569x 10°
nm{1 mol! cm")

Sandell's sensitivity coeffictent (S) at 727 x 102
283 nm (ng/cm?/0.001 abs unit)

Table 3.18 Evaluation of accuracy and precision of the estimation method of

Sumatriptan succinate in Calcium free Kreb’s solution

Added Found(pg/mly+  Coefficientof = % Relative  Confidence hmits®

(ug/ml) SD* variation (CV)  mean error
5 5.07 £ 009 1.84 1344 507 £ 0231
20 1961 + 033 1.66 1949 1961 + 0810
40 3926 + 055 1.40 1848 3926 + 1361
75 7552 + 069 091 0 699 7552 £ 1714

n=3, ® Confidence himits at P=0.95 and two degrees of freedom
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3a.2. RESULTS AND DISCUSSION

Sumatriptan succinate in 0.1N iICI, distilled water, phosphate buffer saline (pH 6.4),
Kreb’s solution, sodium free Kreb’s solution and célcium free Kreb’s solution yields
characteristic curves when scanned in UV-Visible wavelength in range between 200-400
nm. The analytical wavelength 283 nm was selected because the absorptivities at 283 nm
were found to be satisfactory and hence selected as the analytical wavelength and used for

further studies.

The high correlation coefficients (Table 3.1, 3.4, 3.7, 3 10, 3.13 and 3.16) in the above
mentioned solvents indicated that absorbance and concentration of the drug were linearly
related. Beer’s law was found to be obeyed in the range of 2.5-100 ng/ml (Table 3.2 and
3.5) in 0.1 N HCI and distilled water and in the range of 1.25-100pg/ml (Table 3.8, 3.11,
3.14 and 3.17) in phosphate buffer saline(pH 6.4), Kreb’s solution, sodium free Kreb’s
solution and calcium free Kreb’s solution. Regression analysis of the experimental data
was carried out and the experimental data along with regressed values are shown in Table
3.1, 3.4, 3.7, 3.10, 3.13 and 3.16. The slopes of the regressed lines indicate moderated

sensitivity of the methods as also seen with the values of Sandell’s sensitivity coefficients.

The low values of variance of the response variable, S?y,x for sumatriptan succinate in
0.IN HCI (2.33 x 107 ) , distilled water (5.29 x 107 ), phosphate buffer saline(pH 6.4)
(6.87 x 107 ), Kreb’s solution (1.8 x 10), sodium free Kreb’s solution (1.43 x 10” ) and
calcium free Kreb’s solution (2.9 x 10°), signifies the good fit between the obtained and
calculated data. This low variability of the experiments is supported by the low standard
error values of mean absorbance values of the solutions used for preparing calibration
curves. The variance of slope S*b for sumatriptan succinate in 0 IN HCI ( 8.6 x 10%) ,
distilled water (1.88 x 107 ), phosphate buffer saline(pH 6.4) (1.95 x 10® ), Kreb’s
solution ( 6.37 x 107 ), sodium free Kreb’s solution (5.02 x 10%) and calcium free
Kreb’s solution (3.93 x 107 ), indicates high sensitivity of the method which is also
reflected by the high molar absorptivities of the compound and low Sandell’s sensitivity
coefficient values (Table 3.2 ,3.5,3.8, 3.11, 3.14 and 3.17). The variance of intercept, S%a
was calculated as 2.8 x 10, 4.09 x 10, 6.82 x 10, 1.02 x 10, 9.88 x 10®and 1.35 x
10° in 0.IN HCI , distilled water, phosphate buffer saline(pH 6.4), Kreb’s solution,
sodium free Kreb’s solution and calcium free Kreb’s solution respectively. The intercept

were subjected to One-way Analysis of variance (ANOVA) for the significance and was
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not significantly different from zero at 6 degrees of freedom, at P=0.95, which indicates

that blank does not interfere in the absorbance measurements.

The stability of drug in 0.IN HCI , distilled water, phosphate buffer saline(pH 6.4),
Kreb’s solution, sodium free Kreb’s solution and calcium free Kreb’s solution was
ascertained over a period of 72 hour. Analysis of variance (ANOVA) of the mean
absorbance values of the solutions of different concentrations at various time intervals
revealed that there was no significant difference between the readings. From this, it is
concluded that sumatriptan succinate is stable over the determined period in the above

solvents.

Estimation of sumatriptan succinate was carried out in presence of other constituents used
in the formulation, such as chitosan glutamate, carbopol 934P, pluronic F-127 etc at
appropriate levels which they were present in the final formulations. None of the

materials interfered in the estimation of sumatriptan succinate using the above methods.

The results of recovery study of known amount of drug in triplicate, in in 0.1N HCI ,
distilled water, phosphate buffer saline(pH 6.4), Kreb’s solution, sodium free Kreb’s
solution and calcium free Kreb’s solution are summarized in Table 3.3, 3.6, 3.9, 3.12,
3.15 and 3.18 respectively and were used to ascertain the accuracy and precision of the
methods. Low relative mean error (%) values indicate low variability between each data
point of analysis. Precision of the methods was ascertained from standard deviation
values, the coefficient of variation (%) and confidence limits. The low coefficient of

variation (%) and confidence limits indicate the precision of the methods.
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3b.ESTIMATION OF SUMATRIPTAN SUCCINATE USING HPLC WITH UV-
DETECTION IN BIOLOGICAL SAMPLES

3b. 1 INTRODUCTION

Several analytical methods have been developed and published for the determination of
sumatriptan in plasma and serum samples including high performance liquid
chromatography (HPLC) with coulometric detection (Franklin et al.,1996, Dunne et
al., 1996 and Andrew et al.,1993) , HPLC with florescence detection (Ge Z et al.,2004)

and HPLC with mass spectrometric detection(Vishwanathan et al.,2000, McLoughlin et
al.,1996 and Dulry et al.,1997). However no method is reported till date for determination

of sumatriptan in brain samples.

Many of the above methods are sensitive, but analytical technique such as HPLC with
mass spectophotometry is expensive particularly, when they are to be estimated In
biological samples in routine analysis for drug monitoring. Hence, a simple, rapid and
sensitive method for the determination of sumatriptan in plasma, CSF and brain
homogenate using a different detection technique is highly warranted. One of the
techniques possible is an HPLC with UV detection HPLC with UV detection is simple,
robust and avatlable to most analytical laboratories. Although there are several analytical
methods proposed, including HPLC with UV/Vis (Shigh et al., 1997, Avadhanulu et
al.,1996, Avadhanulu et al.,1996, Shirsat et al.,1998, and Nozal et al.,2002 ) to determine
sumatriptan succinate in raw materials and pharmaceutical preparations, to our
knowledge however currentl); no method is available for the determination of sumatriptan
succinate in biological samples using a HPLC with UV detection technique. Moreover
limit of detection for above mentioned analytical methods using UV detection is much
higher. An analytical method using HPLC with UV detection for the estimation of
sumatriptan succinate in rat plasma, CSF and brain tissue is developed and validated with
relevant statistical analytical parameters. This method involves a simple liquid-liquid
extraction with excellent reproducibility, which makes 1t suitable for pharmacokinetics

studies involving sumatriptan

3b. 2 INSTRUMENTATION

All chromatographic measurements were performed on a Dionex HPLC system with a

UV-visible detector (UVD170U). The separation was achieved by using 25 cmx4.6 mm
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ID, 10 um ODS Hypersil column obtained from Thermo electron corporation. Other
instruments used in the study included cyclomixer, bath sonicator, water bath and cooling

centrifuge (Sigma, Germany).

3b. 3 REAGENTS

(a) Ammonium phosphate monobasic (0 04 M) Dissolve 46 gm of ammonium

phosphate monobasic in sufficient distilled water to produce 1000ml.

(b) 2M sodium hydroxide solution Dissolve 80 gm of sodium hydroxide in sufficient

distilled water to produce 1000ml.

(c) O-phosphoric acid (1M): Dissolve 98 gm of sodium hydroxide in sufficient
distilled water to produce 1000m!

(d) PBS (7.4): Prepared as per procedure given in Indian Pharmacopoeia (1996).

3b. 4 EXPERIMENTAL
3b. 4.1 Blood collection, CSF collection and brain tissue preparation

Male wistar rats (200-250gms) were anesthetized with urethane (i.p., 12 g/kg) CSF
(cerebro spinal fluid) samples were withdrawn by cisternal puncture as described by
Dahlin et al (Dahlin et al , 2000) . Blood samples were collected from the descending
aorta in tubes containing heparin as anticoagulant and centrifuged for 10 min at 8000 rpm
for plasma separation. After the completion of the blood collection, the skull was opened
and the brain was removed. Brain was cleaned of surrounding blood vessels, washed,

weighed, and homogenized in phosphate buffer saline (pH=7.4).

3b.4.2.Preparation of calibration and validation standards

A non-zero calibration standard, ranging from 3 to 2000 ng/ml (3,25,50,75,100 1000 and
2000 ng/ml), 2 5 to 2500 ng/ml (2.5,5,25,50, 100 1000 and 2500 ng/ml) and 3 to 1000
ng/g (3,5,25,50,75,100 and 1000 ng/g)was prepared by spiking the drug free rat plasma
containing heparin, drug free CSF and rat brain homogenate with an appropriate amount
of sumatriptan succinate and internal standard respectively. The validation standards at
four concentration levels (3, 10, 500 and 1000 ng/ml), (2.5, 10, 500 and 1000 ng/m!) and
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(3, 10, 500 and 1000 ng/g) for plasma, CSF and brain samples respectively were prepared
in a similar way as described above, with the lowest concentration being LOQ. Non-
biological calibration curve was also performed for the determination of absolute

recovery.

3b.4.3.Extraction procedure for plasma samples

A Iml ahquot of rat plasma sample was placed i a screw cap glass tube. A 40ul of
internal standard working solution (150 pg/ml ofloxacin) and 1 ml of 2M sodium
hydroxide solution were added and the mixture was vortexed for 30 s. The plasma
samples containing sumatriptan were then extracted with 4ml ethyl acetate. The mixture
was shaken for 5 min and centrifuged for 15 min at 10°C. Extraction procedure with 4 ml
ethyl acetate was repeated twice for each sample. Two extracts were mixed together 1n a
culture tube, and then evaporated to dryness The extraction residue was reconstituted 1n

0 3 ml of the mobile phase and injected into the HPLC system.

3b.4.4. Preparation procedure for CSF samples

CSF samples spiked with appropriate amount of sumatriptan succinate and 40pl of
internal standard working solution (150 pg/ml ofloxacin) were njected into HPLC system

after centrifugation at 8000 rpm and without any further treatment.

3b.4.5.Extraction procedure for brain samples

A 40pl of internal standard working solution (150 pg/ml ofloxacin) and 1.5 ml of 2M
sodium hydroxide solution were added to brain homogenate and the mixture was vortexed
for 30 s. The brain samples containing sumatriptan were then extracted with 4ml ethyl
acetate The mixture was shaken for 5 min and centrifuged for 15 min at 10°C Extraction
procedure with 4 ml ethyl acetate was repeated thrice for each sample. All the three
extracts were mixed together in a culture tube, and then evaporated to dryness. The
extraction residue was reconstituted in 0.3 ml of the mobile phase and injected into the

HPLC system
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3b.4.6.Chromatographic conditions

The mobile phase flow rate was 1.0 ml/min and consisted mixture of ammonium
phosphate monobasic (0.04 M)-acetonitrile (78:22, v/v), pH 3.7 which was adjusted with
o-phosphoric acid The mobile phase was degassed and filtered (0 22um) prior to use.

The injection volume was 20u! and the detection wavelength was set at 228 nm.

3b.4.7.Method validation procedures

Analytical method was validated for specificity, robustness, absolute recovery, linearity,

sensitivity, precision and accuracy.

3b.5. RESULTS AND DISCUSSION

Rapid, sensitive and novel HPLC method for determination of sumatriptan in rat plasma,
CSF and brain samples was developed and validated. HPLC with UV detection has never
been used in past for the determination of sumatriptan in biological samples. A liquid—
hquid extraction procedure was performed for this purpose. This method 1s rapid, simple,
selective and efficient. It is also adapted to tissue homogenate samples. Protein

precipitation method was tried but analyte recovery obtained was very low.

Chromatographic conditions were studied and maximum resolution and sensitivity of the
method was obtained at 228nm and mobile phase flow rate of 1ml/min. Retention time of
sumatriptan and ofloxacin were 6.3 min and 12.75 min respectively. The total run time of
this method was 25 min, and the system was ready for the next sample injection without

the need for additional wash time

3b.5.1.Specificity

Six different lots of drug free rat plasma , drug free brain homogenate and drug free
CSF(cerebro spinal fluid) were tested before spiking to ensure that there was no
endogenous interference at retention times of sumatriptan and ofloxacin (internal
standard). Typical chromatograms obtained after analysis of blank plasma, blank CSF
blank brain homogenate and samples containing different concentrations of sumatriptan

are 1llustrated m F1g.3.13 , Fig 3 14 and Fig 3.15 respectively.
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3b.5.2.Robustness

The robustness of the HPLC method was determined by analysis of samples under a
variety of conditions such as small changes in the pH (3.4 to 3.7) and in the percentage of
acetonitrile (19%-22%) in mobile. The effect on retention time and peak parameters were
studied. The method was found to be robust for the entire pH range and concentration of

mobile phase.

3b.5.3. Absolute recovery

The absolute recovery of sumatriptan succinate at four concentration levels was
determined by compaﬁng the peak areas measured after analysis of spiked plasma
samples and brain homogenate samples according to the procedure with those found after
direct injection into the chromatographic system of non-biological samples at the same
concentration levels. As shown in Table 3.19, the analyte recoveries were close to 100%
and the extraction efficiency satisfactorily ranged from 93.4% to 104.6% for plasma
samples and 89.5% to 106% for brain homogenate. Recovery of internal standard was
found to be 95.2% (% R.S.D =3.2).

Table 3.19 Absolute recovery of sumatriptan succinate

Concentration Absolute Recovery(n=3)
Plasma Brain
(ng/ml)/(ng/g) Mean(%) % RSD" Mean(%) % RSD*
3 104.6 6.0 106.0 6.6
10 934 5.0 89.5 6.8
500 95.0 59 96.5 6.6
1000 97.5 3.6 95.3 7.7

®RSD (standard deviation/mean concentration)*100
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3b.5.4.Linearity

The linearity of an analytical method is its ability within a definite range to obtain results
directly proportional to the concentrations (quantities) of the analyte in the sample
(Hubert et al, 1999 and Hubert et al, 2003). The calibration curves were built by plotting
the drug to mternal standard peak area ratios versus the corresponding standard sample
concentrations of the drug in ng/ml or ng/g. The concentrations for unknown samples and
validation samples were obtained by using linear regression of the calibration curves.
Calibration curves were established over the range of 3-2000 ng/ml for plasma samples
(Figure 3.16), 2.5-2500 ng/ml for CSF samples (Figure 3.17) and 3-1000 ng/g for brain
homogenate (Figure 3.18) Correlation coefficient of 0.9998 (plasma), 0.9998 and 0.9994
(brain homogenate) indicates that the system is linear over this range and there exists a
strong linear relationship between the ratio of area of sumatriptan succinate and IS and its
concentration The regression equation’s obtained are Y=0.00066 X+0.00035 for plasma,
Y=0.00086 X+0.00031 for brain and Y=0.00078 X+0.00081 for CSF. The low values of
variance of the response variable, $?y,x for sumatriptan succinate in plasma(2.95 x 10-5 ),
brain tissue (2.24 x 10-6 ) and CSF (1.83 x 10-6 ), signifies the good fit between the
obtained and calculated data. The variance of slope S’b for sumatriptan succinate in
plasma (1.41 x 10”), brain (3.42 x 10™'? and CSF (1.44 x 10™"), indicates high sensitivity
of the method. The variance of intercept, S?a was calculated as 8.54 x 10, 1.95 x 107
and 4.47 x 107 for plasma, brain and CSF respectively. The intercept were subjected to
One-way Analysis of variance (ANOVA) for the significance and was not significantly
different from zero at 4 degrees of freedom, at P=0.95, which indicates that blank does

not interfere in the absorbance measurements.

3b.5.5.Sensitivity

The detection limit (LOD) was 1ng/ml for all plasma, CSF and brain tissue samples and
the quantification limit (LOQ) was 3ng/ml for plasma and brain tissue samples and 2 5
ng/ml for CSF samples, which were determined according to the signal/noise ratio 3:1

and 10°1 respectively.
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3b.5.6.Precision

The precision of the bioanalytical method was estimated by measuring repeatability and
intermediate precision at the same concentration levels as those mentioned above.
Precision was also studied using plasma and brain samples spiked at four concentration
levels. Each of the samples was replicated (n = 3) and analyzed on 3 consecutive days.
Subsequently, the mean of each set of the concentrations and the percent deviation of the
quality control samples were calculated. Relative standard deviation (R.S.D.) was
calculated from the estimated copcentrations (Hubert et al.,2003 and Hubert et al.,1999).
The R.S.D. values for inter assay and intra assay precision are presented in Table 3.20
and Table 3.21. R.S.D. values were all lower than 9.1% which is well below the

acceptance limit of 15%, illustrating the very good precision of the proposed method.

3b‘.5.7 Accuracy

The accuracy is expressed as %bias or % relative error (difference from added
concentration) and it takes into account the total error, i.e. systematic and random errors,
related to the test result. (Hubert et al, 2003 and Hubert et al, 1999 ). The tolerance limits
for inter-assay and intra-assay samples are presented in Table 3.20 and 3.21 as a function
of the introduced concentrations. As can be seen from the results, the proposed method
was accurate, since the different tolerance limits of the bias were below 7.3% and did not
exceed the acceptance limits (:15%)(Boulanger et al., 2003 and Guidance for industry,

CDER, 2001)for all the concentration levels tested including the lowest one (3 ng/ml or

ng/g).

3b.5.8.Stability

The stability of sumatriptan under different conditions was evaluated. The acceptance
criteria’s for all stability tests were at +£15% of the nominal value. The stability of
exiracted sumatriptan and the internal standard in mobile phase (processed sample
stability) as well as stability of prepared CSF sarriples were evaluated and the results
showed that processed samples are stable at 4 + 2°C for at least 72 h. The processed
sample stability was evaluated by comparing the extracted plasma samples and extracted
brain tissue samples that were injected immediately (time 0) with the samples that were

injected 72 h after storing in the refrigerator at 4 = 2 °C. The CSF sample stability was

78



Chapter 3

evaluated by comparing the prepared CSF samples that were injected immediately (time 0)
with the samples that were injected 72 h after storing in the refrigerator at 4 & 2 °C.

Evaluation was based on back-calculated concentrations.
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Table 3.20 Inter-assay and intra-assay precision and accuracy of plasma and brain

validation samples (n=3)

Concentration Plasma Brain
added Concentration R.E.(%)" C.V.(%)b Concentration R E.(%) C.V.(%)b
(ng/ml)/(ng/g) found(ng/ml) found(ng/g)
Inter-day
3 29 -19 27 29 28 02
10 95 -50 53 98 -22 62
500 4885 -23 69 497 4 -05 90
1000 10253 25 18 9800 -2.0 19
Intra-day
3 28 -6 7 43 31 29 75
10 94 -57 64 107 73 68
500 481 4 -37 91 490 0 20 70
1000 983 4 -17 41 1005 6 0.6 54

? R.E. (mean concentration-nominal concentration)/nominal concentration x 100
® RSD (standard deviation/mean concentration) x 100

Table 3.21 Inter-assay and intra-assay precision and accuracy of CSF validation

samples (n=3)

Concentration CSF
added Concentration RE.(%)" C.V.(%)"
(ng/ml) found(ng/ml)

Inter-day
25 246 -1.8 18
12.5 12.4 -0.8 3.7
500 4952 -1.0 2.6
1000 980 1 -2.0 1.9
Intra-day
2.5 2.52 0.7 1.7
125 122 -2.7 05
500 496 4 -0.7 1.6
1000 984.5 -1.6 2.5

?R.E (mean concentration-nominal concentration)/nominal concentration x 100

®RSD (standard deviation/mean concentration) x 100
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Figure 3.13 Representative chromatograms of plasma sample spiked with 2000
ng/ml sumatriptan and internal standard ofloxacin (a), plasma sample spiked with 3

ng/ml sumatriptan and internal standard ofloxacin (b) and blank plasma sample

{c).
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Figure 3.14 Representative chromatograms of CSF sample spiked with 2500 ng/ml

sumatriptan and internal standard ofloxacin (a), CSF sample spiked with 2.5 ng/ml

sumatriptan and internal standard ofloxacin (b) and blank CSF sample (c).
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Figure 3.15 Representative chromatograms of brain homegenate sample spiked with

1000 ng/g sumatriptan and internal standard ofloxacin (a), brain homogenate

sample spiked with 3 ng/g sumatriptan and internal standard ofloxacin (b) and

blank brain homogenate sample
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3c. ESTIMATION OF GLUTARALDEHYDE

3c.l. EXPERIMENTAL

The estimation of glutaraldehyde was done as per the method of United States
Pharmacopoeia (1990) It is based on the reaction of glutaraldehyde with hydroxylamine
hydrochloride.

3c.1.1.Reagents and Solution

(1) Buffer: dissolve 2.59 gm of potassium dihydrogen phosphate and 6.77 gm of

disodium hydrogen phosphate in sufficient distilied water to produce 1000 ml.

(2) Hydroxylamine hydrochloride solution® Dissolve 70 mg of hydroxylamine
hydrochloride in sufficient buffer to produce 100 ml 10 ml of this solution is further
diluted with the buffer

(3) Reagent blank: 10 ml of the buffer was mixed with 10 ml of hydroxylamine

hydrochloride solution and volume was made up to 50 ml with distilled water.

(4) Stock solution of glutaraldehyde (100pg/ml) was prepared by diluting 0.4m! (25%) to
100 ml with distilled water and further diluting 10 ml of this to 100 ml with distilled
water Suitable dilutions were further made to give final concentration of 5,10,25,50 and

75ug/ml.

3c.1.2. Preparation of calibration curve

10 ml of the standard solutions were transferred to separate 50 ml volumetric flasks 10
ml of the hydroxylamine hydrochloride solution was added and volume made up to 50 ml
with distilled water. The solution was allowed to stand for 25 minutes and the absorbance
was measured at 237 nm using the reagent blank as the blank. The above procedure was
repeated six times The measured and calculated parameters for the method are shown in
table 3.22. The optical characteristics of the solution prepared for estimation of

glutaraldehyde is shown i table 3.23.
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3e¢.1.3. Selectivity

in order to determine selectivity of the method, glutaraldehyde estimation was done in

presence of the ingredients which are present in the micrsopheres.

Table 3.22 Mean absorbance values, regressed values and stafistical data of the

calibration curve for estimation of glutaraldehyde

Concentration (ug/ml)  Mean Absorbance = SEM*  Regressed Values

5 0.060 = 0.001 0.052
10 0.108 = 0.002 0.114
25 0.317 = 0.002 0.302
50 0.590 + 0.002 0.614
75 0.930 + 0.002 0.927
100 1.250 + 0.004 1.239

Regression equation. Y=0.0125X - 0.0106, Correlation coefficient = 0.9991
* Mean of six values

Table 3.23.0Optical Characteristics for Sumatriptan succinate in Calcium free Kreb’s

solution

Characteristic Value
Absorption maxima 237
Beer's law limit at 283 nm (pg/ml) 5-100

Apparent molar absorptivity at 283 108x 10°
nm(1 mol” cm")

Sandell's sensitivity coefficient (S) at 9.23/x 102
283 nm (ug/cm?/0.001 abs unit)

3¢.2.RESULTS AND DISCUSSION

Glutaraldehyde, by the method of United States Pharmacopoeia (1990) on reaction with
hydroxylamine hydrochloride, gives a compound having Amax at 237 nm. The molar
absorptivity of the compound 1080 1 mol” cm™. Correlation coefficient was found to be
0.9991 signifying a linear reIationghip between concentration and absorbance. The
variance of the response variable, Szy, x was calculated to be 1.59 x 10, this low value
indicates the closeness of the experimental points to the least square line. The fact is in
concurrence with the low values of the standard error of the mean absorbance of the

solutions used for preparing the calibration curve. The variance of slope $’b was
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calculated to be 2.92 x 10”. The variance of intercept, S*a was 1.19 x 10™. To examine
whether the intercept is significantly different from zero, the intercept were subjected to
One-way Analysis of variance (ANOVA) for the significance and was not significantly
different from zero at 6 degrees of freedom, at P=0 93, which indicates that blank does

not interfere 1n the absorbance measurements.

88



Chapter 3

3d. REFERENCES

Andrew PD, Birch HL, Phillpot DA (1993). Determination of sumatriptan succinate in
plasma and urine by high-performance liquid chromatography with electrochemical
detection. J. Pharm Sci., 82, 73-76.

Avadhanulu AB, Srinivas JS, Anjaneyulu Y (1996). Reverse phase HPLC and
colorimetric determination of sumatriptan succinate in its drug form. Indian Drugs, 33,
334-337.

Avadhanulu AB, Srinivas KS, Anjaneyulu\Y (1996). Reverse phase HPLC determination
of amlodipine besylate in drug and its pharmaceutical dosage forms. Indian Drugs, 33,
36-40.

Boulanger B, Dewe W, Chiap P, Crommen J, Hubert PH (2003). An analysis of the
SFSTP guide on validation of bioanalytical methods: progress and limitations. J. Pharm.
Biomed. Anal., 32, 753-765.

Dahlin M, Bjork E (2000). Nasal absorption of (s)-UH-301 and its transport into the
cerebrospinal fluid of rats. Int J. Pharm., 195, 197-205.

Dulry BD, Petty MA, Schoun J, David M, Huebert ND (1997). A method using a liquid
chromatographic-electrospray-mass spectrometric assay for the determmation of
antimigraine compounds: preliminary pharmacokinetics of MDL 74,721 sumatriptan and
naratriptan, in rabbit. J. Pharm. Biomed. Anal., 15, 1009-1020.

Dunne M, Andrew P (1996). Fully automated assay for the determination of sumatriptan
in human serum using solid-phase extraction and high-performance liquid
chromatography with electrochemical detection. J. Pharm. Biomed. Anal., 14, 721-726.

Franklin M, Odontiadis J, Clement EM (1996). Determination of sumatriptan succinate in
human plasma by high-performance liquid chromatography with coulometric detection
and utilization of solid-phase extraction J. Chromatogr. B Biomed. Appl., 681, 416-420.

Ge Z, Tessier E, Neirinck L, Zhu Z (2004). High performance liquid chromatographic
method for the determination of sumatriptan with fluorescence detection in human plasma.
J. Chromatogr. B, 806, 299-303.

Glutaral disinfectant solution in ‘United States Pharmacopoeia XXII, National Formulary
XVIP, 1990, pp1934.

Guidance for industry: Bioanalytical Method Validation, U.S. Department of Health and
Human Services, Food and Drug Administration, Center for Drug Evaluation and
Research (CDER), Center for Biologics Evaluation and Research (CBER), May 2001.

Hubert PH, Chiap P, Crommen J, Boulanger B, Chapuzet E, Mercier N, Bervoas-Martin
S, Chevalier P, Grandjean D, Lagorce P, Lallier M, Laparra MC, Laurentie M, Nivet JC
(2003). Validation of the quantitative analytical procedures. Harmonization of the steps.
S.T.P. Pharma practise, 13, 101-138.

Hubert Ph, Chiap P, Crommen J, Boulanger B, Chapuzet E, Mercier N, Bervoas-Martin S,
Chevalier P, Grandjean D, Lagorce Ph, Laparra MC, Laurentie M, Nivet JC (1999). The

89



Chapter 3

SFSTP Guide on the validation of chromatographic methods for drug bioanalysis: from
the Washington Conference to the laboratory. Anal. Chim. Acta, 391, 135-148.

McLoughlin DA, Olah TV, Ellis JD, Gilbert JD, Halpin RA (1996). Quantitation of the
5HTp agonists MK-462 and sumatriptan in plasma by liquid chromatography-

atmospheric pressure chemical ionization mass spectrometry. J. Chromatogr. A, 726, 115-
124.

Nozal MIJ, Bernal JL, Toribio L, Martyn MT, Diez FJ (2002). Development and
validation of an LC assay for sumatriptan succinate residues,on surfaces in the
manufacture of pharmaceuticals. J. Pharm. Biomed. Anal., 30, 285-291.

Shigh S, Jain R (1997). Stability indicating HPLC method for the determination of
sumatriptan succinate in pharmaceutical preparations and its application in dissolution
rate studies. Indian Drugs, 34, 527-531.

Shirsat VA, Gabhe SY, Deshpande SG (1998). High performace liquid chromatographic
determination of sumatriptan succinate from pharmaceutical preparation. Indian Drugs,
35, 404-407.

Vishwanathan K, Bartlett MG, Stewart JT (2000). Determination of antimigraine
compounds rizatriptan, zolmitriptan, naratriptan and sumatriptan in human serum by

liquid chromatography electrospray tandem mass spectrometry. Mass Spectrometry, 14,
168-172.

90



