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Chapter-3
Results and Discussion of Stress Degradation Studies
Stress degradation studies were conducted in aqueous, acid, base, hydrogen peroxide and light at

60°C, 70°C and 80°C with various sample treatment interval on ramosetron HCI, ondnasetron

HCI, granisetron HCI, tropisetron HCI and palonosetron HCI. Results are discussed below.

3.1 Stress degradation of ramosetron hydrochloride
Ramosetron hydrochloride was evident to degrade in acidic, basic, oxidative and photolytic

conditions and no degradation was found in aqueous condition.

3.1.1 Aqueous degradation

Aqueous degradation study was conducted in purified water at 60°C for 7- and 21-days. Under
these stressed conditions, no degradation was found. The results are summarized in tables 3.1-
3.2.

Table 3.1: Relationship between relative retention time (RRT), area and content of
ramosetron HCI in water at 60°C after 7 days.

Peak Content (%)
Condition Peak identity RRT Area purity
index Standard | Sample
Aqueous Ramosetron
degradation 1 6650.7 0.9997 100.0 99.9
HCI
(7 days)

Table 3.2: Relationship between relative retention time (RRT), area and content of
ramosetron HCI in water at 60°C after 21 days.

Peak Peak Content (%)
Condition identit RRT Area purity
laentity index | Standard | Sample
Aqueous Ramosetron
degradation 1 7006.02 0.9998 100.0 99.5
HCI
(21 days)
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3.1.2 Acid degradation

Acid degradation study was conducted with four different strengths of hydrochloric acid at 60°C
for 7 days. Degradations were observed with 0.5N, 1.0N and 2.0N HCI. No degradation was
evident in 0.1N HCI. The chromatograms are shown in figures 3.1-3.2 and results are given in
table 3.3.
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Figure 3.1: Chromatograms of ramosetron HCI at 60°C after 7 days in (a) 0.5N HCI,
(b) 1.0N HCI, and (c) 2.0N HCI.

3.1.3 Base degradation

At first, base degradation was conducted in 0.1N, 0.5N, 1.0N and 2.0N NaOH at 60°C for 2
days. About 20.9% degradation was found in 0.1N NaOH and about 100.0% degradation was
evident in 0.5N, 1.0N and 2.0N NaOH. The chromatogram is shown in figure 3.3 and results are

given in table 3.4.
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Figure 3.2: Extended chromatograms for impurities of ramosetron HCI at 60°C after 7
days in (a) 0.5N HCI, (b) 1.0N HCI, and (c) 2.0N HCI.

Secondly, base degradation was carried out in 0.1 N NaOH at 60°C, 70°C and 80°C for 1 hour, 2
hours, 3 hours, 4 hours and 5 hours. Here, 2.54%, 4.0%, 6.5%, 9.0% &11.5% degradations were
found at 60°C for 1 hour, 2 hours, 3 hours, 4 hours and 5 hours respectively. However, 3.6%,
6.2%, 9.8%, 13.4% &17.0% degradation were found at 70°C for 1 hour, 2 hours, 3 hours, 4
hours and 5 hours respectively. On the other hand, 5.28%, 9.56%, 14.84%, 20.12% &25.22%

degradation were found at 80°C for 1 hour, 2 hours, 3 hours, 4 hours and 5 hours, respectively.
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Table 3.3: Relationship between relative retention time (RRT), area and content of
ramosetron HCI in acid at 60°C after 7 days.

beak Peak Content (%)
Conditions identit RRT Area purity ) Total
y index | Sample | Impurity | jmnyrities

0.1N HCl Ramﬁéﬁ”on 1 6482.2 | 09989 | 99.9 ; ;
Ramﬁéﬁ”on 1 61944 | 0.9999 | 95.0 i

0.5N HCI' | impurity-1 0.79 6.86 - - 0.18 5.0
Impurity -2 2.33 27.20 - - 0.80
Ramﬁéﬁ”"” 1 5866.6 | 0.9998 | 92.0 i

LONHCl | impurity -3 | 2.32 25.82 - - 4.7 8.0
Impurity -4 3.50 12.85 - - 2.3
Ramﬁéeltro” 1 56514 | 0.9998 | 88.9 i

5 ON HCl Impurity -5 0.89 241.20 - - 8.3 111
Impurity -6 2.18 17.62 - - 0.59
Impurity -7 2.30 10.18 - - 0.34

At 60°C, one additional peak was found after 1 hour, two additional peaks were found after two

hours, two additional peaks were found after three hours, two additional peaks were found after

four hours and two additional peaks were found after five hours. The chromatograms are shown

in the figure 3.4 and results are given in table 3.5.
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Figure 3.3: Chromatograms of ramosetron HCI at 60°C after 2 days in (a) 0.1N NaOH,
(b) 0.5N NaOH, (c) 1.0N NaOH, and (d) 2.0N NaOH.
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Table 3.4: Relationship between relative retention time (RRT), area and content of

ramosetron HCI in base at 60°C after 2 days.

el Content (%)
Conditions id eetl_t RRT Area ] Total
identity Sample | Impurity | jmpurities
0.1IN Ramosetron
NaOH Hel 1262.9 79.1 - 20.9
0.5N Ramosetron
NaOH HCl . ' _ 0
1.0N Ramosetron ) - 100
NaOH HCI
2.0N Ramosetron
NaOH HCl ] i 10

At 70°C, two additional peaks were found after 1 hour, two additional peaks were found after

two hours, two additional peaks were found after three hours, and three additional peaks were

found after four hours and three additional peaks were found after five hours. The

chromatograms are shown in the figures 3.5-3.6 and results are given in table 3.6.
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Figure 3.4: Chromatograms of ramosetron HCI in 0.1N NaOH at 60°C after (a) 1 hour,
(b) 2 hours, (c) 3 hours, (d) 4 hours, and (e) 5 hours.
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Table 3.5: Relationship between relative retention time (RRT), area and content of

ramosetron HCl in 0.1N NaOH at 60°C.

Content (%
Time Peak Pea_1k )
interval identit RRT Area purity ; Total
y index | Sample | Impurity | jmpyrities
Ramosetron 1 10436 | 0.9999 | 97.46 i
HClI

1 hour 254
Impurity-8 0.38 81.45 - - 1.76 '
Ramljéel”on 1 10159 09997 | 96.0 i

2 hours 4.0
Impurity-9 0.38 124.74 - - 2.18
Ramﬁéﬁ”"” 1 9932.3 | 0.9996 | 935 i

3 hours 6.5
Impurity-10 0.38 200.09 ; ; 4.88
Ramlj’éﬁ""” 1 9802.3 | 0.9997 | 91.0 i

4 hours 9.0
Impurity-11 0.38 307.4 - - 7.85
Ramosetron 1 9649.0 0.9995 | 88.50 -

HClI

5hours | 1mpurity-12 0.38 375.5 - - 7.1 11.5

Impurity-13 0.67 151.4 - - 2.9

At 80°C, one additional peak was found after 1 hour, two additional peaks were found after two

hours, two additional peaks were found after three hours, two additional peaks were found after

four hours and two additional peaks were found after five hours. The chromatograms are shown

in the figure 3.7 and results are given in table 3.7.
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Figure 3.5: Chromatograms of ramosetron HCI in 0.1N NaOH at 70°C after (a) 1 hour,
(b) 2 hours, (c) 3 hours, (d) 4 hours, and (e) 5 hours.
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Figure 3.6: Extended chromatograms for impurity of ramosetron HCI in 0.1N NaOH at
70°C after 5 hours.

3.1.4 Oxidative degradation
Oxidative degradation was conducted with three different strengths of hydrogen peroxide at dark
place for 1, 2 and 3 hours. Different percentages of degradation were evident at different stressed

conditions. Here, 10.0, 15.2 and 20.8% degradation were found for 3% hydrogen peroxide after
1, 2 and 3 hours, respectively.

However, 57.9, 61.7 and 73.3% degradation were observed with 5% hydrogen peroxide after 1, 2
and 3 hours, respectively. On the other hand, 76.0, 86.1 and 93.6% degradation could be seen for
10% hydrogen peroxide after 1, 2 and 3 hours, respectively. The conditions that produced not
more than 20% of degradants are considered as appropriate stressed conditions. Three additional
peaks apart from the principal and blank peaks were found for each stressed condition of 3%

H20; at 1, 2 and 3 hours. The chromatograms are shown in the figures 3.8-3.9 and results are
given in tables 3.8-3.10.
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Table 3.6: Relationship between relative retention time (RRT), area and content of

ramosetron HCI in 0.1N NaOH at 70°C.

T Peak Content (%)
intzlarrr\]fal Peak identity RRT Area purity ) Total
index | Sample | Impurity | jmnrities
Ramosetron 1 20840 | 0.9995 | 96.40 i
HCI
Lhour | Impurity-14 0.51 4.98 - - 0.4 3.6
Impurity-15 0.64 16.48 - - 1.6
Ramosetron 1 28591 | 0.9998 | 93.80 i
HCI
2hours | |mpurity-16 0.51 7.94 - - 1.1 6.2
Impurity-17 0.64 25.57 - - 3.9
Ramosetron 1 28430 | 0.9997 | 90.20 i
HCI
3hours | 1mpurity-18 0.51 6.18 - - 1.5 9.8
Impurity-19 0.64 22.93 - - 55
Ramosetron 1 2826.0 | 0.9996 | 86.60 -
HCI
4 hours Impurity-20 0.51 6.92 - - 1.7 13.4
Impurity-21 0.56 5.29 - - 1.4
Impurity-22 0.64 29.29 - - 8.0
Ramosetron 1 2788.8 | 0.9994 | 83.0 -
HCI
5 hours Impurity-23 0.51 7.20 - - 2.2 17.0
Impurity-24 0.56 551 - - 1.6
Impurity-25 0.64 35.64 - - 11.2
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Figure 3.7: Chromatograms of ramosetron HCI in 0.1N NaOH at 80°C after (a) 1 hour,
(b) 2 hours, (c) 3 hours, (d) 4 hours, and (e) 5 hours.
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Table 3.7: Relationship between relative retention time (RRT), area and content of
ramosetron HCI in 0.1N NaOH at 80°C.

T Peak Content (%)
intzlarrr\]fal Peak identity RRT Area purity ) Total
index | Sample | Impurity | jmpyrities
Ramosel”on 1 10143 | 09998 | 94.72 i
1 hour HC 5.28
Impurity-26 0.38 209.2 - - 3.02
Ramosetron 1 9936.3 | 09999 | 90.44 i
HCI
2hours | |mpurity-27 0.39 403.43 - - 0.89 9.56
Impurity-28 0.70 2783.7 - - 6.1
Ramﬁéﬁ""” 1 9641.4 | 0.9996 | 85.16 i
3hours | Impurity-29 0.39 461.0 - - 8.6 14.84
Impurity-30 0.70 185.4 - - 4.8
Ramosetron 1 8706.9 0.9997 | 76.88 -
HCI
4 hours | 1mpurity-31 0.38 1431.6 - - 15.8 20.12
Impurity-32 0.70 468.8 - - 5.2
Ramosetron 1 8608.3 0.9995 | 74.18 -
HCI
Shours | 1mpurity-33 0.39 1081.3 - - 16.1 25.22
Impurity-34 0.69 328.0 - - 4.9
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Figure 3.8: Chromatograms of ramosetron HCI in 3.0% H>O; after (a) 1 hour, (b) 2 hours,
and (c) 3 hours.
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Figure 3.9: Extended chromatograms for impurities of ramosetron HCI in 3.0% H>0O; after
(@) 1 hour, (b) 2 hours, and (c) 3 hours.

3.1.5 Photo degradation

Photo degradation study was carried out with bulk drug substance. The sample was directly
exposed to 1.2 million lux fluorescence light and 200 watts hour/m? UV light. Under this stress
condition, no degradation was found. However, the sample was directly exposed to 3.6 million
lux fluorescent light and 600 watts hour/m? UV light. At these conditions, the sample showed
6.64% degradation. Four peaks apart from principal and blank peaks were found. The

chromatograms are shown in the figure 3.10 and results are given in table 3.11.
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Table 3.8: Relationship between relative retention time (RRT), area and content of
ramosetron HCI in 3.0% hydrogen peroxide at dark place after 1, 2 and 3 hours.

Ti Peak Peak pUFit Content (%)
ime ea eak purity
. . . RRT Area . Total
| .
interva identity index Sample | Impurity impurities
Ramosetron 1 5377.98 0.9999 | 90.0 i
HCI
1 hour Impurity-35 0.65 18.95 - - 1.9 100
Impurity-36 0.77 3.03 - - 0.31
Impurity-37 0.95 56.03 - - 5.8
Ramosetron 1 5061.76 09989 | 848 i
HCI
2 hours Impurity-38 0.65 43.70 - - 4.2 152
Impurity-39 0.76 6.01 - - 0.58
Impurity-40 0.94 85.20 - - 8.2
Ramosetron 1 4727.82 0.9998 79.2 -
HCI
3 hours Impurity-41 0.63 6.16 - - 0.54 20.8
Impurity-42 0.77 16.23 - - 1.4
Impurity-43 0.95 144.66 - - 13.0

Table 3.9: Relationship between relative retention time (RRT), area and content of
ramosetron HCI in 5.0% hydrogen peroxide at dark place after 1, 2 and 3 hours.

_ _ Content (%)
ir;l';(larrr:fal Peak identity RRT Area Peairl? dpelj(my sample | Impurity | Totgl_
Impurltles
1 hour Ramﬁéel”on 399356 | 0.9988 42.1 i 57.9
2 hours Ram:(s:el”on 1 3633.35 | 0.9989 38.3 i 61.7
3 hours Ramﬁéﬁ"on 2534.88 | 0.9984 26.7 i 73.3
Chapter-3 Results and Discussion of Stress Degradation Studies 86




Studies of Stress Degradation and Impurity Profiles of Some 5-HT3 Antagonists

Table 3.10: Relationship between relative retention time (RRT), area and content of
ramosetron HCI in 10.0% hydrogen peroxide at dark place after 1, 2 and 3 hours.

T Peak Content (%)
inttlerrr\]fal Peak identity RRT Area purity _ Total
index | Sample | Impurity | jmnyrities

1 hour Ramﬁéﬁtm” 2278.17 0.9978 | 24.0 i 76.0
2 hours Ramﬁéﬁ”"” 1 1318.8 0.9987 | 13.9 i 86.1
3 hours Ramﬁéﬁ”on 668.66 0.9977 7.0 ; 93.0
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Figure 3.10: Chromatograms of ramosetron HCI exposed to 3.6 million lux fluorescence
light and 600 watts hour/m? UV light for (a) controlled sample, and (b) stressed sample.
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Table 3.11: Relationship between relative retention time (RRT), area and content of
ramosetron HCI after photo degradation exposed to 1.2 million lux fluorescence light and
200 watts hour/m? UV light and 3.6 million lux fluorescence light and 600 watts hour/m?

UV light.
Peak pUri Content (%)
Conditions | Peak identity RRT Area ea deI’Ity _ Total
Inaex Sample | Impurity | mourities

1.2 million Ramosetron
lux, 7 days Hel 1 6832.2 0.9999 99.8 - -

Ramosetron 1 6465.4 | 09998 | 93.4 :

HCI

3.6 million Impurity-44 0.59 141.62 - - 2.2
lux, 21 Impurity-45 0.61 137.27 - - 2.1 6.6
days

Impurity-46 0.72 3.92 - - 0.05

Impurity-47 0.84 11.73 - - 0.17

3.2 Stress degradation of ondansetron hydrochloride
It was observed that ondansetron hydrochloride degraded in

photolytic conditions and no degradation was found in

acidic condition.

aqueous, basic, oxidative and

Data and

chromatograms derived from each stressed condition applied on ondansetron HCI are

summarized below.

3.2.1 Aqueous degradation

In water, aqueous degradation study was conducted at 60°C for 7 days. Under this stressed

condition, no degradation was observed but 3.6% degradation was found after 21 days. One

additional peak apart from the principal and blank peaks was found with retention time 8.15 min

and RRT 0.72. The peak area was 225.6. The chromatogram is shown in figure 3.11and the

results are summarized in tables 3.12-3.13.
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Figure 3.11: Chromatogram of ondansetron HCI in water at 60°C after 21 days.

mir

Table 3.12: Relationship between relative retention time (RRT), area and content of
ondansetron HCI in water at 60°C after 7 days.

i Content (%)
Condition Peak identity |  RRT Area Pea}deU”ty
INGEX | Standard | Sample
Agueous
degradation Ondansetron 1 £002 5 0.9987 1000 00
HCI
(7 days)

Table 3.13: Relationship between relative retention time (RRT), area and content of

ondansetron HCI in water at 60°C after 21 days.

Peak Content (%)
Condition | Peak identity RRT Area purity ] Total
index | Sample | Impurity Impurities
Aqueous | Ondansetron 1 5967.7 | 0.9998 | 96.4 -
degradation HCI 3.6
(21 days) | Impurity-1 0.72 225.6 0.9997 -- 2.6

3.2.2 Acid degradation

Acidic degradation was conducted with four different strengths of hydrochloric acid at 60°C for

7 days. No degradation was observed under these conditions. The results are given in table 3.14.
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Table 3.14: Relationship between relative retention time (RRT), area and content of
ondansetron HCI in acid at 60°C after 7 days.

; Content (%
Conditions . dPea[< RRT Area Pea}k deI’Ity )
identity Index Standard | Sample
0.1N HCl O”daH”éf”O” 5788.0 0.9999 99.8
0.5N Hcl | Ondansetron 5893.3 0.9996 99.9
HCI
Ondansetron 1 100.0
1.0N HCI o 5890.0 0.9998 100.1
20N HCl O”daH”é‘f”on 6047.0 0.9999 99.8

3.2.3 Base degradation

At first, base degradation was conducted in 0.1N, 0.5N, 1.0N and 2.0N NaOH at 60°C for 3
days. Here, 4.1%, 8.1%, 17.3% and 32.2% degradation were observed for 0.1N NaOH, 0.5N
NaOH, 1.0N NaOH, and 2.0N NaOH, respectively. One additional peak was observed for both
0.IN NaOH and 0.5N NaOH stressed samples. On the other hand, two additional peaks were
found for both 1.0N NaOH and 2.0N NaOH stressed samples. The chromatograms are shown in

figure 3.12 and results are given in table 3.15.

Secondly, base degradation was carried out in 2.0N NaOH at 60°C, 70°C and 80°C for 1 hour, 2
hours, 3 hours, 4 hours and 5 hours, where 2.6%, 4.0%, 6.5%, 9.0% and 11.5% degradation were
observed at 60°C, respectively. However, 3.6%, 6.2%, 9.8%, 13.4% and 17.0% degradation were
observed at 70°C for 1 hour, 2 hours, 3 hours, 4 hours and 5 hours, respectively. On the other
hand, 5.3%, 9.6%, 14.8%, 23.1% and 25.8% degradation were found at 80°C for 1 hour, 2 hours,

3 hours, 4 hours and 5 hours, respectively.
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Figure 3.12: Chromatograms of ondansetron HCI at 60°C after 3 days in (a) 0.1N NaOH,
(b) 0.5N NaOH, (c) 1.0N NaOH, and (d) 2.0N NaOH.
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Table 3.15: Relationship between relative retention time (RRT), area and content of
ondansetron HCI in base at 60°C after 3 days.

Peak Peak Content (%)
Conditions S RRT Area purity
identity : : Total
index | Sample | Impurity impurities
oan | onemeen g 49569 | 09998 | 959 | -

NaOH 4.1
Impurity-2 0.65 162.0 - - 3.4

osn | Onemeen g 47186 | 09989 | 919 | -

NaOH 8.1
Impurity-3 |  0.65 449.6 - - 75
O”daH”é‘ftrO” 1 45844 | 09994 | 82.7 i

1.0N :

NaOH Impurity-4 0.51 19.85 - - 0.39 173
Impurity-5 |  0.65 445.4 - - 11.7 '
O”daH”éf”O” 1 3550.7 | 0.0993 | 67.8 i

2.0N :

NaOH Impurity-6 0.50 12.3 - - 0.33 329
Impurity-7 | 0.63 1108.2 - - 29.7 '

At 60°C, one degradant peak was found in each time point at 1 hour, 2 hours, 3 hours and 4
hours and two degradant peaks were found in 5 hours. The chromatograms are shown in the

figure 3.13 and results are given in table 3.16.

At 70°C, two degradant peaks were found in each time point at 1 hour, 2 hours and 3 hours and
three degradant peaks were found in each time point at 4 hours and 5 hours. The chromatograms

are shown in the figure 3.14 and results are given in table 3.17.
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Figure 3.13: Chromatograms of ondansetron HCI in 2.0N NaOH at 60°C after (a) 1 hour,
(b) 2 hours, (c) 3 hours, (d) 4 hours, and (e) 5 hours.
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Table 3.16: Relationship between relative retention time (RRT), area and content of
ondansetron HCI in 2.0N NaOH at 60°C.

Time Peak Peak Content (%)
interval identity RRT Area purity : Total
index | Sample | Impurity impurities
O”daH”éf”o” 1 10436 | 09999 | 975 i
1 hour 2.6
Impurity-8 0.38 81.45 - - 1.8
Ondansetron | 10159 | 0.9997 | 96.0 i
2 hours HCI 4.0
Impurity-9 0.38 124.74 ; ; 27
O”daH”é‘f”o” 1 99323 | 0.9996 | 935 i
3 hours 6.5
Impurity-10 0.38 200.09 - - 4.8
O”daH”éf”O” 1 98023 | 0.9997 | 91.0 i
4 hours 9.0
Impurity-11 0.38 307.4 - - 7.8
Ondansetron 1 96490 | 0.9995 | 885 -
HClI
Shours | |mpurity-12 |  0.38 3755 - - 7.1 115
Impurity-13 0.67 151.4 - - 2.9

At 80°C, one degradant peak was found after 1 hour and two degradant peaks were found in each
time point at 2 hours, 3 hours, 4 hours and 5 hours. The chromatograms are shown in the figure

3.15 and results are given in table 3.18.

Chapter-3 Results and Discussion of Stress Degradation Studies 94



Studies of Stress Degradation and Impurity Profiles of Some 5-HT3 Antagonists

j T
bl

|
i

v

AW
=l
]

i
55
Pl

sramm

YER

g
1%
el
%
e

oo @

e o
-l
S
1 i
-‘
)

A
i
Ji
r

§
|
14

B R E = =) I\
bk = I

- - i g B - - —

=

. - - - - - - T - - - - w
A= 1 Eo

Figure 3.14: Chromatograms of ondansetron HCI in 2.0N NaOH at 70°C after (a) 1 hour,
(b) 2 hours, (c) 3 hours, (d) 4 hours, and (e) 5 hours.
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Figure 3.15: Chromatograms of ondansetron HCI in 2.0N NaOH at 80°C after (a) 1 hour,
(b) 2 hours, (c) 3 hours, (d) 4 hours, and (e) 5 hours.
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Table 3.17: Relationship between relative retention time (RRT), area and content of
ondansetron HCI in 2.0N NaOH at 70°C.

Time Peak Peak Content (%)
. . . RRT Area purity ] Total
interval identity index | Sample | Impurity impurities
Ondansetron | 20840 | 0.9995 | 96.4 i
HCI
Lhour | |mpurity-14 | 051 4.98 - - 0.46 3.6
Impurity-15 | 0.64 16.48 - - 1.5
Ondansetron | 28591 | 0.9998 | 93.8 i
HCI
2hours | |mpurity-16 |  0.51 7.94 - - 1.2 6.2
Impurity-17 0.64 25.57 - - 3.8
Ondansetron | 2843.0 | 09997 | 90.2 i
HCI
3hours | |mpurity-18 |  0.51 6.18 - - 1.7 9.8
Impurity-19 0.64 22.93 - - 6.3
Ondansetron 1 2826.0 | 0.9996 | 86.6 -
HCI
4 hours Impurity-20 0.51 6.92 - - 2.0 13.4
Impurity-21 0.56 5.29 - - 1.5
Impurity-22 0.64 29.29 - - 8.5
Ondansetron 1 2788.8 | 0.9994 | 83.0 -
HCI
& hours Impurity-23 0.51 7.20 - - 2.2 170
Impurity-24 0.56 5.51 - - 1.7
Impurity-25 |  0.64 35.64 - - 11.1
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Table 3.18: Relationship between relative retention time (RRT), area and content of
ondansetron HCI in 2.0N NaOH at 80°C.

. Peak Content (%)

ntorval idi?latlt(ty RRT Area purity .| Total

index | Sample | Impurity impurities
Ondansetron | 10143 | 09998 | 947 | -

1 hour HC 53
Impurity-26 0.38 209.2 - - 3.9
Ondansetron | 9936.3 | 0.9999 | 90.4 i

HCI

2hours | |mpurity-27 | 0.39 403.43 - - 1.0 9.6
Impurity-28 | 0.70 2783.7 - - 7.0
Ondansetron |, 96414 | 09999 | 85.2 i

HClI

3hours | Impuirty-29 | 0.39 461.0 - - 8.6 14.8
Impurity-30 0.70 185.4 - - 3.4
Ondansetron | 8706.9 | 0.9997 | 76.9 i

HCI

4hours | |mpurity-31 | 0.38 1431.6 - - 15.1 231
Impurity-32 0.70 468.8 - - 4.9
Ondansetron | 4 8608.3 | 0.9997 | 74.2 -

HCI

Shours | |mpurity-33 | 0.39 1081.3 - - 16.9 25.8

Impurity-34 0.69 328.0 - - 5.1
3.2.4 Oxidative degradation

Oxidative degradation was conducted with three different strengths of hydrogen peroxide at dark
place for 1, 2 and 3 hours. Different percentages of degradation were evident at different stressed
conditions. Here, 11.9%, 13.7% and 18.6% degradation were observed in 3.0% hydrogen
peroxide after 1, 2 and 3 hours, respectively. However, 26.1%, 30.0% and 38.0% degradation
were observed in 5% hydrogen peroxide after 1, 2 and 3 hours, respectively. On the other hand,
38.0%, 41.1% and 45.0% degradation could be seen for 10.0% hydrogen peroxide after 1, 2 and
3 hours, respectively. The conditions that produced not more than 20% of degradants are
considered as appropriate stressed conditions. The chromatograms are shown in the figure 3.16

and results are given in tables 3.19-3.24.
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Figure 3.16: Chromatograms of ondansetron HCI in 3.0% H.O; after (a) 1 hour,
(b) 2 hours, and (c) 3 hours.
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Table 3.19: Relationship between relative retention time (RRT), area and content of
ondansetron HCI in 3.0% hydrogen peroxide at dark place after 1, and 2 hours.

Content (%)

ir;lt-zlarrr\]fal Peak identity RRT Area Pea;ﬁdpelj(rlty Sample | Impurity | . Totgl_
Impurities
Ondansetron 1 | 471817 | 09998 | 881 :
HCI

Impurity-35 0.44 72.0 - - 2.5

1 hour Impurity-36 0.47 41.87 - - 15 11.9
Impurity-37 0.48 33.42 - - 1.2
Impurity-38 1.39 51.86 - - 1.8
Ondansetron 1 | 4619.11 | 09987 | 863 :
Impurity-39 0.44 67.00 - - 2.8

2 hours Impurity-40 0.47 38.10 - - 1.6
Impurity-41 0.49 24.15 - - 1.0 13.7
Impurity-42 0.51 10.20 - - 0.42
Impurity-43 0.56 35.95 - - 1.5
Impurity-44 1.38 38.24 - - 1.6
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Table 3.20: Relationship between relative retention time (RRT), area and content of
ondansetron HCI in 3.0% hydrogen peroxide at dark place after 3 hours.

Content (%)

ir;lt-zlarrr\]fal Peak identity RRT Area Pea;ﬁdpelj(rlty Sample | Impurity | Totgl_
Impurities
Ondansetron 1 435949 | 009999 | 81.4 :
HCI

Impurity-45 0.44 88.34 - - 4.0
Impurity-46 0.47 48.82 - - 2.2

3 hours Impurity-47 0.49 31.12 - - 1.4 18.6
Impurity-48 0.56 21.65 - - 0.95
Impurity-49 0.65 11.91 - - 0.50
Impurity-50 1.38 67.87 - - 3.0
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Table 3.21: Relationship between relative retention time (RRT), area and content of
ondansetron HCI in 5.0% hydrogen peroxide at dark place after 1, and 2 hours.

Time Peak Content (%)
. Peak identity RRT Area purity Total
interval ) Samole | 1 it ota
index ample | IMpUrty | s ourities
Ondansetron 1 434441 | 09997 | 739 | -
HCI

Impurity-51 0.44 81.03 - - 5.7

1 hour Impurity-52 0.47 54.49 - - 3.8 26.1
Impurity-53 0.48 37.97 - - 2.6
Impurity-54 0.56 36.49 - - 2.5
Impurity-55 1.39 75.50 - - 5.3
Ondansetron 1 3956.58 | 0.9996 | 70.0 :

HCI

Impurity-56 0.44 85.41 - - 4.5
Impurity-57 0.47 66.74 - - 3.5

2 hours Impurity-58 0.48 42.31 - - 2.2 30.0
Impurity-59 0.56 78.46 - - 4.1
Impurity-60 0.65 24.97 - - 1.3
Impurity-61 0.68 30.72 - - 1.6
Impurity-62 1.38 109.7 5.8
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Table 3.22: Relationship between relative retention time (RRT), area and content of
ondansetron HCI in 5.0% hydrogen peroxide at dark place after 3 hours.

Content (%)

ir;lt-zlarrr\]fal Peak identity RRT Area Pea;ﬁdpelj(rlty Sample | Impurity | . Totgl_
Impurities
Ondansetron 1 393075 | 009992 | 62.0 :
HCI

Impurity-63 0.44 83.34 - - 6.4
Impurity-64 0.47 79.58 - - 6.1

3 hours Impurity-65 0.48 58.03 - - 4.5 38.0
Impurity-66 0.56 29.65 - - 2.2
Impurity-67 0.65 18.79 - - 1.4
Impurity-68 1.39 124.23 - - 9.5
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Table 3.23: Relationship between relative retention time (RRT), area and content of
ondansetron HCI in 10.0% hydrogen peroxide at dark place after 1, and 2 hours.

Content (%)

ir;[zla:r\]/ill Peak identity RRT Area Pea;ﬁdpelj(rlty Sample | Impurity | . Totgl_
Impurities

Ondansetron 1 365097 | 09999 | 62.0 :
Impurity-69 0.44 101.73 - - 4.0
Impurity-70 0.47 115.08 - - 4.6

1 hour Impurity-71 0.48 123.08 - - 4.9 38.0
Impurity-72 0.56 142.97 - - 5.7
Impurity-73 0.65 13.25 - - 0.52
Impurity-74 0.68 12.89 - - 0.48
Impurity-75 1.39 119.29 - - 4.8
Ondansetion |1 | 3347614 | 09993 | 589 :
Impurity-76 0.44 78.44 - - 3.8
Impurity-77 0.47 102.32 - - 5.0

2 hours Impurity-78 0.48 97.15 - - 4.8 111
Impurity-79 0.56 168.11 - - 8.2
Impurity-80 0.65 15.93 - - 0.74
Impurity-81 0.68 17.34 - - 0.83
Impurity-82 1.39 134.83 - - 6.6
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Table 3.24: Relationship between relative retention time (RRT), area and content of
ondansetron HCI in 10.0% hydrogen peroxide at dark place after 3 hours.

Ti Peak DU Content (%)

. |me| Peak identity | RRT Area ea dp““ty Total
Interva MaeX_ | sample | Impurity | jmourities
Ondansetron 1 315483 | 09999 | 550 :

HCI
Impurity-83 0.44 141.28 - - 6.3
Impurity-84 0.47 150.5 - - 6.7
3 hours Impurity-85 0.48 153.11 - - 6.9 45.0
Impurity-86 0.56 95.64 - - 4.3
Impurity-87 0.65 18.60 - - 0.81
Impurity-88 0.68 14.47 - - 0.63
Impurity-89 1.39 166.5 - - 7.4

3.2.5 Photo degradation

Photo degradation study was conducted with bulk drug substance. The sample was directly
exposed to 1.2 million lux fluorescence light and 200 watts hour/m?> UV light. Under this
stressed condition, no degradation was found. However, the sample was directly exposed to 3.6
million lux fluorescent light and 600 watts hour/m? UV light. At these conditions, the sample
showed 2.3% degradation. One peak apart from the principal and blank peaks was found with
retention time 2.88 min and RRT 0.25. The chromatograms are shown in the figures 3.17-3.18

and results are given in table 3.25.

3.3 Stress degradation of granisetron hydrochloride
It was observed that granisetron hydrochloride degraded in aqueous, basic, oxidative and
Data and

photolytic conditions and no degradation was found in acidic condition.

chromatograms derived from the experiment in stressed conditions are summarized below.
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Figure 3.17: Chromatograms of ondansetron HCI exposed to 3.6 million lux fluorescence
light and 600 watts hour/m? UV light for (a) controlled sample, and (b) stressed sample.
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Figure 3.18: Extended chromatograms for impurity of ondansetron HCI exposed to 3.6
million lux fluorescence light and 600 watts hour/m? UV light for stressed sample.
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Table 3.25: Relationship between relative retention time (RRT), area and content of
ondansetron HCI after photo degradation exposed to 1.2 million lux fluorescence light and
200 watts hour/m? UV light and 3.6 million lux fluorescence light and 600 watts hour/m?

UV light.
Peak Content (%)
Conditions Peak identity | RRT Area purity _ Total
index Sample | Impurity impurities
1.2 million Ondansetron
lux, 7 days HCl 1 6998.25 0.9998 99.6 - -
3.6 million Ondansetron
lux, 21 days HCl 1 6747.15 0.9999 97.8 - -
Impurity-90 0.25 9.21 - - 1.14

3.3.1 Aqueous degradation

Stressed degradation study for aqueous environment was conducted in purified water at 60°C for

7- and 21-days. Under this stress condition, no degradation was found for first 7 days but 0.3%

degradation was found after 21 days. One additional peak apart from principal and blank peaks

was found with retention time 13.9 min and RRT 0.85. . The chromatogram is shown in figures
3.19-3.20 and the results are summarized in table 3.26-3.27.
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Figure 3.19: Chromatogram of granisetron HCI in water at 60°C for 21 days.
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Figure 3.20: Extended chromatogram for impurity of granisetron HCI in water at 60°C for

21 days.

Table 3.26: Relationship between relative retention time (RRT), area and content of
granisetron HCI in water at 60°C after 7 days.

Peak Content (%)
Condition Peak identity RRT Area purity
index Standard | Sample
Aqueous Granisetron
degradation 1 6583.77 0.9998 100.0 99.9
HCI
(7 days)

Table 3.27: Relationship between relative retention time (RRT), area and content of
granisetron HCI in water at 60°C after 21 days.

: Content (%)
Condition . dPea!( RRT Area Pea_lkdpurlty Total
identity Index Sample | Impurity | . -
impurities
Aqueous Graméel”on 1 7303.68 0.9989 99.7 -
degradation 0.3
(21 days) Impurity-1 0.85 8.26 - 0.30

3.3.2 Acid degradation
Acid degradation study was conducted with four different strengths of hydrochloric acid at 60°C
for 7 days. Here, 2.31%, 5.0%, 10.8% and 17.1% degradation were observed with 0.1N, 0.5N,

1.0N and 2.0N HCI, respectively. The chromatograms are shown in figure 3.21 and results are

given in table 3.

28.

Chapter-3 Results and Discussion of Stress Degradation Studies

108




Studies of Stress Degradation and Impurity Profiles of Some 5-HT3 Antagonists

mAll E
% 8
I
&D ‘sl (A
i (a)
40 | I|_
15\
20 j& |
% % ﬁ 2 _/; \\_
ﬁ l.\E;l'll-\._.I‘ﬁ.l J'_rllﬂ_... ol i — e —
L 'llﬂ. Il'. 1Ir| -|Il'.
[T 0] g
80 E-
] 1
&0 - el
- H -l
. L] 151
w] £l ®
1 g IE '.I
P ja
| glgg AN
I - V. e S— — S S
) ) " ; l‘ﬁ 1'5. ) ) ) "'lll"i "I!ﬁ
3 g 3
- E.
0 |
51
403 = ()
] - {8 |
20+ ':h —~ = [=
] ﬁ l= ~ a0 -
0 LT;‘_; [ R N - 4_// \k-_._,—
—_— r - —_— -
R L[4 iR 1] el
mAll g
140 g
120 2
100 =z
> :
60 =
40 o e | (a) -
E | v g 3 % [ '|.' E
20 - llrﬁ' o - / '\,.\_ o
ol —sfer = AL T DA NS
; T 15 n 25

Figure 3.21: Chromatograms of granisetron HCI at 60°C after 7 days in (a) 0.1N HCI,
(b) 0.5N HCI, (c) 1.0N HCI, and (d) 2.0N HCI.
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Table 3.28: Relationship between relative retention time (RRT), area and content of
granisetron HCI in acid at 60°C after 7 days.

Peak Content (%)
Conditions | Peak identity RRT Area purity _ Total
index | Sample | Impurity impurities
Granisetron
HCl 1 6208.0 0.9999 97.7 -
0.INHCI | Impurity-2 0.24 6.31 - - 0.5 2.3
Impurity-3 0.30 12.93 - - 1.0
Granisetron
HCl 1 6151.8 0.9998 95.0 -
0.5NHCI | Impurity-4 0.24 11.48 - - 0.62 5.0
Impurity-5 0.30 60.63 - - 3.4
Granisetron
HCl 1 5752.7 0.9997 89.2 -
LONHCI | 1mpurity-6 0.24 25.62 - - 1.7 10.8
Impurity-7 0.30 105.90 - - 7.3
Granisetron
HCl 1 5307.5 0.9999 82.9 -
Impurity-8 0.24 43.93 - - 1.7
20N HCI | impurity-9 0.30 246.82 - - 9.7 -
Impurity-10 | 0.58 45.32 - - 1.8 '
Impurity-11 1.22 47.92 - - 1.9

3.3.3 Base degradation
Base degradation was conducted initially in 0.1N, 0.5N, 1.0N and 2.0N NaOH at 60°C for 3
days. Here, 1.4%, 20.8%, 24.7% and 46.3% degradation were observed with 0.1N, 0.5N, 1.0N

and 2.0N NaOH, respectively. The chromatogram is shown in figure 3.22 and results are given in

table 3.29.
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Figure 3.22: Chromatograms of granisetron HCI at 60°C after 3 days in (a) 0.1N NaOH, (b)
0.5N NaOH, (c) 1.0N NaOH, and (d) 2.0N NaOH.
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Table 3.29: Relationship between relative retention time (RRT), area and content of
granisetron HCI in base at 60°C after 3 days.

Peak Peak Content (%)
Conditions S RRT Area purity Total
identity ) sample | Imourit
index | SaMple | IMPUMLY 15 rities
oan | oo g 5761.6 : 98.6 :

NaOH ; 14
Impurity-12 0.13 84.3 - - 1.2
Granisetron

0.5N HCl 1 4819.7 - 79.2 - 208

NaOH 1 mourity-13 | 0.14 1267.6 i - | 2082
Graneetion |1 4561.1 : 75.3 :

1.0N : 947

NaOH Impurity-14 0.08 15.02 - - 0.22 :
Impurity-15 | 0.14 1479.8 - - 21.8
Granisetron

HCl 1 3521.8 - 53.7 -

2.0N Impurity-16 0.08 25.2 - - 0.38 46.3

NaOH Impurity-17 0.15 1488.0 - - 22.8
Impurity-18 0.31 775.0 - - 11.9

Secondly, base degradation was conducted out in 2.0N NaOH at 60°C, 70°C and 80°C for 1
hour, 2 hours, 3 hours, 4 hours and 5 hours. Here, 1.2%, 2.3%, 3.5%, 4.6% and 5.8% degradation
were found at 60°C for 1 hour, 2 hours, 3 hours, 4 hours and 5 hours respectively. However,
2.5%, 5.0%, 7.5%, 10.0% and 12.6% degradation were found at 70°C for 1 hour, 2 hours, 3
hours, 4 hours and 5 hours respectively. On the other hand, 5.0%, 9.9%, 14.9%, 19.8% and
24.8% degradation were found at 80°C for 1 hour, 2 hours, 3 hours, 4 hours and 5 hours

respectively.

All chromatograms at 60°C are shown in figure 3.23 and results are given in table 3.30.
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Figure 3.23: Chromatograms of granisetron HCI in 2.0N NaOH at 60°C after (a) 1 hour,
(b) 2 hours, (c) 3 hours, (d) 4 hours, and (e) 5 hours.
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Table 3.30: Relationship between relative retention time (RRT), area and content of
granisetron HCI in 2.0N NaOH at 60°C.

g

nlé?xil idii?i(ty RRT Area ;“er?tky Conteth - Total
index | Sample | Impurity impurities

1 hour Graﬂéel”o” 3300.4 | 09998 | 98.8 i 1.2

2 hours Graﬂsceltro” 32825 | 09998 | 97.7 i 23

3 hours Graﬂsceltro” ! 3260.6 | 0.9997 | 96.5 i 3.5

4 hours Graﬂsc"“l”on 32144 | 09995 | 954 i 4.6

5 hours Graﬂéel”o” 2062.1 | 09994 | 94.2 i 5.8

All chromatograms at 70°C are shown in figure 3.24 and results are given in table 3.31.

At 80°C, one degradant peak was found after 1 hour,2 hours and 3 hours. Two degradants peaks

were found after 4 hours and 5 hours. The chromatograms are shown in the figure 3.25 and

results are given in table 3.32.

Chapter-3 Results and Discussion of Stress Degradation Studies

114




Studies of Stress Degradation and Impurity Profiles of Some 5-HT3 Antagonists

a0 ‘fr
sa '
A0 — I.I
- (@)
20 3 = 11
[ i
" | -
=2 ||E = .
= | ) gL . S
“ v L - Y
O — E
B0 r
oo =
£ =1 |
|| ()
S 5
20 3 i
i — | =
& \=z= 8
o -] .'._.\'.‘3/-_ e
v 1 ¥
——T = = S
A LE i
= E
= 5
| |
e —] o [
3 | @
=
|
10— I| = ey |
@ (85 = / -
o R - T = =_ ~ A
¥ e A
L ] o
m_
{’ﬂ—f g
Y-U—E d
1 Fl
a0 3 |
E & i
N !
o]
L= |
3 & l'zg = = | .
o = [ o = - = .-
3 L3 " e o
h p -
L r]

8

a0 — j

30 |

a0 | i
| |

L 1-] — L}

] ?_5 I = = -+ | e

o - 1-&_ ' -.f"h,v e — e - - ! - —

W e

Figure 3.24: Chromatograms of granisetron HCI in 2.0N NaOH at 70°C after (a) 1 hour,

(b) 2 hours, (c) 3 hours, (d) 4 hours, and (e) 5 hours.
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Table 3.31: Relationship between relative retention time (RRT), area and content of
granisetron HCI in 2.0N NaOH at 70°C.

0,
nlé?xil idi?latl:(ty RRT | Area PP“i?g’ Conteth T Total
index Sample | Impurity impurities
Lhour | Grameetron 32551 | 09997 | 975 i 25
2hours | Crameetron 31246 | 09979 | 95.0 i 5.0
3hours | GTAIEEION |y 30095 | 09988 | 925 i 75
4 hours Graﬂscel”on 30544 | 09989 | 90.0 i 10.0
5 hours Graméel”o” 2070.6 | 00984 | 87.5 i 12.6

3.3.4 Oxidative degradation

Oxidative degradation was conducted with three different known strengths of hydrogen peroxide
in dark place for 1, 2 and 3 hours. Different percentages of degradation were evident at different
stressed conditions. Here, 24.4%, 29.6% and 31.2% degradation were found for 3% hydrogen

peroxide after 1, 2 and 3 hours, respectively.

However, 34.8%, 37.6% and 41.4% degradation were observed with 5% hydrogen peroxide after
1, 2 and 3 hours, respectively. On the other hand, 64.6%, 69.4% and 71.3% degradation could be
seen for 10% hydrogen peroxide after 1, 2 and 3 hours, respectively. The conditions that
produced not more than 20% of degradants are considered as appropriate stressed conditions.

The results are given in tables 3.33-3.35.
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Figure 3.25: Chromatograms of granisetron HCI in 2.0N NaOH at 80°C after (a) 1 hour,
(b) 2 hours, (c) 3 hours, (d) 4 hours, and (e) 5 hours.
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Table 3.32: Relationship between relative retention time (RRT), area and content of

granisetron HCI in 2.0N NaOH at 80°C.

. Peak Content (%)
index P PUMY | impurities
Gra”'sel”on 1 10464 | 09995 | 95.0 i
1 hour HC 5.0
Impurity-19 0.21 759.0 - - 4.6
Gramscﬁ”o” 1 10303 | 0.9987 | 90.1 i
2 hours 9.9
Impurity-20 0.21 1140.6 - - 7.0
Gramscﬁ”o” 1 10176 | 0.9981 | 85.1 i
3 hours 14.9
Impurity-21 0.21 1375.8 - - 9.2
Granisetron |, 9547.1 | 09987 | 80.16 | -
HClI
4hours | |mpurity-22 | 0.21 1785.1 - - 16.4 19.8
Impurity-23 0.89 63.91 - - 0.6
Granisetron
HCl 1 9149.7 0.9977 75.2 -
Shours | |mpurity-24 | 0.21 2296.2 - - 19.5 24.8
Impurity-25 0.89 63.13 - - 0.5

Table 3.33: Relationship between relative retention time (RRT), area and content of
granisetron HCI in 3.0% hydrogen peroxide at dark place after 1, 2 and 3 hours.

0

Time Peak Peak purity Content (%)

. . . RRT Area . Total

interval identity index Sample | Impurity ota

impurities

1hour | Cranisetron 4734.1 i 75.6 i 24.4
HCI

2 hours | Cranisetron 1 4409.1 . 70.4 . 29.6
HCI

3hours | Cranisetron 4373.9 i 68.8 i 31.2
HCI
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Table 3.34: Relationship between relative retention time (RRT), area and content of
granisetron HCI in 5.0% hydrogen peroxide at dark place after 1, 2 and 3 hours.

Content (%)

Time Peak purity

] Peak names RRT Area i

interval index Sample | Impurity | - Total

Impurities

1hour | CGranisetron 41131 i 65.2 i 34.8
HCI

2 hours | Cranisetron 1 4001.2 i 62.4 i 37.6
HCI

3 hours Gramscel”on 37255 i 58.6 i 414

Table 3.35: Relationship between relative retention time (RRT), area and content of
granisetron HCI in 10.0% hydrogen peroxide at dark place after 1, 2 and 3 hours.

Time

Content (%)

interval . dPeak RRT Area Pea_tk dpurlty Total
identity naex Sample | Impurity | impurities
1hour | CGranisetron 22473 i 35.4 i 64.6
HCl
2 hours | Granisetron |, 1940.6 ] 30.7 ; 69.4
HCl
3 hours Graméeltm” 1822.0 i 28.7 i 71.3

3.3.5 Photo degradation

Bulk drug substance was used as sample to conduct photo degradation study. The sample was

directly exposed to 1.2 million lux fluorescence light and 200 watts hour/m? UV light. Under

this stress condition, no degradation was observed. However, the sample was directly exposed to

3.6 million lux fluorescent light and 600 watts hour/m? UV light. At these conditions, the sample

also showed no degradation. The results are given in table 3.36.

3.4 Stress degradation of tropisetron hydrochloride

Tropisetron hydrochloride was subjected to the stressed studies in aqueous, acidic, basic,

oxidative and photolytic conditions. It was evident that Tropisetron HCI goes under degradation

in aqueous, basic, oxidative and photolytic conditions and no degradation was found in acidic

condition.
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Table 3.36: Relationship between relative retention time (RRT), area and content of
granisetron HCI after photo degradation exposed to 1.2 million lux fluorescence light and
200 watts hour/m? UV light and 3.6 million lux fluorescence light and 600 watts hour/m?

UV light.
. Content (%)
Conditions _Peak Area Peak purity Total
identity index Sample ota
impurities
1.2 million | Granisetron
lux, 7 days el 19834 0.9995 99.8 -
3.6 million | Granisetron
lux, 21 days el 7577.9 0.9999 99.9 -

3.4.1 Aqueous degradation

Aqueous degradation study was conducted with purified water at 60°C for 7- and 21-days. No

degradation was found after 7 days but 1.2% degradation was observed after 21 days. Two

additional peaks apart from the principal and blank peaks were found with retention time 7.5 and
8.7 min and RRT 0.35 and 0.40, respectively. The sensitivity of the peaks was 24.3 and 15.2,

respectively. The chromatogram is shown in figures 3.26-3.27 and results are given in tables

3.37-3.38.
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Figure 3.26: Chromatogram of tropisetron HCI in water at 60°C for 21 days.
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Figure 3.27: Extended chromatogram for impurities of tropisetron HCI in water at 60°C

for 21 days.

Table 3.37: Relationship between relative retention time (RRT), area and content of
tropisetron HCI in water at 60°C after 7 days.

Content (%)

Peak Peak

Condition identit RRT Area purity _ Total
y index | Sample | Impurity | impurities

Aqueous Tropisetron
degradation P 1 3300.4 0.9998 99.84 - -

HCI
(7 days)

Table 3.38: Relationship between relative retention time (RRT), area and content of
tropisetron HCI in water at 60°C for 21 days.

Content (%)
- Peak Pe"’.‘k
Condition denti RRT Area purity _ ~ Total
iaentity index | Sample | Impurity | impurities
Tropisetron 1 72945 | 09999 | 98.82 .
Aqueous HCI ' ' '
degradation | |mpurity-1 0.35 24.3 - - 0.62 12
(21 days)
Impurity-2 0.40 15.2 - - 0.38
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3.4.2 Acid degradation

Acid degradation study was conducted with four different strengths of hydrochloric acid at 60°C
for 7 days. Here, 0.96%, 2.6%, 3.0% and 15.7% degradations were observed in 0.1N, 0.5N, 1.0N
and 2.0N HCI, respectively. The chromatograms are shown in figure 3.28 and results are given in
table 3.39.

3.4.3 Base degradation

At first, base degradation was conducted in 0.1N, 0.5N, 1.0N and 2.0N NaOH at 60°C for 3
days. Here, 18.9%, 54.7%, 76.5% and 93.5% degradations were observed in 0.1N, 0.5N, 1.0N
and 2.0N NaOH, respectively. The chromatogram is shown in figure 3.29 and results are given in
table 3.40.

Secondly, base degradation was carried out in 2N NaOH at 60°C, 70°C and 80°C for 1 hour, 2
hours, 3 hours, 4 hours and 5 hours. Here, 2.1%, 4.4%, 6.6%, 8.8% and 11.0% degradations were
found at 60°C after 1 hour, 2 hours, 3 hours, 4 hours and 5 hours, respectively. However, 4.5%,
8.9%, 13.4%, 17.9% and 22.4% degradation were found at 70°C after 1 hour, 2 hours, 3 hours, 4
hours and 5 hours, respectively. On the other hand, 9.3%, 18.6%, 27.8%, 37.1% and 46.4%

degradation were found at 80°C after 1 hour, 2 hours, 3 hours, 4 hours and 5 hours, respectively.
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Figure 3.28: Chromatograms of tropisetron HCI at 60°C after 7 days in (a) 0.1N HCI,
(b) 0.5N HCI, (c) 1.0N HCI, and (d) 2.0N HCI.
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Table 3.39: Relationship between relative retention time (RRT), area and content of
tropisetron HCI in acid at 60°C after 7 days.

Content (%)

Peak Peak
Conditions identit RRT Area purity _ Total
y index | Sample | Impurity | impurities
AN | omesen g 67954 | 09999 | 99.0 : o
HCL 1 impurity-3 | 0.24 20.3 i i 0.30
Tropisetron |4 6686.6 | 09999 | 975 :
HCI
Impurity-4 0.17 12.4 - - 0.17
0.5N _
HCl Impurity-5 | 021 11.7 - - 0.16 2.6
Impurity-6 0.24 22.0 - - 0.31
Impurity-7 0.40 72.2 - - 1.01
Tropisetron |4 6659.0 | 0.9998 | 97.0 :
HCI
Impurity-8 0.17 7.65 - - 0.55
1.0N :
Hel Impurity-9 | 0.21 9.10 - - 0.70 3.0
Impurity-10 0.24 7.19 - - 0.54
Impurity-11 0.40 9.18 - - 0.71
Tropisetron 1 5784.1 | 0.9997 | 84.3 .
HCI
Impurity-12 0.21 10.5 - - 0.20
2.0N .
Hel Impurity-13 | 0.24 376.1 - - 7.7 157
Impurity-14 0.40 231.2 - - 4.7
Impurity -15 0.59 18.4 - - 0.37
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Figure 3.29: Chromatogram of tropisetron HCI in 0.1N NaOH at 60°C after 3 days.

At 60°C, one additional peak was found after each time interval. The chromatograms are shown
in the figure 3.30 and results are given in table 3.41.
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Figure 3.30: Chromatograms of tropisetron HCI in 2.0N NaOH at 60°C after (a) 1 hour,
(b) 2 hours, (c) 3 hours, (d) 4 hours, and (e) 5 hours.
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Table 3.40: Relationship between relative retention time (RRT), area and content of

tropisetron HCI in base 60°C after 3 days.

Content (%)

Peak Peak
Conditions identit RRT Area purity _ Total
dentity index | Sample | Impurity | impurities
Tropisetron 1 5343.9 | 09997 | 81.1 :
HCI
0.1IN Impurity-16 0.08 1158.9 - - 17.6
NaOH 18.9
Impurity-17 0.21 6.05 - - 0.09
Impurity-18 0.23 8.9 - - 0.14
Tropisetron
HCl 1 3064.6 - 45.3 -
0.5N Impurity-19 0.08 3475.4 - - 51.3
NaOH 54.7
Impurity-20 0.21 8.91 - - 0.13
Impurity-21 0.23 38.67 - - 0.57
Tropisetron
HCl 1 1686.7 - 23.5 -
1.0N Impurity-22 0.08 4998.7 - - 70.98
NaOH 765
Impurity-23 0.21 7.30 - - 0.10
Impurity-24 0.23 65.29 - - 0.93
Tro&l?:eltron 1 470.2 i 6.5 i
2.0N
NaOH | !mpurity-25 | 0.08 6294.1 - - 86.4 93.5
Impurity-26 0.23 120.5 - - 1.66
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Table 3.41: Relationship between relative retention time (RRT), area and content of
tropisetron HCI in 2.0N NaOH at 60°C.

) Peak Content (%)
Time Peak 3
interval identit RRT Area purity i Total
y index | Sample | Impurity | jmnyrities

Tropisetron 1 34825 | 09991 | 97.8 i

1 hour HCI 2.1
Impurity-27 0.10 55.19 - - 1.55
TrOp'Sel”O” 1 3378.7 | 09988 | 95.6 i

2 hours HC 4.4
Impurity-28 0.10 122.5 - - 3.44
Troﬂéel”on 1 3328.8 | 09984 | 93.4 i

3 hours 6.6
Impurity-29 0.10 182.3 ; ; 5.12
Troﬂéeltm” 1 3099.3 | 0.9985 | 91.2 i

4 hours 8.8
Impurity-30 0.10 251.0 ; ; 7.05
Troﬂéeltm” 1 28164 | 0.9974 | 89.0 -

5 hours 11.0
Impurity-31 0.10 324.0 ] ] 9.11

At 70°C, one additional peak was found after each time interval. The chromatograms are shown

in the figure 3.31and results are given in table 3.42.
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Figure 3.31: Chromatograms of tropisetron HCI in 2.0N NaOH at 70°C after (a) 1 hour,
(b) 2 hours, (c) 3 hours, (d) 4 hours, and (e) 5 hours.

Chapter-3 Results and Discussion of Stress Degradation Studies 129



Studies of Stress Degradation and Impurity Profiles of Some 5-HT3 Antagonists

Table 3.42: Relationship between relative retention time (RRT), area and content of

tropisetron HCI in 2.0N NaOH at 70°C.

. Peak Content (%)
Time Peak 3
interval identit RRT Area purity i Total
y index | Sample | Impurity | jmnyrities

TrOp'Sel”O” 1 3584.7 | 0.9990 | 95.5 i

1 hour HC 45
Impurity-32 | 0.10 120.4 ; ; 3.21
Troﬂéel”on 1 30143 | 09986 | 91.1 i

2 hours 8.9
Impurity-33 | 0.10 282.9 ; ; 754
Troﬂéel”on 1 27582 | 09980 | 86.6 i

3 hours 134
Impurity-34 | 0.10 454.4 ; ; 12.11
Tmp'seltro” 1 24367 | 0.9982 | 82.1 i

4 hours HC 17.9
Impurity-35 | 0.10 592.1 ; ; 15.78
Troﬂéeltm” 1 2205.2 09971 | 77.7 -

5 hours 22.4
Impurity-36 | 0.10 763.2 ] ] 20.3

At 80°C, two additional peaks were found after 1 hour, three additional peaks were found after

two hours. Two additional peaks were found after three, four and five hours. The chromatograms

are shown in the figure 3.32 and results are given in table 3.43.
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Figure 3.32: Chromatograms of tropisetron HCI in 2.0N NaOH at 80°C after (a) 1 hour,
(b) 2 hours, (c) 3 hours, (d) 4 hours, and (e) 5 hours.
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Table 3.43: Relationship between relative retention time (RRT), area and content of

tropisetron HCI in 2N NaOH at 80°C.

. Peak Content (%)
Time Peak )
interval identit RRT Area purity i Total
y index | Sample | Impurity | jmoyrities
Tropisetron 1 10048 | 0.9989 | 90.7 i
HCI
Lhour | |mpurity-37 | 0.17 841.8 - - 7.6 9.3
Impurity-38 0.22 48.7 - - 0.44
Tropisetron 1 82533 | 09981 | 814 i
HCI
ity ] ] 18.6
2 hours Impurity-39 0.17 1606.0 145
Impurity-40 0.22 55.4 - - 0.5
Impurity-41 0.34 110.8 - 1.0
Tropisetron 1 6820.8 | 09984 | 72.2 i
HCI
3hours | |mpurity-42 0.17 2580.7 - - 23.3 21.8
Impurity-43 0.34 299.1 - - 2.7
Tropisetron
el 1 5370.3 0.9981 | 62.9 -
4hours | |mpurity-44 | 0.17 3511.1 - - 31.7 37.1
Impurity-45 0.34 476.3 - - 4.3
Tropisetron
el 1 4165.1 0.9974 | 536 -
Shours | |mpurity-46 0.17 4818.1 - - 43.5 46.4
Impurity-47 0.34 132.9 - - 1.2
3.4.4 Oxidative degradation

Oxidative degradation was conducted with three different strengths of hydrogen peroxide at dark

place for 1, 2 and 3 hours. Different percentages of degradation were evident at different stressed

conditions. Here, 8.6%, 9.5% and 12.7% degradation were found with 3% hydrogen peroxide

after 1, 2 and 3 hours, respectively.

Chapter-3 Results and Discussion of Stress Degradation Studies

132




Studies of Stress Degradation and Impurity Profiles of Some 5-HT3 Antagonists

However, 21.6%, 21.7% and 23.3% degradation were observed in 5% hydrogen peroxide after 1,
2 and 3 hours, respectively. On the other hand, 24.8%, 34.8% and 37.5% degradation could be
seen for 10% hydrogen peroxide after 1, 2 and 3 hours, respectively. The conditions that
produced not more than 20% of degradants are considered as appropriate stressed conditions.

The chromatograms are shown in the figures 3.33-3.34 and results are given in tables 3.44-3.46.
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Figure 3.33: Chromatograms of tropisetron HCI in 3.0% H.O; after (a) 1 hour,
(b) 2 hours, and (c) 3 hours.
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Figure 3.34: Extended chromatograms for impurities of tropisetron HCI in 3.0% H>0>
after (a) 1 hour, (b) 2 hours, and (c) 3 hours.

3.4.5 Photo degradation

Photo degradation study was carried out with bulk drug substance. The sample was directly
exposed to 1.2 million lux fluorescence light and 200 watts hour/m? UV light. Under this stress
condition, no degradation was found. However, the sample was directly exposed to 3.6 million

lux fluorescent light and 600 watts hour/m? UV light. At these conditions, no degradation was
also observed. The results are given in table 3.47.
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Table 3.44: Relationship between relative retention time (RRT), area and content of
tropisetron HCI in 3.0% hydrogen peroxide at dark place after 1, 2 and 3 hours.

Content (%)

Time Peak Peak purity
. . . RRT Area . Total
interval identity index Sample | Impurity impurities
Tropisetron 1 4603.8 09997 | 91.4 :
HCI
1 hour Impurity-48 0.24 20.83 - - 0.16 8.6
Impurity-49 0.38 847.1 - - 6.4
Impurity-50 0.43 63.5 - - 0.48
Tropisetron 1 4557.6 09987 | 905 i
HCI
2 hours Impurity-51 0.24 7.73 - - 0.10 95
Impurity-52 0.38 580.1 - - 7.4
Impurity-53 0.43 42.4 - - 0.54
Tropisetron
Hel 1 4397.2 0.9984 87.3 -
Impurity-54 0.23 23.3 - - 0.31
3 hours Impurity-55 0.24 21.1 - - 0.28 12.7
Impurity-56 0.38 761.8 - - 10.2
Impurity-57 0.43 55.6 - - 0.74

Table 3.45: Relationship between relative retention time (RRT), area and content of
tropisetron HCI in 5.0% hydrogen peroxide at dark place after 1, 2 and 3 hours.

Content (%)

ir;[(iarrr\]/iu Peak identity RRT Area Peairl? d[:;lj(rity S _ Total
ample | Impurity impurities
1 hour Troﬂéel”on 3950.4 0.9954 78.4 i 21.6
2 hours Troﬂéel"on 1 3943.4 0.9934 78.3 i 21.7
3 hours Troﬂéel"on 3864.7 0.9968 76.7 - 23.3
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Table 3.46: Relationship between relative retention time (RRT), area and content of
tropisetron HCI in 10.0% hydrogen peroxide at dark place after 1, 2 and 3 hours.

T Peak buri Content (%)
. |mel Peak identity RRT Area ca deI’Ity Total
interva index sample | Impurity | jmourities
1 hour Troﬂ%el”on 3785.1 09928 | 752 ] 24.8
2 hours Troﬂscel”on 1 3286.1 0.9961 65.2 ] 34.8
3 hours Troﬂsceltm” 3147.4 0.9919 62.5 i 37.5

Table 3.47: Relationship between relative retention time (RRT), area and content of
tropisetron HCI after photo degradation exposed to 1.2 million lux fluorescence light and
200 watts hour/m? UV light and 3.6 million lux fluorescence light and 600 watts hour/m?
UV light.

_ Content (%)
Peak purity

Conditions | Peak identity RRT Area Total

index | sample | Impurity impurities

1.2 milliom Tropisetron

lux, 7 days HCl 17336.5 0.9992 99.9 - -
3.6 milliom Tropisetron 1
lux, 21 days Hel 7423.1 0.9997 100.6 - -

3.5 Stress degradation of palonosetron hydrochloride
It was observed that palonosetron hydrochloride degraded in aqueous, basic, oxidative and
photolytic conditions and no degradation was found in acidic condition. Results of each stressed

condition applied on palonosetron hydrochloride are summarized below:

3.5.1 Aqueous degradation
Aqueous degradation study was conducted with purified water at 60°C for 7 and 21-days. Under
these stressed conditions, no degradation was observed. The chromatogram is shown in figure

3.35 and the results are summarized in tables 3.48-3.49.
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Figure 3.35: Chromatogram of palonosetron HCI in water at 60°C after 21 days.

Table 3.48: Relationship between relative retention time (RRT), area and content of
palonosetron HCI in water at 60°C after 7 days.

: Content (%)
Condition . dPeak RRT Area Pea_lk dpurlty
identity INGEX | Standard | Sample
Aqueous Palonosetron
degradation 1 6756.6 0.9998 100.0 99.3
HCI
(7 days)

Table 3.49: Relationship between relative retention time (RRT), area and content of
palonosetron HCI in water at 60°C after 21 days.

Peak Peak buFit Content (%)
Condition id eatl't RRT Area €a dpurl y
laentity INGEX" | Standard | Sample
Aqueous Palonosetron
degradation 1 7616.6 0.9997 100.0 99.9
HCI
(21 days)

3.5.2 Acid degradation

Acid degradation study was conducted with four different strengths of hydrochloric acid at 60°C
for 7 days. Here, 0.80%, 1.9%, 2.4% and 3.1% degradations were found with 0.1N, 0.5N, 1.0N
and 2.0N HCI, respectively. The chromatograms are shown in figure 3.36 and the results are

given in table 3.50.
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Figure 3.36: Chromatograms of palonosetron HCI at 60°C after 7 days in (a) 0.1N HCI,
(b) 0.5N HCI, (c) 1.0N HCI, and (d) 2.0N HCI.

3.5.3 Base degradation
Base degradation was conducted in 0.1N, 0.5N, 1.0N and 2.0N NaOH at 60°C for 7-days. Here,
0.7%, 4.8%, 5.3% and 12.6% degradations were found in 0.1N, 0.5N, 1.0N and 2.0N NaOH,
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respectively. For each condition, one additional peak apart from principal and blank peaks was
observed. The chromatograms are shown in figure 3.37 and results are given in table 3.51.
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Figure 3.37: Chromatograms of palonosetron HCI at 60°C after 7 days in (a) 0.1N NaOH,
(b) 0.5N NaOH, (c) 1.0N NaOH, and (d) 2.0N NaOH.
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Table 3.50: Relationship between relative retention time (RRT), area and content of
palonosetron HCI in acid at 60°C after 7 days.

Peak Content (%)
Conditions i dii?:iy RRT Area purity | Tot-a|-

index | Sample | Impurity impurities
pan | olenesetron |y 55107 | 09988 | 992 | - -
HC Impurity-1 | 0.13 9.23 : : 0.16 |
oSN | Lolenesetron |y 54484 | 09974 | 98.1 : s
HC Impurity2 | 0.13 22.02 : : 0.38 |
pon | enosston |y 54223 | 09965 | 97.6 | - y
HCl Impurity-3 0.13 30.25 - - 0.52 '
pon | NN |y s3ga7 09946 | 969 | - .
HC Impurity-4 | 0.13 58.8 : : 1.01 |

3.5.4 Oxidative degradation

Oxidative degradation was conducted with three different strengths of hydrogen peroxide at dark

place for 1, 2 and 3 hours. Different percentages of degradation were evident at different stressed

conditions. Here, 95.0, 97.0 and 99.0% degradation were found for 3% hydrogen peroxide after

1, 2 and 3 hours, respectively.

On the other hand, almost 100.0% degradation was observed with 5% and 10% hydrogen

peroxide after 1, 2 and 3 hours, respectively. The conditions that produced not more than 20% of

degradants are considered as appropriate stressed conditions. Three additional peaks apart from

the principal and blank peaks were found for each stressed condition of 3% H>0O, at 1, 2 and 3

hours. The chromatograms are shown in the figure 3.38 and the results are given in tables 3.52-

3.54.
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Table 3.51: Relationship between relative retention time (RRT), area and content of
palonosetron HCI in base at 60°C after 7 days.

Content (%)

Peak Peak
Conditions | .~ RRT Area purity _ Total
identity index | Sample | Impurity | impurities
Palonosetron
0.1N el 1 6366.0 - 99.3 - 07
NaOH . '
Impurity-5 0.13 22.4 - - 0.33
osN | lonosetron |y 6104.0 : 95.2 :
NaOH . 4.8
Impurity-6 0.13 169.7 - - 2.5
pon | eposston )y 6074.2 : 94.7 :
NaOH . >3
Impurity-7 0.13 264.7 - - 3.9
poN | lonosetron |y 5600.8 : 87.4 :
NaOH . 126
Impurity-8 0.13 665.2 - - 9.8

3.5.5 Photo degradation

Photo degradation study was carried out with bulk drug substance. The sample was directly

exposed to 1.2 million lux fluorescence light and 200 watts hour/m? UV light. Under this stress

condition, no degradation was found. However, the sample was directly exposed to 3.6 million

lux fluorescent light and 600 watts hour/m? UV light. At these conditions, no degradation was

also observed. The chromatograms are shown in the figure 3.39and the results are given in table

3.55.
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Figure 3.38: Chromatograms of palonosetron HCI in 3.0% H2O; after (a) 1 hour,
(b) 2 hours, and (c) 3 hours.
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Table 3.52: Relationship between relative retention time (RRT), area and content of
palonosetron HCI in 3.0% hydrogen peroxide at dark place after 1, 2 and 3 hours.

Time Peak RRT Area Peak purity Content (%)
interval identity index Sample | Impurity im;l?:;itlies
1 hour Pa'onHoéle”on 5377.98 0.9999 5.0 i 95.0
2 hours Pa'O”HOCSIe”O” 1 5061.76 0.9989 3.0 i 97.0
3 hours Pa'O”HOCSIe”O” 4727.82 0.9998 1.0 i 99.0

Table 3.53: Relationship between relative retention time (RRT), area and content of
palonosetron HCI in 5.0% hydrogen peroxide at dark place after 1, 2 and 3 hours.

Time Peak Peak purity Content (%)
interval identity RRT Area index Sample | Impurity im:)-l?:?tlies
1 hour Pa'ouocsftm” 3993.56 0.9988 - - 100.0
2 hours Pa'ou"éftm” 1 3633.35 0.9989 . i 100.0
3 hours Pa'orl‘féf"o” 2534.88 0.9984 . i 100.0

Table 3.54: Relationship between relative retention time (RRT), area and content of
palonosetron HCI in 10.0% hydrogen peroxide at dark place after 1, 2 and 3 hours.

Ti beak Deak bufit Content (%)
1 hour Pa'orl‘féf"o” 2278.17 0.9978 i i 100.0
2 hours Pa'orl‘féf"o” 1 1318.8 0.9987 i i 100.0
3 hours Pa'orl‘féf”o” 668.66 0.9977 . i 100.0
Chapter-3 Results and Discussion of Stress Degradation Studies 143




Dhaka University Institutional Repository

Studies of Stress Degradation and Impurity Profiles of Some 5-HT3 Antagonists

mAl) 3

|E
— I 1
E 8 |
3 3 (e1)
63 g
|
53 g
4 . \
q e g
BT [
E Y- , '-\
Ad
R - e ——" ) - | U S S——————————
e R G ———— : : |
L4 i ik W g3 af IE A AE
mAU g
-
[
8 |g |
7 (")
8 | |
§ L
1
4 i
3 e 8 |
5 T | v 1
Fi Nﬂ IN \
1 o { S
e s pt—— e
0 L | T T 1 LI T T T T = ’ LI
5 in 15 n 7 an k13 4n 45

Figure 3.39: Chromatograms of palonosetron HCI exposed to 3.6 million lux fluorescence
light and 600 watts hour/m? UV light for (a) controlled sample, and (b) stressed sample.

Table 3.55: Relationship between relative retention time (RRT), area and content of
palonosetron HCI after photo degradation exposed to 1.2 million lux fluorescence light and
200 watts hour/m? UV light and 3.6 million lux fluorescence light and 600 watts hour/m?
UV light.

_ Content (%)
Conditions . dPea[( RRT Area Pea_lk dpurlty Total
iaentity Index Sample | Impurity | impurities
1.2 million | Palonosetron
lux, 7 days HC 17877.3 0.9991 99.7 - -
3.6 milion Palonosetron 1
lux, 6620.72 0.9994 99.9 - -
HCI
21 days
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3.6 Calculation

3.6.1 Impurity calculation

There are different types of related substance (impurity) analysis methods. Area percentage
method, high-low method and external standard method are more frequently used. The formula

of area percentage method was used to calculation individual impurity. It is mentioned below.

Ai
% impurity = x100
A
Here,
A = peak area of any impurity
At = total peak area

3.6.2 Potency calculation

Potency was calculated by the following formula.

As WSt

% potency = X x D x P (%) x 100
Ast W

Here,

As = peak area of sample

As = peak area of standard

Ws = weight of standard in mg

W, = weight of sample in mg

D = dilution factor

P = potency of standard in %.
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