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Chapter-4 

Results and Discussion of Degradation Kinetics 

Studies of Degradation kinetics were conducted in 0.1N NaOH on ramosetron HCl and 2.0N 

NaOH on ondnasetron HCl, granisetron HCl and tropisetron HCl at 60°C, 70°C and 80°C 

allowing 1 hour, 2 hours, 3 hours, 4 hours and 5 hours sample treatment interval. Results are 

discussed below: 

 

4.1 Degradation kinetics of ramosetron hydrochloride 

Degradation kinetics of ramosetron hydrochloride was conducted in 0.1N NaOH at 60°C, 70°C 

and 80°C for 1, 2, 3, 4 and 5 hours. All HPLC chromatograms relevant to degraded samples are 

presented in figures 3.4, 3.5 and 3.7.The potency remained after each degradation was calculated 

with the help of Microsoft Excel. These results are summarized in the table 4.1. Linearity graphs 

of each reaction order was derived using the relationship between concentration vs time for zero 

order, log concentration vs time for first order and inverse concentration vs time for second 

order. These graphs are presented in figures 4.1-4.3. Kinetic parameters are summarized in table 

4.2. Reaction activation energy (Ea) calculated with the help of Arrhenius equation was 10.05 

kcal/mol.The linearity graph required to calculate reaction activation energy (Ea) was devised 

from reaction rate constant (k) vs inverse temperature in Kelvin (1/T). This linearity graph is 

shown in figure 4.4. Half-life and shelf-life were calculated using the slope values of each 

regression equation. Half-life, shelf-life and regression line information are summarized in 

summary table 4.3. 
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Table 4.1: Peak parameters and assays of degraded samples of ramosetron HCl at different 

temperature in 0.1N NaOH. 
 

Temp. 
Time 

interval 
Area 

Theoretical                                                     

plate # 

Tailing 

factor 

Peak 

purity 

index 

Assay (%) 

Initial 

concentration 
Potency 

60°C 

1 hour 10436 5424 0.987 0.9999 

100.0 

97.46 

2 hours 10159 5354 0.984 0.9997 96.0 

3 hours 9932.3 5451 0.989 0.9996 93.5 

4 hours 9802.3 5361 0.986 0.9997 91.0 

5 hours 9649.0 5248 0.982 0.9995 88.50 

70°C 

1 hour 2984.0 5451 0.991 0.9995 

100.0 

96.4 

2 hours 2859.1 5387 0.993 0.9998 93.8 

3 hours 2843.0 5451 0.992 0.9997 90.2 

4 hours 2826.0 5621 0.997 0.9996 86.6 

5 hours 2984.0 5451 0.991 0.9995 96.4 

80°C 

1 hour 10143 5587 0.991 0.9998 

100.0 

94.72 

2 hours 9936.3 5674 0.993 0.9999 90.44 

3 hours 9641.4 5910 0.997 0.9996 85.16 

4 hours 8706.9 5436 0.974 0.9997 76.88 

5 hours 8608.3 5581 0.943 0.9995 74.18 

 

 
 

Figure 4.1: Zero order plot for the degradation of ramosetron HCl at 60°C 

(series 1), 70°C (series 2) and 80°C (series 3) in 0.1N NaOH. 
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Figure 4.2: First order plot for the degradation of ramosetron HCl at 60°C (series 1), 70°C 

(series 2) and 80°C (series 3) in 0.1N NaOH. 

 

   
 

Figure 4.3: Second order plot for the degradation of ramosetron HCl at 60°C (series 1), 

70°C (series 2) and 80°C (series 3) in 0.1N NaOH. 

 

 
 

Figure 4.4: Relationship between temperature and rate constant used to calculate 

activation energy for ramosetron HCl. 
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Table 4.2: Kinetic parameters of degradation of ramosetron HCl at different temperature 

in 0.1N NaOH. 
 

Temp. Parameters 

Orders 

Zero                

(C vs time) 

First                

(logC vs time) 

Second               

(1/C vs time) 

60°C 

R2 (linear correlation 

coefficient) 
0.9951 0.9932 0.9908 

k (rate constant) 2.2680 0.0105 0.0003 

70°C 

R2 ( linear correlation  

coefficient) 
0.9979 0.9955 0.9917 

k (rate constant) 3.3714 0.0160 0.0004 

80°C 

R2 ( linear correlation 

coefficient) 
0.9880 0.9835 0.9761 

k (rate constant) 5.3686 0.0270 0.0007 

 

Table 4.3: Summary of degradation kinetics of ramosetron HCl at 60°C, 70°C and 80°C in 

0.1N  NaOH. 
 

Order 
Temperature 

Equation R2 value k 
t1/2 

(days) 

t90 

(days) °C °K 

Zero 

60 333 y = -2.2680x + 100.0800 0.9951 2.2680 0.92 0.18 

70 343 y = -3.3714x + 100.0952 0.9979 3.3714 0.62 0.12 

80 353 y= -5.3686x + 100.3181 0.9880 5.3686 0.39 0.08 

First 

60 333 y = -0.0105x + 2.0008 0.9932 0.0105 2.75 0.38 

70 343 y = -0.0160x + 2.0014 0.9955 0.0160 1.80 0.25 

80 353 y = -0.0270x + 2.0041 0.9835 0.0270 1.07 0.15 

Second 

60 333 y = 0.0003x + 0.0100 0.9908 0.0003 1.39 0.14 

70 343 y = 0.0004x + 0.0099 0.9917 0.0004 1.04 0.10 

80 353 y = 0.0007x + 0.0098 0.9761 0.0007 0.60 0.06 

 

4.2 Degradation kinetics of ondansetron hydrochloride 

To investigate kinetics information of ondansetron hydrochloride, test samples were prepared  in 

2.0N NaOH at 60°C, 70°C and 80°C for 1, 2, 3, 4 and 5 hours. All HPLC chromatograms 

relevant to degraded samples have been presented in figures 3.13-3.15. The potency remained 

after each degradation was calculated with the help of Microsoft Excel. These results are 

summarized in the table 4.4. Linearity graphs of each reaction order was derived using the 

relationship between concentration vs time for zero order, log concentration vs time for first 

order and inverse concentration vs time for second order. These graphs are presented in figures 



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

Chapter-4 Results and Discussion of Degradation Kinetics 150 

 

4.5-4.7. Kinetic parameters are summarized in table 4.5. Reaction activation energy (Ea) 

calculated with the help of Arrhenius equation was 7.57 kcal/mol. The linearity graph required to 

calculate reaction activation energy (Ea) was devised from reaction rate constant (k) vs inverse 

temperature in Kelvin (1/T). This linearity graph is shown in figure 4.8. Half-life and shelf-life 

were calculated using the slope values of each regression equation. Half-life, shelf-life and 

regression line information are summarized in summary table 4.6. 

 

Table 4.4: Peak parameters and assays of degraded samples of ondansetron HCl at 

different temperature in 2.0N NaOH. 
 

Temp. 
Time 

interval 
Area 

Theoretical                                                     

plate # 

Tailing 

factor 

Peak 

purity 

index 

Assay (%) 

Initial 

concentration 
Potency 

60°C 

1 hour 2884.4 5468 0.954 1.0001 

100.0 

99.45 

2 hours 2882.0 5315 0.987 1.0203 98.99 

3 hours 2870.3 5211 0.968 0.9998 98.35 

4 hours 2865.0 5123 0.994 0.9999 97.80 

5 hours 2846.4 5027 0.989 0.9996 97.25 

70°C 

1 hour 2869.8 5687 0.998 1.0000 

100.0 

99.15 

2 hours 2850.0 5564 0.997 1.0023 98.50 

3 hours 2845.2 5497 1.000 1.0540 97.40 

4 hours 2825.1 5389 0.995 0.9999 96.50 

5 hours 2802.7 5212 0.999 0.9989 95.71 

80°C 

1 hour 11814.2 6958 0.998 0.9999 

100.0 

99.15 

2 hours 10440.4 6879 0.997 0.9998 98.36 

3 hours 10346.8 6584 0.999 1.0023 97.48 

4 hours 10298.3 6485 0.967 1.0054 97.03 

5 hours 8934.8 6257 0.948 0.9999 84.18 

 

 

Figure 4.5: Zero order plot for the degradation of ondansetron HCl at 60°C 

(series 1), 70°C (series 2) and 80°C (series 3) in 2.0N NaOH. 
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Figure 4.6: First order plot for the degradation of ondansetron HCl at 60°C (series 1), 70°C 

(series 2) and 80°C (series 3) in 2.0N NaOH. 

 

 
 

Figure 4.7: Second order plot for the degradation of ondansetron HCl at 60°C (series 1), 

70°C (series 2) and 80°C (series 3) in 2.0N NaOH. 

 

 
 

Figure 4.8: Relationship between temperature and rate constant used to calculate 

activation energy for ondansetron HCl. 
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Table 4.5: Kinetic parameters of degradation of ondansetron HCl at different temperature 

in 2.0N NaOH. 
 

Temp. Parameters 

Orders 

Zero                

(C vs time) 

First                

(logC vs time) 

Second               

(1/C vs time) 

60°C 

R2 ( linear correlation 

coefficient) 
0.9988 0.9986 0.9984 

k (rate constant) -0.5526  -0.0055 0.0001 

70°C 

R2 ( linear correlation 

coefficient) 
0.9965 0.9963 0.9959 

k (rate constant) -0.8714 -0.0090 0.0001 

80°C 

R2 ( linear correlation 

coefficient) 
0.9994 0.9991 0.9987 

k (rate constant) -1.0537 -0.0108 0.0001 

 

Table 4.6: Summary of degradation kinetics of ondansetron HCl at 60°C, 70°C and 80°C in 

2.0N NaOH. 
 

Orders 
Temperature 

Equation R2 value k 
t1\2 

(days) 

t90 

(days) °C °K 

Zero 

60 333 y = -0.5526x + 100.0214 0.9988 0.05526 37.70 7.54 

70 343 y = -0.0024x + 2.0001 0.9986 0.8714 2.39 0.48 

80 353 y = 0.0001x + 0.0100 0.9984 1.0537 1.98 0.40 

First 

60 333 y = -0.8714x + 100.0552 0.9965 0.0055 5.25 0.72 

70 343 y = -0.0039x + 2.0003 0.9963 0.0090 3.21 0.44 

80 353 y = 0.0001x + 0.0100 0.9959 0.0108 2.67 0.37 

Second 

60 333 y = -1.0537x + 100.0310 0.9994 0.0001 4.17 0.42 

70 343 y = -0.0047x + 2.0002 0.9991 0.0001 4.17 0.42 

80 353 y = 0.0001x + 0.0100 0.9987 0.0001 4.17 0.42 

 

4.3 Degradation kinetics of granisetron hydrochloride 

Appropriate aliquot of granisetron hydrochloride solution in 2.0N NaOH was kept at 60°C, 70°C 

and 80°C for 1, 2, 3, 4 and 5 hours to prepare test samples followed by HPLC analysis. All 

HPLC chromatograms relevant to degraded samples are presented in figures 3.23-3.25. The 

potency remained after each degradation was calculated with the help of Microsoft Excel. These 

results are summarized in the table 4.7. Linearity graphs of each reaction order was derived using 

the relationship between concentration vs time for zero order, log concentration vs time for first 

order and inverse concentration vs time for second order. These graphs are presented in figures 
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4.9-4.11. Kinetic parameters are summarized in table 4.8. Reaction activation energy (Ea) 

calculated with the help of Arrhenius equation was 16.98 kcal/mol. The linearity graph required 

to calculate reaction activation energy (Ea) was devised from reaction rate constant (k) vs inverse 

temperature in Kelvin (1/T). This linearity graph is shown in figure 4.12. Half-life and shelf-life 

were calculated using the slope values of each regression equation. Half-life, shelf-life and 

regression line information are summarized in summary table 4.9. 

 

Table 4.7: Peak parameters and assays of degraded samples of granisetron HCl at different 

temperature in 2.0N NaOH. 
 

Temp. 
Time 

interval 
Area 

Theoretical                                                     

plate # 

Tailing 

factor 

Peak 

purity 

index 

Assay (%) 

Initial 

concentration 
Potency 

60°C 

1 hour 3300.4 4897 0.958 0.9998 

100.0 

98.84 

2 hours 3282.5 4791 0.988 0.9998 97.68 

3 hours 3260.6 4991 0.972 0.9997 96.52 

4 hours 3214.4 4798 0.996 0.9995 95.36 

5 hours 2962.1 4712 0.979 0.9994 94.20 

70°C 

1 hour 3255.1 4851 0.992 0.9997 

100.0 

97.49 

2 hours 3124.6 4967 0.995 0.9979 94.98 

3 hours 3099.5 4991 0.994 0.9988 92.47 

4 hours 3054.4 4896 0.994 0.9989 89.96 

5 hours 2970.6 4857 0.997 0.9984 87.45 

80°C 

1 hour 10464 4458 0.993 0.9995 

100.0 

95.04 

2 hours 10303 4682 0.991 0.9987 90.08 

3 hours 10176 4897 0.989 0.9981 85.12 

4 hours 9547.1 4738 0.986 0.9987 80.16 

5 hours 9149.7 4825 0.947 0.9977 75.20 

 

 

  Figure 4.9: Zero order plot for the degradation of granisetron HCl at 60°C (series 1), 

70°C (series 2) and 80°C (series 3) in 2.0N NaOH. 
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  Figure 4.10: First order plot for the degradation of granisetron HCl at 60°C (series 1), 

70°C (series 2) and 80°C (series 3) in 2.0N NaOH. 

 

                    
 

Figure 4.11: Second order plot for the degradation of granisetron HCl at 60°C (series 1), 

70°C (series 2) and 80°C (series 3) in 2.0N NaOH. 
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Figure 4.12: Relationship between temperature and rate constant used to calculate 

activation energy for granisetron HCl. 

 

Table 4.8: Kinetic parameters of degradation of granisetron HCl at different temperature 

in 2.0N NaOH. 
 

 

Temp. Parameters 

Orders 

Zero              

(C vs time) 

First                

(logC vs time) 

Second               

(1/C vs time) 

60°C 

R2 (linear correlation 

coefficient) 
1.000 0.9999 0.9997 

k (rate constant) 1.1600 0.0052 0.0001 

70°C 

R2 ( linear correlation  

coefficient) 
1.000 0.9996 0.9985 

k (rate constant) 2.5100 0.0116 0.0003 

80°C 

R2 ( linear correlation 

coefficient) 
1.000 0.9983 0.9931 

k (rate constant) 4.9600 0.0247 0.0007 
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Table 4.9: Summary of degradation kinetics of granisetron HCl at 60°C, 70°C and 80°C in 

2.0N NaOH. 
 

Order 
Temperature 

Equation 
R2  

value 
k 

t1/2 

(days) 

t90 

(days) °C °K 

Zero 

60 333 y = -1.1600x + 100.0000 1.000 1.1600 1.80 0.36 

70 343 y = -2.5100x + 100.0000 1.000 2.5100 0.81 0.16 

80 353 y = -4.9600x + 100.0000 1.000 4.9600 0.42 0.08 

First 

60 333 y = -0.0052x + 2.0001 0.9999 0.0052 5.55 0.76 

70 343 y = -0.0116x + 2.0005 0.9996 0.0116 2.49 0.34 

80 353 y = -0.0247x + 2.0023 0.9983 0.0247 1.17 0.16 

Second 

60 333 y = 0.0001x + 0.0100 0.9997 0.0001 4.17 0.42 

70 343 y = 0.0003x + 0.0100 0.9985 0.0003 1.39 0.14 

80 353 y = 0.0007x + 0.0099 0.9931 0.0007 0.60 0.06 

 

4.4  Degradation kinetics of tropisetron hydrochloride 

Analytical samples of tropisetron hydrochloride for degradation kinetics study was prepared in 

2.0N NaOH at 60°C, 70°C and 80°C for 1, 2, 3, 4 and 5 hours. All HPLC chromatograms 

relevant to degraded samples are presented in figures 3.30-3.32. The potency remained after each 

degradation was calculated with the help of Microsoft Excel. These results are summarized in the 

table 4.10. Linearity graphs of each reaction order was derived using the relationship between 

concentration vs time for zero order, log concentration vs time for first order and inverse 

concentration vs time for second order. These graphs are presented in figures 4.13-4.15. Kinetic 

parameters are summarized in table 4.11. Reaction activation energy (Ea) calculated with the 

help of Arrhenius equation was 16.86 kcal/mol. The linearity graph required to calculate reaction 

activation energy (Ea) was derived from reaction rate constant (k) vs inverse temperature in 

Kelvin (1/T). This linearity graph is shown in figure 4.16. Half-life and shelf-life were calculated 

using the slope values of each regression equation. Half-life, shelf-life and regression line 

information are summarized in summary table 4.12. 
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Figure 4.13: Zero order plot for the degradation of tropisetron HCl at 60°C  

(series 1), 70°C (series 2) and 80°C (series 3) in 2.0N NaOH. 

 

                      

Figure 4.14: First order plot for the degradation of tropisetron HCl at 60°C  (series 1), 

70°C (series 2) and 80°C (series 3) in 2.0N NaOH. 
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Table 4.10: Peak parameters and assays of degraded samples of tropisetron HCl at 

different temperature in 2.0N NaOH. 
 

Temp. 
Time 

interval 
Area 

Theoretical                                                     

plate # 

Tailing 

factor 

Peak 

purity 

index 

Assay (%) 

Initial 

concentration 
Potency 

60°C 

1 hour 3482.5 3584 0.951 0.9991 

100.0 

97.81 

2 hours 3378.7 3647 0.982 0.9988 95.61 

3 hours 3328.8 3841 0.965 0.9984 93.43 

4 hours 3099.3 3624 0.987 0.9985 91.24 

5 hours 2816.4 3921 0.981 0.9974 89.05 

70°C 

1 hour 3584.7 3647 0.987 0.9990 

100.0 

95.53 

2 hours 3014.3 3784 0.964 0.9986 91.06 

3 hours 2758.2 3582 0.954 0.9980 86.59 

4 hours 2436.7 3948 0.974 0.9982 82.12 

5 hours 2205.2 3748 0.967 0.9971 77.65 

80°C 

1 hour 10048 3854 0.981 0.9989 

100.0 

90.72 

2 hours 8253.3 3794 0.987 0.9981 81.44 

3 hours 6829.8 3824 0.964 0.9984 72.16 

4 hours 5370.3 3692 0.962 0.9981 62.88 

5 hours 4165.1 3741 0.945 0.9974 53.60 

 

 

 
 

Figure 4.15: Second order plot for the degradation of tropisetron HCl at 60°C (series 1), 

70°C (series 2) and 80°C (series 3) in 2.0N NaOH. 
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Figure 4.16: Relationship between temperature and rate constant used to calculate 

activation energy for tropisetron HCl. 

 

Table 4.11: Kinetic parameters of degradation of tropisetron HCl at different temperature 

in 2.0N NaOH. 
 

Temp. Parameters 

Orders 

Zero                                         

(C vs time) 

First                 

(logC vs time) 

Second                          

(1/C vs time) 

60°C 

R2 (linear correlation 

coefficient) 
1.000 0.9997 0.9989 

k (rate constant) 2.1897  0.0101 0.0002 

70°C 

R2 ( linear correlation  

coefficient) 
1.000 0.9986 0.9946 

k (rate constant) 4.4700 0.0219 0.0006 

80°C 

R2 ( linear correlation 

coefficient) 
1.000 0.9918 0.9674 

k (rate constant) 9.2800 0.0538 0.0017 
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Table 4.12: Summary of degradation kinetics of tropisetron HCl at 60°C, 70°C and 80°C in 

2.0N NaOH. 

 

Order 
Temperature 

Equation R2 value k 
t1/2 

(days) 

t90 

(days) °C °K 

Zero 

60 333 y = -2.1897x + 99.9976 1.0000 2.1897 0.95 0.19 

70 343 y = -4.4700x + 100.0000 1.0000 4.4700 0.47 0.09 

80 353 y = -9.2800x + 100.0000 1.0000 9.2800 0.22 0.04 

First 

60 333 y = -0.0101x + 2.0004 0.9997 0.0101 2.86 0.39 

70 343 y = -0.0219x + 2.0018 0.9986 0.0219 1.32 0.18 

80 353 y = -0.0538x + 2.0103 0.9918 0.0538 0.54 0.07 

Second 

60 333 y = 0.0002x + 0.0100 0.9989 0.0002 2.08 0.21 

70 343 y = 0.0006x + 0.0099 0.9946 0.0006 0.69 0.07 

80 353 y = 0.0017x + 0.0094 0.9674 0.0017 0.25 0.02 
 

4.5 Calculation 

4.5.1 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 

   At 

 

Here, 

Ai =  peak area of any impurity 

At =  total peak area 
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Chapter-5 

Results and Discussion of Impurity Profiling 

 

For investigation of degradants and growing impurities, all chromatograms were evaluated 

thoroughly. The relative retention time of any degradant or growing impurity observed from 

HPLC chromatogram of the stressed samples was compared with known relative retention 

time(RRT) to that of the degradant or growing impurity. Similarly, molecular weight of any 

degradant or impurity observed from MS spectrum of the stressed samples was compared with 

known molecular weight to that of the degradant or growing impurity. Molecular weight, 

intensity in CPS, peak area and RRT are considered together to identify known or unknown 

growing impurities or degradants. 

Necessary information of established impurities is summarized in tables 5.1-5.4 and figures 5.1-

5.3. 

Table 5.1: Information of established impurities of ondansetron HCl. 

 

Chemical  names 
Monograph 

name 

Molecular 

formula 

Molecular 

weights 

1H-imidazole Impurity-E C3H4N2 68.08 

2-Methyl-1H-imidazole Impurity-F C4H6N2 82.10 

9-Methyl-1,2,3,9-tetrahydro-4H-carbazol-4-one Impurity-C C13H13NO 199.25 

6,6¢-Methylenebis[(3RS)-9-methyl-3-[(2-

methyl-1H-imidazol-1-yl)methyl]-1,2, 3,9-

tetrahydro-4H-carbazol-4-one] 

Impurity-B C37H32D6N6O2 604.77 

9-Methyl-3-methylene-1,2,3,9-tetrahydro-4H-

carbazol-4-one 
Impurity-D C14H13NO 211.26 

(3RS)-3-[(dimethylamino)methyl]-9-methyl-

1,2,3,9-tetrahydro-4H-carbazol-4- one,  
Impurity-A C16H20N2O 256.34 

(3RS)-3-[(1H-imidazol-1-yl)methyl]-9-methyl-

1,2,3,9-tetrahydro-4H-carbazol- 4-one (C-

desmethylondansetron) 

Impurity-G C17H17N2O 279.34 
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Table 5.2: Information of established impurities of granisetron HCl. 

 

Chemical  names 
Monograph 

name 

Molecular 

formula 

Molecular 

weights 

1-Methyl-1H-indazole-3-carboxylic acid Impurity-D 

 

C10H9NO2 

 

176.18 

N-[(1R,3r,5S)-9-Methyl-9-azabicyclo[3.3.1]non-3-

yl]-1H-indazole-3-carboxamide 
Impurity-B C17H22N4O  298.38 

2-Methyl-N-[(1R,3r,5S)-9-methyl-9-

azabicyclo[3.3.1]non-3-yl]-2H-indazole-3-

carboxamide 

Impurity-A C18H24N4O 312.41 

N-[(1R,3r,5S)-9-Azabicyclo[3.3.1]non-3-yl]-1-

methyl-1H-indazole-3-carboxamide 
Impurity-C C17H22N4O·HCl  334.33 

 

Table 5.3: Information of established impurities of tropisetron HCl. 

 

Chemical  names 
Monograph 

name 

Molecular 

formula 

Molecular 

weights 

1H-indole-3-carboxylic acid Impurity-B C9H7NO2 161.16 

(1R,3r,5S)-8-methyl-8-azabicyclo[3.2.1]octan-3-

ol (tropine) 
Impurity-A C8H15NO 141.21 
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Table 5.4: Information of established impurities of palonosetron HCl. 

 

Chemical  names 
Monograph 

name 

Molecular 

formula 

Molecular 

weights 

(3aS)-1-Oxo-2-[(3S)-quinuclidin-3-yl]-

2,3,3a,4,5,6-hexahydro-1H-

benzo[de]isoquinoline 1-oxide 

Impurity-A 

 

C19H24N2O2 

 

312.41 

    
(3S)-3-(1-Oxo-5,6-dihydro-1H-

benzo[de]isoquinolin- 2(4H)-yl)quinuclidine 1-

oxide 

Impurity-B 

 

C19H22N2O2 

 

310.39 

    
(3aS)-2-[(3R)-Quinuclidin-3-yl]-2,3,3a,4,5,6-

hexahydro- 1H-benzo[de]isoquinolin-1-one 

hydrochloride 

 

Impurity-C C19H24N2O 332.87 

2-[(3S)-Quinuclidin-3-yl]-2,4,5,6-tetrahydro-1H-

benzo [de]isoquinolin-1-one hydrochloride 

 

Impurity-E C19H22N2O 330.85 
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Figure 5.1: Structure of known impurities of ondansetron hydrochloride. 
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Figure 5.2: Structure of known impurities of ondansetron hydrochloride. 
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Figure 5.3: Structure of known impurities of granisetron hydrochloride. 
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Figure 5.4: Structure of known impurities of granisetron hydrochloride. 

 
 

 

 

 

 

 

 

 

Figure 5.5: Structure of known impurities of tropisetron hydrochloride. 

 

5.1 Impurity profiling of ramosetron hydrochloride 

Aqueous degradation study was conducted with purified water at 60°C for 7and 21 days. Under 

these stressed conditions, no degradation was found. The results are summarized in tables 3.1-

3.2. 

 

Acid degradation study was conducted with four different strengths of hydrochloric acid at 60°C 

for 7 days.  Degradation was observed in 0.5N, 1.0N and 2.0N HCl. No degradation was 

observed in 0.1N HCl condition. The chromatograms are shown in figures 3.1-3.2 and results are 
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given in table 3.3.The relative retention time (RRT), area and % degradants or impurities derived 

from acidic conditions are summarized in the table 5.5.  

 

Table 5.5: HPLC results for the impurities or degradants of ramosetron HCl in 0.5N, 1.0N 

and 2.0N HCl at 60°C. 
 

Conditions 
Peak 

identity 

Retention time 

(min) 
RRT Area 

Content    

(%) 

0.5N HCl 
Impurity-1 7.11 0.79 6.86 0.18 

Impurity-2 21.08 2.33 27.20 0.80 

1.0N HCl 
Impurity-3 20.90 2.32 25.82 4.7 

Impurity-4 31.53 3.50 12.85 2.3 

2.0N HCl 

Impurity-5 8.10 0.89 241.20 8.3 

Impurity-6 19.81 2.18 17.62 0.59 

Impurity-7 20.90 2.30 10.18 0.34 

 

After evaluation of the degradants or impurities information provided in table 5.5, it was 

observed that five potential degradants or impurities were produced in acidic conditions with 

RRT of 0.79, 0.89, 2.18, 2.33 and 3.50. 

 

Base degraded samples in 0.1N NaOH at 60°C, 70°C and 80°C for 1 hour, 2 hours, 3 hours, 4 

hours and 5 hours were analyzed to  investigate degradants or impurities. The chromatograms are 

shown in figures 3.4-3.7 and the results are summarized in tables 3.5-3.7.The relative retention 

time (RRT), area and % degradants or impurities derived from the stressed samples in basic 

conditions are summarized in the tables 5.6-5.8. 
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Table 5.6: HPLC results for the impurities or degradants of ramosetron HCl in 0.1N NaOH 

at 60°C. 
 

Time 

interval 

Peak 

identity 

Retention time 

(min) 
RRT Area 

Content    

(%) 

1 hour Impurity-8 4.85 0.38 81.5 1.8 

2 hours Impurity-9 4.92 0.38 124.7 2.2 

3 hours Impurity-10 4.95 0.38 200.1 4.9 

4 hours Impurity-11 4.96 0.38 307.4 7.9 

5 hours 
Impurity-12 4.95 0.38 375.5 7.1 

Impurity-13 8.92 0.67 151.4 2.9 

 

Table 5.7: HPLC result for the impurities or degradants of ramosetron HCl in 0.1N NaOH 

at 70°C. 
 

Time 

interval 

Peak 

identity 

Retention time 

(min) 
RRT Area 

Content    

(%) 

1 hour 

Impurity-14 4.87 0.51 4.98 0.4 

Impurity-15 6.10 0.64 16.5 1.6 

2 hours 

Impurity-16 4.88 0.51 7.94 1.1 

Impurity-17 6.09 0.64 25.6 3.9 

3 hours 

Impurity-18 4.86 0.51 6.18 1.5 

Impurity-19 6.09 0.64 22.9 5.5 

4 hours 

Impurity-20 4.87 0.51 6.92 1.7 

Impurity-21 5.39 0.56 5.29 1.4 

Impurity-22 6.08 0.64 29.29 8.0 

5 hours 

Impurity-23 4.85 0.51 7.20 2.2 

Impurity-24 5.39 0.56 5.51 1.6 

Impurity-25 6.09 0.64 35.6 11.2 
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Table 5.8: HPLC results for the impurities or degradants of ramosetron HCl in 0.1N NaOH 

at 80°C. 
 

Time 

interval 

Peak 

identity 

Retention time 

(min) 
RRT Area 

Content    

(%) 

1 hour Impurity-26 4.90 0.38 209.2 3.0 

2 hours 

Impurity-27 5.09 0.39 403.4 0.89 

Impurity-28 9.25 0.70 2784.0 6.1 

3 hours 

Impurity-29 4.99 0.39 461.0 8.6 

Impurity-30 9.03 0.70 185.4 4.8 

4 hours 

Impurity-31 4.98 0.38 1431.6 15.8 

Impurity-32 9.08 0.70 468.8 5.2 

5 hours 

Impurity-33 5.0 0.39 1081.3 16.1 

Impurity-34 9.0 0.69 328.0 4.9 

 

Upon evaluation of the results of potential degradants or impurity summarized in tables 5.6-5.8, 

it was observed that six different potential degradants or impurities were found in basic 

conditions with RRT of 0.38, 0.51, 0.56, 0.64, 0.67 and 0.70. 

 

Oxidative stressed samples in 3.0% hydrogen peroxide at dark place for 1, 2 and 3 hours were 

analyzed to investigate potential degradants or impurities. HPLC chromatograms and MS spectra 

are evaluated together to investigate degradants or impurities. The HPLC chromatograms are 

shown in figures 3.8-3.9 and the results are summarized in table 5.9. On the other hand, MS 

spectra are shown in figures 5.6-5.8 and the relevant information is summarized in the tables 

5.10-5.11. 
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Table 5.9: HPLC results for the impurities or degradants of ramosetron HCl in 3.0% 

hydrogen peroxide. 
 

Time 

interval 

Peak 

identity 

Retention time 

(min) 
RRT Area 

Content 

(%) 

1 hour 

Impurity-35 6.21 0.65 18.95 1.90 

Impurity-36 7.44 0.77 3.03 0.31 

Impurity-37 7.09 0.95 56.03 5.80 

2 hours 

Impurity-38 6.20 0.65 43.70 4.2 

Impurity-39 7.20 0.76 6.01 0.58 

Impurity-40 9.06 0.94 85.20 8.20 

3 hours 

Impurity-41 6.03 0.63 6.16 0.54 

Impurity-42 7.41 0.77 16.33 1.40 

Impurity-43 9.07 0.95 144.66 13.0 

 

 
 

Figure 5.6: Mass spectrum of ramosetron HCl in 3.0% H2O2 after 1 hour. 
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Figure 5.7: Mass spectrum of ramosetron HCl in 3.0% H2O2 after 2 hours. 

 

 
 

Figure 5.8: Mass spectrum of ramosetron HCl in 3.0% H2O2 after 3 hours. 
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Table 5.10: MS result for the impurities or degradants of ramosetron HCl in 3.0% 

hydrogen peroxide. 
 

Time           

interval 
Molecular weight 

Intensity                  

(cps) 

Nominal 

molecular weight 

Monograph 

name 

1 hour 

114.9 1.0e7 113.9 Unknown 

142.1 2.0e7 141.1 Unknown 

362.2 4.0e7 361.2 Unknown 

2 hours 

114.9 1.5e7 113.9 Unknown 

142.1 2.5e7 141.1 Unknown 

362.2 4.5e7 361.2 Unknown 

3 hours 

114.9 0.8e7 113.9 Unknown 

142.1 2.8e7 141.1 Unknown 

362.2 4.9e7 361.2 Unknown 
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Table 5.11: HPLC and MS results for the impurities or degradants of ramosetron HCl in 

3.0% hydrogen peroxide. 
\ 

Time 

interval  

Peak 

identity 
RRT Area 

Intensity            

(cps) 

Molecular                       

weight 

Nominal      

molecular                  

weight 

Molecular 

formula 
Comments  

1hour 

Impurity-35  0.65 18.95 1.0e7 114.9 113.9 Unknown Unknown 

Impurity-36  0.77 3.03 2.0e7 142.1 141.1 Unknown Unknown 

Impurity-37  0.95 56.03 4.0e7 362.2 361.2 Unknown Unknown 

  2 hours 

Impurity-38 0.65 43.70 1.5e7 114.9 113.9 Unknown Unknown 

Impurity-39 0.76 6.01 2.5e7 142.1 141.1 Unknown Unknown 

Impurity-40 0.94 85.20 4.5e7 362.2 361.2 Unknown Unknown 

3 hours 

Impurity-38 0.65 43.70 1.5e7 114.9 113.9 Unknown Unknown 

Impurity-39 0.76 6.01 2.5e7 142.1 141.1 Unknown Unknown 

Impurity-40 0.94 85.20 4.5e7 362.2 361.2 Unknown Unknown 

 

After evaluation of the results of potential degradantsor impurities summarized in tables 5.10-

5.11, it was observed that three potential degradants or impurities were produced in oxidative 

conditions with RRT of 0.65, 0.76, 0.94 and molecular weight of 113.9, 141.1 and 361.2 Da.  

 

Photo degradation study was conducted in bulk drug substance. The sample was directly exposed 

to 1.2 million lux fluorescence light and 200 watts hour/m2   UV light. Under this stressed 

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

fluorescence light and 600 watts hour/m2 UV light. HPLC chromatograms and MS spectra are 

considered together to find out potential degradants or impurities. The HPLC chromatograms are 

shown in figure 3.10 and the results are summarized in table 5.12. On the other hand, MS spectra 

are shown in figure 5.9 and the relevant information is summarized in the tables 5.13-5.14. 
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Table 5.12: HPLC results for the impurities or degradants of ramosetron HCl exposed to 

3.6 million lux fluorescence light and 600 watts hour/m2   UV light. 
 

Condition Peak names 
Retention time 

(min) 
RRT Area 

Content 

(%) 

Photo 

degradation 

Impurity-44 5.58 0.59 141.62 2.2 

Impurity-45 5.79 0.61 137.27 2.1 

Impurity-46 6.78 0.72 3.92 0.05 

Impurity-47 7.98 0.84 11.73 0.17 
 

 

 
 

Figure 5.9: Mass spectrum of ramosetron HCl exposed to 3.6 million lux fluorescence light 

and 600 watts hour/m2   UV light. 

 

Table 5.13: MS results for the impurities or degradants of ramosetron HCl exposed to 3.6 

million lux fluorescence light and 600 watts hour/m2   UV light. 
 

Condition Molecular weight 
Intensity                  

(cps) 

Nominal 

molecular weight 

Monograph 

name 

Photo 

degradation 

121.3 1.4e6 120.3 Unknown 

148.9 1.5e5 147.9 Unknown 

186.1 5.2e5 185.1 Unknown 

413.3 1.5e5 412.3 Unknown 
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Table 5.14: HPLC and MS results for the impurities or degradants of ramosetron HCl 

exposed to 3.6 million lux fluorescence light and 600 watts hour/m2   UV light. 
 

Condition Peak identity RRT Area 
Intensity            

(cps) 

Molecular                       

weight 

Nominal      

molecular                  

weight 

Molecular 

formula 
Comments 

Photo 

degradation 

Impurity-44  0.59 141.62 1.4e6 121.3 120.3 Unknown Unknown 

Impurity-45 0.61 137.27 1.5e5 148.9 147.9 Unknown Unknown 

Impurity-46 0.72 3.92 5.2e5 186.1 185.1 Unknown Unknown 

Impurity-47 0.84 11.73 1.5e5 413.3 412.3 Unknown Unknown 

 

Upon evaluation of the results of potential degradants or impurities summarized in tables 5.13-

5.14, it was observed that four potential degradants or impurities were produced in photo-

degradation exposed to 3.6 million lux fluorescence light and 600 watts hour/m2   UV light with 

RRT of  0.59, 0.61, 0.72, 0.84 and molecular weight of 120.3, 147.9, 185.1and 412.3 Da.  

 

5.2 Impurity profiling of ondansetron hydrochloride  

Aqueous degradation study was conducted with purified water at 60°C for 7 and 21 days. 

Degradation was observed after 21 days. The chromatogram is shown in figure 3.11 and the 

result is summarized in table 3.13. It was observed that one potential degradant or impurity was 

found in aqueous condition after 21 days with RRT of 0.72. 

 

Acid degradation study was conducted in 0.1N, 0.5N, 1.0N and 2.0N HCl at 60°C for 7 days.  

No degradation was observed in acidic conditions.  

 

Base degraded samples in 0.1N, 0.5N and 1.0N NaOH were brought under degradant or impurity 

investigation. HPLC chromatograms and MS spectra are considered together to evaluate 

degradants or impurities. The HPLC chromatograms are shown in figure 3.12 and the results are 

summarized in table 5.15. On the other hand, MS spectra are shown in figures 5.10-5.12 and the 

relevant information is summarized in the tables 5.16-5.17. 
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Table 5.15: HPLC results for the impurities or degradants of ondansetron HCl in basic 

conditions at 60°C for 3 days. 
 

Conditions Peak identity 
Retention time 

(min) 
RRT Area 

Content    

(%) 

0.1N 

NaOH 
Impurity-2 6.54 0.65 162.0 4.1 

0.5N 

NaOH 
Impurity-3 6.51 0.65 449.6 8.1 

1.0N    

NaOH 

Impurity-4 5.18 0.51 19.85 0.39 

Impurity-5 6.52 0.65 445.4 12.7 

 

 
 

Figure 5.10: Mass spectrum of ondansetron HCl stressed with 0.1N NaOH at 60°C for 3 

days. 

 

 

 
 

Figure 5.11: Mass spectrum of ondansetron HCl stressed with 0.5N NaOH at 60°C for 3 

days. 
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Figure 5.12: Mass spectrum of ondansetron HCl stressed with 1.0N NaOH at 60°C for 3 

days. 

 

Table 5.16: MS result for the impurities or degradants of ondansetron HCl in basic 

conditions at 60°C for 3 days. 
 

Conditions Molecular weight 
Intensity                  

(cps) 

Nominal 

molecular weight 

Monograph 

name 

0.1N NaOH 212.1 1.5e7 211.26 Impurity-D 

0.5N NaOH 212.1 2.0e7 211.26 Impurity-D 

1.0N NaOH 
212.1 2.5e7 211.26 Impurity-D 

83.1 0.25e7 82.10 Impurity-F 

 

Table 5.17: HPLC and MS results for the impurities or degradants of ondansetron HCl in 

basic conditions at 60°C for 3 days. 
 

Conditions  
Peak 

identity 
RRT 

Intensity            

(cps) 

Molecular                       

weight 

Nominal      

molecular                  

weight 

Molecular 

formula 
Comments  

0.1N NaOH Impurity-2 0.65 1.5e7 212.1 211.26 C14H13NO Impurity-D 

0.5N NaOH Impurity-3 0.65 2.0e7 212.1 211.26 C14H13NO Impurity-D 

1.0N NaOH 

Impurity-4 0.51 0.25e7 83.1 82.1 C4H6N2 Impurity-F 

Impurity-5 0.65 2.5e7 212.1 211.26 C14H13NO Impurity-D 

 

After evaluation of the results of potential degradants or impurities summarized in tables 5.1-5.2 

and 5.16-5.17, it was observed that two known impurities, impurity-D and impurity-F, were 
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produced in basic conditions with RRT of 0.51, 0.65 and molecular weight of 82.1 and 211.26 

Da.  

 

Oxidative degraded samples in 3.0% hydrogen peroxide at dark place for 1, 2 and 3 hours were 

analyzed for degradant or impurity investigation. HPLC chromatograms and MS spectra were 

evaluated together to find out degradants or impurities. The HPLC chromatograms are shown in 

figure 3.16 and the results are summarized in table 5.18. On the other hand, MS spectra are 

shown in figures 5.13-5.15 and the relevant information is summarized in the tables 5.19-5.20. 

 

Table 5.18: HPLC result for the impurities or degradants of ondansetron HCl in 3.0% 

hydrogen peroxide. 
 

Time 

interval 

Peak 

identity 

Retention time 

(min) 
RRT Area 

Content 

(%) 

1 hour 

Impurity-8 5.27 0.44 72 1.4 

Impurity-9 5.62 0.47 41.87 0.80 

Impurity-10 5.83 0.48 33.42 0.64 

 Impurity-11 16.67 1.39 51.86 0.99 

2 hours 

Impurity-12 5.28 0.44 67.0 1.28 

Impurity-13 5.64 0.47 38.10 0.73 

Impurity-14 5.84 0.49 24.15 0.46 

Impurity-15 6.17 0.51 10.20 0.19 

Impurity-16 6.75 0.56 35.95 0.68 

Impurity-17 16.65 1.38 38.24 0.73 

3 hours 

Impurity-18 5.28 0.44 88.34 1.76 

Impurity-19 5.63 0.47 48.82 0.97 

Impurity-20 5.84 0.49 31.12 0.62 

Impurity-21 6.73 0.56 21.65 0.43 

Impurity-22 7.83 0.65 11.91 0.24 

Impurity-23 16.67 1.38 67.87 1.38 
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Figure 5.13: Mass spectrum of ondansetron HCl in 3.0% H2O2 after 1 hour. 

 

 

 
 

Figure 5.14: Mass spectrum of ondansetron HCl in 3.0% H2O2 after 2 hours. 

 

 

 
 

Figure 5.15: Mass spectrum of ondansetron HCl in 3.0% H2O2 after 3 hours. 
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Table 5.19: MS results for the impurities or degradants of ondansetron HCl in 3.0% 

hydrogen peroxide. 
 

Time           

interval 
Molecular weight 

Intensity                  

(cps) 

Nominal 

molecular weight 

Monograph 

name 

1 hour 

212.1 4.0e7 211.26 Impurity-D 

281.1 1.5e7 279.34 Impurity-G 

605.1 1.0e7 604.77 Impurity-B 

2 hours 

212.1 5.0e7 211.26 Impurity-D 

281.0 2.5e7 279.34 Impurity-G 

605.1 0.5e7 604.77 Impurity-B 

3 hours 

212.1 6.0e7 211.26 Impurity-D 

281.0 3.0e7 279.34 Impurity-G 

605.1 1.0e7 604.77 Impurity-B 
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Table 5.20: HPLC and MS results for the impurities or degradants of ondansetron HCl in 

3.0% hydrogen peroxide. 
 

Time 

interval  
Peak identity RRT 

Molecular                       

weight 

Nominal      

molecular                  

weight 

Molecular  

formula 
Comments  

1hour 

Impurity-10  0.48 605.1 604.77 C37H32D6N6O2 Impurity-B 

Impurity-9  0.47 281.1 279.34 C17H17N2O Impurity-G 

Impurity-11 1.39 - 169.1 - Unknown-1 

Impurity-8  0.44 212.1 211.26 C14H13NO Impurity-D 

  2 hours 

Impurity-15 0.51 114.9 - - Unknown-2 

Impurity-14  0.49 142.1 604.77 C37H32D6N6O2 Impurity-B 

Impurity-16 0.56 - - - Unknown-3 

Impurity-13  0.47 - 279.34 C17H17N2O Impurity-G 

Impurity-17 1.38 - - - Unknown-1 

Impurity-12  0.44 362.2 211.26 C14H13NO Impurity-D 

3 hours 

Impurity-22 0.65 - - - Unknown-4 

Impurity-21  0.56 605.1 604.77 C37H32D6N6O2 Impurity-B 

Impurity-20  0.49 - - - Unknown-3 

Impurity-19  0.47 281.0 279.34 C17H17N2O Impurity-G 

Impurity-23 1.38 - - - Unknown-1 

Impurity-18  0.44 212.1 211.26 C14H13NO Impurity-D 

 

Upon evaluation of the results of potential degradants or impurities summarized in tables5.1-

5.2and 5.19-5.20, it was observed that three known impurities impurity-B, impurity-D and 

impurity-G with relative retention time (RRT) of 0.44, 0.47, 0.49 and molecular weight of 

604.77, 211.26 and 279.34 Da were produced in oxidative conditions. Four unknown degradants 

or impurities with RRT of 0.51, 0.56, 0.65, and 1.39 were also produced in oxidative conditions. 

 

Photo degradation study was conducted in bulk drug substance. The sample was directly exposed 

to 1.2 million lux fluorescence light and 200 watts hour/m2   UV light. Under this stressed 

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

fluorescence light and 600 watts hour/m2 UV light. HPLC chromatograms and MS spectra are 

evaluated altogether to find out potential degradants or impurities. The HPLC chromatograms 
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are shown in figures 3.17-3.18 and the results are summarized in table 5.21. On the other hand, 

MS spectrum is shown in figure 5.16 and the relevant information is summarized in the tables 

5.22-5.23. 

 

Table 5.21: HPLC results for the impurities or degradants of ondansetron HCl exposed to 

3.6 million lux fluorescence light and 600 watts hour/m2   UV light. 
 

Condition Peak name 
Retention time 

(min) 
RRT Area 

Content 

(%) 

Photo 

degradation 
Impurity-56 2.88 0.25 9.21 0.14 

 

 

 

 

Figure 5.16: Mass spectrum of ondansetron HCl exposed to 3.6 million lux fluorescence 

light and 600 watts hour/m2   UV light. 

 

Table 5.22: MS results for the impurities or degradants of ondansetron HCl exposed to 3.6 

million lux fluorescence light and 600 watts hour/m2   UV light. 
 

 

Condition Molecular weight 
Intensity                  

(cps) 

Nominal 

molecular weight 

Monograph 

name 

Photo 

degradation 
256.2 0.7e5 255.2 Impurity-A 
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Table 5.23: HPLC and MS results for the impurities or degradants of ondansetron HCl 

exposed to 3.6 million lux fluorescence light and 600 watts hour/m2   UV light. 
 

Condition 
Peak 

identity 
RRT 

Intensity            

(cps) 

Molecular                       

weight 

Nominal      

molecular                  

weight 

Molecular 

formula 
Comments 

Photo 

degradation 
Impurity-56  0.25 0.7e5 256.2 255.2 C16H20N2O Impurity-A 

 

After evaluation of the results of potential degradants or impurities summarized in tables 5.1-

5.2and 5.22-5.23, it was observed that one known impurity, impurity-A, was produced in photo-

degradation exposed to 3.6 million lux fluorescence light and 600 watts hour/m2   UV light with 

RRT of 0.25 and molecular weight of  256.2 Da.  

 

5.3 Impurity profiling of granisetron hydrochloride 

Aqueous degradation study was conducted with purified water at 60°C for 7 and 21 days. 

Degradation was observed after 21 days. The chromatogram is shown in figures 3.19-3.20 and 

the result is summarized in table 3.27. It was observed that one potential degradant or impurity 

was produced in aqueous condition after 21 days with RRT of 0.85. 

 

Acid degradation study was conducted with four different strengths of hydrochloric acid at 60°C 

for 7 days.  Degradations were observed in 0.1N, 0.5N, 1.0N and 2.0N HCl. The chromatograms 

are shown in figure 3.21 and the results are given in table 3.28. The RRT, area and % degradants 

or impurities derived from acidic conditions are summarized in the table 5.24. 
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Table 5.24: HPLC results for the impurities or degradants of granisetron HCl in acidic 

conditions at 60°C for 7 days. 
 

Conditions 
Peak 

identity 

Retention time 

(min) 
RRT Area 

Content    

(%) 

0.1N HCl 
Impurity-2 4.59 0.24 6.31 0.5 

Impurity-3 5.84 0.30 12.93 1.0 

0.5N HCl 
Impurity-4 4.66 0.24 11.48 0.62 

Impurity-5 5.84 0.30 60.63 3.4 

1.0N HCl 
Impurity-6 4.71 0.24 25.62 1.7 

Impurity-7 5.83 0.30 105.90 7.3 

2.0N HCl 

Impurity-8 4.74 0.24 43.93 1.7 

Impurity-9 5.83 0.30 246.82 9.7 

Impurity-10 11.27 0.58 45.32 1.8 

Impurity-11 23.71 1.22 47.92 1.9 

 

Upon evaluation of the degradants or impurities information provided in table 5.24, it was 

observed that four different potential degradants or impurities were found in acidic conditions 

with RRT of 0.24, 0.30, 0.58, and 1.22. 

 

Base degraded samples in 2.0N NaOH at 70°C and 80°C after 5 hours were brought under 

degradant or impurity investigation. HPLC chromatograms and MS spectra are considered 

together to evaluate degradants or impurities. The HPLC chromatograms are shown in figures 

3.23-3.24 and the results are summarized in tables 3.31-3.32. On the other hand, MS spectra are 

shown in figures 5.17-5.18 and the relevant information is summarized in the tables 5.25-5.26. 
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Figure 5.17: Mass spectrum of granisetron HCl in 2.0N NaOH at 70°C for 5 hours. 

 

 

 
 

Figure 5.18: Mass spectrum of granisetron HCl in 2.0N NaOH at 80°C for 5 hours. 

 

Table 5.25: MS results for the impurities or degradants of granisetron HCl in 2.0N NaOH 

for 5 hours. 

 

Temperature Molecular weight 
Intensity                  

(cps) 

Nominal 

molecular weight 

Monograph 

name 

70°C 335.1 2.0e7 334.33 Impurity-C 

80°C 335.1 2.5e7 334.44 Impurity-C 
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Table 5.26: HPLC and MS results for the impurities or degradants of granisetron HCl in 

2.0N NaOH for 5 hours. 
 

Temperature  
Peak 

identity 
RRT 

Intensity            

(cps) 

Molecular                       

weight 

Nominal      

molecular                  

weight 

Molecular 

formula 
Comments  

70°C Impurity-19 0.21 2.5e7 335.1 334.33 C18H14N4O  Impurity-C 

80°C Impurity-19 0.21 2.5e7 335.1 334.33 C18H14N4O  Impurity-C 

 

After evaluation of the results of potential degradants or impurities summarized in tables 5.3-5.4 

and 5.25-5.26, it was observed that one known impurity, impurity-C, with molecular weight of 

335.1 Da and formula C18H14N4O was found. 

 

5.4 Impurity profiling of tropisetron hydrochloride 

Aqueous degradation study was conducted with purified water at 60°C for 7 and 21 days. 

Degradation was observed after 21 days. The chromatogram is shown in figures 3.26-3.27 and 

the result is summarized in table 3.38. It is found that two potential degradants or impurities were 

produced in aqueous condition after 21 days with RRT of 0.35 and 0.40. 

 

Acid degradation study was conducted with four different strengths of hydrochloric acid at 60°C 

for 7 days.  Degradations were observed at 0.1N, 0.5N, 1.0N and 2.0N HCl. The chromatograms 

are shown in figure 3.28 and results are given in table 3.39. The RRT, area and % degradants or 

impurities derived from acidic conditions are summarized in the table 5.27. 
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Table 5.27: HPLC results for the impurities or degradants of tropisetron HCl in acidic 

conditions at 60°C for 7 days. 
 

Conditions 
Peak 

identity 

Retention time 

(min) 
RRT Area 

Content    

(%) 

0.1N HCl Impurity-3 7.2 0.24 20.3 0.30 

0.5N HCl 

Impurity-4 5.2 0.17 12.4 0.17 

Impurity-5 6.5 0.21 11.7 0.16 

Impurity-6 7.14 0.24 22.0 0.31 

Impurity-7 12.1 0.40 72.2 1.01 

1.0N HCl 
Impurity-8 5.2 0.17 7.65 0.55 

Impurity-9 6.5 0.21 9.10 0.70 

 Impurity-10 7.2 0.24 7.19 0.54 

 Impurity-11 12.2 0.40 9.18 0.71 

2.0N HCl 

Impurity-12 6.5 0.21 10.5 0.20 

Impurity-13 7.1 0.24 376.1 7.7 

Impurity -14 12.2 0.40 231.2 4.7 

Impurity-15 17.9 0.59 18.4 0.37 

 

Upon evaluation of the degradants or impurities information provided in table 5.27, it was found 

that five potential degradants were observed in acidic conditions with RRT of 0.17, 0.21, 0.24, 

0.40 and 0.59. 

 

Base degraded samples in 2.0N NaOH at 60°C, 70°C and 80°C after 5 hours were analyzed to 

investigate degradants or impurities. HPLC chromatograms and MS spectra are considered 

together to find out degradants or impurities. The HPLC chromatograms are shown in figures 

3.30-3.32 and the results are summarized in tables 3.41-3.43. On the other hand, MS spectra are 

shown in figures 3.19-3.21and the relevant information is summarized in the tables 5.28-5.29. 
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Figure 5.19: Mass spectrum of tropisetron HCl in 2.0N NaOH at 60°C for 5 hours. 

 

 
 

Figure 5.20: Mass spectrum of tropisetron HCl in 2.0N NaOH at 70°C for 5 hours. 

 

 

 
 

Figure 5.21: Mass spectrum of tropisetron HCl in 2.0N NaOH at 80°C for 5 hours. 
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Table 5.28: MS results for the impurities or degradants of tropisetron HCl in 2.0N NaOH 

for 5 hours. 
 

Temperature Molecular weight 
Intensity                  

(cps) 

Nominal 

molecular weight 

Monograph 

name 

60°C 142.1 1.5e7 141.2 Impurity-A 

70°C 142.1 1.8e7 141.2 Impurity-A 

80°C 142.1 7.0e7 141.2 Impurity-A 

 

Table 5.29: HPLC and MS results for the impurities or degradants of tropisetron HCl in 

2.0N NaOH for 5 hours. 
 

Temperature  Peak identity RRT Area 
Intensity            

(cps) 

Molecular                       

weight 

Nominal      

molecular                  

weight 

Molecular 

formula 
Comments  

60°C Impurity-27 0.10 1.5e7 142.1 141.2 C8H15NO  Impurity-A Impurity-27 

70°C Impurity-32 0.10 1.8e7 142.1 141.2 C8H15NO  Impurity-A Impurity-32 

80°C Impurity-27 0.10 1.5e7 142.1 141.2 C8H15NO  Impurity-A Impurity-27 

 

After evaluation of the results of potential degradants or impurities summarized in table 5.5 and 

5.28-5.29, it was observed that two known impurities were growing in basic conditions with 

RRT of 0.51, 0.65 and molecular weight of 82.1 and 211.26 Da.  

 

Oxidative degradation in 3.0% hydrogen peroxide at dark place for 1, 2 and 3 hours were 

considered to investigate potential degradants or impurities.  HPLC chromatograms and MS 

spectra are considered together to find out degradants or impurities. The HPLC chromatograms 

are shown in figures 3.33-3.34 and the results are summarized in table 5.30.  
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Table 5.30: HPLC results for the impurities or degradants of tropisetron HCl in 3.0% 

hydrogen peroxide. 
 

Time 

interval 

Peak 

identity 

Retention time 

(min) 
RRT Area 

Content 

(%) 

1 hour 

Impurity-48 6.7 0.24 20.83 0.16 

Impurity-49 10.43 0.38 847.1 6.4 

Impurity-50 11.7 0.43 63.5 0.48 

2 hours 

Impurity-51 6.7 0.24 7.73 0.10 

Impurity-52 10.5 0.38 580.1 7.4 

Impurity-53 11.8 0.43 42.4 0.54 

3 hours 

Impurity-54 6.3 0.23 23.3 0.31 

Impurity-55 6.7 0.24 21.1 0.28 

Impurity-56 10.4 0.38 761.8 10.2 

Impurity-57 11.7 0.43 55.6 0.74 

 

Upon evaluation of the results of potential degradants or impurities summarized in table 5.5 and 

5.30, it was observed that four different potential degradants or impurities were derived in 

oxidative conditions with RRT of 0.23, 0.24, 0.38 and 0.43. 

 

5.5 Impurity profiling of palonosetron hydrochloride 

Aqueous degradation study was conducted with purified water at 60°C for 7 and 21 days. Under 

these stressed conditions, no degradation was found. The results are summarized in tables 3.48-

3.49. 

Acid degradation study was conducted with four different strengths of hydrochloric acid at 60°C 

for 7 days.  Degradations were found at 0.1N, 0.5N, 1.0N and 2.0N HCl. The chromatograms are 

shown in figure 3.36 and results are given in table 3.50. The RRT, area and % degradants or 

impurities derived from acidic conditions are summarized in the table 5.31.  
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Table 5.31: HPLC results for the impurities or degradants of palonosetron HCl in acidic 

conditions at 60°C for 7 days. 
 

Conditions 
Peak 

identity 

Retention time 

(min) 
RRT Area 

Content    

(%) 

0.1N HCl Impurity-1 4.6 0.13 9.23 0.16 

0.5N HCl Impurity-2 4.7 0.13 22.02 0.38 

1.0N HCl Impurity-3 4.7 0.13 30.25 0.52 

2.0N HCl Impurity-4 4.8 0.13 58.8 1.01 

 

After evaluation of the degradants or impurities information summarized in table 5.31. It was 

observed that a potential degradant was evident in each acidic condition with RRT of 0.13. 

 

Base degradation study was conducted with four different strengths of sodium hydroxide at 60°C 

for 7 days.  The chromatograms are shown in figure 3.30 and results are given in table 3.51. The 

RRT, area and % degradants or impurities derived from basic conditions are summarized in the 

table 5.32. 

 

Table 5.32: HPLC results for the impurities or degradants of palonosetron HCl in basic 

conditions at 60°C for 7 days. 
 

Conditions 
Peak 

identity 

Retention time 

(min) 
RRT Area 

Content    

(%) 

0.1N 

NaOH 
Impurity-5 4.7 0.13 22.4 0.33 

0.5N 

NaOH 
Impurity-6 4.9 0.13 169.7 2.5 

1.0N    

NaOH 
Impurity-7 4.7 0.13 264.7 3.9 

2.0N    

NaOH 
Impurity-8 4.8 0.13 665.2 9.8 

 

Upon evaluation of the degradants or impurities information provided in table 5.32, it was 

observed that a potential degradant was evident in each basic condition with RRT of 0.13. 

Oxidative degradation samples in 3.0% hydrogen peroxide at dark place for 1 and 2 hours were 

brought under degradant or impurity investigation. MS spectra were evaluated to find out 
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degradants or impurities. MS spectra are shown in figures 5.22-5.23 and the relevant information 

is summarized in the table 5.33. 

 

 
 

Figure 5.22: Mass spectrum of palonosetron HCl in 3.0% H2O2 after 1 hour. 

 

 

 
 

Figure 5.23: Mass spectrum of palonosetron HCl in 3.0% H2O2 after 2 hours. 
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Table 5.33: MS results for the impurities or degradants of palonosetron HCl in 3.0% 

hydrogen peroxide. 
 

Time           

interval 
Molecular weight 

Intensity                  

(cps) 

Nominal 

molecular weight 

Monograph 

name 

1 hour 345.2 1.5e7 344.4 Impurity-3 

2 hours 

311.2 2.5e7 310.4 Impurity-B 

316.2 2.8e7 314.4 Unknown 

329.3 4.0e7 328.4 Unknown 

 

After evaluation of the results of potential degradants or impurities summarized in table 5.33. It 

was evident that one known degradant with molecular weight of 310.4 Da and three unknown 

degradants or impurities with molecular weight of 314.4, 328.4 and 344.4 Da were found in 

oxidative conditions. 
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Chapter-6 

Summary and Conclusion 

The requirements of a robust pharmaceutical formulation are fulfilled by the complete 

information of chemical instability of an active pharmaceutical API. Information of forced 

degradation studies of ramosetron hydrochloride revealed that the API degraded with acid 

hydrolysis, base hydrolysis, oxidation and photolysis. Among these stressed conditions, base 

hydrolysis and oxidative degradation were able to degrade ramosetron hydrochloride more 

drastically. So, base hydrolysis and oxidative degradation are the most sensitive degradation 

pathways for ramosetron hydrochloride. Other conditions such as acid hydrolysis are also 

responsible to produce known and unknown impurities. So precautions should be taken to 

develop a robust formulation of ramosetron hydrochloride considering the derived information.  

 

Ondansetron hydrochloride produced degradants with aqueous hydrolysis, base hydrolysis, 

oxidation and photolysis. Among these stressed conditions, base hydrolysis and oxidative 

degradation were able to degrade ondansetron hydrochloride more drastically. So, base 

hydrolysis and oxidative degradation are the most sensitive degradation pathways for 

ondansetron hydrochloride.  

 

Granisetron hydrochloride is susceptible to the stressed condition of aqueous for long time 

exposure, acidic, basic and oxidative. It is not light sensitive. Among these stressed conditions, 

base hydrolysis and oxidative degradation were able to degrade granisetron hydrochloride more 

drastically. So, base hydrolysis and oxidative degradation are the most sensitive degradation 

pathways for granisetron hydrochloride.  

 

Tropisetron hydrochloride was evident to produce degradants in aqueous for long time exposure, 

acidic, basic and oxidation conditions. It is not light sensitive. Among these stressed conditions, 

base hydrolysis and oxidative degradation were able to degrade tropisetron hydrochloride more 

drastically. So, base hydrolysis and oxidative degradation are the most sensitive degradation 

pathways for tropisetron hydrochloride.  
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Palonosetron hydrochloride is more stable than ramosetron, ondansetron, granisetron and 

tropisetron. Palonosetron produced significant potential degradants with acid degradation, base 

degradation, oxidation and photolysis. Among these stressed conditions, base and oxidative 

degradation were able to degrade palonosetron hydrochloride more drastically.  

 

The growing tendency of known and unknown impurities will give exclusive forecast for drug-

excipients compatibility study. Stability indicating method of any dosage form of ramosetron, 

ondansetron, granisetron, tropisetron and palonosetron hydrochloride will provide all 

prerequisite information from studies of stress degradation, degradation kinetics and impurity 

profiling. However, we could not identify the impurities produced from the stressed conditions 

on ramosetron, ondansetron, granisetron, tropisetron and palonosetron hydrochloride. Further 

extensive studies are underway to isolate and characterize the degradants. 

 

Kinetic parameters such as activation energy, Ea, reactant half-life, t1/2, reactant shelf-life, t90, 

and reaction rate constant, k, are used extensively to calculate the retest period of  a drug 

substance and to set an expiration date and stability condition over the period of shelf-life. The 

activation energy of ramosetron HCl, ondansetron HCl, granisetron HCl and tropisetron HCl 

were calculated as 10.05 kcalmol-1, 7.57 kcalmol-1,16.98 kcalmol-1 and 16.86 kcalmol-1, 

respectively. 

 

Considering the best fit regression coefficient (R2) value, one can easily calculate reaction order 

to find out reaction rate constant (k) used to calculate half-life and shelf-life. Calculated half-life 

and shelf-life information will help to set retest period of ramosetron, ondansetron, granisetron 

and tropisetron hydrochloride and also to predict shelf-life period of different dosage form of 

these APIs, specially lyophilized dosage form. 

 

Two issues of fundamental importance in drug therapy are efficacy and safety. The safety of 

drug therapy is determined by two main factors. One is the pharmacological-toxicological profile 

of the drug substance, i.e. the relation of the beneficial and adverse effects of the drug materials 

to the human. The second is adverse effects caused by the impurities in the bulk drug material 

and its dosage forms. After explicit evaluation of HPLC chromatograms and mass spectra of 
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different stressed samples, it was observed that both known and unknown impurities and 

degradants have growing tendency to develop at shelf-life storage condition. 

 

In acidic conditions, ramosetron HCl produced five potential degradants and six potentials 

degradants in basic conditions. Potent degradants of ramosetron HCl with molecular weight of 

113.9, 141.1 and 361.2 Da were evident in oxidative conditions. ramosetron hydrochloride was 

found to be light sensitive and produced potent degradants with  molecular weight of 120.3, 

147.9, 185.1 and 412.3 Da  when exposed to 3.6 million lux fluorescence light and 600 watts 

hour/m2   UV light. 

 

Ondansetron hydrochloride was observed to produce potential degradant in aqueous condition. 

However, ondansetron HCl was stable in acidic condition. In basic conditions, ondansetron HCl 

increased the content of two growing impurities with molecular weight of 82.1 and 211.26 Da. 

Three growing impurities of ondansetron HCl with molecular weight of 604.77, 211.26 and 

279.34 Da were evident in oxidative conditions. On the other hand, four potent degradants of 

ondansetron HCl are also observed in oxidative conditions. Ondansetron hydrochloride is light 

sensitive and was evident of one growing impurity with molecular weight of  256.2 Da when 

exposed to 3.6 million lux fluorescence light and 600 watts hour/m2   UV light. 

 

Granisetron hydrochloride was evident to produce one degradant in aqueous condition. In acidic 

conditions, granisetron HCl produced four potent degradants. In basic conditions, granisetron 

hydrochloride was able to produce one growing impurity with molecular weight of 335.1 Da. 

Granisetron hydrochloride showed no photosensitivity. 

 

Tropisetron hydrochloride produced two degradants in aqueous condition. In acidic conditions, 

tropisetron HCl produced five potent degradants. In basic conditions, two growing impurities 

molecular weight of 82.1 and 211.26 Da were seen for tropisetron HCl. Four potent degradants 

of tropisetron HCl were produced in oxidative conditions. 

 

Palonosetron hydrochloride was comparatively more stable in aqueous conditions than 

ramosetron, ondansetron, granisetron and tropisetron HCl. In acidic conditions, palonosetron 
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HCl produced one potent degradant with relative retention time (RRT) of 0.13. In basic 

conditions, palonosetron HCl also produced similar potent degradants produced in acidic 

condition with relative retention time (RRT) of 0.13. One known growing impurity with 

molecular weight of 310.4 Da and three unknown potent degradats with molecular weight of 

314.4, 328.4 and 344.4 Da were evident for palonosetron HCl in oxidative conditions. 

 

During formulation development, process validation and stability sample testing, more attention 

should be deserved to control these growing impurities or potential degradants. However, it was 

possible to identify the potential degradants produced from the stressed conditions applied on 

ramosetron, ondansetron, granisetron, tropisetron and palonosetron hydrochloride. Because of 

this limited availability which prevented structural characterization by spectroscopic studies 

notable high field NMR.  Further extensive studies are underway to isolate and characterize the 

degradants to find out the level of toxicity and genotoxicity for the sake of safety, purity and 

efficacy of the drug substance and drug product. 
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APPENDIX-I 

Summary results of ramosetron hydrochloride in different stressed conditions. 

Conditions 
Content (%) 

Degradation (%) 
Standard Sample 

Aqueous degradation at 60°C 

7 days 100 99.9 - 

21 days 100 99.5 - 

Acid degradation at 60°C after 7 days 

0.1N HCl 100 99.9 - 

0.5N HCl 100 95.0 5.0 

1.0N HCl 100 92.0 8.0 

2.0N HCl 100 88.9 11.1 

Base degradation at 60°C after 2 days 

0.1N NaOH 100 79.1 20.9 

0.5N NaOH 100 0 100 

1.0N NaOH 100 0 100 

2.0N NaOH 100 0 100 

Base degradation in 0.1N NaOH at 60°C after: 

1 hour 100 97.5 2.5 

2 hours 100 96.0 4.0 

3 hours 100 93.5 6.5 

4 hours 100 91.0 9.0 

5 hours 100 88.5 11.5 

Base degradation in 0.1N NaOH at 70°C after: 

1 hour 100 96.4 3.6 

2 hours 100 93.8 6.2 

3 hours 100 90.2 9.8 

4 hours 100 86.6 13.4 

5 hours 100 83.0 17.0 
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APPENDIX-I 

Summary results of ramosetron hydrochloride in different stressed conditions. 

Conditions 
Content (%) 

Degradation (%) 
Standard Sample 

Base degradation in 0.1N NaOH at 80°C after: 

1 hour 100 94.7 5.8 

2 hours 100 90.4 9.6 

3 hours 100 85.2 14.8 

4 hours 100 76.9 20.1 

5 hours 100 74.2 25.2 

Oxidation in 3.0% hydrogen peroxide at dark place after: 

1 hour 100 90.0 10 

2 hours 100 84.8 15.2 

3 hours 100 79.2 20.8 

Oxidation in 5.0% hydrogen peroxide at dark place after: 

1 hour 100 42.1 57.9 

2 hours 100 38.3 61.7 

3 hours 100 26.7 73.3 

Oxidation in 10.0% hydrogen peroxide at dark place after: 

1 hour 100 24.0 76.0 

2 hours 100 13.9 86.1 

3 hours 100 7.0 93.0 

Photo degradation exposed to 1.2 million lux for: 

7 days 100 99.8 - 

Photo degradation exposed to 3.6 million lux for: 

21 days 100 93.4 6.6 
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APPENDIX-II 

Summary results of ondansetron hydrochloride in different stressed conditions. 

Conditions 
Content (%) 

Degradation (%) 
Standard Sample 

Aqueous degradation at 60°C after: 

7 days 100 99.8 - 

21 days 100 96.4 3.6 

Acid degradation at 60°C after 7 days in: 

0.1N HCl 100 99.8 - 

0.5N HCl 100 99.9 - 

1.0N HCl 100 100.1 - 

2.0N HCl 100 99.8 - 

Base degradation at 60°C after 3 days in: 

0.1N NaOH 100 95.9 4.1 

0.5N NaOH 100 91.9 8.1 

1.0N NaOH 100 82.7 17.3 

2.0N NaOH 100 67.8 32.2 

Base degradation in 2.0N NaOH at 60°C after: 

1 hour 100 97.5 2.6 

2 hours 100 96.0 4.0 

3 hours 100 93.5 6.5 

4 hours 100 91.0 9.0 

5 hours 100 88.5 11.5 

Base degradation in 2.0N NaOH at 70°C after: 

1 hour 100 96.4 3.6 

2 hours 100 93.8 6.2 

3 hours 100 90.2 9.8 

4 hours 100 86.6 13.4 

5 hours 100 83.0 17.0 
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APPENDIX-II 

Summary results of ondansetron hydrochloride in different stressed conditions. 

Conditions 
Content (%) 

Degradation (%) 
Standard Sample 

Base degradation in 2.0N NaOH at 80°C after: 

1 hour 100 94.7 5.3 

2 hours 100 90.4 9.6 

3 hours 100 85.2 14.8 

4 hours 100 76.9 23.1 

5 hours 100 74.2 25.8 

Oxidation in 3.0% hydrogen peroxide at dark place after: 

1 hour 100 88.1 11.9 

2 hours 100 86.3 13.7 

3 hours 100 81.4 18.6 

Oxidation in 5.0% hydrogen peroxide at dark place after: 

1 hour 100 73.9 26.1 

2 hours 100 70.0 30.0 

3 hours 100 62.0 38.0 

Oxidation in 10.0% hydrogen peroxide at dark place after: 

1 hour 100 62.0 38.0 

2 hours 100 58.9 41.1 

3 hours 100 55.0 45.0 

    
Photo degradation exposed to 1.2 million lux for: 

7 days 100 99.6 - 

Photo degradation exposed to 3.6 million lux for: 

21 days 100 97.8 2.3 
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APPENDIX-III 

Summary results of granisetron hydrochloride in different stressed conditions. 

Conditions 
Content (%) 

Degradation (%) 
Standard Sample 

Aqueous hydrolysis at 60°C after: 

7 days 100 99.9 0 

21 days 100 99.7 0.3 

Acid degradation at 60°C after 7 days in: 

0.1N HCl 100 97.7 2.3 

0.5N HCl 100 95.0 5.0 

1.0N HCl 100 89.2 10.8 

2.0N HCl 100 82.9 17.1 

Base degradation at 60°C after 3 days in: 

0.1N NaOH 100 98.6 1.4 

0.5N NaOH 100 79.2 20.8 

1.0N NaOH 100 75.3 24.7 

2.0N NaOH 100 53.7 46.3 

Base degradation in 2.0N NaOH at 60°C after: 

1 hour 100 98.8 1.2 

2 hours 100 97.7 2.3 

3 hours 100 96.5 3.5 

4 hours 100 95.4 4.6 

5 hours 100 94.2 5.8 

Base degradation in 2.0N NaOH at 70°C after: 

1 hour 100 97.5 2.5 

2 hours 100 95.0 5.0 

3 hours 100 92.5 7.5 

4 hours 100 90.0 10.0 

5 hours 100 87.5 12.6 
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APPENDIX-III 

Summary results of granisetron hydrochloride in different stressed conditions. 

Conditions 
Content (%) 

Degradation (%) 
Standard Sample 

Base degradation in 2.0N NaOH at 80°C after: 

1 hour 100 95.0 5.0 

2 hours 100 90.1 9.9 

3 hours 100 85.1 14.9 

4 hours 100 80.2 19.8 

5 hours 100 75.2 24.8 

Oxidation in 3.0% hydrogen peroxide at dark place after: 

1 hour 100 75.6 24.4 

2 hours 100 70.4 29.6 

3 hours 100 68.8 31.2 

Oxidation in 5.0% hydrogen peroxide at dark place after: 

1 hour 100 65.2 34.8 

2 hours 100 62.4 37.6 

3 hours 100 58.6 41.4 

Oxidation in 10.0% hydrogen peroxide at dark place after: 

1 hour 100 35.4 64.6 

2 hours 100 30.7 69.4 

3 hours 100 28.7 71.3 

    
Photo degradation exposed to 1.2 million lux for: 

7 days 100 99.8 0 

Photo degradation exposed to 3.6 million lux for: 

21 days 100 99.9 0 
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APPENDIX-IV 

Summary results of tropisetron hydrochloride in different stressed conditions. 

Conditions 
Content (%) 

Degradation (%) 
Standard Sample 

Aqueous degradation at 60°C after: 

7 days 100 99.8 - 

21 days 100 98.8 1.2 

Acid degradation at 60°C after 7 days in: 

0.1N HCl 100 99.0 0.96 

0.5N HCl 100 97.5 2.6 

1.0N HCl 100 97.0 3.0 

2.0N HCl 100 84.3 15.7 

Base degradation at 60°C after 3 days in: 

0.1N NaOH 100 81.1 18.9 

0.5N NaOH 100 45.3 54.7 

1.0N NaOH 100 23.5 76.5 

2.0N NaOH 100 6.5 93.5 

Base degradation in 2.0N NaOH at 60°C after: 

1 hour 100 97.8 2.1 

2 hours 100 95.6 4.4 

3 hours 100 93.4 6.6 

4 hours 100 91.2 8.8 

5 hours 100 89.0 11.0 

Base degradation in 2.0N NaOH at 70°C after: 

1 hour 100 95.5 4.5 

2 hours 100 91.1 8.9 

3 hours 100 86.6 13.4 

4 hours 100 82.1 17.9 

5 hours 100 77.7 22.4 
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APPENDIX-IV 

Summary results of tropisetron hydrochloride in different stressed conditions. 

Conditions 
Content (%) 

Degradation (%) 
Standard Sample 

Base degradation in 2.0N NaOH at 80°C after: 

1 hour 100 90.7 9.3 

2 hours 100 81.4 18.6 

3 hours 100 72.2 27.8 

4 hours 100 62.9 37.1 

5 hours 100 53.6 46.4 

Oxidation in 3.0% hydrogen peroxide at dark place after: 

1 hour 100 91.4 8.6 

2 hours 100 90.5 9.5 

3 hours 100 87.5 12.7 

Oxidation in 5.0% hydrogen peroxide at dark place after: 

1 hour 100 78.4 21.6 

2 hours 100 78.3 21.7 

3 hours 100 76.7 23.3 

Oxidation in 10.0% hydrogen peroxide at dark place after: 

1 hour 100 75.2 24.8 

2 hours 100 65.2 34.8 

3 hours 100 62.5 37.5 

Photo degradation exposed to 1.2 million lux for: 

7 days 100 99.9 - 

Photo degradation exposed to 3.6 million lux for: 

21 days 100 100.6 - 
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APPENDIX-V 

Summary results of palonosetron hydrochloride in different stressed conditions. 

Conditions 
Content (%) 

Degradation (%) 
Standard Sample 

Aqueous degradation at 60°C after: 

7 days  100 99.3 - 

21 days 100 99.9 - 

Acid degradation at 60°C after 7 days: 

0.1N HCl 100 99.2 0.80 

0.5N HCl 100 98.1 1.9 

1.0N HCl 100 97.6 2.4 

2.0N HCl 100 96.9 3.1 

Base degradation at 60°C after 7 days: 

0.1N NaOH 100 99.3 0.7 

0.5N NaOH 100 95.2 4.8 

1.0N NaOH 100 94.7 5.3 

2.0N NaOH 100 87.4 12.6 

Oxidationin 3.0% hydrogen peroxide at dark place after: 

1 hour 100 5.0 95.0 

2 hours 100 3.0 97.0 

3 hours 100 1.0 99.0 

Oxidation in 5.0% hydrogen peroxide at dark place after: 

1 hour 100 - 100 

2 hours 100 - 100 

3 hours 100 - 100 

Oxidation in 10.0% hydrogen peroxide at dark place after: 

1 hour 100 - 100 

2 hours 100 - 100 

3 hours 100 - 100 

Photo degradation exposed to 1.2 million lux for: 

7 days 100 99.7 - 

Photo degradation exposed to 3.6 million lux for: 

21 days 100 99.9 - 
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