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Abstract: Berberine chloride was subjected to degradation under different stress conditions prescribed by 

International Conference on Harmonization. The samples so obtained were subjected to develop a stability-
indicating high performance liquid chromatographic (HPLC) method for the  berberine chloride. The drug was 
well separated from degradation products using a reversed-phase (Hypersil C18 column) column and a mobile 
phase comprising of acetronitrile: phosphate buffer 0.05 M (pH3) in ratio 25:75 v/v. The Peak purity index is 
greater than the single point threshold in all the control and degradation samples to the peak of BER. 
The detection limit and quantification limit were found to be 0.212 ppm and 0.642 ppm, respectively. The 

method was validated for precision, robustness, linearity and range. Results obtained after validation study, 
indicating that the proposed single method allowed analysis of berberine chloride, in the presence of their 
degradation products formed under a variety of stress conditions. This method is helpful to industry for stability 
study. 
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Introduction 

Berberine chloride (BER) is a type of isoquinoline alkaloid, with a variety of biological and 
pharmacological actions, for example antidiabetic activity [1], antitumor properties [2], bacteriocidal property [3], 
as well as antiatherosclerotic activity [4] and anti-inflammatory effects. Berberine hydrochloride is a therapy for 
many diseases either alone or in combination with other phytoconstituents. So far significant methods have 
been available for the analysis of BER, such as HPLC  [5-6], capillary electrophoresis [7], resonance Rayleigh 
scattering, spectrofluorimetry, electrochemical analysis, and chemiluminescence.  [8] 

Though the different analytical methods available for the analysis of BER, the very few methods are 
stability indicating methods were documented for its determination. Considering the need for simple, accurate, 

economical and precise stability indicating analytical method for BER, the reverse phase HPLC method was 
developed for the simultaneous determination of BER and its degradation product.                                                        

Materials and methods 
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Chemicals and reagents  

Berberine hydrochloride was supplied by J. L. Chaturvedi College of Pharmacy, Nagpur.  All the 
chemicals used for the study were of AR and HPLC grade. Millipore membrane filters (0.45μ) were used for 
filtration of mobile phase and working solutions. Double distilled and membrane filtered water was used 
throughout the experimental work. 

HPLC instrumentation and conditions  

HPLC Shimadzu (LC-2010) equipped with pump (LC-30AD) and PDA detector (SPD-M20A). Each 
chromatogram was analyzed with LC Solutions software. Separations were achieved by using Hypersil C18 
column (150 mm × 4.6 mm, 5 μm). The mobile phase consisted of acetronitrile: phosphate buffer 0.05 M (pH3) 

in ratio 25:75 v/v was filtered through a 0.45 μm membrane filter to degas and pumped from the respective 
solvent reservoirs to the column at a flow rate of 1 ml/min.  

Forced Degradation of BER
 [9-16]

 

Acid degradation:  

Accurately weigh quantity of BER was transferred to 100 ml of volumetric flask to it 20 ml of 1 M 
hydrochloric acid solution was added. The resulting solution was refluxed for 5 h at 80°C. After cooling at 
room temperature, acid was neutralized with 1M sodium hydroxide solution then diluted with mobile phase to 
obtain a final concentration of 100µg/ml.   

Base degradation  

Condition 1: Accurately weigh quantity of BER was dissolved in 5 ml of diluent, to it 20 ml of 1 M sodium 
hydroxide solution was added and mixture was refluxed for 30 min.  

Condition 2: Accurately weigh quantity of BER was dissolved in 5 ml of diluent to it 20 ml of 1 M sodium 
hydroxide solution was added and resulting solution was refluxed for 3 h.  

 Allow the solutions to cool at room temperature and 
neutralized them with 1M hydrochloric acid and then diluted with mobile phase to obtain a final concentration 
of 100µg/ml.  

Hydrogen peroxide degradation:  

 Accurately weigh quantity of BER was subjected to peroxide degradation (10 ml, 30%) for 1 h at 80°C. 

After cooling at room temperature, mixture was diluted with mobile phase to obtain a concentration of 
100µg/ml.  

Dry heat degradation:  

To execute dry heat degradation, 10 mg of drug was kept in oven at 105ºC for 12 h, allowed it to cool at room 
temperature and diluted with mobile phase to obtained concentration of 100µg/ml.  

Photolytic degradation:  

 Photolytic degradation was performed under two different conditions 1) at 254 nm and 2) at 365 nm. 
For both the conditions 10 mg of BER was transfer to 100 ml of volumetric flask and diluted with mobile phase 
to a mark. Both the solutions were then exposed to above mentioned conditions for 24 h.  

Water hydrolysis  

 Accurately weigh 10 mg of BER was refluxed with 20 ml of water at 80ºC for 4 h. Resulting solution 
was cool and diluted with mobile phase to obtain a concentration of 100µg/ml.  

Development of HPLC method: 
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Each and every preparation was analysed by HPLC method.  The separations were achieved by using, 
acetronitrile: phosphate buffer 0.05 M (pH 3 with ortho- phosphoric acid) in ratio 25:75 v/v as the mobile 
phase. It was filtered through 0.45 µ membrane filter and degassed before use. The working concentration 100 
µg/ml was used for all degradation samples. The elution was carried out at the flow rate of 1ml /min. Detection 
was carried out at 271 nm at ambient temperature. A typical chromatogram of Berberine chloride was shown in 
(Fig. 1). 

System suitability was determined by injecting the standard solution five times. System suitability 

parameters i.e. peak area, tailing factor, retention time (Rt) and theoretical plate fall within 2% RSD during 
routine performance of the method. The data obtained is summarized in Table 1. 

Table 1: System suitability parameters of BER  

 

Injection  Retention time (min) Tailing  No. of theoretical plate Peak area 

1 10.504 1.62 6746 2007044 
2 10.499 1.63 6842 1996623 
3 10.488 1.63 6889 2011375 
4 10.488 1.63 6905 2012644 
5 10.488 1.63 7008 2008144 

Mean 10.493 1.627 6878.00 2007166 
Std. Dev. 0.01 0.0045 95.4856 6321.72 
%RSD 0.07 0.2747 1.3883 0.315 

 

Validation Parameters
 [17-18]

 

Linearity 

 The linearity of analytical method was established by injecting 20 to 140 µg/mL of BER and peaks were 
recorded and plotted graph, concentration versus area response of BER. The range of analytical method was 
established with a suitable level of precision, accuracy and linearity. Results are shown in Table 2.  

Table 2: Linearity study of BER  

 

Sr.  
No.  

Concentration 

(µg/ml)  
Peak area*  Slop (m)  ‘r’  

1 20 305108 

15427.3 0.9994 

2 40 621307 

3 60 916621 

4 80 1200762 

5 100 1492508 

6 120 1840895 

7 140 2179853 

 
Precision         

 Precision of analytical method was ascertained by replicate estimation of same concentrations of drug for five 
times. The results are expressed as SD and % RSD of series of measurements. Results of precision study are 
shown in Table 3. 

Table 3: Results of precision study of BER  

 

Injection 
Retention 

time (min) 
Peak area 

Tailing Plates count 

1  10.504 2007044 1.62 6746 
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2  10.499 1996623 1.63 6842 

3  10.488 2011375 1.63 6889 

4  10.488 2012644 1.63 6905 

5  10.488 2008144 1.62 7008 

Mean  10.494 2007166 1.63 6878.00 

SD±  0.01 6321.72 0.01 95.49 

%RSD  0.07 0.315 0.34 1.39 

 

LOQ and LOD 

LOQ and LOD values were determined by preparing the BER solutions of different concentrations (i.e. 
0.3, 0.6, 0.9 1.2 and 1.5 ppm) and peak response of the prepared solutions was determined by applying same 
chromatographic conditions as mention above. Graph was plotted concentration versus area response of BER 
solutions. Results of LOD and LOQ analysis are shown in Table 4. 

Table 4: LOD and LOQ study results of BER 

 

Sr. 

No. 
ppm 

Area* 

respon

se 
Slop r ‘ Styex LOD LOQ 

1 0.3 3391 

17241 0.993 1106.36 0.212 0.642 

2 0.6 6838 

3 0.9 13381 

4 1.2 17014 

5 1.5 24165 

*results are the mean of 3 replicates 
 

Robustness 

The robustness of the method is determined by changing the flow rate (1.0 mL/min ± 0.2 ml/min) of the 
method. Robustness of the method was studied using five replicates at a concentration level of 100 µg /ml and 
RSD value at different flow rate was determined. Results are shown in Table 5. 

Table 5: Results of robustness study 

Sr. No. 
Flow 0.8 ml/min Flow 1 ml/min Flow 1.2 ml/min 

RT Area RT Area RT Area 

1 8.340 1309780 11.869 1599865 14.313 1873978 

2 8.485 1306223 11.872 1525697 14.289 1837106 

3 8.524 1315603 11.843 1535555 14.342 1841179 

4 8.569 1310948 11.866 1538139 14.297 1828819 

5 8.539 1316098 11.896 1531689 14.316 1838394 

Mean 8.532 1311731 11.869 1546189 14.311 1843895 

SD 0.03 4147.88 0.02 30369 0.02 17435.46 

% RSD 0.29 0.316 0.16 1.964 0.14 0.946 
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Result and Discussion 

Most of the methods available for determination of BER are not stability indicating. The present 
proposed method was used for the complete separation of the analyte in presence of its impurity and the method 
can be successfully applicable to perform long-term and accelerate stability studies of Berberine chloride. The 
representative chromatogram obtained for Berberine chloride is shown in Fig. 1. The theoretical plates were 
6878 ±1.39 (more than 2000) and tailing was1.63 ±0.34 (less than 2) for the Berberine chloride peak.  The 

method permits detection and quantitative determination of BER in the presence of its degradation products 
with higher accuracy and precision. 

 

 

 

 

 

 

 

 

 

 

Fig 1. Chromatogram of BER 

 

 

                              

                                

 

 

 

 

 

 

 

Fig 2. Chromatogram of 1 M HCl degradation at 80°C for 5 h 
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 Fig 3. Chromatogram of 1 M NaOH degradation at 80°C for 30 min 

 

                            

                           

                                                                                                                                           

                            

 

 

Fig 4. Chromatogram of 1 M NaOH degradation at 80°C for 3 h 

 As per ICH guidelines it was subjected to different stress conditions to obtained degradation in the 

range of 5-30%. The chromatograph of BER degradation in acidic, peroxide and basic condition showed change 

in peak area, so it was found to be unstable in acidic, peroxide and basic (Fig. 5-7) conditions. BER showed 6% 

degradation in 1M HCl for 5 h at 80°C with change in peak area     (Fig. 2). In basic solution it’s found to be 

highly unstable with 48% degradation in 1M NaOH for 30 min at 80°C (Fig. 3) and 83% degradation in 1M 

NaOH solution for 3h at 80°C (Fig. 4). BER found to be 19 % degraded in peroxide condition (30% H2O2, at 

80°C for 1 h) (Fig. 5). 

 

 

 

 

 

 

 

Fig 5. Chromatogram of 30% H2O2 degradation at 80°C for 1H 
 

 

 

 

 

 

Fig 6. Chromatogram of dry heat degradation 
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It was found to be stable to dry heat (Fig. 6), photolytic degradation (Fig. 7-8) and water hydrolysis 

(Fig. 9) as there no additional peak and change in peak area. 

   

 

 

 

 

 

Fig 7. Chromatogram of photolytic degradation at 254nm 

 

 

 

 

 

 

 

Fig 8.Chromatogram of photolytic degradation at 365nm 

  

 

 

 

 

 

Fig 9. Chromatogram of water hydrolysis 

The drug can be analyzed in the presence of different degradation products by using isocratic liquid 
chromatographic conditions and mobile phase containing acetronitrile: phosphate buffer 0.05 M (pH 3 with 
ortho- phosphoric acid) in a ratio 25:75 v/v.  

During chromatographic determination blank solution (Mobile phase) should not show any interference 
at the retention time corresponding to the peak BER and its impurities. The blank solution of acid, base and 

peroxide degradation should not show any interference at the retention time corresponding to the peak of BER 
and its impurities. The Peak purity index is greater than the single point threshold in all the control and 
degradation samples to the peak of BER. (Fig. 10-16) 
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Fig 10. Peak 

purity 

chromatogram 

of acid 

degradation 

 

 

 

 

 

 

 

Fig 11. Peak purity chromatogram of base degradation 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 12. Peak purity chromatogram of peroxide degradation 
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Fig 13. Peak purity chromatogram of heat degradation 
 

 

 

 

 

 

 

 

 

 

Fig 14. Peak purity chromatogram of water hydrolysis 

 

 

 

 

 

 

 

Fig 15. Peak purity chromatogram of photolytic degradation at 254 nm  
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Fig 16. Peak purity chromatogram of photolytic degradation at 365 nm  
 

Thus the developed chromatographic method does not show interference of mobile phase, solvent 

mixture and degradation product in chromatogram at the -max of the analyte. Results of degradation study are 
shown in Table 6. 

 

 

 

Table 6: Stress study results of BER  

 

Stress 

condition 
Duratio

n 
Temp 
rature 

Peak area 

(STD) 
Peak 

area*  

(SPL) 

% 

content

* 

±SD % 

RSD 
Peak 

purity 

1M HCl 5h 80°C 2007166 1835443 94.24 0.88 0.93 Passes 

1 M NaOH 30 min 80°C 2007166 988851 51.16 0.49 0.97 Passes 

1 M NaOH 3 h 80°C 2007166 339002 16.73 0.14 0.89 Passes 

30 % H2O2 1h 80°C 2007166 1534079 80.93 0.54 0.67 Passes 

Dry heat 12 h 105°C 2007166 2017370 100.51 0.50 0.49 Passes 

254nm 24 h - 2007166 2005715 100.86 0.53 0.52 Passes 

365 nm 24 h - 2007166 2016432 101.40 0.46 0.45 Passes 

Water 
hydrolysis 

4 h 80°C 1473717 1561452 101.41 0.80 0.79 Passes 

 
*results are the mean of three replicates 

 

The method was validated for parameters like precision, linearity, LOD, LOQ, and robustness. 
Linearity was studied over the concentration range 20–140 µg/mL and the regression equation was found to be 

y= 15427x – 11748 with correlation coefficient of 0.9988, indicating that method is accurate. The LOD was 
found to be 0. 212 ppm and the LOQ was found to be 0.642 ppm. The % RSD in precision and robustness 
studies was found to be less than 2.0%, indicating that the method is precise and robust.  

 Conclusion 

The mobile phase, solvent mixture and degradation product under same condition as that of analytical 
conditions of BER does not show any interference, specificity is satisfactory. Method should be linear, precise 
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and accurate across the suitable analytical range. The method has been robust towards deliberate minor changes 
in the method parameters. The method can be used in quality control laboratory for release of production 
batches and stability study. 
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