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ABSTRACT: The Vitex negundo, which is traditional Indian medicine, has 

been used for treatment of various diseases. A simple, sensitive, precise and 

accurate RP-HPLC method has been developed for the analysis of Vitex 

negundo L. samples and its polyherbal formulations for their Betulinic acid 

content. The extraction was checked using different solvents like methanol, 

chloroform, 95% ethanol, acetone and dichloromethane. It was found 

chloroform was good extraction solvent that allowed extraction of Betulinic 

acid with highest content. The method involves RP C18 column with 

methanol-acetonitrile-water (90:5:5 % v/v/v) pH 2.5 adjusted with ortho 

phosphoric acid as mobile phase and UV detection at 270 nm. The flow rate 

was 1.3 ml/min. The retention time was 2.29 min. The linearity range was 5-

30 μg/ml. The method was validated for linearity range, precision, LOD, 

LOQ, robustness and accuracy. Mean recovery was 99.16-100.76 %. The 

method was successfully applied for the quantification of Betulinic acid in 

leaves, seeds of Vitex negundo L. and its polyherbal formulations. The 

results demonstrated that the content of Betulinic acid was depending on 

different extraction solvents and ensure its clinical benefits. The content of 

total triterpenoids was also determined by colorimetry method. 

INTRODUCTION: The Vitex negundo, which is 

traditional Indian medicine, of Verbenaceae family, 

has been used for treatment of various diseases. It 

is used in the treatment of inflammation, fungal 

diseases, antioxidant and hepatoprotective 

disorders 
1, 2

. Betulinic acid (3β-hydroxylup-20-

(29)-en-28-oic acid) is a pentacyclic triterpenoids 

and is common constituent of many medicinal 

plants and herbs. The structure of Betulinic acid is 

shown in Fig. 1.  
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FIG. 1: STRUCTURE OF BETULINIC ACID 

 

Betulinic acid is white to slightly being rose 

powder, highly soluble in pyridine, acetic acid, 

soluble in methanol, ethanol, chloroform, ether and 

low solubility in water, petroleum ether, DMF, 

DMSO and benzene 
3
. They have many important 

pharmacological effects like anti-inflammatory, 

hepatoprotective, anti-tumor, anti-HIV, anti-
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microbial, anti-gastric ulcer and anti leukemic 

properties 
4-7

. A literature survey described that RP-

HPLC 
8-11

, HPTLC 
12-18 

methods were developed 

for the determination of Betulinic acid in the 

various plant samples and formulations, but no RP-

HPLC method has been reported for estimation of 

Betulinic acid in plant samples and polyherbal 

formulations containing Vitex negundo. Hence, this 

paper described RP-HPLC for estimation of 

Betulinic acid and colorimetry method for total 

triterpenoids in plant samples of Vitex negundo L. 

and its herbal formulations.  

 

MATERIALS: 

The leaves of Vitex negundo collected from the L. 

M. College of Pharmacy, Ahmedabad, Gujarat. 

Reference standard of Betulinic acid (HPLC purity 

>98.0 %) was purchased from Sigma aldrich, 

Bangalore, Karnataka, India. HPLC grade 

acetonitrile and methanol were used for the HPLC 

analysis. Milli-Q water was used by the Milli-Q 

system.  All other solvents used in this study were 

of analytical grade. Seed powder of Vitex negundo 

and marketed polyherbal formulations were 

purchased from the local market, India.  

 

Instruments: 

HPLC system, 2230 series (Analytical 

Technologies ltd, India) equipped with P 2230 

HPLC pump, LU 2230 Plus 4 low pressure gradient 

unit, Autosampler, UV 2230 UV visible detector. 

Colorimetry method was performed on Shimadzu 

1800 series double beam spectrophotometer with a 

fixed slit width (1nm) attached to the computer 

with UV-Probe, version 2.33 software for obtaining 

the spectra. 

 

Quantification of Betulinic acid by RP-HPLC: 

Preparation of standard solution of Betulinic 

acid (50µg/ml): 

A standard solution of Betulinic acid (50µg/ml) 

was prepared by dissolving 0.5 mg of accurately 

weighed Betulinic acid in methanol and the volume 

was made up to 10 mL with methanol. 

 

Preparation of calibration curve of Betulinic 

acid (5-30 µg/ml): 

Suitable aliquots of standard solution of Betulinic 

acid were transferred to vials separately and 

volume was made up to 2 ml with methanol. The 

above standard solutions were injected and run for 

calibration curves. Calibration graph was plotted 

subsequently for linear regression analysis of peak 

area with concentration.  

 

Extraction and preparation of sample solutions: 

2 g powdered leaves and seeds of Vitex negundo 

and its formulations were extracted with 

Chloroform (20 ml*3). Combined all chloroform 

extracts and evaporate to dryness on water bath to 

get the residue. Also 2 g powdered of leaves were 

extracted with methanol, 95 % ethanol, acetone and 

dichloromethane (20 ml*3). Combined all extracts, 

respectively and evaporate to dryness on water bath 

to get the residue. The residues of all samples were 

dissolved in 10 ml of methanol, respectively. The 

afforded solutions were filtered through whatmann 

filter prior to HPLC. All test solutions were diluted 

further using methanol. Each of sample solutions 

were injected into chromatogram and peak area 

were recorded. 

 

Chromatographic Conditions: 

Analysis was performed on Kromasil 100 RP C18 

(5 µm, 250×4.6 mm i.d.) column using an isocratic 

mobile phase comprising Methanol-Acetonitrile-

Water (90:5:5 % v/v/v) pH 2.5 adjusted with 

orthophospharic acid. The flow rate was 

maintained at 1.30 ml/min and temperature of the 

column was kept at room temperature. The samples 

were injected in a volume of 20 μL and detection 

was carried out at 270 nm.  

 

Method validation: 

The method was validated according to 

International Conference on Harmonization 

guidelines for validation of analytical procedures. 

 

Linearity: 
The linear response was determined by analyzing 

six independent levels of the calibration curve in 

the range of 5-30 μg/ml for Betulinic acid. Result 

should be expressed in terms of Correlation co-

efficient.  

 

Precision: 

Intra-day precision and Inter-day precision were 

determined for standard solution of Betulinic acid 

(10, 15 and 20 μg/ml) for the three times on the 

same day for intraday and on three different days 
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for inter-day precision.  

 

LOD and LOQ: 

Calibration curve was repeated 5 times and the 

standard deviation (SD) of the intercepts (response) 

was calculated. Then LOD and LOQ were 

measured by using mathematical expressions.  

 

Accuracy (% Recovery): 

Accuracy expressed as % Recovery by the assay of 

known, added amount of analyte.  Its measure of 

the exactness of the analytical method. The 

recovery experiments were carried out in triplicate 

by previously analyzed test samples with three 

different concentrations of standards at 80%, 100% 

and 120% respectively.  

 

Robustness study: 

Robustness of the method were determined by 

performing small changes in the mobile phase ratio, 

wavelength detection and flow rate. The results 

indicated insignificant differences in results and 

thus indicative of a robust method.  

 

System Suitability: 

The parameters used in these were asymmetry of 

chromatographic peak, Theoretical plates, and 

retention time. 

 

Quantification of total triterpenoids by 

colorimetric method:  

The determination of total triterpenoids was 

determined by colorimetric method
19

 with the 

following procedure. Initially, a stock solution of 

Ursolic acid (500μg/ml) was prepared. From above 

solution a suitable aliquot (0.1, 0.2, 0.3, 0.4 and 0.5 

ml) were transferred to 10 ml of test tube, 

respectively. 0.2 ml of 5% vanillin–acetic acid and 

1.2 ml of perchloric acid were added, mixed and 

incubated at 70
o
 C for 15-20 min. Then after tubes 

were taken out and cooled in running water for 2 

min then, acetic acid was added to make up the 

volume up to 5 ml. The absorbance was taken at 

550 nm against blank. The calibration curve was 

constructed by absorbance versus concentration of 

Ursolic acid standard (µg/ml).  

 

Study the effect of extraction solvent on content 

of Betulinic acid and total triterpenoids: 

This developed RP-HPLC method was 

subsequently applied for determination of Betulinic 

acid and colorimetric method was applied for 

determination of total triterpenoids in leaves of 

Vitex negundo respectively, with different 

extraction solvents (methanol, chloroform, 95 % 

ethanol, acetone and dichloromethane) and to 

compare the extraction efficiency.  

 

RESULTS AND DISCUSSION: 

RP-HPLC separation optimization: 

Initially various mobile phases, flow rate and 

detection wavelength were tried for HPLC analysis 

to attempt best chromatograph in Methanol-

Acetonitrile-Water (90:5:5 v/v/v) pH 2.5 adjusted 

with Orthophospharic acid on Kromasil 100 RP 

C18 column at flow rate of 1.3 ml/min and 

detection was at 270 nm. The chromatograph of 

Betulinic acid standard and sample solutions were 

shown in Fig. 2 & 3 respectively. The retention 

time was 2.29 min.  
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FIG. 2: CHROMATOGRAM OF BETULINIC ACID 

STANDARD SOLUTION  

 

 
FIG. 3: CHROMATOGRAMS OF SAMPLE SOLUTION (1- 

LEAVES SAMPLE, 2- SEED SAMPLE, 3- FORMULATION 1, 

4- FORMULATION 2) 
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Validation and Assay results of RP-HPLC 

method: 

The linearity data of standard Betulinic acid is 

shown in Table 1. The calibration curve for 

Betulinic acid was obtained by plotting the peak 

area of Betulinic acid versus concentration over the 

range of 5-30 μg/ml and it was found to linear with 

r
2
=0.990 (Fig. 4).  

 
TABLE 1: RESULTS OF LINEARITY DATA 

Conc (μg/mL) Peak Area 

(mean ± S.D, n=3) 

%RSD 

5 17951 ± 152.68 0.851 

10 39920 ± 214.39 0.537 

15 48489 ± 249.95 0.515 

20 74735 ± 337.79 0.452 

25 90228 ± 236.53 0.262 

30 107676 ± 381.09 0.354 

 

Mean %RSD 

0.459 

 

 
FIG. 4: CALIBRATION CURVE OF BETULINIC ACID 

(PEAK AREA VS. CONCENTRATION)  

 

The LOD and LOQ were found to be 0.144 and 

0.436 respectively. The % RSD for intraday and 

inter day precision were found to 0.501 and 0.795 

respectively (Table 2 and 3). The results of 

accuracy were 99.16-100.76% (Table 4). The % 

RSD for different parameters of robustness was 

found to less than 2% (Table 5). The proposed 

HPLC method was applied to the quantification of 

Betulinic acid in plant samples of Vitex negundo 

and its herbal formulations. The result of system 

suitability was shown in Table 6. The content of 

Betulinic acid in leave sample, seeds sample, 

formulation 1 and 2 were 0.060 %, 0.031 %, 0.043 

and 0.041 % respectively (Table 7). The summary 

of regression analysis and validation parameters 

was shown in (Table 8). 

 

TABLE 2: RESULTS OF INTRADAY PRECISION  

BA 

(μg/mL) 

Mean SD %RSD 

10 39920.3 214.393 0.537 

15 48489 249.946 0.515 

20 74735.7 337.79 0.452 

Mean % RSD 0.501 

 

TABLE 3: RESULTS OF INTERDAY PRECISION  

BA 

(μg/mL) 

Mean SD %RSD 

10 39774.67 377.42 0.945 

15 48477.67 435.83 0.899 

20 74804.33 401.58 0.537 

Mean % RSD 0.795 

 

TABLE 4: RESULTS OF RECOVERY STUDY  

% Amt 

Estimated 

Amt of BA 

present in 

pre 

analysed 

sample 

(μg/mL) 

Amt of 

BA 

standard 

added 

(μg/mL) 

Amt 

recovered 

(µg/mL) 

% 

Recovery 

± SD 

80 5 4 8.92 99.16 ± 

0.042 

100 5 5 10.067 100.67 ± 

0.054 

120 5 6 11.084 100.76 ± 

0.095 

 

TABLE 5: RESULTS OF ROBUSTNESS STUDY  

Parameters %RSD 

Mobile phase composition 0.675 

Wave length 1.3 

Flow rate 0.715 

 
TABLE 6: RESULTS OF SYSTEM SUITABILITY STUDY 

Parameters BA %RSD 

Asymmetry 1.81 ± 0.017 0.957 

Theoretical Plates 14793.66 ± 62.931 0.420 

Retention Time(min) 2.29 ± 0.001 0.025 

  
TABLE 7: ASSAY RESULTS OF PLANT SAMPLES OF 

VITEX NEGUNDO AND ITS FORMULATIONS 
 

Formulations 

Amt found 

(μg/mL) 

% Assay ± SD 

(n=3) (% w/w) 

Leaves sample 12.025 0.060 ± 0.0005 

Seed sample 6.353 0.032 ± 0.0004 

Formulation 1 8.644 0.043 ± 0.0002 

Formulation 2 8.027 0.040 ± 0.0004 

  
TABLE 8: SUMMARY OF VALIDATION PARAMETERS 

Parameters BA Total triterpenoids 

(Ursolic acid 

equivalent) 

Linearity range (μg/mL) 5-30 10-50 

Correlation coefficient (r2) 0.990 0.989 

Intraday Precision (%RSD) 0.501 1.125 

Interday Precision (%RSD) 0.795 1.506 

LOD(μg/mL) 0.144 3.182 

LOQ(μg/mL) 0.436 9.643 

%Recovery 99.16-100.76 95.68-103.03 
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Validation and assay results of colorimetric 

method: 

The UV visible spectra of Ursolic acid standard 

was shown in Fig. 5. The calibration curve were 

constructed in range of 10-50 μg/mL, and it was 

found to linear with r
2
=0.989 (Fig. 6). The LOD 

and LOQ were found to be 3.182 and 9.643 

respectively. The % RSD for intraday and inter day 

precision were found to 1.125 and 1.506 

respectively. The result of accuracy was 95.68-

103.03 %. The summary of regression analysis and 

validation parameters was shown in (Table 8). The 

content of total triterpenoids in leaves sample, 

seeds sample, formulation 1 and 2 were 0.148 %, 

0.081 %, 0.236 and 0.211 % respectively 

 

 
FIG. 5: UV-VISIBLE SPECTRA OF URSOLIC ACID 

STANDARD 

  

 
FIG. 6: CALIBRATION CURVE OF URSOLIC ACID 

STANDARD SOLUTIONS 

  

Result of effect of extraction solvents 

The results of different extracting solvent on 

content of Betulinc acid and total triterpenoids 

were shown in Table 9. The results shown that 

content of both were strongly dependent on the 

solvents with different polarities. Chloroform and 

methanol were good extraction solvent that allowed 

extraction of Betulinic acid and total triterpenoids 

with a higher yield compared with the other 

extraction solvents. The extraction of acetone, 95 

% ethanol and dichloromethane were rather small.  

 
TABLE 9: YIELD OF BETULINIC ACID AND TOTAL 

TRITERPENOIDS IN THE LEAVES OF VITEX NEGUNDO 

WITH DIFFERENT EXTRACTION SOLVENTS 

Extraction 

solvents 

BA 

% w/w 

% RSD Total 

triterpenoids 

% w/w 

% RSD 

Chloroform 0.060 0.801 0.148 1.111 

Methanol 0.058 0.505 0.163 0.362 

95 % Ethanol 0.027 1.290 0.079 1.037 

Acetone 0.025 1.399 0.062 0.883 

Dichloromethane 0.015 1.172 0.053 0.497 

 

CONCLUSION: The developed RP-HPLC 

method was accurate, precise, sensitive, 

reproducible and simple for quantification of the 

Betulinic acid in plant samples and its herbal 

formulations. The spectrophotometric method was 

successfully applied for estimation of total 

triterpenoids in plant samples and its herbal 

formulations, which was simple, rapid, accurate, 

precise and reproducible. Significant variations in 

the content of Betulinic acid and total triterpenoids 

in Vitex negundo leaves with different extraction 

solvents were observed. Therefore, in order to 

ensure and improve the therapeutic benefits, it is 

necessary to quantify bioactive components in the 

leaves of Nagod derived extracts and herbal 

formulations.  
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