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Background: Achyranthes coynei Sant.  (Family: Amaranthaceae) is a rare endemic medicinal 
plant used by local traditional practitioners to treat various diseases. The plant has been reported 
for promising antibacterial and antioxidant activities. However, the plant is not explored for its 
phytocompounds, especially triterpenoids. Objective: To study the accumulation and trends in 
distribution of triterpenoids: betulinic, oleanolic and ursolic acids (BA, OA and UA) in leaf, stem, 
root and inflorescence of A. coynei. Materials and Methods: Extraction was achieved using refluxing 
and reversed phase‑ultra flow liquid chromatographic (RP‑UFLC) technique was employed for 
determination. Separation of triterpenoids was achieved on a Hibar 250-4.6 mm, 5 µ, Lichrospher 
100, C18e column using methanol and water (90:10) as mobile phase (pH adjusted to 5.0 using 
GAA) in an isocratic mode. Results: Oleanolic acid was higher in leaf (0.172 ± 0.009%) followed 
by stem (0.035 ± 0.002%) and root (0.028 ± 0.001%). Ursolic acid was accounted to be highest 
in the inflorescence (0.099 ± 0.005%). The contents of BA and UA were lower than OA in leaf 
and stem while it was remained undetected in roots of A. coynei. Conclusion: The triterpenoids: 
BA, OA and UA were detected, quantified and reported for the first time from A. coynei. In the 
present study leaves were found to be the major source of BA and OA, whereas inflorescence 
was for UA.
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INTRODUCTION

Achyranthes coynei Sant.  (Family: Amaranthaceae) is a 
profusely branching perennial shrub growing up to height 
of  2.0-4.5 m. It is a rare and endemic plant reported from 
Maharashtra and Karnataka states of  India.[1,2] Achyranthes 
coynei is used by local traditional practitioners to treat various 
diseases.[1] The plant is reported to have antioxidant[3] and 
antibacterial[4] activities. Antibacterial properties of  such 
traditionally used medicinal preparations are attributed 
mainly to group of  triterpenoids.[5]

Triterpenoids are modified terpenes resembling steroids in 
their chemical structures [Figure 1].[6] Triterpenoids are the 
major group in A. aspera and oleanolic acid (OA) is reported 
to be the major compound.[6‑11] Recently betulinic acid (BA) 

along with OA has been reported from A. aspera.[12] Reports 
also suggest BA, OA and ursolic acid (UA)  individually 
or in combination to possess wide array of  biological 
activities viz. anticancer, anti HIV, hepatoprotective and 
many other.[13]

BA, OA and UA are three hydroxyl pentacyclic triterpenoic 
acids  (HPTAs) found in number of  plants as glycones 
of  saponins and free acids.[14] There are no reports 
on phytochemical evaluation on A.  coynei as per best 
of  our knowledge. Thus the present study deals with 
determination of  BA, OA and UA in various parts of  
A. coynei using RP‑UFLC analysis.

MATERIALS AND METHODS

Plant materials and chemicals
Plant material of  A.  coynei was obtained from a single 
population from Madanabhavi, Belgaum district, 
Karnataka, India and a specimen was authenticated and 
deposited at Herbarium, Regional Medical Research Centre, 
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Belgaum (Voucher Number: RMRC 785). All the solvents 
viz. methanol, water and glacial acetic acid (GAA) were of  
HPLC grade  (Fischer Scientific, Mumbai, India). HPLC 
grade BA (≥98% pure) OA (≥97% pure) and UA (≥98% 
pure) were procured from Sigma‑Aldrich, USA.

Extraction
The plant materials  (leaf, stem, root and inflorescence), 
obtained from wild were dried at room temperature and 
finely powdered. Method given by Rajpal[15] was employed 
for extraction of  triterpenoids, with minor modifications. 
A volume of  25 mL 50%  (v/v) aqueous methanol was 
added to 5 g of  powder and heated for 2-3 min for complete 
dissolution. A 75 mL of  distilled water and 10 mL of  
concentrated H2SO4 was added with shaking. The mixture 
was refluxed for 5-6 hours over water bath at 95 ± 2°C. 
Cooled contents were filtered and transferred to separating 
funnel. 25 mL of  chloroform was added and allowed for 
layers separation. The chloroform layer was separated and 
the procedure was repeated twice. The 50 mL chloroform 
layer was washed with distilled water to get acid free 
chloroform. The acid free chloroform layer was dried to 
obtain residue. The residue was dissolved in methanol and 
the same was used for RP‑UFLC analysis.

Quantification of BA, OA and UA using   RP‑UFLC 
analysis
Previously described RP‑UFLC method of  Pai et  al.,[12] 
was employed during the present investigation. Shimadzu 
chromatographic system (Model no. LC‑20AD) consisting 
of  a quaternary pump, manual injector, degasser 
(DGU‑20A5), and dual λ UV absorbance diode array 
detector SPD‑M20A was used for RP–UFLC analysis. 
The built‑in LC‑Solution software system was used 
for data processing. Methanol and water  (90:10  v/v) 
mobile phase was used for chromatographic separation 
with pH 5.0 (adjusted using GAA) in an isocratic mode 
through Hibar 250-4.6 mm, 5 μ, Lichrospher 100, C18e 
column. The flow rate was 1  mL/min–1 for separation. 
Injection volume of  standard and sample was 20 μL and 
the detection wavelength was set at 210 nm. The analysis 

time was 15 min for both standard and sample. Signal/
noise ratios of  3.3 and 10 were applied for estimating the 
LOD and LOQ, respectively. The system suitability test 
was assessed by three replicate injections of  the standard 
solutions at a particular concentration. The peak areas were 
used to evaluate repeatability of  the method and their peaks 
were analyzed for resolution.

Statistical analysis 
Values are represented as mean readings of  three 
injections  ±  SD. Experimental data were subjected to 
analysis of  variance (ANOVA) and significant (P < 0.05) 
means were determined using Duncan’s multiple‑range test 
to distinguish differences between content means at 5% 
level using SPSS for Windows version 16.0.

RESULTS AND DISCUSSION

The extracts of  different parts of  A. coynei were evaluated 
for percent yields (leaf: 0.322%, stem: 0.546%, root: 0.730% 
and inflorescence: 0.600%). These values were considered 
further to calculate percent (%) BA, OA and UA from 
respective parts of  A. coynei.

Quantification of BA, OA and UA using RP‑UFLC 
analysis
Six different concentrations  (0.05, 1, 10, 20, 40 and 
80 µg/mL) of  standard BA, OA and UA were detected at 
210 nm wavelength using RP‑UFLC technique [Figure 2a 
and b]. The chromatogram profiles with retention 
time 11.492  ±  0.026  (BA), 12.462  ±  0.045  (OA) and 
13.234 ± 0.035 (UA) min were obtained [Figure 2a]. The 
peaks obtained for the standards injected were sharp 
indicating no mixture of  compounds near to its retention 
time (RT) and pure. The early peaks during detection were 
attributed to impurities in solvent system, although they 
do not have any compatibility issues in separation and 
quantification. The linearity curves for standards were 
obtained with coefficient of  determination (R2) not more 
than 0.998 [Figure 2b and Table 1].

Figure 1: Structures of (a) Betulinic acid; (b) Oleanolic acid; (c) Ursolic acid
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Above chromatographic conditions were used to analyze 
linearity and sensitivity of  the method used. Three independent 
calibration equations were obtained for each analytes (BA, OA 
and UA) by correlating the detector signals with respective 
concentrations prepared. Details regarding concentration 
ranges, linearity equation, coefficient of  regression, LOD and 
LOQ are presented in Table 1. These results indicated good 
linearity and significant validity for the calibration values used. 
Similarly, three injections each of  three different concentrations 
of  the analytes (1, 10, 20 µg/mL) had significant inter‑ and 
intra‑day precision. Lower RSD (<0.72%) value of  retention 
time indicated acceptable reproducibility of  the method. The 
theoretical plate number (N) was found to be 9111.151 (BA), 
9400.486 (OA) and 9547.568 (UA) for the column used during 
the study (250 × 4.6 mm i.d., particle size 5 μm), demonstrating 
acceptable column efficiency. All these results assure the 
competence of  the current UFLC method for analysis of  
BA, OA and UA.

The chromatogram profiles of  the samples were obtained 
at same conditions as that of  standards [Figure 2a]. The 
results were expressed in percent dried powder of  leaf, 
stem, root, and inflorescence  [Figure  3]. Betulinic acid 
ranged from 0.028-0.125%, OA from 0.028-0.172% 
and UA from 0.024-0.099% in dried plant material. The 
RP‑UFLC analysis revealed that, leaves sourced highest in 
content of  BA (0.125 ± 0.006%) and OA (0.172 ± 0.009%) 
while UA was higher in inflorescences (0.099 ± 0.005%). 

The results were in accordance to that of  A.  aspera, 
wherein leaves had higher triterpenoids than other parts.[12] 
However, the contents of  BA and OA were much higher 
in A. aspera than in A. coynei observed in present study.[12]

Stem of  A. coynei contain 0.035 ± 0.002% of  OA followed by 
BA (0.028 ± 0.001%) and UA (0.024 ± 0.001%). Unlike other 
parts in the study accumulation of  BA (0.036 ± 0.002%) 
was higher than OA (0.028 ± 0.001%) in the inflorescence. 
A trend in distribution of  triterpenoids was observed in 
the magnitude from OA > BA > UA in all parts except 
inflorescence. However, BA and UA were not detected in 
roots of  A. coynei. Furthermore, it would be interesting to 
note that there is a great variation (0.006-2.190%) in content 
of  OA in different parts from the plants of  the genus 
Achyranthes, wherein various methods of  quantification 
were employed by different workers.[6‑12,16,17]

CONCLUSION

The accumulation levels of  triterpenoids (BA, OA and UA) 
varied in leaf, stem, root and inflorescence of  A. coynei and 
significant variations in their trends of  distribution were also 

Table 1: RP‑UFLC analysis attributes and results 
obtained for BA, OA and UA
Parameters BA OA UA
Concentration range (µg/mL) 0.05-80 0.05-80 0.05-80
Linearity equations y=7278. 

x-982.6
y=8838. 
x-10513

y=8651 
x-4247

Coefficient of regression (R2) 0.999 0.998 0.999
LOD (µg/mL) 0.0223 0.0740 0.0431
LOQ (µg/mL) 0.0676 0.2244 0.1306

Abbreviation: LOD: Limit of detection; LOQ: Limit of quantification ; RP‑UFLC: 
Reversed phase-ultra flow liquid chromatographic; BA: Betulinic; OA: Oleanolic; 
UA: Ursolic acids

Figure 3: Histogram showing BA, OA, UA content (%) in leaf, stem, 
root and inflorescence extract of A. coynei Within each group, values 
with different letters indicate significant difference at P < 0.05 using 
Duncan’s multiple-range test

Figure 2: RP-UFLC profile of (a) Standard mixture of BA, OA, UA (80 µg/mL) and leaf, stem root, inflorescence extracts of A. coynei; (b) Six 
point calibration curve for standard BA, OA and UA (0.05, 1, 10, 20, 40, 80 µg/mL) 
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observed. The content of  triterpenoids was higher in leaves 
followed by inflorescence and stem. BA and UA remain 
undetected in root extracts of  A. coynei. The present work is the 
first report of  determining these triterpenoids using RP‑UFLC 
analysis in the plant. These promising results need further 
attention and detailed study to discover its medicinal potential.
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