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ABSTRACT 

The paper deals with the quantitative determination of swertiamarin, 

mangiferin and amarogentin contents in Swertia chirata by HPLC 

analysis. The extracted plant material (20mg) was transferred in to 

15ml borosil test tubes. 20ml of methanol was added and the tubes 

were capped securely. The content was heated in a water bath at 80°c 

in order to extract metabolites of interest. The extract was filtered and 

the residue was re-extracted twice in 20ml of methanol. The final 

volume was made up to 10ml by evaporation. The methanol extracts 

were combined and filtered through 0.22µ filter membrane. The 

solvents, namely water and acetonitrile used in the study were filtered   

and degassed. This was essential since storage of the solvent cause gas bubbles to 

accumulate. The results showed that the callus culture contained 0.67% swertiamarin, 0.09% 

mangiferin and 0.05% amarogentin and in contrast, tissue cultured plants contained 0.71% 

swertiamarin, 1.04% mangiferin and 0.08% amarogentin. On the other hand 2.91% 

swertiamarin, 0.07% mangiferin and 0.08% amarogentin was found in field grown plants of 

Swertia chirata. 

 

KEYWORD: Swertia chirata, swertiamarin, HPLC, mangiferin, amarogentin. 

 

INTRODUCTION 

India has a rich culture of medicinal herbs and spices with more than 2000 species and has a 

broad geographical area catering to Ayurvedic, Unani, Siddha and other conventional 

medicines. So far only few plants have been systematically studied chemically and 

pharmacologically for their potential medicinal value.
[1,2]

 Man has used plants for the 
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treatment of diverse ailments for thousands of years.
[3,4]

 According to the World Health 

Organization, most communities still depend upon the traditional medicines for their 

psychological and physical health requirements,
[5]

 as they have no access to the products of 

Western pharmaceutical industries,
[6]

 and lack healthcare facilities.
[7]

 Rural areas of many 

developing countries still rely on traditional medicine for their primary health care needs. 

 

Herbal medicines are in significant demand in both developed and developing countries as a 

source of primary health care owing to their properties having wide biological and medicinal 

activities and lesser costs. Herbal molecules are safe to use and would overcome the 

resistance produced by pathogens as they exist in a combined form or in a pooled form of 

more than one molecule in the protoplasm of the plant cell.
[8,9]

 Similarly with the occurrence 

of modern or allopathic medicine, a number of important modern drugs have been derived 

from plants used by indigenous people.
[10]

  Traditional use of herbal medicine is recognized 

as a way to learn more about potential future medicines.  

 

Researchers have identified number of compounds used in main stream medicine which are 

derived from "ethno medical" plant sources.
[11]

 Plants are used medicinally in different 

countries and are a source of many vigorous and strong drugs.
[12,13] 

 

Swertia chirata is chemically characterized by the existence of taxonomically important 

groups of secondary metabolites like xanthones, iridoids, mangiferin and C-glucoflavones.
[14]

 

Between the different seco-iridoids present in Swertia chirata, swertiamarin is the one of the 

major and have well-established, important therapeutic applications. For example
[15]

 reported 

the CNS depressant effects of swertiamarin isolated from Swertia chirata. Similarly, 

methanol extract of Swertia japonica was found to be useful anti-cholinergic
[16]

 and this anti-

cholinergic activity was recognized to swertiamarin, which was originate in amounts of about 

30% on fractionation and purification of extract. 

 

The present study was undertaken to analyze the Swertiamarin, mangiferin and amarogentin 

content in in vitro growing callus culture derived from leaf explants. Different reports on 

quantitative analysis of Swerchirin, swertiamarin and other secondary metabolites are 

presented for different genera or species of family Gentianaceae.
[17,18]

 described the 

production of gentiopicroside and swertiamarin, the two pharmacologically significant seco-

iridoids, from in vitro cultures of Gentiana davidii var. formosana by using HPLC. Also,
[19]

 

engaged capillary electrophoresis to break up and establish the quantity of swertiamarin in 
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Swertia herb.
[20,21] 

conducted a relative biochemical analysis of Swertia species by Thin layer 

chromatography and High performance liquid chromatography, using isolated xanthones and 

seco-iridoids like amarogentin and amaroswarin. However, similar analysis of swertiamarin 

content in Swertia chirata and its related species is lacking in the literature. The present 

study, therefore attempted the HPLC profiling of Swertia chirata extracts for swertiamarin, 

mangiferin and amarogentin content. 

 

MATERIALS AND METHODS 

Source of plant material 

The authentic plants of Swertia chirata were procured from Jaypee University of Information 

Technology, Waknaghat, Solan. The plants were maintained in the herbal garden of Shoolini 

University for further studies. 

 

Cleaning of glassware and instruments 

All the glassware were cleaned by washing with detergent (Tween-20) with the help of brush 

and rinsed thoroughly in tap water and rinsed with distilled water. The glassware was kept for 

drying in hot air oven at 80-100ºC for 1 hour. 

 

All dissecting instruments (forceps, scalpel, blade) and dissection and washing glassware 

(petriplates, beakers) were either wrapped with paper or aluminum foil either singly or were 

put in closed aluminum cans for sterilization by autoclaving. Dissection and transfer of 

explants were carried out in these petriplates under aseptic conditions. Micro tips used for 

aseptic condition by micropipettes were wrapped with paper and autoclaved. Sterilization of 

glassware as well as instruments were carried out by autoclaving at 121°C for 1 hour at 15 psi 

pressure. The used glassware with contaminated cultures were first autoclaved to kill 

contaminating microorganisms and molten media was disposed off and later on culture 

vessels were cleaned as mentioned above for unused glassware. 

 

Aseptic manipulation and culture conditions 

All aseptic operations were carried out in laminar air flow chamber fixed with ultra violet 

(UV) light. The laminar air flow chamber was thoroughly wiped with rectified spirit (90% 

ethanol) and then the culture vessel containing medium or autoclaved petri-plates, autoclaved 

culture equipment, spirit and spirit lamp were kept inside the chamber. UV light was 

switched on for 15-20 minutes. The flow was allowed to run at least 10 minutes after putting 

off the UV light. Before starting the aseptic manipulations, hands were thoroughly washed 
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with soap and water. Hands were wiped with 90% ethanol which was allowed to evaporate. 

All surgical tools like scalpel, forceps and blades were autoclaved before use and flame 

sterilized at the time of use. 

 

The rims of tubes and flasks were quickly flame sterilized before and after inoculations. 

Subsequently, in almost all experiments, the culture were inoculated in culture room 

maintained at a temperature of 25±2°C with 16h photoperiod at 32 μE m
-2

s
-1 

light intensity 

provided by cool florescent tubes.  

 

Production of Swertiamarin, mangiferin and amarogentin in indigenous bioreactor 

The accretion status of metabolites was determined in plants by subjecting samples from 

different experiments to chemical analysis. 

 

Sample preparation  

The presence of metabolites was determined in plants by subjecting samples from different 

experiments to chemical analysis. The quantification of swertiamarin, mangiferin and 

amarogentin was carried out by reverse phase High Performance Liquid Chromatography 

(HPLC Waters Spheri-sorb 5μm ODS2 515). The plant material was ground in liquid 

nitrogen, suspended in 80% methanol and sonicated for 10-15 min. The samples were 

centrifuged at 10,000 rpm for 15 minutes and supernatant was filtered by using 0.22μ syringe 

filter. A novel HPLC method was developed optimized for immediate quantification of major 

three metabolites such as swertiamarin, mangiferin and amarogentin. The mobile phase was 

composed of a mixture of acetonitrile: water (70:30). The linear gradient at a flow rate of 1.0 

ml/min was started. The compounds were identified on the basis of their retention time and 

comparison of UV spectra with the standards procured from ChromaDex (Bangalore, India). 

The quantification was repeated twice for each sample and the data were interpreted in terms 

of amount of swertiamarin, mangiferin and amarogentin present. 

 

HPLC analysis (Chromatographic system) 

Waters HPLC system consisting of M-600 E quaternary gradient pump, 717 auto-sampler, 

Novapak Reverse phase C-18 (3.9 X 150 mm) column.  

 

Assay 

The standard solutions were injected into the HPLC system via auto-sampler. The different 

plant samples were run in isocratic mode. The peak area was used to calculate the amount of 
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metabolites of interest present in different samples. The calibration curve was developed 

through Empower software which also calculated the amount of Swertiamarin, mangiferin 

and amarogentin content in the prepared samples.  

 

RESULTS 

Production of swertiamarin, mangiferin and amarogentin in callus culture, tissue 

cultured plants and field grown plants of Swertia chirata. 

The swertiamarin is present in all the plant part, but comparatively maximum amount is 

present in the roots. The amount of swertiamarin, mangiferin and amarogentin produced in 

the callus culture was compared with tissue cultured plants and field grown plants, by HPLC 

analysis (Table 1). 

 

Table 1: HPLC analysis for swertiamarin and its related metabolites production in 

callus culture, tissue cultured and field grown plants of Swertia chirata. 

 Area Percentagec (%) 

Swertia 

chirata 
Swertiamarin Mangiferin Amarogentin Swertiamarin Mangiferin Amarogentin 

callus 279235 177495 36304 0.67 0.09 0.05 

Tissue  

Culture 
293249 1844517 59727 0.71 1.04 0.08 

Field  

grown 
1119530 119203 55196 2.91 0.07 0.08 

 

In this study, it was found that the callus culture contained 0.67% swertiamarin, 0.09% 

mangiferin and 0.05% amarogentin and in contrast, tissue cultured plants contained 0.71% 

swertiamarin, 1.04% mangiferin and 0.08% amarogentin. On the other hand 2.91% 

swertiamarin, 0.07% mangiferin and 0.08% amarogentin was found in field grown plants of 

Swertia chirata (Figure 1). Since, we could detect all the three major metabolites 

(swertiamarin, mangiferin and amarogentin) in the callus culture of swertia chirata. 
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Figure 1: HPLC chromatogram showing the peaks of standard (A), callus culture of 

swertia (B), tissue cultured plants (C), and field grown plants of Swertia chirata (D). 

 

DISCUSSION 

HPLC analysis is a broadly employed technique in biotechnological, biochemical, 

biomedical, and pharmaceutical research areas. HPLC enables quantification of the secondary 

metabolites with a great accuracy, as it generates peaks for compound being quantified in 
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association to its concentration in each sample, which are quantified on the basis of standard 

curve generated from the known concentrations of the reference compound. With these 

advantages, HPLC was employed for the quantification of swertiamarin and its related 

metabolites. 

 

S. chirata is reported as a potent root drug in the literature
[22]

 and the whole plant is uprooted 

whenever harvesting the plant. The present study was carried out with an objective to 

production of Swertiamarin and related metabolites in indigenous bioreactor. The results of 

our study help us to conclude that the contents of these metabolites varied considerably in 

Swertia chirata. The age of the plant is known to influence the growth of secondary 

metabolite in plant.
[23,24,25]

 The variation in these metabolites content, with the age of the 

plant as noticed in the present study has been described in different species of family 

Gentianaceae.
[26] 

 

 In vitro callus and cell suspension studies have been reported in different species of 

Gentianaceae family for the production of secondary metabolites, especially the secoiridoid 

glucosides such as, gentiopicroside and swertiamarin.
[18]

 developed a protocol for the in vitro 

propagation of Gentiana davidii var. formosana and reported a higher content of the 

secoiridoids as compared to marketed crude drug. The cell suspension cultures of callus 

derived from stem explants of Gentiana davidii at optimal conditions produced maximum 

swertiamarin (0.224% on dry weight basis) after twelve days of the culture period.
[17]

 In the 

present study the friable callus obtained from the leaf explants and analyzed for these three 

metabolites content.
[27]

 conducted a biochemical analysis of callus cultures and tissue 

cultured swertia pseudochinensis plantlets. 4% swertiamarin content was quantified in five-

month-old regenerated plants, which decreased to 2.4% after eight months of growth. They 

detected swertiamarin in regenerated plantlets of Swertia pusedochinensis, but could not 

detect swertiamarin in callus cultures. 

 

CONCLUSION 

Based on the results of the present HPLC analysis of S. chirata, it can be concluded that in 

the present study callus culture was also a good source for the production of swertiamarin, 

mangiferin and amarogentin. 
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