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INTRODUCTION
Plants are one of the major reservoirs of natural molecules and a 
primary source of naturally-derived therapeutic molecules. Molecules 
with complex structures are common in plants and therefore offer an 
unmatched opportunity to discover new drug molecules. A report by 
the World Health Organization estimates that more than 80% of the 
world population uses plants for complementary and alternative 
medicines (CAMs) [1]. CAMs are easily available to the masses, suit 
the local culture, and provide relief from a wide variety of ailments due 
to the synergistic action of CAM components. However, validation of 
CAMs through scientic approaches is essential to establish the 
therapeutic efcacy and conrm the long-held traditional therapeutic 
effects [2]. High performance liquid chromatography (HPLC) is a 
robust, advanced, and versatile analytical method for separation and 
identication of phytoconstituents present in plant extracts. In HPLC, 
various phytoconstituents/compounds show a different migration 
when passed through a common stationary phase using a common 
mobile phase in either isocratic or gradient mode [3]. HPLC is also a 
method of choice for separation and identication of avonoids 
because it is performed at room temperature and therefore prevents the 
thermal decomposition of phytoconstituents, a common phenomenon 
observed at higher temperatures. The role of HPLC in quality control 
has gained considerable acceptance in recent times. As a quality 
control tool, it can help in quality control of herbal products and 
formulations that contain extracts taken from various plants. 
Therefore, development of novel, efcient, cost-effective, and 
optimized HPLC methods that help in simultaneous identication of 
several compounds can greatly benet manufacturers involved in the 
production of herbal products, nutraceuticals, and other plant-based 
products [4]. HPLC also alleviates the need for derivatization of 
phytoconstituents, an essential requirement for Gas-chromatography, 
thus saves considerable time, chemicals, and manpower [5]. However, 
separation and identication of complex plant extracts using HPLC is a 
tedious and time-consuming job because optimization of HPLC 
conditions such as mobile phase, stationary phase, and other HPLC 
conditions (run time, column temperature, and mode of run) require 
extensive optimization. Moreover, each phytoconstituent/plant extract 
requires separate optimization to obtain a good resolution, thus making 
the whole process cumbersome. Therefore, a single optimized HPLC 
method that can separate several compounds or several plant extracts 
under common optimized HPLC conditions can signicantly reduce 
run time, optimize precious resources, and save manpower. The 

present study is an attempt to optimize a single optimized HPLC 
protocol for ten plant extracts and four compounds. 

MATERIALS AND METHODS
Procurement of Plant material: 
All plant extracts used in the present study were purchased from a 
GMP certied manufacturer based in India. 

Chemicals and Reagents: 
HPLC mobile phase was prepared in HPLC grade solvents and buffers. 
Acetonitrile was purchased from SDFCL (HPLC grade) and Millipore 
water was used to prepare all buffers. Mobile phase was ltered using a 
0.45µm lter (Cellulose acetate; Merck) and degassed in a sonicator 
for 10 minutes before it was used. 

HPLC analysis of standards and plant extracts 
The optimization of HPLC conditions were carried out in two separate 
phases. In the rst phase, we optimized the separation conditions for 
standard polyphenols, namely, gallic acid, protocatechuic acid, rutin, 
and mangiferin. In the second phase, we used the optimized conditions 
for HPLC analysis of plant-extracts obtained from Asparagus 
racemosus, Azadirachta indica, Capsicum annuum, Nigella Sativa, 
Phyllanthus niruri, Rosmarinus ofcinalis, Rheum palmatum, 
Withania somnifera, Withania somnifera and Zingiber ofcinale. 
HPLC was performed on the Shimadzu HPLC system using Kinetex 
C column (150mm x 4.6mm, 100 Å, 5µm) in a gradient mode with a 18 

ow rate of 1.5ml/min and detection wavelength of 254 nm. The 
aqueous mobile phase was prepared by adding 68mg KH PO  and 250 2 4

µl ortho-phosphoric acid in 500ml Millipore water. Other standard 
operating procedures for HPLC were followed. The organic mobile 
phase contained 100% acetonitrile. Injection volume was 20 µl and the 
run time was 45 minutes. The gradient program was as follows: 0.01 
min A: 70% B: 30%; 25 min A: 60% B: 40%; 28 min A: 4% B: 96%; 38 
min A: 4% B: 96%; 43 min A: 70% B: 30%; 45 min A: 70% B: 30%. 

RESULTS 
HPLC separation of phytoconstituents and complex plant extracts 
using a binary solvent system is a preferred method of choice. For 
method development, we used a binary solvent system comprising 
acidied water and organic solvent acetonitrile. In the present study, 
we used a Kinetex C column (150mm x 4.6mm, 100 Å, 5µm) and the 18 

HPLC separation was performed in a gradient mode with a ow rate of 
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ABSTRACT
Background: Plants and plant-based extracts have been used across the globe for management of various ailments and disorders. The biological 
and pharmacological activities of plants and their extracts are primarily attributed to polyphenols, avonoids, and other secondary metabolites. 
High Pressure Liquid Chromatography (HPLC) is a reliable, sensitive, and quick method to identify bioactive ingredients in complex plant 
extracts.  In the present study, we have developed a quick and sensitive HPLC method for separation of four polyphenols, namely, gallic Methods:
acid, protocatechuic acid, rutin, and mangiferin. Further, we used the developed HPLC method for the analysis of plant extracts obtained from 
Asparagus racemosus, Azadirachta indica, Capsicum annuum, Nigella Sativa, Phyllanthus niruri, Rosmarinus ofcinalis, Rheum palmatum, 
Withania somnifera, Withania somnifera, and Zingiber ofcinale. The HPLC method developed in the present study was highly effective  Results: 
in separating gallic acid, protocatechuic acid, rutin, mangiferin. The method also provides excellent phytoconstituent ngerprinting of complex 
plant extracts of medicinal plants.  The gradient mode HPLC method developed in the present study is highly useful for identication  Conclusion:
of plant polyphenols in complex plant-based extracts and generating HPLC chromatograms for complex plant extracts. The present method, thus, 
can be used for phytoconstituent proling, quality control of herbal drugs, and assessing adulteration of plant extract or nutraceuticals.
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1.5ml/min and detection wavelength of 254 nm. We rst separated four 
polyphenols, gallic acid, protocatechuic acid, rutin, and mangiferin, 
and then used the developed method to analyze the separation pattern 
of some of the most widely used plants in the complementary and 
alternative medicinal (CAM) system, namely, Asparagus racemosus, 
Azadirachta indica, Capsicum annuum, Nigella Sativa, Phyllanthus 
niruri, Rosmarinus ofcinalis, Rheum palmatum, Withania somnifera, 
Withania somnifera and Zingiber ofcinale. 

An excellent separation was achieved for all polyphenols using the 
HPLC solvent system and parameters described above with a retention 
time of 2.71 minutes (gallic acid, Fig. 1), 7.31 minutes (mangiferin, 
Fig. 2), 8.8 minutes (rutin, Fig. 3), and 10.78 minutes (protocatechuic 
acid, Fig. 4). We obtained excellent separation of all four polyphenols 
during a combined run, suggesting that the developed method offers an 
excellent tool for separation and identication of four polyphenols 
without any overlapping peaks (Fig. 5). We then used the optimized 
HPLC conditions to generate the HPLC chromatograms for complex 
plant extracts rich in phytoconstituents. It was observed that all plant 
extracts used in the present study offered good separation of 
phytoconstituents and a chromatogram generated showed a variety of 
peaks of different areas under the curve (AUC) (Fig.6-Fig.15). 

We also conrmed the presence of protocatechuic acid in Zingiber 
ofcinale (Fig.10) and gallic acid in Phyllanthus niruri (Fig.14). The 
results of the present study shows that the developed HPLC method 
can be useful in separation and characterization of polyphenols (gallic 
acid, protocatechuic acid, rutin, and mangiferin) in complex plant 
extracts and may help in both qualitative and quantitative analysis. The 
method can also be used for quality control and to detect the presence 
of contaminants in herbal formulations and nutraceuticals. 

Figure 1: HPLC chromatogram of gallic acid at 100µg/ml 
concentration under binary gradient conditions at a ow rate 1.5 
ml/min and a run time of 45 minutes. The injection volume was 20µl. 
The aqueous mobile phase was 0.1% phosphoric acid in distilled water 
and the organic mobile phase was 100% Acetonitrile.

Figure 2: HPLC chromatogram of mangiferin at 100µg/ml 
concentration under binary gradient conditions at a ow rate 1.5 
ml/min and a run time of 45 minutes. The injection volume was 20µl. 
The aqueous mobile phase was 0.1% phosphoric acid in distilled water 
and the organic mobile phase was 100% Acetonitrile.

Figure 3: HPLC chromatogram of rutin at 100µg/ml concentration 
under binary gradient conditions at a ow rate 1.5 ml/min and a run 
time of 45 minutes. The injection volume was 20µl. The aqueous 
mobile phase was 0.1% phosphoric acid in distilled water and the 
organic mobile phase was 100% Acetonitrile.

Figure 4: HPLC chromatogram of protocatechuic acid at 100µg/ml 
concentration under binary gradient conditions at ow rate 1.5 ml/min 
and a run time of 45 minutes. The injection volume was 20µl. The 
aqueous mobile phase was 0.1% phosphoric acid in distilled water and 
the organic mobile phase was 100% Acetonitrile.

.

Figure 5: HPLC chromatogram a mixture of gallic acid, mangiferin, 
rutin, and protocatechuic acid at 100µg/ml concentration under binary 
gradient conditions at a ow rate 1.5 ml/min and a run time of 45 
minutes. The injection volume was 20µl. The aqueous mobile phase 
was 0.1% phosphoric acid in distilled water and the organic mobile 
phase was 100% Acetonitrile.

         

Figure 6: HPLC chromatogram of Withania somnifera at 100µg/ml 
concentration under binary gradient conditions at a ow rate of 1.5 
ml/min and a run time of 45 minutes. The injection volume was 20µl. 
The aqueous mobile phase was 0.1% phosphoric acid in distilled water 
and the organic mobile phase was 100% Acetonitrile.

Figure 7: HPLC chromatogram of Azadirachta indica at 100µg/ml 
concentration under binary gradient conditions at a ow rate of 1.5 
ml/min and a run time of 45 minutes. The injection volume was 20µl. 
The aqueous mobile phase was 0.1% phosphoric acid in distilled water 
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and the organic mobile phase was 100% Acetonitrile.

Figure 8: HPLC chromatogram of Asparagus racemosus at 100µg/ml 
concentration under binary gradient conditions at a ow rate 1.5 
ml/min and a run time of 45 minutes. The injection volume was 20µl. 
The aqueous mobile phase was 0.1% phosphoric acid in distilled water 
and the organic mobile phase was 100% Acetonitrile.

Figure 9: HPLC chromatogram of Withania somnifera at 100µg/ml 
concentration under binary gradient conditions at a ow rate of 1.5 
ml/min and a run time of 45 minutes. The injection volume was 20µl. 
The aqueous mobile phase was 0.1% phosphoric acid in distilled water 
and the organic mobile phase was 100% Acetonitrile.

Figure 10: HPLC chromatogram of Zingiber ofcinale at 100µg/ml 
concentration under binary gradient conditions at a ow rate 1.5 
ml/min and a run time of 45 minutes. The injection volume was 20µl. 
The aqueous mobile phase was 0.1% phosphoric acid in distilled water 
and the organic mobile phase was 100% Acetonitrile.

Figure 11: HPLC chromatogram of Rheum palmatum at 100µg/ml 
concentration under binary gradient conditions at a ow rate 1.5 
ml/min and a run time of 45 minutes. The injection volume was 20µl. 
The aqueous mobile phase was 0.1% phosphoric acid in distilled water 
and the organic mobile phase was 100% Acetonitrile.

Figure 12: HPLC chromatogram of Rosmarinus ofcinalis at 
100µg/ml concentration under binary gradient conditions at a ow rate 
1.5 ml/min and run time of 45 minutes. The injection volume was 20µl. 
The aqueous mobile phase was 0.1% phosphoric acid in distilled water 
and the organic mobile phase was 100% Acetonitrile.

Figure 13: HPLC chromatogram of Capsicum annuum at 100µg/ml 
concentration under binary gradient conditions at a ow rate 1.5 
ml/min and a run time of 45 minutes. The injection volume was 20µl. 
The aqueous mobile phase was 0.1% phosphoric acid in distilled water 
and the organic mobile phase was 100% Acetonitrile.

Figure 14: HPLC chromatogram of Phyllanthus niruri at 100µg/ml 
concentration under binary gradient conditions at a ow rate 1.5 
ml/min and a run time of 45 minutes. The injection volume was 20µl. 
The aqueous mobile phase was 0.1% phosphoric acid in distilled water 
and the organic mobile phase was 100% Acetonitrile.

Figure 15: HPLC chromatogram of Nigella Sativa at 100µg/ml 
concentration under binary gradient conditions at a ow rate 1.5 
ml/min and a run time of 45 minutes. The injection volume was 20µl. 
The aqueous mobile phase was 0.1% phosphoric acid in distilled water 
and the organic mobile phase was 100% Acetonitrile.

DISCUSSION
Plant extracts are highly complex in nature and contain a variety of 
phytoconstituents such as polyphenols, avonoids, saponins, and 
alkaloids. Since these phytoconstituents possess several biological and 
pharmacological activities, their separation and identication has 
gained considerable attention in recent years [6]. It is pertinent to 
mention that the quality and efcacy of herbs largely depends on the 
geographical and climatic conditions. Further, time of collection and 
storage conditions can also change the herb quality. Thus, maintaining 
constant quality control in herb-based formulations is a challenging 
task [7]. A proper quality check at the production point also ensures 
safety and efcacy of plant-based products, which is highly essential 
for the therapeutic effects of plant extracts [8]. HPLC has emerged as a 
primary tool for obtaining ngerprint spectra of plant extracts due to 
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high sensitivity, ease of use, automation, and excellent resolution 
abilities [9]. Therefore, there is high demand for optimized HPLC 
methods that help in quick, reliable, and accurate identication of 
phytoconstituents. These optimized HPLC methods are extremely 
useful in herbal and food industries in quality control applications. In 
the present study, a simple reverse-phase HPLC protocol for 
qualitative and quantitative determination of four phytoconstituents 
(gallic acid, protocatechuic acid, rutin, and mangiferin) and ten plant 
extracts was developed. In the present method, the chromatographic 
separation was achieved using a Kinetex C column (150mm x 4.6mm, 18

100 Å, 5µm) in a gradient mode using phosphoric acid and acetonitrile 
as aqueous and organic mobile phases, respectively. The developed 
method is highly selective and separates four polyphenols with an 
excellent resolution. Moreover, the developed method has excellent 
resolution for ten plant extracts used in the present study with a 
minimum of 10 individual peaks observed for each plant extract. 
Therefore, the HPLC method developed in the present study can be 
used for quality control in pharmaceutical, food, and herbal industries. 
The developed method also holds promise in identifying adulteration 
in plant extracts. Further, the method can be employed for both 
qualitative and quantitative identication of gallic acid, 
protocatechuic acid, rutin, and mangiferin in plant extracts.
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