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ABSTRACT
Background: Natural products enhance the standard of living, which greatly contributes to 
maintaining human health. Associated oxidative stress-mediated problems have been treated 
using Aerva lanata Linn. Juss in traditional and folkloric medicine. Objectives: The research aims 
to analyze the phytochemical profile using HPTLC of MEAL (methanol extracts of Aerva lanata) 
and AEAL (aqueous extracts of Aerva lanata) and to determinein vitro antioxidant capacity of 
MEAL and AEAL. The use of HPTLC fingerprint analysis will aid in identifying and monitoring  
drug effectiveness and ensuring therapeutic efficacy. Materials and Methods: Total phenol 
content, free radical scavenging efficiency of DPPH (1,1 diphenyl 2 picryl hydrazyl), ferric ion 
reducing antioxidant, and phosphomolybdate assays were used to determine in vitro antioxidant 
activity at various concentrations. Results: The number of phyto-constituents in MEAL at 375 
nm and 550 nm was found to be more than AEAL. MEAL had a, stronger DPPH free radical 
scavenging capacity, higher phenol content, lower ferric ion antioxidant potential, and lower 
phosphomolybdenum assay. The natural phytoconstituents present in the plant extracts are 
responsible for antioxidant activity. As sample concentration increases, the antioxidant activity 
becomes more effective. Conclusion: The outcome results of the present investigation suggested 
that aerial parts ofAerva lanata could provide a source of natural antioxidants.

Keywords: Aerva lanata, DPPH , HPTLC, Physicochemical parameters, Fingerprint profile, in vitro 
antioxidant activity.

INTRODUCTION

Natural product helps to keep people healthy by improving their 
standard of life. The need for medicinal plants is increasing as 
people become more aware of natural products and realize that 
they have fewer adverse effects than synthetic compounds, are 
more readily available, and are more cost-effective. World Health 
Organization (WHO) estimates more than eighty percent of 
people depend on traditional medicines only for their basic health 
care requirements in developing countries. Alkaloids, flavonoids, 
and terpenoids are bioactive molecules found in plants that are 
rich in antioxidants and have different structures depending on 
the presence of various functional groups in the molecules, which 
makes a significant contribution to the antioxidant potential.[1,2] 
In addition to food additives commonly used (butylated 
hydroxytoluene, propyl gallate, and butylated hydroxyanisole) 
and vitamins such as ascorbic acid, tocopherol, carotene, specific 

spices, and herbs were used as antioxidants.[3] As a result, 
plants' antioxidants and various phytocompounds are used to 
prevent oxidative stress and the disorders that come with it.[4,5] 
Excessive Reactive Oxygen Species (ROS) and free radicals will 
decrease antioxidants' potency in today's lifestyle. Even though 
ROS functions as a second messenger can cause inflammation, 
neurodegenerative diseases, atherosclerosis, cataracts, cancer, 
aging, protein oxidation, lipid peroxidation, and DNA mutation 
in pathological as well as physiological pathways.[6-12] The natural 
antioxidant present in the human body eliminates free radicals 
and prevents oxidative stress and associated complications. 
Antioxidant found in nature plays an important function in health 
care.[13] The plant's natural antioxidant sources are phenolic acids, 
flavonoids, anthocyanins, tannins, and carotenoids.[14,15]

TLC with improved resolutions differs from TLC solely in pore 
size and particle size of the sorbent is a significant improvement. 
HPTLC can serve as an essential tool for qualitative and 
quantitative analysis of phytoconstituents in herbal extracts, 
identification of synthetic drugs and herbal formulation, herbal 
extract and formulation standardization, adulteration detection, 
stability studies, and quantification of natural as well as synthetic 
drugs in formulations. Analytical method validation is essential in 
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drug discovery, pharmaceutical research, and production because 
HPTLC can produce chromatographic fingerprinting which can 
be processed and viewed as an electronic image.[16] Aerva lanata 
Linn. Juss, belonging to the Amaranthaceae family, is a plant of 
importance that contains phytoconstituents and has an extensive 
range of pharmacological applications. The plant is widely grown 
in tropical India, as well as in wastelands. It is widely grown also 
in Sri Lanka, tropical Africa, Arabia, Java, and the Philippines.[17]

Aerva lanata Linn. Juss is used to treat anthelmintic, urolithiasis, 
Anti-inflammatory, diuretic and nephroprotective activities were 
reported in rats.[18-22] Aerva lanata plant had better antimicrobial 
activity.[23] Aerva lanata alcoholic extracts were used for diabetes 
treatment in rats.[24] The petroleum ether extract, partially 
filtered, was reported cytotoxic.[25] Leaf and roots of aqueous 
and  alcoholic extracts were found to have  hepatoprotective 
activity.[26] Aerial parts of Aerva lanata Linn. Juss ex Schult were 
used to treat Dalton's ascetic lymphoma.[27] Aerva lanata Linn 
has been used traditionally and in folk for treating diabetes.[28] 
Using HPTLC techniques, the MEAL and AEAL were utilized 
to determine antioxidant activity (in vitro) and phytochemical 
profiles. The current study was undertaken to quantify the 
contents of phenolic content, ferric ion reducing antioxidant, 
phosphomolybdate assays, and HPTLC fingerprint analysis of 
Methanol (MEAL) and Aqueous (AEAL) extracts of aerial parts 
of Aerva lanata Linn. and to assess the in vitro anti-oxidant 
potential for scientific validation.

MATERIALS AND METHODS

Collection and authentication

Aerva lanata Linn Juss was collected from different parts of 
Tirunelveli district in Tamil Nadu, India, around the third 
week of November. Dr Shiddamallayya N, Regional Research 
Institute (Ayurvedic) Assistant Director, Bangalore, carried 
out authentication as well as identification, and a voucher 
specimen (RRCBI-5588) was retained for future reference in the 
department.

Preparation of herbal extracts

About 500 g of Aerva lanata (aerial parts) were properly weighed 
and ground into a coarse powder, then extracted with solvents of 
increasing polarity such as petroleum ether, chloroform, acetone 
and methanol in Soxhlet extractor and extracted with water for 
7 days by maceration. Marc was collected after each extraction 
and before being packed in an extractor, it should be dried in 
the air. The extracts were collected from a rotary evaporator; it 
is then filtered, concentrated, dried and stored in a desiccator 
under reduced pressure. The extracts prepared from methanol 
and water was marked as MEAL and AEAL respectively.

Physicochemical parameters

Foreign organic matter, ash values such as acid-insoluble ash, 
water-soluble ash, alcohol-soluble extractive value, water-soluble 
extractive value, total ash and Loss on Drying (LOD) were among 
the physicochemical characteristics that were investigated.[29]

Preliminary phytochemical analysis

Phytochemical analysis was performed to detect phytochemicals 
such as flavonoids, alkaloids, terpenoids and tannins.[30,31]

HPTLC fingerprint analysis

To ensure that crude drugs are  correctly identified, 
standardization is necessary.[32] The sample solution MEAL and 
AEAL has been prepared and configured to ensure high-quality 
fingerprinting. The MEAL and AEAL of 100 mg were dissolved 
in 1 mL of methanol and water, and then centrifuged for 5 min at 
3000 rpm. These solutions were used as samples to be tested for 
HPTLC analysis. A Linomat 5 automatic applicator with a 100 
µL Hamilton syringe, a twin trough plate development chamber, 
a Camag TLC scanner 3, and win CATS software were used in 
the CAMAG (Muttenz, Switzerland) HPTLC system. HPTLC 
precoated silica gel 60 F254 plate was spotted with the appropriate 
volume of MEAL (2 µL) and AEAL (2 µL) in the shape of bands 
with a bandwidth of 5 mm. Mobile phase systems were viz. 
Toluene: ethyl acetate: methanol: glacial acetic acid (55: 35: 10: 2) 
and Toluene: ethyl acetate: methanol: glacial acetic acid (45: 35: 
20: 2) used for development. Saturation of the glass chamber was 
carried out by mobile phase for twenty min at room temperature 
(30.5ºC). After development, the mobile phase was evaporated 
by using an air dryer from the HPTLC plate for 10 min. 10% 
v/v methanolic sulphuric acid was used as a spraying agent and 
incubated at 110ºC for 10 min. The plate which was air-dried was 
examined for the detection of secondary metabolites at 254 nm, 
366 nm and visible light. Densitometry scanning was carried out 
by using tungsten and D2 (deuterium lamp) in absorbance mode 
at 375 nm and 550 nm for MEAL.

Estimation of total phenolic content

The total phenolic content of MEAL and AEAL was performed 
by a slightly modified Folin-Ciocalteu (FC) reagent method.[33] 
Specified concentration MEAL and AEAL (200 μL) was added 
to Folin-Ciocalteu (FC) reagent concentration and incubated 
for 10 min. 1.25 mL of aqueous sodium carbonate (Na2CO3) 
and 1 mL of distilled water were added to reaction mixtures 
and incubated for 90 min at 37ºC, measured the absorbance by 
UV spectrophotometer at wavelength 760 nm  and carried out 
the blank using distilled water. Gallic acid was employed as a 
reference standard that is measured in milligrams per Gallic Acid 
Equivalent (GAE).
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Free radical scavenging activity (DPPH)

The antioxidant activity of MEAL, as well as AEAL was carried 
out by DPPH free radical scavenging activity with minor 
modification to determine the antioxidant activity of MEAL as 
well as AEAL.[34] Dissolve a specific concentration of 100-500 
µL of MEAL as well as AEAL in ethanol, free radical scavenging 
activity was performed. DPPH (0.004%) dissolved in ethanol 
and 1 mL of the above solution was added to MEAL, AEAL 
and ascorbic acid (standard) individually. The absorbance was 
measured spectrophotometrically wavelength of about 517 nm 
after incubating in the dark for 30 min. The degree of change 
of colour from purple to yellow reveals how effective MEAL 
and AEAL are at scavenging free radicals. Greater free radical 
scavenging activity was associated with lower reaction absorption.

Blank absorbance (1 mL of DPPH solution in 1 mL of ethanol).

Ferric ion reducing antioxidant power assay

Ferric ion-reducing antioxidant power (FRAP) assay was carried 
out using a technique with small alterations.[35] MEAL and 
AEAL antioxidant power assay were determined by adding the 
various concentrations (100 µL to 500 µL) in 2.5 mL of 0.2 mM 
phosphate buffer (pH 7.4) and 2.5 mL of potassium ferricyanide 
(1% w/v) and it was incubated for 20 min at 50ºC. To the above 
solution, 2.5 mL of trichloroacetic acid (10% w/v) was added 
and centrifuged 15 min at 3000 rpm. Measured the absorbance 
spectrophotometrically at a wavelength of 700 nm using 2.5 mL 
of distilled water and 0.5 mL of ferrous chloride (0.1% w/v). A 
reference standard (ascorbic acid) was used.

Phosphomolybdenum assay

The antioxidant activity of phosphomolybdenum (PM) assay was 
carried out by adding MEAL and AEAL in quantities ranging 
from 100 µL to 500 µL to 3 mL of distilled water and add 1 mL of 
molybdate reagent solution in each tube. Incubated at 95ºC for 
90 min. Then kept at room temperature for about 25 min before 
being spectrophotometrically evaluated at a wavelength of 695 
nm against ascorbic acid (standard).[36]

RESULTS

Phytochemical screening

Preliminary phytochemical analysis reveals the presence of 
phytoconstituents such as alkaloids, phenol, saponins, flavonoids 
and reduced sugar in MEAL and AEAL. Table 1 summarizes the 
results of Aerva lanata physicochemical parameters.

Total phenolic content

MEAL was found to have a higher phenolic content than AEAL 
(Table 4). The presence of phenolic content in plant extracts is 
attributable to antioxidant activity.

DPPH assay

The antioxidants activity was made easy and rapid by the use of 
2,2-diphenylpicrylhydrazyl (DPPH). The percentage of inhibition 
was found to be increased significantly, when the concentration 
of MEAL and AEAL increased. Free radical scavenging activity 
(DPPH) of MEAL was found to be higher than AEAL. Ascorbic 
acid was used as standard as mentioned in Table 5.

Ferric ion reducing antioxidant power assay

The presence of antioxidants in MEAL as well as AEAL would 
result in an electron being donated to reduce ferricyanide Fe3+ to 
ferrocyanide Fe2+. The FRAP assay was performed in MEAL and 
AEAL along with standard ascorbic acid. As indicated in Figure 
5, MEAL possessed stronger ferric ion-reducing antioxidant 
activity than AEAL as compared to ascorbic acid (standard).

Phosphomolybdenum assay

MEAL and AEAL and ascorbic acid (standard), were used in 
the phosphomolybdenum (PM) assay. MEAL exhibited greater 
activity than AEAL (Figure 6).

DISCUSSION

Medicinal plants were a major source of potentially bioactive 
components that can be used to generate novel chemotherapy 
drugs. To determine the purity as well as the quality of a powdered 
crude drug, number of soluble constituents, and physicochemical 
parameters. Phytochemical screening was carried out in aerial 
parts of Aerva lanata. The MEAL and AEAL were found to 
contain alkaloids, tannins, flavonoids and saponins according to a 
preliminary phytochemical analysis. The higher phenolic content 

Parameter Results (n=3, Mean)

Ash values
Total ash (% w/w) 8.4238±0.01
Acid insoluble ash (% w/w) 1.8274±0.03
Water soluble ash (% w/w) 3.0549±0.05
Extractive values
Alcohol soluble extractives (% 
w/w)

1.551±0.12

Water soluble extractives (% w/w) 1.0936±0.07
Foreign organic matter (% w/w) 0.53±0.03
Moisture content (% w/w) 4.03±0.15

Mean±standard deviation, n=3. 

Table 1: Physicochemical Parameter of Aerva lanata.
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of MEAL and AEAL in general may be a major contributing 
component and rationale for antioxidant activity.[37]

Medicinal plant adulteration and inappropriate medication 
handling can be identified using physicochemical characteristics. 
Total ash analysis is required to assess the purity and quality of 
drugs. Total ash, acid-insoluble ash, and water-soluble ash were 
three different ash value determination methods. Total ash that 
contains physiological as well as non-physiological ash is usually 
made up of phosphates, carbonates, silica and silicates. High 
ash values may be indicated by adulteration, contamination, 
substitution, or carelessness in the manufacture of crude drugs. A 
significant quantity of insoluble acid ash suggested contamination 
by silica. If moisture is present, moulds and bacteria will degrade 
the drugs, and its active components will be enzymatically 
destroyed.

MEAL achieved the best results in the following solvent 
systems viz. toluene: ethyl acetate: methanol: glacial acetic acid 
(55:35:10:2). Subsequently the plates were scanned and visualized 
in wavelength of about 254 nm, 366 nm and visible range once 
after sprayed with sulphuric acid. The HPTLC images in Figures 
3 and 4 reveal that all phytoconstituents were separated clearly 
with no diffusivity or tailing. The presence of ten and nine 
phytoconstituents was detected in HPTLC fingerprints scanned 
for MEAL and AEAL around 375 nm as mentioned in Table 2 and 
Figure 1. The presence of twenty and seventeen phytoconstituents 
was detected in an HPTLC fingerprint scanned for MEAL and 
AEAL around 550 nm as mentioned in Table 3 and Figure 2. 
HPTLC can be helpful as a phytochemical marker and found 
to be more effective in the field of plant taxonomy and also for 
determining the identity of secondary metabolites in plants.[38]

Table 2: HPTLC fingerprint of MEAL at 375 nm.

Extracts Solvent system Number of 
Peaks

Rf Value Percentage 
Area

MEAL Toluene: ethyl acetate: 
methanol: glacial acetic 
acid (55: 35: 10: 2)

10 0.14, 0.22, 
0.28, 0.33, 
0.43, 0.54, 
0.57, 0.61, 
0.77, 0.93.

38.32, 14.09, 
6.24, 5.92, 
13.11, 3.64, 
1.70, 2.41, 
12.40, 2.15.

AEAL Toluene: ethyl acetate: 
methanol: glacial acetic 
acid (55: 35: 10: 2).

09 0.09, 0.23, 
0.29, 0.35, 
0.49, 0.57, 
0.63, 0.77, 
0.94.

33.56, 18.95, 
5.71, 6.63, 
15.55, 4.33, 
2.60, 10.62, 
2.05.

Table 3: HPTLC fingerprint of MEAL at 550 nm.

Extracts Solvent 
system

Number of 
Peaks

Rf Value Percentage 
Area

MEAL Toluene: 
Ethyl acetate: 
methanol: 
Glacial acetic 
acid (55: 35: 
10: 2).

20 0.06, 0.08, 0.10, 
0.16, 0.18, 0.20, 
0.26, 0.30, 0.33, 
0.44, 0.46,0.48, 
0.53, 0.61, 0.67, 
0.71, 0.74, 0.89, 
0.95, 0.98.

20.63, 2.38, 
3.07, 5.24, 1.79, 
2.00, 4.80, 3.43, 
1.67, 14.47, 
1.40, 2.38, 5.36, 
9.20, 3.96, 2.05, 
1.73, 13.60, 
0.57, 0.18.

AEAL Toluene: 
Ethyl acetate: 
methanol: 
Glacial acetic 
acid (55: 35: 
10: 2).

17 0.12, 0.09, 0.09, 
0.18, 0.20, 0.22, 
0.29, 0.35, 0.43, 
0.48, 0.53, 0.63, 
0.70,0.73, 0.91, 
0.93, 1.00.

0.02, 0.07, 
26.25, 2.06, 
1.52, 0.87, 5.40, 
2.82, 11.50, 
4.88, 6.05, 
13.06, 1.17, 
1.47, 20.55, 
0.71, 0.99.
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Figure 1: Comparative chromatogram of MEAL and AEAL at 375 nm.

Figure 2: Comparative chromatogram of MEAL and AEAL at 550 nm.

The developed HPTLC method was found to be more accurate and 
suitable for determining the number of components, it can also be 
used as an analytical tool in regular research to determine the loss 
or variation of phytoconstituents in crude extracts of medicinal 
plants. The HPTLC fingerprint profiles that were developed will 
be useful for Quality Control (QC) and standardization of herbal 
drugs by manufacturers, as well as in the identification of species 
from adulterants in systematic plant investigation. Based on 
HPTLC studies, MEAL and AEAL are composed of secondary 

metabolites with therapeutic value, which supports their use as 
antioxidants.

The antioxidant activity of phenol compounds are linked 
to their reduction-oxidation property in absorbing and 
neutralizing free radicals, singlet and triplet oxygen quenchers 
and degrading peroxides.[39] The DPPH assay was used widely 
to assess in vitro  antioxidant activity of pure components and 
plant extracts.[40,41] Simultaneously, as the MEAL and AEAL 

Figure 3: HPTLC fingerprint of MEAL at 254 nm, where T1, T2 and T3 are 
the concentration of 1 mg/mL solution in methanol are the concentrations 

of 1 mg/mL solution in methanol developed on a silica gel G60 F254 plate 
in triplicates that was eluted with Toluene: Ethyl acetate: Methanol: Glacial 

acetic acid (55: 35:10: 2) as the mobile phase.

Figure 4: HPTLC MEAL fingerprint profile at 366 nm, where T1, T2 and T3 are 
the concentrations of 1 mg/mL solution in methanol developed on a silica 
gel G60 F254 plate in triplicates that were eluted with Toluene: Ethyl acetate: 

Methanol: Glacial acetic acid (55: 35: 10: 2) as the mobile phase.
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concentrations increased from 100 to 500 µg / mL, the percentage 
of free radical scavenging (DPPH) effect has been increased.

The diphenyl picrylhydrazine, which is yellow in color, was 
produced when MEAL and AEAL reduced the stable free radical 
of DPPH. This shows that certain chemical compounds found in 
the MEAL and AEAL are capable of giving hydrogen to a free 
radical in order to eliminate the odd electron that provides the 
radical its ability to react. MEAL shows more scavenging effect 
as compared to that of AEAL. It is a highly reactive metal that 
catalyzes oxidative reactions in proteins, lipids and other cell 
components.[42] In the FRAP assay, the production of a ferrous ion 
ferrozine complex was used to evaluate MEAL's metal chelating 
capacity. Chelating compounds that form a σ metal bond have 

Figure 7: Phosphomolybdenum (PM) assay.

Figure 6: Ferric reducing antioxidant power (FRAP) assay.

Figure 5: HPTLC MEAL fingerprint profile at visible region, where T1, T2 and 
T3 are the concentrations of 1 mg/mL solution in methanol developed on 
a silica gel G60 F254 plate in triplicates that were eluted with Toluene: Ethyl 
acetate: Methanol: Glacial acetic acid (55: 35: 10: 2) as the mobile phase.

Table 5: Free radical scavenging activity (DPPH) of MEAL and AEAL.

Concentration
(µg/mL)

Percentage of Inhibition

MEAL AEAL Ascorbic acid

100 55.12±0.13 32.75±0.13 60.42±0.18

200 64.12±0.29 46.12±0.18 68.57±0.11

300 70.24±0.19 60.05±0.22 76.03±0.13

400 75.16±0.12 71.69±0.15 83.15±0.14

500 79.86±0.15 75.40±0.17 90.18±0.19

Mean±standard deviation, n=3. 

Table 4: Total phenol content of MEAL and AEAL.

Extracts Total phenol content 
(mg/kg)

MEAL 56.82 ± 0.21
AEAL 48.51 ± 0.25

Gallic acid 81.95 ± 0.35

Mean ± standard deviation, n=3. The measurements were conducted in triplicates. 

been found to be effective secondary antioxidants since they 
lower the redox potential by stabilizing the metal ion oxidized 
form.[43] As compared to ascorbic acid, the reference standard, the 
percentage inhibition of MEAL iron binding ability was found to 
be higher than that of AEAL (Figure 6). MEAL has significant 
reducing power because it has a variety of mechanisms, including 
ones that  prevent chain initiation, degradation of peroxides, 
reducing capacity, and scavenging of free radicals. PM assay is a 
quantitative method for analyzing the antioxidant efficacy of plant 
extracts. In comparison to the ascorbic acid reference standard, 
the reduction capacity of MEAL was shown to be higher than that 
of AEAL (Figure 7).

CONCLUSION

HPTLC fingerprint was considered as one of the potential 
approaches for quality control of medicinal plants as well 
as the identification, to assess the bioactive principle and 
standardization. Though, more studies using marker compounds 
were required before quantitative estimation could be performed. 
The antioxidant potential of plants also indicates their therapeutic 
value. In vitro, tests show MEAL is a rich source of natural 
antioxidants that may help to protect against oxidative stress. It is 
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necessary to investigate the phytoconstituents that are the reason 
for antioxidant activity and to determine the exact mechanism of 
action for antioxidant activity.
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ABBREVIATIONS

HPTLC: High-performance thin layer chromatography; MEAL: 
Methanol extracts of Aerva lanata; AEAL: Aqueous extracts of 
Aerva lanata; DPPH: 1,1 diphenyl 2 picryl hydrazyl; FRAP: Ferric 
ion-reducing antioxidant power; PM: Phosphomolybdenum.

SUMMARY

Aerva lanata Linn. Juss, belonging to the Amaranthaceae family, 
is a plant of importance that contains phytoconstituents and has 
been used traditionally for oxidative stress. HPTLC analysis was 
carried out to find the number of phytoconstituents in the plant 
and in vitro antioxidant activity. The finding of this study gave 
a scientific base to the traditional claim of Aerva lanata in the 
management of oxidative stress and was also utilized for in vivo 
studies to verify its use in oxidative stress.
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