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ABSTRACT 
Background: Hepatic diseases represent a significant health issue on a global scale and the search of effective and 
safe hepatoprotective agents with botanical origins remains to be the focus of scholarly concern. Although they have 
been used traditionally and are known to exhibit hepatoprotective effects, a number of medicinal plants have not 
been investigated properly on pharmacognostic and phytochemical grounds. Objectives: The aim of the current 
study was to develop detailed pharmacognostic monographs, to develop physicochemical standards, to define 
phytochemical profiles, and to develop chromatographic fingerprints of five hepatoprotective medicinal species, 
including Leucas cephalotes (Roxb.). Spreng, Eclipta prostrata (L.) L. (wild varieties), Spermacoce hispida L., 
Trianthema portulacastrum L., and Aerva lanata (L.) Juss. ex Schult.--chosen on account of their medicinal 
capabilities. Methods: The macroscopic, microscopic and powder microscopy analyses were conducted as per the 
recommendations as laid down by the world health organization and the Indian pharmacopoeia. Quantitative 
determination was done on the physicochemical parameters which included the ash values, extractive values and the 
moisture content. Later successive extractions with petroleum ether, chloroform, ethanol and aqueous solvents were 
done. Primary phytochemical screening was performed by using conventional chemical analyses. Chromatographic 
fingerprinting was done using the thin-layer chromatography (TLC), high-performance thin-layer chromatography 
(HPTLC), and high-performance liquid chromatography (HPLC) whereas the Fourier-transform infrared 
spectrophotometer (FTIR) was used to identify the functional groups. Results: The five species had recognizable 
macroscopic and microscopic features in line with the common taxonomic attributes. The determined 
physicochemical parameters were in the acceptable ranges according to the pharmacognostic guidelines. The 
phytochemical screening revealed a high concentration of flavonoids, phenols, tannins, glycosides, alkaloids, 
terpenoids, and saponins, and steroids. Thin-layer chromatography (TLC) and high-performance thin-layer 
chromatography (HPTLC) produced separate Rf values of individual taxon and high-performance liquid 
chromatography (HPLC) chromatograms produced four to six properly resolved peaks, which could be associated 
with phenolic and flavonoid chemical classes. Fourier-transform infrared (FTIR) spectroscopy supported the 
existence of typical functional groups that belong to these categories of phytoconstituents. Conclusion: The existing 
pharmacognostic monographs and chromatographic fingerprints offer complete pharmacognostic and 
chromatographic standardization information about these hitherto unknown hepatoprotective plants, hence acting as 
quality-control standards when developing herbal drugs. 
Keywords: Pharmacognosy, herbal standardization, hepatoprotective plants, HPTLC fingerprinting, HPLC, FTIR, 
phytochemical screening, WHO guidelines, quality control. 
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1. INTRODUCTION 
Plants have always been a source of uses as a 
therapeutic agent, with the earliest record of medicinal 
use appearing on Mesopotamian clay tablets in 2600 
BCE and Egyptian papyri in 1550 BCE. World Health 
Organization (WHO) estimates that about 80 percent of 
the world population especially in the third world 
countries relies on traditional plant-based medicine as a 
primary source of healthcare [1]. The value of herbal 
medicine in the global market which is USD 120 billion 
is expected to reach USD 430 billion by 2030, hence 

indicating a very fast growing demand of herbal 
medicines with plant sources [2]. 
The liver diseases are a significant and growing world 
burden. More than 2 3,000,000 people die every year 
due to cirrhosis, non-alcoholic fatty liver disease 
(NAFLD), drug-induced liver injury (DILI), alcoholic 
liver disease (ALD), viral hepatitis, and hepatocellular 
carcinoma (HCC) [3]. However, even with great 
progress in allopathic hepatology, there is currently no 
universally acting synthetic hepatoprotective drug; 
silymarin and ursodeoxycholic acid are the most 
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frequently used therapeutic drugs, but both of them 
have certain drawbacks such as poor bioavailability and 
limited range of activity. It is this therapeutic gap that 
has now triggered a new surge of scientific interest in 
hepatoprotective plant-derived compounds that often 
possess multi-target activities involving, but not limited 
to, antioxidant, anti-inflammatory, anti-fibrotic and 
membrane-stabilizing effects [4]. 
In the WHO Traditional Medicine Strategy 20192025, 
member states are specifically requested to develop 
national healthcare systems that incorporate quality-
assured traditional medicines and also encourage the 
research on standardization [5]. Guidelines on the 
quality control of herbal materials and Good 
Agricultural and Collection Practices (GACP) state that 
the identity, purity, and potency of herbal raw materials 
cannot be ensured, without having conducted rigorous 
pharmacognostic characterization, such as macroscopic 
examination, microscopy, physicochemical parameters, 
and chromatographic fingerprinting [6]. Without such 
monographic standards, the herbal medicines are prone 
to adulteration, replacement, and unreliable therapeutic 
results. 
India is in a unique niche in ethnopharmacology, which 
is home to over 45000 species of plants, out of which 
over 7500 have been reported as medicinal [7]. 
Ayurvedic classical textbooks, such as the Charaka 
Samhita, Sushruta Samhita and Ashtanga Hridayam, 
remember many hepatoprotective recipes. However, 
there still remains a serious gap in research: most folk 
and tribal medicinal plants whose applications as 
empirically used medicine are based on liver diseases 
do not have a monograph on pharmacognostics, are not 
systematically phytochemically profiled, and have no 
generally accepted quality standards. Of the five plant 
species that are studied in the current research, i.e. 
Leucas cephalotes, Eclipta prostrata (wild varieties), 
Spermacoce hispida, Trianthema portulacastrum, and 
Aerva lanata, only Eclipta prostrata have been 
comparatively substantively covered by 
pharmacological studies, and even that, no standardized 
regional monographs have been provided by that 
species of nettle. 
In particular, (i) a total lack of (ii) a complete set of 
macroscopic and powder-microscopic diagnostic 
standards; (iii) TLC/HPTLC/HPLC chromatographic 
fingerprints permitting marker-based identification; (iv) 
FTIR spectral profiles allowing (v) a rapid functional-
group characterization; and (vi) standardized 
physicochemical parameters to control the quality of the 
batch-to-batch variation are lacking. The current 
research will be aimed at filling these gaps in a 
systematic manner. 

The aims of the paper were thus: (1) to develop 
pharmacognostic monographs; macroscopic, 
microscopic, and powder-microscopic- of all five plant 
species; (2) to identify key physicochemical standards 
such as the ash values, extractive values, and moisture 
content; (3) to conduct successive solvent extraction 
and preliminary phytochemical screening; (4) to 
develop TLC and H-P-T-C-H-P-L-C-H-P-L-C-H-P-L 
 
2. MATERIALS AND METHODS 
2.1 Plant Collection and Authentication 
The five species of medicinal plants had been gathered 
in the different natural habitats and fields where they 
were cultivated in the Vidarbha region of Maharashtra, 
India, at the right time (September-November 2025). 
Naming and recognition of the plant materials were 
done by an experienced taxonomist at Botany 
Department and the vouchers were kept at the 
institutional herbarium. The five species under study are 
the following:   
1. Leucas cephalotes (Roxb.) Spreng. (Family: 
Lamiaceae; Dronapushpi) – entire plant.   
2. Eclipta L. whole plant (wild variety) L. (Family: 
Asteraceae)   
3. Spermacoce hispida X. L. ( Family: Rubiaceae; 
Madanaghanti) -whole plant.   
4. Trianthema portulacastrum L. (Family: Aizoaceae; 
Punarnava) whole plant.   
5. Aerva lanata (L.) Juss. ex Schult. Amaranthaceae 
Pashanabheda (Family: Amaranthaceae; Pashanabheda) 
– whole plant.   
Plant materials were washed, dried in the shade at 
ambient temperature of 10-14 days until a constant mass 
was reached, and then crushed with the help of a 
mechanical grinder. The obtained powders were sieved 
with a mesh No. 40, kept in hermetically sealed 
containers at 4° C, and kept under light and moisture 
preservation before the further analysis. 
2.2 Pharmacognostic Evaluation 
2.2.1 Macroscopy 
The macroscopic examination of fresh and desiccated 
plant specimens was conducted according to the 
directives of quality control of the World Health 
Organization [6]. 
Organoleptic properties, such as the color, smell, taste, 
texture, epidermal features were recorded in a 
systematic manner through the standardized sensory 
testing. 
Morphometric measurements like size, shape, venation 
pattern and foreign material were carefully documented. 
2.2.2 Microscopy 
The freehand sectioning of transverse sections of the 
stem, leaf, and root were then stained with safranin and 
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fast green and placed in glycerin jelly and examined 
using a light-microscope. The sections were observed 
under a compound microscope (Olympus CX23) and 
the photomicrographs obtained. The major anatomical 
characteristics such as epidermis, mesophyl structure, 
vascular bundles and secretory structures were carefully 
monitored. 
2.2.3 Powder Microscopy 
Powdered drug microscopy was done as per the 
standard WHO procedures. Diagnostic characters, 
which included starch grains, calcium oxalate crystals 
(prismatic, rosette, and cluster), lignified fibers, xylem 
vessels, trichomes, stone cell, and parenchymatous cells 
were observed and well documented. Iodine solution 
(starch), phloroglucinol and hydrochloric acid (lignified 
tissues), and ferric chloride (phenolics) were some of 
the chemical tests used to determine characterization. 
2.3 Physicochemical Parameters 
The evaluation of physicochemical parameters was 
done in line with the Indian Pharmacopoeia (IP 2018) 
and WHO guidelines. Each of the experimental 
processes was done 3 times (n = 3) and data obtained 
was tabulated as mean SD. 
2.3.1 Ash Values 
Total ash content was determined by burning a 2-g 
(weight) aliquot in silica crucible in a muffle furnace 
heated at 450-600 o C until a white or grey ashes of 
carbon was left. Acid-insoluble ash was determined by 
boiling the total ash with 25 0M of 2 M dilute 
hydrochloric acid, the insoluble residue was collected 
on ashless filter paper and the weight then incinerated 
until it had no more weight. To obtain water-soluble 
ash, the product after boiling 25ml water and the total 
ash was subtracted as the residual amount. 
2.3.2 Extractive Values 
The alcohol-soluble extractive value was determined by 
placing 5.0 g of the coarse powder into a 100 mL of 
95% v/v ethanol and left to macerate over six hours 
period with frequent agitation, then it was filtered, a 25 
mL aliquot was evaporated and the weight of the dry 
residue determined. An analogous procedure which 
used distilled water as the solvent earned the water-
soluble extractive value. These two values were given 
in percentage (w/w) of the air-dried specimen. 
2.3.3 Moisture Content (Loss on Drying) 
The moisture content was determined by weakening 2g 
of powdered drug in a silica dish with a flat bottom after 
taring it to control the weight of the vessel. Due to 
heating, the mass remained at 105 o C until the weight 
was constant. The value of percentage loss after drying 
was calculated and further used as a measurement of 
moisture content, thus, making it easy to measure the 
risk of microbial contamination in the course of storage. 

2.4 Successive Solvent Extraction 
The extraction was done subsequently using a Soxhlet 
apparatus. Plant material was coarsely crushed (30 g) 
and extracted in succession using petroleum ether (60-
80 o C), chloroform, 95 percent ethanol and finally by 
cold maceration in distilled water (72 h). The duration 
of each extraction phase was 6-8 hrs. Concentration of 
the resulting extracts was performed using a rotary 
evaporator at a reduced pressure and stored at 4 o C in 
airtight amber-colored glass vials. The percentage yield 
was calculated in terms of weight-weight with reference 
to the mass of the air-dried material. 
2.5 Preliminary Phytochemical Screening 
Systematic preliminary phytochemical screening 
(detection of alkaloids with the use of Dragendorffs test 
and Mayers test and Wagnerstests), flavonoids (Shinoda 
test, alkaline reagent test), phenolics and tannins (ferric 
chloride test, lead acetate test), saponins (foam test), 
terpenoids and steroids (LiebermannBurchard test), and 
glycosides (KellerKilliani test) was then conducted on 
all four solvent extracts of each plant as described by 
Harborne 
 
2.6 Chromatographic Profiling 
2.6.1 Thin Layer Chromatography (TLC) 
The pre-coated silica gel 60 F254 aluminium plates 
(Merck) were subjected to thin-layer chromatography 
(TLC). The use of mobile phases included toluene: 
ethyl acetate (7: 3 v /v) in petroleum ether extracts, 
toluene: ethyl acetate: formic acid (5:4:1 v/v/v) in 
ethanol extracts, and aqueous extracts. Bands (8mm) of 
sample and standard solutions (5 0.1 mmL) were 
applied using Linomat IV applicator. The plates were 
air-dried and examined using UV light at 254 and 366 
nm and after that, the plates were derivatized by using 
anisaldehyde-sulphuric acid reagent. The values of 
retention factor (Rf) of all the resolved spots were 
taken. 
2.6.2 High Performance Thin Layer Chromatography 
(HPTLC) 
Fingerprinting using high-performance thin-layer 
chromatography (HPTLC) was performed on silica gel 
60F254 plates (10x10 9cm) using a Camag HPTLC 
system, 2-trough developing chamber and Camag TLC 
Scanner 3.   
Recordings of chromatograms were performed followed 
by analysis using the WinCats software. Each extract 
class was optimised under mobile-phase conditions and 
densitometric scans were carried out at 254 and 366 nm 
in order to obtain peak profiles and quantitative data to 
be used in standardisation. 
2.6.3 HPLC Fingerprinting 
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The analysis was conducted through HPLC using 
Waters HPLC system that was fitted with a reverse-
phase C18 column (dimensions 2508.6mm, particle size 
5mm) fitted with a UV Visible detector. The mobile 
phase was a solution of acetonitrile and water with 0.1% 
phosphoric acid, and it was used in gradient mode 
(between 5:95 and 95:5) and operated at 1.0 Ml/min. 
The spectral detections used 280 ⁯nm and 360 ⁯nm 
respectively to detect phenolic and flavonoids. The 
volume of injection was maintained at 20 **msmoles of 
injected thioglycolate, and the run time was raised to 20 
minutes. The retention times and the peak areas were 
carefully noted to develop chromatographic 
fingerprints. 
2.6.4 FTIR Spectroscopy 
The FTIR spectra were acquired using Shimadzu 
IRTracer-100 spectrometer in the ATR mode.   
Spectral analysis of the dried powdered extracts 
containing 2 mg of sample, which was incorporated into 
a potassium bromide pellet was performed over a 
wavenumber range of 4000400cm -1 at a nominal 
resolution of 4cm -1, and 32 accumulations were 
measured on each specimen.   
There was the determination of characteristic absorption 
maxima and functional group assignments were carried 
out in relation to canonical spectral databases. 
3. RESULTS AND DISCUSSION 
3.1 Pharmacognostic Features 
3.1.1 Macroscopic and Organoleptic Evaluation 
Table 1 presents a brief overview of the macroscopic 
and odor of the five plant species of medicine 
investigated. The morphological features of the species 
were different and can be used as the major diagnostic 
parameters in field identification and quality control. 
Leucas cephalotes was determined through its typical 
aromatic smell, rough pubescent surface and 
lanceolated leaves which are similar to other Lamiaceae 
relatives. Eclipta prostrata was characterized by dark 
green color, smooth and soft texture and a typical bitter 
flavor which is an indicator of the existence of 
wedelolactone and coumestan derivatives. The 
morphology of Spermacoce hispida resembled that of 
the Rubiaceae: the epidermis exhibited hairiness and the 
opposite leaves. Trianthema portulacastrum was 
identified by its prostrate succulent habit, thick leaves 
and slightly sour taste where Aerva lanata was 
identified by a characteristic pale green surface texture 
and woolly touch. All the samples did not contain 
foreign matter, which shows sufficient quality of raw-
material. 
Table 1: Macroscopic and Organoleptic Characters of 

Selected Medicinal Plants 

Para
mete

r 

L. 
cephal

otes 

E. 
prostr

ata 

S. 
hispid

a 

T. 
portula
castru

m 

A. 
lanata 

Color Green 
to 
dark 
green 

Dark 
green 

Green Green Pale 
green 

Odor Chara
cteristi
c 
aromat
ic 

Chara
cteristi
c 

Mild 
charac
teristi
c 

Charact
eristic 

Mild 

Taste Slightl
y 
bitter 

Bitter Slightl
y 
bitter 

Slightly 
sour 

Slightl
y 
bitter 

Size/
Shap
e 

Small 
erect 
herb; 
lanceo
late 
leaves 

Small 
spread
ing 
herb; 
narro
w 
leaves 

Small 
herb; 
opposi
te 
leaves 

Prostrat
e herb; 
fleshy 
leaves 

Erect 
herb; 
ovate 
leaves 

Surfa
ce 

Pubes
cent, 
rough 

Smoot
h 

Hairy Smooth
, 
succule
nt 

Wooll
y/hair
y 

Text
ure 

Slightl
y 
coarse 

Soft Rough Soft 
and 
fleshy 

Soft 

Forei
gn 
matte
r 

Absen
t 

Absen
t 

Absen
t 

Absent Absen
t 

 
 
3.1.2 Microscopy and Powder Microscopy 
Microscopic analysis and powder-microscopic analysis 
(Table 2) were used to determine species-definitive 
diagnostic features of each of the five plant taxa. Leucas 
haplecphalotho had plenty of lignified fiber and 
multiblastic trichomes and prismatic calcium oxalate 
crystals- the features typical of the family Lamiaceae. 
Eclipta prostrata was characterized by thin-walled 
epidermal cells, chlorophyllous fragments, reticulate 
xylem vessels and unusual rosette-shaped crystals of 
calcium oxalate. Unicellular trichomes, high levels of 
lignified fibers, annular xylem vessel, and hairy 
fragments of the epidermis were the characteristics that 
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identified Spermacoce hispida. Large parenchymatous 
cells distinguished trianthema portulacastrum, which is 
a succulent, contains cluster-type crystals of calcium 
oxalate, and has spiral xylem vessels. The aerva Lanata 
was distinctly marked with large multicellular woolly 
trichomes, reticulate vessels, and prismatic calcium 
oxalate crystals. 
The morphology of starch grains also was quite 
different: Leucas cephalotes had ovalshaped grains that 
were rounded, and Eclipta prostrata had small rounded 
grains. Trianthema portulacastrum had not been found 
to have stones cells, which were uncommon, or absent, 
in some species. They are unique microscopic 
properties that can be used as a sure identification asset 
and can be integrated into official pharmacopoeial 
monographs to enable the discovery of adulteration. 
Table 2: Comparative Powder Microscopy Characters 

of Selected Medicinal Plants 

Char
acter 

L. 
cepha
lotes 

E. 
prostr

ata 

S. 
hispi
da 

T. 
portula
castru

m 

A. 
lanat

a 

Epide
rmal 
cells 

Prese
nt, 
polyg
onal 

Present
, thin-
walled 

Prese
nt 

Present Prese
nt 

Lignif
ied 
fibers 

Abun
dant 

Modera
te 

Abun
dant 

Modera
te 

Mode
rate 

Xyle
m 
vessel
s 

Spiral 
& 
annul
ar 

Reticul
ate 
vessels 

Annu
lar 
vesse
ls 

Spiral 
vessels 

Reticu
late 
vessel
s 

Trich
omes 

Multi
cellul
ar 
coveri
ng 
tricho
mes 

Few or 
absent 

Unic
ellula
r 
cover
ing 

Rare Multi
cellul
ar 
wooll
y 
tricho
mes 

Starc
h 
grains 

Prese
nt, 
oval 
to 
round 

Present
, small 
rounde
d 

Prese
nt 

Present Prese
nt 

Ca-
oxalat
e 
crysta

Prism
atic 
crysta
ls 

Rosette 
crystals 

Pris
matic 
cryst
als 

Cluster 
crystals 

Prism
atic 
crysta
ls 

ls 

Paren
chym
a 

Abun
dant 

Abund
ant 

Abun
dant 

Large 
parench
ymatou
s cells 

Abun
dant 

Stone 
cells 

Occas
ional 

Not 
promin
ent 

Few 
prese
nt 

Absent Rare 

Diagn
ostic 
featur
e 

Lignif
ied 
tissue
s with 
tricho
mes 

Chloro
phyllou
s 
fragme
nts 

Hairy 
epide
rmal 
frag
ment
s 

Succule
nt 
parench
yma 

Wooll
y 
fibers 
promi
nent 

 
3.2 Physicochemical Parameters 
The findings in the physicochemical assessment are 
found in Table 3. The values of the five species studied 
are within the limits set as the pharmacognostic reserve 
and therefore, the crude drug materials are proved to be 
pure and of high quality. The inorganic mineral content 
of the species was reflected in the species-specific ash 
content (Range 6.95 0.15)) in the range of 6.95 0.15 in 
the range of 9.12 0.18). The relatively greater total ash 
value in T. portulacastrum could be explained by high 
level of mineral accumulation, which is also in 
agreement with the succulent nature of its growth. 
Values of acid-insoluble ash were consistently low 
(0.92- 1.30- percent) which means that there was little 
siliceous contamination (e.g., sand, soil) as well as 
adhering to a good WHO pharmacopoeial value. The 
value of water-soluble ash (2.883.85% ) was used to 
give knowledge about the physiological inorganic salts 
of the plants. 
The alcohol-soluble extractive value was between 
10.82% and 14.18% and the water-soluble extractive 
was between 14.72 and 18.35%. The water-soluble 
values were always high compared to the alcohol-
soluble values of the five plants. The species with the 
highest water-soluble extractive value (18.35 ± 0.32 %), 
namely, *Eclipta prostrata, indicated a plentiful supply 
of polar phytoconstituents including phenolic 
glycosides and saponin and polar flavonoid conjugates; 
this finding is in line with the well-known polar 
phytochemistry of the species. Drying values had a 
range of 6.22-7.40 percent, which are acceptable, and 
this means that it was well dried and there was minimal 
risk that the food was going to grow microorganisms 
during storage. 
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Table 3: Physicochemical Parameters of Selected 
Medicinal Plants (Mean ± SD, n=3) 

Param
eter 
(%) 

L. 
cephal

otes 

E. 
prost
rata 

S. 
hisp
ida 

T. 
portulaca

strum 

A. 
lan
ata 

Total 
Ash 

8.24 ± 
0.12 

7.86 ± 
0.10 

6.95 
± 

0.15 

9.12 ± 
0.18 

7.6
8 ± 
0.1
4 

Acid-
Insolu
ble 
Ash 

1.18 ± 
0.05 

1.05 ± 
0.04 

0.92 
± 

0.03 

1.30 ± 
0.06 

1.0
8 ± 
0.0
5 

Water-
Solubl
e Ash 

3.42 ± 
0.08 

3.15 ± 
0.07 

2.88 
± 

0.06 

3.85 ± 
0.09 

3.2
0 ± 
0.0
8 

Alcoho
l-
Solubl
e 
Extract
ive 

12.65 
± 0.22 

14.18 
± 0.25 

10.8
2 ± 
0.20 

13.34 ± 
0.27 

11.
74 
± 

0.2
3 

Water-
Solubl
e 
Extract
ive 

16.82 
± 0.30 

18.35 
± 0.32 

14.7
2 ± 
0.28 

17.48 ± 
0.31 

15.
96 
± 

0.2
9 

Loss 
on 
Drying 
(Moist
ure) 

7.05 ± 
0.11 

6.78 ± 
0.10 

6.22 
± 

0.09 

7.40 ± 
0.13 

6.9
2 ± 
0.1
2 

Note: All values expressed as % w/w on air-dried basis; 
n = 3 determinations. 
 
3.2.1 Fluorescence Analysis 
The standard chemical reagents were used to analyze 
powdered material of all five plant species in the visible 
light and further in the UV light of 254nm and 366nm. 
The information of the Leucas cephalotes is in Table 3a; 
there are five samples of the plants which showed 
similar trends in fluorescence. The untreated powders 
under visible light were green in color and green in UV 
radiation. When the sample was exposed to 1N NaOH, 
the green fluorescence at 366nm was increased 
indicating the presence of flavonoid and phenolic 
compounds. The acidic treatment using 1N HCl 
produced a brownish color appearance in the visible 
spectrophotometer and produced orange fluorescence at 

366nm. A brownish-black coloration was produced on 
treatment with concentrated H 2 SO 4 with a reddish-
orange fluorescence, which are consistent with the 
occurrence of terpenoid constituents. These 
fluorescence diagnostic patterns are a quick way of 
authenticating every crude drug. 
 

Table 3a: Fluorescence Characteristics of Powdered 
Drug (Leucas cephalotes, representative) 

Treatment/Reage
nt 

Visible 
Light 

UV 254 
nm 

UV 366 
nm 

Powder as such Green Dark 
green 

Fluoresce
nt green 

With 1N HCl Brown Yellowis
h green 

Orange 

With 1N NaOH Dark 
green 

Green Bright 
green 

With H₂SO₄ Brownis
h black 

Dark 
brown 

Reddish 
orange 

With HNO₃ Yellowis
h 

Yellow Orange 

 
3.3 Extraction Yield and Preliminary Phytochemical 
Screening 
Table 4 shows the percentage yields of the five plant 
species in question using consecutive extractions of the 
solvents. Aqueous extracts gave the highest recoveries 
of 10.64% to 13.35% across all specimens; ethanol 
extracts were 7.8510.42; chloroform extracts were 
3.054.52; and petroleum ether extracts were 2.153.10. 
There was the highest overall extractive yield in eclipta 
prostrata being the highest in aqueous and in ethanolic 
fractions; this fact is attributed to its high content of 
water-soluble polar constituents. 
The polarity-dependent extractions profile supports the 
view that the largest phytotranslational group 
maintained in all five plant species is composed of 
phenolic acids, flavonoids, and glycosides, which are 
mainly polar compounds. 
 

Table 4: Percentage Yield (%) of Successive Solvent 
Extracts (Mean ± SD, n=3) 

Solven
t 

Extrac
t 

L. 
cephal

otes 
(%) 

E. 
prost
rata 
(%) 

S. 
hisp
ida 
(%) 

T. 
portulaca

strum 
(%) 

A. 
lan
ata 
(%) 

Petrole
um 
ether 

2.48 ± 
0.05 

2.92 ± 
0.06 

2.15 
± 

0.04 

3.10 ± 
0.07 

2.3
6 ± 
0.0
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5 

Chloro
form 

3.62 ± 
0.08 

4.18 ± 
0.09 

3.05 
± 

0.07 

4.52 ± 
0.10 

3.4
8 ± 
0.0
8 

Ethano
l 

8.95 ± 
0.18 

10.42 
± 0.21 

7.85 
± 

0.16 

9.76 ± 
0.19 

8.3
4 ± 
0.1
7 

Aqueo
us 

11.82 
± 0.24 

13.35 
± 0.27 

10.6
4 ± 
0.22 

12.48 ± 
0.25 

11.
26 
± 

0.2
3 

 
The phytochemical screening data reported in Table 5 
revealed that in all the five plant species, a wide range 
of bioactive secondary metabolites was obtained. Each 
of the species was found to contain alkaloid constituents 
in several extraction fractions. Flavonoid and 
phenolic/tannin levels (+++) occurred in the two 
species, i.e. *Leucas cephalotes and Eclipta prostrata, 
and moderate (++ ) levels in the other three. The 
excessive concentration of polyphenolic compounds is 
directly linked to the already established antioxidant 
and hepatoprotective properties of such taxa; phenolics 
are the primary radical scavengers, and flavonoids 
suppress lipid peroxidation via chelate with transition 
metals. Saponins were observed to occur in moderate 
levels in Leucas cephalotes, Eclipta prostrata, and 
Trianthema portulacastrum; the amphiphilic nature of 
saponins might be the basis of membrane-stabilizing 
hepatoprotective activities. Glycosoids had an 
exceptionally high occurrence (++) in Eclipta prostrata, 
which is in line with the previously determined presence 
of wedelolactone and ecliptal glycoside constituents. 
Steroids were evenly distributed among all the species 
and terpenoids were moderate to trace. 
 

Table 5: Preliminary Phytochemical Screening of 
Selected Medicinal Plant Extracts 

Phytocon
stituent 

L. 
cepha
lotes 

E. 
prost
rata 

S. 
hisp
ida 

T. 
portulac
astrum 

A. 
lan
ata 

Alkaloids + + + + + 

Flavonoid
s 

+++ +++ ++ ++ ++ 

Phenolics 
& Tannins 

+++ +++ ++ ++ ++ 

Saponins ++ ++ + ++ + 

Terpenoid
s 

++ ++ + ++ ++ 

Steroids + + + + + 

Glycoside
s 

++ +++ ++ ++ ++ 

+++ = Abundant; ++ = Moderate; + = Present 
(trace); – = Absent. 
 
3.4 Chromatographic Fingerprint Analysis 
3.4.1 TLC Fingerprinting and Rf Values 
Table 6 shows the TLC chromatographic profiles of the 
extracts of each of the four solvents of *Leucas 
cephalotes. The extraction of the petroleum ether 
produced three exhibited chromatographic spots (Rf = 
0.28, 0.54, 0.82) with intense pigmentation at 254nm 
under UV light, a green fluorescence at 366nm and a 
purple/blue coloration following anisaldehyde-H₂SO 4 
derivatization, which are typical of terpenoid-
compounds. The chloroform extraction was followed by 
four distinct spots (Rf = 0.22, 0.47, 0.63 and 0.88); these 
had similar dark spots at 254nm, green fluorescence 
spots at 366nm and violet color spots following 
derivatizing reagent, which were indicative of 
moderately polar terpenoids and steroidal compounds. 
 
The extracts of five medicinal plants, which were 
chosen to be studied, were analyzed using conventional 
TLC and high-performance TLC (HPTLC) to determine 
characteristic chromatographic fingerprints. All extracts 
had several, clear chromatographic spots with UV 
irradiation at 254 nm and 366 nm and after derivatizing 
with the anisaldehyde sulphuric acid reagent. 
Differences in the number and Rf values of the resolved 
spots between species and solvent systems reveal 
differences in the phytochemical composition. These 
reproducible chromatographic fingerprints are strong 
identity markers that could be used in authentication 
procedures, quality checks and detection of adulterants 
in herbal raw materials. 
 

Table 6: HPTLC Fingerprint Profile of Leucas 
cephalotes Extracts 

Plant 
Name 

Extrac
t 

No
. 

of 
Sp
ots 

Rf 
Val
ue 

(±0.
02) 

UV 
254 
nm 

UV 
366 
nm 

After 
Derivat
ization 

Leuc
as 
ceph

Petrol
eum 
ether 

3 0.2
7, 
0.5

Dark 
spots 

Green 
fluores
cence 

Purple/
blue 
spots 
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alotes 3, 
0.8
1  

Chlor
oform 

4 0.2
1, 
0.4
6, 
0.6
2, 
0.8
7 

Dark 
band
s 

Bright 
green 

Violet 
spots 

 
Ethan
ol 

5 0.1
7, 
0.3
3, 
0.5
1, 
0.6
8, 
0.9
0 

Inten
se 
spots 

Yello
w-
green 

Pink/vi
olet 
spots 

 
Aque
ous 

4 0.1
4, 
0.3
7, 
0.5
6, 
0.7
5 

Mod
erate 
spots 

Green 
fluores
cence 

Light 
violet 

 
Table 7: HPTLC Fingerprint Profile of Eclipta 

prostrata 
Plant 
Nam

e 

Extrac
t 

No
. 

of 
Sp
ots 

Rf 
Val
ue 

(±0.
02) 

UV 
254 
nm 

UV 
366 
nm 

After 
Derivat
ization 

Eclip
ta 
prost
rata 

Petrol
eum 
ether 

3 0.2
5, 
0.4
9, 
0.7
8 

Dark 
zone
s 

Fluore
scent 
green 

Blue 
spots 

 
Chlor
oform 

4 0.1
9, 
0.4
4, 
0.6
1, 
0.8
4 

Dens
e 
band
s 

Bright 
green 

Violet 
bands 

 
Ethan 5 0.1 Stron Yello Pink-

ol 6, 
0.2
9, 
0.4
7, 
0.6
6, 
0.8
8 

g 
spots 

w 
fluores
cence 

purple 

 
Aqueo
us 

4 0.1
3, 
0.3
5, 
0.5
4, 
0.7
2 

Mod
erate 

Green 
fluores
cence 

Light 
purple 

 
Table 8: HPTLC Fingerprint Profile of Spermacoce 

hispida 
Plant 
Name 

Extra
ct 

N
o. 
of 
Sp
ots 

Rf 
Val
ue 
(±0
.02) 

UV 
254 
nm 

UV 
366 
nm 

After 
Derivat
ization 

Sper
macoc
e 
hispid
a 

Petrol
eum 
ether 

2 0.3
1, 
0.7
6 

Faint 
spots 

Green 
fluore
scence 

Violet 

 
Chlor
oform 

3 0.2
2, 
0.4
8, 
0.8
3 

Dark 
spots 

Blue-
green 

Pink 
spots 

 
Ethan
ol 

4 0.1
8, 
0.3
6, 
0.5
8, 
0.7
9 

Stro
ng 
band
s 

Yello
w-
green 

Purple 
bands 

 
Aque
ous 

3 0.1
4, 
0.4
2, 
0.6
7 

Mod
erate 

Green Light 
violet 
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Table 9: HPTLC Fingerprint Profile of Trianthema 
portulacastrum 

Plant 
Name 

Extra
ct 

N
o. 
of 
Sp
ot
s 

Rf 
Val
ue 
(±0
.02
) 

UV 
254 
nm 

UV 
366 
nm 

After 
Deriva
tizatio

n 

Trianth
ema 
portula
castru
m 

Petrol
eum 
ether 

3 0.2
9, 
0.5
7, 
0.8
5 

Dar
k 
spot
s 

Green 
fluore
scenc
e 

Violet-
blue 

 
Chlor
oform 

4 0.2
0, 
0.4
5, 
0.6
3, 
0.8
8 

Den
se 
band
s 

Fluore
scent 
green 

Pink-
purple 

 
Ethan
ol 

5 0.1
7, 
0.3
2, 
0.5
0, 
0.7
1, 
0.9
2 

Stro
ng 
spot
s 

Yello
w 
fluore
scenc
e 

Purple 

 
Aque
ous 

3 0.1
2, 
0.3
9, 
0.7
4 

Mod
erate 

Green Light 
violet 

 
Table 10: HPTLC Fingerprint Profile of Aerva lanata 
Pla
nt 
Na
me 

Extrac
t 

No
. of 
Sp
ots 

Rf 
Val
ue 

(±0.
02) 

UV 
254 
nm 

UV 
366 
nm 

After 
Derivati
zation 

Ae
rva 
lan
ata 

Petrole
um 
ether 

2 0.34
, 
0.79 

Faint 
spots 

Blue-
green 

Violet 

 
Chloro
form 

3 0.24
, 
0.51

Dark 
band
s 

Fluore
scent 
green 

Pink 
spots 

, 
0.87  

Ethano
l 

4 0.19
, 
0.41
, 
0.63
, 
0.84 

Inten
se 
band
s 

Yello
w-
green 

Purple 

 
Aqueo
us 

3 0.15
, 
0.36
, 
0.69 

Mod
erate 

Green Light 
violet 

 
3.4.2 HPLC Chromatographic Profiling 
Reverse-phase liquid chromatography was used to 
produce chromatographic fingerprints of ethanol 
extracts (see Table 7). The resulting data provided the 
quantitative multi -peak profiles of every botanical 
specimen. The highest number of resolved peaks (n = 6) 
was obtained with eclipta prostrata, with the retention 
times of 1.96, 3.88, 5.74, 8.62, 10.35 and 13.20 min 
and; each envelope appeared distinct and well-
separated. The retention times obtained are 5.74 and 
8.62 min of wedelolactone and apigenin-7-glucoside, 
respectively, which is supported by the UV absorption 
at 360 nm and comparison with the reference spectra in 
the literature. 
The chromatographic pattern of Leucas cephalotes had 
five chromatographic peaks (retention times: 2.14, 4.32, 
6.58, 9.21 and 12.84 min) with sharp symmetrical 
shapes, which indicated good chromatographic 
resolution. 
Trianthema portulacastrum also produced five peaks 
(retention times: 1.85, 4.20, 6.90, 9.75, 12.10 min) with 
a large amount of UV absorption at 360 nm, indicative 
of a flavonoid-type composition. 
Spermacoce&#|human|>The number of peaks disclosed 
by spermacoce hispida and Aerva lanata were four with 
a broader profile, a feature that reflects the relatively 
poor level of phytochemical characterisation that it has 
received so far. 
Therefore, the unique multi-peak HPLC fingerprints 
that were acquired on each species forms a reliable 
platform of marker-based authority and batch-to-batch 
quality control of herbal raw materials. 
Table 11: HPLC Chromatographic Profile of Ethanol 

Extracts 

Plant 
Pea
ks 

RT 
(mi
n) 

Peak 
Characteri

stics 

Probable 
Class 
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L. 
cephalotes 

5 2.14
, 
4.32
, 
6.58
, 
9.21
, 
12.8
4 

Sharp, well-
resolved 
symmetrical 

Phenolics 
& 
flavonoids 

E. prostrate 6 1.96
, 
3.88
, 
5.74
, 
8.62
, 
10.3
5, 
13.2
0 

Well-
resolved, 
distinct 

Flavonoid
s & 
polypheno
lics 

S. hispida 4 2.45
, 
5.12
, 
7.68
, 
11.4
0 

Moderately 
resolved 

Phenolic-
type 
compound
s 

T. 
portulacast
rum 

5 1.85
, 
4.20
, 
6.90
, 
9.75
, 
12.1
0 

Sharp, 
symmetrical 

Flavonoid
s & 
glycosides 

A. lanata 4 2.30
, 
5.48
, 
8.12
, 
11.9
6 

Symmetrica
l, well-
defined 

Phenolics 
& tannins 

 
3.4.3 FTIR Spectral Characterization 

The spectral analysis of dried ethanol extracts by FTIR 
showed typical absorption bands as per the classes of 
phytochemicals identified during preliminary screening. 
OH Broad OH The five plant specimens had broad OH 
stretching absorptions at 32003550 cm -1, which were 
reflective of phenolic hydroxyl groups and the 
corresponding hydrogen bonding interactions. The 
presence of alkyl chains characteristic of fatty acids and 
terpenoid was indicated by C H stretching vibrations 
between 2850 and 2950 cm -1, and stronger C = O 
stretching vibrations between 1630 and 1720 cm -1 
were characteristic of carbonyl functionality in 
flavonoids, phenolic acids and lactones. 
The leucas cephalotes and Eclipta prostrata showed 
especially high concentration of the C=C aromatic ring 
stretching bands in 14501600 cm -1 range, which was in 
line with their rich flavonoid and phenolic compounds. 
The locations between 1000 and 1260 cm -1, possibly 
as C-O-C ether or glycosidic linkage stretch, were 
coincident in Eclipta prostrata and Trianthema 
portulacastrum, which are glycoside-rich 
phytochemicals. The 15401580 cm -H bending 
absorption was observed in all the species being 
researched; the alkaloid-containing fractions were 
observed. As a result, the FTIR fingerprints supported 
and added data collected with the help of the initial 
phytochemical screening and HPLC chromatography, 
thus, offering a fast, reagent-free approach to 
functional-group verification of each plant material. 
 
4. DISCUSSION 
This is the first in-depth study to determine 
pharmacognostic monographs, physicochemical 
standards, and multidimensional chromatographic 
fingerprinting of each of the five hepatoprotective 
species used in the study namely Leucas cephalotes, 
Eclipta prostrata (wild accession), Spermacoce hispida, 
Trianthema portulacastrum, and Aerva lanata which are 
native to the Vidarbha region of Maharashtra.   
Eclipta prostrata has the largest phytochemical literature 
available; coumestans, wedelolactone, ecliptine, and 
thiophene derivatives have been previously reported[8]. 
The high-performance liquid chromatography (HPLC) 
fingerprint of the wild Vidarbha accession is 
quantitatively different to the commercially-produced 
Eclipta profiles that are reported in the literature 
demonstrating chemotypic variation- a discovery of 
salient significance to the sourcing of raw materials and 
specification of quality. This chemotypic variation in 
wild and cultivated accessions underscores the need to 
have region-specific pharmacognostic monographs as is 
recommended by the World Health Organization.   
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Leucas cephalotes, despite being mentioned in 
ethnobotanical surveys as a hepatoprotective 
preparation, does not have systematically-derived 
HPLC fingerprint information. The current work 
presents the results of the identification of five HPLC 
peaks (at 2.14, 4.32, 6.58, 9.21, 12.84min) and a four-
extract thin-layer chromatography (TLC) Rf profile 
(0.1891 to ethanol extract), thus, providing the first 
documented chromatographic identity data of this 
species in Maharashtra. Diterpene-type (leucasdins A-
C; leucastrins A-B) compounds, which have been 
previously identified in Leucas species, are the likely 
contributors of the non-polar petroleum ether TLC spots 
at Rf 0.54 and 0.82.   
In the case of Spermacoce hispida, Trianthema 
portulacastrum and Aerva lanata, the literature of 
pharmacognostic is treated very sparingly. Preliminary 
phytochemical screening has been reported earlier[9,10] 
but TLC fingerprinting, HPLC profiling and fourier-
transform infrared (FTIR) characterization is currently 
not available. Trianthema portulacastrum has the largest 
total ash value (9.12 percent), which is in agreement 
with its mineral-rich succulent structure; and its 
historically recorded action in liver overload and 
hepatomegaly (Yakridvridhi) may in part be due to its 
action on mineral homeostasis. The HPLC profile of 
Aerva lentana with multi-peaks is in keeping with the 
known flavone-C-glycosides and saponin contents, 
which have been previously linked to diuretic and 
hepatoprotective activities.   
The high values of the water-soluble extractives of all 
five plants support the ethnopharmacological tradition 
of aqueous decoceptions. The activated phenolics and 
flavonoids as well as glycosides at aqueous and 
ethanolic fractions, which are polar in nature, provide a 
mechanistic basis of hepatoprotection as these 
compound classes are known inhibitors of hepatotoxin 
induced oxidative stress through radical scavenging, 
NF-kB-mediated inflammation, and CYP2E1-mediated 
biomodulation of hepatotoxins including carbon 
tetrachloride and acetaminophen[11, 12].   
The chromatographic fingerprints developed in this 
paper are the initial standard identity profiles of these 
five species and could be directly inserted into 
pharmacopoeial monographs or quality requirements of 
manufacturers of herbal drugs. Together, this multi-
parameter standardization method meets the 
requirements of the quality assurance framework of the 
World Health Organization of herbal medicinal 
products. 
 
5. CONCLUSION 

The study has, to the best of our knowledge, generated 
pharmacogenostically understudied yet traditionally 
used hepatoprotective medicinal species, multi-platform 
chromatographic fingerprints, and pharmacogenostic 
parameters of physicochemical quality of Leucas 
cephalotes, Eclipta prostrata (wild varieties, Vidarbha 
accession), Spermacoce hispida, Trianthema 
portulacastrum, and Aerva lanata, all of which are 
native to the Vidarbha district of Maharasht 
All plants exhibited characteristic and identical 
macroscopic, powder-microscopic, physicochemical 
and chromatographic characteristics that could be used 
as authentication, quality management and adulteration 
identification standards. The TLC and HPLC 
fingerprints give species-specific chemical identity 
markers and the FTIR spectra give rapid functional-
group characterization tools which can be used in batch-
to-batch quality control. The quality and purity of the 
raw materials obtained were verified as the 
physicochemical parameters were within WHO-
acceptable concentrations. The phytochemical screening 
and chromatographic profiling give a phytochemical 
underpinning to the reported hepatoprotective 
ethnopharmacological uses of these plants. 
The pharmacognostic monographs developed as such 
are in direct response to a considerable gap in research 
and may be added to official pharmacopoeial databases 
and specifications of herbal drugs products by 
pharmaceutical companies. The findings form a 
fundamental basis of further research on isolation and 
characterization of bioactive marker compounds, 
establishment of validated methods of HPTLC and 
HPLC quantification, and in vitro and in vivo 
pharmacological research of standardized extracts. The 
study therefore contributes to the evidence based 
development of herbal medicine significantly towards 
the compliance with the WHO quality assurance 
standards. 
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