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Original Article: 
Pharmacognostic and Physico-chemical Investigation of Bar-
leria cristata Linn. (Leaf) for Quality Control Assessment

Background: Barleria cristata Linn. belongs to the family Acanthaceae and is commonly 
known as Raktajhinti and VajraDanti. It is widely distributed in countries, such as India, 
Nepal, Bangladesh, Pakistan, and Asian tropical regions. This plant has been observed to 
bear multifarious ethnomedical uses in treating lung disorders, inflammatory conditions, 
toothache, anemia, and snakebite. A wide range of major chemical constituents, such as 
triterpenes, phenolic compounds, flavonoids, and glycosides are reported to be present in 
this plant. The plant exhibited diverse pharmacological actions, such as anti-inflammatory, 
antibacterial, antifungal, and antioxidant activities. The literature revealed insufficient 
information concerning the standardization of Barleria cristata Linn.

Objectives: The present study aimed to explore the pharmacognostic and phytochemical 
characteristics of Barleria cristata Linn. (leaf). 

Methods: The present study addressed quality control parameters, including loss on drying, 
ash values, extractive values, pharmacognostic parameters (e.g. macroscopic & microscopic 
characters and powder microscopy) as per the World Health Organization (WHO) guidelines. 

Results: Biochemical analysis revealed total ash (16.11±0.38), acid insoluble ash (1.50±0.18), 
water-soluble ash (11.10±0.23), alcohol-soluble extractive (19.34±0.79), and water-soluble 
extractive (25.06±0.17), respectively. The transverse section of the leaf revealed the presence 
of the epidermis, covering trichomes, vascular bundle, and so on. The other parameters such 
as phytochemical investigation, fluorescence analysis, and thin-layer chromatography were 
also performed to explore the crucial values of these examinations. 

Conclusion: The obtained data would be useful in the future for preparing a monograph for 
the authentication and standardization of this crude drug.
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Introduction

he genus Barleria (family: Acanthaceae) 
is native to the tropical regions of Asia 
and Africa; it expands its greatest species 
diversity that invades in open woodland. 
In the family Acanthaceae, Barleria is the 

third largest genus with 300 species [1]. In India, 32 spe-
cies of Barleriahave were reported with 29 subspecies, 
and 6 varieties [2]. Barleria cristata Linn. is an erect ev-
ergreen heavily branched shrub, i.e., commonly known 
as Raktajhinti and VajraDanti. It is mainly cultivated in 
South China, South East Asia, subtropical, and the tropi-
cal regions of India [3]. It is also considered a potential 
enviro nmental weed in waste places and can easily grow 
along the roadside [4]. This plant is distributed through-
out India in the form of hedges around fields and gardens 
(Figure 1). 

The ethnomedicinal reports also classified B. cristata 
among the potential traditional medicines in India ac-
claimed for treating toothache, anemia, snakebite, dia-
betes, lungs disorders, blood diseases, and inflammatory 
conditions [5]. Mainly, its leaves are considerably used 
to reduce inflammations moreover also chewed for relief 
in toothache. In other words, the medicinal activities of 
a potent plant depend upon the matrix of secondary me-
tabolites found in it. The phytochemical profile of the 
investigated plant presented the presence of triterpenes 
(oleanolic acid), flavonoid compounds (luteolin & 7-me-
thoxy luteolin), phenolic compounds (p-coumaric acid 
& a-tocopherol), iridoid glycosides (barlerin & schanshi-
side methyl ester), and phenylethanoid glycosides (des-
rhamnosylacteoside, acteoside, & poliumoside) [6, 7]. 

Pharmacological studies reported that this plant pos-
sesses several biological activities, including anti-in-
flammatory, antibacterial, anti-diabetic, anti-oxidant, 
anti-fungal, hepato-protective, anti-plasmodial, anti-ox-
idant, and cytotoxic properties [8]. This plant is of sig-
nificant value and lacking in standardization parameters 
based on the literature; therefore, detailed morphologi-
cal estimation, physicochemical evaluation, and phyto-
chemical group screening are required. Such measures 
can be helpful to avoid any ambiguity; accordingly, they 
enable us in establishing its standardization parameters 
as well as to authenticate its therapeutic value by pin-
pointing the exact plant species.

Materials and Methods

The analytical grade chemicals and solvents used 
in the study were obtained from the Loba Chemie Pvt 

Ltd., Central Drug House Pvt Ltd, Sigma-Aldrich Cor-
poration, Ranbaxy Fine Chemicals Ltd., and HiMedia 
Laboratories Pvt. Ltd. companies. The instruments viz. 
Soxhlet’s extractor (Perfit), Water bath (Perfit), Muffle 
furnace (Jembo), and Microscope (OLYMPUS, India) 
were used for the experimental work. 

Fresh leaves of the plant were collected from the herbal 
garden of the School of Pharmaceutical Sciences, SBS 
University, Balawala, Dehradun (India) in December. 
The plant was identified by referring to the published 
standard floras. The botanical name of B. crostata was 
verified from the plant list was recommended by the 
Global Strategy for Plant Conservation (www.the-
plantlist.org; accessed 02.01.2020).

Fresh leaves were first macroscopically examined for 
their color, odor, taste, shape, size, and texture charac-
teristics concerning the correct identification. They, the 
investigated characters were compared with the avail-
able literature. The microscopic study of leaves was 
performed by preparing freehand sections; cleared with 
5% KOH solution, then stained with concentrated hy-
drochloric acid-phloroglucinol (1:1), and mounted with 
50% glycerin solution [9]. The same procedure was fol-
lowed for the microscopic studies of the powdered mate-
rial of B. cristata leaves.

The biochemical parameters were determined as per 
the guidelines of the World Health Organization (WHO) 
[10]. The parameters, such as moisture content (loss on 
drying method), ash values (total ash, acid insoluble 
ash, & water-soluble ash), and extractive values (water-
soluble & alcohol-soluble extractives) were determined 
using the powdered drug [10, 11].

The fluorescence analysis was determined by treating 
the small quantities of dried powdered leaves with differ-
ent chemicals; it was observed at different wavelengths 
of ultraviolet (254 nm & 366 nm) and visible light [12].

The leaves of B. cristata were shade dried and pow-
dered. The powder (30 g) was defatted with petroleum 
ether (60-80°C); subsequently, marc was extracted by a 
continuous hot extraction process using 80% v/v ethanol 
in water. It was filtered and concentrated under reduced 
pressure and the percentage yield was calculated.

The preliminary phytochemical screening was con-
ducted for various phytoconstituents, such as proteins, 
amino acids, carbohydrates, steroids, glycosides, alka-
loids, terpenoids, flavonoids, saponins, tannins, and phe-
nolic compounds to be present in the prepared extract of 
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B. cristata, i.e., qualitatively described as per the stan-
dard procedures [13].

Thin Layer Chromatography (TLC) glass plates were 
prepared using silica gel G. The plates were activated at 
110°C for 30min. TLC plates were developed in a TLC 
chamber using chloroform: methanol (9:1) as mobile 
phase. Thin layer chromatograms were visualized under 
254 nm of UV light [14].

The obtained results were calculated in the triplicates 
manner. The Mean±SEM was applied in Microsoft Ex-
cel for statistical analysis.

Results 

To ensure the evident reproducibility of quality standards 
of herbal products, the proper control of the starting ma-
terial is critical; therefore, the first relevant step was the 
authentication of the plant material. The standardization 
of potential medicinal plants is rapidly increasing. For this 
purpose, despite the modern techniques, identifying plant 
drugs performed by pharmacognostic studies was more re-
liable [15]. The macroscopical examination of leaves of B. 
cristata was first conducted, as it is an initial requirement 
of the standardization. This examination is a mixture of 
qualitative evaluation based on the study of morphologi-
cal features and the sensory profile of the drug. 

The characteristic features identified after the mor-
phology of B. cristata are listed in Table 1. The leaves 
were found to be dark green on the ventral surface, while 
pale green on the dorsal surface with distinguished long 
petioles. Leaf-blades were found to be ovate elliptical in 
shape, margins particularly entire, acute-acuminate at 
apex, and cuneate at base. The leaves manifested reticu-
late venation and petiolate with the pubescent surface. 
Morphological parameters help explain an exclusive 
drug with a major focus on qualitative and quantitative 
microscopy [15].

The transverse section of B. cristata indicated that the 
first layer, as a single layer of the epidermis, is protected 
by a cuticle. The upper and lower epidermis presented 
a single layer of the polygonal parenchymatous cell, 
which contained covering trichomes on its surface. The 
epidermal layer was followed by a 5-7 layer thick col-
lenchymatous cells network. Next to this layer was the 
ground tissue layer, i.e., composed of parenchymatous 
cells woven together with intercellular spaces in be-
tween. The vascular bundle was situated centrally; xy-
lem vessels were arranged in a radial row surrounded by 
the phloem. The vascular bundle existing was of open 
and bicollateral type (xylem layer was sandwiched be-
tween phloem layers) is presented in Figure 2. 

Powdered drug histology is a crucial variable for the 
initial identification of crude plant materials as frag-

Table 1. The macroscopic characters of Barleria cristata Linn. leaf

Sr. No. Macroscopic Parameter Observation

1 Colour Dark green on the upper surface and pale green on the lower surface

2 Odor Characteristic

3 Taste Tasteless

4 Habit Erect; Perennial shrub

5 Shape Ovate elliptical

6 Dimensions 3-14 × 1-3.5 cm

7 Apex Acute or acuminate

8 Margin Entire

9 Venation Reticulate

10 Leaf base Cuneate or Attenuate

11 Petiole Petiolate

12 Surface Pubescent (Hairy on both the surface)
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Table 3. Observing Barleria cristata Linn. leaves powder under visible and UV (254 nm and 366 nm) light

S.No. Treating Leaf Powder Visible Light (Colour) UV-254 nm (Colour) UV-366 nm (Colour)

1 Powder alone Greenish Black Brownish black Dark black

2 Powder+HCl Dark green Black Black

3 Powder+HNO3 Pale yellow Dark green Light green

4 Powder+H2SO4 Brown Dark black Dark brown

5 Powder+Acetic
Acid Brownish black Greenish black Dark black

6 Powder+NaOH Black Black Black

7 Powder+KOH Brownish black Black Brownish black

8 Powder+NH3 Brown Green Green

9 Powder+Ethanol Light yellow Black Black

10 Powder+Methanol Greenish Greenish Black Black

11 Powder+CHCl3 Greenish Greenish black Brownish black

12 Powder+FeCl3 Greenish black Greenish black Reddish-brown

13 Powder+Ethylacetate Greenish Black Black

14 Powder+Iodine Greenish Black Black

15 Powder+Pet ether Greenish Black Black

ments or powder; the detection of adulterants; reveal 
the cellular organization, and their distribution [16, 17]. 
The microscopic observation of B. cristata indicated the 
presence of parenchyma cells, collenchyma cells, fiber, 
xylem vessels, and calcium oxalate crystal (Figure 3). 
The advanced quality control practices in herbal indus-
tries require the correct identification of the dried plants 
or powdered plants material; accordingly, it can facilitate 

the quick detection and prevention of the adulterants, if 
any. The challenge ahead of this investigation is to vali-
date the therapeutic efficacy and safety of the plant.

The pharmacognostic evaluation of plant material, 
physicochemical parameters of the powdered drug, and 
phytochemical screening of the extract were also per-

Table 2. The biochemical parameters of Barleria cristata Linn. leaves

S. No. Parameters %w/w, Mean±SD

1 Loss on drying 5.03±0.31

2 Ash values

Total ash

Water-Soluble ash

Acid-insoluble ash

16.11±0.38

11.10±0.23

1.50±0.18

3 Extractive values

Alcohol soluble extractive (Cold)

Water-soluble extractive (Cold)

Alcohol soluble extractive (Hot)

Water-soluble extractive (Hot)

18.54±0.36

16.66±0.44

19.34±0.79

25.06±0.17
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formed in this research. Extractive values, ash values, 
and loss on drying were also calculated. 

The Mean±SD percentage of loss on drying of pow-
der was measured as 5.03±0.31 w/w. The value ap-
peared to be less than necessary for the growth of mi-

croorganisms, such as mould, bacteria, yeast, and fungi 
that brought changes in the chemical composition of 
the crude drugs [18].

The total Mean±SD percentage of ash, water-soluble 
ash, and acid insoluble ash were found to be 16.11±0.38, 

Table 6. The TLC fingerprinting profile of Barleria cristata Linn. (Ethanolic extract)

S. No. Absorbent Mobile Phase Visualizing Agent No. of Spots Rf Values

1 Silica gel Chloroform: Methanol (9:1) 254 nm UV light

1 0.32

2 0.42

3 0.49

4 0.55

5 0.63

6 0.72

7 0.80

Table 4. The percentage extractive value and characterization of Barleria cristata Linn. leaves

Sr. No. Extracts Colour Odor Consistency Yield (%w/w)

1 PEE Pale yellow Characteristic Semi-solid 0.46

2 EE Greenish brown Characteristic Semi-solid 8.15

PEE: Petroleum Ether Extract; EE: Ethanolic Extract

Table 5. The preliminary phytochemical screening of Barleria cristata Linn. Leaves (ethanolic extract)

S. No. The Class of Constituents Results

1 Amino acids +

2 Proteins +

3 Carbohydrates +

4 Steroids +

5 Triterpenoids +

6 Alkaloids -

7 Glycosides +

8 Saponins +

9 Flavonoids +

10 Tannins +

11 Phenolics +
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Figure 2. The transverse section of Barleria cristata Linn. leaf at a magnification of 10x 
Ep: Epidermis, Col: Collenchyma, Tr: Trichomes, Gt: Ground tissues, Xy: Xylem, Phl: Phloem.

Figure 1. The aerial parts of Barleria cristata Linn
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11.10±0.23, and 1.50±0.18 w/w, respectively. The ex-
tractive values were compiled in Table 2. The physico-
chemical constants can be used as a valuable source of 
information as well as assessing the purity and quality of 
crude drugs. The total ash values of the drug provided 
data on the inorganic composition, i.e., earthy matter and 
other impurities present along with the drug [17]. The 
extractive values presented an idea about the chemical 
constituents of crude drugs. These values are helpful in 
the estimation of the solubility of a specific constituent 
in a particular solvent [16]; the percentage of extrac-
tive values exceeded 30%, suggesting that a significant 
amount of polar compounds may be present in the polar 
extracts [22].

The fluorescence analysis of powder was performed 
after examining it with several solvents and chemicals. 
The fluorescence was observed at 254 nm and 366 nm 
comparing its change of color in visible light. The obser-
vations are presented in Table 3. This analysis enables us 

to perform qualitative investigations which can be useful 
as reference data in recognizing the adulterants [15].

The plant drug was first defatted with petroleum ether, 
followed by ethanol for obtaining the ethanolic extract 
of defatted plant material. The percentage yield of leaves 
extracts was calculated and checked for its color and 
consistency (Table 4).

The qualitative preliminary phytochemical screening 
of the major plant extracts of B. cristata highlighted 
the presence of all the major phytoconstituents, such as 
steroids, triterpenoids, glycosides, flavonoids, phenolic 
compounds, tannins, carbohydrates, proteins, and amino 
acids (Table 5). Baskar et al. [20] also revealed the pres-
ence of the same phytochemicals in B. cristata. leaves 
ethanolic extract. Therefore, our investigation was con-
sistent with the above-mentioned results.

The spots were observed and Rf values were noted 
(Table 6). The TLC chromatogram is manifested in 

Figure 3. Th powder microscopy of Barleria cristata Linn. leaves at a magnification at 100x 
A: Trichomes, B: Phloem fiber, C: long fiber with calcium oxalate crystals, D: Calcium oxalate crystals.

Figure 4. TLC fingerprinting profile of Barleria cristata Linn. Ethanolic extract (E) under 254 nm
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Figure 4. The obtained chromatogram can be used as an 
additional information perk concerning the identifica-
tion and standardization of Barleria cristata leaves. The 
present study result can serve as a key factor to identify 
the adulteration even in the powdered form of the drug; 
morphological and microscopical studies serve as a basis 
for physically differentiating the drug. These studies also 
suggested that the observed pharmacognostic and physio-
chemical parameters are of great value in quality control.

Discussion

Most of the population on the globe depend upon 
herbal medicines as their primary health care. The WHO 
emphasizes the need for the physicochemical and phy-
tochemical evaluation of crude drug materials for de-
veloping standardized quality control monographs and 
their drug profiles. In the present study, pharmacognostic 
evaluation and physicochemical analysis of B. cristata 
were determined as per the WHO standard guidelines. 
Macroscopic studies help in determining the identity 
and degree of purity of herbal materials. Additionally, 
microscopic examinations are beneficial for identifying 
broken or powdered materials. The pharmacognostic 
investigations are required to set up some physical pa-
rameters; they play a key role in obtaining the standard 
monograph for a crude drug as the value of these param-
eters mostly remains constant for a particular plant spe-
cies. Based on the WHO guidelines, standard procedures 
were followed to provide significant values for various 
physicochemical parameters [10]. These parameters are 
critical for detecting drug adulteration or the improper 
management of raw materials. 

The ash value gives an idea of inorganic composition 
and other impurities present in plant drugs. The amount 
of moisture content present in a crude drug is directly 
related to its stability. This is because of the odds of mi-
crobial growth induced by it. The shelf life of the drug 
is inversely proportional to the moisture content present 
in it [14]. The extractive values inform about the nature 
of the chemical constituents present in a crude drug, 
i.e., determined in different solvents using cold and hot 
maceration methods. The extractive values also give 
an idea of the solubility of the specific constituent in a 
particular solvent [23]. Plants are recognized for their 
multi-utility and secondary metabolites as a unique gift 
of nature. The secondary metabolites of plants are con-
sidered major therapeutic agents to cure diverse classes 
of diseases [24]. The purpose of phytochemical screen-
ing of the plant material is to identify the class of chemi-
cal compounds present. The phytochemical screening of 
the leaves extract of B. cristata was performed; it would 

be of considerable use in identifying this drug and mono-
graph preparation in the future. 

The thin layer chromatograms were examined under 
short UV (254 nm) and long UV (366 nm); their values 
play a significant role in the preliminary separation and 
determination of plant constituents. Several leaf measure-
ments were used to study microscopic features, i.e., not 
easily characterized by general microscopy. This finding 
is useful to supplement the existing information concern-
ing the identification and standardization of B. cristata 
leaves even in the powdered form of the plant drug to 
distinguish it from the drug and its adulterant. These stud-
ies also suggested that the observed pharmacognostic and 
physiochemical parameters are of great value in the qual-
ity control and monograph development of this drug.

Conclusion

The quality control of a crude drug is a very delicate 
parameter for establishing its quality and purity values; 
extensive care is required in this field, as approximately 4 
billion individuals (almost 80% of the world population) 
residing in developing regions depends upon the plant-
based medicine as their primary source of healthcare. The 
significant parameters of a crude drug can be established 
by establishing its careful standardization; therefore, the 
WHO has emphasized quality control for herbal drugs. 
Barleria cristata is conventionally used for treating vari-
ous disease conditions without its established standard-
ization values and concerns related to its quality level. 

The significant outcome of the present study could 
therefore be used in establishing a bridge between iden-
tification and the investigation of the plant as well as the 
development of quality control parameters of this plant 
species. Various quality control parameters are helpful 
to identify and authenticate Barleria cristata. The pres-
ent work facilitates providing information regarding the 
standardization, identification, and performing further 
research on this plant. The collected data from its phar-
macognostical, physicochemical, and phytochemical 
screening can serve as a source of information for pre-
paring its monograph in the future; they can also be used 
as a tool for standardizing this medicinal plant. 

Ethical Considerations
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