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ABSTRACT

Picrorhiza kurroa Royle ex Benth is a high-altitude 
medicinal herb belonging to the family Scrophular-
iaceae, commonly called Kutki. It secretes various 
active constituents which impart pharmaceutical 
value to the plant. The roots and rhizomes of this 
plant are used for their health benefits since ancient 
times. Looking at the endangered status of the plant 
species, the present study was conducted on the leaves 
of Picrorhiza kurroa. The leaf samples were collected 
from two sites, Pothivasa (2200 masl) and Tungnath 
(3600 masl), Rudraprayag, Uttarakhand India. The 
leaf extracts were prepared using different solvents 
like petroleum ether, chloroform, acetone, ethanol 

and methanol and screened for phytochemicals. 
Quantitative estimation of a few phytochemicals 
found in the leaf extracts of P. kurroa from Pothivasa 
(PVLE) and Tungnath (TNLE) was performed. The 
leaf extracts were further tested for their antibacte-
rial potential. The qualitative screening of all the 
leaf extracts showed that the maximum number of 
phytochemicals were present in the methanolic leaf 
extract of P. kurroa from Pothivasa (Met-PVLE) and 
the methanolic leaf extract of P. kurroa from Tungnath 
(Met- TNLE). The quantitative analysis showed that 
the alkaloid content was 20.23±1.2% in PVLE and 
23.73±1.69% in TNLE. The flavonoid content was 
8.54±0.43% in PVLE and 17.43±1.72% in TNLE, and 
Terpenoid content was 18.6±1.02% and 6.1±0.26% in 
PVLE and TNLE samples, respectively. The saponin 
content was 12.4±0.05% in PVLE and 16.6±0.45% in 
TNLE. The total phenolic content (Gallic acid equiv-
alent mg/g) was measured to be 45.99±2.19 mg/g in 
PVLE and 80.77±2.65 mg/g in TNLE. This study 
confirms that the leaves of Picrorhiza kurroa contain 
many vital phytochemicals, which implies that along 
with the roots and rhizomes, leaves of P. kurroa also 
impart medicinal value to this plant. Met-PVLE and 
Met-TNLE showed significant antibacterial activity 
against Escherichia coli, Enterobacter sp., Acine-
tobacter sp., and Pseudomonas sp. Further studies 
can be performed to identify and isolate bioactive 
compounds from leaf samples of P. kurroa.

Keywords  Picrorhiza kurroa, Leaf sample, Me-
dicinal herb, Phytochemicals, Antibacterial activity.
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INTRODUCTION

The Himalayas are the abode of a myriad of flora and 
fauna. Various plants grown here have prodigious 
medicinal and other valuable properties. The Garhwal 
Himalayas sustain the growth of a plethora of valuable 
plants (Dhar et al. 2000). These plants synthesize sec-
ondary metabolites, thus, inferring therapeutic value. 
Moreover, they exhibit great potential for containing 
novel biomolecules and other active components 
(Borokini and Omotayo 2012).

Phytochemicals are constitutive metabolites pro-
duced by plants and are important for their survival 
and proper functioning. Based on their role in plant 
metabolism, phytochemicals are divided into primary 
and secondary metabolites. Carbohydrates, amino 
acids, proteins, lipids, purines, and pyrimidines of 
nucleic acids are examples of primary metabolites 
that are essential for plant life. Contrarily, secondary 
metabolites are the final plant chemicals produced 
by cells through metabolic pathways that are derived 
from the fundamental metabolic pathways (Bone and 
Mills 2013, Hussein and El-Anssary 2019). They 
help defend plants from competition, infections, 
and predators. Plants have phytochemicals in their 
stems, leaves, roots, seeds, fruits, and flowers, among 
other plant sections. However, the outer layers of 
plant tissues contain significant amounts of numer-
ous phytochemicals, particularly color pigments. 
These phytochemicals, alone or in combination, 
have a remarkable curative property to treat various 
diseases. Previous investigations have reported that 
phytochemicals lead to a reduction in the risk of some 
diseases such as coronary heart diseases, diabetes, 
inflammation, microbial, parasitic, and viral infec-
tions, osteoporosis, psychotic conditions, spasms, 
ulcers, liver disorders, high blood pressure, as well 
as reducing the synthesis or absorption of cholesterol 
(Prakash and Kumar 2011, Saxena et al. 2013).

Picrorhiza kurroa Royle (Kutki) is a momentous 
Himalayan medicinal herb that belongs to the family 
Scrophulariaceae, distributed in the sub-alpine and 
alpine regions of the Northwestern Himalayas be-
tween 2700- 4500 m asl (Bhattacharjee et al. 2013). 
It is distributed in the Western Himalayas in Jammu 
and Kashmir, Himachal Pradesh, and Uttarakhand 

(Kaul and Kaul 1996). Its odor is unpleasant, and 
its taste is bitter. It secretes many active constituents 
like apocynin, cucurbitacins, drosin, kutkosides, and 
picrosides I, II, III, V, which infer medicinal properties 
to the plant (Sah and Varshney 2013, Krupashree et 
al. 2014). It helps cure various diseases such as ab-
dominal pain, stomach disorders, anaemia, jaundice, 
inflammation, and leishmaniasis. It is also used as a 
blood purifier, antitumor, anthelminthic, cardiotonic, 
carminative, expectorant (Debnath et al. 2020). 

The present study was performed to identify 
the bioactive compounds found in the leaves of Pi-
crorhiza kurroa collected from high altitudes in the 
Garhwal Himalayas, Uttarakhand. Qualitative and 
quantitative analysis of the phytochemicals as well 
as their anti-microbial potential, was evaluated. Pre-
viously, the roots and rhizomes of Picrorhiza kurroa 
were widely investigated and employed to achieve 
various health benefits. However, it is an endangered 
plant, and continuous use of roots and rhizomes may 
harm its existence. Thus, this study was designed 
to study phytochemical composition and assess the 
medicinal potential of the leaves of this plant. The use 
of the leaves of this plant will not only prevent the 
over-exploitation of the plant but will also enhance 
the overall utility of the plant for the pharma industry. 
Besides, the current study was performed on two 
populations of P. kurroa from different altitudes. This 
study will help us to understand the effect of altitudes 
on the medicinal potential and plants’ response to 
stress conditions at higher altitudes. 

MATERIALS AND METHODS

Sampling

The biological replicates of the leaf sample of Pi-
crorhiza kurroa plants were collected from HAPPRC 
(High Altitude Plant Physiology Research Center), 
HNBGU located at Pothivasa (30°28′N lat; 79°16′E 
long, 2200 masl) and Tungnath (30°14′N lat; 79°13′E 
long, 3600 masl) in Rudraprayag district, Uttara-
khand, India (Fig. 1). The temperature observed in 
Pothivasa at the time of sampling was 13°C, and at 
Tungnath was 4°C, and the altitudinal difference was 
about 1400 m. 
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Fig. 1. Picrorhiza kurroa growing in Pothivasa.

Sample preparation

Leaf samples from both the study locations were 
washed, air-dried, and pulverized for further exper-
imental purposes. The extracts were prepared from 
different solvents in an increasing polarity order, viz., 
Petroleum ether, Chloroform, Acetone, Ethanol, and 
Methanol. For this, 10 g crushed leaves were dis-
solved in 50 ml solvent and were kept in an orbital 
shaker at 50 rpm for 24 hrs. Whatmann’s filter paper 
No. 41 was used to filter the extract. The filtrate ob-
tained was used as the extract and kept at 4°C until 
future usage.

Phytochemical screening

Preliminary qualitative screening of all the leaf 
extracts of P. kurroa from Pothivasa (PVLE) and 
Tungnath (TNLE) was done to detect the presence 
of different bioactive compounds viz., alkaloids, 
flavonoids, anthocyanins, saponins, steroids, tannins, 
terpenoids, fatty acids, anthocyanins, leucoanthocy-
anins, coumarins, phenol, xanthoproteins, quinones, 
oxylate, glycosides, carboxylic acids, proteins, phlo-
batannins, resins, and carbohydrates. The screening 
was performed in accordance with the methods 
described by Banu and Catherine (2015) with minor 
modifications.

Quantitative determination of phytochemicals

Alkaloids  Alkaloids were determined as per the meth-
od given by Harborne (1973), using acetic acid and 

concentrated ammonium hydroxide, and the percent-
age of alkaloids was expressed mathematically as-

      % Alkaloid= (Weight of alkaloid/Weight of sample) × 100

Flavonoids: The protocol by Boham and Kocipai 
(1974) was used to determine the concentration of 
flavonoids.  At room temperature, a leaf sample 
was extracted using 80% aqueous methanol, and 
the filtrate was allowed to dry out over a water bath 
and then weighed. The percentage of flavonoid was 
calculated as:

% Flavonoid = (Weight of flavonoid/Weight of sample) × 100

Terpenoids : Total Terpenoids content was measured 
by following the method by Ferguson (1956). Ethano-
lic leaf extract was prepared and then it was extracted 
with 10 mL petroleum ether. Total terpenoids were 
measured, and the percentage of total terpenoid con-
tent was expressed as:

 % Terpenoid= {(Final weight of sample- Initial weight of sample)/
Weight of sample} ×100

Saponin : Saponin determination was performed ac-
cording to the Obadoni and Ochuko (2001) method. In 
this, ethanolic leaf extract was purified using diethyl 
ether, and to the aqueous layer obtained, n- butanol 
was added and washed with 5% aq. Sodium chloride. 
The remaining solution was evaporated, dried and 
weighed. The resultant product is the saponin which 
is calculated as:

    % Saponin= (Weight of saponin/Weight of sample) × 100

Total phenols : Total phenolic content was determined 
using spectrophotometer according to the protocol 
given by Saeidnia et al. (2011). To the methanolic 
leaves extract and gallic acid standard solutions, 1 ml 
Folin Ciocalteu reagent and 0.8 ml Sodium carbonate 
were added, and the total volume was made up to 10 
ml using distilled water and were incubated at room 
temperature for 30 minutes. The absorbance was 
taken at 725 nm, and the total phenol concentration 
was calculated using the standard curve.

Anti-bacterial activity

Anti-bacterial activity of methanolic extract of 
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leaves of P. kurroa from Pothivasa (Met-PVLE) and 
Tungnath (Met-TNLE) was performed by the Agar 
well diffusion method. First, 20 ml of nutrient agar 
was poured into autoclaved petri plates, and differ-
ent clinical microbial strains, i.e., Escherichia coli, 
Staphylococcus sp., Enterobacter sp., Acinetobacter 
sp., and Pseudomonas sp., were inoculated using the 
spread plate method. Then, 50 µl each of negative 
control, Met-PVLE and Met-TNLE was poured into 
the wells made in the nutrient agar plate and incubated 
at 37°C for 24 hrs, and the zone of inhibition was 
measured. Tetracycline 30 mcg discs were used as the 
positive control, and Dimethyl Sulfoxide (DMSO) as 
the negative control.

Statistical analysis

All the experiments were performed in triplicate and 
expressed as mean standard deviation. The linear 
regression coefficient (R2) for the quantification of 
phenolic content was analyzed by Microsoft Office 
Professional Plus 16.

RESULTS AND DISCUSSION

Phytochemical screening

Picrorhiza kurroa is a well-known herb with a rich 

history of use in the Ayurvedic medicine system. 
Phytochemicals are bioactive compounds which 
exhibit several therapeutic properties. The prelim-
inary screening of phytochemicals in the leaves of 
Picrorhiza kurroa was done to investigate the pres-
ence of different important phytochemicals in the 
extracts prepared from solvents of different polarities. 
The screening showed a positive correlation with the 
polarity, i.e., the more the polarity of the extraction 
solvent, the more the number of phytochemicals 
present in the solution. The maximum phytochemi-
cals were found in Methanol, followed by Ethanol, 
then Acetone, Chloroform, and Petroleum ether. The 
phytochemical screening showed that among all the 
extracts, methanolic extract of leaves of Picrorhiza 
kurroa had maximum phytochemicals and leaves 
extract prepared from petroleum ether had minimum 
phytochemicals as shown in Tables 1-2.

The study by Rathee et al. (2016) on the methan-
olic extract of rhizomes of Picrorhiza kurroa showed 
the presence of alkaloids, carbohydrates, flavonoids, 
glycosides, proteins/ amino acids, unsaturated ste-
rols/triterpenes, phenolic compounds, polyphenols, 
saponins, and tannins. Many other researches have 
also reported the presence of these phytochemicals 

Table 1. Phytochemical screening of Picrorhiza kurroa leaves’ extract from samples from Pothivasa (PVLE) (‘++’ represents very 
significantly present, ‘+’ represents present, ‘-’represents Absent).

Sl. No.       Phytochemical                    Petroleum ether               Chloroform             Acetone                Ethanol                Methanol

 1 Alkaloids + - + + +
 2 Flavonoids - - - + +
 3 Saponin ++ + - ++ -
 4 Steroids  - + + ++ +
 5 Tannins - - - - -
 6 Terpenoids - - - + ++
 7 Fatty acids - - - - +
 8 Anthocyanins - + + - +
 9 Leucoanthocyanins + ++ + + -
 10 Coumarins - + - ++ -
 11 Phenol - - + - ++
 12 Xanthoprotein - - ++ + ++
 13 Quinone  - + + + +
 14 Oxylate  - - - ++ +
 15 Glycoside  - - - ++ +
 16 Carboxylic acid  - + - + +
 17 Protein  - - + + +
 18 Phlobatannin - - - - -
 19 Resin - + ++ - +
 20 Carbohydrates - - - + + 
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Table 2. Phytochemical screening of Picrorhiza kurroa leaves’ extract from samples from Tungnath (TNLE) (‘++’ represents very 
significantly present, ‘+’ represents present, ‘-’represents absent).

Sl. No.       Phytochemical                    Petroleum ether               Chloroform             Acetone                Ethanol                Methanol

 1 Alkaloids + - + + +
 2 Flavonoids - - + + +
 3 Saponin ++ ++ - + -
 4 Steroids  - + + ++ +
 5 Tannins - - - - -
 6 Terpenoids - - + ++ ++
 7 Fatty acids - - - - +
 8 Anthocyanins - ++ + - +
 9 Leucoanthocyanins + + + ++ -
 10 Coumarins - - + ++ -
 11 Phenol - - ++ + ++
 12 Xanthoprotein - - ++ - ++
 13 Quinone - + + - +
 14 Oxylate  - - - ++ +
 15 Glycoside - - - ++ +
 16 Carboxylic acid  - + - + +
 17 Protein - - + + +
 18 Phlobatannin - - - - -
 19 Resin - + + - +
 20 Carbohydrates - - - + +

(Deb et al. 2018, Sharma et al. 2018, Thakur et al. 
2018). Further, the presence of these phytochemicals 
in the plants of the family Scrophulariaceace was 
confirmed by the study on the leaves of Buddleja 
asiatica (Nafees et al. 2021). Current study in the 
leaves of P. kurroa also confirms the presence of 
various phytochemicals like alkaloids, flavonoids, 
terpenoids, phenols.

Phytochemical quantification

Based on the findings by phytochemical screening, a 
few important phytochemicals, viz., alkaloids, flavo-
noids, terpenoids, saponins and phenols, were quanti-
fied. The total alkaloid content in the Pothivasa leaves’ 
sample (PVLE) was found to be 20.23±1.2%, and that 
in the Tungnath leaves’ sample (TNLE) was found to 
be 23.73±1.69%. The alkaloids in the plant signify 
its pharmaceutical role as an analgesic, anaesthetic, 
anticancer, antifungal, anti-inflammatory, antimicro-
bial, neuropharmacological and other activities. The 
flavonoid content was investigated to be 8.54±0.43% 
and 17.43±1.72% in PVLE and TNLE, respectively. 
Flavonoids have anti-allergic, anti-inflammatory, 
antimicrobial, antioxidant, vascular, estrogenic, 
and cytotoxic antitumor properties (Harborne and 

Williams 2000). Total terpenoid content found in the 
leaf samples of both the sites, Pothivasa and Tung-
nath, is 18.6±1.02% and 6.1±0.26%, respectively. 
Terpenoids are credited for analgesic and anti-in-
flammatory activities. Steroids in the plant possess 
potent anti-inflammatory effects (Podolak et al. 2010, 
Hussain et al. 2019).The saponin content measured 
was 12.4±0.05% in PVLE and 16.6±0.45% in TNLE. 
The above results are represented in Fig. 2. Saponin 
has antibacterial, anticancer, antifungal, anti-inflam-
matory, antiparasitic and antiviral activities (Podolak 

Fig. 2.  Phytochemical quantification of P. kurroa leaves’ extract 
from samples collected from Pothivasa and Tungnath.
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et al. 2010, Hussain et al. 2019).The total phenolics 
content (Gallic acid equivalents, mg/g) in PVLE and 
TNLE were estimated using the calibration curve (y= 
0.0392x + 0.0402, R2= 0.9995) (Fig. 3), and it was 
calculated to be 45.99±2.19 mg GAE/g dry weight 
and 80.77±2.65 mg GAE/g dry weight, respectively. 
Phenols exhibit antioxidant and antitumor properties. 
The present, the study showed that the quantity of 
most of all the studied phytochemicals increased at 
higher altitude, i.e., Tungnath, with the exception of 
saponin, which was higher in Pothivasa. The study by 
Rana et al. (2020) in Coleus forskohlii also found the 
higher content of flavonoids, terpenoids and phenols 
at higher altitude. The increase in the concentration 
of phytochemicals with the elevation might be related 
to their role in stress tolerance.

Hence, the presence of these phytochemicals in 
the leaves of Picrorhiza kurroa shows that the leaves 
also have therapeutic potential and it can also be ex-
plored for medical purposes besides the more popular 
parts; roots and rhizomes of P. kurroa.

Anti-bacterial activity

This study observed the effect of methanolic leaf 
extracts of P. kurroa (Met-PVLE and Met-TNLE) 
against five different bacterial strains (Escherichia 
coli, Enterobacter sp., Acinetobacter sp., Pseudomo-
nas sp., Staphylococcus sp.) by measuring the zone of 
inhibition.  Met-PVLE inhibits the growth of Acine-
tobacter sp., Enterobacter sp., and Pseudomonas sp. 

Fig. 3. Absorbance (OD) of gallic acid (Standard phenol) at dif-
ferent concentrations.

Met-TNLE showed a zone of inhibition against E. 
coli., Enterobacter sp., and Acinetobacter sp. Both 
the extracts showed better inhibition against Acineto-
bacter sp. in comparison to the antibiotic Tetracycline. 
No inhibition was observed in Staphylococcus sp. as 
shown in Table 3.

The phytochemicals present in the plant con-
tributes to its antimicrobial potential. The alka-
loids exhibit this potential as it can inhibit various 
gram-negative bacteria, gram-positive bacteria, and 
fungi. Its potential is comparable to the commercially 
available antibiotics (Yan et al. 2021). The flavo-
noids are also known to possess the antimicrobial 
properties. So, its presence in this plant contributes 
in providing the antibacterial potential to the plant. 
Similar results were seen in the methanolic extract of 
Achillea millefolium, Bergenia ciliata, and Aloe vera 
that contained high amounts of flavonoids (Mehmood 
et al. 2022). The biosynthesis of nucleic acid and other 
metabolic processes in bacteria have been shown to 
be inhibited by flavonoids (Donadio et al. 2021). The 
impact of flavonoids on the permeability of cellular 
membranes is another factor contributing to their 
potent antibacterial activity (Biharee et al. 2020). In 
addition to flavonoids, phenolic substances are crucial 
in preventing the growth of bacteria. Phenols’ C3 
side chains reduce the amount of oxidation required 
for their antibacterial action (Baba and Malik 2015).

Therefore, the present study on Picrorhiza kurroa 
leaves from Pothivasa and Tungnath, Uttarakhand, 
revealed the presence of a plethora of metabolites 
which exhibit numerous medicinal properties, and 
a maximum of these were present in the methanolic 

Table 3. Anti-bacterial activity of  Met-PVLE and Met-TNLE 
by measuring the zone of inhibition (mm)  (-ve: Negative, +ve: 
Positive).

                           -ve control  +ve control  Met-PVLE Met-TNLE
                             (DMSO)        (Tetra-
                                                  cycline)

Escherichia coli 0.0     0.0    0.0 1.83±0.62
Acinetobacter sp. 0.0 2.0±0.01 2.5±0.71 3.0±0.0
Enterobacter sp. 0.0 19.0±0.0 5.25±0.35 4±1.41
Pseudomonas sp. 0.0 2.0±0.0 5.75±1.06    0.0
Staphylococcus sp. 0.0     0.0    0.0    0.0
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extracts of leaves. Their presence is also significant 
for the stress metabolism of the plant, which helps the 
plant adapt to lower temperatures or cold stress. The 
methanolic leaves extract also shows anti-bacterial 
properties against Escherichia coli, Enterobacter 
sp., Acinetobacter sp., and Pseudomonas sp. The 
study shows that the leaves of P. kurroa have high 
medicinal potential, and further studies can be done to 
identify and isolate the specific bioactive compounds 
present in the plant. This study will help conserve 
the plant in its natural environment, as P. kurroa is 
an endangered plant.
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