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Picrorhiza kurrooa Royle ex Benth. is one of the well-established herbal plants with an exceptional therapeutic potential. It belongs to
the Scrophulariaceae family and is commonly called as kutki. The drug obtained from the plant is a bitter tonic due to the presence of
kutkin in it. Over 61 secondary metabolites from the plants have been identified, including iridoid glycosides, flavonoids, cucurbitacins,
and phenolic chemicals. However, picrosides are the major phytochemicals in this species that are responsible for its well-known
hepatoprotective properties. The present study was conducted to compare Picrorhiza kurrooa (dried rhizomes) obtained from local
traders from the markets of three different districts of Uttarakhand, i.e., the Dewal block of Chamoli, Ukhimath block of Rudraprayag,
and Dharchula block of Pithoragarh. Biochemical analysis was conducted on the powder of dried rhizomes for alkaloids, phenolics,
tannins, flavonoids, and antioxidant activity. Based on analysis, it was found that the total phenolic content, total flavonoid content,
total alkaloid content, and radical scavenging activity of P. kurrooa rhizomes purchased from Darma valley, Pithoragarh district of
Uttarakhand, were the highest, followed by rhizomes collected from the Dewal block of Chamoli district and the least were found in
rhizomes obtained from the Ukhimath block of Rudraprayag district of Uttarakhand. The maximum tannin content was found in
Picrorhiza kurrooa rhizomes obtained from the Dewal block of Chamoli, while total reducing power was observed the highest in
rhizomes from the Ukhimath block of Rudraprayag. The results provided evidence that P. kurrooa obtained from Darma valley,
Pithoragarh, are the potential source of phenolics, flavonoids, and tannins and have the highest DPPH-scavenging activity and
therefore could be served as the basis for future drugs and food materials.

1. Introduction

Due to its special location inside the Himalayan region,
Uttarakhand boasts luxuriant and diverse vegetation. Almost
every plant has economic worth from a nutritional, aesthetic, or
medical standpoint. This Himalayan region supplies a sizable
portion of the crude pharmaceuticals sold in India [1].
There are a huge number of noteworthy medicinal plants
around the world that are of tremendous value in traditional
medical systems. One such major high-altitude medicinal plant
is Picrorhiza kurrooa Royle ex Benth. The family Scrophular-
iaceae includes the genus Picrorhiza, which is well known for its
therapeutic properties. This family includes two significant,

endangered medicinal plant species, P. kurrooa Royle ex Benth.
and P. scrophulariiflora Pennel, which are native to India, Nepal,
Tibet, Pakistan, and China [2]. P. kurrooa (kutki, the local
name) predominates in the western Himalayas of northern
Indian, whereas P. scrophulariiflora is mostly found in the
Himalayan regions of Sikkim, Tibet, and Nepal.

The widespread use of medicinal plants from their
natural habitats has resulted in a significant depletion in
their numbers. This, coupled with the absence of structured
cultivation methods, has resulted in these species being
classified as endangered by the International Union for
Conservation of Nature and Natural Resources (IUCN)
[3, 4].
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The bitter root of Picrorhiza, which is employed as
a traditional medicinal, gave rise to the generic name of the
plant [4]. The word Picrorhiza is made up of two words, the
Greek word “picross” which denotes a meaning bitter, while
the word “rhiza” denotes roots [5]. The common name
“kutki” comes from the Punjabi name of the plant, “karu,”
which means bitter [6].

It is a plant with significant medicinal and pharmacological
use. It possesses various pharmacological properties, including
hepatoprotective [7, 8], antiasthma, anti-inflammatory, anti-
diabetic [9, 10], antimicrobial, antimutagenic, antimalarial,
cardioprotective, anticancer [11], antiulcer, and neuroprotective
and antioxidant activities [12]. The antioxidant properties have
been reported in the P. kurrooa rhizome extract. The extract’s
ability to scavenge oxygen-free radicals and prevent lipid per-
oxidation [13] is mostly attributable to the presence of flavonoid
and phenolic components in it [14, 15]. These medicinal
properties are attributed to the phytochemical constituents
present in P. kurrooa (depicted in Figure 1).

1.1. Biochemical Constituents in P. kurrooa. According to the
study’s data on its phytochemistry, it has a complex variety of
phytochemicals. It primarily contains cucurbitacins, aceto-
phenones, and iridoids [16]. Sah and Varshney have reported
61 biochemical compounds from different parts of P. kurrooa
[17]. The active biochemical present in P. kurrooa is kutkin
(a bitter constituent), which is made up of kutkosides and
picrosides. Picroside I and picroside II, that are ideally iridoid
glycosides, are the two main picrosides found in kutkin [18].
Other iridoid glycosides include picroside III, picroside IV,
picroside V, veminoside, catalpol, veronicoside, specioside,
minecoside, picrorhizaoside, 6-feruloylcatalpol, pikuroside,
and aucubin [19]. Iridoid gylcosides are considered re-
sponsible for hepatoprotective properties of the plant. Other
constituents present in this plant are cucurbitacins (B, D, and
R) [20], minecoside, picein, pikuroside, flavonoid apocyanin,
vanillic acid, ferullic acid, D-mannitol [19, 21], a ketone
kutkiol, kutkisterol, and phenolic glycosides such as apocyanin
(4'-hydroxy-3'-methoxy acetophenone), androsin, picein [22,
23], triterpenoids (in seeds) [17], lignan, coumarin, isoflavans,
porphyrins, terpene lactone [24], and phenylethanoid glyco-
sides (kurroaoside) [25]. Cucurbitacins are renowned for their
antitumor and cytotoxic attributes. Apocynin serves as a po-
tent inhibitor of NADPH (nicotinamide adenine dinucleotide
phosphate) oxidase, displaying anti-inflammatory and anti-
oxidant characteristics. In addition, androsin is known for its
antiasthmatic properties [26].

1.2. Morphology. It is a perennial herb with stolons that are
elongated, sturdy, and creeping type and are covered with
withered leaf bases. The stem is small, weak, creeping,
slightly hairy, leafy, and erect at the flowering end [27].
Leaves are 5-10cm long, sharply serrate, almost radical,
spathulate, and base narrowed with winged sheathing petiole
[28]. Inflorescence is racemose. Flowers are very small and
white or pale blue-purple coloured [27-29]. Fruits are an
ovoid capsule; each plant contains 5-14 capsules, with each
having 32-65 seeds. Seeds are small without seed coat. The
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roots of this plant always feature transverse cracks and
longitudinal wrinkles [30]. The rhizome is cylindrical, ir-
regularly curved, 2.5-8 cm long, 4-8 mm thick, externally
grayish brown in colour, jointed, and zigzag with jointed
nodes having branching and rooting at them. The rhizomes
and roots have a bitter taste [16].

1.3. Distribution. It is a significant alpine herb that grows
between 3000 m and 5000 m above the mean sea level in the
Himalayan area. Although this plant normally grows at
elevations greater than 3000 masl, it may also be grown at
lower elevations [27, 29, 31]. It is native to western Hima-
layas and extends up to the mountains of Yunnan in China
[32]. In Uttarakhand, it is naturally found in areas of
Uttarkashi (Bhatwari, Har-ki-Dun, and Raiwan valley) [33,
34], Chamoli (Ghes and Badrinath) [35], Rudraprayag
(Kedarnath, Tungnath, and Madmaheswar) [36], Pithor-
agarh (Kutti, Gunji, Ralam, Ganghar, LaspaNapalchunala,
and Panchachuli), and Bageshwar (Devikund, Sunderdunga,
Dwali, Phurkia, and Pindari) districts [37]. In Himachal
Pradesh, it is found in the higher reaches of Shimla, Kullu,
Kinnaur, Kangra, Chamba, Mandi, Lahaul, and Spitivalley
[38]. In Kashmir Himalayas, it grows in high reaches of
Gurez valley, Lolab, Keran, Sindh, and Liidder valleys [16]. It
is commonly seen associated with the herbs such as Po-
tentilla kashmirica, Latotiscashmiriana, Aconitum viola-
ceum, Senecio jacquemontianus, and Sedum ewersii [39].

P. kurrooa is a long-creeping plant that thrives in soils
with high levels of organic matter and with sandy, clay loamy
in texture [35]. It prefers slopes with a north-west orien-
tation that are moist and generally less exposed [16].

The International Union for Conservation of Nature and
Natural Resources (IUCN) has designated the species as
endangered due to its overexploitation and a lack of sys-
tematic cultivation [2, 3].

This study was conducted keeping in view the following
two objectives:

(1) To compare and validate the medicinal and nutri-
tional potential of Picrorhiza kurrooa rhizomes ob-
tained from different districts of Uttarakhand.

(2) To assess the variations in the chemical composition
and antioxidant activity of Picrorhiza kurrooa rhi-
zome collected from three local traders of different
high-altitude habitats of Uttarakhand, India, to get
knowledge about the level of authenticity of the plant
material.

2. Materials and Methodology

2.1. Collection of Plant Material. Plant materials (dried roots
and rhizome) were purchased from local traders only after
confirming the source of purchase. The samples acquired
from the Dewal block’s market in Chamoli were obtained
from Ghes village. Similarly, the sample obtained from the
market of Darma valley in Pithoragarh was collected from
Gunji village, whereas the sample from the Ukhimath block
in Rudraprayag district was sourced from cultivable fields
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FIGURE 1: Major phytochemicals and pharmacological properties of P. kurrooa.

located in Pothiwasa. A voucher specimen has been de-
posited in HAPPRC, Srinagar Garhwal, Uttarakhand,
against voucher no. HAPPRC2309.

Figures 2 and 3 show the study area and images of
P. kurrooa rhizomes samples obtained from different lo-
cations, respectively.

2.2. Preparation of the Plant Extract. Plant materials were
cleaned off the rootlets and unwanted material. To remove
any moisture that might have accumulated during trans-
portation, the plant materials were kept at room temperature
for air drying till the constant dry weight is attained [15]. The
dried materials were powdered in an electronic grinder.
25gm of powdered root was successively extracted with
150 ml of methanol, ethanol, and aqueous as solvents using
the Soxhlet extraction method for 72 hours each [13]. After
complete extraction, the extracts were filtered through
Whatman filter paper no.1 and then transferred into sterile
dry Petri plates and kept at room temperature until the
solvent evaporated. The extracts were then scrapped out
from Petri plates and preserved in airtight screw cap vials
and kept in refrigerators at 4-5°C for further use [40].

2.3. Biochemical Profile of the Extracts

2.3.1. Estimation of the Total Phenolic Content (TPC).
The Folin-Ciocalteau method was used to determine the TPC
from the rhizomes (Singleton and Rossi) [41]. The stock so-
lution was created by dissolving 10 mg of the extract in 10 ml of
distilled water. This stock solution was centrifuged at 5000 rpm
for 15 minutes. Out of this stock’s supernatant, a set of 100, 200,
and 300 pg/ml solutions were prepared. 0.5ml from each so-
lution was mixed with 5ml of the Folin-Ciocalteau reagent

(diluted by adding 20 ml of FC reagent in 200 ml DW), and the
reaction was then allowed to complete for 7 minutes at room
temperature. To stop the reaction, 4ml of 7.5% of sodium
carbonate solution was added and blue colour was developed.
After an hour of incubation, absorbance was measured in
a UV-vis spectrophotometer at 765 nm against a blank (created
with DW). Using a regression equation derived from the gallic
acid standard curve (Figure 4), the TPC was calculated (as g/ml
equivalent gallic acid).

2.3.2. Total Tannin Content. The Folin-Ciocalteu method
was used to determine the tannin content. The stock solution
was created by dissolving 10 mg of the extract in 10 ml of
distilled water. In test tubes with 7.5ml of distilled water,
a set of 20, 40, 60, 80, and 100 g/ml solutions were made from
this stock (each with three technical replicates). A 0.5ml
dose of the Folin-Ciocalteu reagent was added to the so-
lutions. After a few minutes, 1 ml of 35% sodium carbonate
solution was added. The solutions were then diluted to 10 ml
with distilled water. After thoroughly shaking, this mixture
was left at room temperature for 30 minutes. UV-vis
spectrophotometer at 700 nm was used to measure the
absorbance of the test and standard solutions against a blank.
The blank was prepared using distilled water instead of the
rhizome extract.

Equations derived from the tannic acid standard (Figure
5) were used to calculate the sample’s total tannin content
and express as mg of tannic acid equivalents (TAEs) per
gram of dry weight of the extract.

2.3.3. Total Flavonoid Content (TFC). The method given by
Zhishen et al. [42] was used to determine the total flavonoid
content. About 3 mg of the extract was dissolved in 10ml of
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F1GURrE 3: Dried rhizomes of P. kurrooa: (a) P. kurrooa rhizomes obtained from Dewal, Chamoli (reddish brown in colour), (b) rhizomes
from Ukhimath, Rudraprayag (thicker and dark brown in colour), and (c) rhizomes from Darma valley, Pithoragarh (light brown in colour
and strong aroma).
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methanol to make a stock solution; out of this stock, 300 ml was
taken in a test tube to which 3.4 ml of aqueous methanol (30%),
150 ml of sodium nitrite of 0.5M (0.425 mg NaNO, in 10 ml
DW), and 150 ml of aluminium chloride solution of 0.3 M
(400 mg AICl; in 10ml DW) were added. After 5minutes of
incubation at room temperature, we added 1ml of sodium
hydroxide solution of 1 M (4gm NaOH in 100 ml DW). The
experiment was performed in technical triplicates. Absorbance
was measured against a blank (made using DW) at 506 nm in
a UV-vis spectrophotometer. The total flavonoid content was
calculated as mg quercetin/ml using an equation derived from
the quercetin standard curve (Figure 6).

2.3.4. Total Alkaloid Content. The method given by Shamsa
et al.[43] for the determination of alkaloids was used. About
50 mg of the methanolic extract of rhizomes was dissolved in
10 ml of 2 N HCI (made by dissolving 16.423 ml HCl in 25 ml
DW and adjusting the final volume to 100 ml with distilled
water) and was filtered using Whatman no.1 filter paper. To
the separatory funnel, 1 ml of the filtrate was transferred and
further washed three times with 10 ml of chloroform. The
solution’s pH was adjusted to 7.0 using 2 N NaOH (8 gm of
NaOH dissolved in 100 ml DW).

Adding 5ml of bromocresol green (BCG) solution (by
dissolving 69.8 mg of BCG in 3 ml of 2N NaOH and 5 ml of
distilled water and once entirely dissolved, the volume is
made up to 1000 ml) and 5ml phosphate buffer (made by
dissolving 7.16 g of sodium phosphate monobasic mono-
hydrate in 100 ml distilled water) to the solution, the mixture
was briskly shaken with 1, 2, 3, and 4ml of chloroform in
a sequential process. The collected extract was diluted with

chloroform to make up the volume up to 10 ml. The ex-
periment was performed in technical triplicate. The absor-
bance of the extracts was measured using the UV-vis
spectrophotometer at 470 nm. The amount of total alkaloid
in the extracts was estimated using a standard curve created
with various atropine concentrations (Figure 7).

2.4. Antioxidant Activity of the Extracts

2.4.1. Determination of the Antioxidant Activity Using the
2,2-Dipehnyl-1-Picrylhydrazyl (DPPH) Radical Scavenging
Method. The method proposed by Katalinic et al. [44] was
used to evaluate the antioxidant activity of the plant extracts
against DPPH, with slight modifications. A methanolic di-
lution DPPH of 1 x 10~* M (4 mg DPPH in 100 ml methanol)
was prepared. The stock solution was made with extracts in
different concentrations, i.e., 0.1, 0.5, and 1 mg/ml mother
solvent. 1 ml aliquots of each stock (two replicates per sample)
were dissolved with 2ml of methanolic dilution of DPPH.
After 16 minutes of dark storage at room temperature (37°C),
the mixture’s absorbance was recorded using the UV-vis
spectrophotometer at 517 nm. The blank was prepared with
methanol. The following formula was used to determine the
antioxidant activity and percentage:

(AC—AS)

100, 1
iC (1)

% Antioxidant activity =
where AC = absorbance of the control and AS = absorbance
of the sample.

2.4.2. Estimation of Antioxidant by the Reducing Power
Assay. The method outlined by Chu et al. and Quy et al. [45,
46] with slight adjustment was used to evaluate the reducing
power of rhizome extracts. 10 mg of the extract was dis-
solved in 10 ml of the mother solvent to make the stock
solution. In a test tube, 2.5ml of the stock solution and
2.5ml of sodium phosphate buffer of 0.2M and pH 6.6
(made by dissolving 3.561 gm of Na,HPO, in 100 ml DW
and 2.76 mg of NaH,PO,H,0 in 100ml DW and then
mixing 77ml of the dibasic solution and 23ml of the
monobasic solution) were added and, subsequently, added
2.5ml of potassium ferricyanide (1% =20 gm in 200 ml DW)
and mixed well. The mixture was incubated in the water bath
for 20 minutes at 50°C. After removing the tubes from the
water bath, 2.5 ml of trichloroacetic acid (10% =20 ml TCA
in 180 ml DW) was added to the mixture and centrifuged for
10 minutes at 3000 rpm. 1.25 ml of distilled water and 25 ul
of ferric chloride (0.1% = 100 mg FeCl; in 100 ml DW) were
added to 125 pl of the supernatant in a test tube. The content
of the tube was well mixed by shaking with hands, and the
absorbance was measured using a UV-vis spectrophotom-
eter at 700 nm. The absorbance of the control was 0.58.

2.5. Statistical Analysis. Data were expressed as the mean-
+ standard deviation (SD). One-way ANOVA in Microsoft
Excel was used to analyze the significant differences among
the samples.



1.05 Quercetin Standard

0.9 y = 0.0099x - 0.0194
08 R?*=10.9975

Absorbance
(=]
0

0.1 .»"'

0 10 20 30 40 50 60 70 80 90 100 110

Concentration ug/ml

FIGURE 6: Quercetin standard curve.

0.04 Atropine standard

0.035
0.03
0.025
0.02
0.015
0.01
0.005

y =0.0003x - 0.0041
R*=0.9966

Absorbance

0 20 40 60 80 100 120 140 160
Atropine (pg)

FIGURE 7: Atropine standard curve.

3. Results and Discussion

The present investigation entitled “Comparative study on
biochemical profile and antioxidant activity of Picrorhiza
kurrooa obtained from three different districts of Uttarak-
hand” was conducted at HAPPRC, HNBGU Srinagar
Garhwal, Uttarakhand, India, during the year 2022. The
findings of the present study are presented in this chapter
under following headings.

3.1. Total Phenolic Content (TPC). The results from one way
ANOVA showed that the TPC was significantly affected by
location factors. The total phenolic content was found to be at
the maximum level in the methanol extract of P. kurrooa of
Pithoragarh, ie., 34.74+21ug/ml GAE, followed by the
ethanolic extract of Rudraprayag, i.e., 29.50 + 1.30 ug/ml GAE,
while the minimum was observed in the aqueous extract of
Pithoragarh, ie., 11.62+2.17g/ml GAE. Results of spectro-
metric analysis are illustrated in Figure 8. One way ANOVA
results revealed that the TPC in the aqueous extract of rhizome
of Chamoli was significantly higher than Rudraprayag and
Pithoragarh (p =0.0044 and Fischer’s LSD =2.23), the TPC
in methanolic extracts of rhizomes was significantly higher
in Pithoragarh than Rudraprayag and Chamoli (Fischer’s
LSD =1.17 and p =0.00019), and the TPC in ethanolic extracts
of rhizomes was significantly higher in Pithoragarh as com-
pared to Chamoli and Rudraprayag (p = 0.00062 and Fischer’s
LSD =4.99).
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3.2. Total Tannin Content. The total tannin content was found
to be highest in the ethanolic extract of P. kurrooa obtained
from Chamoli (0.212+0.012mg/ml TAE), followed by the
ethanolic extract of Pithoragarh (0.198+0.015mg/ml TAE).
The minimum total tannin content was 0.10 +0.006 mg/ml
TAE found in the aqueous extract of P. kurrooa of Chamoli
district. Results of spectrometric analysis are shown in Figure 9.

One way ANOVA results indicate that the total tannin
content (TTC) in the aqueous extract of rhizomes from
Pithoragarh was significantly higher than Rudraprayag and
Chamoli (p=0.0010 and Fischer’s LSD =0.079); one way
analysis results for the TTC in the methanolic extract were
nonsignificant, and the TTC in the ethanolic extract of
rhizomes from Chamoli was significantly higher than
Pithoragarh and Rudraprayag (p=0.0064 and Fischer’s
LSD =0.068).

3.3. Total Flavonoid Content (TFC). The highest flavonoid
content was shown by the methanolic extract of P. kurrooa
from Darma valley, Pithoragarh district, i.e., 22.96 £ 0.21 ug
QE/ml, followed by the ethanolic extract of Chamoli, i.e.,
22.31 + 1 ug QE/ml. The least flavonoid content was found to
be 8.12 +0.2 ug QE/ml. Results are illustrated in Figure 10.

One way ANOV A results for the total flavonoid content
revealed that results for aqueous extracts of rhizomes from 3
sites were nonsignificant; in the methanolic extract, the TFC
was significantly higher in rhizomes from Pithoragarh as
compared to that of Chamoli and Rudraprayag (p =0.00034
and Fischer’s LSD =0.016), and the TFC in the ethanolic
extract of rhizome from Chamoli was significantly higher
than that of Rudraprayag and Pithoragarh (p=0.00087 and
Fischer’s LSD =0.029).

3.4. Total Alkaloid Content (TAC). The methanolic extract of
the P. kurrooa sample from Pithoragarh showed the highest
amount of alkaloid content, ie., 202.6 £+2.2mg/100g dry
weight of rhizome, and the methanolic extracts of the
Chamoli and Rudraprayag samples showed almost the same
alkaloid content (201.2 + 3.5 mg/100 g dry weight of rhizome
and 201.3 + 8 mg/100 g dry weight of rhizome, respectively).
Results are illustrated in Figure 11. One way ANOVA results
for the total alkaloid content in the methanolic extract of
rhizomes were nonsignificant.

3.5. Evaluation of the Antioxidant Activity Using the 2,2-
Dipehnyl-1-Picrylhydrazyl (DPPH) Radical Scavenging
Method. The methanolic extract of the P. kurrooa sample
from Pithoragarh showed the highest inhibition %, i.e.,
82.24 +1.2%, followed by the methanolic extract of Chamoli,
ie., 82.14%. The least inhibition % was reported in the
ethanolic extract of Chamoli, i.e., 47.24 + 1.4%, at 1 mg/ml
concentration of the extracts as illustrated in Figure 12 and
Table 1.

3.6. Estimation of the Antioxidant Activity by Reducing Power
Assay. When compared with the standard ascorbic acid,
aqueous, methanolic, and ethanolic extracts of P. kurrooa
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o
= o
w [3S)

TANNIC ACID mg/ml
IS

0.05

Rudraprayag Pithoragarh Chamoli

B Aqueous
B Methanol
m Ethanol

FIGURE 9: Total tannin content in different extracts of P. kurrooa. Data are expressed as the mean values + SD. p values * <0.05, ** <0.01,
*** <0.001, **** <0.0001, and N =nonsignificant when compared among the aqueous extracts, methanol extracts, and ethanol extracts of
P. kurrooa collected from the three sites.
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FiGure 10: Total flavonoid content in extracts of P. kurrooa. Data are expressed as the mean values + SD. p values * <0.05, ** <0.01,
*** <0.001, **** <0.0001, and N =nonsignificant when compared among the aqueous extracts, methanol extracts, and ethanol extracts of
P. kurrooa collected from the three sites.
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FIGURe 11: Variation in the total alkaloid content in methanolic P. kurrooa. Data are expressed as the mean values+SD. p value
N =nonsignificant when compared among the aqueous extracts, methanol extracts, and ethanol extracts of P. kurrooa collected from the

three sites.
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FIGURE 12: Inhibition% showed by the extracts of P. kurrooa.

TaBLE 1: Inhibition % showed by different extracts of P. kurrooa at different concentrations.

Table Rudraprayag Pithoragarh Chamoli

Conc. Aqueous Methanol Ethanol Aqueous  Methanol Ethanol Aqueous Methanol Ethanol
0.2 mg/ml 148+1.4 79.06+1.5 10.17+52 1551+2.4 80.89+1.9 1293+12 1895+24 79.05+0.1 12.24+21
0.6mg/ml 51.72+3.05 80.78+0.5 32.02+1.8 64.40+0.8 80.99+1.8 35.6%3 7517+0.23 81.72+0.58 41.9+0.9
1 mg/ml 6291+36 81.06+19 5293+1.7 7017+32 82.24+0.7 58.72+1.7 74.22+1.3 82.14+1.2 4724+14

Bold values represent highest and the lowest values under 1 mg/ml concentration. Methanol extract of rhizomes from Pithoragarh showing highest and

ethanol extract of rhizomes from Chamoli showing lowest.

obtained from Rudraprayag showed the highest reducing
power, i.e., 0.233, 0.39, and 0.39, respectively, at the con-
centration 120ul, than the extracts of Pithoragarh and
Chamoli, as shown in Figures 13-15.

4, Discussion

Plants are the source of numerous valuable drugs of natural
origin. Analysis of elements and phytochemicals in edible
plants plays a decisive role in assessing their nutritional
significance. An herbal drug can be utilized as a medicinal
agent only if it is authentic and bears acceptable standards
and quality. Any illness cannot be managed effectively until
the supply of a genuine drug sample is ensured. Therefore,

before using a crude drug, a proper authentication method
should be carried out for each crude drug, such as chemical
study and anatomical, morphological, and organoleptic
study [47].

The abovementioned parameters—total phenols, alkaloids,
flavonoids, tannin content, and antioxidant potential—were
assessed in the current study using spectrophotometric
methods, and it was discovered that Picrorhiza kurrooa
rhizomes from the Darma valley in the Pithoragarh district
of the Kumaun region had the highest concentration for all
the parameters.

The results obtained showed that all three Picrorhiza
kurrooa samples possess high variation in all these metab-
olites. Based on the analysis, it was found that the total
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FIGURE 13: Reducing power showed by the aqueous extract of
P. kurrooa against the ascorbic acid standard.
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FIGURE 14: Reducing power showed by the methanolic extract of
P. kurrooa against the ascorbic acid standard.

phenolic content, flavonoid content, total alkaloids, and
DPPH radical scavenging activity of Picrorhiza kurrooa
obtained from Darma valley were found to be the highest
followed by Chamoli and least in Rudraprayag, while the
highest tannin content was found in Chamoli and total
reducing power was the highest in Picrorhiza kurrooa ob-
tained from Rudraprayag.

Gunji village lies 3400 masl; in winter, temperature dips to
—4°C, and in summer, the temperature in Gunji hovers around
10°C. Ghes village of Chamoli (2566 masl) is a moist temperate
area. Average day time temperature in winters for Ghes is
-3°C, and for summers, it is 18°C. In Pothiwasa, average day
temperature during winters is —3°C and average temperature
in summers is around 24°C [48]. Since the altitude of the three
locations from where Picrorhiza kurrooa were obtained by the

Ethanolic extract
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FiGure 15: Reducing power showed by the ethanolic extract of
P. kurrooa against the ascorbic acid standard.

traders are different, i.e., Gunji (3400 masl), Ghes (2566 masl),
and Pothiwasa (2200 masl), and with an altitude change,
changes in various other factors such as ecological niche,
temperature, UV radiation, and biotic and abiotic factors have
also been reported [49]. Therefore, variation in the phyto-
chemical content in all the samples may be due environmental
factors. Prior research has also revealed that a variety of en-
vironmental parameters, including mean temperature, rainfall,
harvest maturity, soil type, UV radiation, sunlight, and habitat
conditions, may also have an impact on the formation and
accumulation of secondary metabolites in plants [50, 51]. The
findings of our study indicate that the Picrorhiza rhizomes
from Gunji, located at an altitude of 3400 m above the sea level,
possess a greater amount of biochemical compounds. These
results are consistent with the research conducted by Pandit
et al. in 2018, where they discovered that the concentration of
picrosides in Picrorhiza kurroa Royle ex Benth. was signifi-
cantly higher in specimens collected at higher altitudes
compared to those collected at lower altitudes [52]. Earlier
many reviewers have reported that the synthesis of the phenol
and flavonoid contents in the plant increases with the increase
in UV radiation at higher altitude [53, 54]. A previous study
done by Katoch et al. suggests that these differences can also be
due to the occurrence of genetically different strains collected
from geographically different locations [55]. In addition, the
age of the plant at the time of harvesting plays a significant role
in determining SM accumulation. To obtain the highest levels
of active constituents, Picrorhiza kurrooa is typically harvested
after completing its reproductive and active growth phase,
which generally occurs in September-October. Notably,
a study conducted by Pandit et al. in 2013 observed that the
rhizomes from three-year-old plants exhibited the highest
concentration of active compounds [52].

Moreover, the duration and conditions of storage can
significantly impact the secondary metabolite content in
various parts of the plant. Therefore, it is imperative to
follow specific guidelines for the preservation of P. kurrooa.
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This involves drying the plant material in the shade at
a temperature of 15-20°C until it reaches a moisture content
of approximately 8%. Subsequently, it should be stored in
a dry environment at room temperature to preserve its
distinctive aroma and phytochemical content [56].

There was a negative correlation of TRP and tannins
with the phenolic content as it was observed maximum in
rhizomes from Rudraprayag, western Himalayas, although
many reports have revealed that there is a direct corre-
lation between antioxidant activities and reducing power
as well as tannins of certain plant extracts [57, 58]. The
results of this study are supported by previous studies.
However, studies conducted by Kiahkonen et al. [59] on
some plant extracts containing phenolic compounds found
that there is no correlation between the phenolic content
and tannins as well as TRA. The previous studies suggest
that there is no correlation associated among phenolics,
tannins, and TRP [60].

5. Conclusion

The results of this study indicated that P. kurrooa rhizomes
obtained from Darma valley, Pithoragarh district (Kumaun
region), are the richest sources of phenolic, flavonoids, al-
kaloids, and radical scavenging activity in comparison to the
rhizomes obtained from the regions of Chamoli district and
Rudraprayag district and therefore could serve as a basis for
future drugs and food materials.

The phytochemical contents in P. kurrooa samples may
have been influenced by various environmental factors such
as climatic conditions, growing region, cultivation methods,
harvesting time, and storage condition.

This study thus recommends that organizations involved in
the manufacturing of pharmaceutical products should purchase
P. kurrooa rhizomes (kutki) of high quality from the market
while taking into account the concentration of phytochemical
components for the development of pharmaceutical medica-
tions with desired efficacy. Since the P. kurrooa rhizomes of
Darma valley, Pithoragarh, had a high quantity of most phy-
tochemicals, hence this study also suggests that farmers/growers
obtain/buy Picrorhiza kurrooa seeds and rhizomes from this
region for propagation and multiplication to get better returns
in the market and for reducing the need for unplanned col-
lection. Based on our results, the author also proposes further
exploration of medicinal plants in the Gunji, Darma valley, and
other neighboring regions with the aim to identify and study
similar high-value medicinal plants that hold the potential to
provide significant benefits to the society. Advanced molecular
tools and comparative phytochemical anatomical screening
practices against adulteration-related issues can play a vital role
in bioprospecting studies of this plant. P. kurrooa from Gunji,
Pithoragarh, can be clinically tested for control and treatment of
various diseases as well as for its toxicity. The potential phar-
macological properties of P. kurrooa, such as its antimicrobial
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and antiviral activities, could be further investigated through the
application of nanotechnology.

Data Availability

The data used to support the findings of the study are in-
cluded within the article.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments

The authors would like to thank the Director of High Al-
titude Plant Physiology Research Centre, Srinagar Garhwal
(Uttarakhand), for providing their support in all respect.

References

[1] A. Badoni and K. Badoni, “Ethnobotanical inheritance,” in
Garhwal Himalaya: Nature, Culture and Society, O. P. Kandari
and O. P. Gusain, Eds., pp. 127-147, Trans Media, Srnina-
garGrahwal, India, 2001.

D. Chand, Z. A. Malik, and M. C. Nautiyal, “Conservation of

picrorhiza kurrooa through cultivation in garhwal himalaya:

a review,” International Journal of Herbal Medicine, vol. 4,

no. 1, pp. 64-69, 2016.

[3] M. P. Nayar and A. R. K. Sastry, Red Data Plants of India,
CSIR Publication, New Delhi, India, 2006.

[4] J. E. Royle, Illustrations of the Botany of the Himalayan
Mountains, Wm. H. Alland and Co, London, UK, 1835.

[5] F.R. Barrie, H. M. Burdet, W. G. Chaloner, and V. Demoulin,
International Code of Botanicals Nomenclature, Adopted by
the Fifteenth International Botanical congress, Yokohana,
Koeltz Scientific Books, Konigstein, Germany, 1994.

[6] M. Masood, M. Arshad, R. Qureshi et al., “Picrorhiza kurroa:
an ethnopharmacologically important plant species of Hi-
malayan region,” Pure and Applied Biology, vol. 4, no. 3,
pp. 407-417, 2015.

[7] R. A. Ansari, B. S. Aswal, R. Chander et al., “Hepatoprotective
activity of kutkin-the iridoid glycoside mixture of Picrorhiza
kurrooa,” Indian Journal of Medical Research, vol. 87,
pp. 401-404, 1988.

[8] G. N. Chaturvedi and R. H. Singh, “Jaundice of infections
hepatitis and its treatment with an indigenous drug Picrorhiza
kurroa,” The Journal of Research in Indian Medicine, vol. 1,
pp. 1-5, 1966.

[9] S.Kumar, V. Patial, S. Soni et al., “Picrorhiza kurroa enhances
B-cell mass proliferation and insulin secretion in streptozo-
tocin evoked B-cell damage in rats,” Frontiers in Pharma-
cology, vol. 8, p. 537, 2017.

[10] A. B. Vaidya, D. S. Antarkar, J. C. Doshi et al., “Picrorhiza
kurroa (Kutaki) Royle ex Benth as a hepatoprotective agent-
experimental & clinical studies,” Journal of Postgraduate
Medicine, vol. 42, no. 4, pp. 105-108, 1996.

[11] D. Rathee, M. Thanki, S. Bhuva, S. Anandjiwala, and
R. Agrawal, “Iridoid glycosides-Kutkin, Picroside I, and

[2



Evidence-Based Complementary and Alternative Medicine

Kutkoside from Picrorrhiza kurroa Benth inhibits the invasion
and migration of MCF-7 breast cancer cells through the down
regulation of matrix metalloproteinases: 1st Cancer Update,”
Arabian Journal of Chemistry, vol. 6, no. 1, pp. 49-58, 2013.

[12] K.L.Joy and R. Kuttan, “Antioxidant activity of selected plant
extract,” Amala Res Bull, vol. 15, pp. 68-71, 1995.

[13] V. Rajkumar, G. Guha, and R. Ashok Kumar, “Antioxidant
and anti-neoplastic activities of Picrorhiza kurroa extracts,”
Food and Chemical Toxicology, vol. 49, no. 2, pp. 363-369,
2011.

[14] C. A. Rice-Evans, N. J. Miller, and G. Paganga, “Structure-
antioxidant activity relationships of flavonoids and phenolic
acids,” Free Radical Biology and Medicine, vol. 20, no. 7,
pp. 933-956, 1996.

[15] T. Kalaivani, C. Rajasekaran, and L. Mathew, “In vitro free
radical scavenging potential of Picrorhiza kurroa,” Journal of
Pharmacy Research, vol. 3, no. 4, pp. 849-854, 2010.

[16] I. Kumari, H. Kaurav, and G. Chaudhary, “Ethnobotanical
significance of picrorhiza kurroa (kutki), a threatened spe-
cies,” International Journal of Research and Review, vol. 8,
no. 4, pp. 363-375, 2021.

[17] J. N. Sah and V. K. Varshney, “Chemical constituents of
Picrorhiza genus,” American Journal of Essential Oils, vol. 1,
no. 2, pp. 22-37, 2013.

[18] S. H. Nisha, P. A. Vijaylata, S. I. Bikram, and C. G. Raghbir,
“Intraspecific variability of main phytochemical compounds
in Picrorhiza kurroa Royle ex Benth. from North Indian
higher altitude Himalayas using reversed-phase high-
performance liquid chromatography,” Journal of Medicinal
Plants Research, vol. 6, no. 16, pp. 3181-3187, 2012.

[19] I. Kitagawa, K. Hino, T. Nishimura et al., “Picroside I: a bitter
principle of picrorhiza kurrooa,” Tetrahedron Letters, vol. 10,
no. 43, pp. 3837-3840, 1969.

[20] H. Stuppner and H. Wagner, “New cucurbitacin glycosides
from Picrorhiza kurrooa,” Planta Medica, vol. 55, no. 6,
pp. 559-563, 1989.

[21] N. Kumar, T. Kumar, and S. K. Sharma, “Phytopharmaco-
logical review of genus picrorhiza,” International Journal of
Universal Pharmacy and Bio Sciences, vol. 2, no. 4, pp. 334-347,
2013.

[22] H. Stuppner and H. Wagner, “Minor iridoid and phenol
glycosides ofPicrorhiza kurrooa,” Planta Medica, vol. 55, no. 5,
pp. 467-469, 1989.

[23] W. A. Laurie, D. McHale, and J. B. Sheridan, “A cucurbitacin
glycoside from Picrorhiza kurrooa,” Phytochemistry, vol. 24,
no. 11, pp. 2659-2661, 1985.

[24] Satyakam, R. Joshi, and R. Kumar, “Unique metabolic shift
reveals potential mechanism of cold and freezing acclimati-
zation,” Journal of Plant Growth Regulation, vol. 42, no. 9,
pp. 5763-5779, 2023.

[25] T. Morikawa, N. Inoue, Y. Nakanishi et al, “Collagen
synthesis-promoting and collagenase inhibitory activities of
constituents isolated from the rhizomes of Picrorhiza kurroa
Royle ex Benth,” Fitoterapia, vol. 143, Article ID 104584, 2020.

[26] U. Salma, S. Kundu, and S. Gantait, “Phytochemistry and
pharmaceutical significance of Picrorhiza kurroa Royle ex
Benth,” Phytochemistry and Pharmacology of Medicinal Herbs,
Lenin Media Private Limited, Delhi, India, 2017.

[27] Anonymous, The Wealth of India: A Dictionary of Indian Raw
Materials and Industrial Products, Publication and In-
formation Directorate, CSSIR, New Delhi, India, 1969.

[28] P. R. Thani, “A comprehensive review on Picrorhiza kurroa
Royle ex Benth,” Journal of Pharmacognosy and Phyto-
chemistry, vol. 10, no. 3, pp. 307-313, 2021.

11

[29] M. K. Kaul and K. Kaul, “Studies on medico- ethnobotany,
diversity, domestication and utilization of Picrorhiza kur-
roaRoyle ex. Benth,” in Supplement to Cultivation and Uti-
lization of Medicinal Plants, S. S. Hunda and M. K. Kaul, Eds.,
pp- 333-348, Regional Research Laboratory. CSIR, Odisha,
Indian, 1996.

[30] S. Bhattacharjee, S. Bhattacharya, S. Jana, and D. S. Baghel,
“A review on medicinally important species of picrorhiza,”
International Journal of Pharmaceutical Research and Bio-
sciences, vol. 2, no. 4, pp. 1-16, 2013.

[31] B. P. Nautiyal, V. Prakash, R. S. Chauhan, H. Purohit, and
M. C. Nautiyal, “Assessment of germinability, productivity
and cost benefit analysis of Picrorhiza kurrooa cultivated at
lower altitudes,” Current Science, vol. 81, no. 5, pp. 579-585,
2001.

[32] A.Das, Agro-techniques of Selected Medicinal Plants, National
Medicinal Plants Board, New Delhi, India, 2008.

[33] V.S. Negi, R. K. Maikhuri, and D. P. Vashishtha, Traditional
Healthcare Practices Among the Villages of Rawain valley,
Uttarkashi, Uttarakhand, India, 2015.

[34] G. Singh, N. Chandra, S. Lingwal, and M. Bisht, “Survey and
mapping of medicinal and aromatic plants from alpine regions of
Uttarakhand and developing uttarakhand-alpine information
system,” 2022,  https://www.researchgate.net/publication/
358722466_Survey_and_Mapping_of Medicinal_and_Aromatic
_Plants_from_Alpine_Regions_of_Uttarakhand_and_Developin
g Uttarakhand- Alpine_Information_System.

[35] D. C. Attri, M. C. Nautiyal, V. K. Bisht et al.,, “HPTLC fin-
gerprinting of cultivated Picrorhiza kurrooa accessions in
Uttarakhand, Western Himalaya,” Proceedings of the National
Academy of Sciences, India- Section B: Biological Sciences,
vol. 91, no. 4, pp. 821-828, 2021.

[36] S. Singh, S. Thakur, J. P. Mehta, and H. C. Dutt, “Docu-
mentation of ethnobotany: a source for conservation plan of
Medicinal plant species in alpine region of Madhmaheshwar,
Uttarakhand, India,” Vegetos, vol. 36, no. 3, pp. 989-998,
2022.

[37] N. Chandra, G. Singh, S. Lingwal, M. P. Bisht, and
L. M. Tiwari, “Population assessment and habitat distribution
modelling of the threatened medicinal plant Picrorhiza kurroa
Royle ex Benth. in the Kumaun Himalaya, India,” Journal of
Threatened Taxa, vol. 13, no. 7, pp. 18868-18877, 2021.

[38] M. K. Thakur, “Effect of preplanting water dip treatments on
sprouting and yield attributes of Picrorhiza kurrooa Royle ex
Benth,” Journal of Tree Sciences, vol. 34, no. 1, pp. 69-73, 2015.

[39] S. Sharma, S. Sharma, V. Sharma, and M. J. Singh, “Con-
servation of Picrorrhiza kurroa with arbuscular mycorrhizal
fungi: an endangered and highly economic medicinal herb of
Himalaya,” Medicinal PlantsInternational Journal of Phyto-
medicines and Related Industries, vol. 12, no. 1, pp. 33-40,
2020.

[40] K. S. Shubha, N. Lakshmidevi, and S. Sowmya, “In vitro
antioxidant activity of alcoholic extract of Solanum xantho-
carpum Sch. and wend and Picrorhiza kurroa royal Ex Benth,”
International Journal of Medicine and Pharmaceutical Sci-
ences, vol. 4, no. 4, pp. 12-21, 2013.

[41] V.L.Singleton and]. A. Rossi, “Colorimetry of total phenolics
with phosphomolybdic-phosphotungstic acid reagents,”
American Journal of Enology and Viticulture, vol. 16, no. 3,
pp. 144-158, 1965.

[42] J. Zhishen, T. Mengcheng, and W. Jianming, “The de-
termination of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals,” Food Chemistry,
vol. 64, no. 4, pp- 555-559, 1999.


https://www.researchgate.net/publication/358722466_Survey_and_Mapping_of_Medicinal_and_Aromatic_Plants_from_Alpine_Regions_of_Uttarakhand_and_Developing_Uttarakhand-Alpine_Information_System
https://www.researchgate.net/publication/358722466_Survey_and_Mapping_of_Medicinal_and_Aromatic_Plants_from_Alpine_Regions_of_Uttarakhand_and_Developing_Uttarakhand-Alpine_Information_System
https://www.researchgate.net/publication/358722466_Survey_and_Mapping_of_Medicinal_and_Aromatic_Plants_from_Alpine_Regions_of_Uttarakhand_and_Developing_Uttarakhand-Alpine_Information_System
https://www.researchgate.net/publication/358722466_Survey_and_Mapping_of_Medicinal_and_Aromatic_Plants_from_Alpine_Regions_of_Uttarakhand_and_Developing_Uttarakhand-Alpine_Information_System

12

(43]

(44]

[45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

F. Shamsa, H. Monsef, R. Ghamooshi, and M. Verdian-rizi,
“Spectrophotometric determination of total alkaloids in some
Iranian medicinal plants,” Thai Journal of Pharmaceutical
Sciences (TJPS), vol. 32, pp. 17-20, 2008.

V. Katalinic, M. Milos, T. Kulisic, and M. Jukic, “Screening of
70 medicinal plant extracts for antioxidant capacityand total
phenols,” Food Chemistry, vol. 94, no. 4, pp. 550-557, 2006.
Y. H. Chu, C. L. Chang, and H. F. Hsu, “Flavonoid content of
several vegetables and their antioxidant activity,” Journal of
the Science of Food and Agriculture, vol. 80, no. 5, pp. 561-566,
2000.

D.D. Quy, E. A. Artik, L. T. Phuong et al., “Effect of extraction
solvent on total phenol content, total flavonoid content, and
antioxidant activity of Limnophila aromatic,” Journal of Food
and Drug Analysis, vol. 22, pp. 296-330, 2013.

World Health Organization, WHO Monographs on Selected
Medicinal Plants, World Health Organization, Geneva,
Switzerland, 1999.

Acc Weather, “India current weather,” 2020, https://www.
accuweather.com/en/in.

S. Gairola, N. M. Shariff, A. Bhatt, and C. P. Kala, “Influence of
climate change on production of secondary chemicals in high
altitude medicinal plants: issues needs immediate attention,”
Journal of Medicinal Plants Research, vol. 4, no. 18,
pp. 1825-1829, 2010.

N. Singh, A. P. Gupta, B. Singh, and V. K. Kaul, “Quantifi-
cation of picroside-I and picroside-1I in Picrorhiza kurroa by
HPTLC,” Journal of Liquid Chromatography ¢ Related
Technologies, vol. 28, no. 11, pp. 1679-1691, 2005.

H. Purohit, B. P. Nautiyal, and M. C. Nautiyal, “In-
terpopulation variation in Picrorhiza kurrooa Royle ex Benth-
step towards identifying genetic variability and elite strains for
crop improvement study,” American Journal of Plant Physi-
ology, vol. 5, no. 4, pp. 193-203, 2010.

S. Pandit, K. Shitiz, H. Sood, and R. S. Chauhan, “Differential
biosynthesis and accumulation of picrosides in an endangered
medicinal herb Picrorhiza kurroa,” Journal of Plant Bio-
chemistry and Biotechnology, vol. 22, no. 3, pp. 335-342, 2013.
S. Takshak and S. B. Agrawal, “Ultraviolet-B radiation: a po-
tent elicitor of phenylpropanoid pathway compounds,”
Journal of Scientific Research, vol. 60, pp. 79-96, 2016.

P. Adhikari, K. Joshi, M. Singh, and A. Pandey, “Influence of
altitude on secondary metabolites, antioxidants, and anti-
microbial activities of Himalayan yew (Taxus wallichiana),”
Plant Biosystems-An International Journal Dealing with all
Aspects of Plant Biology, vol. 156, no. 1, pp. 187-195, 2022.
M. Katoch, I. S. Fazli, K. A. Suri, A. Ahuja, and G. N. Qazi,
“Effect of altitude on picroside content in core collections of
Picrorhiza kurrooa from the north western Himalayas,”
Journal of Natural Medicines, vol. 65, no. 3-4, pp. 578-582,
2011.

M. C. Nautiyal and B. P. Nautiyal, Agrotechniques of High
Altitude Medicinal and Aromatic Plants, Bishen Singh
Mahendra Pal Singh, Dehradun, India, 2004.

I. F. Benzie and Y. T. Szeto, “Total antioxidant capacity of teas
by the ferric reducing/antioxidant power assay,” Journal of

Evidence-Based Complementary and Alternative Medicine

(58]

(59]

(60]

Agricultural and Food Chemistry, vol. 47, no. 2, pp. 633-636,
1999.

1. I. Koleva, T. A. Van Beek, J. P. Linssen, A. D. Groot, and
L. N. Evstatieva, “Screening of plant extracts for antioxidant
activity: a comparative study on three testing methods,”
Phytochemical Analysis, vol. 13, no. 1, pp. 8-17, 2002.

M. P. Kdhkonen, A. I. Hopia, H. J. Vuorela et al., “Antioxidant
activity of plant extracts containing phenolic compounds,”
Journal of Agricultural and Food Chemistry, vol. 47, no. 10,
pp. 3954-3962, 1999.

Y. Velioglu, G. Mazza, L. Gao, and B. D. Oomah, “Antioxidant
activity and total phenolics in selected fruits, vegetables, and
grain products,” Journal of Agricultural and Food Chemistry,
vol. 46, no. 10, pp. 4113-4117, 1998.


https://www.accuweather.com/en/in
https://www.accuweather.com/en/in



