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Abstract Phytochemicals are broadly acknowledged
for their health-promoting effects owing to the fact of
their capacity to counteract free radicals (e.g., superox-
ide anion radical, hydroxyl radical, hydroperoxyl radi-
cal, singlet oxygen, hypochlorite, and nitric oxide) and
shield against oxidative stress induced by environmental
factors. This study aimed to investigate the relationship
between altitude, morphology, soil parameters, in vitro
antioxidant potential and phytochemical composition
of Phlomis cashmeriana collected from four different
locations of Kashmir Himalaya characterized by diverse
habitats and elevations. Various factors, such as extrac-
tion method, solvent polarity, and habitat conditions,
can impact the quantity and efficacy of phytochemi-
cals in plants. The aim of current study was to analyze
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phytochemical composition and antioxidant activity of
P. cashmeriana, an important medicinal plant found in
the Kashmir Himalaya region. The antioxidant activity
was accessed using several assays and the plant popula-
tions were selected based on their diverse habitat fea-
tures and altitudes. HR-LCMS was conducted for both
below-ground and above-ground parts. Some important
compounds such as, catechin, vinainsenoside, acuti-
lobin, and kaempferol were reported for the first time
from P. cashmeriana. Results showed that methanol
was the most efficient solvent for extracting phytochem-
icals. During the current study, it was also found that
the below-ground parts exhibited superior antioxidant
activity compared to the above-ground parts. Notably,
Site IV demonstrated the highest antioxidant potential;
a positive correlation between altitude and antioxidant
activity was also found. In conclusion, present research
identified specific elite populations having highest
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antioxidant potential and are well-suited for large-scale
cultivation of P. cashmeriana.

Keywords Phlomis cashmeriana - Phytochemicals -
Antioxidants - HR-LCMS - Oxidative stress
Himalayas - Soil properties

Introduction

Medicinal plants have been utilized as a valuable
source for developing various drugs and curing related
diseases. Different optimization techniques are used
to create safe and effective medicines using phyto-
chemicals as templates. Flavonoids, resins, alkaloids,
tannins, terpenoids, steroids, glycosides, fixed oils,
phenols, and volatile oils are bioactive compounds
present in plants and are stored in different parts of the
plant, including roots, leaves, bark, fruits, flowers, and
seeds. The therapeutic effects of these plant materials
is generally due to the combination of these secondary
metabolites. Due to their anti-inflammatory, antibac-
terial, antifungal, antidiabetic, antioxidant, and radio
protective action, these phytochemicals are widely
employed for medical purposes (Anand et al., 2022;
Kumar et al., 2008; Samadov, 2022).

Plants undergo direct effects from various environ-
mental stresses that are recognized for altering their
structural and functional attributes. Factors such as cli-
matic conditions, interactions with other plants, nutri-
ent availability, and genetic composition are known to
affect morphology besides secondary phytochemicals.
Altitude represents one of the important environmental
factors that have been found to have significant impact
on plant secondary metabolism. The potential of plant-
derived bioactive compounds to inhabit diseases is
widely recognized. These chemical entities, referred to
as secondary plant metabolites or specialized products,
are not indispensable for the plant’s growth and devel-
opment but function as defensive compounds, facilitat-
ing interaction with the environment for adaptation,
resistance to infections and pests, and also control
over flavor, color, and scent. Naturally occurring plant-
derived compounds are getting more recognition both
in traditional and modern systems of medicines due to
their efficiency in treating a variety of disorders.

Oxidative stress has gained popularity in the
medical sciences over the past 30 years as it actively
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influences number of human ailments. Cells gener-
ate highly detrimental reactive oxygen species (ROS)
through the metabolic process of oxygen metabolism.
The rate at which oxidant is eliminated normally
counterbalances the pace and magnitude of oxidant
formation. An imbalance between poduction and
accumulation of ROS causes oxidative stress, these
elevated ROS levels have a substantial impact on
biological cells’ ability to function, which can cause
improper cell activity, aging, or disease (Rodrigo,
2009; Arfin et al., 2021). The scientific community is
very interested in investigating antioxidants and their
applications in a variety of disciplines, including food
engineering, medicine, and pharmacy. Search for
naturally occurring antioxidants for use in pharma-
ceuticals and food industries in substitute of synthetic
antioxidants, whose consumption is restricted due to
their carcinogenicity, has recently gained a great deal
of attention. The global market for antioxidants is
increasing every passing day, and it is worth to men-
tion that by year 2027, it is anticipated to be 1.6 bil-
lion US$. Numerous medicinal plants still need to be
studied for their potential to promote health and scav-
enge free radicals (Belwal et al., 2019; Bhatt et al.,
2017).

P. cashmeriana commonly referred to as Kashmir
sage (Darshol) is an important perennial medicinal
herb of Kashmir Himalaya belonging to family Lami-
aceae. Many species of this family are valued for their
therapeutic benefits and economic value due to their
naturally occurring volatile oils (Qadir et al., 2022;
Sartoratto et al., 2004; Shadia et al., 2007). Several
biological and pharmaceutical effects of Phlomis
spp. include antimicrobial (Wafa et al., 2016), anti-
ulcerogenic (Amor et al., 2009), antinociceptive
(Shang et al., 2011), anti-inflammatory, anti-fibril-
lation, immunosuppressive (Shang et al., 2016), and
antidiabetic (Sarkhail et al., 2007). In Anatolian folk
medicine, multiple species of Phlomis are employed
as tonics and stimulants, as noted by Aghakhani and
Kharazian in 2019. Within the Phlomis genus, vari-
ous types of glycosides, including diterpenoids, phe-
nylethanoids, phenylpropanoids, iridoids, and flavo-
noids, have been documented. P. cashmeriana grows
frequently in wild or on exposed hillsides and flowers
in the summer. P. cashmeriana is native to Afghani-
stan, Tadzhikistan, West Himalaya, and Pakistan
(POWO, 2023). It has multiple stems (40-80 cm),
simple as well as branched with woody root stock.
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The inflorescence has verticillasters, labiate flowers
with an upper lip that is plainly falcate, and corolla
lobes that are pale purple in color (Fig. 1).
Considering the immense potential of this genus,
the current study was initiated with the following
objectives in mind: (1) qualitative and quantitative
screening of the diverse phytochemicals found in P.
cashmeriana; (2) evaluation of in vitro antioxidant
potential of different extract of P. cashmeriana; (3)
Impact of solvent, altitude, plant part, and various
soil parameters on antioxidant potential; and (4)

relationship between altitude, morphological attrib-
utes, phytochemicals, soil parameters, and the anti-
oxidant potential of P. cashmeriana.

Methodology

Study area

Kashmir Himalaya was chosen for the current study
located in India. During the year 2020-2021 extensive

Fig. 1 A-D Phlomis cashmeriana growing in its natural habitat (A Daksum; B KUBG; C Jawahar tunnel; D Hillar naar)
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filed survey were carried out across the selected study
area. Keeping in consideration the availability and
accessibility, four populations of P. cashmeriana vary-
ing in altitude and habitat conditions were selected to
carry out current study (Table 1). The sites selected
were Jawahar tunnel (Site IV), Hillar naar (Sitelll),
Daksum (Sitell), and KUBG (Sitel) (Fig. 1 and 2).

Samplings and analysis

The whole plant samples of P. cashmeriana were col-
lected from each population in air tight polyethylene
zipper bags. The plant specimens were submitted in
the KASH under voucher specimen numbers, 2941,
2942, and 2943. The collected samples were taken

Table 1 Geo-coordinates and habitat features of study sites of Phlomis cashmeriana

Study sites Altitude (m-asl)

Latitude and longitude

Climatic zone Habitat features

KUBG (Site I) 1590 34°51'N, 74° 48'E Temperate zone Moist and open field
Daksum (Site II) 2010 33°57'N,75°36'E Temperate zone Sunny with partial shade
Hillar Naar (Site IIT) 2208 33°55'N,75° 18'E Temperate zone Open sunny rocky slope
Jawahar tunnel (Site IV) 2585 33°64'N, 75° 21, E Temperate zone Open sunny rocky slope
74°15'0"E 75°0'0"E 75°45'0"E
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Fig. 2 Location map (Asterdem) of study sites
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to the lab and were portioned into upper ground and
lower ground parts. The plant material after proper
cleaning was kept at room temperature and shade
dried. After shade drying the plant material was
grinded. One hundred grams each of upper ground
part (leaf, stem, and inflorescence) and below ground
(thizome) was weighed accurately. The weighed
samples were packed in extractor of soxhlet appara-
tus. The plant samples were extracted successively in
the soxhlet apparatus (seven cycles for each solvent).
Four different solvents were used for the extrac-
tion process, with increasing polarity in the follow-
ing order: petroleum ether, ethyl acetate, methanol,
and finally aqueous. Rotatory vaporizer was used to
vaporize the solvent and subsequently stored at 4 °C
in refrigerator to carry out further phytochemical
analysis (Paudel et al., 2018).

Morphological characterization

To examine the phenotypic traits of the species, 20 fully
mature flowering plants were randomly collected from each
chosen site. These plants were then subjected to a detailed
assessment of their morphological characteristics, as out-
lined in the supplementary table 8 (Qadir et al., 2022).

Quantification of total phenolics (TPC)

To determine the total phenolic content, 100 mg of the
sample’s extract was measured and dissolved in double
distilled water (100 mL). Then, 1 mL of this solution
was transferred to a test tube and mixed with 0.5 mL of
2N Folin Ciocalteu reagent and 1.5 mL of 20% Na,CO,
solution. The final volume was made 8 mL with addi-
tion of double distilled water and thoroughly shaken.
Reaction mixture was allowed to stand undisturbed
for a duration of 2 h, following which the absorbance
was measured at a wavelength of 765 nm. The gal-
lic acid was used as a standard (Y=9.887x+0.0129,
R?>=0.9974). The results were expressed as mg of gal-
lic acid equivalents (GAE)/g of plant extract as mean
of three replicates (Hagerman et al., 2000).

Quantification of total flavonoids (TFC)

The method is based on the formation of the flavo-
noids-aluminum complex which has an absorptiv-
ity maximum at 415 nm. One hundred microliters
of the plant extracts in methanol (10 mg/mL) was

mixed with 100 pL of 20% aluminum trichloride in
methanol and a drop of acetic acid and then diluted
with methanol to 5 mL. The absorption at 415 nm
was read after 40 min. Blank samples were prepared
from 1 mL of plant extracts and a drop of acetic
acid, and then diluted to 5 mL with methanol. All
determinations were carried out in triplicates addi-
tionally; rutin solution (0.5 mg/mL) in methanol
was used as a standard and analyzed using the same
conditions in order to make comparisons between
the results obtained. The rutin trihydrate was used
as standard (¥Y=0.0101x+0.0389, R2:0.9922),
and the results of TFC were expressed as mg of
rutin equivalents (RE)/g of plant extract. Each sam-
ple was analyzed in triplicate (Kumaran & karuna-
karan, 2006).

Phytochemical identification via HR-LCMS

Methanolic extracts of both above and below ground
parts were subjected to HR-LCMS analysis. The
analysis was carried out at IIT Mumbai, India, having
equipment model and make (1260 IN, 6550-QTOF
Agilent, USA). For the acquisition technique, a mass
range of 50 to 3200 amu was defined, with a mass
precision <1 ppm and a scanning rate of each spectra
per second. The investigation was carried out in both
positive and negative ESI mode (Rafiq et al., 2022).

Evaluation of the antioxidant activity
DPPH

For DPPH test, method of Braca et al. (2002) was
modified in order to test the DPPH radical scaveng-
ing capacity of plant extracts. Using 1 mL (0.5 mM)
DPPH solution, various concentrations of above and
below-ground extract (50-600 g/mL) were diluted.
The reaction mixture was vortexed and subsequently
kept in dark for 30 min. After incubation, the sample’s
absorbance against methanol at 517 nm was assessed
spectrophotometrically (Shimadzu 1900i, Kyoto,
Japan) (used as a blank). The decrease in absorbance
depicted an increase in DPPH’s capacity to scavenge
free radicals. The proportion of DPPH inhibition was
determined using the following formula:

Scavenging rate = [1 — (A; — A,)/A,] X 100%
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A, represented the control’s absorbance (DPPH
alone, with no extract), A, represent the extract
absorbance containing DPPH, and A, the absorbance
of the extract excluding DPPH. The 50% suppression
of DPPH radicals by an extract was used to express
its antioxidant ability (ICs, g/mL of extract). The pol-
ynomial regression equation was used to compute the
extract’s ICy.

In vitro nitric oxide radical (NO) scavenging assay

Using the Marcocci et al. (1994) approach, NO pro-
duced by sodium nitroprusside (SNP) was quantified.
Precisely, 5-mL reaction was prepared by mixing
5-mM SNP in phosphate buffer saline having pH 7.3,
with varied concentrations of plant extract. This was
kept at 26 °C for about 1.5 h under visible polychro-
matic light (tungsten lamp of 60 W). The absorbance
at 546 nm was measured at a 30-min gap by mixing
equal amounts, i.e., | mL each of incubation mixture
and Griess reagent. A standard curve based on sodium
nitrite solutions with known concentrations was used
to quantify the amount of nitrite produced in presence
or absence of the plant extract. Whole procedure was
repeated thrice, and data was calculated as the mean
of three distinct calculations. % Inhibition was calcu-
lated as follows:

% inhibition = (AC — AS)/AC x 100

where AC and AS denote the absorbance of the con-
trol (without the plant extract) and absorbance of the
sample (reaction mixture containing plant extracts),
respectively.

Reducing power ability

The capacity of the extracts to reduce Fe**was exam-
ined using a modified version of Oyaizu’s, 1986 tech-
nique. To carry out the test, equal volumes (0.75 mL)
of potassium hexacyanoferrate [K;Fe(CN)6] (at a
concentration of 1% w/v) and phosphate buffer (0.2
M, pH 6.6) were taken. The total mixture after plac-
ing in a water bath for 20 min at 50 °C. Then, 0.75
mL of trichloroacetic acid (TCA) solution (10%) was
added, and centrifuging it for 10 min at 3000 rpm, a
solution containing ferric chloride (FeCl;) (at a con-
centration of 0.1% w/v), 1.5 mL of distilled water,
and 0.1 mL of the supernatant was combined and
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left for 10 min. The reducing power was assessed by
measuring the absorbance at 700 nm (Oyaizu’s et al.,
1986). Absorbance value directly indicated the reduc-
ing potential, higher absorbance was indicative of
better reducing power.

Hydroxyl radical scavenging (OH) activity

In order to evaluate hydroxyl scavenging activity
method given by Klein, the mixture contained the fol-
lowing ingredients was prepared: 1.0 mL of varied
extract concentrations (2-10 mg/mL), iron-EDTA
solution 1 mL, EDTA (0.018%) 0.5 mL, DMSO 1
mL, and 0.22% ascorbic acid 0.5 mL. After heating
at 80-90 °C for 15 min using a well-sealed water bath
within the tubes, the reaction was halted by introduc-
ing 1.0 mL of ice-cold TCA (17.5%) to the previously
mentioned reaction mixture. Following this, 3.0 mL
of the Nash reagent, which includes 75.0 g of ammo-
nium acetate, 3 mL of glacial acetic acid, 2.0 mL
of acetyl acetone, and 1 L of double-distilled water,
was added. The color development was then allowed
to proceed for 15 min at 27 °C while measuring the
absorbance at 412 nm. Standards used were ascorbic
acid and gallic acid. By comparing the test with the
standard, the percentage of inhibition was calculated
using following formula.

% inhibition = (AC — AS)/AC x 100

where AC stands for the absorbance of the control
(without the plant extract) and AS for the absorb-
ance of the sample (reaction mixture containing plant
extracts) (Klein et al., 1981).

Soil sampling and analysis

During August 2020, both plant and soil samples were
collected simultaneously. At each site, three soil sam-
ples were collected from depths of 0-30 cm. These
three samples were combined into one sample per site
after manually removing any roots and stones present.
The soil samples were then dried in air for 10 days;
properly dried soil samples were grinded using mortar
and pestle and then passed through a 0.5-mm metallic
sieve. The powdered soil samples were stored at room
temperature for later physicochemical analysis, which
was performed at the Soil Testing Laboratory in Lal
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mandi Srinagar, Jammu and Kashmir, India. The pH of
each soil sample was measured in a 1:2 soil water sus-
pension using a digital pH meter. Various parameters
such as organic carbon, available nitrogen, phospho-
rus, and potassium content were analyzed in each layer
using standard methodology described by Bray and
Kurtz (1945), Subbiah and Asija (1956), Walkley and
Black (1934), and Morwin and Peach (1951). To con-
vert the organic carbon percentage into organic matter
percentage, a factor of 1.724 was used.

Statistical analysis

The findings presented are an average of three analyses,
and a linear regression model was used to derive equa-
tions for standards, gallic acid, and quercetin. These
equations were then applied to calculate the total flavo-
noid and polyphenol contents based on linear relation-
ships. To compare the significance of differences in
polyphenol and flavonoid levels among the extracts, the
Tukey’s test was conducted with a significance level of
p<0.05. Different concentrations varying from 50 to
600 uL were used. During preliminary investigation,
concentration at 600 puL. was seen to exhibit the best
activity in all the four assays. Thus, in order to carry
further analysis, only 600 pL concentration was used for
experimentation. The data was analyzed using three-way
ANOVA. To evaluate the antioxidant activity of all the
extracts, the ICy, values were calculated using a suitable
regression equation (linear or non-linear) based on the
percentage activity at various concentrations. The sig-
nificance of the results was assessed using the F-statis-
tic with a significance level of p<0.05. The statistical
software SPSS 23 (SPSS Inc., Chicago, IL, USA) was
employed to analyze variance (ANOVA), and Tukey’s
test was used for multiple comparisons of the antioxi-
dant tests. Origin Pro 2021 was used for pairwise com-
parison and other correlation plots.

Results

Qualitative and Quantitative Analysis of Phytochemi-
cal: while examining various extracts from different
parts of P. cashmeriana, it was revealed that there is
a notable to substantial presence of various bioactive
compounds, as summarized in the Supplementary

Table 1. The total phenolics and flavonoids varied
significantly from both parts i—e above and below
ground of P. cashmeriana across all studied sites (Sup-
plementary Table 2). Methanolic fractions of Site IV
exhibited higher phenolic (below ground 159.4+9.17;
above ground 107.93 +1.66 mg GAE/g) and flavonoid
content (below ground 188.07+2.04; above ground
112.60+4.33mg rutin/g, respectively) compared to
other populations. Between the different extracts TPC
and TFC of P. cashmeriana, a significant deviation was
observed, and a particular trend followed was petro-
leum ether>ethyl acetate extracts>aqueous> metha-
nolic extract. Concentration of phenolic compounds
was found maximum (159.4+9.17 mg GAE/g) in
methanolic extracts obtained from below ground part
followed by 52.73+1.70 mg GAE/g and 46.27 +2.29
mg GAE/g in ethyl acetate and aqueous extract, respec-
tively. The methanolic extract exhibited the high-
est flavonoid content in the rhizome, measuring at
188.07 +2.04 mg rutin/g extract. This was followed by
the ethyl acetate extract, which contained 76.18 +2.07
mg rutin/g extract (Fig. 3).

HR-LCMS

Said approach was utilized in analyzing and identify-
ing phytochemicals in methanolic extract of P. cash-
meriana from below and aboveground parts (Tables 2
and 3). The major compounds found in these extracts
were acutilobin, lentiginosine, secoxylognin, doro-
nine, catechin, cassine, anemonin, nelumboside,
columbin, sophoronone, glaucarublin, kuwanon z,
Isoscopoletin  vinainsenoside, acutilobin, kaemp-
ferol, sophoranone, and acutilobin. Methanol-based
extracts from both below ground and above ground
parts displayed 15 significant peaks in ESI+and 20 in
ESI—modes using HR-LCMS, as shown in Fig. 4.

Antioxidant assays

All four in vitro antioxidant assays revealed significant
variation (p>0.05) between the solvents across all the
study sites (Fig. 5). Moreover, absorbance and antioxi-
dant percent inhibition and significant variation observed
between below and above ground parts were observed as
depicted in paired comparison plot (Fig. 6). Furthermore,
variation in site, solvent and plant parts, and their interac-
tion significantly affected antioxidant activity of P. cash-
meriana (Table 4). Among all the four assays, DPPH

@ Springer
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exhibited maximum activity (79.25 +2.82) in methanolic
extract of below ground part from Site IV followed by
OH radical antioxidant assay (77.09+2.68). While cor-
relating the flavonoid, phenolic content, and antioxidant
activity (Fig. 7 and Supplementary Table 7), all param-
eters have a significant relationship (p <0.001).

DPPH radical scavenging activity

The quantitative assessment ability of various P. cash-
meriana extracts to neutralize DPPH radicals was con-
ducted. Upon addition of DPPH to plant extracts, swift
diminish in optical density took place at 517 nm, sig-
nifying the extract’s strong scavenging capability. The
extract displayed noteworthy antioxidant activity, which
increased with higher doses in a manner comparable to
ascorbic acid, serving as the control standard antioxidant.

@ Springer

By plotting the concentration against activity, the
extract’s ICs, value, which represents the concentration
needed for a 50% reduction in DPPH radicals, was deter-
mined to be 207.144 pg/mL. In comparison, ascorbic
acid required 158.162 pg/mL in methanolic extracts from
the below-ground part of Site IV population, followed by
Site I with 302.6 ug/mL (Supplementary Table 3).

Nitric oxide radical (NO) scavenging assay

Noticeable variations were noted in the NO scaveng-
ing activity of P. cashmeriana extracts and their frac-
tions. Extracts possessed concentration-dependent
potential in-order to scavenge NO radicals. Metha-
nolic extract from below-ground part from Site IV
(47.71+£0.27), followed by the ethyl acetate extract
(38.61+0.14) from the same location was found to
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Table 2 (continued)

M/Z RT Adduct CLASS

Mass

Formulae

Name

S.No.
47.

(M+CH3COO) Dihydroxy flavanone

519.28 16.431
16.663
16.787

460.27

C30H3604

Sophoranone

Quassinoid

(M+CH3COOY

(M-Hy

555.244
979.551

496.23

Glaucarubin Cy5 H3404

48.

Steroid glycosides
and triterpene

saponins.

980.56

C48 H84020

Vinaginsenoside R13

49.

Pyranocoumarins

(M-H)

327.127 18.182
19.829

328.13

C 1 9H2005

Acutilobin

50.
51

Withanolide/glyco-

(M-H)

633.336

Cy4HOy, 634.34

(3b,20R,22R)-3,20,27-

side

Trihydroxy-1-oxowi-

tha-5,24-dienolide

3-glucoside

Alkaloid

(M+HCOO)

20.674

495.274

448.27

Usambarine C;oH3,N,

52.

possess most robust power in terms of scavenging.
The ICs, values for different extracts varied between
714.21 and 3409.93 pg/mL, whereas ascorbic acid
exhibited an ICs,, value of 332.38 pug/mL as presented
in (Supplementary Table 4).

Reducing power ability

Extracts shows dependence on concentration and
solvent utilized. Higher absorbance indicates greater
capacity for reducing activity in the samples. When
compared to other extracts, the methanolic extracts
from below-ground part demonstrated the most
robust reducing power capability, having the high-
est value 0.973+0.001, followed by ethyl acetate
(698 £0.001), aqueous (612+0.001), and petroleum
ether (PE) (532+0.001) extracts. Rhizomes reducing
ability was found to be relatively lower. Concerning
different collection sites, Site 4 exhibited the highest
antioxidant potential, while Site 1 displayed the low-
est (Supplementary Table 5).

Hydroxyl radicals (OH)

The methanolic extract exhibited dependence on con-
centration for inhibition of hydroxyl radical-induced
deoxyribose degradation. The highest inhibition
percentage, reaching 71.42+0.58%, was noted on
concentration of 600 pg/mL from the below-ground
extract of Site IV, followed closely by Site III with
a percentage of 70.84+0.58. In the case of above-
ground extracts, Site 2 recorded the highest inhibi-
tion at 64.81+0.39, followed by Site 1 and Site IV
at 61.71 +£0.38 and 58.20+0.19, respectively, while
the lowest activity was observed at Site 1, with a per-
centage of 56.45+0.78. The ICs, values for different
extracts (ethyl acetate, methanol, petroleum ether,
and aqueous) of below-ground parts were 62.16 ug/
mL, 70.60 pg/mL, 126.93 ug/mL, and 562.78 pg/mL,
respectively (refer to Supplementary Table 6). Site
1 exhibited the highest reduction in OH radicals and
had the lowest value for ICs, followed by Sites 11, III,
and IV.

Soil analysis
Soil properties like soil mineral components var-

ied significantly among study sites. Detailed results
obtained from soil samples of different study sites.

@ Springer
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Fig. 4 Identified phytochemicals in methanolic extracts of below ground parts (rhizome) (A ESI positive mode, B ESI negative
mode) and above ground parts (leaf, stem, and flower) (C ESI positive mode, D ESI negative mode) using the HR-LCMS technique

The percentage electric conductivity was recorded
maximum (0.344 +0.017%) for study Site IV and
minimum (0.185+0.036%) for Site I. pH was
recorded maximum (8.05+0.29) for Site I and
minimum (5.927 +0.56) for Site IV. Phosphorous,
potassium, and sulfur were recorded maximum
(102.734 +5.17, 334.466 + 8.838, and 27.21 +2.84)
for Site I and minimum (51.767 +3.53, 204.5 +2.51,
and 18.785+2.03 ppm) for Site IV. Nitrogen,
organic carbon, and organic matter was found maxi-
mum (537.58+7.11, 8.022+0.22, 13.829+0.35
ppm) for Site I and minimum (392.737 +3.45,
6.780+0.06, and 11.70+0.11ppm) for Site 4
(Table 5).

Morphology

Morphological traits of P. cashmeriana were stud-
ied across the study sites and significant variations
in phenotypic traits were recorded across populations
at different altitudes (Supplementary Table 8). Site I
had the plants with maximum height (59.41 +12.43
cm), while Site IV had the shortest (41.5+5.99 cm)

@ Springer

plants. Root length and breadth of 28.6+5.98 and
1.80+0.29 cm respectively were highest at Site I, and
the lowest at Site IV at 13.03+2.99 and 1.49+0.24
cm, respectively. Number of leaves varied from
22.31+11.41 per plant (Site I) to 19.89+4.81 (Site
IV), while mean apical and basal leaf length per plant
ranged from 10.99+0.89 and 16.11+3.05 cm (Site
I) to 5.99+0.45 and 8.98+1.97 cm (Site 1V), cor-
respondingly. Finally, leaf width with respect to api-
cal and basal ranged from 3.114+0.39 and 5.66+0.87
cm per plant (Site I) to 1.82+0.37 and 2.41 +0.52
cm (Site IV), respectively. Flower number varied
from 19.02+2.72 (Site I) to 15.3+3.11 (Site IV),
respectively. Petiole length of apical and basal leaves
ranged from 1.49+0.15 cm (Site I) and 16.11+3.03
cm and 1.82+0.37 cm and 6.58 +1.42 cm (Site IV),
respectively.

Discussion

The findings demonstrated that solvent polarity
and subsequent extraction of phytochemicals have
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Fig. 5 A-D The plot presents a comparison of different anti-
oxidant assays (D reducing power, A DPPH radical scaveng-
ing, B nitric oxide radical scavenging, and C hydroxyl radical
scavenging) across study sites. The plot illustrates the vari-

an impact on variations in TPC and TFC of various
extracts. The antioxidant activity of plant extracts can
be related with acutilobin, lentiginosine, secoxylog-
nin, doronine, catechin, cassine, anemonin, nelum-
boside, columbin, sophoronone, glaucarublin, vinain-
senoside, acutilobin, kaempferol, sophoranone, and
acutilobin identified by LC-MS. This study offered
the first account of an HR-LCMS/MS-based phy-
tochemical analysis of P. cashmeriana. The role
of Isoscopoletin, catechin, Kawanon Z, as an anti-
oxidants, has been elucidated by several workers
(Ahmad & Ghosh, 2022; Bai et al., 2019; luo et al.,
2022). In order to increase antioxidant activity, these
molecules may interact with other phytochemicals

% Inhibition NO
w0
=)

marl

Site I Site II‘ESite I Site IV

1.0 4 | |
n.S.

0.6 I
~ I -

Site I Site 11 Site 11 Site IV

Absorbance (Reducing power activity)

ation in absorbance and % inhibition, and significant differ-
ences between study sites are indicated by asterisks (¥p <0.05,
*#p <0.01, ***p<0.001) while non-significant differences are
denoted as “ns”

(Okur et al., 2021; Sharma & Cannoo, 2016). Effect
of extraction solvents/techniques on polyphenolic
contents and antioxidant potential of the aerial parts
of Nepeta leucophylla and the analysis of their phy-
toconstituents using RP-HPLC-DAD and GC-MS.
RSC advances, 6(81), 78,151-78,160.). It is well
known that due to different polarity of extraction sol-
vents, varied amounts of polyphenol and flavonoid
components from plants are obtained (Ztotek et al.,
2016; Dhanani et al., 2017). To dissolve phytochemi-
cals with similar polarities, a variety of extraction sol-
vents were utilized starting from low to high polarity.
As a general phenomenon higher the polarity of sol-
vents higher will be the quantity of phytochemicals;

@ Springer
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Fig. 6 Paired comparison plot showing partwise variation
(1, aboveground; 2, belowground parts) in absorbance and %
inhibition of antioxidant assays. A Reducing power activity, B
DPPH radical scavenging activity, C nitric oxide radical scav-

therefore, low-polarity solvent such as P.E often leads
to minimal extraction of TPC and TFC. Contrarily,
ethyl acetate and methanol extracts both displayed
high TPC and TFC, likely as a result of the large
number of chemicals in these extracts that include
polyphenol and flavonoid groups. The current study
is supported by earlier documented research on the
extraction of various flavonoid and polyphenol in dif-
ferent plant species owing to the fact of different sol-
vents (Boeing et al., 2014, Chand et al., 2016; Saeed
et al., 2012). For several kinds of plants in the area,
there is a clear intraspecific variation in the antioxi-
dant activity and phytochemical content among plant
samples. These variations are typically linked to one
of the following factors: (i) plants genetic makeup,

@ Springer
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enging activity, and D hydroxyl radical scavenging activity.
The significance level in antioxidant potential between below-
ground and above ground parts denoted as stars (¥***p <0.001,
**¥p<0.01, *p <0.05, ns, non-significant)

1 2 1 2

Site IV

(ii) stage of plant development (Rawat et al., 2014),
(iii) impact of light intensity, (iv) growing altitude of
the plant (Alonso-Amelot et al., 2007), and (v) local
microclimate (Oloumi & Hassibi, 2011). The phyto-
chemical heterogeneity found in our study may also
be attribute to varied habitat and climatic conditions
besides genetic background of each collected plant
samples from four different habitats having altitudinal
range of 1593-2582 m asl. The differences in phenolic
mass fraction between different blueberry cultivars
were determined to be caused by the growing season
(Dragovi-Uzelac et al., 2010), while altitude of plant
affects the tannin, glycyrrhizin flavonoid, and alkaloid
content of licorice (Glycyrrhiza glabra). Binns et al.,
(2002) documented that in Echinacea angustifolia,
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Table 4 (continued)
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123.7 0.00*

2141.28

141.38
2447.25

424.1

Site

0.00*

7341.8
53.6

Solvent

0.00*

15.63
39.95

92.63

17.86
45.66
105.86

Plant part X site

0.00*

137

3

Plant part X solvent

0.00*

952.8

Site X solvent

0.00*

455.2 50.57 44.25

9

Plant part X site X sol-

vent

1.14

64 73.1

95

Error

13,731.3

Total

phytochemical diversity shows strong positive cor-
relation with altitude. Comparable reports are also
available on various other species, such as Centella
asiatica (Devkota et al., 2010) and EFucommia ulmo-
dies (Tong et al., 2008). Moreover, Azadirachta indi-
ca’s phytochemicals and antioxidant activity were
examined in relation to the initial temperature treat-
ment (Vats, 2016). The diversity of habitat and micro-
climatic circumstances may be responsible for the
variance in content of total phenolics and antioxidant
activity across different sites (Lutharia and Mukho-
padhyay, 2006). According to reports, phenolic com-
pounds build up more with rising altitude as a form
of defense against UV-B radiation from sunshine,
which is why there is a maximum concentration at
higher altitudes (>2200 m asl) (Chaves et al., 1997).
In plants, the accumulation of secondary metabolites
is significantly influenced by altitude, because of the
higher UV exposure, stress conditions, and lower
temperature (zidorn et al., 2005; Spitaler et al., 2008;
Giupponi et al., 2020), the findings of this investiga-
tion demonstrated that some physico-chemical char-
acteristics of soil were significantly impacted by
changes in altitude, understanding how changes in
soil properties affect plant phytochemistry and, in
turn, the plants’ ability to produce antioxidants.
Throughout the gradient in altitude, there was a
reduction in the total N and OM content. High precipi-
tation and low temperatures may slow the decomposi-
tion of soil organic matter. It is likely that variations in
decomposition and nitrogen turnover rates contributed
to variations in soil nitrogen storage. One of the funda-
mental source of OM in forest is litter and its quantity/
quality relies on the plant species which is dominant
(Magray et al., 2022). The primary element of the for-
est floor, OM, promotes microbiological diversity and
maintains a steady supply of nutrients over the long
term. The majority of soil C comes from OM and con-
trols the soil’s characteristics (Woomer et al., 1999).
The availability of N and K exhibited a strong positive
association with the amount of OC and OM. Since,
quantity of these vital nutrients is inversely correlated
with humus concentration lends weight to this (Gupta
& Sharma, 2008), OC and accessible P content had a
negative relationship. Concentration of N in the for-
est soil is determined by OM content of soil (Magray
et al., 2022). The assessed forest sites’ N (%) content
revealed minimal variance between them. At eleva-
tion, the pH did not change significantly. Site IV had
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Fig. 7 Correlation plot showing relationship between alti-
tude, morphology, soil characteristics, and different antioxidant
assays. ALT-altitude, P-phosphorous, K-potassium, S-sulfur,
N-nitrogen, OC- organic carbon(%), OM-organic matter(%),
Total ph.-total phenolics, Total flv-total flavonoids, PH-plant
height, RL-rhizome length, RB-rhizome breadth, NOL-num-
ber of leaves, BLL-basal leaf length, BLB-basal leaf breadth,

a mildly acidic environment. Moreover, Engda et al.,
(2008) observed that tree roots continuously absorb
basic cations, which may be another factor contribut-
ing to the acidic nature of forest soils. Generally high-
altitude soils have high organic matter content and
favorable pH (Fitzsimons & Michael, 2017). However,
this study revealed that the sites at higher altitudes
were partially to fully rocky habitats. Environments
that are mostly rocky are generally less fertile com-
pared to other habitats. Which could explain the low
levels of OC and OM at these altitudes. There is more
biomass of herbaceous plants at higher altitudes than
at lower altitudes. Wild animals that graze on herba-
ceous biomass at higher altitudes may cause compac-
tion and reduce the volume and network of soil pores.
According to a survey, intensive grazing shrink’s soil
pores and compacts the soil (Yiiksek & Yiiksek, 2021).
The current study aids in understanding the interrela-
tions among various soil parameters and antioxidant
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BPL-basal petiole length, APL-apical petiole length, ALL-
apical leaf length, ALB-apical leaf breadth, DPPH-DPPH
radical scavenging activity, NO-nitric oxide radical scavenging
assay, OH-hydroxyl radical scavenging activity, RPA-reducing
power ability, FLAV-flavonoids mg Rutin/g, PHE-phenolics
mg GAE/g

activities across different habitats and altitudes. The
level of nutrients in the soil has a crucial impact on
the number of secondary metabolites, specifically fla-
vonoids and phenolics, as shown in Fig. 6. Our study
has uncovered a negative correlation between nitrogen
and TPC and TFC indicating that an increase in soil
nutrients, particularly nitrogen, leads to a decrease in
secondary metabolites. The carbon/nutrient balance
(CNB) hypothesis (Bryant et al., 1983) supports this
relationship, suggesting that nitrogen fertilization leads
to increased growth but decreased production of car-
bon-based secondary metabolites like terpenoids and
phenolics, and potentially increased concentrations
of nitrogen-based compounds like alkaloids (Fig. 7).
According to CNB hypothesis presence of light, nitro-
gen and carbon have significant impact on the forma-
tion of carbon- and nitrogen-based allelochemicals,
which subsequently has impact on the growth rate and
production of secondary metabolites. Changes in the
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plant’s carbon-to-nutrient ratio impact the quantity of
- o o — secondary metabolites produced. When there is a defi-
2z z ciency of nutrients, the plant synthesizes non-nitroge-
& é:\' 5’ %’ é’ nous metabolites (via shikimic acid pathway). Previous
E RN research has also indicated the same results (Duarte
SN et al., 2012). During current study, it was found that the
5 antioxidant potential of P. cashmeriana had a negative
4o s § relationship with morphological traits (height of plant,
C-I?I cil ?l ?I 2 root/leaf dimensions, and parameters of soil). Mor-
Blawgg gn phological as well as concentration of phytochemicals
Sls22 G < showed significant variation relaying on the elevation
S of plants from the study site as revealed from the study;
ToRy é this variation in morphology is due to the diverse
VIR 54 phenotypic expressions resulting from different habi-
g 5 3 5 cE é tats (Javid et al., 2023a, b; Suyal et al., 2019). Similar
S 53 nog g variations have also been observed in other Himalayan
“ - 8 medicinal plants. The direct relation in morphological
- s and soil parameters is due to the fact that plants tend to
<+ = < o g : : ; ;
22 A = grow better in soils having good amount of nutrients
2 oA E than in poor ones (Inagaki et al., 2011). With nitrogen
Sl RIS go availability being a key limiting factor for plant growth
ol T8 E ‘E‘ (Kant et al., 2011). However, in nutrient-deficient soils,
w < = plant growth is restricted, as seen in Site IV. Negative
8 3B 7 = correlation shown by antioxidant potential and mor-
H o+ 4 H 2 phology is due to the fact that higher altitudes often
—_ o n O n > . .
w S o create more stress for plants, resulting in an enhance
E|lS g S 3 "E’ t tress for plant Iting hanced
;:’ § « § o 2 content of phytochemicals which ultimately leads to
3 igher activity of antioxidants but a reduction in over-
g higher activity of antioxidants but a reduct
o . .
Son oo = all plant growth (Cirak et al., 2017; Javid et al., 2023a,
A R B ol b).
H o+ o+ OH 4]
~| S o~ [5 <
ElSERS |2
Eldg " F |g .
SN B % Conclusion
o
o=~ o = The study emphasizes the screening of diverse plant
At NN = . . . . .
2 S ?'l ?'l ?l g populations to identify rich sources of phytochemi-
2 T 29N —§ cals and antioxidants. In our investigation, below-
g T 222 § ground parts of P. cashmeriana exhibited the highest
5 E phytochemical content followed by the above-ground
%) %ﬁ T4 % parts, suggesting potential benefits from the entire
2 2238 = plant. Various extracts of P. cashmeriana may serve
§ slAiHdad g as therapeutic agents against oxidative and non-oxi-
slol2as E dative damage caused by reactive oxygen and nitro-
é ol I .°§ gen species. Altitude significantly influenced antioxi-
2 8 - _ E dant activity, indicating enhanced potential in higher
B P % = g E altitude cultivation. Changes in altitude also affected
: 21¢ = @ *:Z A morphological features and soil properties, under-
2z 2 g k| § (% g scoring the importance of understanding their impact
e 3 a S8E ET|2 on plant phytochemistry. Future research aims to
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identify elite populations with specific habitat condi-
tions and altitude for mass propagation.
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