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Abstract

Background and Objectives: Secondary metabolites like phenols, flavonoids and terpenoids plays an important role in plants defense
system against free radicals. Increasing altitude magnifies the intensity of UV radiation and the decreasing temperature results in stressful
conditions for the plants. Coleus forskohlii is a well-known medicinal plant that grows along a wide altitudinal range of 500-2300 m.
Considering the globally accepted medicinal value of Coleus forskohlij the aim of the study was to evaluate the effect of altitudes on the
production of secondary metabolites and antioxidant activity in the wild populations. Materials and Methods: The plant samples were
collected from 5 different locations of varying altitudes viz., Srinagar (606 m), Rudraprayag (727 m), Gopeshwar (1488 m),
Pipalkoti (1339 m) and Joshimath (1986 m) in the Garhwal region of Uttarakhand, India. Standard spectrophotometric methods were
employed to determine the total phenolic, flavonoid, terpenoid content and antioxidant activity of the plant roots. Results: A significant
increase (p<0.05) was observed in the phenol, flavonoid and terpenoid content with the increasing altitude. The highest value for phenols
was observed in the sample collected from Joshimath (1986 m) and similar trends were reported for flavonoids, terpenoids and
antioxidant activity as well. The neighbor joining cluster and principal component analysis also confirms the high altitude population as
better cultivar. Conclusion: The study confirms that change in growing altitudes affects the quantity of secondary metabolites in Coleus
forskohlii as well as its antioxidant potential. Thus, the wild populations of Coleus forskohlii from a higher altitude may serve better in
order to grow it and to exploit its therapeutic potential.
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INTRODUCTION

Allthe living organisms get affected by their surroundings
in one way or another. Plants being sessile in nature have no
escaping strategy so they have to face harsh environmental
conditions. The chemicalinteraction between plants and their
environment is mediated by the secondary metabolites’.
They are produced as by-products of the primary metabolic
pathways. Usually they have no role in the primary metabolic
activities like photosynthesis, respiration and excretion butare
important for adaptation to the stress conditions and defense
mechanism?2. Secondary metabolites are not only important
for plant as defense system but also possesses high medicinal
value for human beings against various ailments3. The
environment plays a key role in determining the amount of
secondary metabolites produced by different plant species.
Difference in the level of secondary metabolites
(phenolics, alkaloids, saponins and tannins) have been
reported in Primula denticulate with changing altitude?. The
phenolic content was found increasing with the increasing
altitude in Hedychium spicatunr. Similarly, habitat and
altitude were found to have an effect on the antioxidant
activity and secondary metabolite content in Valeriana
jatamanskF.

Coleus forskohlii (family Lamiaceae, commonly known
as patharchur) is highly rated for its medicinal properties in
Ayurveda. The plant is native to the Indian sub-continent and
grows under sub-tropical conditions all along the South East
Asia, Brazil and East Africa. In India it is distributed throughout
the Himalayan range extending from Shimla to all along
Garhwal and Kumaon hills atan altitude range’ of 500-2300 m.
It is cultivated in some parts of Gujarat, Maharashtra,
Karnataka and Tamil Nadu forits tuberous roots. In Gujarat the
roots are also used to as condiments and for making pickle?.
In the hilly areas, it grows wild on the dry exposed steep
slopes in crevices of rocky outcrop, dry barren hills, margins of
agricultural fields and wastelands. Traditionally it has been
used by local people in Garhwal and Kumaon regions for the
treatment of various ailments such as to kill intestinal worms,
roots are ground in mustard oil and the paste is applied on
eczema and skin infections, as a remedy for heart, abdominal
and respiratory disorders®'™°, Coleus is currently being used
clinically in the treatment of hypertension, congestive heart
failure, cerebrovascular disease, thyroid under activity, chronic
obstructive airways disease, poor digestion and psoriasis''.
Coleus forskohlii is the only source of an important
diterpenoid, forskolin'. Forskolin is Cyclic-Adenosine Mono
Phosphate (cCAMP) genic as it activates the adenylate cyclase.
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This compound has a very high medicinal value as it is known
to be hypotensive, regulates the body metabolism and also
assists fat mobilization leading to weight loss™. All these
properties make this plant highly precious in terms of
medicinal utilities. Although a lot of information about the
medicinal properties of this plant are available but the
information on the commercial potential of its wild genotypes
are very meager. Therefore, considering the medicinal
importance of C. forskohlij the present study was designed to
select promising source of secondary metabolites and
antioxidants among different altitudes of Uttarakhand, India.

MATERIALS AND METHODS

Study area: The plant samples were collected in the
duration of August, 2017-January, 2018. All the experiments
were carried out in the Plant Biochemistry and
Biotechnology Unit of the Department of Zoology and
Biotechnology of HNB Garhwal University, Uttarakhand, India,
from February-July, 2018. The data analysis was done in the
same lab from July-August, 2018.

Sample collection: The plant samples for the present study
were collected from 5 different locations ranging from
600-2000 m (a.m.s.l.) altitude (Table 1). The roots were
detached, washed thoroughly under running tap water and
shade dried. Further, these roots were completely dried in hot
airoven at 40°C. The dried roots were crushed to fine powder
and tightly packed in sterile containers at 4°C. Botanical
identity of the sample was authenticated by Botanical Survey
of India (Dehradun), Accession No. 118603.

Extract preparation: The root powder (100 g) was extracted
with 300 mL of solvent using Soxhlet extraction at 40-50°C
and continued till the liquid entering back in the round
bottom flask get colorless. Finally, around 200-250 mL of
colored solvent (containing phytochemicals) was obtained.
The extracts were prepared in 5 different solvents in an order
of increasing polarity (petroleum ether, chloroform, acetone,
methanol and water). The extracts so obtained were further
concentrated by evaporation on a water bath atatemperature
25-30°C resulted in sticky viscous substance left in the flask.
This viscous substance was further dried using lyophilizer.
Same process was repeated with the samples from each of the
5 locations, for five solvents resulting in a total of 25 extracts.
All the extracts were kept at -20°C until required for further
use'™.
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Table 1: Site characteristics of selected sampling locations
Sites Locations Altitudes (m) Latitudes Longitudes Habitats

S1  Srinagar 606 30°15' 79°18"  Dryslopes

S2  Rudraprayag 727 30°17 79°00"  Chir pine forest

S3  Gopeshwar 1488 30°25' 79°18"  Mixed forest

S4  Pipalkoti 1339 30°26' 79°25'  Rocky crevices

S5 Joshimath 1986 30°33' 78°53'  Pine forest dry slope

Quantitative estimation of 3 important metabolite group:
Total phenol, flavonoid and terpenoid content were estimated
by using the standard spectrophotometric methods as:

Quantification of Total Phenolic Content (TPC): Total
Phenolic Content (TPC) was estimated by using the method
described by Singleton et a/’>. The extracts were dissolved in
methanol ata concentration of 1 mgmL~"and 0.5 mL of it was
taken into a test tube. To it 2.5 mL of 10% Folin-ciocalteu
reagent was added and it was mixed by shaking with 2.5 mL
of Na,CO; (7.5%). All the test tubes were kept for incubation at
45°C. After 45 min absorbance was recorded at 765 nm on the
UV spectrophotometer (Lab India UV-2000%). The Total
Phenolic Content (TPC) in each extract was calculated by using
the equation of line from standard gallic acid calibration curve
and was expressed as mg GAE g~ DW.

Quantification of Total Flavonoid Content (TFC): Total
flavonoids content were estimated by the protocol described
by Zhishen et a/'®. The extract (500 pL) was mixed to 150 uL of
5% Sodium nitrite and left at room temperature for 5 min.
Further, 150 uL of 10% AICl; was added to the reaction mixture
and left for 6 min at room temperature and 2 mL of 4% NaOH
was added to it. The final volume was made to 5 mL by adding
distilled water and left for 15 min at room temperature.
The absorbance was measured at 510 nm using a UV-VIS
spectrophotometer. The Total Flavonoid Content (TFC) in each
extract was calculated by using the equation of line from
standard quercetin calibration curve and was expressed as
mg QE g~' DW.

Quantification of Total Terpenoid Content (TTC): Total
terpenoids content were estimated following Ghorai et a/".
The crude extracts were centrifuged (4000 g for 15 min at
room temperature) and 1.5 mL of chloroform was added to
the supernatant. All the test tubes were vortexed and left for
3 min and 100 pL H,SO, was added to each of the test tube.
The final reaction mixture was left at room temperature for
1.5-2 h. A reddish brown precipitate so obtained in each test
tube was dissolved in methanol (95%) and vortexed to
dissolve it completely. Ultimately, all the standards and test
samples were measured by spectrophotometer at 538 nm

using methanol as blank. Total Terpenoid Content (TTC) was
calculated by using the line equation from the calibration
curve of Linalool standard and the values were expressed as
mg LE g~' DW.

Antioxidant activity assays: The antioxidant potential of
the root powder extracts of C forskohlii was estimated
by 1,1-Diphenyl-2-picrylhydrazyl (DPPH), Superoxide anion
scavenging, Ferric Reducing Antioxidant Power (FRAP) and
2, 2-azinobis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS)
assays. The ICs, values were calculated for DPPH and
Superoxide Anion Scavenging (SAS) assay while the FRAP
value Ascorbic Acid Equivalent (AAE) and percentage radical
inhibition was calculated for FRAP and ABTS, respectively.

DPPH Inhibition assay: Free radical scavenging activity is
determined according to the method of Khamsah et a/™®. In
the presence of antioxidants, the purple colour of DPPH
decays and the change of absorbance were monitored at
517 nm against reagent and sample blank.

The antioxidant activity of the samples is defined as:

DPPH scavenging activity (%) = 1—[ Atest Jx 100
Acontrol

Where:

Acontror = Absorbance of the control (2 mL DPPH solution +1
mL of 70% ethanol solution)

Awss = Absorbance of the DPPH solution in the presence of
extract (2 mL DPPH+1 mL of extract)

The 50% radical scavenging or IC5, was calculated
from the dose-response plot of DPPH absorbance versus
concentration of the extracts.

Superoxide Anion Scavenging (SAS) activity: Superoxide
Anion Scavenging (SAS) activity was measured by the method
described by Liu eta/'’, with slight modifications. The reaction
mixture was prepared by adding 2 mL of nitroblue tetrazolium
(50 mM) to the 3 mL Tris-HCl buffer (16 mM, pH 8.0) with 1 mL
of NADH (60 mM) and methanol solution of the extracts
(1 mg mL=") were mixed. To the reaction mixture 1 mL of
phenazine methosulfate (PMS) solution (10 mM) was mixed
to start the reaction and it was incubated for 5 min at 25°C.
The oxidation of Nicotinamide Adenine Dinucleotide (NADH)
leads to the generation of superoxide free radicals in the
PMS-NADH system and the inhibition of these free radicals is
assayed by the reduction of nitroblue tetrazolium. The
absorbance was recorded at 560 nm. A decrease in
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absorbance of the reaction mixture indicates increased
superoxide anion scavenging activity. The percentage
inhibition of superoxide anion generation was calculated
using the following equation:

A, -A
Inhibiton (%) = "Tl

o

x100

Where:
A, = Absorbance of the control
A, = Absorbance of plant extracts

The decrease of absorbance at 560 nm with antioxidants
indicates the consumption of superoxide anion in the reaction
mixture.

FRAP assay: The FRAP assay was performed to measure the
ferric reducing ability of plasma®. For this, 3 mL of freshly
prepared FRAP solution (0.3 M acetate buffer containing
10 MM 2,4,6-tripyridyl-S-triazine (TPTZ) and 40 mM FeCl;.6H,0)
and 100 pL of extract (prepared as for phenol determination)
was incubated at 37°C for 4 min and the absorbance was
measured at 593 nm and compared with the change in
absorbance of 1 mM solution of L-ascorbic acid standard at
different concentrations and the results were expressed as
umol AAE g=' DW.

ABTS assay: Free radical scavenging activity of plants extracts
were determined by ABTS radical cat-ion decolourization
assay?'. The radicals were generated by making a reaction
mixture of 7 mM ABTS in 2.45 mM phosphate buffer (1:1) and
was stored in dark for 12-16 h at room temperature before
final use. This solution as diluted with methanol to get an
absorption of 0.706£0.07. After adding 5 pL extract to
3.995 mL of diluted ABTS solution the absorbance was
measured after 30 min of initial mixing. The inhibition of
ABTS (%) by extracts was calculated using the following
equation:

ABTS scavenging effect = % x100

Table 2: Total phenolic content in all the extracts of each population

Where:
AB = OD of ABTS reagent in methanol
AA = OD of ABTS reagent in methanol+extract

Selection of most promising location: Neighbor-joining
cluster analysis and Principal Component Analysis (PCA) was
performed for selection of the most promising location and
elite cultivars for higher phytochemical content and
antioxidant activity?.

Statistical analysis: All the data presented is the mean of
triplicates (n = 3), was subjected to analysis of variance
(ANOVA) and the correlation (r) were performed using
Microsoft excel, 2016. All the graphs were made using
GraphPad Prism 8.1.1. The Principal Component Analysis (PCA)
and Neighbour-Joining (NJ) cluster analysis were done with
the help of the PAleontological Statistics (PAST, version 3.22).

RESULTS

Quantitative estimation of 3 important metabolite group:
The amount of 3 important phytoconstituent groups
(phenols, flavonoids and terpenoids) present in different
extracts of all the 5 populations are shown in Table 2-4,
respectively. Changing altitude has significant effect on the
quantity of studied phytochemicals because significant
variation (p<0.05) was observed in the amount of all the
3 metabolites (phenols, flavonoids and terpenoids) with
changing altitudes. Total phenolic content (59.29 mg GAEg™'
DW) and total flavonoid content (95.67mg QE g~' DW) were
found highest in the methanol extract of Joshimath
population (Table 2, 3), while the highest value for total
terpenoid content (29.03 mg LE g~! DW) was observed in the
chloroform extract of the Joshimath population. The lowest
value was observed in the petroleum ether extract of Srinagar
population for phenols (10.31 mg GAE g~' DW) and flavonoids
(18.29 mg QE g~' DW) while for terpenoids, it was lowest
(5.66 mg LE g=' DW) in the acetone extract of Srinagar
population. Across all the populations methanol extracts were

Total phenolic content (mg GAE g—' DW)

Locations Altitude (m) ME AcE PeE AE

Srinagar 606 21.63%+0.66 14.691+0.93 18.08+1.55 10.31+0.29 11.03+0.77
Rudraprayag 727 37.37%1.61 27.481+0.41 23.22+0.90 12.67+0.83 15.57+1.15
Pipalkoti 1339 55.19+1.42 31.69+1.71 23.82+0.24 14.02+2.05 17.37+0.77
Gopeshwar 1488 56.50%+0.98 33.30%+0.50 27.97+034 14.59+0.22 18.771+0.59
Joshimath 1986 59.29+0.90 36.67+0.52 27.87+0.87 16.05+0.74 19.56+1.00

All the values are mean of n = 3 and represented as Mean=®SD, PeE: Petroleum ether extract, CE: Chloroform extract, AcE: Acetone extract, ME: Methanol extract,

AE: Aqueous extract
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Table 3: Total flavonoid content all the extracts of each population

Total flavonoid content (mg QE g~' DW)

Location Altitude (m) ME CE AcE PeE AE

Srinagar 606 72.331+0.73 41.92+0.97 22.00+0.45 18.29%0.36 29.631+0.22
Rudraprayag 727 73.00%+0.50 43.461+0.14 26.58+0.69 20.461+0.58 35.08+1.00
Pipalkoti 1339 94.711+0.48 48.08+0.31 28.461+0.26 22.21+0.52 37.63+0.33
Gopeshwar 1488 95.08+0.26 48.07+1.96 28.38+0.43 22.21+0.56 37.33+0.26
Joshimath 1986 95.671+0.19 49.83+0.19 29.83+0.26 23.461+0.38 39.04%+0.31

All the values are mean of n =3 and represented as Mean=SD, PeE: Petroleum ether extract, CE: Chloroform extract, AcE: Acetone extract, ME: Methanol extract,

AE: Aqueous extract

Table 4: Total terpenoid content in all the extracts of each population

Total terpenoid content (mg LE g~ DW)

Locations Altitudes (m) ME CE AcE PeE AE

Srinagar 606 20.00+0.23 26.30+0.23 11.18£0.18 5.66+0.52 7.30%+0.27
Rudraprayag 727 22.51£0.27 26.63+0.18 11.97+0.14 7.03+0.16 7.72+0.32
Pipalkoti 1339 23.03+0.23 27.33+0.19 11.57£0.19 6.87+0.23 5.93+0.23
Gopeshwar 1488 23.75+0.30 28.48+0.05 11.971+0.16 7.57%0.10 7.7210.14
Joshimath 1986 24.21+0.23 29.03+0.19 12.87£0.19 7.81+0.37 8.63+0.42

All the values are mean of n =3 and represented as Mean=SD, PeE: Petroleum ether extract, CE: Chloroform extract, AcE: Acetone extract, ME: Methanol extract,

AE: Aqueous extract

Table 5:1Cg, for DPPH inhibition

ICso (Mg ML)
Locations Altitudes (m) PeE CE AcE ME AE
Srinagar 606 398.75 314.20 306.94 211.67 261.96
Rudraprayag 727 340.88 307.14 302.79 199.21 24434
Gopeshwar 1488 296.08 276.86 292.14 176.03 222.90
Pipalkoti 1339 284.50 267.64 253.45 173.05 193.96
Joshimath 1986 279.64 283.90 278.46 164.06 249.04
PE: Petroleum ether extract, CE: Chloroform extract, AcE: Acetone extract, ME: Methanol extract, AE: Aqueous extract
Table 6:1Cy, values of extracts against superoxide scavenging

1Cso (ug ML)
Location Altitude (m) PeE CE AcE ME AE
Srinagar 606 341.85 294.75 255.23 192.24 215.40
Rudraprayag 727 33147 270.31 241.10 17212 201.19
Gopeshwar 1488 307.63 244.80 217.59 154.35 187.15
Pipalkoti 1339 314.49 249.06 213.79 163.37 192.00
Joshimath 1986 304.00 238.54 194.86 135.69 185.29

PeE: Petroleum ether extract, CE: Chloroform extract, Ac: Acetone extract, Me: Methanol extract, Ag: Aqueous extract

reported with highest total phenolics and flavonoids
content while the petroleum ether extract showed lowest
values for both of them (Table 2, 3). Highest quantity of
terpenoids was reported in the chloroform extract across all
the populations while lowest were registered in the acetone
extracts (Table 4).

Antioxidant activity

DPPH and SAS activity analysis: A higher antioxidant
potential corresponds to low ICs, value. In the present study
IC;, values were calculated for DPPH and superoxide anion
scavenging (SAS) assay in both the cases methanol and
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aqueous extracts were found far more potent against the free
radicals as compared to others (Table 5). The lowest ICs, value
was recorded for the methanol extract of Joshimath
population (1986 m) indicating towards the high potential of
it to encounter the free radicals produced in the plant cells.
Superoxide anion scavenging also provides information about
the antioxidant potential of the plant extracts. The lowest I1Cs,
values for superoxide scavenging were observed in the
methanol and aqueous extracts for all the populations. It can
be observed that with the increase in altitude the ICs, values
tends to decrease (Table 6) similar to DPPH inhibition activity
assay.
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Table 7: FRAP values of all the extracts of C forskohlii

Extracts
Location Altitudes (m) ME AcE CE PeE AE
Srinagar 606 190.63 17222 166.09 108.36 177.22
Rudraprayag 727 194.27 172.00 165.18 109.50 177.68
Gopeshwar 1488 267.00 197.77 184.95 130.18 192.22
Pipalkoti 1339 237.65 194.04 183.81 127.45 189.72
Joshimath 1986 322.68 253.36 188.36 143.81 199.95
All the values are mean of n = 3, PeE: Petroleum ether extract, CE: Chloroform extract, AcE: Acetone extract, ME: Methanol extract, AE: Aqueous extract
Table 8: Inhibition (%) of ABTS free radical by C. forskohlii extracts

Extracts
Location Altitudes (m) ME CE AcE PeE AE
Srinagar 606 65.72 57.68 61.77 51.40 62.48
Rudraprayag 727 67.13 58.95 62.05 52.32 63.04
Gopeshwar 1488 7447 63.75 69.11 58.81 7038
Pipalkoti 1339 75.31 64.31 70.09 60.08 72.21
Joshimath 1986 81.80 68.82 7235 64.88 7447
All the values are mean of n = 3, PeE: Petroleum ether extract, CE: Chloroform extract, AcE: Acetone extract, ME: Methanol extract, AE: Aqueous extract
Table 9: Correlation between altitude, phytochemicals and antioxidant activity for methanol extracts
Parameters Altitude TPC TFC TTC DPPH ICs, SAS ICs, FRAPA ABTSA
Altitude 1
TPC 0.908598 1
TFC 091617 0.942681 1
T7C 0.863542 0.957681 0.818907
DPPH I1C;, -0.95844 -0.98071 -0.95811 -0.91703 1
SAS ICs, -0.95827 -0.91856 -0.83045 -0.94922 0.934734 1
FRAPA 0.985136 0.835193 0.846279 0.814791 -0.89677 -0.94666 1
ABTSA 0.990302 0.901724 0.910091 0.842252 -0.96508 -0.94177 0.96458 1

TPC: Total phenolic content, TFC: Total flavonoid content, TTC: Total terpenoid content, DPPH ICs,: DPPH inhibitory concentration 50, SAS ICs,: Superoxide anion
scavenging inhibitory concentration 50, FRAPA: Ferric reducing ability of plasma activity, ABTSA: ABTS scavenging activity

FRAP activity: Table 7 shows the FRAP values for different
extracts to the corresponding altitudes. The Joshimath
population showed highest FRAP value (322.68 AAE) in the
methanol extract.

ABTS scavenging activity: Table 8 shows the percentage of
ABTS free radical scavenged by the plants extracts. The values
suggest a trend of increasing antioxidant potential with the
increasing altitude. The plant extracts of a higher altitude
plant sample show enhanced ability to scavenge the free
radicals.

Correlation among altitude, phytochemical contents and
antioxidantactivity: The total phenolic (r=0.908), flavonoids
(r =0.942) and terpenoid (r = 0.863) contents were found
positively correlated to the increasing altitude (Table 9). The
FRAP values also found positively correlated to the altitude
(r=0.985), phenolic content (r = 0.835), flavonoids (r = 0.846)
and terpenoids (r = 0.814). The ABTS activity was also found
positively correlated to altitude (r=0.990), TPC(r=0.901), TFC
(r=0.910) and TTC (r = 0.842). All the three metabolites were
found negatively correlated with |Cs; values of DPPH and SAS
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activity. The r-value for DPPH ICs, showed high negative
correlation with terpenoids (r =-0.917), flavonoids (r =-0.958)
and phenolics (r=-0.980), ICs, value of superoxide scavenging
activity (SAS) also showed high negative correlation with
phenolics (r = -0.958), flavonoids (r=-0.980) and terpenoids
(r=-0.830).

Selection of most promising location: Neighbor-Joining
cluster analysis was performed for selection of the most
promising location and elite cultivars for higher
phytochemical content and antioxidant activity. Two
clusters were observed in the plot cluster 1 showing the
locations with lowest values of the secondary metabolite
contents and antioxidant potential while cluster 2 with the
locations having higher value for secondary metabolites
and antioxidant potential. Joshimath population stands out
the best among all the sampled populations (Fig. 1).
InPCA plot C. froskohlii populations from different altitude are
placed distantly in different co-ordinates shows that there is
high variance among the populations. Thus, it supports the
fact that the changes in altitude have a significant impact on
phytochemical contentand antioxidantactivity in C forskohli
(Fig. 2).
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Fig. 1: Selection of Elite location for C forskohlji cultivars by Neighbor-joining (NJ) cluster analysis based on the phytochemical
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Fig. 2: Identification of best locations of C. forskohlii cultivars
by Principal Component Analysis (PCA) of the based
on the phytochemical content and antioxidant
activity

DISCUSSION

Among all organisms living on the earth, plants are much
more diverse as they adapt to their environment much more
readily. Plants can’t move so they have to develop strategies
for adaptation to their surrounding environment for survival.
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The plants are well known for their secondary metabolites,
which are produced as by-products in almost all important
primary biochemical pathways. Of these secondary
metabolites some groups (viz, phenolics, flavonoids,
terpenoids) plays an important role in scavenging the free
radicals generated from irradiation or during the metabolic
processes. With an increase in altitude the intensity of
radiations (especially UV-B) increases? which tend to generate
more free radicals in the cellular system and hence an
organism living in such conditions must have well adapted
defense mechanism. At higher altitudes plants usually adapt
by avoiding or overcoming the stress conditions by means of
various physiological and biochemical mechanisms. Different
plants can show different responses to the particular stress
condition which depends mainly on their morphology,
anatomy and life cycle?*. Increasing altitude also results in
decreasing atmospheric temperature which tends to trigger
the production of phenolics even in the absence of UV
radiations?. The present study was planned keeping in mind
that the changing altitude may have effect on the quantity
of different phytochemicals and antioxidant activity of
C forskohlii. Hence, in the present study the plant samples of
C. forskohlii were collected from different altitudes and
analyzed for the quantity of phenolics, flavonoids and
terpenoids and their antioxidant potential.
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It was observed that C. forskoh/ii samples collected from
a higheraltitude have high phenolic, flavonoid and terpenoid
content. Concomitant increase in the content of these
metabolites was observed from 606-1986 m in the present
study. Altitude is known to play an important role in the
production of secondary metabolites, that ultimately affect
the freeradical scavenging ability, altitudinal differencesin the
flavonoid and phenolic acids content were reported in the
flowering heads of three plant species Hypochaeris radicata,
Hieracium pilosella and Crepis capillaries’s. The production of
saponins was found increasing with the increasing altitude
in Quillaja saponica was attributed to the stressful
environmental conditions?. The increasing elevation leads
to a higher exposure of plants to the UV radiation which
accelerate the production of harmful free radicals. The plants
at high mountains are equipped with the altered synthesis of
secondary metabolites such as phenols, flavonoids and
essential oils. Higher amount of phenolic antioxidants in
Arnica montana was attributed to altitude while increased
level of rosmarinicand carnosicacids had beenreportedin the
rosemary plants treated with enhanced level of UV-B
radiations?®%°. The higher production of secondary metabolites
(phenolics and flavonoids) that can scavenge the free radicals
may be a part of the defence mechanism of the plant®. High
alkaloid and flavonoid content in the A. fragratssima and
7. polium, respectively at higher altitudes®' also supports the
results of the current study.

In the present study the antioxidant potential of the wild
cultivars of Coleus forskohlii collected from varying altitudes
of Uttarakhand, was also explored. The sample from a higher
elevation showed higher antioxidant potential than those
from a lower elevation for all the four assays. Itis a well-known
fact that, Reactive Oxygen Species (ROS) are generated in the
cells as by-products of many metabolic reactions and are
potential threat for the health of individual in they are
produced. These ROS are free radicals which can initiate many
undesired reactions in the cells that may lead to cellular
damage in a certain way or another (may lead to the most
threatening cancer like diseases in humans). In the process
to combat the reactive oxygen species, plants produce
antioxidants, in the form of secondary metabolites. The
hydroxyl groups and decrease in glycosylation in these
metabolites equip them with higher antioxidant potential and
hence the increasing amount of secondary metabolites leads
to higher antioxidant potential®2.

A positive correlation of phenolics, flavonoids and
terpenoids content with the increasing altitude supported by
the findings that plant produce more essential oils as a
defence strategy against low temperature and high UV
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radiation exposure at higher altitudes®3*. While, negative
correlation between the increasing altitude and DPPH 1C;,
values indicated towards a greater antioxidant potential of
high altitude growing C forskohlii population. Similar results
were reported in Calluna vulgaris as well®. The positive
correlation of total terpenoid content to the antioxidant
activities indicate towards their antioxidant potential®.

The effect of changing altitudes on the phenolics,
flavonoids, terpenoids and thereby the antioxidant activity
was further supported by the PCA and NJ cluster analysis. The
secondary metabolite contentand antioxidant activity differed
from site to site, indicating towards the effect of the changing
altitude, this was confirmed by PCA. In the PCA plot none of
the sites were lying close to each other in the ordination
space, confirms thatatahigheraltitude plants produce higher
amount of secondary metabolites and have a greater
antioxidant potential?.

The positive correlation of radical scavenging to the TPC,
TFC and TTC with the increasing altitude is suggestive of the
thought at higher altitudes the plants produce high amount
of secondary metabolites that shield them from the reactive
oxygen species.

CONCLUSION

A concomitant rise in the level of secondary metabolites
withtheincreasing altitude was observed in the study. Among
the five solvents used for extraction of secondary metabolites
methanol was found better for the extraction of phenolics and
flavonoids while chloroform was found most suitable for
terpenoid extraction from C forskohlii roots. Results of the
antioxidant assays also indicated an increasing trend in the
antioxidant potential of the plant with the increasing altitude,
this was further confirmed by the PCA and Neighbor-Joining
Cluster.

SIGNIFICANCE STATEMENT

This study discovers the effect of changing altitude on the
secondary metabolite content and antioxidant potential of
C. forskohlii populations where the population of a higher
altitude stands out the best (Joshimath, 1986 m). It could be
beneficial to grow it as an elite germplasm for the commercial
cultivation of Coleus forskohlii from Uttarakhand, India.
Further, this study will help the researchers to identify newer
cultivar of the Coleus forskohlii and to apply similar analytical
approaches to other plants also so that novel and better
cultivar of important medicinal plants can be developed.
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