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Abstract

Gallic acid is one of the most important organic compounds in fruits of Phyllanthus emblica. Therefore, the objective of
the present study is to find out the effect of altitude on gallic acid content in fruits of P. emblica and its correlation with
antioxidant and antimicrobial activity. Phytochemicals such as phenolics, tannins, flavonoids, carbohydrates, glycosides,
phytosteroids, alkaloids and saponins were detected in fruit extracts of P. emblica collected from different regions of Himachal
Pradesh. Fruits extract from Mandi (239.74 +39.28 mg/g gallic acid equivalents, GAE) district showed a higher amount
of total phenolic content (TPC), whereas, total flavonoid content (TFC) was higher from Kangra (356 +27.63 mg/g rutin
equivalents, RE) district. Methanolic extracts showed inhibition to the growth of both Gram-positive (B. subtilis, S. aureus),
and Gram-negative bacteria (E. coli, K. pneumoniae). The methanolic extract of fruits of Bilaspur district showed the highest
antibacterial activity against B. subtilis (19.5+0.71 mm), S. aureus (21.0+1.41 mm), E. coli (17.5+0.71) and K. pneu-
moniae (21.5 +2.12) as compared to other regions and amoxyclav. High-performance thin-layer chromatography (HPTLC)
method was used for the quantification of gallic acid in the extracts of fruits of P. emblica. HPTLC chromatogram showed the
highest content of gallic acid in methanolic extracts of fruits from Kangra followed by Bilaspur, Mandi, and Una. However,
antioxidant and antibacterial activity was higher in fruits extracts of high altitude (Bilaspur region). In summary, Bilaspur
region of Himachal Pradesh could be used for mass cultivation of fruits of P. emblica because of their high antioxidant and
antimicrobial potential under these geographical conditions.
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Introduction

Medicinal plants act as a reservoir of bioactive com-
pounds, which have been exploited for the preparation of
safe and less toxic drugs (Gangwar and Deepali 2010). The
bioactive molecules of therapeutic significance include
alkaloids, flavonoids, phenols, quinones, tannins, and ter-
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penoids. The quality and therapeutic efficacy of medici-
nal plants not only depend on the amount of bioactive
compounds, but also many environmental factors (Gai-
rola et al. 2010). The plants from temperate habitat pos-
sess high amount of UV-B protective compounds such as
anthocyanins, ascorbic acid, flavonoids and phenolic acid
responsible for their high antioxidative potential (Zidorn
2010). Due to enhancement in the utilization of the green
medicines, it has become very crucial to study the effect
of altitudinal variation on the production of therapeutically
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important secondary metabolites and related medicinal
properties to select effective chemotypes. In India, out of
17,000 species of higher plants, 7500 are known for their
medicinal importance (Samal 2016; Shiva 1996). This
proportion of medicinal plants is higher than that in any
other country of the World. These medicinal plants not
only constitute a major reservoir of traditional medicines
and herbal industry, but also provide livelihood and health
security to a large section of the Indian population (Samal
2016). Around 80% demand for ayurvedic medicines,
46% of Unani drugs and 33% of allopathic drugs have
been fulfilled by India (Samant et al. 2007; Sharma et al.
2011). Himachal Pradesh is located between 28°-33°N
and 75°-79°E and about 26% of total state area is under
forest cover, which is higher than that of the average esti-
mate for India (20.64%). Himachal Pradesh consists of
medicinal plants of about 180 families belonging to 1038
genera and about 3400 species (Chaudhary and Wadhwa
1984). A large proportion of the rural population depends
on locally available medicinal plants to meet their health
care requirements leading to enhancement of demand
for the medicinal plant species. Therefore, the increased
demand for plant-based drugs has put heavy pressure on
some selected high value wild medicinal plant due to
over-harvesting.

Phyllanthus emblica Linn (syn. Emblica officinalis)
commonly known as Indian gooseberry or amla, is an
important herbal plant of Unani and Ayurvedic systems
of medicine (Charmkar and Singh 2017; Mirunalini and
Krishnaveni 2010). The plant is used both as a medicine
and as a tonic to build up lost vitality and vigor. P. emblica
is a highly nutritious and important dietary source of Vita-
min C, amino acids and many minerals (Gaire and Sub-
edi 2014; Mirunalini and Krishnaveni 2010). The fruits
are rich in ascorbic acid (vitamin C), along with phenols,
such as ellagic acid, gallic acid, quercetin, kaempferol,
corilagin, geraniin, furosin, gallotanins, emblicanins, fla-
vonoids, glycosides, and proanthocyanidins (Anila and
Vijayalakshmi 2002; Bajpai et al. 2005; Bhattacharya et al.
2002; Kumaran and Karunakaran 2006; Nisha et al. 2004
Zhang et al. 2001, 2004). The fruits are mainly attributed
to its strong antioxidant activity (Bajpai et al. 2005; Naik
et al. 2005a, b). The antioxidant activities of fruits are
mainly due to ascorbic acid (45-70%) and has been stud-
ied widely (Nisha et al. 2004). However, the compounds
such as emblicanins, gallic acid, methyl gallate, corilagin,
furosin, and geraniin also contribute to the antioxidant
properties of fruits (Poltanov et al. 2009; Scartezzini and
Speroni 2000). Several studies have reported about the
phytochemistry and biological activities of various parts
of P. emblica. However, the effect of altitudinal variation
on secondary metabolite (such as gallic acid) of P. emblica
and its correlation with antimicrobial and antioxidant
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activities has not been adequately explored. Thus, the pre-
sent study was undertaken to analyze TPC, TFC and gallic
acid content in P. emblica collected from different regions
of Himachal Pradesh and its correlation with antimicrobial
and antioxidant activity.

Materials and methods
Collection of plant materials

The present study was conducted in the Indian state of
Himachal Pradesh, which is predominantly a mountainous and
higher altitudinal variation (450 m to over 6826 m above sea
level). It is located in North-west part of India. The fruit sam-
ples were collected from four different locations of Himachal
Pradesh (Fig. 1a). The details of samples collection sites along
with altitudes from sea level are given in Table 1.

Chemicals and solvents

Chemicals and solvents used in the current study were of ana-
lytical grade. Ascorbic acid, DPPH (2,2-diphenyl-1-picrylhy-
drazyl), TPTZ [2, 4, 6-Tri(2-pyridyl)-s-triazine], gallic acid
and rutin were purchased from Sigma Chemicals (St. Louis,
MO, USA). HPTLC was performed on CAMAG, Switzerland
system and TLC silica gel plates purchased from Merck.

Preparation of fruit extract of P. emblica

The chopped fruits samples (250 g) were dried at 40 °C after
washing with running tap water. After drying, the methanolic
extract was prepared using cold maceration method (Kumar
et al. 2018). The extract was evaporated at 40 °C in a rotary
evaporator and stored in the dark at 4 °C.

Qualitative analysis of phytocompounds

Methanolic extracts of fruit samples of P. emblica from dif-
ferent locations of Himachal Pradesh were tested for the pres-
ence of various secondary metabolites such as phenolics, fla-
vonoids, tannins, saponins, alkaloids, glycosides, phytosteroids
and carbohydrate by using standard protocols (Harbone 1998).

Spectrophotometric quantification of total phenolic
and flavonoids

The total phenolic content and flavonoid content of metha-
nolic fruit extracts of P. emblica from different locations of
Himachal Pradesh were determined by Folin—Ciocalteau rea-
gent method (Singleton et al. 1999) and aluminium chloride
(AICl;) method (Zhishen et al. 1999) respectively.
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Fig. 1 Maps showing sites of collection (red star) of fuits of P. emblica

Table 1 Sample collection sites of P. emblica fruits from different
locations of Himachal Pradesh

Districts Location Altitude (meters Latitude Longitude
above sea level)

Una Amb 478 31.6798 76.1175

Kangra Nagrota bagwan 800 32.1054 76.3789

Bilaspur Ghumarwin 1500 31.3525 76.69487

Mandi  Baggi 1600 31.7764 77.0765

Analysis of variation in antimicrobial
and antioxidant activity

Antimicrobial activity

Agar well diffusion method was used for determination
of antimicrobial activity of methanolic fruit extract of P.
emblica from different regions of Himachal Pradesh (Perez
et al. 1990; Kumar et al. 2018; Chandel et al. 2019). The
antibacterial activity was evaluated against two Gram’s
positive bacteria (Staphylococcus aureus and Bacillus sub-
tilis) and two Gram’s negative bacteria (Escherichia coli
and Klebsiella pneumonia). All the bacterial strains were
available in the Yeast Biology Lab of Shoolini University,
Solan, Himachal Pradesh, India. Amoxyclav (25 pg) was
used as positive control, while DMSO in which extracts
were dissolved was taken as negative control.

In vitro antioxidant activity

Antioxidant activity of methanolic fruit extracts of P.
emblica from different locations was determined using
DPPH radical scavenging and Ferric reducing antioxi-
dant power method (FRAP). For both assays, stocks of
methanolic fruit extracts of P. emblica were prepared at a
concentration of 1 mg/ml and then different dilutions were
prepared (5—40 ug/ml). Ascorbic acid was used as standard
antioxidant compound in all the assays. The effectiveness
of extracts as antioxidants was evaluated in terms of ICs,
value. Lower the value of ICs, higher will be the antioxi-
dant potency.

DPPH radical scavenging activity

DPPH radical scavenging activity of the extract was meas-
ured by the method described by Barros et al. (2007).The
capability of scavenging DPPH radical was calculated
using the following equation:

% DPPH radical scavenging activity

A trol) — A 1
_ (control) (sample) % 100
A (control)

where A (control)is the absorbance of control (DPPH) and A
(sample) is the absorbance of plant extracts (ascorbic acid).
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Ferric Reducing antioxidant power (FRAP) assay

FRAP activity was evaluated in terms of uM Fe(Il) equiv-
alents per gram of the extract according to the method
described by Benzie and Strain (1996). The antioxidant
capacity of extract and standard was calculated from the
linear calibration curve of FeSO, (2.5-20 uM).

Quantification of gallic acid using high performance
thin layer chromatography (HPTLC) method

Ten microliter (ul) of sample solutions and standard (1 mg/
ml) were spotted (6 mm width) with a CAMAG micro-
liter syringe on pre-coated silica gel aluminium plate 60
F,s54 (20 cm X 10 cm) with 250 mm thickness. The plates
were pre-washed in methanol and activated at 60 °C for
5 min prior to chromatography. The slit dimension was
kept at 6 mm X 0.45 mm, and 20 mm/s scanning speed
was employed. The slit band width was set at 4 mm, each
track was scanned thrice, and baseline correction was used.
The mobile phase (10 ml) consisted of toluene—ethyl ace-
tate—acetic acid (5:4:1) (v/v). Linear ascending develop-
ment was carried out in 20 cm X 10 cm twin-trough glass
chamber (CAMAG, Muttenz, Switzerland) saturated with
the mobile phase. The optimized chamber saturation time for
mobile phase was 30 min at 25 +2 °C at relative humidity
of 60+ 5%. The length of chromatogram run was 8 cm and
after the run, TLC was stained with p-anisaldehyde solution.
Subsequent to the scanning, TLC plates were dried with the
help of an air dryer. Densitometric scanning was performed
with CAMAG TLC Scanner 3 in the reflectance—absorb-
ance mode at 254 and 366 nm and operated by win CATS
software (1.3.0 CAMAG). Concentrations of the compounds
were determined from the calibration curve of gallic acid
prepared over a concentration range of 1-5 ng/band. The gal-
lic acid was quantified by comparing peak areas with linear
regression.

Bioautography assay for gallic acid as antioxidant
compounds in fruits of P. emblica

TLC bioautography method was performed with gallic acid
and extracts were spotted on TLC and run in a solvent sys-
tem of toluene, ethyl acetate, acetic acid in ratio of 5:4:1,
(v/v). After separation on TLC plates, the compounds with
free radical scavenging activity were detected in situ with
DPPH reagent (0.004%) (Nickavar et al. 2014). After some
time, TLC plate was observed under visible light. Samples
producing yellowish bands against the purple background
indicated the antioxidant potency.

Results

Qualitative analysis of phytochemicals
in methanolic extracts of fruits of P. emblica

The preliminary analysis of fruits extracts of P. emblica from
different locations of Himachal Pradesh showed the presence
for alkaloids, phenolics, tannins, carbohydrates, glycosides,
steroids, saponins and free amino acids, except proteins. A
comparative summary of phytochemical analysis is shown in
Table 2. These results suggested the presence similar phyto-
chemicals in the extracts from all the locations, irrespective
of different geographical conditions.

Quantification of total phenolic and flavonoids

Methanolic extracts of P. emblica from different regions of
Himachal Pradesh were further subjected to quantification
of total phenolics and flavonoids using spectrophotometric
method. As shown in Fig. 2a, the amount of total pheno-
lics content was comparable in methanolic extracts of fruit
samples from Mandi, Una, Bilaspur and Kangra. In case
of total flavonoid content, highest TFC was comparable in
fruits extract of Kangra (356 +27.63 mg/g, RE), Bilaspur

Table 2 Quantitative analysis of

. . Phytocompounds Tests Places of sample collection
phytocompounds in methanolic
extracts of fruits of P. emblica Una Kangra Bilaspur Mandi
collected from different altitude
of Himachal Pradesh, India Alkaloids Dragendroff test + + 4 +
Phenolics and tannins Ferric chloride test + + + +
Gelatin test + + + +
Flavonoids Lead acetate test + + + +
Carbohydrate Fehling test + + + +
Glycosides Borntrager test + + + +
Proteins Millon test - - - -
Saaponins Foam test + + + +
Terpenoids Salkowsky test + + + +

“+” sign indicated the presence, while “~” sign indicated the absence of phytocompounds
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Fig.2 Variation in total phenolic (a) and flavonoid content (b) of
methanolic extracts of fruits of P. emblica from different altitude of
Himachal Pradesh. TPC was expressed in terms of mg/g Gallic acid

(346.41 +47.88 mg/g, RE) and Una (326.27 +31.86 mg/g,
RE) as shown in Fig. 2b. TFC was lowest in fruits extract of
Mandi district (259.28 +22.18 mg/g, RE).

Antibacterial activity of methanolic extract of P.
emblica

Antibacterial activity of methanolic extracts of fruits of
P. emblica was tested against Gram-positive and Gram-
negative bacteria. It was found that the methanolic extract
of fruits of Bilaspur showed the highest antibacterial
activity against B. subtilis (19.5+0.71 mm), S. aureus
(21.0+1.41 mm), E. coli (17.5+0.71) and K. pneumoniae
(21.5+2.12) as compared to fruits extracts of other regions
and amoxyclav (Fig. 3a and b).

Antioxidant activity of methanolic fruit extract of P.
emblica

Antioxidant activity of methanolic extracts of P. emblica
and ascorbic acid by DPPH and FRAP method at various
concentrations is shown in Fig. 4a and b. It was found that
all the fruits extracts showed free radical scavenging (DPPH)
and reducing capacity (FRAP) in a dose dependent manner.
Methanolic extracts of fruits from Bilaspur showed higher
antioxidant potential as shown by lesser IC5, with DPPH
assay (4.09+1.34 pg/ml) and FRAP assay [20.80+2.26 pM
Fe(II) equivalents] as compared to that of ascorbic acid
[(3.86+0.141 pg/ml (DPPH) and 13.43 +0.63 pM Fe(II)
equivalents (FRAP)] (Table 3).

Quantification of gallic acid levels in methanolic
fruit extracts of P. emblica by HPTLC

To quantify the amount of gallic acid responsible for antioxi-
dant activity of the P. emblica fruit extracts, HPTLC was car-
ried out along with gallic acid followed by staining with p-anis-
aldehyde. As shown in Fig. 5a and b, a band corresponding
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equivalents; however, TFC was expressed as mg/g rutin equivalents.
Values are expressed as mean + SD of three independent experiments

to gallic acid was detected in all the samples. The peak purity
of gallic acid marker was confirmed by comparing the spectra
at three different levels, i.e. start, middle, and end positions
of the bands. The gallic acid content was estimated using lin-
ear regression of HPTLC densitometry in methanolic fruits
extracts of P. emblica collected from various regions. The lin-
ear regression equation used was y=2489.4x+2980.3 with
R?=0.996 (Fig. 5¢). HPTLC results indicated the presence of
highest gallic acid content in methanolic extracts of fruits from
Kangra (765.23 +12.79 mg/g, extract), followed by Bilaspur
(621.86 +2.68 mg/g, extract), Mandi (408.32+4.21 mg/g,
extract) and Una (360.34 +5.73 mg/g, extract).

TLC bioautography assay for identification

of antioxidant compounds in methanolic
extracts of fruits collected from different regions
of Himachal Pradesh

To screen the antioxidant compounds in fruits extracts of P.
emblica, a TLC bioautography method was performed. After
separation of fruit extracts on TLC plates, the compounds
with radical scavenging activity were determined in situ
using 0.004% DPPH reagent. The TLC plate was observed
under visible light (Fig. 6). The bands producing yellowish
color against purple background were considered as antioxi-
dants (Ruiz-Teran et al. 2008; Rumzhum et al. 2012). It was
found that the R; value of antioxidant compounds showing
yellow color in all the fruits extracts of P. emblica corre-
sponds with R; value of Gallic acid (R; ~0.4), indicating that
gallic acid present in all the fruits extracts of P. emblica and
could be major contributor of antioxidant activity (Fig. 6).

Correlation between TPC, TFC, antioxidant activity,
gallic acid content with latitude, longitude
and altitude

The Pearson correlation coefficients for latitude, longitude
and altitude of the growing site of P. emblica and TPC, TFC,
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Fig.3 Antibacterial activity of fruits extract of P. emblica. a Agar
well diffusion method showing antibacterial activity of methanolic
fruit extracts of P. emblica against Gram positive (B. subtilis, S.
aureus) and Gram negative (E. coli, K. pneumoniae) bacteria. Extract
were indicated as 1, 2, 3, 4 for fruits extract of Kangra, Bilaspur, Una,

DPPH, FRAP, gallic acid content were calculated using IBM
SPSS statistics 20 software and summarized in Table 4. It
was found that latitude and longitude have no effect on TPC,
TFC, DPPH, FRAP, gallic acid content. However, Altitude
showed negative correlation with TFC and FRAP activity
which is significant at 0.05 and 0.001 levels ( test) respec-
tively. Both DPPH and FRAP showed negative non-signifi-
cant and significant correlation respectively with Gallic acid
content, although the correlation was negative, but due to
fact that lower the value of IC in antioxidant assay, higher
the antioxidant capacity. Therefore, the correlation become
positive for antioxidant assay with gallic acid content. Gallic
acid content showed positive correlation with parameters
such as latitude, longitude, altitude TPC, and TFC, but they
are statistically insignificant.

Discussions

There is an increased demand of phytocompounds and sec-
ondary metabolites of medicinal plants that have therapeutic
potential. The production and accumulation of phytocom-
pounds and secondary metabolites does not solely depend
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and Mandi, respectively. Amoxyclav (5) was used as positive and
DMSO (6) was used as solvent control. b Antimicrobial activity in
terms of diameter of zone of inhibition (mm) against different bacte-
rial strains. Values are expressed as mean=+ SD of three independent
experiments

on genotype, but largely affected by many biotic and abiotic
factors. Therefore, it is very important to study the altitudi-
nal variation in phytocompounds of medicinal plants that are
industrially relevant (Alonso et al. 2005; Carey and Wink
1994; Choudhry et al. 2014). Himachal Pradesh being part
of North-west Himalayas encompasses wide altitudinal and
geographical variation and hence a hotspot of biodiversity.
Although there are numerous studies on the quantification
of medicinally important phytocompounds from different
medicinal plants, but correlation of phytocompounds with
altitudinal, seasonal and geographical variation remained
largely unexplored. The current study was designed to study
the effect of longitude, latitude and altitudinal variation in
accumulation of phytocompounds in P. emblica and com-
pare antimicrobial and antioxidant properties. Phenolic com-
pound such as gallic acid (3, 4, 5-trihydroxybenzoic acid) is
one of the major phytoconstituents of fruits of P. emblica.
Gallic acid is a naturally occurring polyphenolic compound
and has been reported as anti-bacterial against a wide range
of pathogens including Escherichia coli, Staphylococcus
aureus, Pseudomonas aeruginosa and Klebsiella pneumonia
(Vaquero et al. 2007). It is also known for number of thera-
peutics like anti-allergic, anti-inflammatory, anti-mutagenic
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Fig.4 Antioxidant activity of methanolic extracts of fruits of P.
emblica collected from different altitudes of Himachal Pradesh, India.
a DPPH radical scavenging method and b Ferric reducing antioxidant
power (FRAP) method. Different amounts of extracts (540 pg/ml)
were used in DPPH and FRAP assay as indicated. Ascorbic acid was
used as control. Values are expressed in terms of mean+SD of two
independent experiments

and anti-carcinogenic (Choubey et al. 2015; Gali et al. 1991,
Singleton 1981). It can be used as antioxidant to protect
human cells against oxidative damage, to treat albuminuria
and diabetes and as a remote astringent in cases of internal
hemorrhage (Abbasi et al. 2011). It also showed cytotoxic
effects against cancer cells without harming normal cells
(Beniwal et al. 2013).

In the present study, we found that TPC of E. offici-
nalis was marginally higher in fruits extract of Mandi
(239.74 +£39.28 mg/g, GAE), whereas, TFC was higher in

fruits extract from Kangra (356 +27.63 mg/g, RE) and low-
est in fruit extracts of Mandi. On the other hand, methanolic
extract of E. officinalis fruits of Bilaspur and Kangra showed
the highest antibacterial activity against all the tested Gram-
positive and Gram-negative bacteria as compared to fruits
extracts of other regions and standard antibiotic, Amoxy-
clav, except antibacterial activity of amoxyclav against S.
aureus. This may be partially attributed to the presence of
high amounts of TPC and TFC in E. officinalis fruits extract
of Bilaspur and Kangra regions. Antimicrobial potency of
fruits of E. officinalis was also reported in various studies
(Al-Gbouri and Hamzah 2018; Jamil 2017; Khoo et al. 2016).
The antioxidant potency of fruits of E. officinalis was analyzed
using DPPH and FRAP assays. It was observed that metha-
nolic extracts of fruits from Bilaspur showed more antioxi-
dant potential as shown by lower ICs,, with various antioxidant
assays such as DPPH radical scavenging assay (4.09+1.34 pg/
ml) and FRAP assay [20.8 +2.26 uM Fe(II) equivalents] as
compared to that of ascorbic acid (DPPH-3.86 +0.141 pg/ml;
FRAP-13.43 +£0.63 pg/ml). The higher antioxidant activity
in Bilaspur sample may be due to high amount of flavonoid
content, indicating correlation of TFC with antioxidant activ-
ity. Several studies have reported the positive correlation of
TPC with antioxidant activity (Fidrianny et al. 2018; Gan et al.
2017; Rakholiya et al. 2014; Petridis et al. 2012), however,
some studies have also showed the positive correlation of
flavonoids with various antioxidant assays (Shan et al. 2019;
Hazra et al. 2010). TLC bioautography showed that gallic acid
is one of the phytoconstituents present in fruits of P. emblica,
which is responsible for their antioxidant activity. Thus, gallic
acid content could be used as an index for antioxidant poten-
tial in the fruits of P. emblica. HPTLC chromatogram showed
the presence of highest content of gallic acid in methanolic
extracts of fruits from Kangra (765.23 +12.79 mg/g, extract)
followed by Bilaspur (621.86 +2.68 mg/g, extract), Mandi
(408.32+4.21 mg/g, extract) and Una (360.34 +5.73 mg/g,
extract). Correlation of TPC, TFC, DPPH, FRAP and gallic
acid content with longitude, latitude and altitude was investi-
gated in terms of Pearson correlation coefficient using IBM
SPSS statistics 20 software. It was found that TPC, TFC,
DPPH, FRAP, gallic acid content was not affected by lati-
tude and longitude, but altitude showed negative significant

Table 3 Half maximal inhibitory concentration (ICs) of methanolic extract of fruits of P. emblica collected from different altitudes of Himachal

Pradesh. Values are mean + SD of three independent experiments

Antioxidant assay Ascorbic acid ICy,

Bilaspur Kangra Mandi Una
DPPH* 3.86+0.141 4.09+1.34 4.57+1.58 4.87+0.99 4.63+0.24
FRAP® 13.43+0.63 20.80+2.26 22.06+1.46 26.87+£2.02 39.61+2.1
Aug/ml

®uM Fe(II) equivalents
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Fig.5 HPTLC analysis for quantification of gallic acid by HPPTLC
method in methanolic fruit extracts of P. emblica collected from dif-
ferent altitude of Himachal Pradesh, India. a HPTLC fingerprint pro-
file of methanolic extracts of P. emblica collected from different atti-
tude of Himachal Pradesh along with gallic acid (standard); Lane 1-4
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Fig.6 TLC bioautography of Gallic acid and methanolic fruit
extracts of fruits of P. emblica from different altitude after sprayed
with DPPH. GA gallic acid, B Bilaspur, K Kangra, M Mandi, U Una
as indicated are methanolic extracts of fruits of P. emblica. Arrow
indicates a yellow spot corresponding to gallic acid with R;=0.4
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represents sample collected from Bilaspur (B), Kangra (K), Mandi
(M), Una (U). Lane 5 represents gallic acid (GA) as control. b Den-
sitometric scanning profile of the spot corresponding to gallic acid in
the chromatogram analysis at 254 nm; c¢ linear regression graph of
gallic acid

correlation with TFC (at 0.05 level, t test) and FRAP activity
(at 0.001 level, t test). Both DPPH and FRAP showed nega-
tive non-significant and significant correlation with gallic acid
content, respectively. According to value of ICs in antioxidant
assay, these correlations become positive with gallic acid con-
tent. Gallic acid content also showed positive correlation with
parameters such as latitude, longitude, altitude TPC, and TFC,
but all these are statistically insignificant. In contrast to our
study, a direct correlation was found between the total phe-
nol and flavonoid content and the altitude (Pandey et al. 2018)
on Thalictrum foliolosum. Study from Dey and Pandey (2014)
on altitudinal variation of stigmasterol, an anti-venom com-
pound in Rauvolfia serpentina using HPTLC method showed
the altitude is positively correlated with stigmasterol content.

Conclusions

The present study showed that the fruits of P. emblica from
Bilaspur region showed higher antioxidant and antibacte-
rial potential. Gallic acid was found to be major antioxi-
dant phytocompounds in fruits of P. emblica as shown in
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Table 4 Correlation of TPC, TFC, antioxidant activity and gallic acid content in fruit extracts of P. emblica with latitude, longitude and altitude

using Pearson correlation coefficient (r)

Latitude Altitude Longitude TPC TFC DPPH FRAP Gallic acid content
Latitude Pearson correlation 1 —-0.414 -0.066 0.236 0.545 0.194 0.176 0.343
Sign (1 tailed) 0.154 0.438 0.438 0.081 0.323 0.338 0.203
Altitude Pearson correlation 1 -0.019 —-0429 -0.693* —0.157 —0.894** 0.026
Sign (1 tailed) 0.482 0.145 0.028 0.355 0.001 0.476
Longitude Pearson correlation 1 0.241 0.002 -0.397  —-0.068 0.001
Sign (1 tailed) 0.282 0.498 0.165 0.436 0.499
TPC Pearson correlation 1 —0.049 0.218 0.555% 0.419
Sign (1 tailed) 0.439 0.248 0.030 0.087
TFC Pearson correlation 1 -0.205 0.529 0.208
Sign (1 tailed) 0.261 0.38 0.259
DPPH Pearson correlation 1 0.11 —-0.222
Sign (1 tailed) 0.366 0.244
FRAP Pearson correlation 1 —0.484*
Sign (1 tailed) 0.050

Pearson correlation
Sign (1 tailed)

Gallic acid content

1

*Correlation is significant at the 0.05 (7 tailed test
**Correlation is significant at the 0.01 (¢ tailed test)

TLC bioautography. The higher antioxidant and antibacte-
rial potency in fruit extract of P. emblica from Bilaspur
region may be probably due to synergistic effect of other
phytoconstituents such as ascorbic acid, quercetin along
with gallic acid.

Acknowledgements The authors acknowledge Shoolini University,
Solan, for providing infrastructure support to conduct the research
work. Authors also acknowledge the support provided by Yeast Biol-
ogy Laboratory, School of Biotechnology and Central Instrumentation
laboratory, School of Pharmaceutical Sciences, Shoolini University,
Solan, Himachal Pradesh, India.

Compliance with ethical standards

Conflict of interest The authors confirm that they have no conflicts of
interest with any parties regarding the content of this article.

References

Abbasi S, Daneshfar A, Hamdghadareh S, Farmany A (2011) Quan-
tification of sub-nanomolar levels of gallic acid by adsorptive
stripping voltammetry. Int J Electrochem Sci 6:4843-4852

Al-Gbouri NM, Hamzah AM (2018) Evaluation of Phyllanthus
emblica extracts as antibacterial and antibiofilm against biofilm
formation bacteria. Iraqi J Agric Sci 49:142-151

Alonso C, Pérez R, Nieto PM, Delgado J (2005) Gender dimor-
phism and altitudinal variation of secondary compounds in
leaves of the gynodioecious shrub Daphne laureola. ] Chem
Ecol 31:139-150

Anila L, Vijayalakshmi NR (2002) Flavonoids from Emblica officinalis
and Mangifera indica—effectiveness for dyslipidemia. J Ethnop-
harmacol 79:81-87

Bajpai M, Pande A, Tewari SK, Prakash D (2005) Phenolic contents
and antioxidant activity of some food and medicinal plants. Int J
Food Sci Nutr 56:287-291

Barros L, Ferreira MJ, Queiros B, Ferreira ICFR, Baptista P (2007)
Total phenols, ascorbic acid, B-carotene and lycopene in Portu-
guese wild edible mushrooms and their antioxidant activities.
Food Chem 103:413-419

Beniwal V, Kumar A, Sharma J, Chhokar V (2013) Recent advances in
industrial application of tannases: a review. Recent Pat Biotechnol
7:228-233

Benzie IFF, Strain JJ (1996) The ferric reducing ability of plasma
(FRAP) as a measure of ‘antioxidant power’: the FRAP assay.
Anal Biochem 239:70-76

Bhattacharya SK, Bhattacharya A, Sairam K, Ghosal S (2002) Effect
of bioactive tannoid principles of Emblica officinalis on ischemia-
reperfusion-induced oxidative stress in rat heart. Phytomedicine
9:171-174

Carey DB, Wink M (1994) Elevational variation of quinolizidine alka-
loid contents in a lupine (Lupinus argenteus) of the Rocky Moun-
tains. J Chem Ecol 20:849-857

Chandel SR, Kumar V, Guleria S, Sharma N, Sourirajan A, Khosla PK,
Baumler DJ, Dev K (2019) Sequential fractionation by organic
solvents enhances the antioxidant and antibacterial activity of
ethanolic extracts of fruits and leaves of Terminalia bellerica
from North Western Himalayas, India. Pharmacogn J 11:94-101

Charmkar NK, Singh R (2017) Emblica officinalis Gaertn (Amla): a
wonder gift of nature to humans. Int J Curr Microbiol App Sci
6:4267-4280

Chaudhary HJ, Wadhwa BM (1984) Flora of Himachal Pradesh, vol
1-3. Botanical Survey of India, Howrah

Choubey S, Varughese LR, Kumar V, Beniwal V (2015) Medicinal
importance of gallic acid and its ester derivatives: a patent review.
Pharm Pat Anal 4:305-315

Choudhry N, Singh S, Siddiqui MB, Khatoon S (2014) Impact of sea-
sons and dioecy on therapeutic phytoconstituents of Tinospora
cordifolia, a Rasayana drug. Biomed Res Int 2014:11

Dey A, Pandey DK (2014) HPTLC detection of altitudinal variation
of the potential antivenin stigmasterol in different populations of

@ Springer



396

Vegetos (2019) 32:387-396

the tropical ethnic antidote Rauvolfia serpentina. Asian Pac J Trop
Med 7:540-545

Fidrianny I, Suhendy H, Insanu M (2018) Correlation of phytochemical
content with antioxidant potential of various sweet potato (Ipo-
moea batatas) in West Java, Indonesia. Asian Pac J Trop Biomed
8:25-30

Gaire BP, Subedi L (2014) Phytochemistry, pharmacology and medici-
nal properties of Phyllanthus emblica Linn. Chin J Integr Med
9:1-8

Gairola S, Shariff NM, Bhatt A, Kala CP (2010) Influence of climate
change on production of secondary chemicals in high altitude
medicinal plants: issues needs immediate attention. ] Med Plants
Res 4:1825-1829

Gali HU, Perchellet EM, Perchellet JP (1991) Inhibition of tumor
promoter-induced ornithine decarboxylase activity by tannic acid
and other polyphenols in mouse epidermis in vivo. Cancer Res
51:2820-2825

Gan J, Feng Y, He Z, Li X, Zhang H (2017) Correlations between
antioxidant activity and alkaloids and phenols of Maca (Lepidium
meyenii). J Food Quality. https://doi.org/10.1155/2017/3185945

Gangwar KK, Deepali Gangwar RS (2010) Ethnomedicinal plant diver-
sity in Kumaun Himalaya of Uttarakhand India. Nat Sci 8:66—78

Harbone JB (1998) Phytochemical Methods, 3rd edn. Chapman and
Hall, London, pp 117-119

Hazra B, Sarkar R, Biswas S, Mandal N (2010) Comparative study of
the antioxidant and reactive oxygen species scavenging proper-
ties in the extracts of the fruits of Terminalia chebula, Terminalia
belerica and Emblica officinalis. BMC Complement Altern Med
10:20. https://doi.org/10.1186/1472-6882-10-20

Jamil K (2017) Estimation of Antibacterial Activity of Plants Extracts
from Phyllanthus emblica, Terminalia Chebula and Eucalyptus
globulus against oral pathogens. Int J Dent Oral Heal 3:9-100

Khoo HE, Azlan A, Kong KW, Ismail A (2016) Phytochemicals and
medicinal properties of indigenous tropical fruits with potential
for commercial development. Evid Based Complement Altern
Med 2016:2016. https://doi.org/10.1155/2016/7591951

Kumar V, Sharma N, Sourirajan A, Khosla PK, Dev K (2018) Com-
parative evaluation of antimicrobial and antioxidant potential of
ethanolic extract and its fractions of bark and leaves of Terminalia
arjuna from north-western Himalayas, India. J Tradit Comple-
ment Med 8:100-106

Kumaran A, Karunakaran RJ (2006) Nitric oxide radical scavenging
active components from Phyllanthus emblica L. Plant Foods Hum
Nutr 61(1):1-5

Mirunalini S, Krishnaveni M (2010) Therapeutic potential of Phyllan-
thus emblica (amla): the ayurvedic wonder. J Basic Clin Physiol
Pharmacol 21:93-105

Naik GH, Priyadarsini KI, Bhagirathi RG et al (2005a) In vitro anti-
oxidant studies and free radical reactions of triphala, an ayurvedic
formulation and its constituents. Phytother Res 19:582-586

Naik GH, Priyadarsini KI, Mohan H (2005b) Evaluating the antioxidant
activity of different plant extracts and herbal formulations. Res
Chem Intermed 31:145-151

Nickavar B, Adeli A, Nickavar A (2014) TLC-Bioautography and
GC-MS analyses for detection and identification of antioxidant
constituents of Trachyspermum copticum essential oil. Iran J
Pharm Res 13:127-133

Nisha P, Singhal RS, Pandit AB (2004) A study on degradation kinetics
of ascorbic acid in amla (Phyllanthus emblica L.) during cooking.
Int J Food Sci Nutr 55:415-422

Pandey G, Khatoon S, Pandey MM, Rawat AK (2018) Altitudinal
variation of berberine, total phenolics and flavonoid content in
Thalictrum foliolosum and their correlation with antimicrobial and
antioxidant activities. ] Ayurveda Integr Med 9:169-176

@ Springer

Perez C, Paul M, Bazerque P (1990) Antibiotic assay by agar-well dif-
fusion method. Acta Biol Med Exp 15:113-115

Petridis A, Therios I, Samouris G, Tananaki C (2012) Salinity-induced
changes in phenolic compounds in leaves and roots of four olive
cultivars (Olea europaea L.) and their relationship to antioxidant
activity. Environ Exp Bot 79:37-43

Poltanov EA, Shikov AN, Dorman HJ et al (2009) Chemical and
antioxidant evaluation of Indian gooseberry (Emblica officinalis
Gaertn., syn. Phyllanthus emblica L.) supplements. Phytother Res
23:1309-1315

Rakholiya K, Vaghela P, Rathod T, Chanda S (2014) Comparative
study of hydroalcoholic extracts of Momordica charantia L.
against foodborne pathogens. Ind J Pharm Sci 76:148-156

Ruiz-Teran F, Medrano-Martinez A, Navarro-Ocafia A (2008) Antioxi-
dant and free radical scavenging activities of plant extracts used
in traditional medicine in Mexico. Afr J Biotechnol 7:1886—1893

Rumzhum NN, Rahman MM, Kazal MK (2012) Antioxidant and cyto-
toxic potential of methanol extract of Tabernaemontana divari-
cata leaves. Int Curr Pharm J 1:27-31

Samal J (2016) Medicinal plants and related developments in India: a
peep into 5-year plans of India. Indian J Health Sci Biomed Res
(KLEU) 9:14

Samant SS, Pant S, Singh M, Lal M, Singh A, Sharma A, Bhandari
S (2007) Medicinal plants in Himachal Pradesh, north western
Himalaya, India. Int J Biodivers Sci Manag 3:234-251

Scartezzini P, Speroni E (2000) Review on some plants of Indian tra-
ditional medicine with antioxidant activity. J Ethnopharmacol
71:23-43

Shan S, Huang X, Shah MH, Abbasi AM (2019) Evaluation of poly-
phenolics content and antioxidant activity in edible wild fruits.
BioMed Res Int. https://doi.org/10.1155/2019/1381989

Sharma RN, Bala J, Singh A, Prabhjot K (2011) Antibacterial potential
of Achyranthus aspera Linn procured from Himachal Pradesh,
Punjab and Haryana, India. Res J Chem Sci 8:80-82

Shiva MP (1996) Inventory of forestry resources for sustainable man-
agement and biodiversity conservation. Indus Publishing Com-
pany, New Delhi

Singleton VL (1981) Naturally occurring food toxicants: phenolic
substances of plant origin common in foods. Adv Food Res
27:149-242

Singleton VL, Orthofer R, Lamuela-Raventés RM (1999) Analysis of
total phenols and other oxidation substrates and antioxidants by
means of folin-ciocalteu reagent. Methods in enzymology, vol
299. Academic press, London, pp 152-178

Vaquero MR, Alberto MR, De Nadra MM (2007) Antibacterial effect
of phenolic compounds from different wines. Food Control
18:93-101

Zhang YJ, Abe T, Tanaka T, Yang CR, Kouno I (2001) Phyllanem-
blinins A-F, new ellagitannins from Phyllanthus Emblica. J Nat
Prod 64:1527-1532

Zhang YJ, Nagao T, Tanaka T, Yang CR, Okabe H, Kouno I (2004)
Antiproliferative activity of the main constituents from Phyllan-
thus emblica. Biol Pharm Bull 27:251-255

Zhishen J, Mengcheng T, Jianming W (1999) The determination of
flavonoid contents in mulberry and their scavenging effects on
superoxide radicals. Food Chem 64:555-559

Zidorn C (2010) Altitudinal variation of secondary metabolites in
flowering heads of the Asteraceae: trends and causes. Phytochem
Rev 9:197-203

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1155/2017/3185945
https://doi.org/10.1186/1472-6882-10-20
https://doi.org/10.1155/2016/7591951
https://doi.org/10.1155/2019/1381989

	Altitudinal variation in gallic acid content in fruits of Phyllanthus emblica L. and its correlation with antioxidant and antimicrobial activity
	Abstract
	Introduction
	Materials and methods
	Collection of plant materials
	Chemicals and solvents
	Preparation of fruit extract of P. emblica
	Qualitative analysis of phytocompounds
	Spectrophotometric quantification of total phenolic and flavonoids

	Analysis of variation in antimicrobial and antioxidant activity
	Antimicrobial activity
	In vitro antioxidant activity
	DPPH radical scavenging activity
	Ferric Reducing antioxidant power (FRAP) assay
	Quantification of gallic acid using high performance thin layer chromatography (HPTLC) method
	Bioautography assay for gallic acid as antioxidant compounds in fruits of P. emblica

	Results
	Qualitative analysis of phytochemicals in methanolic extracts of fruits of P. emblica
	Quantification of total phenolic and flavonoids
	Antibacterial activity of methanolic extract of P. emblica
	Antioxidant activity of methanolic fruit extract of P. emblica
	Quantification of gallic acid levels in methanolic fruit extracts of P. emblica by HPTLC
	TLC bioautography assay for identification of antioxidant compounds in methanolic extracts of fruits collected from different regions of Himachal Pradesh
	Correlation between TPC, TFC, antioxidant activity, gallic acid content with latitude, longitude and altitude

	Discussions
	Conclusions
	Acknowledgements 
	References




