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Abstract

Background: Viburnums comprise a taxonomic group of plants distributed all over the world and were reported to
have many biological activities. Viburnum coriaceum Blume is one of the least explored members of the group. The
present study was aimed to explore the phytochemical profile of the plant, Viburnum coriaceum Blume with special
emphasis to its anti-oxidant, anti-bacterial, and anti-inflammatory activities.

Results: Extracts of all parts of plants were found to possess a spectrum of chemicals in considerable amount,
including triterpenoids and glycosides. Anti-oxidant property was found in extracts made of any part of the plant.
Methanol extract of root expressed a prominent zone of inhibition in agar gel well-diffusion assay involving many

leads.

microorganisms. Inhibition of enzymes, LOX, and trypsin showed by the hexane extract of root suggested a
prominent anti-inflammatory potential of the plant under investigation.

Conclusion: Phytochemical profiling and the other assays using the plant extracts provide us with a plant having
many valuable medicinal properties. Viburnum coriaceum Blume could be noted as a promising material for drug
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Background

Genus Viburnum is a group of around 200 shrubs and
small trees, under the Adoxaceae family [1]. They are
primarily distributed in the temperate climatic zone of
Northern Hemisphere and in the tropical mountains of
Australia and Tasmania. Great diversity among these
plants are seen in the Himalayan regions and China [2].
Health benefits of Viburnums were known from earlier
times. Cramp bark (Viburnum opulus) and black haw
(Viburnum prunifolium) have a long history in the medi-
cations associated with pregnancy, especially during mis-
carriages among the native American tribes [3]. They
are also found to be effective in muscle cramps, back
pain, pain in thighs, etc. and animal/clinical studies
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proved their relaxing effects on muscles, especially
uterus and thighs [4]. V. opulus is used in homeopathic
medicine for the treatment of dysmenorrhea and have
other health benefits too [5, 6]. Viburnum lantana [7],
Viburnum macrocephalum (8], Viburnum grandiflorum
9], Viburnum dilatatum [10], etc. are some other im-
portant species with reported medicinal properties. Anti-
oxidant [7, 10], anti-microbial [8, 9, 11], anti-diabetic
[10], anti-inflammatory [12, 13], anti-nociceptive [12],
and hepato-protective [14] effects were also reported
from these species. A number of bioactive compounds
have been isolated from different Viburnums including
monoterpenes, iridoids and iridoid glycosides [15, 16].
Viburnum coriaceurn Blume, synonym Viburnum
cylindricum Buch-Ham. Ex D. Don has not been de-
scribed as in detail as the other members of its genera. It
is an evergreen large shrub growing up to 7 m long, seen
in altitude of 1000-2500 m. It has been described in
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Ayurveda [17]. V. coriaceum is phylogenetically related
to V. opulus, a plant with high medicinal values [18].
Formulations from V. coriaceum were reported with
anti-convulsant property, and thus became important
for its applicability in medicinal field [19]. It befits fur-
ther investigation with a detailed check on its phyto-
chemical profile. Hence, focus of the present study is to
explore the rich phyto-constituents of the plant and its
medicinal properties with special emphasis on anti-
oxidant, anti-bacterial, and anti-inflammatory activities.
With the increase in the challenge of staying healthy,
need for new medicines/nutraceuticals will never end.

Methods

Plant material: collection and identification

Plant materials were collected from the Nilgiri Hills
of Tamil Nadu, India during the month of August,
and dried under shade and powdered. Roots and aer-
ial parts were powdered separately. The material was
identified and authenticated by Dr. Prabhukumar K.
M., Scientist and Head, Plant Systematics and Genet-
ics Division, Centre for Medicinal Plants Research
(CMPR), Kottakkal, India and the voucher specimen
(CMPR 8670) was deposited at CMPR Raw Drug
Museum.

Extraction

Roots and aerial parts were extracted with hexane,
methanol, and water successively. All the extracts were
concentrated and stored for further studies [20].

Qualitative phytochemical analysis

Test for alkaloids

Two tests were performed to confirm the presence of
alkaloids in the samples. In the first test, (Hager’s) 2
mL of plant extract was mixed with 2 mL of Hager’s
reagent (saturated aqueous solution of picric acid).
An eye catching yellow precipitate pointed to a posi-
tive result [21].

In Wagner’s test for alkaloids, 2 mL of Wagner’s re-
agent (2 g of iodine and 6 g of potassium iodide in
100 mL distilled water) was added to 2 mL of plant
extract. Reddish brown precipitate indicated positive
result [22].

Test for flavonoids

Alkaline reagent test was used for the detection of flavo-
noids. To 2 mL of the test sample, a few drops of so-
dium hydroxide solution were added. An intense yellow
color was developed and which faded on addition of di-
lute hydrochloric acid [21, 23].
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Test for tannins

Presence of tannins in the extract was detected by treat-
ing 1 mL of plant extract with a few drops of 1% gelatin
in 10% sodium chloride solution. Formation of a white
precipitate indicates positive result [21].

Test for triterpenoids

Two milliliters of plant extract was mixed with 1 mL of
chloroform and a few drops of concentrated sulfuric acid
were added along the sides of the test tube. A reddish
brown color at the interphase shows the presence of tri-
terpenoids [22].

Test for glycosides

Acid hydrolysis of the plant extracts were done initially.
To 2 mL of the hydrolysate, 3 mL chloroform was added
and shaken well, kept undisturbed for the formation of
two separate layers. To the chloroform layer, equal vol-
ume of 10% ammonia solution was added. Pinkish red
color indicated the presence of anthraquinone glycosides
(Borntrager’s test) [21, 22].

In the second test, 2 mL of plant extract was treated
with 1 mL glacial acetic acid. A few drops of 5% ferric
chloride and concentrated sulfuric acid were added by
the sides of the test tube. Appearance of a reddish brown
ring at the junction of two liquids indicated the presence
of cardiac glycosides [21, 23].

Test for saponins

Foam test was used to detect the presence of saponins.
Then, 2 mL of the extracts was mixed with 10 mL of
distilled water and mixed vigorously. Observation of per-
sistent foam indicated the positive result [22, 23].

Test for anthocyanins

One milliliter of plant extract and 1 mL of 2N sodium
hydroxide solution were heated in water bath for 5 min
at 100 °C. Formation of a bluish green color indicated
the presence of anthocyanins [24].

Quantitative phytochemical analysis

Alkaloids

Alkaloids in a plant sample were quantitatively mea-
sured by Harborne methodology [20, 21]. Then, 2.5 g
of plant sample taken in a 250 mL beaker was treated
with 200 mL of 10% glacial acetic acid in ethanol and
allowed to stand for 4 h for extraction. The extract
was then concentrated in a water bath till it got re-
duced to 1/4th. Concentrated ammonium hydroxide
solution was added drop wise till complete precipita-
tion occurred. After 3 h of standing for sedimenta-
tion, the supernatant was discarded and the
precipitate was washed with dilute ammonium hy-
droxide and then filtered. The residue was dried in
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an oven and weighed. Percentage of alkaloid content
in a given amount of the sample was calculated by

ioht of alkaloi
%of Alkaloid — <Welg tof afa °1d> % 100

Weight of sample

Flavonoids

Total flavonoid content of the sample was determined
by aluminium chloride calorimetric method [25, 26]. In
this reaction, aluminium chloride would form acid stable
complexes with C-4 keto group and either C-3 or C-5
hydroxyl group of flavones and flavonols. Also, alumin-
ium chloride formed acid labile complexes with ortho
dihydroxyl groups in the A and B rings of flavonoids.
Different concentrations of quercetin were used to gen-
erate calibration curve. Different concentrations of quer-
cetin and the samples to be tested were prepared in
methanol. Then, 0.5 mL of the test solutions and the
standard solutions were mixed with 1.5 mL of methanol,
0.1 mL of 10% aluminium chloride, 0.1 mL of 1 M po-
tassium acetate, and 2.8 mL of distilled water. For blank,
10% aluminium chloride was replaced by equal amount
of distilled water. After 30-min incubation at room
temperature, absorbance was measured at 415 nm in
UV/visible spectrophotometer (Thermo Scientific Evolu-
tion 201). The results were obtained as microgram quer-
cetin equivalent per milliliter of the sample.

Tannins

Tannin content was measured by a modified Folin-
Ciocalteu method [27, 28]. Then, 0.5 mL of the sample
was mixed with 3.75 mL of distilled water. To this mix-
ture, 0.25 mL of Folin-Ciocalteu reagent and 0.5 mL of
35% sodium carbonate solution were added and incubated
at room temperature for 30 min. Then, absorbance was
measured at 725 nm. Total tannin content was expressed
as tannic acid equivalents in pg/mL of plant extract.

Phenols

Total polyphenols in a sample was determined by spectro-
photometric method [28, 29]. Polyphenols formed a blue
complex with some specific redox reagents that could be
quantified spectrophotometrically. This blue complex is
phosphotungstic acid-phosphomolybdenum complex and
its maximum absorption depends on the alkaline solution
and the concentration of phenolic compounds [30]. One
milliliter of the sample extract was added to tubes con-
taining 5 mL of 1:10 dilution of Folin—Ciocalteu reagent
in water and 4 mL of 7.5% sodium carbonate solution.
The tubes were then incubated for 1 h at room
temperature. The absorbance was finally measured at 765
nm. Total phenol content was expressed as gallic acid
equivalents in pg/mL of plant extract.

(2020) 6:84

Page 3 of 13

In vitro anti-oxidant assays

DPPH radical scavenging assay

A stable free radical 1,1-diphenyl-2-picrylhydrazyl
(DPPH), having a free electron, showed high absorbance
at 517 nm. DPPH solution has a characteristic deep pur-
ple color which gets faded and converted to golden yel-
low upon accepting hydrogen from corresponding
donors. This discoloration was proportional to the con-
centration and the scavenging activity of the compounds
present in the plant extracts. Then, 2.8 mL of 100 uM
DPPH in methanol was mixed with different concentra-
tions (12.5, 25, 37.5, and 50 mg/mL) of plant extracts in
0.2 mL of methanol. Dosages for all the assays were
planned according to the inhibition shown by the ex-
tracts at minimum concentration. The mixture was then
incubated at room temperature for 30 min. Absorbance
was measured at 517 nm after shaking well. DPPH and
methanol solution without the extract served as control
and methanol solution alone as blank. Same test was re-
peated with different concentrations of ascorbic acid to
get a standard graph [23, 31].

Percentage of DPPH scavenging activity

Absorbance of control — Absorbance of test
= x 100
Absorbance of control

ABTS radical scavenging assay

ABTS (2,2"-azinobis (3-ethylbenzothiazoline)-6-sulfonic
acid) radical is generated when a strong oxidizing agent
like potassium permanganate or potassium per sulfate
reacts with ABTS salt. The ability of the anti-oxidants
present in the extract to scavenge ABTS radical gener-
ated in the aqueous phase is assayed comparing to a
positive standard ascorbic acid. Blue-green color of the
ABTS radical solution gets reduced by the hydrogen do-
nated by the anti-oxidants and this can be measured by
suppression in the absorption spectrum of wavelength
734 nm [32]. Equal quantities of 7.4 mM ABTS solution
and 2.6 mM potassium per sulfate solution were mixed
and incubated at room temperature for 12 h in dark to
prepare the working solution. One milliliter of the work-
ing solution was mixed with 60 mL of methanol and its
absorbance was measured at 734 nm. Absorbance value
was adjusted to 1.17 by adding methanol or working so-
lution. When the absorbance reached 1.17, absorbance
of the samples was measured. Different concentrations
(0.25, 0.5, 0.75, and 1 mg/mL) of the extracts were taken
as samples. Samples were prepared by mixing 150 pL of
the extract with 2850 pL of the working solution and in-
cubated at 2 h in dark. Methanol was taken as the blank
and working solution in methanol was taken as control.
Standard graph was prepared by repeating the experi-
ment with different concentrations of ascorbic acid.
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Percentage of ABTS scavenging activity

Absorbance of control — Absorbance of test
x 100
Absorbance of control

Hydroxyl radical scavenging assay

Oxidative stress developed by the reactive oxygen spe-
cies (ROS) are commonly believed to cause damage to
the biomolecules [33, 34]. Hydroxyl radicals are one of
the potent ROS developed in the cells. The ability of the
anti-oxidant compounds to compete with salicylic acid
for scavenging the hydroxyl radicals was assayed. Reac-
tion mixture contained 1 mL of 1.5 mM ferrous sulfate,
0.7 mL of 6 mM hydrogen peroxide, 0.3 mL of 20 mM
sodium salicylate, and 1 mL of various concentrations
(0.25, 0.5, 0.75, and 1 mg/mL) of the extracts. The reac-
tants were mixed and incubated at 37 °C for 1 h and
then the absorbance was measured at 562 nm. The ab-
sorbance measured was due to the hydroxylated salicyl-
ate complex. Percentage of scavenging was calculated by
the equation:

A -A
%of scavenging =1 - < lA 2) x 100
0

Ay is the absorbance of control (reactants without ex-
tract), A; is the absorbance of reactants in the presence
of extract, and A, is the absorbance of reactants except
sodium salicylate in the presence of extracts. Ascorbic
acid was the standard used.

In vitro anti-bacterial assay

Anti-bacterial activity of the roots and aerial parts ex-
tracts of the plant was tested with different bacterial
strains by agar gel well-diffusion method [35]. Clinical
strains of Staphylococcus aureus, Pseudomonas sp., Kleb-
siella sp., Escherichia coli, and Salmonella typhi were
collected from a local clinical lab. Some other strains of
the same species were also used for the study. Muller
Hinton agar plates were prepared and the wells were cut
with a micro tip. The extracts were prepared at a con-
centration of 1 mg/mL. Further, 100 pL extracts (hex-
ane, methanol, and water) in dimethyl sulfoxide
(DMSO) were added to the wells and incubated at 37 °C
for 24 h. Then, 100 pL of DMSO was used as the blank.
Inhibition zones were measured to know the anti-
bacterial potential. The positive samples were further an-
alyzed by applying increasing concentrations of extracts
(0.25, 0.50, 1.0, 2.0 mg/mL).

In vitro anti-inflammatory assays

Trypsin inhibition assay

Continuous-rate spectrophotometric method developed
by Sigma Aldrich [36] with slight modifications was used
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for the assay. The activity of the inhibitor was expressed
as the inhibition of active fraction mass units. The sub-
strate used was 0.25 mM N,-benzoyl-L-arginine ethyl
ester (BAEE) in phosphate buffer at pH 7.6. One unit of
BAEE will show an absorbance of 0.001 per minute at
7.6 pH. Enzyme (0.05 mM) was prepared in ice-cold
0.001 M hydrochloric acid and the extract fractions in
DMSO. The reaction mixture contains a total volume of
3.4 mL with 3 mL substrate, 0.2 mL enzyme, and 0.2 mL
inhibitor. Enzyme and the inhibitor fractions were incu-
bated for 10 min, then the substrate was added and the
readings were taken at 253 nm by time scanning for 10
min. Phenyl methyl sulfonyl fluoride (PMSF) was used
as the standard inhibitor.

Blank — 0.2 mL DMSO, 0.2 mL HCl, and 3 mL
substrate

Activity of the native enzyme (N) — 0.2 mL DMSO,
0.2 mL enzyme, and 3 mL substrate

Activity of enzyme in the presence of inhibitor (I) —
0.2 mL inhibitor, 0.2 mL enzyme, and 3 mL substrate

N-I\ 100
X
N

%of Inhibition = (

Lipoxygenase inhibition assay

Lipoxygenase (LOX) inhibition assay developed by
Arthon and Barrett [26] with slight modifications were
applied for activity analysis. LOX (EC 1.13.11.12) type I-
B (soya bean) was the enzyme used and linoleic acid was
the substrate used. Further, 0.93 uM solution of enzyme
was prepared in 0.2 mM borate buffer at pH 8.6. Then,
0.32 mM substrate was also prepared in same buffer at
the same pH. The assay mixture contains 50 gL enzyme,
360 pL substrate, and 1.59 mL borate buffer making the
final volume of 2 mL. While adding inhibitor to the re-
action mixture, 50 uL of inhibitor was added and the
buffer volume was reduced to 1.54 mL to maintain the
total volume at 2 mL. Formation of hydroperoxy-
octadecadienoic acid was the indicator of LOX activity,
which could be measured in a spectrophotometer at 234
nm. Vanillin was used as the standard inhibitor. The
blank solution contained 50 pL DMSO, 1590 pL buffer,
and 360 pL substrate.

N-I\ 100
X
N

where N is the activity of the native enzyme and [ is the
activity of the enzyme in the presence of inhibitor.

Inhibition = (

Results
Qualitative phytochemical analysis
Table 1 shows the secondary metabolites present in hex-

ane, methanol, and water extracts of the plant.
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Table 1 Qualitative phytochemical analysis of root and aerial parts of V. coriaceum

Secondary Root Aerial parts

metabolites Hexane Methanol Water Hexane Methanol Water
Alkaloids - + + - + -
Flavonoids + + - + + -
Tannins + + - - + +
Triterpenoids + + - + +
Glycosides + + + + +
Saponins - - + - + +

Anthocyanins - -

Glycosides, indifferent to dielectric nature of the sol-
vents, were present in all the extracts. Triterpenoids
were absent in water showing their insolubility in polar
solvents. The other categories of compounds showed in-
consistent solubility preferences probably gained by
complex formation and it reflects the presence/absence
of certain types in root or aerial parts of the plant.

Quantitative phytochemical analysis

Total amount of the phytochemicals present in the plant
samples were estimated. Alkaloids, flavonoids, phenols,
and tannins were estimated using their corresponding
standards. Results are shown in Table 2.

Alkaloids

The amount of alkaloids present in 2.5 g of the roots
and aerial parts were analyzed and the results obtained
showed 5.06 + 0.3% alkaloids in the root and 1.63 +
0.35% in the aerial parts.

Flavonoids

Flavonoid content was measured as the absorbance of
aluminium chloride—flavonoid complexes formed using
a spectrophotometer. It was found that hexane and
methanol extracts of root contain 105 +7 .07 pg/mL and
156 + 4.2 pg/mL respectively while that of aerial parts
contained 108 + 5.08 ug/mL and 197 + 1.41 pg/mL.

Tannins

Hexane and methanol extract of the roots and methanol
and water extracts of the plant aerial parts showed the
presence of tannins. Hexane and methanol extracts of

root contained 156 + 3.89 pg/mL and 315 + 6.07 pg/mL
respectively. Methanol and water extracts of the aerial
parts contained 385 + 4.17 pg/mL and 135 + 7.7 ug/mL
respectively.

Phenols

Total phenol contents in the plant extracts were measured
spectrophotometrically. Hexane, methanol, and water ex-
tracts of the plant root contained 12 + 2.7 pg/mL, 28.5 +
141 pg/mL, and 16.25 + 3.8 ug/mL of phenols while that
of the aerial parts contained 19.25 + 1.7 pg/mL, 29.75 +
1.06 pg/mL, and 21.5 + 5.6 pg/mL respectively.

In vitro anti-oxidant assays
Methanol and hexane extracts of the plant parts showed a
considerable activity against various anti-oxidant targets.

DPPH radical scavenging assay

Plant extracts showed different potential in DPPH scav-
enging. Methanol extract of root and hexane extract of
aerial parts showed higher activity when compared to
other extracts. DPPH scavenging activity of the plant ex-
tracts at different concentrations are also showed in the
graph (Fig. 1). IC5¢ and ascorbic acid equivalence of the
extracts were calculated using the standard graph and
are shown in Table 3.

ABTS radical scavenging assay

ABTS radical generated in the reaction system were
scavenged by the anti-oxidants present in the sample.
Decolorization of the solution in accordance with the
amount of anti-oxidants in the samples was measured as

Table 2 Quantitative phytochemical analysis of root and aerial parts of V. coriaceum

Secondary Root Aerial parts
metabolites

Hexane (pg/mL) Methanol (pg/mL) Water (ug/mL) Hexane (png/mL) Methanol (pg/mL) Water (ug/mL)
Flavonoids 105 + 7.07 156 + 4.2 0.0 108 + 5.08 197 £ 141 0.0
Tannins 156 + 3.89 315+ 6.07 0.0 0.0 385 +4.17 135+ 77
Phenols 12427 285+ 141 16.25 + 38 1925+ 1.7 29.75 + 1.06 215+56
Alkaloids 5.06 + 0.3% per 2.5 g powder 1.63 £+ 0.35% per 2.5 g powder
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% of scavenging

Root Methanol

Root Hexane

Aerial Part

Extracts

DPPH Scavenging activity at different extract concentrations

M 12.5 mg/mL

M 25 mg/mL
37.5 mg/mL

M50 mg/mL

Aerial Part

Hexane Methanol

Fig. 1 DPPH scavenging activity of different extracts of V. coriaceum at different concentrations

change in the absorbance at 734 nm. In the bar diagram
(Fig. 2), percentage of scavenging was found to be high
for methanolic extracts of the root and aerial parts. ICsq
and ascorbic acid equivalence of all the extracts are rep-
resented in the Table 4.

Hydroxyl radical scavenging assay

The absorbance of hydroxylated salicylate and changes
in absorbance at different extract concentrations were
measured. Percentage of scavenging hydroxyl radicals
showed that methanolic extract of the root and hexane
extract of the aerial parts were more active in this re-
gard. Activity at different extract concentrations were
expressed in the graph (Fig. 3), ICso, and ascorbic acid
equivalence were shown in the Table 5.

In vitro anti-bacterial assay

Clinical strains of Escherichia coli, Pseudomonas sp., and
Klebsiella sp. showed a well-developed zone of inhibition
at very low concentration of root extract with methanol
(Fig. 4). There was a linear increase in the inhibition
zone with increase in the concentration of the samples.
Wells 1, 2, 3, and 4 indicate the folds of increase of the

Table 3 IC5, and ascorbic acid equivalence of the extracts of V.
coriaceum in DPPH scavenging activity

Extracts 1Cso values Ascorbic acid equivalence
(mg/mL) in mg/mL (12.5 mg/mL
of extract)
Root-Hexane 375 0018
Root-Methanol 11 0.029
Aerial parts-Hexane 21 0.016
Aerial parts-Methanol 15 0.025

root extract with methanol added with the bacterial
samples and well B being blank.

In vitro anti-inflammatory assays

The inhibitory property of the plant extracts showed on
enzymes trypsin (Fig. 5) and LOX (Fig. 6) could be con-
sidered contributing to its anti-inflammation property.
Root-hexane extract showed highest trypsin inhibition
(95.26%) followed by chloroform (71.35%) and root-
methanol showed highest inhibition for LOX (79.54%)
followed by hexane (72.61%).

Discussion

Present study was focused mainly on exploring a little
known plant of the genus Viburnum. This work has im-
pacted in opening up of probable important medicinal
properties of V. coriaceum. Phytochemical screening and
their quantitative estimations were performed as an ini-
tial step of study. Bioactive compounds reported from
other members of the same genus strengthened the
scope of study. In vitro anti-oxidant, anti-bacterial, and
anti-inflammatory activities were selected as indicative
of the applicability of plant material.

Successively prepared hexane, methanol, and water ex-
tracts of the roots and aerial parts of V. coriaceum were
used for qualitative analysis (Table 1). Presence of alka-
loids, flavonoids, tannins, triterpenoids, glycosides, and
saponins were found in the plant analyzed. Anthocya-
nins could not be detected in any of the extracts ana-
lyzed. Hence, it may be concluded that anthocyanins
may not be present in the sample analyzed. Methanol
extract of both root and aerial parts were found to be
relatively high in phytoconstituents. In the root extracts
studied, hexane extract possesses flavonoids, tannins, tri-
terpenoids, and glycosides; methanol extract possesses
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ABTS scavenging activity at different extract concentrations

100 1

op
A= M 0.25 mg/mL
g
§ H 0.5 mg/mL
S 0.75 mg/mL
N

B 1 mg/mL

Aerial Part
Methanol

Aerial Part
Hexane

Root Methanol

Root Hexane

Extracts

\

Fig. 2 ABTS scavenging activity of different extracts of V. coriaceum at different concentrations

alkaloids, flavonoids, tannins, triterpenoids, and glyco-
sides; and water extract possesses only alkaloids, glyco-
sides, and saponins. In the case of aerial parts, hexane
extract possesses only flavonoids, triterpenoids, and gly-
cosides; methanol extract possesses alkaloids, flavonoids,
tannins, triterpenoids, glycosides, and saponins; and
water extract possesses tannins, triterpenoids, glycosides,
and saponins.

In an earlier study of comparative phytochemical
screening of leaf, stem, and root of three different Vibur-
num sp., leaf extract of V. coriaceum showed relatively
larger concentration of triterpenoids, phytosterols, and
carbohydrates; stem extracts showed higher concentra-
tion of triterpenoids and carbohydrates along with pres-
ence of glycosides, flavonoids, and phenolics [37]. The
present study also showed the presence of triterpenoids,
glycosides, flavonoids, and other phenolics in the aerial
parts (leaf and stem together) of the plant. The sequen-
tial extraction by solvent of increasing polarity, which
would help purification of the targeted molecules was
not considered by the previous group. Root extract of
the plant reported formerly was with the presence of

carbohydrates, saponins, phenolics, alkaloids,

Table 4 IC;, and ascorbic acid equivalence of the extracts of V.
coriaceum in ABTS scavenging activity

triterpenoids, sterols, and glycosides [37]. The present
observation was conforming to that, however, the
present results has shown better suggestion to purify the
different classes and phyto compounds. Seventy percent
ethanol extract of V. coriaceum, in comparison to
current findings, had been demonstrated to possess fla-
vonoids, tannins, glycosides, saponins, and anthocyanins,
but not alkaloids and triterpenoids [19]. This could be
due to the difference in the use of solvents or any other
phenomenon that might influence the presence of sec-
ondary metabolites in plants. Qualitative phytochemical
analysis conducted with different extracts of V. opulus, a
species closely related to V. coriaceum also showed the
presence of tannins, saponins, alkaloids, flavonoids, gly-
cosides, phenols, terpenoids, and steroids [38]. Many re-
searchers have reported the biological activities of these
groups of compounds from the plants. Thus strength-
ened the scope of further analysis in V. coriaceum.

Mere presence of a particular group of compound
cannot support the medicinal value of a plant. Hence,
next stage of the study focused on the total content
of some of the main group of compounds. Phenols
including flavonoids and tannins were reported to
play major role in the anti-oxidant activities and in
turn for the treatment of many chronic diseases [39]
are included in the study along with alkaloids. Alka-
loids were also reported with various bioactivities like

Extracts 1Cso values Ascorbic acid equivalence . K . K ) .
(mg/mL) in mg/mL (0.25 mg/mL anti-cholinergic, anti-hypertensive, anti-inflammatory,
of extract) anti-neoplastic activities, etc. [40]. A comparative ana-
Root-Hexane 146 022 lysis was conducted among the different extracts
Root-Methanol 016 194 (hexane, methanol and water) of roots and aerial
Aerial parts-Hexane 07 017 parts (Table‘ 2) in the current stgdy. Methagol ex-
tracts leads in total phenol, flavonoid and tannin con-

Aerial parts-Methanol 0.17 1.88

tents than the other extracts studied. Also, tannin
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content was found to be higher than other groups of
compounds which were 315 + 6.07 pug/mL and 385 +
4.17 pg/mL in the methanol extracts of roots and aer-
ial parts respectively. This comparative analysis
among extracts could not be done in total alkaloid
content as the procedure needed plant powder as
such. In this, roots and aerial parts were analyzed
separately and showed 5.06 + 0.3% and 1.63 = 0.35%
of alkaloids per 2.5 g of plant powder respectively. A
total phenol content of 11 + 0.52 mg/g was reported
from whole plant powder [41], as in the preset report.
Data from closely related species also showed high
content of phenolic compounds like flavonoids and
tannins in viburnums and accounts for many of its
biological activities. According to the presently ac-
quired data, V. coriaceum is of great significance in
this regard.

Uncontrolled production of free radicals is a common
phenomenon in many of the patho-physiological condi-
tions of mammalian cells. This may be due to impair-
ment in the endogenous anti-oxidant mechanism,
damages in the cells, and exposure to various oxidizing
agents [42]. Hence, scavenging of the free radicals could
reduce the severity of unhealthy conditions. Anti-

Table 5 IC5, and ascorbic acid equivalence of the extracts of V.
coriaceum in hydroxyl radical scavenging

Extracts 1Cso values Ascorbic acid equivalence
(mg/mL) in mg/mL (0.25 mg/mL
of extract)
Root-Hexane 0.68 0.0045
Root-Methanol 0.25 0.027
Aerial parts-Hexane 0.14 0.030
Aerial parts-Methanol 0.73 0.019

oxidant compounds are the main scavengers of such free
radicals [43]. Free radicals being different chemical en-
tities require different tests to prove the scavenging cap-
acity of the plant extracts through different mechanisms
[44]. DPPH, ABTS, and hydroxyl radical scavenging ac-
tivity of the different extracts of roots and aerial parts of
V. coriaceum were examined here. Plant extracts in dif-
ferent solvents showed different potential in scavenging
free radicals (Figs. 1, 2, and 3). Water extracts showed
less or no activity in all the three experiments performed
and hence it was not included in the results.

DPPH radical scavenging activity was measured first.
Discoloration of the deep purple color of DPPH solution
into golden yellow color by absorbing hydrogen from
the donors was the indication used for identifying the
presence of radical scavengers in the extract. In the ex-
periment, it was observed that both the hexane and
methanol extracts showed the potential to scavenge
DPPH radicals (Fig. 1). At lower concentrations (12.5
mg/mL), methanol extract of root showed the highest
activity and hexane extract of aerial parts showed lowest
activity. But with the increase in concentration of ex-
tracts, there was only a slight increase in activity ob-
served in the methanol extract of root. Whereas in
hexane extract of aerial parts, a high rate of increase in
activity was observed with increase in concentration.
Hence at the highest concentration (50 mg/mL), hexane
extract of aerial parts showed the highest activity. Both
the other two extracts (root-hexane and aerial-parts
methanol) showed a pattern similar to that of root-
methanol extract.

ABTS radical scavenging activity was the next test per-
formed for analyzing the anti-oxidant potential. This is
also a color based test. Dark blue green color of ABTS
solution got decolorized by the radical scavengers in the
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extract. Root-methanol and aerial parts-methanol ex-
tracts showed a high percentage of activity (Fig. 2). Both
the extracts showed a very high free radical scavenging
activity at the lowest concentration (0.25 mg/mlL) itself
and not much difference was observed in the activity
with increase in concentration. This shows its high free
radical scavenging activity even at very low concentra-
tion. But with root-hexane and aerial parts-hexane ex-
tract, rate of increase in activity with increasing
concentration was high. Though they showed only a very
low activity at the lowest concentration (0.25 mg/mL),
activities reached a better level at highest concentration
(1 mg/mL), especially in the case of aerial parts-hexane
extract.

Under hypoxia, living organisms produce the most
biologically active hydroxyl radicals. They affect nucleic
acid and protein structures and play major roles in the
negative progression of many chronic diseases like ath-
erosclerosis, neurodegenerative diseases, cancer, etc. [33,
45]. Hence, hydroxyl radical scavengers are very import-
ant in life saving medications. In the current study, root-

methanol and aerial parts-hexane extracts showed a
similar pattern in their activity. With increase in concen-
tration of extracts, the rate of activity increases (Fig. 3).
Both these extracts scored higher values compared to
the other extracts. Aerial parts-methanol extract also
scored a higher value. Root-hexane extract, though
showed a very low activity at lowest concentration (0.25
mg/mL) of extract, it showed increase in activity with
higher concentration. It showed an appreciably better
value at the highest concentration (1 mg/mL).

In a comparative view on all the three tests of anti-
oxidant activities, ABTS and hydroxyl radicals were
scavenged at low concentration of extracts than DPPH
radicals. Highest concentration employed for ABTS and
hydroxyl radical scavenging were 1 mg/mL. For DPPH,
it was 50 mg/mL, showing that DPPH assay is not sensi-
tive in the case of V. coriaceum. Out of the extracts
studied, root-methanol extract showed consistently a
good free radical scavenging potential in all the tests. In
DPPH, radical scavenging root-methanol (IC50—11 mg/
mL) showed the highest activity (Table 3); in ABTS

Trypsin inhibitory activity of different extracts of V. coriaceum root
120
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g
k= 80 71.35 68.7
=
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;‘E
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Fig. 5 Trypsin inhibition showed by different extracts of V. coriaceum
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(Table 4), radical scavenging both root (IC5,—0.16 mg/
mL) and aerial parts (IC50—0.17 mg/mL) methanol ex-
tracts showed higher activity. In hydroxyl radical scaven-
ging (Table 5), root-methanol extract (IC50—0.25 mg/
mL) comes next to aerial parts-hexane extract (IC5o—
0.14 mg/mL). The differences observed may be due to
the mode of interaction directed by the structure and
amount of anti-oxidants present in the extracts. Ascor-
bic acid, the standard anti-oxidant can reduce free radi-
cals at a faster rate compared to other anti-oxidants
[46]. V. coriaceum showed a significant anti-oxidant po-
tential compared to the standard, in a study of different
Viburnum sp. [41]. The present study provides better
and comprehensive data than the previous attempt.
Total phenolic content of the plant also contributed to
its anti-oxidant potential. There is a significant correl-
ation existing between the anti-oxidant capacity of a
plant and its total phenolic content [47]. High phenolic
content observed in the methanolic extracts of the roots
and aerial parts in the present analysis of V. coriaceum
corresponds to the observation referenced above [47].
Chlorogenic acid, a potent anti-oxidant phenolic com-
pound [48], had been isolated from the stems of V. cor-
iaceum [49].

Viburnums were widely studied for their anti-bacterial
activity. Many of them showed significant activity against
pathogenic bacteria like Staphylococcus aureus, Bacillus
subtilis, Escherichia coli, Salmonella sp., Pseudomonas
aeroginosa, Klebsiella pneumonia, etc. [11, 50]. Out of
the extracts studied, root-methanol showed the highest
activity. All the other extracts showed little or no inhib-
ition. Anti-bacterial activity of V. coriaceum showed in-
hibitory potential on Escherichia coli, Pseudomonas sp.,
and Klebsiella sp. at lower concentrations (Fig. 4).
Staphylococcus aureus was also inhibited but at a very

high concentration. A correlation between tannin con-
tent with anti-microbial property of plants have been re-
ported by a group of researchers. Plant species which
were popularly known for anti-microbial activities were
found to possess tannin content above than average [51]
and anti-microbial activity of tannins was also reported
by many [52, 53]. Current study also supports this data
as the extract (root-methanol) which showed high anti-
bacterial activity also possesses high tannin content
(Table 2). Gomojosides with potent anti-bacterial activity
were isolated from many Viburnums [16]. Amentofla-
vone and astragalin isolated from the roots of V. erubes-
cens were found to be effective against many human
pathogens [41].

Anti-inflammatory activity of V. coriaceum was stud-
ied in vitro with different extracts (hexane, chloroform,
methanol, and water) of roots and aerial parts. Tryp-
sin and LOX inhibition potential was the target for
anti-inflammatory activity. Root extracts showed
higher inhibition than the aerial parts; hence, in the
results (Figs. 5 and 6), different extracts of roots were
only included. Hexane extract of root showed the
highest inhibition on trypsin, chloroform, and metha-
nol extracts comes next (Fig. 5). Whereas, LOX inhib-
ition was more pronounced with the root-methanol
extract followed by hexane extract (Fig. 6). This
would serve as a guide to the isolation of the active
inhibitory compound/s and it may be assumed that
they could be different for trypsin and LOX.

Enzymes trypsin and LOX were experimentally pre-
ferred as the target for studying anti-inflammatory po-
tential. Trypsin is a serine protease associated with
inflammation, digestion, osteoarthritis, various neuro-
logical disorders, etc. as it can break down a number of
proteins with pivotal roles in normal functioning of the
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body [54]. Inhibition of proteases can play significant
role in reducing the complications of many patho-
physiological conditions where inflammation is implied
[55]. LOX being a crucial member of the arachidonic
acid pathway of inflammatory reactions is the most com-
monly used target of anti-inflammatory studies [56]. An
Ayurvedic preparation (Churna) from the roots of three
Viburnum sp.—V. coriaceum, V. erubescens, V. puncta-
tum showed effective anti-inflammatory activity in ani-
mal models. The probable mechanism of this in vivo
anti-inflammatory activity was explained as the inhib-
ition of enzymes in the phospholipid metabolism path-
ways like phospholipase A2, cycloxygenase, LOX, and
acetyl transferase [41]. Plant’s inhibition potential of
these enzymes may lead to its effective use in the treat-
ment of many disorders, by finding out of drugs/drug-
leads. The significance of the work presented here impli-
cates its second phase of finding the active principles
and their more active derivatives.

Conclusion

The chemical constituents and the bioactivities of V. cor-
iaceum Bl showed it as a highly promising medicinal
plant. As the anti-oxidant and anti-inflammatory poten-
tial of the plant extracts are appreciable, it can also be
considered for investigating anti-cancerous activities.
Out of all the extracts studied, methanol extracts of the
plant parts showed high anti-oxidant activity. Hexane
extract of the plant root possesses a high amount of
anti-inflammatory activity. It showed an inhibition above
70% of the two pro-inflammatory enzymes studied.
Hence, further studies could be planned to focus on its
anti-inflammatory potential expressed by hexane extract,
for isolating promising drug leads.
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