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Abstract: The present study aimed to explore antioxidant, antimicrobial and anti-diabetic properties of the fern
Adiantum venustum. The TPC (total phenolic content) of methanolic extract of the plant was 247.95+0.0007pug of Gallic
acid equivalents per gram of dried extract (mg GAE/g). The highest TPC was in n-butanolic fraction, which was
981.45+0.1562mg GAE/g. Hexane fraction showed lowest TPC (256.95+0.0420mg GAE/g). Ethyl acetate fraction
exhibited highest total flavonoid content (TFC), i.e., 62.0+0.050mg of Rutin equivalents per gram of sample. DPPH (1,1-
diphenyl-2- picryl hydrazyl) radical scavenging activity of the plant was significant. n-Butanolic fraction was most
potent with ICs, being 1.06mg/mL. The ICsy of methanolic extract was 1.50mg/mL, that of aqueous fraction was 2.51
mg/mL, and that of chloroform fraction was 2.65mg/mL. Antibacterial potential of the fern was tested against two Gram-
positive bacterial strains, Pseudomonas aeruginosa and Escherichia coli and two Gram-negative bacterial strains,
Bacillus subtilis and Staphylococcus aureus. n-Butanolic fraction showed highest zone of inhibition (ZOI, 25.13+1.237
mm) against P. aeruginosa. Ethyl acetate fraction was most active (ZOI, 15.75£1.060 mm) against S. aureus. Against E.
coli, aqueous and n-butanolic fractions were most active (ZOI, 14.75+0.353 and 14.50+0.707mm, respectively).
Minimum inhibitory concentration (MIC) of methanolic extract against B. subtilis was as low as 1.98mg/mL. The hexane
fraction was least toxic against all the fractions. The plant displayed significant alpha-amylase inhibitory activity.
Chloroform fraction was most effective with lowest ICsy (1.10mg/mL) followed by ethyl acetate fraction (1.92mg/mL).
A. venustum is rich in phenolics and has substantial antioxidant, antimicrobial and alpha-amylase inhibitory potential.
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INTRODUCTION

used to treat snake and scorpion stings. Its fronds are
considered to be astringent, diuretic and expectorant and a

Adiantum (family Adiantaceae/ Pteridaceae) is a large
genus comprising about 200 species of ferns (Pan et al.,
2011). They are distributed around the world from hot
tropic regions to cold temperate zones. The genus is
known to have a wvariety of ethno-pharmacological
activities including antitumor, antiulcer,
antihypoglycemic, antimicrobial, antiviral, anti-pyretic,
diuretic and expectorant (Sing et al., 2013; Sher et al.
2011). Brahmachari et al., 2003). They are also used to
treat jaundice, cough, fever, headache and muscular pain
(Lone et al., 2015; Razaq et al., 2010). From various
Adiantum plants, many types of natural products have
been isolated, which include triterpenoids, sterols,
flavonoids, phenolics and many other phytochemicals
(Pan et al., 2011). Common species of Adiantum found in
Pakistan include A. capillus-veneris, A. caudatum, A.
venustum and A. trapeziforme (Iltaf et al., 2012).

A. venustum (full name Adiantum venustum D. Don) is
commonly called evergreen maidenhair or hardy
maidenhair. In Pakistan, it is found in Chitral, Swat,
Murree, Hazara and Kashmir and is also found in
Afghanistan, Bhutan, China, India, Nepal and Tibet, and
(Hassler, 2016). A. venustum has rich ethnomedicine. It is
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paste prepared from its rhizomes is used to treat cuts and
wounds (Amjad et al., 2015; Haq, 2012). Decoction of
leaves is used to treat cough, stomach pain and urinary
disorders (Yousuf et al., 2012). The plant is also used to
treat chronic tumors and to prevent hair loss, and is also
used as a tonic (Wani et al., 2016).

Plants, which have been used to cure diseases since the
time immemorail, contain natural products with a wide
range of bioactivities including antioxidant, anti-diabetic,
and antimicrobial. Natural antioxidants are required to
combat oxidative stress, which is caused by over
production of free radicals in the body. It is a major cause
of a number of hazardous therapeutic disorders inculdidng
cancer, cardiovascular dieases and diabetes (Ahmed et al.,
2013). Although, there are a number of anti-
hyperglycemic drugs are available, their side effects and
high cost demand safer and more affordale alternatives.
About 800 plant species are thought to have
hypoglycemic activity (Arif et al., 2014), which are
required to be explored to find better remedies for the
ailment.

Increasing resistance of microorganisms against existing
antibiotics is another problem of grave concern (Ntei-
Kang et al., 2013). Plants being rich in various types of
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chemical substances have great prospects for more
effective and safer antimicrobial agents. They can provide
common people with affordable and easily accessible
therapeutic remedies for different types of infections.

Taking into account the rich folkloric application of the
plant, we planned to investigate Adiantum venustum for
its antioxidant, anti-diabetic and antimicrobial properties.
Consequently, methanolic extract of the plant and its sub-
fractions in various solvents were studied for their
possible therapeutic potential.

MATERIALS AND METHODS

Chemicals

Ascorbic acid, 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical and o-amylase were purchased from MP
Biomedicals, France; methanol, dimethyl sulfoxide
(DMSO), sodium hydroxide, sodium nitrite, aluminium
chloride, rutin, Folin-Ciocalteu reagent, anhydrous
sodium carbonate, starch, and Mueller-Hinton agar were
purchased from Merck, Germany; Gallic acid was
purchased from Scharlau, Switzerland. GC-MS analysis
of the plant samples was carried out on Agilent
Technologies GCMS 7890 A)/5975C.

Collection and preparation of plant material

The plant material was collected from hills near
Abbottabad (Pakistan) in March 2012. The plant was
identified by the taxonomist Dr. Zaheeruddin Khan of
Government College University, Lahore, were a specimen
of the plant is kept under voucher No. GC.Herb.Bot.2990.
The plant was cleaned, washed, air- dried and pulverized
to powder and stored at 25°C. For extraction, the
powdered plant material (50g) was soaked in methanol
and allowed to stand for 15 days with occasional shaking.
The extract was filtered off and solid residue was
recovered for repeated maceration. Filtrates were pooled
and the solvent was evaporated on a rotary evaporator to
obtain dried methanolic extract (MeOH, 15g). A part of
the methanolic extract (10g) was fractionated successively
into solvents with increasing polarity to obtain hexane,
chloroform (CHCI;), ethyl acetate (EtOAc), n-butanolic
(n-BuOH), and residual aqueous fraction with yields (%)
as 6.574,5.244,2.704, 1.264, 4.08, respectively.

Test microorganisms

Standard strains of common pathogenic microorganisms
used for antimicrobial study were Pseudomonas
aeruginosa (ATCC 9027), Escherichia coli (ATCC
8739), Bacillus subtilis (ATCC 6633) and Staphylococcus
aureus (ATCC 6538). The first two are Gram-positive
while the latter two Gram-negative. The strains were
maintained in Mueller-Hinton agar (MHA) slants at 4°C.
Microorganisms were obtained from Pharmagen, Lahore,
Pakistan.

Study of antioxidant properties

Total phenolic content (TPC)

Total phenolic contents were evaluated by a standard
protocol (Slinkard et al., 1977). Stock solution of Gallic
acid standard (5000 mg/L) was prepared by dissolving 0.5
g Gallic acid in 10mL methanol in a 100-mL volumetric
flask, making the volume up to the mark by adding
distilled water. Solutions of different concentrations (50
mg/L, 100mg/L, 150mg/L, 250mg/L, 500mg/L) were
prepared by diluting (ImL, 2mL, 3mL, SmL, 10mL,
respectively) stock solution with distilled water making
the final volume as 100mL. Sodium carbonate solution
was prepared by adding 200g anhydrous sodium
carbonate in 800mL distilled water and the solution was
boiled for a minute and allowed to stand as such for 24h.
Then, a few crystals of sodium carbonate were added and
the solution was filtered. The filtrate was poured in 1-L
volumetric flask and distilled water was added up to the
mark. In a test tube, 40 pL standard/plant extract/fraction
(1 mg in SmL methanol), 3.16mL distilled water and 200
pL Folin-Ciocalteu reagent was taken. After mixing, it
was incubated for 8 min. Then, 600uL sodium carbonate
solution was mixed and the mixture was incubated at
40°C for 30 min. Blank was prepared by taking methanol
(without plant extract). Absorbance was recorded at 765
nm. Total phenolic contents were expressed as pg Gallic
acid equivalent/g of dried plant sample, which was
calculated using the formula,

C=c(mg/mL)x [V (mL)/M (g)]

Where, C=total phenolic content (mg/g), c= concentration
established from calibration curve (GAE, pg/mL), V=
total volume of the sample in test tube (i.e., 40uL +
3.16mL + 200uL + 600 uL=4mL), M = total mass of the
sample in the test tube in grams (4mL volume contained
0.0008 g plant sample).

Total flavonoid content (TFC)

Total flavonoid content of each sample was determined
using a scheme (Sahreen et al., 2010). Rutin was used as a
standard, and its calibration curve was drawn using
concentrations ranging from 100mg/L to 700mg/L
(100mL stock solution was prepared by thoroughly
dissolving 0.5g rutin in 50mL methanol in a 100-mL
volumetric flask, and making the volume up to the mark
with distilled water). To 300uL of a plant extract/ fraction
(1 mg in SmL methanol) or standard, 3.4mL 30% aqueous
methanol and 150pL 0.5M NaNO, solution was added.
After an interval of Smin, 150uL 0.3 M AIClL; solution was
mixed, and the mixture was again kept on incubation for 5 min.
After that, ImL 1M NaOH solution was added. Blank was
prepared by replacing AICI; with distilled water. The
absorbance was measured at 506nm. Total flavonoid
contents were expressed as ug Rutin equivalent/g of dried
plant sample, which was calculated using the formula,
C=c(mg/mL)x [V (mL)/M (g)]

where C = total flavonoid contents (mg/g), ¢ =
concentration established from calibration curve (RE,
pug/mL), V = total volume of the sample in test tube (i.c.,
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300 pL + 3.4mL + 150 uL + 150puL + ImL = 5mL), M =
total mass of the sample in test tube in grams (4mL
volume contained 0.001 g plant sample).

DPPH radical scavenging activity

DPPH radical scavenging activity was measured using a
standard method (Brand—Williams et al., 1995). Stock
solution of DPPH was prepared by dissolving 12 mg
DPPH in methanol to make S50mL solution. Then
absorbance of 0.98 (+0.02) at 517 nm was achieved by
adding methanol to the stock solution in order to get
working solution of DPPH radical. Ascorbic acid was
used as a standard. Different concentrations (7mg/mL, 6
mg/mL, Smg/mL, 4mg/mL, 3mg/mL, 2mg/mL, 1mg/mL,
and 0.05mg/mL) of ascorbic acid (standard), plant extract
and fractions were prepared in methanol. Absorbance was
measured at 517 nm by taking 3mL working solution of
DPPH mixed with 100pL standard or plant
extract/fractions (7mg/mL) in test tube and allowed to
stand for a period of 30 min. All other concentrations
were assessed for the antioxidant assay in the same
manner. For blank, 3mL methanol was added in 100uL
standard/plant extract or fractions instead of DPPH
solution. Control was prepared by adding 3mL DPPH
working solution to 100 pL. methanol. The DPPH radical
scavenging activity was calculated by the formula given
below:

%Radical Scavenging Activity = [1- (Ampie /Acontrol)] X
100

Where, Agmple and Agonrol are absorbance of sample and
control, respectively.

Antibacterial activity

Zones of inhibition

The antibacterial activity was determined by disc
diffusion method (Ervin et al., 1974). In 100-mm
sterilized plates, 21mL autoclaved (121°C for 15min)
Mueller- Hinton agar was added. For bacterial culture,
autoclaved seed agar (100mL at 50°C) was taken in a
flask. Inoculum was prepared by adding 3mL 0.9% w/v
Normal Saline in culture slants containing bacterial
culture. It was then shaken gently (in circling motion) so
that maximum culture was transferred into Normal Saline,
containing bacterial culture. Here turbidity was adjusted
(by adding saline water) according to 0.5% McFarland
standard. This inoculum was poured into seed agar.
Immediately after the plates got solidified, 4mL seed agar
was added. In this way, 25mL standard volume of
medium in 100-mm plate was attained. In order for agar
to set, the plates were refrigerated for 1h. Holes were dug
into it (by 8mm puncture) and carefully evacuated.
Samples (40mg/mL each) were added into the holes, and
kept for incubation for 24 h at 30-35°C.

Evaluation of minimum inhibitory concentrations
(MICs)

Minimum inhibitory concentration was determined by
agar diffusion assay following a previously reported
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method (Nostro et al., 2000). With the stock of 30 mg/mL
of a plant extract/fractions, 1%-5% incremental dilutions
were prepared. For 1% dilution plate, 0.2mL (30mg/mL)
plant extract/fraction was added into 19.8mL single
strength MHA. For 2% dilution plate, 0.4mL (30mg/mL)
plant extract/fraction was added into 19.6mL MHA. In
this way, 5 dilution plates were prepared for each plant
extract/fraction. With the help of a multi-point inoculator
(containing the inoculum), all bacterial cultures were
transferred into the plates at one time. Three control plates
were also prepared: (a) a plate containing Mueller-Hinton
agar and the inoculum. This was to check the
sustainability of the cultures, (b) a plate containing only
agar, and (c) a plate containing agar with plant extract. All
plates were then incubated for 24h and the plates were
observed next day. The lowest dilution that completely
inhibited the growth of the culture was the minimum
inhibitory concentration.

Evaluation of alpha-amylase inhibitory activity

The enzyme alpha-amylase inhibitory activity was
determined by method described by Nickavar et al.
(2009). To prepare 20mM sodium phosphate buffer, 0.356
g Na,HPO,, 0.24g NaH,PO, and 0.0392g NaCl were
taken in a 100-mL volumetric flask and dissolved in
distilled water making the volume up to the mark. The pH
was maintained at 6.9 with 1M NaOH or 1M phosphoric
acid. To 100mL buffer solution, 0.001 g alpha-amylase
was mixed to make 0.5unit/mL enzyme solution. Fresh
starch solution (0.5% w/v) was prepared by boiling 0.125
g starch in 25mL deionized water for 15min. The coloring
reagent was prepared by mixing reagents A and B. The
reagent A consisted of 20mL of 96mM 3,5-dinitrosalicilic
acid (0.438g dissolved in 20mL distilled water), and
reagent B was made by mixing 8mL of 2M NaOH and 12
g of sodium potassium tartrate tetrahydrate followed by
heating at 50-70°C with constant stirring. Distilled water
(12mL) was added. Acarbose was used as standard. Serial
dilutions of standard or plant extract/fraction (4mg/mL,
3mg/mL, 2mg/mL, Img/mL, 0.50mg/mL, 0.25mg/mL
and 0.05mg/mL) were prepared in DMSO. Three wrapped
test tubes were taken for control, blank and sample. In the
first (sample) and second (blank) test tubes, 0.5mL
standard or plant extract/fraction (4mg/mL) and 0.5mL
enzyme solution were added. In the third (control) test
tube, 0.5mL DMSO and 0.5mL enzyme solution was
taken. All three test tubes were incubated for 30 min at
25°C. Then, 1mL starch solution was added in first and
third test tubes, and 1mL coloring reagent was added in
the second test tube. Again all test tubes were incubated
for 3 min at 25°C. After that, ImL coloring reagent was
added in first and the third test tubes while 1mL starch
solution was added in the second one. All test tubes were
heated in the water bath at 85°C for 15 min. Test tubes
were then allowed to cool down. In each test tube, 9mL
distilled water was added and absorbance was measured
at 540 nm on a UV-visible spectrophotometer. In this way
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all other concentrations were examined. Percent alpha-
amylase inhibitory activity of a sample was calculated
using the formula given below:
%Alpha-amylase inhibitory activity = [I-
/Acontrol)] x 100

Where Agmple and Acongor are absorbance of sample and
control, respectively.

(Asample

GC-MS protocol

The GC-MS used to identify the chemical constituents
was Agilent Technologies GCMS (7890 A) equipped with
an HP-5 MS column; sample (1.0pL) was injected
manually in the splitless mode. MS Agilent Technologies
(5975C) system working at 70 eV; oven temperature
programmed from ambient to 310°C at the rate of
10°/min; inlet temperature 230°C; mass scan range 50-
800 amu; NIST 05 spectral library was used interpret
spectra.

RESULTS

Antioxidant properties

Total phenolic and flavonoid contents

Total phenolic (TPC) and flavonoid (TFC) contents were
measured in terms of standard Gallic acid (GAE) and
Rutin (RE) equivalent, respectively. The results are
depicted in fig 1. The standard curve equation for Gallic
acid was y = 0.000x — 0.015, r* = 0.999 and that for Rutin
was y=0.0001x + 0.1, r* = 0.965.

1200 BTPC (mg GAE/g)

1000 98145  WTEC (mg RER)

o
=
=

E

396.45

Aqueous

Fig. 1: Total phenolic (TPC) and flavonoid (TFC)
contents (mg/g) of methanolic extract (MeOH) of
Adiantum venustum and its hexane, chloroform, ethyl
acetate (EtOAc), n-butanolic (n-BuOH) and aqueous
fractions.
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Total phenolic contents ranged from 247.95+0.0007 to
981.45+0.1562mg GAE/g. The methanolic extract
showed total phenolic content as 247.95+0.0007mg
GAE/g. The highest phenolic content was present in n-
butanolic fraction, i.e., 981.45+0.1562mg GAE/g. The
aqueous, chloroform and ethyl acetate fractions also
showed significant contents, i.e., 396.45+0.0056,
387.45+0.0360  and  382.95+0.0420mg  GAE/g,
respectively. However, hexane showed the lowest TPC
(256.95+0.0420 mg GAE/g).

Total flavonoid contents were 62.0+0.050 to 0.25+0.000
mg RE/g. Polar factions, n-butanolic (04.5+0.028ug
RE/g) and aqueous (0.25+0.000 mg RE/g) fractions, did
not show significant results except ethyl acetate fraction
that exhibited the highest value, i.e., 62.0+£0.050mg RE/g.
The hexane also showed significant TFC (18.0+£0.000mg
RE/g).

DPPH radical scavenging activity

The DPPH is a radical which changes its color from violet
to pale yellow by taking an electron or H radical from
antioxidant substances, and, thus, provides a viable
method to study the ability of a substance to scavenge free
radicals. This is perhaps the most common method used
to analyze antioxidant activity of both natural and
synthetic substances. In the present study, methanolic
extract of A. venustum and its fractions in different
solvents were subjected to this assay and the results are
displayed in table 1. Ascorbic acid (vitamin C) was used
as a standard. The extract and fractions exhibited
antioxidant activity in a dose dependent manner. The ICs,
values of MeOH extract and hexane, CHCl;, EtOAc, n-
BuOH and aqueous fractions were (in mg/mL) 1.50, 2.61,
2.51, 1.90, 1.06 and 2.65, respectively. Among the
fractions, n-BuOH was, thus, most potent followed by
MeOH. Aqueous and CHCI; fractions showed lowest
efficacy. The results suggest that the polar fractions
contained molecules with functionalities capable to
scavenge free radicals.

Antibacterial activity

Antibacterial activity was tested against four standard
bacterial strains. Two Gram-positive were Pseudomonas
aeruginosa and Escherichia coli, while two Gram-
negative were Bacillus subtilis and Staphylococcus
aureus. Antibacterial activities of the methanolic extract
of A. venustum and its fractions were determined in terms
of zones of inhibition (ZOI) and MICs, and the results are
illustrated in tables 2 and 3. The MeOH extract and all of
its fractions were highly active against P. aeruginosa
where n-butanolic showed the highest zone of inhibition,
which was 25.13+1.237mm. Chloroform, ethyl acetate
and aqueous fractions exhibited almost equal activity
(ZOI around 21mm). Hexane fraction showed the lowest
antibacterial activity with ZOI 17.60+0.884mm. In case of
S. aureus, ethyl acetate fraction was most active (ZOI
15.75+£1.060mm). Against E. coli, aqueous and n-BuOH
fractions were most active (ZOI 14.75+0.353 and
14.50+0.707mm,  respectively). = Aqueous fraction
exhibited highest toxicity against B. subtilis (ZOI
17.00+£0.707mm). Notably, the CHCI; fraction that
showed considerable efficacy against P. aeruginosa and
B. subtilis, was completely ineffective against S. aureus.
The hexane and EtOAc fractions were least potent except
against P. aeruginosa. P. aeruginosa was most
susceptible among all the strains used in the study. Plant
sample showed better efficacy against this microbe as
compared to amoxicillin (table 2).
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Table 1: Percentage free radical scavenging activity of methanolic extract of Adiantum venustum and its fractions at
different concentrations in DPPH assay.

Conc. Y%Activity

(mg/mL) | Ascorbic acid MeOH Hexane CHCly EtOAc n-BuOH Aqueous
7.00 100.70+0.707 | 92.20+1.210 | 59.50+0.029 | 65.90£1.230 | 96.60+0.212 | 90.60+0.121 | 87.60+0.000
6.00 99.40+0.000 | 85.90+0.132 | 45.60+0.404 | 49.80+0.808 | 86.30+0.303 | 90.10+0.707 | 82.40+0.353
5.00 96.30+0.353 | 81.90+0.002 | 39.10+0.152 | 45.20+2.112 | 75.20+0.402 | 89.60+0.000 | 64.20+0.176
4.00 95.10+£0.176 | 79.80+0.712 | 37.10+£0.809 | 43.60+0.707 | 66.10+0.881 | 88.20+0.404 | 62.70+£2.113
3.00 94.30+0.353 | 75.00+£0.202 | 35.70+£0.303 | 41.50+1.716 | 63.90+1.101 | 87.60+0.201 | 57.30+1.707
2.00 91.90+0.121 | 65.40+£2.113 | 30.50+0.707 | 29.90+1.202 | 56.80+0.301 | 86.30+1.212 | 36.80+0.909
1.00 92.20+1.414 | 38.80+0.419 | 19.60+£1.707 | 20.60+0.104 | 32.30+2.121 | 85.60+1.414 | 24.10+0.303
0.05 90.20+0.176 | 10.60+0.302 | 07.80+£1.212 | 06.21£0.909 | 12.90+1.767 | 10.00+£0.353 | 11.90+0.707
ICs -—-- 1.50 2.61 2.51 1.90 1.06 2.65

Table 2: Antibacterial activities in terms of mean zones of inhibition of methanolic extract of Adiantum venustum and
its fractions against various bacterial strains in comparison with two standard antibiotic drugs. (concentration of each

of the drugs and samples was 40 mg/mL)

Bacterial strains Mean zones of inhibition (mm)

Amoxicillin Cefixime MeOH Hexane CHCl, EtOAc n-BuOH Aqueous
z:flj‘gﬁ]r;‘;’:as 16.75:0.170 | 33.75£1.768 | 20.25+0.353 | 17.60+0.884 | 21.50+1.768 | 21.25:2.474 | 25.13£1.237 | 21.50+1.786
Escherichia
ool 38.75£1.767 | 40.25+1.767 | 13.00£0.707 | 10.00£0.000 | 11.75:0.353 | 12.00£1.414 | 14.50£0.707 | 14.75+0.353
ifjar‘;:z'ococcus 23.25£1.060 | 50.00:4.242 | 14.25£0.353 | 13.75£1.060 15.75£1.060 | 13.7521.060 | 13.75+1.060
Bacillus subtilis | 43.25:1.060 | 38.50£2.121 | 16.75:0.353 | 10.50£0.707 | 16.00=1414 | 12.25£1.060 | 14.25+0.353 | 17.00:0.707

Table 3: Minimum Inhibitory Concentrations (MICs) of methanolic extracts of Adiantum venustum and its fractions

against different bacterial strains

Bacterial Strains MIC of extract/fractions (mg/mL
MeOH Hexane CHCl, EtOAc n-BuOH Aqueous
Pseudomonas aeruginosa 3.63 4.29 3.30 3.30 3.30 3.30
Escherichia coli 3.96 4.95 3.96 3.30 3.96 3.30
Staphylococcus aureus 3.63 4.62 3.30 3.30 3.96 3.30
Bacillus subtilis 1.98 4.95 3.96 3.30 3.96 3.96

Table 4: Percentage inhibition of alpha-amylase by methanolic extract of Adiantum venustum and its fractions at

different concentrations.

% Inhibitory activit
Conc. (mg/mL) Acarbose MeOH Hexane CHélg EtOAc n-BuOH

4.00 79.70+1.414 | 60.50+0.043 | 90.90+0.001 | 70.10+0.851 | 84.20+1.101 | 55.60+1.411
3.00 74.20+£1.060 | 59.90+1.006 | 78.60+0.414 | 66.40+0.143 | 81.10+0.414 | 44.60+0.770
2.00 60.90+0.353 | 54.30+0.707 | 41.90+1.060 | 65.10+0.770 | 63.30+0.890 | 39.30+0.001
1.00 57.80+0.000 | 43.50+1.414 | 37.80+0.007 | 51.30+0.019 | 65.60+0.101 | 27.40+0.667
0.50 36.10+0.707 | 25.60+£1.060 | 24.60+2.121 | 34.20+1.110 | 48.30+0.067 | 25.00+0.000
0.25 34.70+0.003 18.20+0.353 | 13.20+1.414 | 32.90+0.353 | 36.40+1.101 | 23.70+1.414
0.05 28.60+0.212 | 12.50+0.007 | 15.80+0.129 | 29.10+1.112 | 20.30+2.121 | 22.80+0.707
ICs, 1.11 1.22 3.62 1.10 1.92 3.84

The minimum concentration required to inhibit the
growth of these bacteria (MIC) ranged from 1.98 to 4.95
mg/mL (table 3). All the fractions were lethal to P.
aeruginosa at a concentration of 3.30mg/mL except
hexane which was needed in much higher dose to kill this
microorganism. Remarkably, the MeOH extract was
active against B. subtilis at concentration as low as 1.98

mg/mL. The hexane fraction was least toxic against all the
fractions. The chemical compounds with antibacterial
activities in this plant are, thus, mostly polar in nature.

Alpha-amylase inhibitory activity
Alpha-amylase is an enzyme that converts starch into
maltose and other simple reducing sugars. In the present
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Table 5: GC-MS data of methanolic extract of Adiantum venustum and its fractions, provided with retention time (min)

and %age of the detected compounds.

Sr.No. | Retention time (min) | %Age of total | Compound name | Molecular formula
Methanolic fxtract
1. 21.565 8.546 n-Hexadecanoic acid C6H3,0,
2. 23.442 1.317 Octadecanoic acid C,sH360,
3. 28.264 4.443 Beta-Sitosterol CyoH500
4. 21.215 1.183 Pentadecanoic acid-14-methyl- C,7H340,
methylester
Hexane fraction
1. 21.571 1.818 n-Hexadecanoic acid (Palmitic acid)
2. 23.442 0.556 Octadecanoic acid C,3H360,
3. 21.209 0.222 Pentadecanoic acid-14-methyl- C,7H340,
methylester
Chloroform fraction
1. 21.565 1.334 n-Hexadecanoic acid C6H3,0,
. 5.057 1.763 Benzene-1,3-dimethyl CsHig
3. 5.714 0.986 p-Xylene CgHyo
Ethyl acetate fraction
1. | 21.559 | 0.977 | n-Hexadecanoic acid | C16H3,0,
n-Butanolic fraction
1. 21.559 0.502 n-Hexadecanoic acid Ci6H3,0,
2. 5.508 1.987 n-Butyl ether CsH 50
3. 6.717 1.202 2,4-bis(1,1-dimethylethyl)-phenol C4H»,0
Aqueous fraction
1. 21.565 42.355 n-Hexadecanoic acid Ci6H3,0,
2. 28.271 6.348 Beta-Sitosterol CyoH;500
3. 6.408 17.599 Oxime-methoxy-phenyl CsHoNO,
4. 8.160 16.817 Glycerin C3Hz0;

study alpha-amylase inhibitory activity of methanolic
extract of fern A. venustum and its fractions were
evaluated and the results are shown in table 4. The plant
displayed remarkable potential to inhibit the enzyme. The
inhibitory effect was dose dependent as inhibition of
enzyme decreases with decrease in concentration of
extract or fraction (table 4).

At higher concentrations, hexane fraction was most potent
followed by ethyl acetate and then chloroform. However,
chloroform fraction displayed minimum ICsy (1.10
mg/mL) followed by ethyl acetate fraction (1.92mg/mL).

In the nutshell, less polar fractions (hexane, chloroform
and ethyl acetate) were stronger inhibitor than polar ones.
Aqueous fraction did not show any activity, while n-
butanolic was only poorly active. Thus, less polar
fractions, especially chloroform and ethyl acetate, have
compounds that have the ability to inhibit activity of
alpha-amylase, and, therefore, can be used to manage
diabetes type II (Ahmed et al., 2014).

GC-MS analysis

GC-MS (gas chromatography mass spectrometry)
analysis showed that Adiantum venustum possess fatty
acids, sterols, glycerin, oximes and phenolic compounds.

Fatty acids that are present in this plant species are n-
hexadecanoic acid (palmitic acid), pentadecanoic acid and
octadecanoic acid. Palmitic acid was the most abundant
fatty acid present in all plant samples. Octadecanoic acid
and pentadecanoic acid were present only in methanolic
extract and hexane fraction. Beta-sitosterol was present
only in aqueous fraction. Aqueous fraction contained
oxime-methoxy-phenyl and glycerin. Chloroform fraction
contained benzene-1,3-dimethyl (m-Xylene) and benzene-
1,4-dimethyl (p-Xylene). The n-butanolic fraction
contained n-butyl ether and 2,4-bis(1,1-dimethylethyl)-
phenol. Table 5 provides the summary of GC-MS analysis
of methanolic extract of A. venustum and its fractions.

STATISTICAL ANALYSIS

The assays carried out to determine activities were
conducted at least thrice and the data were subjected to
one-way analysis of variance (ANOVA) and results were
expressed as mean £ SD.

DISCUSSION

Literature showed A. venustum to be used as a remedy for
a number of therapeutic disorders (Pan et al., 2011). The
present study was executed to examine its antioxidant,
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antibacterial and anti-diabetic properties. GC-MS analysis
was carried out to identify chemical compounds in the
plant.

The DPPH scavenging property can be correlated with
total phenolic contents (TPC) and total flavonoid content
(TFC), although other classes of compounds also possess
free radical scavenging potential. The n-BuOH fraction
that had the highest TPC, readily scavenged the DPPH
radical with lowest ICs value (1.06mg). The ethyl acetate
fraction, which showed highest TFC, also exhibited
considerable potency to inhibit the DPPH radical with
ICso as 1.90mg. The flavonoids and polyphenols present
in this species (Pan et al., 2011) may be responsible for its
significant scavenging activity. Furthermore, GC-MS
analysis revealed the presence of n-hexadecanoic acid in
it which is known to possess antioxidant property
(Rajeswari et al., 2012).

The present study confirmed the ethno-medicinal repute
of this plant to possess antimicrobial activity. It exhibit
significant results in inhibiting bacterial species specially
Pseudomonas aeruginosa. As the results show, the
methanolic extract and its fractions inhibited the growth
of Pseudomonas aeruginosa more effectively than
standard antibiotic amoxicillin. Therefore, an aqueous
decoction or extract of this plant should be effective
against infections caused by this microbe. In general,
polar fractions proved to be more lethal towards test
microbes than their non-polar counterparts. The inhibitory
property might be due to the presence of compounds like
2,4-bis(1,1-dimethylethyl)-phenol in n-butanolic fraction,
and presence of beta-sitosterol in aqueous fraction. Both
of these compounds are reported to exhibit antibacterial
property (Velmurugen et al., 2012; Murugesan et al.,
2011). The plant also has a variety of triterpenoids which
are known to display antimicrobial potential (Pan et al.,
2011). The plant has also been found to be potent in
inhibiting alpha-amylase activity in the present in vitro
analysis. The inhibitory action was dose dependent and
less polar fractions, chloroform and ethyl acetate,
exhibited significant activity. These fractions should
therefore be explored for remedies for this ailment. The
GC-MS analysis gives a view of the volatile substances
present in the plant. n-Hexadecanoic acid is abundantly
present in A. venustum and upon fractionation most of it
appeared in aqueous fraction.

CONCLUSION

Methanolic extract of Adiantum venustum and its
fractions in different solvents showed significant
antioxidant, antimicrobial and anti-diabetic properties.
Antioxidant  compounds were concentrated in
comparatively polar fractions while alpha-amylase
inhibitory substances in nonpolar fractions. Remarkably,
significant antimicrobial activity of the plant against

Javerya Hamid et al

Pseudomonas aeruginosa may provide potential leads,
upon further activity-guided phytochemical analysis, for
new antibiotic drugs.
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