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Abstract

Background: Nonea micrantha Boiss. & Reut. being an unexplored member of Boraginaceae was investigated for
GC/MS analysis, acetylcholinesterase (AChE), butyrylcholinesterase (BChE) inhibitory and antioxidant activities in an
attempt to find its effectiveness in neurological disorders.

Methods: The AChE and BChE inhibitory activities of crude methanolic extract (Nm.Cr), subsequent fractions;
n-hexane (Nm.Hex), chloroform (Nm.Cf), ethyl acetate (Nm.EtAc), aqueous (Nm.Ag) and crude saponins (Nm.Sp)
from N. micrantha were conducted using Ellman’s assay. The antioxidant activity of the plant samples using DPPH
and ABTS free radical scavenging potential following quantitative spectrophotometric and qualitative TLC method
were also studied. Moreover the total reducing power (TRP) of all the samples was also figured out.

Results: The GC/Ms analysis confirmed that the plant is rich in bioactive molecules. Among different fractions, Nm.Hex,
Nm.EtAc and Nm.Cf exhibited highest AChE inhibitory activities causing 75.51 £0.73, 68.54 + 0.59 and 6348 £+ 0.59%
enzyme inhibition respectively and ICsq of 44, 100 and 144 ug/mL respectively. In BChE inhibiton assay, Nm.Ag, Nm.Sp
and Nm.Cr showed highest activity causing 8349 £ 0.27, 8149 + 0.89 and 7531 + 0.56% enzyme inhibition with ICsq of
90, 110 and 44 ug/mL respectively. In DPPH assay, Nm.Ag, Nm.Cf, Nm.Hex and Nm.Cr were most potent exhibiting 1Csq
values of 3, 5,93 and 120 pg/ml respectively. In ABTS assay Nm.EtAc, Nm.Ag, Nm.Sp and Nm.Cr showed ICsq values of
60, 95, 100 and 150 pg/mL respectively. Likewise ABTS inhibition was most prominent for Nm.Sp, Nm.EtAc and Nm.Aq
causing 7826 £ 049, 67.67 + 0.73 and 63.58 + 045% inhibition respectively at 1 mg/mL. These results were further
confirmed by qualitative screening using DPPH and ABTS staining.

Conclusions: Our anticholinesterase and antioxidant results signify the N. micrantha as a potential source of natural
bioactive compounds. Moreover isolation of natural bioactive compounds from this plant may lead to novel drug
candidates against neurodegenerative disorders.
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Background

Alzheimer’s disease (AD) is a chronic neurodegenerative
disorder characterized by loss of cognitive ability, severe
behavioral abnormalities and ultimately leads to death.
AD is the most common cause of dementia especially
among the elder people. There are presently 24.3 million
estimated AD patients all over the world, with 4.6 mil-
lion new cases of dementia every year [1]. This disease is
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associated with a cholinergic deficit in the post-mortem
brain characterized by a significant decrease in acetyl-
choline (ACh) amount [2, 3]. ACh, a neurotransmitter
inhibited primarily by acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE), plays a role in the path-
ology of AD [4, 5]. Therefore, AChE and BChE inhibi-
tors have become the most useful alternatives in the
treatment of AD. Drugs as eserine, tacrine, donepezil,
rivastigmine, and galanthamine have been approved for
the treatment of AD. However, these drugs are known to
have limitations for clinical use due to their short half
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lives and antagonistic side effects [6, 7]. Therefore, the
search for new AChEIs and BChEIs with higher efficacy
and safety from alternative sources like natural products
is the focus of multiple investigators [8].

On daily basis, various complex redox reactions in our
body results in the production of reactive oxygen species
(ROS) i.e., Hydroxyl radical (OH"), super oxide radicals
(05°), hydrogen peroxide (H,O,) and singlet oxygen
(O") [9]. The harmful effect of ROS are diminished by
certain enzymes in our body ie., catalase, glutathione
peroxidase and superoxide dismutase. If the level of
these enzymes gets decreased from that of free radicals,
it leads to oxidative stress and eventually certain chronic
disorders [10].

Free radicals contribute to more than hundred disor-
ders in humans including atherosclerosis, arthritis, ische-
mia reperfusion injury of many tissues, central nervous
system injury, gastritis, cancer and AIDS [11]. Antioxi-
dants are those substances which may protect cells from
the damage caused by unstable molecules of free radi-
cals. Antioxidants interact with free radicals and stabilize
them and thus prevent free radicals mediated damages
in the body [12]. To counteract the action of free radi-
cals various synthetic antioxidant are being used i.e.,
Butylated hydroxytoluene (BHT), butylated hyroxyani-
sole (BHA), and tertiary butyl hydroquinone (TBHQ)
but unfortunately these antioxidants are associated with
various toxic effect [13, 14]. Various synthetic com-
pounds have also been reported to possess anticholines-
terase along with antioxidant potentials [15]. Therefore
the natural products, being an alternative option and
rich source of antioxidants, have grabbed the focus of sci-
entists. In technologically advanced world, hazards and
unexpected side effects that result from the use of syn-
thetic drugs have compelled to investigate plants for the
safe and enhanced medicinal values. Majority of herbal
medicines do not have such effects and are preferred due
to presence of various useful compounds [16].

Plants contain a wide variety of free radical scavenging
compounds like phenolic compounds, vitamins, terpe-
noids, nitrogenous compounds and some other en-
dogenous metabolites with strong antioxidant activity
[17]. In recent years, there has been a growing interest
in finding natural antioxidants in plants because they in-
hibit oxidative damage and may consequently prevent
aging and neurodegenerative diseases [18]. Medicinal
plants have long been used to treat cognitive memory
dysfunction symptoms and as possible sources for the
discovery of novel antioxidant molecules [19, 20].

Family boraginaceae consists of 156 genera and 2500
species. Traditionally various species of boraginaceae are
used in skin diseases, sore throat, gummosis, toothache,
hepatic pain, stomach complaints, inflammation, belly-
ache, as diuretics and against anemia [21, 22]. The
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antioxidant activity of most of the species of family bora-
ginaceae has been reported with prominent results [23].
Polyphenolic compounds have also been isolated from
various species of this family with strong antioxidant ac-
tivity [24, 25]. In spite of isolation of polyphenolic com-
pounds from various species of boraginaceae, reported
antioxidant potentials and ethno medicinal uses, still no
research activity has been reported on antioxidant and
anticholinesterase potentials of N. micrantha. So this
study is designed to investigate the anticholinesterase
and antioxidant potentials of Nm.Cr, its subsequent frac-
tions and Nm.Sp of N. micrantha.

Methods

Plant collection

N. micrantha whole plant was collected in May 2013
from the hills of Dir Lower, Khyber Pakhtunkhwa,
Pakistan. The plant was identified by plant taxonomist,
Dr. Ali Hazrat, Department of Botany, SBBU, Dir Upper
(KPK) and deposited with voucher number 1021MI/
SBBU in herbarium of aforementioned university.

Extraction

The plant material was washed carefully with tap water
and dried under shade at room temperature for 2 weeks.
The shade dried (3 kg) parts of the plant were grinded
properly and soaked in 80% methanol with occasional
shaking. After 15 days, the whole suspension was filtered
through muslin cloth. Thereafter the filtrate was concen-
trated under reduced pressure at 40 °C using rotary
evaporator (Heidolph, Germany) [26, 27]. A residue of
deep green color (Nm.Cr) weighing 160 g with a percent
yield of 5.33% was obtained.

Fractionation

Crude methanolic extract (140 g) was suspended in
500 mL of distilled water and was consequently par-
titioned with #n-hexane (3 x500 mL), chloroform
(3 x 500 mL), ethyl acetate (3 x 500 mL), using separ-
ating funnels [28, 29]. Finally Nm.Hex 10 g (7.14%),
Nm.Cf 13 g (9.28%), Nm.EtAc 9 g (6.42%) and
Nm.Aq 16 g (11.4%) were obtained.

Extraction of crude saponins

Plant powder material (60 g) was taken in a conical flask.
Added 100 mL of 20% ethanol to it and was heated for
4 h at 55 °C with constant shaking in a water bath. Then
this mixture was filtered and added 200 mL of 20% etha-
nol to it. The volume of the extracting liquid was re-
duced to 40 mL with the help of water bath and was
transferred to separating funnel. Then 20 mL of diethyl
ether was added with vigorous shaking until two layers
were formed. The organic layer was discarded and
60 mL of n-butanol was added to the aqueous fraction
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in a separating funnel. The combined aqueous butanol
mixture was washed with 5% NaCl solution several times
for removal of impurities. The solvents were evaporated
with the help of water bath leaving 7 g of crude saponins
(11.66%) [30, 31].

Gas chromatography (GC) analysis

Nm.Cr was analyzed through Agilent gas chromato-
graph (Agilent Technologies, USA) having HHP-5MS
5% phenylmethylsiloxane capillary column (30 m x
0.25 mm x 0.25 um film thickness; Restek, Bellefonte,
PA) connected to FID detector. Initially, the oven was
maintained at 70 °C for 1 min. Then its temperature
was raised at the rate of 6 °C/min to 180 °C for 5 min
and finally at the rate of 5 °C/ min to 280 °C for
20 min. The detector and injector were maintained at
290 °C and 220 °C respectively. Helium was employed
as carrier gas and its flow was kept as 1 ml/min, and
diluted samples (1/1000 in n-pentane, v/v) of 1.0 pl
were injected manually in the splitless mode.

Gas chromatography/mass spectrometry (GC/MS) analysis
GC/MS analysis of the Nm.Cr was carried with Agilent
gas chromatograph (Agilent Technologies, USA) with a
HHP-5MS 5% phenylmethylsiloxane capillary column
(30 mx0.25 mmx0.25 pum film thickness; Restek,
Bellefonte, PA) connected with Agilent HP-5973 mass
selective detector in the electron impact mode
(Ionization energy: 70 eV). The apparatus was operated
under the same conditions as mentioned earlier. The de-
tected compounds were identified by comparing their re-
tention times with those of authentic compounds and the
spectral data obtained from the Wiley and NIST libraries,
as well as comparisons of the fragmentation pattern of the
mass spectra with data published in the literature. Each
determination was carried out in duplicate [32, 33].

Anticholinesterase assays

Acetylcholinesterase (AChE) from Electric eel (Sigma-
Aldrich, USA), and Butyrylcholinesterase (BChE) from
equine serum (Sigma-Aldrich, USA), were used to inves-
tigate the enzyme inhibitory potential of the plant sam-
ples using Ellman’s assay [34].

Plant samples were dissolved in few drops of methanol
and further diluted in phosphate buffer (0.1 M) in differ-
ent concentrations (125-1000 pg/mL). AChE (518 U/mg)
and BChE (7-16 U/mg) were diluted in 0.1 M phosphate
buffer (pH 8.0) until final concentrations of 0.03 U/mL
(AChE) and 0.01 U/mL (BChE) was obtained. Solutions of
DTNB (Sigma-Aldrich, Germany) 02273 mM, ATchl
(Sigma-Aldrich, UK) 0.5 mM and BTchl (Sigma-Aldrich,
Switzerland) 0.5 mM were prepared in distilled water and
kept in the eppendorf in refrigerator (8 °C). For each assay,
enzyme solution of 5 puL was added to the cuvette
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followed by plant samples (205 pL) and DTNB reagent
(5 pL). The solution mixture was maintained at 30 °C for
15 min using water bath with subsequent addition of sub-
strate solution (5 pL). A double beam spectrophotometer
(Thermo electron corporation, USA) was used to measure
the absorbance at 412 nm. Galanthamine (Sigma-Aldrich,
France) was used as positive control [35]. The absorbance
along with the reaction time was taken for 4 min at 30 °C.
The experiment was performed in triplicate. The percent
enzyme activity and enzyme inhibition by control and
tested samples were calculated from the rate of absorption
with change in time (V = AAbs/At) as follow

Enzyme (%) = 100-percent enzyme activity

inhibition

Enzyme (%) = 100 X V/V i [ where Viayds enzyme activity .
activity in the absence of inhibitor drug

Quantitative antioxidant assays

DPPH free radical scavenging assay

The free radical scavenging ability of Nm.Cr, subsequent
fractions and Nm.Sp were tested using DPPH (Sigma
Aldrich USA). Different concentrations (62.5—-1000 pg/mL)
of tested samples were prepared in methanol. In clean and
labeled test tubes, 2 mL of DPPH solution (0.002% in
methanol) was mixed with 2 mL of different concentra-
tions of tested samples separately. The tubes were incu-
bated at room temperature in dark for 30 min and the
absorbance was measured at 517 nm using UV spectropho-
tometer [36]. All experiments were performed in triplicate
using ascorbic acid as standard [37]. The percent scaven-
ging activity of the tested samples was calculated using the
formula,

Scavenging activity (%) = [(A-B)/A] x 100

Where A is absorbance of DPPH and B is absorbance
of DPPH plus tested samples combination.

ABTS free radical scavenging assay

ABTS (Sigma Aldrich USA) assay was carried out ac-
cording to the method reported previously [38]. The
assay is based on the capacity of antioxidants to scav-
enge ABTS radical cation causing a reduction in absorb-
ance at 734 nm. The ABTS solution was prepared by
mixing 7 mM ABTS and 2.45 mM potassium persul-
phate solutions (Riedel-de Haen Germany) and then in-
cubated in the dark at room temperature for 16 h.
Before the assay, the solution was diluted with methanol
to give an absorbance of 0.706 + 0.001 at 734 nm. Differ-
ent concentrations (62.5-1000 pg/mL) of plant extracts
were prepared in the methanol. ABTS solution (3 mL)
was added to each concentration of tested samples and
absorbance was measured for 6 min after 1 min
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incubation [39]. Experiment was carried out in triplicate.
Ascorbic acid was taken as standard. The percent scav-
enging activity of the tested samples calculated using the
formula,

Scavenging activity (%) = [(A — B) / A] x 100, where A
is absorbance of ABTS and B is absorbance of ABTS
and tested samples in combination.

Total reducing power assay

Total reducing power of the Nm.Cr, its subsequent
fractions and Cr.Sp was determined according to the
previously reported method [40]. Briefly, each sample
(62.5-1000 pg) was dissolved in 1 ml of distilled water
to which was added 2.5 ml of a 0.2 M phosphate buffer
(pH 6.6) and 2.5 ml of a 1% (w/v) solution of potassium
ferricyanide. The mixture was incubated in a water bath at
50 °C for 20 min. Following this, 2.5 ml of a 10% (w/v)
trichloroacetic acid solution was added and the mixture
was then centrifuged at 1750xg for 10 min. A 2.5 ml ali-
quot of the upper layer was combined with 2.5 ml of dis-
tilled water and 0.5 ml of a 0.1% (w/v) solution of ferric
chloride. Absorbance of the reaction mixture was read
spectrophotometrically at 700 nm. Increased absorbance
of the reaction mixture indicates greater reducing power.
Mean values from three independent samples were calcu-
lated for each sample.

Qualitative antioxidant assay

Qualitative assay of various samples of N. micrantha
were performed by TLC method as previously
described [41]. Chemical constituents of the extracts
were analyzed by thin layer chromatography (TLC).
The TLC plates were developed with three solvent
systems i.e. ethyl acetate/methanol/water (EMW),
chloroform/ethyl acetate/formic acid (CEF), benzene/
ethanol/ammonium hydroxide (BEA). For the detec-
tion of antioxidant activity, chromatograms were
sprayed with 0.2% DPPH and ABTS solutions, as
indicators. The presence of antioxidant compounds
were detected by yellow spots against a purple
background on TLC plates sprayed for DPPH and
Whitish yellow spots against bluish background for
ABTS assay. The development of the chromatograms
was carried out in a closed tank and the plates were
dried in the fume hood.

Statistical analysis
The extract concentrations providing 50% inhibition
(ICs0) were calculated from the graph of percent inhib-
ition versus extract concentrations in solution, using
Microsoft Excel program.

Tow way ANOVA followed Bonferroni multiple com-
parison tests were applied for the comparison of positive
control and test groups. P values < 0.05 were considered
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statistically significant. GraphPad Prism was used to
draw the graphs. ICs5y values and mean + SEM were
calculated at 95% confidence intervals.

Results

GC/MS analysis

The GC/MS analysis of Nm.Cr revealed different com-
pounds as shown in Table 1 and Fig. 1. A total 37 com-
pounds were present and identified. Some of the
identified molecules include phytol, neophytadiene, dec-
amethylene dibromide, crodacid, stigma-5-en-3-ol, me-
thyl isoheptadecanoate, hexahydrofarnesyly acetone,
pentadecyclic acid, chrysarobin, vanicol, myristaldehyde,
methyl eicosanoate etc.

Acetylcholinesterase inhibitory activity

Among the tested fractions of N. micrantha, Nm.Hex
and Nm.EtAc showed the strongest activity against
AChE causing 75.51 £0.73 and 68.54 + 0.59% inhibition
respectively at 1000 pg/mL concentration (Table 2). All
other fractions exhibited a dose dependent moderate in-
hibitory response. AChE inhibitory activity of different
fractions were in order of Nm.Hex > Nm.EtAc > Nm.Cf >
Nm.Aq>Nm.Cr > Nm.Sp. AChE inhibition by positive
control galanthamine was 94.22 + 1.01% at 1000 pg/mL
and IC5y was <0.1 pg/ml

Butyrylcholinesterase inhibitory activity

Results of BChE inhibition assay are summarized in
Table 2. In BChE inhibition assay, Nm.Sp, Nm.Aq and
Nm.Cr fractions expressed the highest enzyme inhib-
ition activity causing 83.49 +0.27, 81.49+0.89 and
75.31 £ 0.56% inhibition at 1000 pg/mL concentration
respectively. Median inhibitory concentrations (ICs)
values for these fractions were 90, 110 and 44 pg/mL
respectively. All other fractions showed inhibitory ac-
tivity in concentration dependent manner. Percent
BChE inhibitory activities of Nm.Sp (83.49 + 0.27) and
Nm.Aq (81.49 + 0.89) were comparable to galantamine
(96.00 £ 0.30) at 1000 pg/ml concentration whereas,
IC50 of samples were quite high in comparison to
control.

Quantitative antioxidant assays

DPPH free radicals scavenging effect

DPPH free radical scavenging potentials of Nm.Cr,
subsequent fractions and Nm.Sp of N. micrantha are
summarized in Fig. 2. Among different fractions
Nm.Aq, Nm.Hex and Nm.Cr expressed the highest
antioxidant activity causing 88.25 + 0.58, 84.56 + 0.54
and 77.67 £ 0.53% inhibition of DPPH free radicals at
1000 pg/mL concentration respectively. ICs, values
for these fractions were 3, 5 and 120 pg/ mL respect-
ively (Fig. 4). Other fractions were also effective in
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Table 1 List of compounds present Nm.Cr of N.Micrantha identified through GC/MS analysis

SNO Compound Label RT Common Name Formula Hits (DB)
1. E-11,13-Tetradecadien-1-ol 3.769 NF C14H260 10
2. Methane, sulfinylbis- 565 Dimethy! sulfoxide/ Hyadur C2H60S 10
3. Tetradecylaldehyde 36.109 Myristaldehyde C14H280 10
4. 1,10-Dibromodecane 36.587 Decamethylene dibromide C10H20Br2 10
5. Tetradecanoic acid 37.593 Crodacid C14H2802 10
6. (+)-alpha-Atlantone 37.793 (4)-alpha-Atlantone C15H220 1
7. 7,11,15-TRIMETHYL,3-METHYLENE-1-HEXADECENE 39.392 Neophytadiene C20H38 10
8. 2-Pentadecanone, 6,10,14-trimethyl- 39.545 Hexahydrofarnesyl acetone C18H360 10
9. 7,11,15-TRIMETHYL,3-METHYLENE-1-HEXADECENE 40.028 Neophytadiene C20H38 10
10.  Pentadecanoic acid 40.155 Pentadecylic acid C15H3002 10
11. 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 40485 NF C20H400 10
12. Z-11-Hexadecenoic acid 41601 NF C16H3002 10
13.  Hexadecanoic acid, methyl ester 41.734  Methyl palmitate / Uniphat A60 C17H3402 10
14.  Hexadecanoic acid 43481 Palmitinic acid / Prifrac 2960 C16H3202 10
15.  1-phenylsulphonyl-1-trimethylsilylpropane 45.079 NF C12H2002SSi 3
16.  Hexadecanoic acid, 15-methyl-, methyl ester 45243  Methyl isoheptadecanoate C18H3602 10
17.  4-Ethyloctanoic acid 46.188 NF C10H2002 2
18. 9,12-Octadecadienoic acid, methyl ester 48274 NF C19H3402 10
19.  CYCLOOCTA-13-DIENE 48632 NF C8H12 10
20. 9-Octadecenoic acid (Z)- 48945 methyl ester, Methyl oleate C19H3602 10
21 2-Hexadecen-1-ol, 3,7,11,15-tetramethyl-, [R-[R*R*-(E)]]- 49426 Phytol C20H400 10
22. Octadecanoic acid, methyl ester 50.107  Stearic acid, methyl ester C19H3802 10
23.  Tricyclo[4.3.1.0(2,5)]decane 52.065 NF C10H16 10
24.  Oct-7-yn-1-ol 5307 NF C8H140 1
25.  Octadecanoic acid 53274 Vanicol C18H3602 10
26.  2-Methyltetradecanal 5864 NF C15H300 1
27. 1,8,9-Anthracenetriol, 3-methyl- 58.759 Chrysarobin C15H1203 10
28.  Heptadecan-1-ol 59.016 1-Hydroxyheptadecane C17H360 10
29.  (1-Ethyloctyl)cyclohexane 59265 NF C16H32 10
30.  9,10-Anthracenedione, 1,8-dihydroxy-3-methyl- 59468 C.. Natural Yellow 23 C15H1004 10
31.  Eicosanoic acid, methyl ester 59.719 Methyl eicosanoate C21H4202 10
32.  2H-Pyran-2-one, 6-heptyltetrahydro- 60.141 Delta-Dodecalactone C12H2202 10
33.  3-Cyclopentylpropionic acid, 2-dimethylaminoethyl ester 61.94 NF C12H23NO2 10
34. D-Glucose, 2-O-[3-acetyl-1-(trimethylsilyl)-1H-indolyl]-3,4,5 6-tetrakis-O-(.. 62.201 NF C32H62N207Si5 1
35.  Docosanoic acid, methyl ester 62.904 Methyl behenate C23H4602 4
36. 1,2-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester 63.069 DEHP / DNOP C24H3804 10
37. Stigmast-5-en-3-ol, (3.beta.249)- 73.175 Clionasterol C29H500 2

concentration dependent pattern. DPPH free radical
scavenging activities of different fractions were in
descending order of Nm.Aq>Nm.Cf>Nm.Cr>
Nm.Hex > Nm.EtAc > Nm.Sp. Ascorbic acid was used
as positive control and its percent inhibition was
87.90+0.96 at 1000 pg/mL concentration.

ABTS free radicals scavenging effect

Results of ABTS free radical scavenging activities are
given in Fig. 3. Highest ABTS free radical scavenging ac-
tivity was observed for Nm.Sp, Nm.EtAc and Nm.Aq
causing 78.26 +0.49, 67.67 +0.73 and 63.58 + 0.45% in-
hibition at 1000 pg/mL concentration respectively as
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Table 2 Percent anticholinesterase activity of various samples of N. micrantha
Sample Concentration 9%AChE inhibition AChE ICsq 9%BChE inhibition BChE ICso
(Mg/mL) (mean + SEM) (Mg/mL) (mean + SEM) (pMg/mL)
Nm.Cr 1000 5432 + 067*** 340 7531 + 0.56%** 44
500 51.81 £ 0.52%** 68.73 + 0.43%**
250 4839 £ 0.59%** 6442 + 0.76***
125 4361 £ 0.32%** 59.57 + 0.38***
Nm.Hex 1000 7551 £ 0.73%** 44 67.82 + 0.34%%* 400
500 69.67 + 0.51%** 5344 + 0.73%%*
250 64.35 + 047%** 39.53 £ 0.51%**
125 5866 + 0.61%** 30.67 £ 0.58%**
Nm.Cf 1000 6348 + 0.59%** 144 5376 + 0.34*** 750
500 5829 + 0.83%** 4524 £ 0.61%**
250 53.54 + 0.52%%* 3757 £ 0.83%**
125 49.64 £ 0.44*** 26.39 + 042%**
Nm.EtAc 1000 68.54 + 0.59*** 100 5471 + 0.89%** 720
500 63.72 + 0.34*** 47.54 + 044%%
250 57.39 + 0.78*** 3328 + 0.76***
125 51,67 + 0.63*** 2854 + 1.22%**
Nm.Aq 1000 59.67 + 0.57%** 350 8149 + 0.89%** 110
500 53.72 + 0.63*** 76.52 + 1.03%**
250 46.34 £ 0.69%** 5839 + 0.58***
125 41.58 £ 0.73*** 5347 £ 0.52%%*
Nm.Sp 1000 47.56 £ 0.57*** 1035 8349 + 0.27%** 90
500 44.31 £ 0.29%** 7152 + 0.83%**
250 38.73 + 0.68*** 6641 + 0.58**
125 31.59 + 043%** 5373 £ 0471%%*
Galantamine 1000 9422 £ 1.01 <01 96.00 £+ 0.30 <01
500 92.28 + 043 92.90 = 0.60
250 8535 + 0.83 8945 + 0.90
125 83.05 + 1.02 86.23 + 022

Data is represented as mean + SEM; n = 3. Values significantly different as compared to standared drug (Galanthamine) i.e. *: 0.05, **: 0.01 and ***: 0.001 at 90%

confidence interval
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shown in Fig. 3. In comparison to DPPH scavenging
assay, 1Cso values were high for these fractions i.e.
Nm.EtAc (60), Nm.Aq (95) and Nm.Sp (100) pg/ml
(Fig. 4). Other fractions showed from moderate to
good percent scavenging activity in concentration
dependent manner. Ascorbic acid percent inhibition
was 87.90+0.96 at 1000 pg/mL concentration. Per-
cent ABTS scavenging activity of Nm.Sp (78.26 + 0.49)
was comparable to ascorbic acid activity (87.90 + 0.96)
at the same concentration (1000 pg/ml).

Total reducing power assay

As obvious from the Fig. 5, the reducing powers of the
Nm.Cr, its subsequent fractions and Nm.Sp of N.
micrantha in a concentration dependent manner. Among
all the samples, Nm.Cf showed the highest reducing pow-
ers with 0.35+0.01, 048 +0.03, 0.57 +0.02, 0.66+0.03
and 0.76 + 0.04 absorbance units at 62.5 to 1000 pg/mL
concentrations respectively. This was followed by Nm.Aq

and Nm.Cr showing 0.72 +0.03 and 0.71 + 0.04 absorb-
ance units at 1000 pg/mL concentration respectively. All
the samples showed total reducing powers in concentra-
tion dependent manner in a descending order of Nm.Cf >
Nm.Aq > Nm.Cr > Nm.EtAc > Nm.Sp > Nm.Hex. The re-
sults of Nm.Cf, Nm.Aq and Nm.Cr were quite comparable
with those of the standard.

Qualitative antioxidant assays

Results of qualitative antioxidant assays are shown in
Figs. 6 and 7. All fractions exhibited DPPH and ABTS
scavenging activities as indicated by yellow spots against
purple and bluish background respectively. In DPPH
assay, Nm.Cr, Nm.Cf, Nm.Hex and Nm.EtAc showed
that these fractions are enriched with antioxidant com-
pounds. Likewise, in ABTS assay, results of TLC plates
demonstrate that Nm.Cf, Nm.EtAc and Nm.Hex contain
high concentrations of antioxidant compounds. Results
are more prominent in CEF solvent system.

100
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percent DPPH scavenging
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Fig. 3 Percent ABTS scavenging activity of various samples of Nonea micrantha
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Discussion
The GC/MS analysis revealed the presence of bioactive
molecules in the crude extract of the plant as shown in
Table 1 and Fig. 8. Molecules like phytol, neophytadiene,
decamethylene dibromide, crodacid, stigma-5-en-3-ol
have been reported for various pharmacological poten-
tials. Phytol has been reported for anti-inflammatory and
leukocyte recruitment potentials and cytokinene and
oxidative stress inhibition activities. It has also been re-
ported for anxiolytic activity and anti-convulsant poten-
tials in animal’s model [42—-44]. Similarly, neophytadiene
has been reported for anti-inflammatory activity [45].
Decamethylene dibromide has been excellent molecule
in respect of neuromuscular blocking activity [46].
Crodacid and stigma-5-en-3-ol have been found useful
pharmaceutical molecules for antioxidant, anti-diabetic,
anti-ulcer and anti-microbial activities [47-49].

Patients suffering from AD experience a loss of cholin-
ergic synapses in the brain regions which are linked with
higher intellectual functions. In AD patients, it is consid-

element in the development of dementia. Hence, AD
and other form of dementia could be treated by the use
of agents that restore the level of acetylcholine through
the inhibition of both major form of cholinesterase en-
zymes AChE and BChE [50]. The history of finding new
drug candidates shows that plants are the major source
for novel and active compounds and have become a
priority of modern pharmaceutical industries. Many
synthetic drugs owe their origin to plant based comple-
mentary medicine. Since AD, one of the most common
causes of death worldwide has become a threat to public
health, therefore, new treatment strategies based on
medicinal plants are gaining attention [51].

From the literature survey of various medicinal plants
it is obviously clear that plants possess certain secondary
metabolites which are responsible for specific pharmaco-
logical activities. The most commonly reported group of
secondary metabolite responsible for antioxidant activity
is flavonoids. The flavonoids possess phenolic functional
groups which have the ability to quench free radicals

ered that a decrease in the ACh appears to be major and exhibit miraculous antioxidant activity [34].
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Fig. 5 Results of Total reducing power (TRP) assay
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Similarly the saponins which are also considered as a
very important group of secondary metabolite and have
been reported to possess antioxidant as well as anticho-
linesterase activity [28]. The anticholinesterase activity
of saponins isolated from Xerospermum noronhianum
has been reported recently with good results [52]. Like-
wise in the current study it has been demonstrated that
the saponins present in N. micrantha possess good anti-
oxidant and anticholinesterase potentials. Moreover
various active compounds and extracts obtained from
medicinal plants such as Gingko biloba, Huperzia ser-
rata, Galanthus nivalis and Salvia officinalis have been
evaluated for their efficacy against AD, showing remark-
able results [53]. Recently, Garcinia combogia was inves-
tigated for anticholinestrase activity in-vitro and a
significant correlation between the total phenolic con-
tents and anticholinestrase activity was established [54].
The ethanolic extract of Bacopa monnieri was investi-
gated in-vivo on AChE activity in brain, demonstrated
the highest AChE inhibition [55]. Withanolides, a group
of naturally occurring steroids, have been isolated from

the whole plant of Withania somnifera and were
screened for the AChE and BChE inhibition potentials
with good results [56]. In another study, AChE and
BChE inhibitory activities of 19 essential oils obtained
from cultivated plants have been reported with very high
inhibitory potentials against both enzymes [57].

In our current study N. micrantha was investigated for
AChE and BChE for the very first time for AChE inhibitory
assay. It was revealed that Nm.Hex having the strongest
activity causing 75.51 +0.73% inhibition at 1000 pg/mL
concentration in comparison with standard galanthamine.
Other fractions effective against AChE in dose dependent
manner were Nm.EtAc and Nm.Cf with percent inhibition
of 68.54 + 0.59 and 63.48 + 0.59 respectively at concentra-
tion of 1000 pg/mL. All other fractions i.e. Nm.Cr, Nm.Aq
and Nm.Sp showed from moderate to good AChE inhibi-
tory activity (Table 2). In BChE inhibition assay, Nm.Sp
showed the strongest activity with percent inhibition of
83.49 £ 0.27 at 1000 pg/mL concentration. BChE inhibitory
activity of Nm.Sp was comparable to positive control.
Enzyme inhibition for other fractions including Nm.Aq

-

Fig. 7 Results of qualitative antioxidant (ABTS) assay
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Fig. 8 Bioactive compounds present in Nm.Cr
A\

and Nm.Cr were 81.49+0.89 and 75.31+0.56% at
1000 pg/mL respectively. Other fractions including
Nm.Hex, Nm.Cf and Nm.EtAc also expressed moderate
inhibitory results against BChE in comparison to the
standard galanthamine (Table 2).

Free radicals are produced inside the body and mostly
found in deep fried foods with spices. They are respon-
sible for oxidation of cell lipids and DNA damage [58].
Presently available synthetic antioxidants like butylated
hydroxy anisole, butylated hydroxy toluene, tertiary
butylated hydroquinon and gallic acid esters have been
suspected to cause negative health effects. Hence, a
strong restriction has been placed on their applications
and there is a trend to replace them with naturally
occurring antioxidants with high efficacy and safety
levels. Additionally these existing synthetic antioxidants
are less soluble and show moderate antioxidant activity
[59, 60]. Recently, there have been increased interests in
the therapeutic potentials of medicinal plants as antioxi-
dants in reducing such free radical induced tissue injur-
ies. Beside this, well known and traditionally used
natural antioxidants from tea, wine, fruits, vegetables,
spices and some natural antioxidant such as rosemary
and sage have already been exploited commercially
either as antioxidant additives or a nutritional supple-
ments [61].

In the current study antioxidant activity of plant sam-
ples has been evaluated in order to prove its effective-
ness in neurological disorders. In DPPH and ABTS free
radical scavenging (quantitative) methods Nm.Aq,
Nm.Cf and Nm.Cr showed highest activity against DPPH
free radicals causing 88.25 + 0.58, 84.56 + 0.54 and 77.67
+0.53% inhibition respectively at 1000 pg/ml concentra-
tion. These fractions were most potent as indicated by
their ICs, values (Fig. 4). Similarly Nm.Sp, Nm.EtAc and
Nm.Aq also showed good results against ABTS free radi-
cals with 7826 +049, 67.67+0.73 and 63.58+0.45
respectively in a concentration of 1000 pug/mL. Qualita-
tive assay has confirmed the scavenging potential

(Yellow color spots) of different fractions as shown in
Figs. 6 and 7.

Conclusion

Based on our current findings, it is concluded that N.
micrantha is rich in bioactive compounds and a potential
source of antioxidant and anticholinesterase compounds.
Similarly, the significant results demonstrated by saponins
isolated from N. micrantha reveals that Nm.Sp should be
further purified, characterized and should be the part of
complementary and alternative medicine. It is further
needed to isolate and investigate the essentials oils, sec-
ondary metabolites and other bioactive compounds from
this plant having potential to combat the diseases such as
AD, Parkinsonism, amnesia and dementias.
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