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Abstract

Globally, the infection with Helicobacter pylori is considered the most prevalent issue that causes chronic inflammation of the
stomach. In this study, the phytochemical investigation of Arengaengleri (family Arecaceae) leaves extract that used to
prepare the AgNPs was performed and examined for their potential activity against H. pylori. The phytochemical results
revealed the presence of different phenolic contents depending on the preliminary phytochemical screening, total phenolic
content and total flavonoid content measurements, and HPLC profiling. Besides, the percent of unsaturated and saturated fatty
acids were 51.39 % and 31.47 %, respectively. The as-prepared AgNPs were characterized by using UV-Vis spectroscopy, IR
spectroscopy, TEM, XRD, and Zeta potential. The synthesized AgNPs displayed promising anti H. pylori with MIC = 7.81
ug/mL, while the A. engleri extract showed weak activity with MIC = 500 pg/mL compared with clarithromycin MIC of 1.95
pg/mL after 3 days ofincubation. In conclusion, the organic acids, phenolic, and flavonoid contents of A. engleri extract were
used as capping agents to prepare simple, low-cost, and effective AgNPs with a particle size range of 10-26 nm that explained
their high penetration towards the bacterial cell of H. pylori and destroyed it.
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1. Introduction
One of the most dangerous

gastrointestinal infections between adults and
children is Helicobacter pylori. Besides, to
exterminate this infection, multiple
therapies and a combination of two or three drugs are

inflammatory, and anticancer effects [7].
Arengaengleri belongs to the family Arecaceae
that is previously known as Palmae. This family

bacterial

consists of about 200 genera, contains 2600 species,
and widely distributed in tropical and subtropical
regions. Also, these palms are famous for the “Trees

antibiotic

used. As well, the resistance in bacteria promotes us
to find new taps of drugs, and the natural kingdom
seems to be an untapped source for promising
antibacterial agents [1-3]. In addition, green synthesis
of metallic nanoparticles has been adopted to
accommodate various bio-materials (e.g., bacteria,
fungi, algae, and plant extracts) [4] as a simple and
easy process [5] used as antimicrobial agents [6], and

possessed antifungal, anti-bacterial, anti-

of Life” nickname due to their potential benefits in
humans and animal life[8, 9]. The genus Arenga
contains twenty-two species that spread in Asia and
Australia [10], which are characterized industrially as
a source for carbohydrate production and frilly
prominence uses [11].The previous
recorded the treatment of headaches, malaria,

literature

tuberculosis, and skin allergies for different Arenga
species [12, 13]. They reported hypercholesterolemia,
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antioxidant, anti-microbial, anti-hypertensive, anti-
inflammatory and analgesic activities [14-16]. The
reported chemical entities were the chlorophyll a,
terpenes, glycerides, flavonoids [17], and phenolics
[18].

Arengaengleri, usually known as the Formosa
palm, Taiwan sugar palm, or dwarf sugar palm, is a
medium-sized decorative clustering palm that is
native to Taiwan (Formosa) and Ryukyu Islands
(South of Japan). The leaves are known to be useful
in thatching and
phytoconstituents were identified as saturated and
unsaturated fatty acids. In addition, saponins, tannins,
flavonoids, cardiac glycosides, carbohydrate and/or
glycosides, unsaturated sterols, and/or triterpenes
were screened to be present while anthraquinones,
coumarins, volatiles, and alkaloids were absent [19].

To the best of our knowledge, the in vitro anti- H.
pylori action of Ag NPs based on the leaves of A.
engleri was not evaluated before. Therefore, the aims
of the recent study were to prepare silver
nanoparticles using A. engleri leaves extract and
investigate the anti- H. pylori activity. Additionally,
the prepared Ag NPs were characterized using UV,
FTIR, TEM, and XRD, phytochemical studies were
examined as well.

2. Experimental work

2.1. Plant material, extraction and Preliminary
Qualitative Analysis

Fresh leaves of cultivated Arengaengleri were
collected from El-Zohria Garden, Cairo, Egypt at
March 2020.The leaves of A. engleri (100g)powder
were extracted by maceration withl liter of 70% of
methanol: water (v:v) mixture at room temperature
for 7 days (3 times). The extract was filtered with the
filter paper no. 1, the filtrate was collected then
concentrated till dryness under reduced pressure
(Rotavapor® R-215, BUCHI, Flawil, Switzerland),
and stored at 40C for further experiments.The extract
was screened for its phyto-constituents as flavonoids
(Shinoda’s test), phenolics (FeCl3 test), ellagitannins
(NaNO, assay) and gallotannins (KIO3 test) [20, 21].

wickerwork.Different

2.2. Determination of total phenolic content

The total phenolic content was determined
according to the Folin-Ciocalteu procedure [22, 23].
Briefly, the extract (100 puL) was transferred into a
test tube and the volume adjusted to 3.5 mL with
distilled water and oxidized with the addition of 250
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pL of Folin-Ciocalteau reagent. After 5 min, the
mixture was neutralized with 1.25 mL of 20%
aqueous sodium carbonate (Na2CO3) solution. After
40 min, the absorbance was measured at 725 nm
against the solvent blank. The total phenolic content
was determined by means of a calibration curve
prepared with gallic acid, and expressed as ug of
gallic acid equivalent (mg GAE) per g of sample.

2.3.  Determination of total flavonoid content

The total flavonoid content was determined
according to Zilicet al. (2012) using aluminum
chloride (AICI3) colormetric assay. Briefly, 300 uL
of 5% sodium nitrite (NaNO,) was mixed with 100
puL of extract. After 6 min, 300 uL of a 10% AICI3
solution was added and the volume was adjusted to
2.5 mL using distilled water. After 7 min, 1.5 mL of
1 M NaOH was added, and the mixture was
centrifuged at 5000 g for 10 min. Absorbance of the
supernatant was measured at 510 nm against the
solvent blank. The total flavonoid content was
determined by means of a calibration curve prepared
with catachine, and expressed as milligrams of
catechin equivalent (mg CE) per g of sample.
Additional dilution was done if the absorbance value
measured was over the linear range of the standard
curve.

2.4. Gas chromatography-mass spectrometry
analysis (GC-MS)

The GC-MS system (Agilent Technologies) was
equipped with gas chromatograph (7890B) and mass
spectrometer (5977A) at
Laboratories Network, National Research Centre,
Cairo, Egypt. The GC wasequipped with HP-5SMS
column (30 m x 0.25 mm internal diameter and 0.25
pm film thickness). Analyses were carried out using
Hedrogen as the carrier gas at a flow rate of 1.0
ml/min at a splitless, injection volume of 1 pl and the
following temperature program: 50 °C for 1 min;
rising at 10 °C /min to 300 °C and held for 20 min.
The injector and detector were held at 250 °C. Mass
spectra were obtained by electron ionization (EI) at
70 eV; using a spectral range of m/z 30-700 and
solvent delay 9 min. The mass temperature was
230°C and Quad 150 °C. Identification of different
constituents was determined by comparing the
spectrum fragmentation pattern with those stored in
Wiley and NIST Mass Spectral Library data.

2.5. HPLC conditions

HPLC analysis was carried out using an

detector Central
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Agilent 1260 series. The separation was carried out
using Eclipse C18 column (4.6 mm x 250 mm i.d., 5
um). The mobile phase consisted of water (A) and
0.05% trifluoroacetic acid in acetonitrile (B) at a flow
rate 1 ml/min. The mobile phase was programmed
consecutively in a linear gradient as follows: 0 min
(82% A); 0-5 min (80% A); 5-8 min (60% A); 8-12
min (60% A); 12-15 min (85% A) and 15-16 min
(82% A). The multi-wavelength detector was
monitored at 280 nm. The injection volume was 10 pl
for each of the sample solutions. The column
temperature was maintained at 35 °C.

2.6. Preparation of Nano silver (AgNPs)

Serial concentrationof ~ Dissolveed plant
extract(40mg/10 ml of DMSO)were react with 10 ml
of (1IMm) of silver nitrate solution then the mixture
kept in magnetic stirrer/orbital shaker and left for one
day in dark for nanoparticle synthesis. The colour
change was observed visually and photographs were
recorded.

The nanoparticles solution if centrifuged using to
lark refrigerated centrifuge. The solution of the
nanoparticles is centrifuged at 8000rpm for 10
minutes and the pellet is collected and washed with
distilled water twice. The final purified pellet is
collected and dried at 60 degree Celsius for 2-4
hours. Finally, the nanoparticles powder is collected
and stored in air tight tube [24].

2.7. Characterisation of nanoparticles

The synthesized nanoparticles solution is
preliminary characterized by using UV-VIS-
Spectroscopy. 3ml of the solution is taken in cuvette
double beam  UV-VIS-
Spectrophotometer from 300nm to  700nm
wavelength. The results were recorded for the
graphical analysis.The crystalline structure of NPs
were characterized by X-ray diffraction (XRD) using
a Philips PW 1840 diffractometer (Mahwah, NIJ,
USA). CuKa radiation of 1.5406A wavelength at 40
kV and 30 mA was used to expose the samples
through a Ni filter. The 20 values were set in the
range of 10°-65°. Peaks on the X-ray patterns
recorded for the sample were compared with standard
XRD pattern of NPs (Joint Committee on Powder
Diffraction Standards [JCPDS] card No 13-0311).
The mean crystallite size was calculated using the
Scherer equation. Fourier transformed infrared (FT-
IR) spectrum was obtained with Perkin-Elmer-1430
(Perkin Elmer, Waltham, MA, USA) using KBr pellet

and scanned in
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technique for the range 4.000 and 400 cm-1. The
nanostructures and size distribution of the synthetic
particles were examined by transmission electron
microscopy (TEM) using a JEM 100SX (JEOL, Co.,
Akishima, Japan) operating at an acceleration voltage
of 80 kV. The specimens for TEM investigations
were prepared by placing a drop of NPs suspension
on a carbon-coated copper grid (400 mesh)

2.8. Anti -Helicobacter pylori Activity

Antibacterial activity of tested compounds against
H. pylori ATCC 700392, was determined by a micro-
well dilution method. The inoculum of Helicobacter
pylori was prepared and the suspensions were
adjusted to 106 CFU/ml. The compounds under
investigation and the standard drug (Clarithromycin)
were prepared in dimethyl sulfoxide (DMSO) and
subsequent twofold dilutions (1000- 0.03 ug) were
performed in a 96-well plate. Each well of the
microplate included 40 pl of the growth medium
(Brain Heart Infusion (BHI) plus 10% fetal bovine
serum (FBS), 10 pl of inoculum and 50 pl of the
diluted compounds. The Clarithromycin and DMSO
are used as positive and negative controls,
respectively. The plates were incubated at 37°C for 3
days, in 5% O,, 10% CO,, 85% N, atmosphere. After
that, 40 pl of 3- (4, 5-dimethyl-thiazol-2-yl)- 2,5-
diphenyl-tetrazolium bromide (MTT) at a final
concentration 0.5 mg/ml freshly prepared in water
was added to each well and incubated for 30 min.
The change to purple colour indicated that the
bacteria were biologically active. The inhibition
percentage was calculated using the given formula:

% inhibition = Abs Control — Abs Sample x 100
/Abs Control

The concentration of samples (inhibitors)

required for 90% of inhibition (MIC 90) was
determined from corresponding dose-response
curves. The MIC was taken to the lowest
concentration, where no change of colour of MTT
was determined using an ELISA
microplate reader at 620 nm. The MIC values were
done in triplicate.

automatic

3. Results and discussion

3.1. Phytochemical studies

3.1.1. Preliminary  phenolic
screening

The preliminary phytochemical screening of A.
engleri extract exhibited dark green color after adding
the ferric chloride solution that revealed the presence

phytochemicals
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of phenolics. In addition the light red color of
Shinoda's test revealed to the light presence of
flavonoids and/or their glycosides. While, the
gallotannins and ellagitannins moieties were absent
after adding potassium iodate (KIO;) and sodium
nitrite (NaNO,), respectively.

The HPLC analysis of A. engleri extract was
shown in Table 2. The HPLC analysis reveals that the
liquid extract of A. engleri contain Multi reducing
agents like protocatechuic acid, chlorogenic acid,
catechin, caffeic acid andp-coumaric acid which

provide the powerful reduction for silver *'.
Table 2

Table 1 HPLC analysis of A. engleri leaves extract
Phenolic constituents of the A. engleri extract No Rt (min) Constituents Conc(mg/g)
Test Observation 1 311 Protocatechuic acid 11045.15
Ferric chloride Dark green (+ve) 2 378 Chlorogenic acid 1097.42
Fsetgko(dlﬁ) 3 423 Catechin 302.37
(Mg/cone. HCI) Light red (+ve) 4 5.56 Caffeic acid 1996.66
Potassium lodate 5 5.98 Syringic acid 1481.41
(KIOs) Ve 6 6.65 Pyrocatechol 0.00
Sodium nitrite v 7 7.32 Rutin 5748.54
(NaNO») e Isorhamnetin-3-o0-
+ve: positive. -ve: mezati 8 7.95 - 9599.57
: positive, -ve: negative rutinoside
9 8.15 Coumaric acid 1604.09
3.1.2. Total phenolic (TPC) and flavonoid (TFC) 10 8.94 Vanillin 65.82
A
. . arimgenin .
The TPC and TFC of A. engleri extract were 13 11.99 Taxifolin 148.15
estimated by using gallic acid and catechin as 14 13.32 Cinnamic acid 62.15
standards, respectively. Both standard concentrations 15 14.04 Kaempferol 13491

were conformed to Beer’s Law at 725 nm and 510
nm, respectively to determine the regression
coefficient (R2), slope (m) and the intercept for each
standard curve equation (Figure 1 and Figure 2).
Consequently, the TPC and TFC of A. engleri extract
were estimated as 41.03 GAE/g and 25.6 CE/g,
respectively.

apiica. demsity
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Fig. 1: Total phenolic content for standard gallic acid
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Fig. 2: Total flavonoid content for standard Catechin

3.1.3. HPLC analysis of A. engleri extract
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3.1.4. Investigation of extract of A. engleri leaves
using GCMS

Fractionation of A. engleri plant extract was
shown in Table 3, GC-MS results of unsaponifiable
matter revealed that A. engleri extract contain
33.21% different hydrocarbons, 25.63% fatty
alcohols, 5.65% terpenes and 2% sterols. The most
abundant compounds identified in hydrocarbons
(15.21%) and 1-
hexadecene (8.32%). Total terpenes identified as
4.89% phytol and 4.79% squalene.

content were l-octadecene

3.2. Characterization of Nano silver (AgNPs)

3.2.1. UV-Vis Spectroscopic Studies

UV visible Spectroscopic Study: the process of the
bio-reduction of Ag+ ions using extract of A. engleri
as reducing agent and stabilizing agent, monitored
from the increasing intensity of surface plasmon
resonance/ absorption peak of silver nanoparticles
around 430 nm. Surface plasmon resonance (SPR)
absorption patterns, of metal nanoparticles, depends
on particle size and the dielectric constant of the
medium. SPR bands observed, with increase in the
reaction time indicates the formation of anisotropic
molecules that are stabilized in the medium.
Absorption of visible radiation is due to the induced
polarization in conduction electrons of metal
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nanoparticles with respect to their immobile nucleus.
When a particular wavelength is matched to the size
of nanoparticle, dipole oscillation is generated in the
compensated form of the induce polarization and then

the electrons in the nanoparticle resonate, resulting in
absorption of radiation. The peak at 430 nm for silver
nano particles is due to the excitation of longitudinal
Plasmon vibrations [25].

Table 3
GC-MS analysis of A. engleri leaves extract
Peak RT RTT Name Class Formula Area Sum
%

17.534 0.89 10-Methyl-E-11-tridecen-1-ol propionate Fatty Ester C,7H3,0, 2.13

17.64 0.90 Myristic acid, TMS derivative Fatty acid C17H360,S1 3.81

17.971 0.92 8,11,14-Eicosatrienoic acid, (Z,Z,7)- Fatty Acid CyH340, 1.72

19.35 0.99 1,12-Tridecadiene Hydrocarbon Ci3Hay 2.58

19.524 1 Palmitic Acid, TMS derivative Fatty Acid C19H400,Si 12.76

20.217 1.03 5,8,11,14-Eicosatetraenoic  acid, methyl | Fatty Acid C,1H340, 9.84
ester, (all-Z)-

20.609 1.05 9-Octadecenoic acid (Z)- Fatty Acid CsH340, 3.54

20.692 1.06 17-Octadecynoic acid Fatty Acid C3H30, 5.77

21.046 1.07 13-Heptadecyn-1-ol Sterol C7H3,0 1.06

21.732 1.11 9-Octadecenal Hydrocarbon CisH;,0 3.72

23.171 1.18 7,11-Hexadecadienal Hydrocarbon Ci6H2s0 10.36

23.344 1.19 1,2-15,16-Diepoxyhexadecane Hydrocarbon Ci6H300: 2.22

25.251 1.29 9,12,15-Octadecatrienoic acid, 2,3- | Fatty acid C,1H3604 3.84
dihydroxypropyl ester, (Z,Z,Z)-

25.409 1.30 8,11,14-Eicosatrienoic acid, methyl ester, | Fatty Acid C,1H360, 0.49
(Z,2,7)-

26.69 1.36 6,9,12,15-Docosatetraenoic acid, methyl | Fatty Acid Cy3H350, 1.91
ester

27.044 1.38 Hi-oleic safflower oil Sterol C21Hx011 0.94

28.302 1.44 9-Octadecen-12-ynoic acid, methyl ester Fatty acid C9H3,0, 3.74

29.651 1.51 7.7-3,15-Octadecadien-1-ol acetate Sterol C,0H360, 0.59

31.882 1.63 Stigmasta-5,22-dien-3-ol, acetate, (3f)- Sterol C31H500, 1.12

35.521 1.81 5.beta.,7.beta.H,10.alpha.-Eudesm-11-en- Sterol C5sHxO 6.03
1.alpha.-ol

35.921 1.84 7.7.,7-4,6,9-Nonadecatriene Hydrocarbon CioHz4 2.11

RRT#*: Relative retention time of Palmitic acid with RT = 19.524 min.

3.2.2. FTIR Spectroscopic Studies

The phytochemical results show that the leaves functional groups responsible for the Ag

extract of A. engleriis consisting of a complex
mixture of phytochemicals such as hydrocarbones,
fatty Acids, flavonoids, plant sterols, carbohydrates
or glycosides. These phytochemical species are rich
in hydroxyl and amino groups. Several reports
attributed the reduction of the metal nanoparticles to
the presence of such functional groups.Hence, the
FTIR is a sensitive tool for determining the
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nanoparticles reduction. Figure 4 showed the FTIR
spectra of the A. engleri-stabilized Ag nanoparticles.
3.1.3. TEM Studies

The shape and size of the prepared Ag NPs are
assessed using the HRTEM technique. Figure 5
shows the TEM image of the prepared Ag NPs that
can be seen mainly spherical in shape with particle
size varies between 10-49 nm. The particles are
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separated from each other which reflect the capping
action of the plant extract in the preparation process.
The results indicate that synthetic Ag NPs have well-
dispersed Ag NPs.

o,

1Y o
—— — 200 LV X25000

200 KV X50000,

Figure 5. The TEM images of A. engleri.-stabilized Ag
nanoparticles

3.2.4. XRD studies

The crystalline nature, phase variety, and grain
size of synthesized silver nanoparticles were
determined by X-ray diffraction spectroscopy. The
particle size of the prepared samples was determined
by using Scherrer’s equation as follows:

D=KWM(p cos 0)
Where D is average crystallite size and P is line
broadening in radians (full width at half maximum of
the peak in radians). Ais wavelength of X-ray and 6
is braggs angle. K is constant (geometric factor =
0.94).The XRD analysis of synthesized silver
nanoparticles from A. engleriextract showed
diffraction peaks at 260 = 27.50, 32.20, 46.40, 550,
57.20and 77. When compared with the standard, the
obtained XRD spectrum confirmed that the
synthesized silver nanoparticles were in nanocrystal
form and crystalline in nature. The peaks can be
assigned to the planes (122), (111), (200), (220), and
(311) facet of silver crystal, respectively. The high
peaks in the XRD analysis indicated the active silver
composition with the indexing. Figure 6 shows XRD
pattern of the synthetic AgNPs produced by co-
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precipitation method.
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Figure 6. XRD pattern of AgNPs

3.3. Biological activity

Silver nanoparticles prepared by the process in our
study, are quite fast and low cost. H. pylori infection
is the most common cause of chronic inflammation
of the stomach worldwide. The bacterium discovered
by Warren and Marshall in 1982 colonizes around
half of the world population. All H.pylori infected
individuals could develop chronic gastritis. H. pylori
have a high global prevalence, especially in
developing countries [26-28]. Despite the high
prevalence of H. pylori infection, it is estimated that
1% of infected people will develop noncardia gastric
Though the oral administration of
antibacterial agents, such as amoxicillin,
Clarithromycin and metronidazole, is carried out
around the world to treat patients infected with H.
pylori, resistance against these antibacterial agents

cancer.

has been increasing year after year [29, 30]. As a
result a great need has arisen to discover and develop
new anti-H.pylori remedies especially from herbs that
not only will eradicate and possibly prevent the
organism, but also would have minimal side effects,
be easily accessible, and be affordable even for the
poor. Helicobacter pylori, a Gram-negative
microaerophilic bacterium that colonizes the human
gastric mucosa is thought to infect half the world
population. In infected individuals, H.pylori causes
chronic gastric inflammation, which progresses in a
significant fraction of cases to peptic ulcer, MALT-
lymphoma, or gastric adenocarcinoma, the latter
being a major cause of cancer-related deaths
worldwide. Accordingly, the bacterium was classified
as a class I carcinogen by the International Agency
for Research on Cancer in 1994. More recently, the
results of 12 studies including 1228 cancer cases and
3406 controls showed that H. pylori-positive
individuals have at least a 6-fold increased risk of
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developing gastric cancer than H. pylori-negative
individuals [31].

Table 3
Anti-Helicobacter pylori activity
Samples Minimum Inhibitory concentration (MIC)
(ng/ ml)
AE 500
AgNPs 7.81
Clarithromycin 1.95

368 158 1368 868 38

Wave number Cor!

Figure 4. FTIR spectra of extract stabilized Ag nanoparticles
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