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ABSTRACT

Background: In this research, we investigated the antioxidant phytochemicals, antimicrobial and antibiofilm
properties of methanolic leaf extract from Rhazya stricta.

Methods: The main components of R. stricta were confirmed through HPLC techniques. The antioxidant activity of
methanolic leaf extract was examined by DPPD, ABTS, SOD and Glutathione peroxidase assays.

Results: The results showed that the methanolic extract of R. stricta showed better free radical scavenging properties
with the 1C50 value 74.2 mg/ml by DPPH assay. And the tested extract showed high SOD and peroxidase activities.
The HPLC analysis of leaf extract reveal the presence of rutin. Antibacterial results revealed that methanolic leaf
extract of R. stricta had higher anti-bacterial activity against multi drug resistant microbes namely, Bacillus subtilis
(3.51 mm), Staphylococcus aureus (1.29 mm), Escherichia coli (3.39 mm), Klebsiella pneumoniae (2.03 mm),
Pseudomonas aeruginosa (5.73 mm). In addition, the leaf extract showed strong antibiofilm potential against
Pseudomonas aeruginosa at 100 pg/ml.

Conclusions: Overall, the methanolic leaf extract of R. stricta showed significant antioxidant capacity and highly
inhibit the bacterial pathogens.
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INTRODUCTION

Biofilms are surface-attached ubiquitous bacterial
communities encased in a matrix of extracellular
polymeric substances (EPS), which consists of proteins,
polysaccharides, and extracellular DNA.! Biofilms are
also important for environmental survival, transmission
and increased infectivity of human pathogens.? The
bacteria within the biofilm are hundred times resistant
then available antibiotics compared with planktonic
cells.® The rapid emergence of multi drug resistant and
mutagenic microbes against the existing antibiotics has
necessitated the development of new antimicrobial drugs
to offer effective treatment. Previously, many

antimicrobial products were identified from synthetic and
natural products for the management of infectious
disease-causing agents.

The medicinal value of natural products has several
phytochemicals that produce a distinct physiological
action on the human body.* Various botanicals have been
reported to exhibit potential antioxidant activity.
Antioxidants, including phenolic compounds (e.g.,
flavonoids, phenolic acids, and tannins), have diverse
biological effects.> The Apocynaceae is a family of
flowering plants and includes trees and shrubs.
Apocynaceae consists of at least 5350 recognized species
in 348 genera that are native to tropical and subtropical
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nations.® Rhazya stricta grows in depressions with silty
and sandy soils sometimes forming in a pure stand.’R.
stricta is also called as “Harmal”. R. stricta Decne is an
evergreen shrub and widely distributed in Saudi Arabia
and South Asia.?® It is a significant therapeutic plant used
in indigenous medicinal herbal drugs to cure various
ailments in different countries including Saudi Arabia.*
The crude ethanolic extract of R. stricta fruit has shown
anti-bacterial and lipoxygenase activities, as well as
acetylcholinesterase inhibitory effect.!! Also, Abdul
Hameed et al highlighted that indole alkaloids from R.
stricta exhibited anti-proliferative activity.?

The R. stricta extract contains numerous alkaloids,
glycosides, flavonoids, tannins, and triterpenes.* Up to
date around 100 indole-type alkaloids were reported from
R. stricta. Very recently, Indole-type alkaloids isolated
from R. stricta leaves, grown in Saudi Arabia and to
evaluate their cytotoxic effect against colon cancer (HCT-
116), prostate cancer (PC-3), human hepatocellular liver
carcinoma (HepG2) and a normal adult African green
monkey kidney cell (VERO).* More studies on
pharmacological, phytochemical, toxicological and
biological activities of R. stricta has been
accounted.331517 R stricta extract showed the best
antioxidant, antiproliferative and antimetastatic activities
at low concentration.*® R. stricta fruits extract showed
good cytotoxic effect against breast cancer cells
evaluated.®® This research an attempt has been made to
develop antimicrobial drug from native plant R. stricta
against different pathogens and the presence of rutin in
the plant extract was confirmed by HPLC. Finally, we
evaluated the antioxidant and antibiofilm properties of R.
stricta against Pseudomonas aeruginosa.

METHODS
Plant material and extraction

The leaves of Rhazya stricta taken from Southwest part
of Saudi Arabia (Abha) during the month of October
2019. The leaves were then dried at room temperature
after the process of washing with distilled deionized
water (DDH20). Aqueous solution of R. stricta was
obtained by dissolving finely powdered R. stricta leaves
(10g) in 100ml of DDH20.2° The extracted solution
were then send the main research laboratory CLS in
Najran University (NU), to start studying the antioxidant,
antibacterial and anti-biofilm activity. Whereas, the
quantification of rutin using RP-HPLC was done in KSU
business centre lab College of pharmacy then analyse the
data in NU main research lab.

Antioxidant activity of Rhazya stricta

DPPH free radical scavenging activity: following the
method by Shaltout et al the antioxidant activity R. stricta
extract was determined in terms of hydrogen donating or
radical scavenging ability using the stable radical DPPH.’
About 0.4 ml of 0.1 mM DPPH solution was added to

200 pl of R. Stricta extract. Then, the sample was kept for
30 min at room temperature. The absorbance of the
sample was measured at 517 nm against blank
(methanol). Ascorbic acid (vitamin C) was used as a
positive control. The radical scavenging activity was
calculated using the formula:

DPPH scavenged (%) = (blank — sample) / (blank) x 100

ABTS free radical scavenging activity: the radical cation
derived from ABTS was prepared by the reaction of 60
mM ABTS solution with 0.3 M Manganese dioxide
solution in 0.1 M phosphate buffer, pH 7. Then, the
mixture was shaken, centrifuged, filtered, and the
absorbance (Ablank) of the resulting green-blue solution
(ABTS radical solution) was measured at wavelength 734
nm.2 Then, 50 pl of test plant extract in phosphate
buffered methanol was added. The absorbance (Asample)
was measured. The reduction in color intensity was
expressed as % inhibition. The % inhibition for each
compound is calculated from the following equation:

Inhibition% = (blank — sample) / (control) x 100

Ascorbic acid was used as standard antioxidant (positive
control). Blank sample was run without ABTS and using
MeOH/phosphate  buffer (1:1) instead of sample.
Negative control sample was run with MeOH/phosphate
buffer (1:1) instead of tested compound. The data are
expressed as meantSEM for three independent
experiments.

Superoxide dismutase (SOD)-like radical scavenger
activity: following the method by Obaid et al this assay
relies on the ability of the extract to inhibit the PMS-
mediated reduction of NBT dye.2 The SOD reaction
mixture had a final volume of 3.0 ml. It was composed of
0.5 ml of 0.3 mmol NBT, 0.5 ml of 0.47 mmol NADH,
1.8 ml of 0.1 M sodium pyrophosphate buffer, 0.1 ml of
tested plant extract and 0.1 ml of 0.093 mmol PMS. The
reaction was initiated by the addition of PMS and the
increase in absorbance at 560 nm was followed with a
recording spectrophotometer for 5 min. The percent
inhibition of free radical formation (I) was calculated as

Inhibition% = (blank — sample) / (control) x 100

where A control is the change in absorbance at 560 nm
over 5 min following the addition of PMS to the reaction
mixture in the absence of ligand or complex and Atest is
the change in absorbance at 560 nm over 5 min following
the addition of PMS to the reaction mixture in the
presence of ligand or complex.

Glutathione  peroxidase like activity: GPx kit
(Biodiagnostic, Egypt) was used for the determination of
GPx according to Paglia et al.?? The reaction mixture
contained 1 ml assay buffer (50 mM phosphate buffer
containing 0.1% triton X-100) and 0.1 ml NADPH
reagent (24 umol Glutathione, 12-unit glutathione
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reductase and 4.8 pmol NADPH) and 0.01 ml (41 pM)
tested extract and the reaction was started by the addition
of H202 (0.8 mM). The contents were mixed well, and
the absorbance was recorded at 340 nm over a period of 3
min against deionized water. The change of absorbance
per minute (A340nm / min) was estimated using ebselen
(41 uM) as the positive control. In case of colored
extracts, their activities were estimated after subtracting
their own absorbance at the used wavelength.

Quantification of quercetin and rutin by reverse phase-
HPLC (RP-HPLC)

The rutin content was examined through RP-HPLC
according to the method of Balasubramanian et al with
minor modifications. The quantification of rutin was
examined by a Waters 2998 liquid chromatography
(Waters, Milford, MA) equipped with the photodiode
array (PDA) detector at the wavelength of 375 nm, and
all the data were processed with Empower 2 software. 20
pL of filtered sample and standard were injected into the
Symmetry® C18 column (4.6 mmx250 mm, 5 pm) and
eluted isocratically with HPLC-grade methanol: water
(with 0.1% orthophosphoric acid) in a ratio of 80:20 v/v
at a flow rate of 1.0 ml/min. The quantity of rutin present
in each sample was estimated by comparing the standard
peak area with sample area peak. The solutions (standard
and sample) were injected in triplicate and the quercetin
content was quantified following the method described
by Balasubramanian and his colleagues.?

Antibacterial activity

Antibacterial activity of R. stricta extracts was carried out
by agar well diffusion method.?* Antimicrobial activity of
the different concentrations of R. stricta extracts was
tested against the selected pathogens Bacillus subtilis,
Staphylococcus aureus, Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa. Amikacin
(chloramphenicol) was used as positive control. As per
the standard protocol, the wells size (7 mm) was made on
the Muller-Hinton agar plates with bacterial lawn. Petri
plates were kept for incubation at room temperature for
24 h. After 24 h of incubation, the zones of inhibition
were measured, and three replicates were maintained.

Anti biofilm activity

Anti bioflm assay was executed by using different
concentrations of R. stricta extracts (25, 50, 75, 100
pg/ml). The biofilm shaping property was confirmed by
polystyrene tissue culture plate (PTCP) technique. The
pathogen P. aeruginosa, was inoculated into 10 ml of
trypticase soy soup with 2% (w/v) glucose and seeded on
1x1 cm? cover slide. After inoculation, the PTCP was
incubated for 24 h and the cover slide was washed with
sterilized double distilled water and was stained with
0.2% (v/v) crystal violet stain. After the staining, the
biofilm formation was observed under the light
microscope (Nikon Ni-E, NIS Elements BR software,

DS-2/3 Digital Camera) at 40X magnification. By using
micro-ELISA auto Epoch microplate spectrophotometer
(model BioTek) the quantification and percentage of
biofilm inhibition (stained adherent) was measured at 570
nm wavelength.?*

Quantification of extra
production

polysaccharide (EPS)

P. aeruginosa was cultured in LB broth with the presence
and/or absence of R. stricta extracts at different
concentrations (25-100 pl) for quantification and
extraction of EPS. Biofilms adhered to the walls of test
tubes were gathered during late log-phase by vigorous
shaking, centrifuged at 10,000 rpm for 30 min at 4 °C and
the supernatant was filtered using 0.22 pm nitrocellulose
membrane. Followed by the method of Stepanovi¢ et al
the filtered supernatant was then suspended with the
thrice volume of 100% ice-cold ethanol and incubated
overnight at 4°C to precipitate the EPS.?> The EPS
production was quantified following the method
described by Huston et al.?

Data analysis

Statistical analyses were done using GraphPad Prism
version 5.04 and version 6 software (GraphPad Software,
San Diego, California, USA, www.graphpad.com). One-
way or two-way ANOVA was used as appropriate.

RESULTS
Antioxidant activity

ABTSe+ scavenging activity; in the ABTS scavenging
assay, the ethanolic extract of R. stricta highly scavenged
ABTSe+ with IC50 value was 45.9+3.8%, which was
lower than Ascorbic acid (76.4+5.9%) (Table 1). This
result revealed that the Harmal extract has moderate
ABTSe+ scavenging activity.

Table 1: ABTS free radical scavenging activity.

Treatment 1Cs0 (ng/ml
Rhazya stricta extract 69.3+7.1
Ascorbic acid 88.6+7.2

Table 2: DPPH free radical scavenging activity.

Treatment 1Cs0 (ng/ml
Rhazya stricta extract 74.2+7.1
Ascorbic acid 89.1+7.2

Table 3: SOD like radical scavenger activity.

Treatment 1Cs0 (ng/ml)
Rhazya stricta extract 55.5+3.6
Ascorbic acid 77.3+6.3
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Table 4: Glutathione peroxidase like activity.

| Treatment Omin  3min  AA/T  AA/T* 103
Rhazya
stricta 0.132 0.121 0.003667 3.7+0.31

| extract

DPPH?e scavenging activity; the DPPH radical scavenging
properties of ethanol extract of R. stricta and Ascorbic

acid was determined. The DPPH radical scavenging
effect was compared with synthetic antioxidant, Ascorbic
acid. The extract of R. stricta exhibited better free radical
scavenging properties with the 1C50 value 74.2 mg/ml
when compared to standard Ascorbic acid (89.1 mg/ml)
(Table 2). However, the radical scavenging effect of R.
stricta was negligible than that of standard (vitamin C).
This result showed that the R. stricta extract was able to
inhibit oxidative stress caused by DPPH.

Table 5: Antibacterial activity of R. stricta extract.

zone of inhibition (mm)

Pathogens treated with Rhazya stricta extract

E e Concentration
25 pg/ml 50 pg/ml 75 pg/mi 100 pg/ml Positive control (C 30 ug)
B. substilis 0.21+0.03 1.54+0.01 2.03+0.06  3.51+0.09 9.22+0.46
S. aureus 0.12+0.03 1.85+0.31 2.03+0.23  1.29+0.21 10.09+0.84
E. coli 0.17+0.02 0.47+0.03 1.23+0.18  3.39+0.15 9.27+0.87
K. pneumoniae 0.19+0.03 1.03+0.06 1.04+0.14  2.03+0.12 7.02+0.73
P. aeruginosa 0.88+0.13 1.67+0.17 3.43+0.47  5.7310.49 11.08+0.13

Positive control: C-chloramphenicol (30 pg); values are mean standard deviation of five replicates, within a row, different ANOVA

letters indicate significant differences (p<0.05).

Table 6: Antibiofilm activity of R. stricta extract.

Concentration

Biofilm activity (% of inhibition) Exopolysaccharide production (EPS % of inhibition)

Control 0.0+0.00 0.0+0.00

25 19.03+1.14 20.02+1.03
50 41.33+£2.04 39.05+1.12
75 63.41+2.03 58.12+2.21
100 86.12+3.03 85.17+3.30

Values are meanzstandard deviation of five replicates. Within a row, different ANOVA letters indicate significant differences (p<0.05).

SOD-like activity assay; in this research, PMS assay was
adopted to assess the SOD scavenging activity of R.
stricta was depicted in Table 3. This result shows that the
percentage of SOD activity of methanol extract of R.
stricta was 55.5x3.6, while Ascorbic acid achieved
76.4+5.9%, respectively. However, this value was lower
than that of Ascorbic acid. Glutathione peroxidase-like
activity assay; the NADPH-reductase coupled assay
determined that the R. stricta extract had a potent
glutathione peroxidase activity of 3.7+0.31 pg/ml (Table
4).

HPLC analysis

The flavonoids of the R. stricta extract were studied
qualitatively ~ using  High  Performance  Liquid
Chromatography. The conditions for HPLC such as
mobile phase composition, temperature and flow rate
were optimized to accomplish a good resolution and
symmetrically shaped peak for rutin in less run-time. The
results of HPLC analysis confirmed that the quercetin and
rutin were using reference standard. The rutin compound

was present in R. stricta plant extracts (3.03 mg/g)
(Figure 1).

-

=

Figure 1: HPLC chromatograms of quercetin and
rutin in the R. Stricta extract, A) Standard of
quercetin, B) Standard of rutin, C) methanolic extract
of from R. Stricta extract.
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Antibacterial activity

The antibacterial effects of methanolic extracts of R.
stricta on the five selected bacterial pathogens namely, B.
subtilis, S. aureus, E. coli, K. pneumoniae, P. aeruginosa
was evaluated in the present research. The methanolic
extracts of R. stricta were highly inhibiting the growth of
B. subtilis (3.51 mm) followed by S. aureus (1.29 mm),
E. coli (3.39 mm), K. pneumoniae (2.03 mm), and P.
aeruginosa (5.73 mm) at 100 pg/ml respectively (Table 5,
Figure 2).

Figure 2: Antimicrobial activity zone on plate
formethanolic extract of Rhazya stricta extract.

Anti-biofilm activity

In this research, we investigated the anti-biofilm activity
of methanolic R. stricta extracts against Pseudomonas
aeruginosa by biofilm inhibition assay. Our results,
showed a maximum inhibitory effect of R. stricta
extracts, were almost 85% for P. aeruginosa at
100pg/mL (Table 6, Figure 3). Light microscopic results
showed high number of cell death and cell wall
dispersion after treatment with 100ug/ml of R. stricta
extract (Figure 4). Notably, very limited numbers of
scattered cell aggregates were observed in the biofilms
and there were less viable cells in the aggregates after
24h exposure to the R. stricta extracts. Our results
indicated that increasing concentration of plant extract,
lead to the dispersion of biofilms and finally were left
with single planktonic cells on the slide. Also, the plant

extract not only led to the disintegration of biofilm, but
also reduced the surface area and thickness of biofilm.

e ®
[ 3 :

— - —_———

Figure 3 Anti-biofilm activity of methanolic extract of
Rhazya stricta extract against Pseudomonas
aeruginosa, a) Biofilm quantification
Spectrophotometer assay, b) methanolic extract of
Rhazya Stricta affects extracellular polymeric
substances (EPS) production in Pseudomonas
aeruginosa. Values are meantstandard deviation of
five replicates. Within a column, different ANOVA
letters indicate significant differences (p<0.05).

Figure 4: Fluorescence Microscopy observation (x40)
of Pseudomonas aeruginosa adhesion phases on the
glass surfaces with different concentration (1 mg/ml)
of methanolic extract of Rhazya stricta plant. a, b)
control biofilm slide without extract, c) extract treated

at 25 pl, d) extract treated at 50 pl, e) extract treated
at 75ul, f) extract treated at 100pl.

Quantification of exo poly substances (EPS) inhibition
Herein, we studied the impact of R. stricta extracts on

EPS formed by of P. aeruginosa within biofilm. From the
results, we observed that the R. stricta extracts
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significantly reduced the formation of EPS in P.
aeruginosa strains at all different concentration of plant
extracts used. The reduction in exopoly saccaharide
(EPS) synthesis was found not only to inhibit the biofilm
formation but also to remove the preformed biofilms
effectively, although this effect was found to be dose
dependent on the specificity of the EPS matrix of
biofilms (Table 6). Our results clearly indicated that the
plant extract effectively reduce the EPS production at low
concentration when compared with other subsequent
concentrations.

DISCUSSION

In this research, the focus was on comprehensive
antioxidant phytochemical profiling of R. stricta by
HPLC. Analytical HPLC technique was conducted to
separate and detect individual polyphenol in methanol
leaf extract of R. stricta. The biologically active entity is
often present only as minor component in the extract and
the resolving power of HPLC is ideally suited to the rapid
processing of such multicomponent samples on both, an
analytical and preparative scale. The chromatogram
showed the presence of rutin was identified. The peak
rutin in the sample chromatograms was confirmed by
spiking with its standard and determination of retention
time (Figure 4). Similarly, Aziz et al noticed the presence
of alkaloids, namely rhazine, vincamine, yohimbine from
R. stricta through HPLC-MS, while Akhgari et al
reported that the indole alkaloids from R. stricta by ultra-
performance liquid chromatography-mass spectrometry
UPLC-MS. 1327

In this present study we confirmed the presence of
flavonoid rurin in the R. stricta extract by HPLC.
Flavonoids are well knowns scavenging agents against
free radicals associated with oxidative damage.?® Free
radicals can easily cross cell-membranes, readily react
with most biomolecules in cells, as well as inflict tissue
damage or cause cell death.?® In this research, the
flavonoid rich R. stricta extract exhibited potent
antioxidant activities by DPPD, ABTS, SOD and
Glutathione peroxidase assays. Methanolic extract would
have the maximum activity, showing that its metabolites
in the plant with the most radical-scavenging activity are
of medium polarity. For instance, Razali et al noticed that
methanolic shoot extract of Anacardium occidentale
showed higher antioxidant activity compared with ethyl
acetae and hexane extracts as determined through ABTS,
DPPH, superoxide anion, and NO radical scavenging
assays.%

DPPH is a stable free radical has been widely used in
phytomedicine for the assessment of scavenging
properties. The R. stricta leaf methanolic extract
demonstrated H-donor activity. The methanol extract of
R. stricta showed good anti-DPPH activity (IC50 = 74.2
mg/ml) compared to reference compound. The result
agreed with earlier studies, Al-Busafi et al. (2007) who
has highlighted that the DPPH radical scavenging activity

of n-BuOH extracts of nine medicinal plants, among
them Aristolochiae bracteolate (-57.8%), Citrullus
colocynthis (-39.6%,) and R. stricta (-31.3%) and Nerium
oleander (-37.2%) had moderate radical scavenging
property.> ABTS is an excellent substrate for
peroxidases and is frequently used to study the
antioxidant properties of natural compounds.®? The
methanol leaf extract of R. stricta showed maximum
ABTS (69%) scavenging property compared to Ascorbic
acid (89%) respectively. A similar outcome was reported
by Shahinuzzaman et al that Ficus carica showed the
highest antioxidant activity of 83.04%=2.16% in ABTS.
The ethyl acetate fraction of Clerodendrum cyrtophyllum
Turcz exhibited potent ABTS radical scavenging activity
with IC50 value of 23.00+1.5 pug/ml respectively.®®

The results of SOD and Glutathione peroxidase displayed
that the R. stricta extract had potential SOD and
peroxidase activities, as these enzymes play a vital role in
antioxidant defense. Comparably, Kumar et al who have
reported that the antioxidant enzymes superoxide
dismutase, catalase, ascorbate peroxidase, glutathione
reductase and polyphenol oxidase were significantly
higher in Cassia fistula followed by Cinnamomum cassia,
Acacia catechu and Citrus limon respectively.3* The
tolerant genotype VA13 of Amaranthus tricolor showed
higher catalase (CAT), superoxide dismutase (SOD)
enzyme activity.®

Our results clearly reveal that R. stricta ethanolic extract
disturb pathogen growth by cell wall disruption. Herein,
the methanolic extract of R. stricta had relevant bacteria
growth inhibition on the five selected species of public
health importance. At 100 pg/ml, R. stricta had inhibitory
potential against B. subtilis (3.51 mm) followed by S.
aureus (1.29 mm), E. coli (3.39 mm), K. pneumoniae
(2.03 mm), and P. aeruginosa (5.73 mm) (Table 5).
Similarly, Shegute and Washhun (2020) studied the leaf
extracts of Agava americana highly effective on
Staphylococcus aureus, Pseudomonas aeruginosa,
Klebsiella pneumoniae, Salmonella species, and Eshercia
coli.®® The ethanolic root extract of Plumbago zeylanica
showed good antimicrobial activities on V. cholerae, E.
coli, P. aeruginosa, Curvularia lunata, Colletotrichum
corchori, and Fusarium equiseti.®’

In addition, the antibiofilm activity of R. stricta leaf
extract on P. aeruginosa by biofilm inhibition assay.
Anti-biofilm results showed a maximum inhibitory effect
of R. stricta leaf extract, were almost 86% for P.
aeruginosa at 100 pg/ml. The fluorescence Microscopy
results, reveled a wide spectrum of morphological
differences in biofilm topography and architectures. El-
Bashiti et al studied the antibiofilm property of five-plant
extract against E. coli, S. aureus, P. aeruginosa and K.
pneumonia.® The aqueous extracts of the Punica
granatum, Ricinus communis, and Allium sativum had
strong anti-biofilm activity on Streptococcus mutans,
while Gomes and his colleagues observed that hydro
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methanolic extract of Eucalyptus globulus was highly
effective against Staphylococcus aureus.*°

Although the results in this study seemed to be promising
with regards antioxidant and antimicrobial property of the
R. stricta, the toxicity, molecular effect and other
proteomic studies need to be done to clarify the mode of
action of the leaf extract and the pharmacological safety
of the usage.

CONCLUSION

The emerging multi-drug resistance microbes provide a
major obstacle for the management of microorganisms.
Therefore, the development effective drug is crucial for
public health. In this research, we found out that the leaf
extract of R. stricta showed good antioxidant property.
Moreover, this plant extracts had high antimicrobial and
anti-biofilm active against the selected pathogens.
Overall, we conclude that the methanolic extract of R.
stricta could be used as alternative agent on clinical
pathogens.
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