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ABSTRACT

Background: Ruta chalepensis L. is considered as a medicinal plant with many important
secondary metabolites and essential oils which widely used against many diseases. Objectives:
This study aimed to examine different polar extracts of Ruta chalepensis L. leaves and stems to
identify different secondary metabolites, evaluate the antimicrobial activity of the prepared
extracts and study the active extracts by the Gas Chromatography-Mass Spectrometry (GC-MS)
method. Materials and Methods: The leaves and stems of R. chalepensis were extracted by
Soxhlet apparatus using different solvents of varying polarity, were phytochemically screened
and, also tested against bacteria namely Streptococcus faecalis, Staphylococcus aureus,Escherichia
coli,Pseudomonas aeruginosa, Proteus mirabilis, Klebsiella pneumoniae and Salmonella sp. and one
fungus Candida albicans using diffusion method. Results: The phytochemical screen showed
the presence of various secondary metabolites such as flavonoids, alkaloids and coumarins. The
antimicrobial assay revealed that the plant extracts exhibited efficacy against only Salmonella
sp., showing resistance to other tested bacteria and fungus. The methanolic extract of leaves and
stems was the most active against Salmonella sp., with a high inhibition zone (25+0) mm and
(24+0) mm respectively, thus it was subjected to GC-MS analysis which exhibited the presence
of approximately six and thirteen phytochemical constituents respectively. Conclusion: Both
leaves and stems extract showed activity against Salmonella sp. The phytochemical screening
and GC-MS analysis indicate the presence of various secondary metabolites. Subsequently,
the therapeutic efficacy compounds isolated and purified fromRuta chalepensis L. could be used
as an important source against bacterial ailments in humans and plants.
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Ruta chalepensis L. is a medicinal herb belonging to the family
Rutaceae, it is a small shrub that is most distributed in the
Mediterranean region, usually growing on rocky slopes. In the
Jazan area (Saudi Arabia), is widespread with a local name "Arabic
El-shathap" and is used commonly after braiding it with other
aromatic plants in the form of a collar known as "Almikhadara
or Alkhador" that men wear on the head as an adornment and
for its pleasant scent. It is also used as a medicinal plant against
headaches, scarlet fever, measles and heart conditions.”! Ruta
chalepensis L. was characterized by its anti-oxidant, anti-cancer
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and anti-inflammatory properties.®”! Also, the essential oil of
Ruta chalepensis L. showed antioxidant activity there and might
be considered as a potential source of cytotoxic compound and
antifungal and herbicidal activity.** The study conducted on the
dried leaves of Ruta chalepensis on mice showed the embryotoxic
effect of the plant and its harmful use.[®

Thus, the present study aims to evaluate the in vitro antimicrobial
activities of different solvent extracts of R. chalepensis and to
determine the chemical composition of these extracts by GC-MS
analysis.

MATERIALS AND METHODS

Plant material

The Ruta plant was bought from a local market in Jazan, Saudi
Arabia in December. The plant was identified as Ruta chalepensis
L. by the taxonomist at the Herbarium of Biology Department,
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Science College, Jazan University with specimen number
(Voucher no.) JAZUH 1369.

Chemicals and Reagents

Diethyl ether, chloroform, methanol and distilled water.
Dragendroff’s reagent, Molisch’s reagent, Mayer’s reagent,
Fehling’s solution, FeCl, 10%, KOH (alcoholic 25%), HCI, acetic
anhydride, ammonia 25% and sulphuric acid.

Plant extract preparation

Twenty grams of air-dried and powdered leaves and stems
ofRuta chalepensis were separately extracted using Soxhlet
apparatus using three different solvents: diethyl ether, chloroform
and methanol successively at temperature below the boiling
temperature of each solvent for 4 hr for each. Then the marc was
dried and extracted with distilled water in a conical flask for 24
hr. In a rotary evaporator, the extracts were concentrated and
then the yields were determined. The extracts were labeled and
kept in a refrigerator at 4°C for further study.

Phytochemical screening qualitative analysis

The preliminary phytochemicals {sterols, triterpenes, higher fatty
acids, alkaloids, flavonoids, anthracene glycosides, coumarins,
tannins, reducing compounds, polyuronides, glucides, starch and
saponins} screening at different solvent extracts, were carried out
using standard a method as described by Harbone.”

Antibacterial activity test

Eight plant extracts were evaluated against seven standard
bacterial strains and one fungus. The bacterial strains included
Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC
27853), Proteus mirabilis (ATCC 14153), Klebsiella pneumoniae
(ATCC700603), Staphylococcus aureus (ATCC 20213), Salmonella
sp. (ATCC 700623) and Streptococcus faecalis (ATCC 29212),
however the fungus was Candida albicans (ATCC 20231). These
strains were obtained from the Department of Microbiology at
King Fahad Hospital in Jazan, Saudi Arabia.

Preparation of the Test Organisms

To adjust the turbidity, isolated bacterial colonies were incubated
in 4 mL of peptone water at 37°C for 1 hr. The turbidity was
adjusted to match the standard of 0.5 McFarland units. Fungal
cultures were grown on Sabouraud dextrose agar at 25°C for 4
days. The fungal culture was then washed with 100 mL of sterile
normal saline and stored at 4°C until needed.

In vitro Antimicrobial Testing

To assess the antibacterial activity of the plant extracts, the
cup plate agar diffusion method was employed with slight
modifications. Initially, 1 mL of the standardized bacterial stock
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suspension containing 105-106 CFU/mL was mixed thoroughly
with 100 mL of Muller Hinton agar medium, which was then
maintained at 45°C. Subsequently, 20 mL aliquots of the resulting
Muller Hinton agar medium were dispensed into sterile Petri
dishes and allowed to solidify. Using a sterile cork borer number
4, four wells of approximately 20 mm diameter were created in
each plate. The agar discs were removed and the wells were filled
with 0.1 mL of plant extracts, allowing them to diffuse at room
temperature for at least 2 hr. The plates were then incubated for
18 hr at 37°C. All experiments were performed in duplicate and
the diameters of the resulting zone of inhibition were measured,
with the mean values being recorded. A similar procedure was
followed for testing the extracts for antifungal activity, except
that Sabouraud dextrose agar medium was used instead of Muller
Hinton agar and the incubation period was 24 hr.®) Gentamicin
and Fluconazole were used as standards for antibacterial and
antifungal screening, respectively.

Determination of MIC and MBC

The Minimum Inhibitory Concentration (MIC) of all extracts
(extract 1-extract 11) against the microorganisms was determined
using the broth dilution method. Bacterial cultures (100 pL
containing 105 CFU/mL) were added to tubes containing varying
extract concentrations (0.25, 0.125, 0.0625, 0.03125, 0.015625,
0.078125 and 0625.00390 mg/L) and then incubated overnight at
37°C. MIC values were determined based on the absence of visible
growth in the culture tubes. Similarly, the Minimum Bactericidal
Concentration (MBC) was determined by subculturing the broth
onto freshly prepared Muller Hinton agar medium and incubating
at 37°C overnight. The highest concentration of the MIC tubes
without any bacterial growth was considered the MBC. (The
National Committee for Clinical Laboratory Standards.!

Gas Chromatography-Mass Spectrometry (GC-MS)
analysis

The methanolic extracts of Ruta leaves and stems were subjected
to GC-MS analysis. The analysis was carried out on a Shimadzu
Gas Chromatograph (GC-2010, Germany) instrument fitted with
a capillary column TR-5MS (Thermo Scientific TRACE 260F130P,
Texas, U.S.A.) (30 mx0.25 mm) and film thickness 0.25 pm. The
carrier gas Helium (He) was used at a flow rate of 1.2 mL min™.
The initial temperature was kept at 70°C followed by heating at
a rate of 15°C/min to 290°C, which was held for 30 min. The
chromatograph was coupled to a Shimadzu QP2010 Ultra MS
detector with an electron-ionization system and ionization energy
of 70 eV. The ion source temperature was maintained at 230°C.
The spectrum of the unknown components was compared with
the spectrum of the known components stored in the National
Institute of Standards and Technology [NIST] library and the
molecular weight and structure of the compound.
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RESULTS

Phytochemical Screening of the Leaves and Stems of
Ruta chalepensis L.

Results of general phytochemical screening of diethyl ether,
methanol and water extracts of the leaves and stems of Ruta
chalepensis were presented in Table 1. Qualitative analysis of
the leaves and stems extracts revealed the presence of alkaloids,
flavonoids, sterols/triterpenes, higher fatty acids, coumarins,
tannins, reducing compounds, polyuronides, glucides and
saponins.

Antimicrobial activity of extracts of Ruta chalepensis
L.

The effectiveness of eight plant extracts against the reference
bacteria and fungus was assessed using the disc-diffusion
method, with results summarized in Tables 2 and 3. The plant
extracts exhibited efficacy against only Salmonella sp., showing
resistance to the other tested bacteria (Figure 1). The zone of
inhibition varied from (10+0) mm in extract 5 to (25+0) mm
in extract 3. The results of positive control range from 27+0
to 32+0. However, the disc-diffusion method only indicates
bacterial growth inhibition and does not provide evidence of the
extract's bacteriostatic or bactericidal action. Therefore, MIC and
MBC values were determined to establish the dose specificity
and nature of the extract's activity. MIC values were estimated
using the broth macro-dilution method, while MBC values were
determined by sub-culturing all concentrations (xMIC) with no
detectable growth. The MIC and MBC values of the eight plant
extracts ranged from 0.25 to 0.03125 mg/mL and 0.5 to 0.0625
mg/mL, respectively, against all tested bacterial strains and one
fungus (Tables 2 and 3).

Figure 1: Antibacterial activity of the extracts of Ruta chalepensis L. against

Salmonella sp."1'-ether extract of stems, 2'-CHCI, extract of stems,'3’-methanol

extract of stems, ‘10’-aqueous extract of stems, ‘4-ether extract of leaves, ‘5’

CHCI, extract of leaves, ‘6"-methanol extract of leaves, ‘11"-aqueous extract of
leaves, ‘c’-control.

GC-MS analysis

The methanolic extract of leaves and stems of Ruta which
exhibited a significant activity against Salmonella sp. were
moreover analyzed by GC-MS. Figures 2 and 3 represent the
gas chromatograms showing the relative abundance of various
compounds eluted as a function of retention time. The results
summarized in Tables 4 and 5 have demonstrated the presence of
about6and 13 active phytochemical constituents, which contribute
to the pharmacological activity of plant. The major constituents
in the methanolic extract of leaves were namely Neophytadiene
(peak area 1.19%), Hexadecanoic acid, methyl ester (peak area
1.65%), 1-(1,3-dimethyl-3-butenyl)-3-methoxy-
(peak area 1.61%), Methyl stearate (peak area 2%), Psoralen, 3-
(.alpha.,.alpha.-dimethylallyl)- (peak area 27.04%) and Chalepin
(peak area 25.52%). The main constituents in the methanolic
extract of stems were namely Dimethyl dl-malate (peakarea 2.3%),

Benzene,

Table 1: Qualitative analysis of phytochemicals exists in Ruta chalepensis L.
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Table 4: Phytocomponents identified in the methanolic leaves extract of Ruta chalepensis L. by GC-MS.

Sample No. Retention Compound Molecular Molecular Area% Similarity
time name formula weight index
Sl
1 10.472 Neophytadiene C,H,, 278.5 1.19 97
2 11.128 Hexadecanoic acid, methyl ~ C H, O, 270.4507 1.65 95
ester
3 12.158 Benzene, 1-(1,3-dim C,H,0, 22031 1.61 81
ethyl-3-butenyl)-3-methoxy-
4 12.417 Methyl stearate C,H,0, 298.5 2 96
13.12 Psoralen, 3-(. C,H,O, 254.28 27.04 86
alpha.,.alpha.-dimethylallyl)-
6 15916 Chalepin C,H,0, 314.4 25.52 85
Table 5: Phytocomponents identified in the methanolic stems extract of Ruta chalepensis L. by GC-MS.
Sample Retention Compound Molecular Molecular Area% Similarity
No. time name formula weight index
S|
1 4.681 Dimethyl dl-malate CH, 0, 162.14 2.3 96
2 6.218 Guanosine C, H,N.O, 283.24 1.65 92
3 6.4 beta-D-Ribopyranoside, methyl CH O, 206.24 1.14 93
2,3,4-tri-o-methyl
4 6.742 . beta. -D-Ribopyranoside, methyl C/H O, 206.24 3.58 96
5 6.967 . alpha. -d-Lyxofuranoside, methyl CH O, 164.16 7.11 93
6 7.18 . beta.-d-Lyxofuranoside, methyl ~ CH O, 164.06847 2.86 95
7 7.231 Methyl 4,6-ethylidene-. CH, O, 220.22 411 72
alpha.-d-galactopyranoside
8 7.368 D-Allose CH_O, 180.16 3.06 73
9 8.917 Methyl(methyl 4-O-methyl-. CH, 0, 208.21 1.58 85
alpha.-d-mannopyranoside)
uronate
10 9.02 .beta.-D-Glucopyranose, 4-O-. C,H,0, 342.2965 1.12 63
beta.-D-galactopyranosyl-
11 11.124 Hexadecanoic acid, methyl ester ~ C_H,,O 270.4507 3.35 95
12 12.417 Methyl stearate C,H,0, 298.5038 4.09 97
13 15.953 Chalepin C,H,0, 3144 1.07 71
Guanosine (peak area 162.14%), beta-D-Ribopyranoside, methyl DISCUSSION

2,3,4-tri-o-methyl (peak area 1.14%), beta. -D-Ribopyranoside,
methyl (peak area 3.58%), alpha. -d-Lyxofuranoside, methyl
(peak area 7.11%), beta. -d-Lyxofuranoside, methyl (peak area
2.86%), Methyl 4,6-ethylidene-. alpha. -d-galactopyranoside
(peak area 4.11%), D-Allose peak area 3.06%), Methyl (methyl
4-O-methyl-.alpha.-d-mannopyranoside)uronate  (peak area
1.58%), beta.-D-Glucopyranose, 4-O-.beta.-D-galactopyranosyl-
(peak area 1.12%), Hexadecanoic acid, methyl ester (peak area
3.35%), Methyl stearate (peak area 4.09%) and Chalepin (peak

area 1.07%).

Pharmacognosy Research, Vol 16, Issue 4, Oct-Dec, 2024

In this study, the phytochemical screen of extracts of stems
and leaves of Ruta chalepensis exhibited the presence of various
like alkaloids,
triterpenes, higher fatty acids, coumarins, tannins, reducing

secondary metabolites flavonoids, sterols/
compounds, polyuronides, glucides and saponins. A previous
study on the aerial parts ofRuta chalepensis L. also supported
the presence of different phytochemicals such as coumarins,
alkaloids, tannins, flavonoids, volatile oils, sterols and triterpenes,
as well as a recent study on the ethanolic extract of the plant using

colorimetric assay revealed that it had a good level of flavonoids
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Figure 2: Gas chromatography-mass spectroscopy chromatogram of methanolic leaves extract.
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Figure 3: Gas chromatography-mass spectroscopy chromatogram of methanolic Stem extract .

and polyphenols.'""! Plant extracts were only effective against
Salmonella sp. showing resistance to other tested bacteria and
fungus, a prior study exhibited marked antibacterial properties
of Ruta chalepensis extract against human pathogen strains, but
the activity varied according to the solvent.'>®) Another study
revealed that flavonoids have been identified as polyphenolic
compounds capable of exerting antibacterial activities via various
mechanisms of action.” A review article also, reported that
Chalepin and Chalepensin which were first isolated from the
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plant Ruta chalepensis L. are 3-prenylated bioactive coumarins,
their bioactivity includes antimicrobial, antidiabetic, antifertility,
antiprotozoal and cytotoxicity.") GC-MS analysis revealed the
presence of many compounds such as Chalepin, Chalepensin,
Hexadecanoic acid, methyl ester and Methyl stearate, while a
previous study on the aerial parts of R. chalepensis confirmed
the presence of ketons, esters, fatty acid and monoterpenes, the
different distribution of compounds in the various plant parts
depending on the life cycle of the plant.!'*

Pharmacognosy Research, Vol 16, Issue 4, Oct-Dec, 2024
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CONCLUSION

The phytochemical analysis of extracts of Ruta chalepensis
revealed the presence of different secondary metabolites such
as coumarins, alkaloids, flavonoids, glucides, polyuronides,
fatty acids, tannins, saponins, sterols and triterpenes. GC-MS
analysis reinforced this analysis, which showed the presence
of approximately six and thirteen phytochemical constituents
in leaves and stems methanolic extracts, respectively. The
predominant compounds in leaves extracts were Chalepin and
Psoralen, 3-(a, a-dimethylallyl)- other name is Chalepensin,
while in stems extract were a-d-Lyxofuranoside, methyl and
Methyl stearate.

The extracts also showed antimicrobial activity especially against
Salmonella sp. further studies into this plant could be more
valuable in herbal medicine.
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spectrometry;
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SUMMARY

Medicinal and aromatic plants have always been an important
source of medicines and treatments against various diseases.
The great scientific and technological progress in the fields of

separation and analysis has contributed to the manufacture of
medicines and treatments scientifically and safely. This study
determined a number of phytochemical constituents present in
Ruta chalepensis L. leaves and stems extracts by phytochemical
screening and GC-MS analysis and evaluated the antimicrobial
activity which showed that the plant extracts exhibited efficacy
against Salmonella sp. Thus, the therapeutic efficacy compounds
isolated and purified fromRuta chalepensis L. could be an
important source against bacterial ailments in humans and plants.
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