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Abstract

ackground: Interest in medicinal plants has recently risen as a consequence of its therapeutic

capabilities, which require further investigation. Aristolochia longa (A. longa) roots are commonly

employed in traditional Moroccan medicine as an anticancer agent and against some cutaneous
infections, but little is known about their antibacterial capabilities.

Methods: The disc-diffusion and minimal inhibitory concentration (MIC) methods were carried out to
determine the antibacterial activity of aqueous and methanol extracts of A. longa roots against several
reference bacterial strains.

Results: Both aqueous and methanolic extracts had antibacterial activity to varying degrees with the
disc-diffusion assay, however the methanolic extract shown significant activity at a higher dosage (200
mg/ml). Escherichia coli (22.0 mm) was the most sensitive bacterium tested, followed by Staphylococcus
aureus (16.0 mm) and Bacillus subtilis (12.0 mm). The bacteria with the lowest susceptibility were
Klebsiella pneumonia, Pseudomonas aeruginosa, and Micrococcus luteus, which all had a 10.0 mm zone of
inhibition. The MIC values corroborated these observations, with E. coli MICs of 6.25%1.5 mg/ml, S.
aureus MICs of 25%¥1.02 mg/ml, M. luteus MICs of 12.5+1.25 mg/ml, K. pneumonia MICs of 50.0+0.75
mg/ml, and B. subtilis MICs of 100+0.6 mg/ml, respectively. The findings of the methanolic extract were
statistically significant and equivalent to those of the antibiotics studied.

Conclusion: Roots of A. longa have significant broad-spectrum antibacterial agents, notably in the
methanolic extract, which validated their applications in Moroccan folkloric medicine to treat soft-
tissue and skin infections.
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Introduction
Plants have been utilized as a source of traditional
medicine for centuries to cure a variety of ailments; due
to their diverse biological and medicinal properties, they
contribute significantly to the creation of effective
therapeutic agents [1]. Numerous medicinal plants said
to be useful in folk medicine need scientific examination
to determine their efficacy and toxicity, and
subsequently to develop alternative medications and
treatment procedures [2]. Since the late nineteenth
century, science investigation has shown that some
spices, herbs, and their constituents possess
antibacterial characteristics [3]. Numerous plants have
been shown to have a high and potent antibacterial
action on a global scale. In the last few years, Scientific
methods for evaluating natural compounds with
biological activity in vitro have emerged, including the
development of highly automated bioassay screening
approaches based on colorimetric methods that measure
biological activity [4,5]. These procedures were deemed
to be expedient and affordable for determining
antibacterial activity [6,7]. However, in developing
countries, conventional procedures and a significant
number of natural product extracts are still employed,
which enables the separation and purification of their
biologically active components to be guided easily [8].
Traditional medicine is widely used in Morocco. The
ethnobotanical and ethnopharmacological studies
undertaken in various parts of Morocco resulted in the
development of a 360-species inventory and the
recording of over 500 prescriptions [9]. Moroccan
medicinal herbs have previously been investigated for
their bioactivity against a variety of human ailments
[10]. Aristolochia plants have shown intriguing
anticancer properties, including cytotoxic and apoptotic
activity. However, herbal treatments including
Aristolochia species are prohibited in a number of
countries due to its nephrotoxic aristolochic acid [11].
They contain aristolochic acids, which may cause so-
called "aristolochic acid nephropathy,"” which can result
in upper urinary tract cancer and renal fibrosis [12].
Aristolochia species are often used in Moroccan
traditional medicine to treat a range of ailments, most
notably cancer, diabetes, and digestive system issues
[13]. Aristolochia longa (A. longa) root powder and salted
butter are used topically to treat skin infections [14-16].
Additionally, certain traditional healers utilize a little
amount of this powder in combination with honey or
salted butter to treat upper respiratory tract infections
and stomach pain [17]. To the best of our knowledge, the
antibacterial activity of Moroccan A. longa is unknown.
As such, the aim of this study was to evaluate the
antibacterial activity of A. longa methanolic and

aqueous extracts, a plant that is often used in Moroccan
traditional medicine.

Methods

Plant material

Aristolochia longa roots was gathered in a wild location
in Morocco, 30 kilometers south of Marrakesh.
Taxonomists from Rabat's Scientific Institute examined
authoritative sources to identify the plant [18,19]. There
has been a deposit of a voucher specimen (RAB 6135).
The roots were separated and cleaned several times with
water before being dried in the shade at room
temperature.

Plant extraction

The dried roots of A. longa were crushed to a fine powder
using a machine grinder, and 500 g of the powdered
powder was extracted sequentially with 1 liter of 100%
methanol during a 48-hour maceration period at room
temperature (25°C). After that, the extract was filtered
through Whatman paper and vacuum-distilled in a
rotary evaporator at 65°C. The brownish residues that
resulted were used in the screening process. Finally, the
methanolic extract was dried for 2 hours at 35°C to
eliminate any remaining solvent. The final extract
seemed to be a dense mass of dark green material. The
methanolic extract had a dry weight percentage of 21.8%
and was kept at -20°C until use. On another flask, 500
mlL distilled water was added to 100 g powdered plant
root and macerated for up to 3 days. After gravity
filtering, the extract was concentrated under reduced
pressure, and then lyophilized (FreeZone 4.5 Liter
Benchtop Freeze Dry System, USA). A. longa extract was
recovered at a concentration of 5.27 % (w/w). To
maintain stability, the lyophilized material was stored at
-20°C.

Microorganisms

Six bacterial strains, namely Pseudomonas aeruginosa
(ATCC 15442), Bacillus subtilis (ATCC 6633), Escherichia
coli (ATCC 54127), Klebsiella pneumoniae (ATCC 53153),
Micrococcus luteus (ATCC 9341) and Staphylococcus
aureus (ATCC 6538), were employed for antibacterial
testing; The cultures of bacteria were kept in Nutrient
agar slants and stored in the fridge at 4° and employed
as stock cultures.

Disc-diffusion assay

To evaluate the antibacterial activity of A. longa
extracts, the disc-diffusion test was performed. A
suspension of the tested microorganism (10° cfu/ml) was
prepared by taking samples of bacterial culture at
regular intervals, measuring their optical density (at 600
nm), and serial dilutions, and then adding the desired
dilution (10° cfu/ml) to the surface of each plate
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containing 10 ml Mueller Hinton. Individual sterile filter
discs (in diameter equals 5 mm, Whatman No. 1) were
saturated with 200, 100, 50, and 25 mg/ml of the aqueous
and methanolic extracts and then inserted onto
previously inoculated agar plates. Plates were incubated
for 24 hours at the recommended culture temperature.
As a negative control, discs impregnated with sterile
distilled water were used. Positive controls included
Cefoxitin (30 mcg/disc) and Amikacin (30 mg/disc). After
incubation, we assessed the growth inhibition rings by
measuring the diameter of the inhibition zone in
millimeters [20,21]. All tests were conducted in
triplicate, and the mean value was calculated.

Determination of Minimum Inhibitory
Concentration (MIC)

Muller Hinton Agar was used to suspend the test strains
(MHA). Spectro-photometric adjustments were made to
the suspension to meet the 0.5 McFarland turbidity
standard (resulting in a final density of 107cfu/ml). The
minimal inhibitory concentration was determined using
the viability indicator: MTT (3-(4, 5 dimethylthiazol -2-
yl)-2, 5 diphenyltetrazolium bromide (Sigma-Aldrich,
Ireland) using the fast microplates technique [22,23].
Serial dilutions of extracts in distilled water were
prepared in sterile test tubes at concentrations ranging
from 25 to 200 mg/ml. Each test tube was seeded with
the methanolic and aqueous extracts of A. longa, which
were added to 5ml of Muller Hinton Agar in tubes
containing 107 cfu/ml live bacterial cells. The tubes were
subsequently incubated at 37°C for an additional 18
hours under optimal conditions. Following incubation,
each well was treated with 1 mg/ml MTT to determine
bacterial growth. Negative controls included a control
without plant extracts with MTT and bacterial
inoculums after incubation durations ranging from 3 to
5 hours at 37°C. The fluid became blue as the bacteria
multiplied. The MIC was established as the highest
dilution (lowest concentration) at which no detectable
growth occurred. All studies were performed in
triplicate, and the MIC was calculated precisely.

Statistical analysis

Data were validated for statistical significance by One-
Way ANOVA. At the P < 0.05 level, differences were
deemed statistically significant.

Results

Both of the disc diffusion test and the micro-dilution
assay were used to determine the antibacterial activity
of methanolic and aqueous crude extracts of A. longa. As
demonstrated in (Table 1), Escherichia coli (22 mm) had
the largest zone of inhibition (most sensitive bacteria),
followed by Staphylococcus aureus (16 mm) and Bacillus

subtilis (12 mm). The bacteria with the lowest
susceptibility were K. pneumoniae, P. aeruginosa, and M.
luteus, which had a 10 mm zone of inhibition at a 200
mg/ml extract concentration. On the other side, the
antibacterial potential of A. longa aqueous extract is
illustrated in (Table 2). E. coli (16 mm) was the most
sensitive bacteria to the aqueous extract, followed by S.
aureus (14 mm), M. luteus (9 mm), B. subtilis (8 mm), and
K. pneumonia (8 mm). P. aeruginosa, on the other hand,
exhibited no sensitivity to the aqueous extract. The
optimum bactericidal dosage in the research was 200
mg/ml for both methanolic and aqueous extracts.

Tested Mean zone of inhibition (mm)

compounds Ec Kp Pa Ml Sa Bs
MOH at 200 22.0%* 10.0 10.0 10.0 16.0%* 12.0%*
mg/ml

MOH at 100 18.0%* 8.5 10.0 10.0 13.0%* 10.0
mg/ml

MOH at 50 13.0%* 8.0 8.0 9.0 10.0 9.0
mg/ml

MOH at 25 11.0 8.0 6.0 7.0 9.0 8.0
mg/ml

Ce at 30 28.0° | 32.0%* | 18.0** | 36.0** | 26.0** | 33.0%*
mg/disc

Am at 30 24.0%* 26.0%* 26.0%* 14.0%* 23.0%* 26.0%*
mcg/disc

*Legend: MOH= Methanolic extract, Kp=Klebsiella pneumoniae
(ATCC 53153), Ec= Escherichia coli (ATCC 54127), Ml= Micrococcus
luteus (ATCC 9341), Pa=Pseudomonas aeruginosa (ATCC 15442),
Bs= Bacillus subtilis (ATCC 6633), Sa= Staphylococcus aureus (ATCC
6538), Ce= Cefoxitin. Am=Amikacin, Values are means of three
replicates. The symbol (**) indicate significant difference (P < 0.05)
with respect to positive control (Cephaxitin and Amikacin).

Table 1: Inhibition by Methanolic extract of Aristolochia longa*

Tested Mean zone of inhibition (mm)

compounds Ec Kp Pa Mi Sa Bs
AQU at 200 16.0** 8.0 - 9.0 14.0* 8.0
mg/ml

AQU at 100 11.0 8.0 - 9.0 10.0 7.0
mg/ml

AQU at 50 8.0 5.0 - 8.0 8.5 7.0
mg/ml

AQU at 25 6.0 4.0 - 7.0 8.0 4.0
mg/ml

Ce at 30 28.0%* 32.0%* 18.0%* 36.0%* 26.0%* 33.0%*
mg/disc

Am at 30 24.0%* 26.0%* 26.0%* 14.0%* 23.0%* 26.0%*
mcg/disc

*Legend: AQU= Aqueous extract, Kp=Klebsiella pneumoniae (ATCC
53153), Ec= Escherichia coli (ATCC 54127), Ml= Micrococcus luteus
(ATCC 9341), Pa=Pseudomonas aeruginosa (ATCC 15442), Bs=
Bacillus subtilis (ATCC 6633), Sa= Staphylococcus aureus (ATCC
6538), Ce= Cephaxitin. Am=Amikacin, Values are means of three
replicates. The symbol (**) indicate significant difference (P < 0.05)
with respect to positive control (Cephaxitin and Amikacin).

Table 2: Inhibition by aqueous extract of Aristolochia longa*

The Results of MIC tests are shown in (Table 3), The MIC
values supported the disc-diffusion results, the least
MIC values were reported with the methanolic extract
compared to the aqueous extract, meaning that the
bioactive principles are concentrated in the methanolic
extract. The MIC of methanol extract of Aristolochia
longa was 6.25%1.5 mg/ml for E. coli, 25+1.02 mg/ml for
S. aureus, 12.5£1.25 mg/ml for M. luteus, 50+0.75 mg/ml
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for K. pneumonia, and 100+0.6 mg/ml for B. subtilis and
P. aeruginosa, respectively.

Bacterial strain The methanolic The aqueous
extract (mg/ml) extract(mg/ml)

E. coli 6.25+1.5% 12.5+0.00*

K. pneumoniae 50+0.75 100+0.52

P, aeruginosa 100+2.32 -

M. luteus 12.5+1.25% 25+0.00*

S. aureus 25+1.02* 50+0.80

B. subtilis 100+0.6 -

Legend: Microorganisms: Kp=Klebsiella pneumoniae (ATCC
53153), Ec= Escherichia coli (ATCC 54127), Mi= Micrococcus luteus
(ATCC 9341), Pa=Pseudomonas aeruginosa (ATCC 15442), Bs=
Bacillus subtilis (ATCC 6633), Sa= Staphylococcus aureus (ATCC
6538), Values are means * SD of three determinations. The symbol
(*) indicate significant difference (P < 0.05) with respect to
positive antibiotic control.

Table 3: Minimum inhibitory concentration of susceptible
bacteria.

Discussion

Generally, our results revealed that the best inhibition
was observed with a methanol root extract of
Aristolochia longa and range of antibacterial inhibition
zone was 12-22 mm at concentration 200 mg/ml of the
extract, which was the best concentration and was in
particular significant for E. coli and S. aureus compared
with the tested antibiotics at (P < 0.05). The MIC values
obtained confirmed the previous results with a
significant activity against tested microorganisms.
Overall, Escherichia coli were the most sensitive
towards this extract with MIC ratios of 6.25 mg/mL.
Medicinal plants are a valuable part of the local heritage.
Herbs provide medicinal properties due to the presence
of several biochemical compounds of variable
composition found in one or more parts of these plants
called secondary plant metabolites [24, 25]. Secondary
metabolites contribute to plants’ therapeutic
capabilities [26]. The pre-experimental ethnobotanical
survey of this study (not published) showed that roots of
Aristolochia longa are mostly used for treatment of
cancer, similar to reports from Algeria cited that A. longa
are used traditionally for cancer treatment [27, 28]
Aristolochic acid, a major active component of
Aristolochiaceae plants, exhibited a dose-dependent
cytotoxic effect in HK-2 cells and altered the expression
profiles of genes involved in DNA damage response,
carbohydrate  metabolic process, DNA repair,
macromolecule metabolic process, transcription, DNA
metabolic process, apoptosis, and cell cycle [29]. The
recent investigation established that this plant had
antibacterial properties. Among the scarce research on
this plant, many papers state that numerous plant
extracts from the genus Aristolochia have been proven
to have significant in vitro antibacterial activity [30-32].
Additionally, a number of research on antimicrobial
screening of medicinal plant extracts have been

published. The methanolic extract of A. longa had the
best efficacy against S. aureus, E. coli, and M. luteus in
these investigations [33, 34].

Aristocholic acid, polyphenols, flavonoids, tannins, c-
heterosides, carbohydrates, saponins, phenolic
compounds, and flavonoids were detected in A. longa.
Because medicinal plants' biological functions are
inextricably linked to their chemical components [35],
As a result, the A. longa's significant biological activity
may be a result of the chemicals discovered. The
antibacterial activity of dried extracts (ethyl acetate and
methanolic extracts) of the species Aristolochia
bracteata against a variety of Gram-negative and Gram-
positive microorganisms, as well as the aristolochic acid
extracted from both extracts, were previously shown. All
crude extracts and extracted aristolochic acid exhibited
antibacterial activity throughout a wide range [36, 37],
When compared to prior publications, our investigation
also revealed significant antibacterial activity.

The inclusion of these key components, as well as the
possible antibacterial activity of aristolochic acid
against both gram-positive and gram-negative bacteria,
may contribute to the extracts' antibacterial activity [38,
39]. Also, it is hypothesized that biologically active
components disrupt the permeability of the bacterial
cytoplasmic membrane, so facilitating the influx of
antibiotics [40, 41], that is confirmed by the MIC values,
in fact the aqueous extract of A. Longa L had a low MIC
value against Gram-negative and Gram-positive. While
the majority of antibacterial medicinal herbs are
effective against Gram-positive bacteria, just a minority
are effective against Gram-negative bacteria [42-44].
Gram-negative bacteria have been shown to be resistant
to extract due to the existence of a hydrophilic outer
membrane that prevents hydrophobic extract chemicals
from penetrating the target cell membrane.
Additionally, gram-negative bacteria' periplasmic
region includes enzymes capable of degrading foreign
molecules supplied from the outside [45] .

Additionally, A. Longa is responsible for 16% of renal
failure [15] and aristolochic acid is a combination of two
structurally distinct acids, aristolochic acid-I and
aristolochic acid-II [46, 47]. Aristolochic acids are
nephrotoxic substances that produce abrupt, atrophy of
tubular lesions necrosis, renal failure, and lymphocytic
infiltrates characterized by a benign (noncancerous)
accumulation of white blood cells in experimental
animals and humans [48], This toxicity is a result of both
aristolochic acid-II and aristolochic acid-I undergoing
nitro group reduction to yield reactive cyclic nitrenium
ions capable of building covalent DNA adducts with the
exocyclic amino groups of guanine and adenine [49, 50],
resulting in cell cycle arrest [45,46]. Aristolochic acid-I
was revealed to be more harmful than aristolochic acid-
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11, while other structural equivalents were shown to be
less dangerous overall or to be nontoxic [51, 52]. The fact
that cell cycle arrest is responsible for the destruction or
injury of renal tissue explains the immunomodulatory
features of aristolochic acids and implies their
participation in immune responses during toxic lesions
[15, 53]. Additionally, Aristolochic acid compounds are
commercially generated and utilized as reference
standards and research chemicals [54]. Finally, the
current study's findings were in accordance with
previous international research on A. longa, which
demonstrated that this plant possesses antibacterial
activity against a variety of microorganisms [55-57], and
thus could be used in pharmacological studies to isolate
bioactive molecules for pharmaceutical formulation as
new antibacterial drugs.

In conclusion, our investigation indicated that
extracts of the Aristolochia longa roots, inhibit
efficaciously several bacterial strains, supporting the
folkloric applications of this plant against diverse
bacterial illnesses on skin and alimentary canal. This
demonstrates that this plant may be beneficial for the
generation of alternative compounds that are
potentially more active and less toxic. Further research
and development of a suitable and safe self-
administered dosage for treating infections caused by
these antibiotic resistant microorganisms is required.
However, based on the studies, its toxicity profile should
be examined to isolate or separate the possible
hazardous components.
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