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Abstract: The aim of this study was devoted, in the one hand, to determine a preliminary phytochemical
screening of methanolic and aqueous root extracts of Aristolochia longa L. In the other hand,
polyphenols and flavonoids contents, in vitro antioxidant, antitumor, and antibacterial activities of the
organic extract of A. longa were determined. Phytochemical screening was carried out using standard
methods of precipitation and coloration reactions. The total phenol content and flavonoid contents were
determined using the Folin-Ciocalteu method and Aluminum chloride colorimetric method,
respectively. Antioxidant activity was studied using DPPH assay. The cytotoxic activity of extracts was
evaluated against three cancerous cell lines using MTT assay, and antibacterial activity was tested
against Escherichia coli, Pseudomonas aeruginosa, Rhodococcus equi, and Staphylococcus aureus
using the agar well diffusion assay. Preliminary phytochemical screening for aqueous and ethanolic
extracts revealed the presence of starch, tannins, flavonoids, coumarins, and anthocyanins. The total
phenol content of A. longa extracts showed that the methanol extract has the highest polyphenol and
flavonoid concentrations with 101.4 mg GAE (Gallic acid equivalent)/g and 54.21 mg QE (Quercetin
equivalent)/g extract, respectively. The methanolic extract also exhibited the highest antioxidant
capacity of DPPH (ICso = 1.32 mg/mL). While hexane extract exhibited both a potent inhibitory effect
on VERO cell growth with ICso = 15.125 pg/mL and a total inhibitory effect on Staphylococcus aureus
with inhibition zone 8.5 mm. The high content of polyphenols in A. longa explains their antioxidant,
antitumor, and antibacterial activity. Thus, this plant could be a significant source of natural compounds
in preventing the development of cancer.
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1. Introduction

Natural products design a new lead of drug discovery because of the presence of
bioactive compounds that exhibited fewer side effects. Currently, naturally derived products
used in pharmaceutical companies are originated from plants (25%), microorganisms (13%),
and animals (25%) and present a promising opportunity to treat different diseases. Nowadays,
herbal plants are primary health care, and the worldwide trade market of herbal medicine is
annually growing at the rate of 10-15% [1,2]. Due to its geographical situation and heterogenic
climate, Morocco presents a rich flora regroups more than 5200 species of plants, including
900 endemics [3].
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Aristolochia is a genus that belongs to Aristolochiaceae family that contains about 500
species. This family has been reported in the forest of America, Asia, Africa, Europe, and rarely
in other countries [4-6]. In Morocco, Aristolochia longa, known as Bereztem, is a species used
in folk medicine to treat different diseases such as cancer, diabetes, asthma, and skin and
intestinal affection using a different part of this plant with several forms viz. honey, milk and
jus [7-12]. A recent ethnopharmacological study conducted by El Yahyaoui reported that root
is the most used part of treating cancer in Morocco [13].

Chemical analysis of the extracts from different parts of A. longa revealed the presence
of a wide range of bioactive compounds distributed in several phytochemical classes such as
flavonoids, terpenoids, alkaloids, and fatty acid. Previous investigations carried out in several
essential oils, organic and aqueous extracts of a different part of this plant, showed the presence
of aristolochic acid (AA), maaliol, lycopene, limonene, palmitic acid, and B-caryophyllene
[9,11-13]. In addition, several researches reported the pharmacological properties of A. longa
and their compounds, which elicit pharmacological effects, including antitumoral,
antibacterial, antifungal, anti-inflammatory, antidiabetic, antioxidant activities [9,14,15,17-
19]. Furthermore, a recent study has evaluated the toxicity effect of this plant in vivo [20]. The
aim of this study was devoted to determining phenolic and flavonoid content as well to evaluate
the antioxidant, antitumor, and antibacterial activities of the root of A. longa from the Moroccan
region.

2. Materials and Methods
2.1. Plant material.

The fresh root of A. longa was harvested in the cities Rabat (September 2014),
Morocco. The plant, identified by Professor Kahouadji Azzeddine, Faculty of Sciences Rabat,
Morocco, was ground and stored in watertight tubes at room temperature. VVoucher specimens
have been deposited in the Laboratory of Human Pathologies Biology, Mohammed 5
University, Faculty of Sciences, Rabat, Morocco.

2.2. Preparation of extract.

A. longa root extract was obtained by the maceration of the root powder (70 g of powder
in 200 mL of solvent) for three days at room temperature and stirring at 70 revolutions/minute.
This powder was successively extracted with hexane, dichloromethane, and methanol using a
technique of continuous hot extraction, a Soxhlet extractor. The solvent obtained was then
evaporated under reduced pressure to obtain the crude extract. The crude extracts were stored
at -12°C until further uses.

2.3. Qualitative analysis.

Preliminary qualitative phytochemical analysis was carried out to identify
phytochemical constituents of the plant in methanol and aqueous extracts. Following
phytochemicals were tested starch, saponosides, tannins, flavonoids, anthocyans, coumarins,
sterols, and triterpenes using standard methods, as reported in the literature [21,22].
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2.4. Determination of phenolic content.
2.4.1. Determination of total phenolic content.

The assessment of total polyphenols was performed according to the method of
Singleton et al. [23] using the Folin-Ciocalteu as a reagent. On this base, the extracts are diluted
to a concentration of 1 mg/mL. An amount of 100 pL of the diluted extract is placed in test
tubes, and 500 pL of Folin-Ciocalteu reagent diluted 10 times in distilled water is added. After
incubation for 1h at room temperature, 2 mL of sodium carbonate (Na2CQOz3) to 2% is added.
The tubes are then shacked and placed in the dark for 30 minutes at room temperature. The
same steps were followed to establish a reference range (0 to 100 ug/mL) prepared from an
aqueous stock solution of gallic acid (0.5 g/L). The absorbance is measured using a UV-Visible
spectrophotometer at a wavelength of 760 nm [24]. The absorbance values of each
concentration enabled us to plot the calibration curve of gallic acid. The results are expressed
in mg of gallic acid equivalents per gram of dry extract (GAE mg/g of dry extract). All
manipulations are performed in triplicate.

2.4.2. Determination of total flavonoids content.

Flavonoids contents are measured using aluminum trichloride (AICls) as a reagent. ImL
of the extract of A. longa is mixed with 1 mL of the solution of aluminum trichloride (2%) and
50 uL of acetic acid. The tubes are then gently mixed and incubated in the dark for 40 minutes
at room temperature. Under the same conditions, a stock solution of quercetin mass
concentration 0.2 g/L was prepared in methanol. From this stock solution, a standard range of
concentrations from 0 to 25 mg/mL was prepared—the absorbance measured in the same
spectrophotometer at a wavelength of 415 nm [23]. The obtained absorbance values enabled
us to plot the calibration curve of quercetin. The results are expressed in mg of quercetin
equivalent per g of dry extract (mg QE/g of dry extract). All manipulations are performed in
three trials.

2.5. Antioxidant activity.

The antioxidant activity was determined according to the method Kubola and
Siriamornpun with some modifications. Briefly, 1.8 mL of 0.1 mM DPPH solution is prepared
in methanol and added into 0.2 mL tubes containing extract (methanol or ethanol) at increasing
concentrations (0.31 mg/mL - 10 mg/mL for A. longa extracts) and are placed away from light
at room temperature after agitation by a vortex. After 30 min, the absorbance is measured at
517 nm [25]. Ascorbic acid (vitamin C) was used as positive controls, while the methanol is
used as a negative control. The scavenging activity of DPPH radical is calculated using the
following formula: A % = (ADS control - ADS sample) X 100/ADbS controt)

Abs control: Absorbance without antioxidant (containing all reagents except the test sample)
Abs sample: absorbance with the test sample.

ICsois the concentration of the test sample required to reduce 50% of DPPH radicals. 1Cso was
graphically calculated by linear regression plots graphs, percentage inhibition as a function of
different concentrations of the tested fractions and standards.
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2.6. Cell viability assays.

The in vitro cytotoxic effect of the various extracts was evaluated on RD: Embryonal
Rhabdomyosarcoma cancerous cell lines (ATCC N°CCL-136), and Vero: Monkey kidney
cancerous cell lines (ATCC N°CCL-81) which obtained from the National Institute of Health,
Rabat-Morocco. PBMC (Peripheral Blood Mononuclear Cell) isolated and purified from
human blood was used as a positive control. Cells were grown in Dulbecco’s Modified Eagle
Medium (DMEM) (GIBCO) supplemented with 10% heat-inactivated fetal calf serum and 1%
Penicillin-Streptomycin mixture. Cultures were maintained at 37°C in 5% CO2 and 100%
relative humidity atmosphere. The effect of the isolated extracts on cell viability was assessed
using the 3-(4,5-dimethylthiazol -2-yl)-2, 5 diphenyltetrazolium bromide (MTT) assay, which
measures the metabolic activity of mitochondria [26]. The tests were conducted on 96-well
microplate. Before treatment with extracts, 100 uL. medium DMEM (GIBCO) containing 3-
4x106 cells/mL were placed in each well containing DMEM (GIBCO) and cultured at 37°C in
5% COz/humidified air for 24 h. After 24h incubation and attachment, cells were treated with
crude extracts. Exactly from the stock solution (80 mg/mL), each extracted sample was applied
in a series of 6 dilutions (final concentrations ranging from 12.5 pug/mL to 400 ug/mL) in
Dimethyl sulfoxide (DMSO 1%). Test solution (100 ulL) was added in decreasing
concentrations in duplicate. The microplate was then incubated for 48 h at 37°C in the air
condition of 5% COz. After, a 20 uL MTT solution (5 mg/mL) (SIGMA) was added to the
wells containing cells. The cells were incubated for 4 - 5 h at 37°C in 5% CO.. Tetrazolium
salts are cleaved to formazan dye by a cellular enzyme (only in the viable cells). A
solubilization solution (Isopropanol/hydrochloric acid) is added to dissolve the insoluble purple
formazan product into a coloration solution. The absorbance was measured at 545 nm, using a
microplate reader (Statfax 2100).

2.7. Antibacterial activity.

We used agar well diffusion methods to determine the antimicrobial activities of our
extracts. Six species of bacteria were studied, 4 species of Gram-positive bacteria and two
species of Gram-negative bacteria (Table 1). The test samples were first dissolved in
dimethylsulfoxide (1%) who thus did not affect the microbial growth. Briefly, 8mL of medium
agar was poured into sterile Petri plates. After solidification, 100 uL of fresh cultures of each
bacterial (one microorganism per Petri dish) were swabbed on the respective plates. Then, 50
uL of extracts were placed in wells previously punched over the agar plates using sterile Pasteur
pipette, at various concentrations (10 mg/mL; 20 mg/mL; 30 mg/mL; 40 mg/mL; 50 mg/mL).
All Petri plates were then incubated at 37°C for 24 h. The diameters of inhibition zones were
measured in millimeters. Moreover, commercially available antibiotics were used to compare
with the antimicrobial activities of our plant extracts on all bacterial species studied. The
antibiotic discs of Ampicillin were placed on the surface of the plates. DMSO 1% was used as
a negative control. The plates were incubated at 37°C for 24h, and after incubation, the
diameter of the inhibition zones was measured in mm and recorded [27].

Table 1. Bacterial species used and their origins.

Bacterial species Origins

Escherichia coli Food Microbiology Laboratory, UCL, Belgium (MBLA)
Pseudomonas aeruginosa IH Rabat Institute of Hygiene

Staphylococcus aureus German Collection of DSM Microorganisms
Rhodococcus equi (GK1, GK2, GK3) | Laboratory of Human Pathologies Biology, UM5, Rabat
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3. Results and Discussion

3.1. Qualitative analysis.

The phytochemical screening of A. longa roots revealed the presence of starch, tannins,
flavonoids, coumarins, anthocyans, and the absence of saponins, sterols, and triterpenes (Table
2). These findings showed similarity with the earlier study, which reports that the
phytochemical screening of A. longa revealed the presence of flavonoids, and saponins, and
the absence of sterols and triterpenes [14]. In 2019, Bouteldja et al. [28] evaluated the
phytochemical screening of A. longa methanolic extracts from the aerial part found in Algeria.
This extract revealed the presence of tannins, and flavonoids while anthocyanins, steroids, and
terpenoids were absent.

In addition, several studies reported the phytochemical composition of species in the
same genus. Aerial parts of A. indica from India showed the presence of terpenes, saponins,
tannins, and flavonoids [29]. In recent studies, Bourhiya et al. [30,31] assessed the
phytochemical screening roots from A. baetica, and A. paucinervis and revealed the presence
of flavonoids, polyphenols, alkaloids, tannins, and saponins and the absence of anthraquinone,
sterols, and terpenes. Despite the part use, the plant localization, the type of extract, the groups,
namely sterols, steroids, terpenes, triterpenes, anthocyanins, anthraquinone, were absent in the
genus of Aristolochia.

Table 2. Preliminary qualitative phytochemical analysis of A. longa methanol and aqueous root extracts.
Plants constituents Methanol extract Aqgueous extract
Starch ++
Saponosides
Tannins
Flavonoids ++
Coumarins +
Anthocyans +
Sterols
Triterpenes -

+++: highly present, ++: moderately present, +: Low, -: absent.

+

3.2. Phenolic content.

The contents of total polyphenols have been determined by colorimetric assay using the
Folin-Ciocalteu reagent. The results are expressed in mg GAE/g extract by referring to the
previously established calibration curve with gallic acid (polyphenol correlation: R? = 0.998).
Total flavonoids are determined by the trichloride reagent aluminum, and the results are
expressed in mg QE/g extract based on the established calibration curve with quercetin
(flavonoid correlation: R? = 0.985). The results of the polyphenol and flavonoid contents of
extracts of A. longa are illustrated in Table 3.

The total phenolic content of various extracts of A. longa from root parts was varying
widely between 29.54 to 101.41 mg GAE/g extract (Table 3). The methanolic extract was
demonstrating higher total polyphenols content (101.41 + 0.85 mg GAE/qg) followed by ethanol
and hexane extracts, which were 89.41 + 4.96 mg GAE/g, and 76.41 + 8.74 mg GAE/qg,
respectively. Results of flavonoids' contents show that methanolic extract resulted a high value
of another fraction (54.2 = 10.12 mg QE/qg).

The concentration of polyphenols and flavonoids of our extract is widely higher
compare to other studies. In a recent study, EI Omari et al. [9] reported that the methanolic
fraction of A. longa from root contains 24.48 = 1.63 mg GAE/g of polyphenols and 7.00 = 0.61
https://biointerfaceresearch.com/ 8133
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mg RE (Rutin equivalent)/g of flavonoids. While Djeridane et al. [32] studied A. longa roots
and reported a total phenolics and flavonoids content as 1.47 £ 0.02 mg GAE/g and 0.81 + 0.02
mg RE/qg, respectively. Previous studies reported that the methanolic extract from Aristolochia
species (A. indica, Aristolochia baetica, and Aristolochia paucinervis, and Aristolochia
bodamae) contains a high amount of phenols and flavonoids. However, phenols and flavonoids
content vary from different studies [30,33,34]. Several factors may affect their content. Studies
have shown that extrinsic factors (such as geographic and climatic factors), genetic factors, but
also the degree of maturation of the plant and the storage time, have a strong influence on the
content in polyphenols [35-38].

Table 3. Total phenolic and flavonoids content of root extract of A. longa.

A. longa
Polyphenols (mg of GAE/g of extract) | Flavonoids (mg of QE/g of extract)
Dichloromethane extract 89.41 £ 4.96 34.02 +1.87
Methanolic extract 101.41 +0.85 54.21+£0.17
Hexanic extract 76.41 £8.74 29.54 £0.95

GAE: Gallic acid equivalents; QE: Quercetin equivalent
3.3. Antioxidant activity.

Antioxidant activity was performed using in vitro DPPH methods. The results are
expressed in ascorbic acid equivalents. The DPPH radical scavenging activity of different
extract of A. longa at various concentrations are illustrated in Figure 1, and all extracts showed
a scavenging activity which increases with samples concentration. A lower value of 1Cso
indicates greater antioxidant activity. Among the solvent used, methanolic extract was
registered a high antioxidant activity, 1Cso = 1.32 mg/mL. Hexane and dichloromethane extract
of A. longa have an ICso > 5 mg/mL (Table 4). 1Cso of ascorbic acid was 27.20 + 0.17 pg/mL.
High antioxidant activity of ascorbic acid can be explained by his use as a pure molecule
compares to our extract, which contained several molecules.
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Figure 1. DPPH radical scavenging activity of A. longa organic extract.
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Table 4. Free radical (DPPH) scavenging activity of A. longa organic extract.

Extracts 1Cs0 (mg/mL)
Methanol 1.32

A. longa Hexane 6.58
Dichloromethane | 8.26

Numerous studies investigated the ability of organic extract of a different part of A.
longa to scavenge free radical using DPPH scavenging activity. A recent Moroccan study
reported the highest inhibition of A. longa root aqueous fraction with I1Cso = 125.40 £ 2.40
ug/mL [9]. An invitro research carried out by Merouani et al. showed that aerial parts methanol
extract exhibited the highest dose-dependent reducing DPPH with 1Cso = 55.04 ug/mL with no
significant (p>0.05) [15]. In Algeria, Djeridane et al. [32] reported an 1Cso = 55.04 + 0.4 uM.
The antioxidant activity of these extracts is related to the highly important charges of phenolic
compounds polyphenols and flavonoids. Indeed, several in vitro and in vivo researches reported
the correlation between phenolic compounds and antioxidant effects and also with the synergy
effect with other compounds [39-41].

3.4. Cytotoxicity effects.

The cytotoxic potential of A. longa organic extracts was conducted on two tumor cell
lines: RD, and VERO. These lasts were treated with different concentrations of extracts from
15.12 pg/mL to 1000 pug/mL. Assay by the MTT assay indicates that extracts revealed different
cytotoxic activities towards two cancer cell lines investigated (RD and VERO). The results
have been compared to control (PBMC) to compare the antiproliferative effects of extracts.
The obtained results are listed in Table 5. In general, a dose-dependent decrease in the survival
of the two cancerous cell lines is illustrated in figure 2 and figure 3. Amongst these tested plant
extracts, hexane extracts exhibited potent and selective antiproliferative activities against
VERO and RD cell lines with the same ICso (ICs0 = 15.12 pg/mL) (Figure 3, and Figure 2).
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Figure 2. Cytotoxic activity of root extract of A. longa against RD cell lines.

At the same time, there is no significant effect of dichloromethane and methanol
extracts. The cytotoxic activity of hexane extracts showed low cytotoxicity against normal cells
(PBMC) with 1Csp values of 62.57 £ 16.295 ug/mL (Table 5, and Figure 4). In our study, the
presence of polyphenols and flavonoids in hexane extracts (76.41 + 8.74 mg of GAE/g, and
29.54 + 0.95 mg of QE/qg, respectively) may explain the cytotoxic effect on RD and VERO
tumor cell lines. Several researches reported the activity of A. longa extracts against various
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cancerous cell lines [40,42]. Benarba et al. reported an 1Cs0 =15.63 pg/mL for A. longa aqueous
extract against Burkitt’s lymphoma BL41 cells [42]. A previous study reported the effect of
tuber extracts of this plant on the same cell line used in this study. In our laboratory, the
cytotoxic effect of A. longa tuber extracts has been studied by Aneb et al. [40]. They screened
the cytotoxic effect of hexane and dichloromethane extract, which presented a cytotoxic
capacity 1Cso = 30 pg/mL and ICso = 15 pg/mL, respectively, on RD cell lines [40]. The
mechanism of action of extracts through which compounds act in their cytotoxic effect is not
fully understood. However, the authors suggested that these compounds act thought the
membrane disruption, apoptosis pathways, and inactivation of telomerase [40,43].
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Figure 3. Cytotoxic activity of root extract of A. longa against VERO cell lines.
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Figure 4. Cytotoxic activity of A. longa root extracts against PBMC cell lines.

Table 5. Inhibition concentration (ICso in pg/mL) values from A. longa towards RD, VERO cancerous cell lines,
and PBMC (control) as determined by the MTT assay.

A. longa
Hexane Dichloromethane Methanol
RD 15.12 + 66.32 12543 £ 71.17 62.5+61.24
1Cs0 (ng/ml) PBMC 62.57 + 16.295 14.16 + 6.48 31.25 £ 09.765
VERO 15.125 £ 64.01 31.25+57.17 125.3 +63.13

3.5. Antibacterial activity.

This study evaluated the antibacterial activity of A. longa hexane, dichloromethane, and
methanolic extracts on Gram-positive and Gram-negative strains. The results of agar well
diffusion methods showed that each extract has a different degree of growth inhibition (Table

https://biointerfaceresearch.com/ 8136


https://doi.org/10.33263/BRIAC111.81298140
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC111.81298140

6). At 10 mg/mL, S. aureus showed a high sensitivity against hexane extract with diameters
inhibition 8.5mm. The effect of three bacterial strains of genus Rhodococcus were tested. At
50 mg/ml, hexane and dichloromethane extracts were found to possess a higher antibacterial
activity against Rhodococcus sp GK1 with a diameter of inhibition 1.55 mm and 1.9 mm,
respectively. While for Gram-, a lower activity inhibition effect was observed for E. coli, and
P. aeruginosa.

Previous studies reported that A. longa has a significant in vitro antibacterial activity
against Rhodococcus sp, S. aureus, E. coli, and P. aeruginosa [15,40]. Aneb et al. reported the
highest inhibition activity of hexane and methanolic extract against R. equi (25 mm, 12 mm,
respectively). While in Algeria, the fruit methanolic extract and aerial part aqueous extract
showed the highest inhibitory effects against S. aureus with inhibition zone diameter of 22 mm,
and 20 mm, respectively [15]. The variability of these results was influenced by, the solvent
used, the extract used, the extraction methods as well as bioactive compounds [15,40]. These
last act in targeting different mechanisms pathways such as cell membrane and the cytoplasm
and also by modifying cell morphology and gene expression [44].

Table 6. Antibacterial activity of A. longa extract against Rhodococcus sp., S. aureus, E. coli, and P. aeruginosa
was determined by agar well diffusion (@ mm).

Extract Concentrations/ Zone of inhibition (& mm)
species
GK1 GK2 GK3 S.aureus | E.coli P. aeruginosa
+ + - -
A. longa DICH 10 mg/mL 0 0 0 1.05 1 0
20 mg/mL 0 0.55 0 0.95 0.8 0.23
30 mg/mL 1 0.6 0 1.2 0 0.26
40 mg/mL 0.35 0.45 0 0.85 11 0
50 mg/mL 1.55 0.85 0 0.55 0 0
HEX 10 mg/mL 0 1.3 1.45 8.5 0.6 0
20 mg/mL 0.8 1.45 1.15 5 1.15 0.36
30 mg/mL 0 1.1 0 6 1.1 0.5
40 mg/mL 1.65 1.35 1.8 5 0.75 0
50 mg/mL 1.9 0 1.35 7 0 0
60 mg/mL 0 1.25 0 - 0.98
70 mg/mL 0 0 1.45 0.55
80 mg/mL 0 0 1.15 - - 0
METH 10 mg/mL 1.1 1.25 1 0.15 1 0.3
20 mg/mL 1.25 1.05 0.75 1 0.8 0.23
30mg/mL 0.3 1.25 1.2 0.8 0 0
40 mg/mL 0.6 0 0.85 0.8 1.1 0
50 mg/mL 0.75 0 0 0.65 0 0
Amoxycillin 50 mg/mL 6 6 7 8 6.5 7
DMSO 1 000 mg/mL 7 6 7 7.5 6 8

Tests were carried out in 3. Bacterial cells were incubated with plant extracts at 37°C for 24 h. Data are expressed
as means of inhibition zone in mm £ SD of 3 independent experiments.
(DICH: dichloromethane, HEX: hexane, METH: methanol)

4. Conclusions

The present study showed that methanolic extract, rich in polyphenols and flavonoids,
showed remarkable antioxidant activity. However, hexane extract exhibited the highest
antibacterial activity against R. equi and S. aureus, and exhibited the highest anticancer activity
against VERO cancerous cell lines. These results justify the use of this plant by the Moroccan
population as a beneficial folk plant in the treatment of cancer and as a source of natural
compounds in the pharmaceutical industry. Therefore, further research should be conducted to
separate these phenols compounds, elucidate their structure, and identify and isolate the
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bioactive compounds. These researches are necessary to fully understand the antibacterial and
antitumor mechanism of A. longa.
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