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ABSTRACT

Objective: The purpose of this work is to study the biological activity of Anastatica hierochuntica L., against nine bacterial strains responsible for
women'’s uro-genital infection (UGI).

Methods: The plant was collected from Tindouf region (far southwest Algeria). In this study, we performed an evaluation of antibacterial activity of
three macerates of two vegetative parts (seeds and stems) by two methods (disc and wells diffusion methods), with a description of the antibiotic
resistance profile of isolated bacterial strains by antibiogram method.

Results: According to the results, the antibiotic resistance profile of the tested bacterial strains showed an increased resistance against several
antibiotics families. The evaluation of the antibacterial potential of macerates showed that methanolic and aqueous macerates of the seeds were more
active against Gram-positive bacteria compared to Gram-negative bacteria.

Conclusion: The preliminary results of this study allowed us to predict that natural substances in the plant can be considered as an important source

to possess compounds with significant antibacterial properties and thus suggest their application in the pharmaceutical industry.
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INTRODUCTION

Urinary infection is a set of pathologies whose common denominator is
the urinary tract infection (UTI) or its annex for which the urine culture
is positive [1]. The UTI is, after respiratory infections, the second
leading causes for consultation.

In the United States, bacterial cystitis in women generates nearly 7
million annual consultations and 1 million visits to emergency services
and thus leads to 1,00,000 hospitalization. Financially, the community’s
annual cost of an acquired UTI is significant, about 1.6 billion dollars
(USD). Today, it represents 6-8 % approximately 8,00,000 cases
reported each year in France [2,3].

For this purpose, the UTI has been extensively studied because of its
frequency and severity etiological or progressive, motivating most
often antibiotic prescriptions without knowing the causal germ or their
antibiotics profile [4]. However, with the emergence of resistant urinary
pathogens observed in some community and hospital settings, new
young researchers go back to nature, to search for bioactive molecules
of vegetable origin powerful against these pathogens.

Plant biodiversity of the Sahara is characterized by the presence of
medicinal plants having a great therapeutic potential against several
diseases. For a long time, natural remedies, and especially, medicinal plants
were the principal recourse of medicine for our grandparents, despite
the significant development of the pharmaceutical industry that allowed
modern medicine to treat a large number of often fatal diseases [5,6].

The species of Anastatica hierochuntica L. from crucifiers are an
important dicotyledonous plant family, and it is known for its
therapeutic properties as a hepatoprotective plant, hypoglycemic,

and diuretic. It is used in traditional medicine for uterine bleeding,
to facilitate the expulsion of dead fetus, and to treat gastrointestinal
disorders, depression, high blood pressure, indigestion, headache,
fever, malaria, epilepsy, heart disease, and infertility [7].

The main interest here is to highlight the antibacterial activity of its
excerpts, namely the methanolic, aqueous, and etheric macerates,
against nine bacterial strains responsible for women’s uro-genital
infection .

METHODS

This study was conducted at Dr. H. KADI's pedagogical laboratory (Tahri
Mohammed University of Bechar -Algeria), after preparing the plant as
follows:

Collection and extraction of plant materials

The plant studied was collected 2 times after being identified during
the months of February-March for 2016 and 2017 in the far southwest
Algeria - Tindoufregion (Algerian-Moroccan border) (Fig. 1). The dried
plant was put into clean bags.

The aqueous, methanolic, and etheric macerates of the plant studied
were obtained by maceration with the following method: A test sample
10 g of the dried plant was mixed with 100 ml of distilled water. The
mixture is stirred for 24 h. After filtration through a filter paper, the
filtrate is evaporated by steam evaporation in rotary flask evaporator
(Buchi Rotavapor R-210, Switzerland), till it dried under reduced
pressure at 100°C to obtain the aqueous macerates residue.

However, for the methanol and etheric macerates, a test sample 5 g
of dried plant was mixed with 85 ml of methanol and diethyl ether,
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respectively. The mixture is stirred for 24 h. After filtration, the filtrate
is too evaporated, till it dried under reduced pressure at 65 and 35°C,
respectively [9].

Bacterial strains

The evaluation of the antibacterial activity of extracts of the plant
studied was conducted in accordance with official methods. However,
the tested microorganisms were isolated from genital and urinary
samples of women by cytobacteriological examination performed
at the private medical analysis laboratory in Bechar (Algeria). The
isolated strains have experienced: first, identification by macroscopic
examination of colonies on nutrient agar (phenotypic characteristics)
and microscopic observation in the fresh state and after differential
Gram-stain; and second, identification of biochemical characteristics
through classical and miniaturized gallery (IMVIC, staphylocoagulase
test, and oxidase and catalase test, API 20E and API Staph “BioMerieux,
France”). The isolated and identified microorganisms were a total of
nine bacterial strains distributed as follows: Five strains of Escherichia
coli, Staphylococcus aureus, Citrobacter freundii, Proteus mirabilis,
Pseudomonas aeruginosa, and Enterococcus faecalis. Pure cultures were
maintained and stored at +4°C until use.

Antibacterial susceptibility test

The colonies which were isolated from young cultures on nutrient agar
medium (Fluka, India) incubated at 37°C for 18-24 h are transferred
into tubes containing sterile physiological saline water (0.9 % NacCl).
The number of cells in 1 ml of suspension for inoculation measured
by the McFarland nephelometer was 1x107 cfu/ml. Then, the bacterial
suspension, prepared beforehand, was seeded using a sterile swab over
the entire surface of a Mueller-Hinton (MH) agar medium (HiMedia,
India) by tight streaks.

The study of antibiotic resistance profile of isolated strains toward
antibiotics was performed by the diffusion method on MH agar medium
using loaded discs of antibiotics as recommended by the National
Committee for Clinical Laboratory Standards [10]. These results were
interpreted according to the reference table prepared by Antibiogram
Committee of the French Society for Microbiology [11].

The used antibiotic discs for disc diffusion method were as follows: first,
cefoxitin, cefazolin, chloramphenicol, amoxicillin-clavulanic acid, ampicillin,
gentamicin, ofloxacin, imipenem, and cefotaxime for E. coli, C. freundii, and
P. mirabilis; second, penicillin, oxacillin, vancomycin, fosfomycin, fusidic
acid, erythromycin, amikacin, and gentamicin for S. aureus; third, ofloxacin,
tobramycin, imipenem, rifampin, ticarcillin, fosfomycin, amikacin, and
cefotaxime for P aeruginosa; and finally, vancomycin, tetracycline,
gentamicin, ampicillin, and erythromycin for E. faecalis.

The antibacterial activity of the extracts was determined by the disc
diffusion method and well diffusion method on agar medium [12,13]. The
first method consists of substituting the antibiotic discs by other confined
discs from Whatman paper that are impregnated with the extract.

Each inoculated Petri dish contains the impregnated discs with
dimethyl sulphoxide (DMSO), methanol and diethyl ether which they
used as a control. Finally, the dishes were incubated at 37 °C for 24 h.

The second method which we used to confirm the action of the tested
extracts was described by Vlietink and Vanden Berghe [14]. This method
consists of cutting a circular hole in the MH agar medium, and thus, each
extract solution was poured with a volume of 10 pl in the well.

The radial diffusion of extract gives a circular inhibition zone to
the agar surface seeded with the bacterial suspension by streaked
swabbing. Inhibition zones were measured and expressed in mm and in
percentage (%) in relation to the Petri dish diameter.

Statistical analysis
Results were expressed as mean values and standard deviation.
Statistical analyses were determined using Excel software program.
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RESULTS

The antimicrobial resistance profile results of the bacterial strains
against antibiotics performed by the diffusion method on MH agar
medium are reported in Table 1a and b.

The antibiotic resistance profile of the tested bacterial strains showed
an increased resistance to ampicillin, trimethoprim-sulfamethoxazole,
cefazolin, cefoxitin, and ofloxacin for E. coli, C. freundii, and P. mirabilis,
while S. aureus and E. faecalis showed resistance to vancomycin,
clindamycin, erythromycin, penicillin, and oxacillin. However,
P, aeruginosa strain was sensitive to tested antibiotics (Fig. 2).

The results of antibacterial test performed by the agar diffusion method
which were evaluated by measuring the inhibition zones around the
discs are shown in Table 2a and b.

The results indicate that the aqueous and methanolic macerates
of the seeds showed an antibacterial effect on six strains including
two Gram-positive and four Gram-negative bacteria (P. mirabilis,
E. faecalis, S. aureus, and E. coli 2, 4, and 5). However, no inhibition
was observed on E. coli 1, E.coli 3, P. aeruginosa, and C. freundii. The
etheric macerate was found ineffective against the tested strains
until 100 mg/ml. For stem macerates, the results indicate that the
methanolic macerate presented an antibacterial effect only on E. coli
5 strain at a concentration of 235 mg/ml with an inhibition zone of
11+0.8mm.

However, the aqueous and etheric macerates did not show any
antibacterial effect on all tested strains. Based on our results, it was
noted that seed macerates were more effective than stem macerates.
The results of the antibacterial test performed by the agar diffusion

Fig. 1: Collection site of Anastatica hierochuntica L. in Tindouf,
Algeria (yellow spot) [8]

Fig. 2: Antibiogram tests of the uropathogenic strains on Mueller-
Hinton agar. (a) Escherichia coli 1, (b) E. coli 3, (c) Staphylococcus
aureus, (d) E. coli 5, (e) Proteus mirabilis, (f) Enterococcus faecalis,
(g) Pseudomonas aeruginosa
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Table 1a: Diameter values of inhibitory zones and inhibition percentages (1%) of antibiotics against the bacterial strains responsible for
women’s UGIL

ATB Bacterial strains

P. aeruginosa E. faecalis P. mirabilis S. aureus C. freundii

D I1(%) P, D I1(%) P, D I(% P, D 1% P, D 1% P,
Fosfomycin - - - - - - - - - 9 10 R - - -
Chloramphenicol - - - - - - - - - - - - 35 3888 S
Cefazolin - - - - - - 6 6.66 R - - - 6 6.66 R
Amoxicillin-clavulanic - - - - - - 25 27.77 S - - - 36 40 S
acid
Oxacillin - - - - - - - - - 6 6.66 R - - -
Penicillin - - - - - - 6 6.66 R 6 6.66 R - -
Vancomycin - - - 6 6.66 R - - - 6 6.66 R - - -
Gentamicin 30 3333 S 26 2888 S - - - 25 27.77 S 35 3888 S
Erythromycin - - - 6 6.66 R - - - 6 6.66 R - -
Tetracycline - - - 6 6.66 R - - - - - - - - -
Clindamycin - - - - - - - - - 6 6.66 R - - -
Cefoxitin - - - - - - 20 2222 S - - - 6 6.66 R
Cefotaxime 25 27.77 S - - - - - - - - - 18 20 I
Ofloxacin 30 3333 S - - - - - - - - - 21 2333 S
Imipenem 48 5333 S - - - - - - - - - 28 31.11 S
Ceftazidime - - - - - - 15 16.66 S - - - - - -
Amikacin 27 30 S - - - - - - 21 23.33 S - -
Tobramycin 25  27.77 S - - - - - - - - - - - -
Ampicillin - - - - - - - - - - - - 30 3333 S
Fusidic acid - - - - - - - - - 6 6.66 R - - -
Ticarcillin 50 5555 S - - - - - - - - - - - -

UGI: Urogenital infection, D: Diameter of inhibition zones (mm), I (%): Inhibition percentage, P., ..: Antibiotic resistance profile, S: Sensitive, R: Resistant, I:

‘ATB’

Intermediate, ATB: Antibiotics, E. coli: Escherichia coli, P. aeruginosa: Pseudomonas aeruginosa, E. faecalis: Enterococcus faecalis, P. mirabilis: Proteus mirabilis, S. aureus:

Staphylococcus aureus, C. freundii: Citrobacter freundii

Table 1b: Diameter values of inhibitory zones and inhibition percentages (1%) of antibiotics against the bacterial strains responsible for
women’s UGI

ATB Bacterial strains

E. coli1 E. coli 2 E. coli 3 E. coli4 E.coli 5

D 1(%) P'ATB D 1(%) P'ATB D 1(%) P'ATB D 1 (%) P'ATB D 1 (%) P'ATB
Chloramphenicol 10 11.11 S 17 1888 S 19 2111 S 17 1888 S 31 3444 S
Cefazolin 6 6.66 R 6 6.66 R 6 6.66 R 6 6.66 R 6 6.66 R
Amoxicillin-clavulanic 6 6.66 R 6 6.66 R 6 6.66 R 6 6.66 R 30 3333 S
acid
Gentamicin 28 3111 S 26 2888 S 27 30 S 25 2777 S 28 3111 S
Ampicillin 6 6.66 R 6 6.66 R 6 6.66 R 6 6.66 R 6 6.66 R
Cefoxitin 6 6.66 R 20 22.22 S 22 2444 S 21 2333 S 6 6.66 R
Cefotaxime 15 16.66 1 21 2333 S 21 2333 S 18 20 S 22 2444 1
Ofloxacin 6 6.66 R 12 13.33 S 12 13.33 S 11 12.22 S 35 3888 S
Imipenem 31 3444 S 22 2444 S 21 2333 S 18 20 S 35 3888 S

UGI: Urogenital infection, D: Diameter of inhibition zones (mm), I (%): Inhibition percentage, P., ..: Antibiotic resistance profile, S: Sensitive, R: Resistant, I:

‘ATB’

Intermediate, ATB: Antibiotics, E. coli: Escherichia coli, P. aeruginosa: Pseudomonas aeruginosa, E. faecalis: Enterococcus faecalis, P. mirabilis: Proteus mirabilis, S. aureus:

Staphylococcus aureus, C. freundii: Citrobacter freundii

method which were evaluated by measuring the inhibition zones
around the discs are shown in Figs. 3 and 4.

DISCUSSION

The plants have traditionally provided a source of hope for novel drug
compounds, and the use of plant extracts with known antimicrobial
properties can be of great significance for therapeutic treatment [15].

Most epidemiological studies have shown that the incidence of UGI is
higher among women [16] which were revealed by Benyagoub et al.
[17] with a female dominance. This is directly related to the anatomical
structure of the female urinary apparatus. For this reason, we have
isolated urinary pathogens from the female population. Knowing that
some work namely Adjei et Opoku; Aroor et al, [18,19] which they

found in two studies carried out in Ghana and India respectively a male-
dominance for UTI.

The antibiotic resistance results were in agreement with the study of
Benyagoub et al. [17], about the emergence of antibiotic resistance
of microorganisms responsible for urinary tract infections (UTI) in
Bechar (Algeria) where a total of 145 strains were isolated and have
experienced an antibiogram test.

Antibiotic resistance was relatively high for specific molecules,
in particular, beta-lactams (penicillin, oxacillin, ampicillin, and
amoxicillin-clavulanic ~ acid), sulfamides (cotrimoxazole), and
macrolides (erythromycin) for E. coli and S. aureus. The carbapenems,
third-generation cephalosporins (C3G), aminoglycoside antibiotics
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Fig. 3: Photographic illustration of the Anastatica hierochuntica macerates’ disc diffusion tests against uropathogenic strains on Mueller-
Hinton agar medium. (a): Escherichia coli 3, (b): E. coli 4, (c): Enterococcus faecalis, (d): E. coli 2, (e): Staphylococcus aureus

Fig. 4: Photographic illustration of the Anastatica hierochuntica macerates’ well-diffusion tests against uropathogenic strains on Mueller-
Hinton agar medium. (a): Staphylococcus aureus, (b): Escherichia coli 3, (c, d): E. coli 5, (e): Citrobacter freundii

Table 2a: Diameter values of inhibitory zones of different
macerates seeds part on bacterial strains responsible for
women’s UGI.

Table 2b: Diameter values of inhibitory zones of different
macerates seeds part on bacterial strains responsible for
women’s UGI

Macerates Bacterial strains Macerates Bacterial strains

E.colil E. coli2 Ecoli3 E.coli4 Ecoli5 Pa Ef P m S.a Cf
MM (mg/ml) MM (mg/ml)
235 6 13+x0.72 6 10+£0.6  11%0.5 235 6 12+0.85 12+0.9 12+0.5 6
117.5 6 6 6 7+0.5 6 117.5 6 10+0.25 9+0.3 10+0.4 6
56 6 6 6 7+0.5 6 56 6 10+0.2 9+0.2 9+0.33 6
AM (mg/ml) AM (mg/ml) 6 11+£0.5 11+0.53 9+0.7 6
190 6 13+0.8 6 10+0.8 6 190
95 6 8+0.4 6 9+0.63 6 95 6 10+0.6 10+0.6 8+0.15 6
45 6 7+0.3 6 7+033 6 45
EM (mg/ml) EM (mg/ml) 6 10+0.73 10+0.34 7+0.5 6
100 6 6 6 6 6 100 6 6 6 6 6

UGI: Urogenital infection, E. coli: Escherichia coli, AM: Aqueous macerate, MM:
Methanolic macerate, EM: Etheric macerate

(gentamicin and amikacin), phenicol (chloramphenicol), fosfomycin,
and amoxicillin exhibit a good activity in our study series and in other
researches [20-22] so that we must all try to preserve them.

The study of Elbouamri et al [23] which they isolated 1472
uropathogenic Enterobacteriaceae included 924 non-repetitive of

Mean values of inhibition zones (mm) (n=3)+SD. AM: Aqueous macerate,
MM: Methanolic macerate, EM: Etheric macerate, E. coli: Escherichia coli, 1, 2,
3,4, and 5: Different strains of Escherichia coli, P. a: Pseudomonas aeruginosa,
E. f: Enterococcus faecalis, P. m: Proteus mirabilis, S. a: Staphylococcus aureus,
C. f: Citrobacter freundii. (-): no inhibition effect for a diameter of 6 mm

E. coli strains, an overall isolation frequency of 63%. The antimicrobial
resistance of isolated E. coli strains revealed variable levels of resistance
to amoxicillin, sulfamethoxazole-trimethoprim, amoxicillin+clavulanic
acid, ciprofloxacin, gentamicin, nitrofuran, amikacin, and fosfomycin.
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In addition, the work of Elbakkouri et al. [24] showed a significant
resistance to ampicillin and norfloxacin by the analysis of 799 E. coli
uropathogenic community strains, which the consumption of antibiotics
represents a risk factor favoring the evolution of these resistances.

The results of the antibacterial tests demonstrate low efficiency of the
three macerates of A. hierochuntica L., against the tested uropathogenic
strains. These results are in consistent with the work of Al-Fatimi et al. and
Mohamed et al, [25,26] which did not find any antibacterial activity against
the same bacterial species that we tested, except for Bacillus sp. strain.

These results were also proved by the work of AlSobeai Sanad et al, [27]
who tested the antimicrobial activity of ethanolic, methanolic, and
aqueous extracts of A. hierochuntica collected from Saudi Arabia. The
plant showed a variable activity against both Gram-positive and Gram-
negative bacteria with inhibitory zones from 6 to 15 mm for Bacillus
sp. and S. aureus and 6 to 12 mm for E. coli and P. aeruginosa at tested
concentrations of 1, 10, and 20 mg/ml.

The seed partof the studied plant seems richer in phytochemical compound
than the stem part where the yield of aqueous and methanolic macerates
is greater than the etheric macerate for the two vegetative parts [28]. It
should also be noted that methanol can extract bioactive compounds,
namely, anthocyanins, terpenoids, saponins, tannins, xanthoxylins,
flavones, and polyphenols more than other solvents used [29].

The aqueous and methanolic macerates of the seeds have an average
antibacterial, especially against P mirabilis, E. faecalis, S. aureus, and
E. coli 2, 4, and 5, while the methanolic macerate of the stems was only
active on E. coli 5 strain.

Several studies have highlighted the high sensitivity of Gram-positive
bacteria compared to Gram-negative bacteria [30-34]. This can be
attributed to the difference in the outer layers of Gram-negative and
Gram-positive bacteria.

According to the work of Rahmoun et al. [35], who tested the
antimicrobial activity of hydromethanolic and chloroformic extracts of
A. hierochuntica, a medium activity against Acinetobacter baumannii,
C. freundii, Enterobacter cloacae, E. coli, P. aeruginosa, P. mirabilis, and
Salmonella typhimurium was given.

This activity is attributed to phenolic compounds which have alarge spectrum
of activity against Gram-negative bacteria. However, they did not show any
interesting activity against Gram-positive bacteria that we have tested [28].

According to the work of Alsobeai et al. [27], the antibacterial activity
against both Gram-positive and Gram-negative bacteria reveals that
the plant extract contains wide -spectrum activity against various
bacterial pathogens due to the presence of antimicrobial components
and metabolic toxins.

The antibacterial activity of A. hierochuntica is probably attributed not
only to the phenolic compounds grouped into several classes [28,36]
but also to the alkaloids by their different physiological effects [37].

CONCLUSION

The antibacterial activities of A. hierochuntica L. against some isolated
bacterial strains responsible for UGI support their medicinal properties
which were used as preventive or curative agent for various diseases in
traditional medicine.

The antibacterial activity of methanolic and aqueous macerates of the
seeds reflects the need for further investigation regarding selection and
purification of bioactive compounds.
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