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Abstract

Objective: This study aimed to evaluate the antioxidant and antimicrobial
capacities of extracts from Fuphorbia hirta L. and Terminalia avicennioides
GUILL & PERR. Methodology: The crude hydro-acetonic and aqueous ex-
tracts as well their fractionations were prepared. The total phenolic, flavono-
ids and tannins contents were assessed using the Folin-Ciocalteu, aluminum
chloride and vanillin acid methods, respectively. The antioxidant and antibac-
terial activities were investigated using standard methods. Results: Euphorbia
hirta showed significant contents of total phenolic and flavonoids in n-Butanol
(145.14 + 1.37 GAE/100mg extracts) and ethyl acetate (23.56 + 0.68 mg QE/
100mg extracts) fractions. Total tannins were high in hydro-acétonique extract
(11.18 £ 0.31 mg TAE/100mg extracts) and aqueous fraction (11.12 + 0.28 mg
TAE/100mg extracts) of Terminalia avicennioides stem barks. Extracts and
fractions of both plants demonstrated a strongly antioxidant capacity through
the free radicals scavenging and the ferric ions reducing. Concerning antimi-
crobial screening the extracts of Terminalia avicennioides were effective against
16 causative pathogens of urinary tract infections. Bactericidal effect against
Staphylococcus aureus ATCC 29213, Staphylococcus aureus and 2 methicil-
lin-resistant Staphylococcus haemolyticus strains was found with aqueous
fraction of Terminalia avicennioides leaves. This fraction also highlighted a
synergetic effect with some antibiotics used against these bacterial strains.
Conclusion: Terminalia avicennioides leaves could be recommended as an
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herbal drug formulation for the urinary infections management.
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1. Introduction

Urinary tract infections (UTIs) are one of the most common bacterial infections
[1]. Indeed, UTIs affect approximately 250 million people annually worldwide,
and are the main cause of medical visits which impose a substantial financial
burden on society [2]. Antibiotic therapies remain the most effective approach
for the management of UTTs [3].

Unfortunately, many therapeutic failures are observed because of the abusive
and inappropriate uses of antibiotics [4]. Recently there is a resurgence of inter-
est in phytochemicals, to search for new safe potential inhibitors, due to the emer-
gence of multi-antibiotic-resistant pathogens [5]. Phenolic compounds (PCs) are
among the most phytochemicals explored because they have enormous scope of
biological effects [6].

PCs include classes of molecules known as tannins, lignins, and flavonoids.
That exhibited various physiological activities, including anti-inflammatory, an-
tioxidant, anti-carcinogenic, antihypertensive, anti-arthritic, and antimicrobial
[7]. PCs could be also a good supplement during antibiotic therapy that may ac-
celerate the antibacterial action, as well as inhibiting oxidative damages gener-
ated by the action of antibacterial agents [5].

Numerous ethnobotanical surveys carried out worldwide have revealed that
various medicinal plants are commonly used to treat UTIs [8] [9] [10]. Euphor-
bia hirta L. (E. hirta) and Terminalia avicennioides GUILL & PERR (7. avicen-
nioides) are two plants frequently used in the management of UTIs in the Hauts-
Bassins areas of Burkina Faso. Those plants are widely applied as hypoglycemic,
antimicrobial and they are used for treating inflammatory diseases, parasitosis,
cough and rheumatism [11]. The aim of this study was to investigate the anti-
oxidant and antibacterial effects of extracts and fraction from £. Airta and T.

avicennioides.

2. Materials and Methods
2.1. Standards and Reagents

The Folin-Ciocalteu reagent, NaH,PO,, Na,HPO,, sodium carbonate, aluminum
trichloride, gallic acid, tannic acid and quercetin were purchased from Sigma-
aldrich chemie, Germany. 2,2-diphenylpicrylhydrazyl (DPPH), trichloroacetic ac-
id, and solvents used were from Fluka Chemie, Switzerland. Potassium hexacya-

noferrate [KsFe(CN)s] was from Prolabo and ascorbic acid was from Labosi, France.
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All chemicals and solvents used were of analytical grade.

2.2. Plant Collection

The leaves stem barks, roots of 7. avicennioides and the whole plant of E. hirta
were collected during the month of May 2022 from the classified forest of Dinde-
resso, a village located about 15 km west of Bobo-Dioulassso/Burkina Faso. The
plants were identified by Dr Ouaba Yempabou Hermann a botanist-cytoecologist
from the University NAZI Boni of Bobo-Dioulasso. The organs of plants collected

were washed, dried in the shade and then powdered for further analysis.

2.3. Microbial Strains

Standard reference strains, including Escherichia coli (ATCC 25922), Escheri-
chia coli (ATCC 35218), Klebsiella pneumoniae (ATCC 700603) and Staphylo-
coccus aureus (ATCC 29213). Clinical strains from suspected infected with UTIs
patients, including Staphylococcus aureus, Klebsiella pneumoniae (n = 4), Esche-
richia coli (n = 11), Enterobacter aeroginosa, Acinetobacter baumannii (n = 2),
Klebsiella oxytoca, Pseudomonas aeruginosa, Proteus mirabilis, Staphylococcus
haemolyticus (n = 2), Streptococcus agalactiae and Candida albicans (n = 3). All
the strains were obtained from the bacteriology research laboratory of the Muraz
center/Burkina Faso. A previous antibiogram identified bacterial isolates of ESBL
(4 K. pneumoniae et 2 E. coli) and methicillin-resistant (2 Staphylococcus hae-

molyticus) phenotypes.

2.4. Preparation of Extracts

Decoction: 25 g of each plant powder were extracted with 250 ml of distilled
water. The mixture was heated and boiled under reflux at 100°C for 30 min. Af-
ter filtration, the extracts were frozen and lyophilized for obtaining the aqueous
crude extract.

Maceration: 25 g of each powdered plant samples were extracted with aqueous
acetone (80%). After 24 hours of mechanical stirring at room temperature, the
acetone was removed using a rotary evaporator at 60°C, and the rest was lyophi-
lized for corresponding to hydro-acetonic crude extract.

Fractionation: crude extracts was made by successive liquid-liquid fractiona-
tion with an equal volume of n-Hexane, Dichloromethane, Ethyl acetate and
n-Butanol. The extracts were concentrated to dryness and stored at 4°C until

being used.

2.5. Phenolic Compounds Content

Total Phenolic and total flavonoids: Total phenolic and total flavonoids were
assessed using the Folin-Ciocalteu and aluminum chloride reagents, respectively
as described previously [12]. The results were expressed in mgEAG/100mg and
mgEQ/100mg extract, respectively.

Total Tannins: Tannin estimation was done by treating extracts with vanillin
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acid [13]. The results were expressed in mgTAE/100mg extract.

2.6. Evaluation of Antioxidant Properties

The free radical (DPPH) scavenging capacity and the ferric reducing power
(FRAP) of extracts and fractions of both plants were evaluated as described pre-

viously by other author [12].

2.7. Antimicrobial Testing

Antimicrobial activities of plant extracts were carried out by applying the disc
diffusion method [14]. The evaluation of the efficacy of the extracts was made

according to the criteria from a previous study [15].

2.7.1. Determination of Antibacterial Parameters

Minimum Inhibitory Concentration (MIC): The MIC values were deter-
mined using a broth microdilution assay as described earlier [16]. The lowest
concentration of extract required for inhibiting the growth of bacteria was rec-
orded as the MIC.

Minimum Bactericidal/Fungicidal Concentration (MBC/MFC): The MBC/
MBF was determined from the positive MIC well, according to other study [17].
The MBC/MBEF value was estimated as the lowest concentration of extract that
inhibits 98% - 99.9% of microbes.

The MBC/MIC ratio defines the mode of action of the substance. The effect is
bactericidal if the ratio is below 4, bacteriostatic if it is over 4 or tolerant if it ex-
ceeds 32 [18].

2.7.2. Synergy Assay

The double disc method was used to explore the synergistic action between anti-
biotic discs with an extract. Antibiotic discs uniquely and the disc combination
with 20 pl of extract were put apart on a Mueller-Hinton agar plate which was
inoculated with pathogens of 0.5 McFarland turbidity. After 24 h incubation at
37°C, a positive interaction is suggested by the enlargement of the size of inhibi-
tion zones [19].

2.8. Statistical Analysis

The analysis was performed in triplicate and the results were expressed as mean
value * standard error. The direction and the magnitude of the correlation be-
tween the variables were calculated using analysis of variance (ANOVA test) and
Pearson’s correlation test (r*). The criterion for statistical significance was p <
0.05.

3. Results
3.1. Polyphenols Content

Variable contents in phenolics, flavonoids and total tannins from crude extracts

and fractions of E. hirtaand T. avicennioides are shown in Table 1. The n-Butanol
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Table 1. Phenolics contents of E. hirtaand T. avicennioides extracts.

Total phenolics

Total Flavonoids

Total Tannins

Plants  Organs Extracts/Fractions (mgEAG/100mg) (mgEQ/100mg) (mgEAT/100mg)

Maceration Decoction Maceration Decoction Maceration Decoction
Crude 4595+ 0.76 18.74+045 596=+0.28 0.71+0.21 1.39+0.02 0.23 +£0.01

n-Hexane 7.82+045 11.99 +0.61 2150 0.16+0 2.14+£0.10 0.28+0
] Whole Dichloromethane 13.39+0.45 14.14+1.21 4.09+0.17 047%0.2 2.06+0.13 0.15+0.12

E. hirta plant Ethyl acetate 49.7 £ 091 36.63 £+4.54 23.56 +0.68* 14.03 £0.17 0.47 = 0.03 2.12+0.1
n-Butanol 43.20 £ 0.76 145.14 +1.37* 6.79£0.28 18.32+0.17* 0.44+0.03 1.55+0.11
Aqueous 21.74 £ 1.67 14.67+1.06 1.67+0.16 0.66+0.33 0.63+0.06 0.11+0.01

Crude 60.09 £ 1.06 4092+1.75 4.05+0.08 3.26+0.14 4.66+0.07 1.03x0
n-Hexane 17.14+£0.61 24.42+1.21 1376+0.23 2.25%+0.12 2.25%+0.08 0.35+0.07
Dichloromethane 10.14 +0.89 9.43 + 0.30 1.51+£0.32 0.9%0.09 8710 0.27 £ 0.04
feaves Ethyl acetate 58.16 £ 0.45 67.62+0.45 4.567+0.17 4.10+0.09 3.16+0.16 2.11%0.27
n-Butanol 46.92+0 68.02+0.15 447%0.36 643+0.08 3.16+0.15 1.66=%0.10
Aqueous 40.49+0.30 33.99+0.87 3.24+0.11 1.62+0.05 1.27+0.09 1.71+0.14
Crude 56.02 +£0.15 59.66 +1.06 4.95+0.12 4.82+0.18 11.18+0.31* 6.33+0.17
n-Hexane 20.46 £ 0.76 46.17 £0.45 0.741+£0.05 3.31+03 3.32+0.05 6.98+0.08
T Stem Dichloromethane 10.60 £0.17 68.84+1.39 3.892+0.21 3.23%0.17 7.29%0.27 1.81+0.11
avicennioides barks Ethy] acetate 61.03+239 101.76+1.5 810+0.11 6.01+0.05 865+093 6.39+0.07

n-Butanol 64.05+2.42 79.13+£0.32 0.60+0.06 7.36+0.12 795+0.61 10.60+0.45*
Aqueous 81.41 £0.91* 58.06 £+1.11 4.87+0.17 2.20%x0.05 11.12+0.28* 10.96 = 0.08*

Crude 6491+£0.9 3963+0.30 9.81+0.14 2.01+0.06 4.21+0.16 1400
n-Hexane 921+074 2378+15 029+0.02 4.85+0.13 3.06+0.28 0.35+0.04

Dichloromethane 14.50 £ 0.99 29.99 + 1.34 0.62+0.01 4.24+0.05 1.11+0.1 13110
Roots Ethyl acetate 46.59 £ 1.67 60.30+£0.15 2.54+0.11 8.29+0.05 2.52+0.12 2.94+0.07
n-Butanol 66.73 £0.45 78513+1.36 7.2+0.38 7.55+.0 3.82+042 2.78 £0.06
Aqueous 68.55+3.33 42.20%+1.21 9.66+0.53 4.87+0.23 1.80+0.05 1.61+0.71

Values with superscript letters a mean highest content.

fraction (145.14 + 1.37 GAE/100mg extracts) from E. hirta and the Aqueous

fraction of stem barks from 7. avicennioides (81.41 + 0.91 mg GAE/100mg ex-
tracts) had high levels of phenolic. For total flavonoids, the best contents (23.56
+ 0.68 and 18.32 + 0.17 mg QE/100mg extracts) were obtained with ethyl acetate

and n-Butanol fractions of E. Airta, respectively. Total tannins were high in

Aqueous acetone extract (11.18 + 0.31 mg TAE/100mg extracts) as well as

Aqueous fraction (11.12 + 0.28 mg TAE/100mg extracts) and n-Butanol fraction
(10.60 + 0.45 mg TAE/100mg extracts) of 7. avicennioides stem barks.
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Table 2. Antioxidant activity of E. hirtaand T. avicennioides extracts.

3.2. Antioxidant Capacity

Free radical scavenging (DPPH) and Ferric Reducing Antioxidant Power (FRAP)

methods have been used to measure the antioxidant activity of E. Airta and T.

avicennioides extracts (Table 2). In DPPH assay the results ranged from 39.14 +
8.95 umol AAE/g extract (n-Hexane fraction of E. Airta) to 920.06 = 41.28 umol
AAE/g extract (Ethyl Acetate fraction of 7. avicennioides roots). Concerning the

ferric reducing capacity of extracts, the values varied between 373.37 + 12.29 pmol

AAEFE/g extract (Dichloromethane fraction of 7. avicennioides leaves) and 12399.21
+196.75 pmol AAE/g extract (n-Butanol fraction of E. hirta).

Extracts/ DPPH umolEAA/g extract FRAP pmolEAA/g extract
Plants Organs .
Fractions Maceration Decoction Maceration Decoction
Crude 657.81 + 1.67 405.96 £ 9.21 3507.89 + 24.57 1085.35 + 36.86
n-Hexane 238.33 +7.81 39.14 £ 8.95 547.02 + 12.28 442.82 +£12.29
Dichloromethane 366.41 + 1.81 123.82 +9.03 422.54 +10.03 659.91 + 24.54
E. hirta Whole plant
Ethyl acetate 850.26 + 27.64 801.76 + 2.56 3282.13 +£45.94 3645.14 £ 22.25
n-Butanol 760.89 * 36.20 813.69 + 1.48  4072.26 £ 110.54 12,399.21 + 196.75*
Aqueous 705.99 + 5.42 343.41+ 9.03 1415.36 + 135.04 1227.18 * 26,.52
Crude 744.29 + 1.77 704.71 + 0 5342.85 + 36.14 4237.23 £ 75.68
n-Hexane 795.80 + 7.81 74217 +7.78 1354.51 + 36.82 1502.13 + 36,82
Dichloromethane 247.08 + 17.57 125.10 + 6.76 549.91 + 20.06 373.37 +£12.29
feaves Ethyl acetate 832.37 £ 10.84 803.46 + 1.48  4937.46 £216.86  6798.69 £ 184.30
n-Butanol 866.87 +9.03 808.57 +1.48  3936.68 + 168.82 5895.80 + 61.44
Aqueous 716.21 + 1.81 740.30 £ 9.94 3464.4 + 85.97 3253.17 £ 36.14
Crude 760.02 + 1.48 720.90 + 1.48 4228.53 £ 61.40 4549.83 + 196.47
n-Hexane 854.09 + 45.17 756.62 = 2.95 2361.75 £ 75.71 3698.92 £ 0
T Dichloromethane 138.73 £ 16.23 788.98 + 2.56 677.27 £ 17.35 4931.86 £ 0
i L. Stem barks
avicennioides Ethyl acetate 816.20 + 18.10 813.76 + 1.55 4642.44 + 70.20 6980.98 + 49.39
n-Butanol 858.77 + 21.28 774.50 + 1.48 4046.22 *+ 24.57 3959.40 + 147.36
Aqueous 728.56 + 1.48 718.34 £ 12.61 7528.11+ 134.92*  4697.44 + 135.08
Crude 726.43 + 1.81 680.44 + 5.42 5357.33 £ 85.97 4011.50 = 196.47
n-Hexane 215.76 + 16.26 835.78 +2.95% 740.92 + 36.14 2749.57 £ 26.54
Dichloromethane 219.59 + 10.84 810.28 + 1.48 932.44 + 43.81 2795.88 +24.53
Roots Ethyl acetate 920.06 + 41.28* 760.02 + 1.48 3345.79 £ 95.64 5435.46 +49.11
n-Butanol 837.50 + 46.42 795.80 + 1.48 5441.25 + 50.13 6025.84 + 24.49
Aqueous 731.12 + 1.48 754.08 £ 11.50  5166.30 + 86.97 3658.38 +£192.08
Values with superscript letters a mean greatest activity.
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Table 3. Antimicrobial activity of crude

3.3. Antimicrobial Activity

3.3.1. Inhibition Zone Diameters of Crude Extracts

The effectiveness of crude aqueous and aqueous acetone extracts of E. hirta and
T. avicennioides has been evaluated against 32 causative pathogens of urinary
tract infections. It was found an insignificant antimicrobial activity with E. hirta
extracts (Table 3). The extracts of 7. avicennioides were effective against 16 strains
including 13 bacteria (8 Gram-negative and 5 Gram-positive) and 3 yeasts. The
diameters of inhibition zones varied between 7 mm and 16 mm according to the
type of plant, organs, extract and microbial strains tested. Aqueous extracts of
different parts of 7. avicennioides and aqueous acetone extracts of leaves and
roots of the same species were demonstrated the best results (diameters > 15)
against methicillin-resistant Staphylococcus haemolyticus and Candida albicans
strains. Of all these extracts, the aqueous extract of 7. avicennioides leaves was

identified as the most effective.

3.3.2. Efficiency of Fractions of Aqueous Extract of T. avicennioides Leaves

The fractions at 10 mg/ml of leaves extract of 7. avicennioides exhibited variable
degrees of antimicrobial activity against certain strains (Table 4). The aqueous
fraction of leave was presented the best diameters of inhibition (from 13 mm to 16
mm) against S. aureus ATCC 29213, S. aureus and the two methicillin-resistant S.

haemolyticus strains.

3.3.3. Antibacterial Parameters
The values of MIC and MBC/MFC have been determined for the strains which

were most susceptible to the aqueous fractions of 7. avicennioides leaves. The

aqueous and hydro-acetonic extracts at 50 mg/ml.

Plants Organs Extracts

Zone of inhibition of microbial growth (mm)

Gram-negative bacteria Gram-positive bacteria Yeast

A B CDE F G H I J] K L M N O P Q
Whole AdAc /[ /[ /1 /[ W0 [ [ [/ 1 /& [ [ |
E. hirta

plante  Aq /4 4 4 4 444400
AQAc  / / / / 11 1 11 10 / / 11 15 16 7 13 16 10

Leaves
AQ / / / / 1 11 1 10 / [/ 14 16 16 /[ 15 16 9
T Stem AqAc / / / / 9 10 9 / / / 10 10 14 7 /[ [ 9
avicennioides barks  Aq 10 10 9 / 9 11 1 8 10 12 12 15 14 8 /[ /[ 9
AQAc  / / / / 12 12 11 9 11 / 13 15 14 7 [/ [ 10

Roots
AQq 9 / / / 11 12 10 7 10 / 11 15 14 [/ [ [ 9

AqAc = Aqueous acetone; Aq = Aqueous; A = k. pneumoniae strainl; B = k. pneumoniae strain2 C = E. coli strin3; D = Entero-
bacter aeroginosa; E = Acinetobacter baumannii strainl F = Acinetobacter baumannii strain2; G = Klebsiella oxytoca; H = Pseu-
domonas aeruginosa; 1 = Proteus mirabilis; ] = S.aureus ATCC 29213; K = §. aureus; L = methicillin-resistant Staphylococcus

haemolyticus strainl; M = methicillin-resistant Staphylococcus haemolyticus strain2; N = Streptococcus agalactiae; O = Candida

albicans strainl; P = Candida albicans strain2; Q = Candida albicans strain 3.

DOI: 10.4236/aim.2022.1212046

677 Advances in Microbiology


https://doi.org/10.4236/aim.2022.1212046

S.E.Kam et al.

aqueous fraction of leaves has shown a bactericidal effect with a concentration of
MIC (5 mg/ml) and of MBC (10 mg/ml) against strains recorded in (Table 5).

3.3.4. Synergy Assay
Table 6 indicate the interaction between 9 antibiotic discs and aqueous fraction
of T. avicennioides leaves against methicillin-resistant S. haemolyticus 1 and 2; S.

aureus and S. aureus ATCC 29213. The extract has exhibited synergistic effects

Table 4. Antimicrobial activity of fractions from leaves aqueous crude extracts.

Zone of inhibition of microbial growth (mm)

Fractions Gram-negative bacteria Gram-positive bacteria Yeast
A B C D E F G H 1 ] K L M N o P Q
n-Hexane / / / / / / / / / / / / / / / / /
Dichloromethane / / / / / / / /A / 8 / / / / / /
Ethyl acetate / / / / 10 / / /A / 17 / / / / / /
n-Butanol / / / / 10 / / /A / 15 / 14 / / / /
Aqueous / / / / / / / /1 16 16 14 13 / 10 11 10

Table 5. Antibacterial parameters of aqueous fraction of 7. avicennioidesleaves.

Strains MIC MBC MBC/MIC Effects
Staphilococcus haemolyticus 1 5 10 2 Bactericidal
Staphilococcus haemolyticus 2 5 10 2 Bactericidal

Staphilococcus aureus 5 10 2 Bactericidal
Staphilococcus aureusATCC 29213 5 10 2 Bactericidal

Table 6. Mean zone of inhibition (mm) of different antibiotics (without and with extract) against bacteria.

S. haemoliticus 1 S. haemoliticus 2 S. aureus S. aureus ATCC 29213
Antibiotic

A B A B A B A B
Trimethoprim (25 pg) 26 28 14 19 25 23 31 33
Fosfomycin (200 pg) 19 19 14 13 34 32 18 22
Cefoxitin (30 ug) 13 18 13 20 28 26 23 28
Penicillin G (10 pg) R 10 R 11 11 11 20 14
Tetracycline (30 pg) R 11 R 10 R 11 27 29
Clindamycin (10 pg) 34 33 12 13 31 30 31 33
Erythromycin (15 pg) 30 31 31 31 28 20 25 29
Gentamycin (10 pg) 30 29 17 11 26 21 23 23
Chloramphenicol (30 ug) 27 28 28 27 27 23 28 28

A = Inhibition zone of disc without extract; B = Inhibition zone of disc associated to extract; zones of inhibition highlighted mean

a synergetic effect.
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with some antibiotic. The best improvement of the diameter was obtained with

Penicillin G (10 pg) and Tetracycline (30 ug) followed by Cefoxitin (30 pg).

4. Discussion

The quantitative analysis of total phenolic, flavonoids and tannins contents of E.
hirtaand T. avicennioides indicated variable contents with the vegetable species,
parts and solvent used. This result could be linked to extraction solvent polarity,
environmental conditions and genetic factors. The greatest polyphenol content
was found in n-Butanol fraction from E. hirta. Ethyl acetate fraction of E. hirta
yielded the best amount in total flavonoids. Aqueous acetone extract from 7.
avicennioides stem barks was most riche in total tannins. Many beneficial effects
derived from phenolics have been attributed to their antioxidant activity [20].
Several analytical methods have been carry out to explore the antioxidant prop-
erties of plant extracts [21].

In this study free radicals scavenging (DPPH) and ferric reducing antioxidant
power (FRAP) methods have been used to assess the antioxidant activities of
crude extracts and fractions of E. hirta and T. avicennioides. All the extracts
demonstrated antioxidant activities. The best antioxidant capacities were ob-
tained with Ethyl Acetate fraction from 7. avicennioides roots in DPPH assay;
and n-Butanol fraction from E. Airta in FRAP testing. These activities within the
extracts could be due to high correlations between polyphenols contents and an-
tioxidant capacity [22] [23]. Thus, the direction and the magnitude of the corre-
lation were calculated in order to estimate the correlation between the phenolics
contents and free radicals scavenging activity or ferric reducing power.

In this work, a high correlation was demonstrated between the total polyphe-
nol content and DPPH scavenging activity (p = 3.089e™'2, r* = 0.7281619) or fer-

-16 12 = 0.9508803). There was a moderate correla-

ric reducing power (p < 2.2e
tion of total flavonoids levels with antioxidant capacity in DDPH method (p =
7.405°°%, r* = 0.4257956) and FRAP assay (p = 7.339¢7", r* = 0.5629441). A weak
correlation of total tannins was shown with Both DPPH (p = 0.1035, r? =
0.1468837) and FRAP (p = 0.02893, r* = 0.2163953) antioxidant tests. This varia-
tion could be explaining by some phenolic intrinsic factors such as: struc-
ture-activity relationships, polymerization grade and possible synergy or antagon-
ism among different classes of compounds [24]. Antioxidant properties of phenol-
ic compounds could be an advantage for further anti-bacterial compounds inves-
tigation.

Regarding antibacterial activity, crude extracts (at 50 mg/ml) and a fraction
(at 10 mg/ml) from E. hirta and T. avicennioides have been evaluated against 32
causative pathogens of urinary tract infections. The extracts of 7. avicennioides
were effective against 16 strains. This difference in results between the two spe-
cies could be linked to the environmental conditions of both plants and the po-
larity of the extraction solvents. Of all extracts from 7. avicennioides, aqueous

fraction of 7. avicennioides leaves allowed the best results (diameter from 13 mm
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to 16 mm) against S. aureus ATCC 29213, S. aureus and 2 methicillin-resistant
Staphylococcus haemolyticus strains. This result could be explained by a con-
centration of the active molecules in this fraction.

A further antibacterial parameters study revealed the bactericidal effect (CMB/
CMI < 4) of this fraction. Other studies realized in Nigeria have also proven an-
ti-methicillin resistant activity of certain extracts from 7. avicennioides [25] [26].
These results prove anti-methicillin resistant property of 7. avicennioides and its
potency to be efficient in inhibiting the UTI causing pathogens. The antimi-
crobial activity of this plant could be attributed to the presence of tannins, fla-
vonoids and phenols.

Aqueous fraction of 7. avicennioides leaves was then used to screen synergis-
tic action with antibiotic discs. It was found in this study the increasing of the
size of some inhibition zones, involving the synergic effect. Several studies have
reported the potentiation of antibiotic effect with phytochemicals [27] [28]. This
could be due to the mechanism of action of drugs against organisms used and
proper selection of natural compounds [29]. There is a need for more studies
concerning the molecular basis of synergistic interactions for the development of

novel therapies against methicillin-resistant and multi-resistant strains in general.

5. Conclusions

The present study revealed that E. hirta and T. avicennioides exhibited variable
degrees of antioxidant potentials in DPPH and FRAP assays.

Great to weak correlation were demonstrated between this activity and total
phenolics, flavonoids and tannins contents. The antimicrobial activity of these
plants could be attributed to the presence of phenolics.

The extracts of 7. avicennioides were effective against 16 causative pathogens
of urinary tract infections; and its leaves allowed bactericidal effect against S. au-
reus ATCC 29213, S. aureus and 2 methicillin-resistant Staphylococcus haemo-
Iyticus strains. Further studies must be done in order to identify the bioactive
molecules. 7. avicennioides leaves could be recommended as an herbal drug for-

mulation for treating UTIL.
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