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dietary source of natural antioxidants and might be appropriate for the
development of reliable biotechnologic methods to identify and extract the
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1. Introduction

Oxidation is essential for many living organisms for the production of
energy to fuel biological processes. Nevertheless, Oxygen-centered free
radicals and other reactive oxygen species (ROS), which are continuously,
produced in vivo, result in cell death and tissue damage. The role of oxygen
radicals has been implicated in several diseases, including cancer, diabetes,
cardiovascular diseases, atherosclerosis, hypertension, ischemia-reperfusion,
aging,
Antioxidants are vital substances which possess the ability to protect the

neurodegenerative diseases and age-related diseases [1, 2].

body from damage caused by free radical-induced oxidative stress [3, 4].
There is an increasing natural antioxidants present in medicine and dietary
plants which prevent oxidative damage and play an important role in
alleviating chronic diseases by reducing the oxidative damage to cellular
components caused by ROS [5].

Naturally occurring flavonoids, tannins, anthocyanins and other phenolic
constituents are potential antioxidants [5, 6]. Many synthetic antioxidants
such as butylated hydroxyl anisole (BHA) and butylated hydroxyl toluene
(BHT) are very effective and are used for industrial processing. However,
they possess some side effects and toxic properties to human health, like
carcinogenic effects [5, 7, 8, 9]. Therefore, substitution of synthetic
antioxidants by natural ones and the screening of the plant species have
become critically important in recent years. Polyphenols have an ideal

structural chemistry for free radical-scavenging activity.
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In fact, they can neutralize free radicals by accepting or
donating electrons to eliminate the unpaired condition
of the radical [10].

protection

In order to improve human

against oxidative damage due to
environmental pollution or life stress, interest has been
paid to explore the antioxidant properties of natural
products. Anacardiacea family of plants consists of
trees, shrubs and/or woody vines belonging mainly to
the genus Rhus (Sumac) with about 250 species which
occurs mostly in the tropics and sub-tropics and various

temperate zones of the world [11].

Rhus species are widely used in food, and due to their

high contents in phenols, flavonoids and other
phytochemicals, Rhus species are widely used in both
modern and traditional medicine [12, 13]. In Tunisia,
Rhus is represented by two species: [Rhus oxyacantha
(Shousb).Ex. Cav = R. oxya. canthoides Dum.cours =
Rhus tripartita (Ucria) Grande [= R. tripartitum (Ucria)
D.C. = Searsia tripartita (Ucria) Moffet] and Rhus
pentaphylla [14]. Rhus tripartita known locally as
“Jdéri” is a Tunisian plant used in traditional medicine
for the treatment of digestive diseases [15, 16]. In
Tunisia, the plant root bark is the most important part of
the plant due to its high tannins content. Spraying of the
root powder on a wound facilitates its healing. In
southern Tunisia, powdered root barks are used for
dyeing leather to light brown. It’s also used to dye wool
and silk providing solid beige and brown colors by

washing and rubbing [14, 17].

Rhus tripartita is not growing only in Tunisia but also
it’s very abundant in north Africa, especially in the
steppes of desert, arid and semi-arid areas [17, 18]. It
also exists in Sicily and Western Asia steppes and is
used in folkloric and traditional medicine of many
countries situated in the cited areas [17, 19, 20].

Recently it has been demonstrated that Rhus tripartita
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had anti-diarrheal, anti-ulcer, hepatoprotective and
cardio-protective properties [21-24]. Moreover this
plant showed a potent activity against inflammatory
diseases [20].

We recently demonstrated that the dichloromethanic
extract of Rhus tripartita root cortex showed a high
anti-inflammatory activity in vitro, inhibiting nitric
oxide release by lipopolysaccharide-stimulated RAW
274.7 macrophages [25]. However no in vivo study was
performed on anti-inflammatory activities of this plant.
Besides, the anti-microbial activities studies performed
on Rhus tripartita extracts were limited to diarrhea-
related microbes. Accordingly the aim of the present
study is to: (i): investigate the antioxidant and radical
scavenging activities of three hydromethanolic extracts
of Rhus tripartita different organs (Roots, Leafs and
stems). (ii) Evaluate the potential protective effects of
these extracts against different pathogenic microbes.
(iii) Determinate the anti-inflammatory activities of the
extracts using carrageenan induced paw edema method
in Wistar albino rats.

2. Material and Methods

2.1 Plant material and preparation of extract

2.1.1 Plant material: The Rhus tripartita roots, leaves
and stems were collected at the beginning of March
2012 in Djebel Thelja, Gafsa, state of Tunisia. A
voucher specimen (R.T.H03-N06) was identified by
two taxonomists Dr Boulbeba Ltayef and Pr

Mohammed Boussaid.

2.1.2 Preparation of plant extract: The Rhus
tripartita roots (RRE), leaves (RLE) and stems (RSE)
were dried and grounded. Grounded roots (50 g) were
extracted with 300 ml of 50% methanol solution for 24
h at room temperature with magnetic stirring. The

extract was centrifuged at 4500 x g for 10 min and
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Iyophilized. The residues were stored at — 21°C until

use.

2.2 Antioxidant study

The following parameters were studied, the total
antioxidant capacity (TAC) [26], the DPPH radical
scavenging activity [27], the ABTS radical cation
scavenging capacity (ABTS) [28], the Ferric reducing
power (FRP), Ferrous ion chelating (FIC) activity [29],
the hydrogen peroxide scavenging activity [30] and

Hydroxyl radical scavenging activity [31].

2.3 Antimicrobial activity

2.3.1 Microbial species: The antimicrobial activities of
the plant extracts (RRE, RSE and RLE) were
investigated against 8 indicators of microorganisms
including five pathogenic bacteria strains (Bacillus
ATCC1247, Klebsiella
ATCC13883, Listeria monocytogenes ATCC 7644,

Pseudomenas aeruginosa ATCC 27853, Aeromonas

cereus pneumoniae

hydrophila El, two fungi (Aspergillus flavus and
Asergillus Niger) and one yeast (Candida albicans
ATCC 2091) species. Bacterial strains were grown in
trypto-caseine soja agar (TCSA) and incubated at 37°C
for 24h. Fungal species were grown on potato dextrose
agar (PDA) plate at 28°C for 72 h and Candida

albicans was grown on sabouraud dextrose agar (SDA).

2.3.2 Disk diffusion assay: The antimicrobial activities
of the 50% hydromethanolic extracts of Rhus tripartita
(RRE, RLE, RSE), were firstly determined by disk
diffusion assay. Antibacterial activities were assessed
by measuring the diameter of the growth-inhibition
zone (1Z) in millimeters (including disk diameter of 6
mm). These measurements of 1Zs were carried out three

times and values were the average of three replicates.
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2.3.3 Determination of MIC and MBC: The MIC

(minimum inhibitory concentrations) and MBC

(minimum bactericidal concentrations) values of R.
tripartita extracts (RRE, RSE and RLE) were
determined using agar dilution[32]. The MIC was the
lowest concentration which resulted in a significant
decrease in inoculum viability (> 90%), while the MBC
was the concentration where 99.9% or more of the
initial inoculum was Kkilled. Each experiment was
repeated at least three times and the modal MIC and

MBC values were selected.

2.4 Anti-inflammatory activity

Anti-inflammatory activity was determined by the
carrageenan induced paw edema method in Wistar
albino rats by using plethysmography following the
method of Winter et al. [33]. Diclofenac at an oral dose
of 20 mg/kg served as the standard drug for
comparison. The test compounds (10 mg/kg) were
administered orally 30 min prior to administration of
carrageenan (0.1 mL of 1% wi/v) in the plantar region of
the paw. The paw volumes were measured at 0, 60, 90,
120 and 180 min after carrageenan administration.
Animals were cared for in compliance with the code of
practice for the Care and Use of Animals for Scientific
Purposes. Approval for these experiments was obtained
from the Medical Ethical Committee for the Care
and Use of Laboratory Animals of Pasteur Institute of
Tunis (approval number: LNFP/Pro 152012).

2.5 Phytochemical study
The concentration of the total phenolic contents,
flavonoids and proanthocyanidin contents in the RLE

were determined [34].
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2.6 Statistical analyses

Data obtained are presented as means + standard error
of the mean (S.E.M) for the number of animals in each
group (n=3). Data obtained from distilled water-treated
control rats were used as baseline values. Statistical
analyses were performed using one-way ANOVA
followed by a Tukey posthoc test (GraphPad Prism 5,
Inc; San Diego, CA, USA).

Statistical significance required a p<0.05.

GraphPad soft-ware;

3. Results

3.1 Antioxidant study

3.1.1 Total antioxidant Activity (TAC): All the
extracts had lower TACs when compared to AA TAC
value. RLE showed the highest TAC followed by RRE
and RSE (36.99 + 0.20 pg/ml; 45.20 £ 0.98 pg/ml;
49.31 £ 0.89 pg/ml respectively for RLE, RRE and
RSE vs 6.95 = 0.12 pg/ml for AA, p<0.0001.) (Figure
1A).

3.1.2 DPPH radical scavenging activity: All the
extracts showed higher DPPH radical scavenging
activities than that of the standard molecule which is
AA (p<0.0001). IC50 values were 19.33 + 0.42 pg/ml;
20.81 £+ 0.36 pg/ml and 31.18 + 0.39 pg/ml respectively
for RLE, RRE and RSE, whereas AA 1C50 was 39.33
+ 0.33 pg/ml (Figure 1B).

3.1.3 ABTS radical cation scavenging capacity
(ABTS): High ABTS cation scavenging capacities were
recorded with all the extracts. However correspondent
IC50 values were significantly higher than that of AA
(49.25 + 0.03 pg/ml; 49.44 + 0.12 pg/ml and 49.52 +
0.16 pg/ml respectively for RRE, RLE and RSE vs 6.16
+ 0.07 pg/ml for AA, p<0.0001) (Figure 1C).
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3.1.4 Ferric reducing antioxidant power (FRP) and
ferrous ion chelating (FIC): The chelating activities of

ferrous ions by the plant extracts in this assay were

important (Figure 1D). Results showed that the 1C50
values of all tested samples were arranged from 12.21
0.45 pg/ml to 1450 + 0.65 pg/ml. But they are
significantly higher than that of the AA 6.66 + 0.66
pg/ml (p<0.0001). Similarly the authentic standard AA
exhibited the highest ferric reducing ions activity when
compared with the plant extracts (p<0.0001). IC50
values of all tested samples were ranged from 3.18 *
0.03 pg/ml to 9.52 + 0.00 pg/ml, and arranged in the
following decreasing efficiently order: AA (3.18 + 0.03
pg/ml) > RSE (7.07 + 0.05 pg/ml) > RRE (9.06 + 0.12
pg/ml) > RLE (9.52 £ 0.00 pg/ml).

3.1.5 Hydrogen peroxide and Hydroxyl radical
scavenging activity: Striking total H202 scavenging
activities were observed with the three tested extracts.
These activities were significantly higher than that of
AA. The IC50 values recorded were 13.12 + 0.36
pg/ml, 13.47 + 0.84 pg/ml and 68.55 + 0.38 pg/ml
respectively for RRE, RSE and RLE vs AA IC5, =
866.7 * 17.65 pg/ml (p<0.0001) (Figure 1F). In
contrast, only RLE showed the strongest OH radical
scavenging capacity (ICso RLE = 1.75 + 0.06 pg/ml vs
ICsp AA = 6.33 = 0.33 pg/ml, p<0.0001) (Figure 1G).

3.2 Antimicrobial activity of Rhus tripartita

The hydromethanolic extract of Rhus tripartita was
tested against five undesirable bacteria, two fungi and
one yeast strain, in order to estimate their antimicrobial
potentials (Table 1). The results of the in vitro
antimicrobial activity, assessed by the presence or
MIC (Minimal

inhibitory concentration) and MBC (Minimal Bacteria

absence of inhibition zone (1Zs),

Concentration) values, showed that regardless bacteria

(Gram® or Gram’), fungi (Aspergilus flavus and
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Aspergilus niger) or yeast, the extracts act in a non-
selective manner. They had a great potential for

antimicrobial activity.

The 1Zs were in the range of 16 + 1 mm? and 26 + 0.5
mm? for tested bacterial strains. In fact the highest 1Z
was reached against, Listeria monocytogenes, Bacillus
cereus, with 1Zs of 26 + 1 mm? and 26 + 0.5 mm?
respectively for RSE and RRE. The lowest 1Z was
recorded for Listeria monocytogenes and was estimated
by 16 +1 mm? when treated by RLE (Table 1). For the
fungi, all the extracts showed great potent antifungal
activities and the highest 1Z reached was 27 + 0.5 mm?
for Aspergillus niger when treated with RRE. Whereas
the lowest 1Z recorded was 19 = 1.5 mm? for
Aspergillus flavus with RSE (Table 1). The Candida
albicans 1Zs values were 24 + 1 mm?, 27 + 1 mm? and
21 + 1 mm? respectively for RRE, RLE and RSE (Table
1). The MIC and the MBC values were determined for
all the tested micro-organisms with Rhus tripartita
extracts. For Klebsiella pneumoniae the minimum MIC
values recorded were 6.25 mg/ml in presence of RRE
and the lowest MBC was 12.5 mg/ml with RRE. The
highest MIC values were registered with Aeromonas
hydrophila, Pseudomonas aeruginosa, Bacillus cereus
(50 mg/ml for RLE and RSE). MBC values for these
strains were 100 mg/ml for RLE and RSE.

The fungi and the yeast were more sensitive, for all the
tested extracts (RRE, RLE and RSE), the MICs were
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12.5 mg/ml and the MBCs were 25 mg/ml for the
Aspergillus flavus and Aspergillus niger. For Candida
albicans the MIC was 12.5 mg/ml and the MBC was 25
mg/ml, for RRE and RLE respectively (Table 1).

3.3 Anti-inflammatory activity

The results showed protective effects of the three
extracts (RRE, RLE and RSE) as well as the anti-
inflammatory drug Diclofenac (Indomethacin) against
acute carrageenan-induced inflammation. In fact,
carrageenan induced the appearance of a 4.5 cm height
paw edema after 3h of injection. The extracts showed
significant  protective  anti-inflammatory  effects
compared to Indomethacin from the first hour of
carrageenan injection. The highest protective activity
was 57%, recorded in the presence of the root extract
(2.08 cm vs 4.83 cm for carageenan). After 3h, the plant
extracts inhibited the inflammation by 15.26%, 20.95%
and 34.67%, respectively for RSE, RLE and RRE. The
inflammation inhibiting percentage of Indomethacin
was comparable to that of RLE (21.17%) (Figure 2).
Data showed that RRE was the most potent extract in

inhibiting inflammation (Figure 2).

3.4 Phytochemical study

The phytochemical study of RLE revealed the presence
of polyphenols (324.73 * 7.82 mgGAE/gDW),
flavonoids (223.60 + 220 mgCE/gDW) and
condensed tannins (proanthocyanidins) (92.62 + 3.37
mgCE/gDW) (Table 2).
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RRE-Rhus tripartita root extract; RLE-Rhus tripartita leaf extract; RSE-Rhus tripartita stem extract; AA-Ascorbic
acid; DPPH-1,1-diphenyl-2-picrylhydrazyl; ABTS-2,2’-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid); ICSO-haIf
maximal inhibitory concentration. Each value represents the mean + SEM of three experiments. Values are

expressed as means + SEM (n=3 for each experimental group). *p<0.05, **p<0.01, ***p<0.0001 in Tukey’s

multiple comparison post hoc test

Figure 1: Evaluation of antioxidant activity parameters of Rhus tripartita extracts. (A) Total antioxydant capacity;
(B) The DPPH radical scavenging activity; (C) The ABTS radical scavenging capacity; (D) Ferrous ion chelating
activity; (E) Ferric Reducing Antioxidant Power; (F) H202 Scavenging activity; (G) OH radical scavenging

capacity.
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Inhibition zone diameters (mm®) MIC (mg/ml) MBC (mg/ml)
Micro-organisms RRE RLE ‘ RSE ‘ Gent | RRE ‘ RLE ‘ RSE | RRE ‘ RLE ‘ RSE
Gram negative bacteria
Aeromonas 25+2 20 £ 2 212 24 25 50 50 50 100 100
hydrophila
Pseudomonas 19+1 19 +1 18+1 23 25 50 50 50 100 | 100
aeruginosa
Klebsiella 22+15 18 +1 19+2 23 6.25 125 | 125 | 125 25 25
pneumoniae
Gram positive bacteria
Listeria 22+1 16 +1 26+1 21 25 50 125 | 50 100 | 25
monocytogenes
Bacillus cereus 26+05 18 £+15 17+05 |20 25 50 50 50 100 | 100
Fungus
Aspergillus flavus 26+1 26 + 05 19+15 |11 125 | 125 | 125 |25 25 25
Aspergillus niger 27 £0.5 25 £ 15 20 £1 12 125 125 | 125 | 25 25 25
Yeast

Candida albicans 24 +1 27 + 1 ‘ 21+1 ‘ 17 ‘ 12.5 ‘ 12.5 ‘ 25 ‘ 25 | 25 ‘ 50

1Zs-diameters of inhibition zones; MIC-minimal inhibitory concentration; MBC-minimal bactericidal concentrations;
RRE-Rhus tripartita root extract; RSE-Rhus tripartita stem extract; RLE-Rhus tripartita Leaf extract.

Table 1: Antimicrobial activity of Rhus tripartita extracts.

== «Indo

0 1 2 3 Time

C-carrageenan; R-Rhus tripartita root extract; L-Rhus tripartita leaf extract; S-Rhus tripartita stem extract; Indo-
Indomethacin. Values are expressed as means + SEM (n=3 for each experimental group); *** p<0.0001 in Tukey’s
multiple comparison post hoc test compared to carrageenan group, 888 p<0.0001 in Tukey’s multiple comparison post
hoc test compared to Indomethacin group

Figure 2: Anti-inflammatory activitiy of Rhus tripartita (Root, Leaf and Stem) extracts and Indomethacin against

carrageenan- induced inflammation in rats.
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Total phenolics Flavonoids Proanthocyanidins
(mg GAEgDWRLE) (mgCE/gDWRLE) (mgCE/gDWRLE)
RLE 324.73+7.82 223.60+2.20 92.62 + 3.37

DW-dry weight; CE-catechin equivalent; GAE-gallic acid equivalent; RLE-Rhus tripartita Leaf extract

Table 2: Contents of total phenols, flavonoids and proanthocyanidins in RLE.

4. Discussion
Plants are important sources of potentially useful
biomolecules  for the development of new
chemotherapeutic agents. Plants may help to discover
new chemical classes of antibiotics and anti-
inflammatory agents that could serve as drugs for the
maintenance of animal and human health. The present
study is an evaluation of the antioxidant, antimicrobial
and anti-inflammatory activities of the different extracts
of Rhus tripartita. Our phytochemical investigation
showed the presence of high concentrations of
polyphenols, flavonoids and tannins (which is the major
Rhus

hydromethanolic leaf extract. In previous studies we

compound for the leaf) in tripartita
demonstrated the presence of high amount of these
biomolecules in RRE (789 + 7.82 mgGAE/gDW for
Polyphenols, 538.34 + 18.94 mgCE/gDW for
flavonoids and 219.77 + 50.89 mgCE/gDW for
tannins) [21] and RSE (380 + 11.47 mgGAE/gDW for
Polyphenols, 23258 + 7.90 mgCE/gDW for
flavonoids and 147.65 + 9.14 mgCE/gDW for tannins)
[23].

The secondary metabolites like phenolics, flavonoids
and tannins found in all parts of plants such as leaves,
seeds, stems, roots and fruits, are known to be potent
free radical scavengers and inhibitors of lipid
peroxidation [35]. In this context Ben Miled et al. [24]
highlighted the richness of a polar extract (water and
roots

methanol) of Rhus tripartita in phenolic

compounds. These extracts have similar and strong
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antioxidant activities with respectively ORAC values of
8.95 and 8.55 pumol Trolox/ml. Our results showed that
the TAA and the radical scavenging activities (DPPH
and ABTS) of Rhus tripartita extracts were potent and
these activities may be related to their concentrations in
phenolics, flavonoids and condensed tannins.
Antioxidative properties of these compounds arise from
their high reactivity as hydrogen or electron donors
[36]. The reducing power could serve as a significant
reflection of the antioxidant activity [37]. In fact
compounds with reducing power indicate that they are
electron donors and can reduce the oxidized
intermediates of lipid peroxidation processes, so that
they can act as primary and secondary antioxidants. In
fact, phenolics compounds can conjugate transition
metals, therefore preventing the metal-induced free
radical formation. Accordingly, all the extracts tested in
our study were capable to reduce the Fe** to Fe®* and to

chelate ferrous ions.

Free radicals are very harmful for human health. The
hydrogen peroxide (H,0,) itself is not very reactive, but
it can be toxic to cells because it may give rise to the
very harmful hydroxyl radicals, through the Fenton or
the Haber—Weiss reactions [38]. In organism, H,O, can
diffuse through the

paroxysmal membranes inducing disruption. Thus, the

plasmic, mitochondrial or
removing of H,O, is very important for antioxidant
defense in organisms. The hydroxyl radical, which is
the most reactive oxygen species is capable to attack

and to damage almost every molecule found in living
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cells. It can hydroxylate purine and pyrimidine bases
leading to DNA mutations. It can also initiate the
peroxidation of cell membrane lipids and can increase
the malondialdehyde (MDA) levels, which is cytotoxic,
mutagenic and carcinogenic [39]. The low levels of
H,0, and OH' ICs, showed the strong free radicals
scavenging activities of all our tested extracts. Because
of resistance to antibiotics, the side effects of many
chemical antimicrobial agents such as: toxicity,
environmental impact and health risk associated to their
use, another alternative must be found to reduce the use
of synthetic antibiotics, fungicides and bactericides
[40]. Natural compounds will be more efficient, safer
and potent. In this context we tried to study the

antimicrobial activity of Rhus tripartita extracts.

The in vitro antimicrobial activities of Rhus tripartita
extracts against bacteria (Gram-positive and Gram-
negative bacteria), fungus and yeast were investigated.
The presence or absence of inhibition zones, MIC and
MBC values were used for assessing the potency of
tested extracts (Table 1). Indeed, the three investigated
extracts presented potential for antimicrobial activities
against all tested microorganisms. In fact, the maximal
inhibition zones for bacteria were observed for the
Bacillus cereus and Listeria monocytogenes (Gram
positive bacteria). For the fungus the maximum
inhibition zone was recorded against Aspergilus niger.
In addition, the MIC and the MBC values for different
tested microorganisms were ranged from 6.25 mg/ml to
100 mg/ml. Previous recent studies [15, 21] showed
that Rhus tripartita extracts have a potent antimicrobial

activities against diarrhea-related microbes.

Generally, it is well known that polyphenols are
bioactive molecules. According to Zoreky [41],

polyphenols played an important role in protein
precipitation and enzyme inhibition of microorganisms.

Moreover, phenolic are capable to destroy the
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membrane of the bacteria [42]. These biological
activities are related to the molecule structures. In fact
by their hydroxyl groups, phenolic compounds have
capacity to link with proteins and bacterial membrane
to form complexes [31]. The antimicrobial compounds
from plants may inhibit bacterial growth by different
demonstrated that
inhibit

germination of plant pathogens. They have been

mechanisms. Previous studies

flavonoids have the abilities to spore
proposed for use against fungal pathogens of man [43],
while tannins are able to inhibit the extracellular
microbial enzymes, to derivate of the substrates
required for microbial growth or have a direct action on
microbial metabolism through inhibition of oxidative
phosphorylation [44]. The antimicrobial activity
observed in our study could be due to the high contents
of Rhus tripartita extracts in phenolic compounds as
flavonoids and condensed tannins, known to be

antibacterial and antifungal agents [45, 46].

The investigation for the anti-inflammatory activities of
the extracts, showed great activities when compared
with a standard anti-inflammatory agent which is
and RRE had
inflammatory activity. A recent study performed by
Shahat et al. [20], has demonstrated that Rhus tripartita

Indomethacin the highest anti-

stem extract had a significant in vitro anti-
inflammatory activity by inhibiting selectively the
cyclo-oxygénase 2, with strong inhibition of
acetylcholinesterase. This activity is correlated to the
radical-scavenging effects of the extracts. In our
knowledge, this study is the first to highlight the anti-
inflammatory potential of Rhus tripartita extracts in
vivo. In the present study, the antioxidant, antimicrobial
and anti-inflammatory activities could be due to
presence of specific phenolic compounds known as
antimicrobial and anti-inflammatory molecules. In fact
in  previous studies several biomolecules were

identified in Rhus tripartita root cortex such as (+)
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catechin and (-) epicatechine-3-O-gallate [47], the
masazinoflavanone [48], as well as the catechol, gallic
acid, and syringic acid [25]. All those compounds are
known for their great and potent anti-microbial and

anti-inflammatory activities [48-51].

5. Conclusion

The obtained results clearly showed that Rhus tripartita
extracts exhibited interesting antioxidant, antimicrobial
and anti-inflammatory activities due to their high
polyphenols contents. These biomolecules act as
antioxidants due to their redox properties. They act as
reducing agents, hydrogen donors, free radical
scavenging and metal chelators. This supported their
use in traditional medicine in the treatment of infections
and encouraged their potential use as alternative safe

antioxidant antimicrobial and anti-inflammatory agents.
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