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Abstract: Acceptance of medicinal plants in the treatment of ailments is increasing around the globe. Zanthoxylum 
zanthoxyloides was assessed for its antioxidant activity and presence of phenolic and flavonoid contents. Z. 
Zanthoxyloide demonstrated antioxidant ability by scavenging DPPH radicals and chelating iron. It reduces 
generation of reactive oxygen species in isolated mitochondria in the presence or absence of hydrogen peroxide. 
These activities were dose-dependent. High performance liquid chromatographic analyses revealed presence of 
phenolic acids such as chlorogenic and caffeic acids and flavonoid compounds such as quercetin, rutin and 
kaempferol. In conclusion, Z. Zanthoxyloide demonstrated high antioxidant activity which may be due to the 
presence of phenolic and flavonoid compounds. 
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1.0 Introduction 
   The use of medicinal plants for the treatments of 
different ailments is very common in Nigeria. Many of 
them are used to treat infectious diseases, which may 
be due to poor hygienic conditions or contacted from 
sexually-related route. Many are used for the treatment 
of other diseases such as malaria, hypertension, stroke 
etc. Various studies have shown that several medicinal 
plants have significant antifungal activity on a wide 
range of microorganisms (Odebiyi and Sofowora, 
1979; Awuah, 1989; Rojas et al., 1992; Irobi et al., 
1994; Larhsini et al., 1996; Amvam Zollo et al., 1998). 
   The Nigerian Z. zanthoxyloides is a common 
component of the rain forest vegetation of Southern 
Nigeria and is also widely distributed in African 
countries. It is well known for its varied uses in 
traditional medicinal practices. The root-bark extract is 
used in treating elephantiasis, toothache, sexual 
impotence, gonorrhoea, malaria, dysmenorrhoea and 
abdominal pain (Amvam et al., 1998; Odebiyi and 
Sofowora, 1979; Awuah, 1989). Workers in West 
Africa have reported the anti-sickling and antimicrobial 
activities of the extracts of the plant (Irobi et al., 1994). 
In Nigeria, Z. zanthoxyloides is used as a chewing 
stick. Water extracts from the plant showed activities 
against bacteria significant to periodontal disease 
(Larhsini et al., 1996; Rojas et al., 1992). The 
antihelmintic activity of the methanolic extract of the 
root-bark of Z. zanthoxyloides was also reported 
(Ajanohoun et al., 1993), and it is a very popular 
antihelmintic amongst the various tribes in Uganda. It 
has also been found that the alcoholic extracts of the 
root-bark possesses considerable antibacterial activity 

(Anokbongo et al., 1990). An anti-sickling agent (Watt 
et al., 1962) and an anti-inflammatory amide were 
isolated from the plant (Sofowora, 1993). Z. 
zanthoxyloides, is also commonly used in Cameroon 
for the traditional treatment of certain infectious 
diseases such as skin infections, gonococcies, urinary 
infections, dysentery (Noumi, 1984). Few reports are 
available on the antioxidative activity of Z. 
zanthoxyloides and its phenolic acid and flavonoid 
constituents. In the light of this, this study was 
undertaken to evaluate in vitro antioxidative properties 
using known methods and also determine phenolic acid 
and flavonoid constituents using high performance 
liquid chromatographic technique. 
 
2.0 Materials and Methology 
2.1 Chemicals  

All chemicals used including solvents, were of 
analytical grade. 1,1‐diphenyl‐2‐picryl hydrazyl 
(DPPH), Folin Ciocalteu´s phenol reagent, 
malonaldehyde bis-(dimethyl acetal) (MDA), 
Thiobarbituric acid, sodium dodecyl sulfate, ascorbic 
acid, 2′,7′- dichlorofluorescein diacetate (DCFH-DA), 
Tris-HCl, ethylene glycol tetraacetic acid (EGTA), 
quercetin, rutin, chlorogenic acid and gallic acid were 
purchased from Sigma Chemical Co. (St. Louis, MO, 
USA). 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic 
acid (HEPES), ferrous sulfate, mannitol, sucrose were 
obtained from Vetec (Rio de Janeiro, RJ, Brazil). 
 
2.2 Plant extract 

Stem of Z. zanthoxyloide was obtained from 
Ogbomoso, Nigeria in 2011 and was identified by Dr. 
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Ogunkunle of the Botany Unit, Department of Pure and 
Applied Biology and were confirmed with a plant name 
index. The stem was grinded into a powdery form and 
the powder of Z. zanthoxyloide (100 g) was macerated 
at room temperature with ethanol (70%) and extracted 
for 72 hours at the Biochemical Toxicological Unit, 
Department of Biological sciences, Federal University 
of Santa Maria, Santa Maria RS, Brazil. On the third 
day, the combined ethanolic extract was filtered and 
the solvent was fully evaporated under reduced 
pressure to give a yellow solid. The ethanolic extract 
was then diluted in ethanol in order to prepare different 
concentrations (10, 50, 100 and 250 μg/mL). 
 
2.3 DPPH radical scavenging activity 

The free radical scavenging activity of Z. 
zanthoxyloide extract was measured with the stable 
radical 1,1‐diphenyl‐2‐picryl hydrazyl (DPPH) 
Bandoniene and Murkovic, (2002). in terms of 
hydrogen-donating or radicals scavenging activity. A 
solution of DPPH (0.3 mM) in ethanol was prepared, 
and 100 μL of this solution was added to 20 μL 
aquoeus extract at different concentrations (10, 50, 100 
and 250 μg/mL). Ascorbic acid at the same 
concentrations used for aqueous extract was used as 
positive control. After 30 minutes, absorbances were 
measured at 548 nm in ELISA plate reader (TP-Reader, 
Brazil). 

. 
Table 1: Ethnobotanical data of plant studied 

Species Part 
used 

Common 
name (tribes) 

Popular uses Form of administration (directions for 
use) 

Z. 
zanthoxyloide 

Leaves  E: For scaring, antiseptic, astringent. I: Laxative ( 
Kerharo and Adam, 1974; Noumi, 1984) 

Local and oral routes ( macerated or 
decocted powder, paste) 

 Roots  Antiseptic, anti-sickler, digestive aid, parasiticide 
(Kerharo and Adam, 1974; Sofowora et al., 1975; 

Noumi, 1984; Comoe, 1987) 

Local and oral route: rectal and vaginal 
injection (macerated or decocted 

powder, paste, stick) 
 Stem 

barks 
 E: antiseptic, antirheumatic, anti-odontalgic, Local 

and oral routes; (macerated or 
(Haoussa) I: diurectic, urinary antiseptic, digestive 

aid, decocted powder, paste, sticks) 
Parasiticide (Kerharo and Adam, 1974; 

Noumi, 1984; Comoe 1987) 

Local and oral routes; (macerated or 
decocted powder, paste, sticks) 

E, external use; I, internal uses 
 

 
AH = antioxidant compound 

DPPH = 1,1-diphenyl-2-picrylhydrazyl 
 

Fig. 1. The In Vitro chemical representation of DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging 
assay. 

The free radical scarvenging capacity of the extract is calculated with the equation; 
% inhibition = [(Control Absorbance – Test Absorbance)/Control Absorbance] ×100 

 
2.4 Total phenolic content 
   The total phenolic content of Z. zanthoxyloide was 
estimated according to the method of Makkar et al. [21] 
with minor modifications. Samples of the extract (10 - 
250 μg/mL) were added to a test tube and the volume 

was adjusted to 1.4 mL with distilled water. Then, 0.2 
mL of Folin-Ciocalteu reagent (diluted 1:1 with water) 
and 0.4 mL of sodium carbonate solution (7.5%) were 
added sequentially to the test tube. The tubes were then 
incubated for 40 min at 45oC and the absorbance was 
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measured at 725 nm in a spectrophotometer 
(SP-2000UV). The standard curve was prepared using 
0, 1, 2.5, 5, 10 and 15 μg/mL solutions of gallic acid 
(0.1 mg/mL). Total phenol value was calculated and 
expressed as microgram gallic acid equivalent (μg 
GAE)/g of dry extract with the equation: 
Total Phenol= [(CF x Abs (each)/Vol (extract in ml)] 
x2ml 
Where CF is the quantity of garlic acid in µg divided 
by its absorbance 
2 ml was the total volume of the reaction. 
 
2.5 Iron-chelating activity. 
   The method described by Benzie and Strain (1996) 
was was adopted for the assay. The principle is based 
on the formation of O-Phenanthroline-Fe2+ complex 
and its distruption in the presence of chelating agents. 
The reaction containing 40 ul of ferric chloride (3.12 
mM), 740 ul of Tris-HCl (0.1 M) and different volumes 
of different concentrations of extract was made up to 
2ml with distilled water and was incubated for 5 
minutes. The mixture was used to zero the wavelenght 
of the spectrophotometer. 25 ul of phenanthroline was 
thereafter added to the mixture in the cuvette and 
absorbance taken at 510nm. The Fe2+ chelating 
capacity was calcuted thus: 
 
Fe2+ chelating activity (%) = {(Ac – As)/ Ac} x 100 
2.6 Animals 

Male Wistar rats weighing 270-320 g and with age 
from 2.5 to 3.5 months from breeding colony (Animal 
House-holding, UFSM, Brazil) were used for the 
determination of reactive oxygen species. They were 
kept in cages with free access to foods and water in a 
room with controlled temperature (22 ± 3oC) and in 12 
h light/dark cycle. The protocol has been approved by 
the guidelines of the Brazilian association for 
laboratory animal science (COBEA). 
2.7 Quantification of phenolics and flavonoids 
compounds by HPLC-DAD 

Free phenolic and flavonoid contents were 
determined using High performance liquid 
chromatography (HPLC-DAD). This was performed 
with the HPLC system (Shimadzu, Kyoto, Japan), 
Prominence Auto Sampler (SIL-20A), equipped with 
Shimadzu LC-20AT reciprocating pumps connected to 
the degasser DGU 20A5 with integrator CBM 20A, 
UV-VIS detector DAD (diode) SPD-M20A and 
Software LC solution 1.22 SP1. Briefly, reverse phase 
chromatographic analyses were carried out under 
gradient conditions using C18 column (4.6 mm x 250 
mm) packed with 5μm diameter particles; the mobile 
phase was water containing 2% acetic acid (A) and 
methanol (B), and the composition gradient was: 5% of 
B until 2 min and changed to obtain 25%, 40%, 50%, 
60%, 70% and 100% B at 10, 20, 30, 40, 50 and 65 

min, respectively, following the method described by 
Laghari et al. (2011) with slight modifications. The 
extracts of the MO, TG and ZZ were analyzed, at a 
concentration of 5 mg/mL. The presence of six 
phenolics compounds was investigated, namely, gallic, 
chlorogenic and caffeic acids and the flavonoids 
quercetin, rutin and kaempferol. Identification of these 
compounds was performed by comparing their 
retention time and UV absorption spectrum with those 
of the commercial standards. The flow rate was 0.6 
ml/min, injection volume 40 μl and the wavelength 
were 254 nm for gallic acid, 325 nm for caffeic and 
chlorogenic acids, and 365 nm for quercetin, rutin and 
kaempferol. All the samples and mobile phase were 
filtered through 0.45 μm membrane filter (Millipore) 
and then degassed by ultrasonic bath prior to use. Stock 
solutions of standards references were prepared in the 
HPLC mobile phase at a concentration range of 0.031 – 
0.250 mg/ml for kaempferol, quercetin and rutin; and 
0.006 – 0.250 mg/ml for gallic, caffeic and chlorogenic 
acids. The chromatography peaks were confirmed by 
comparing its retention time with those of reference 
standards and by DAD spectra (200 to 500 nm). 
Calibration curve for gallic acid: Y = 11611x + 1468.8 
(r = 0.9999); chlorogenic acid: Y = 14762x + 1257.5 (r 
= 0.9997); caffeic acid: Y = 11526x + 1293.1 (r = 
0.9995); rutin: Y = 13035x – 1045.9 (r = 0.9998); 
quercetin: Y = 15105x – 1192.3 (r =0.9998) and 
kaempferol: Y = 15223x – 1303.9 (r = 0.9999). All 
chromatography operations were carried out at ambient 
temperature and in triplicate. 
2.8  Isolation of rat liver mitochondrial 

Rat liver mitochondrial was isolated as previously 
described by Puntel et al. [24] with some 
modifications. The livers were rapidly removed (within 
1 min) and immersed in ice-cold `` isolation buffer I´´ 
containing  225 mM manitol, 75 mM sucrose, 1 mM 
K+ -EGTA and 10 mM K+ -HEPES, pH 7.2. The tissue 
was minced using surgical scissors and then 
extensively washed. The tissue was then homogenized 
in a power-driven, tight-fitting Potter-Elvehjem 
homogenizer with Teflon pestle. The resulting 
suspension was centrifuged, for 7 min at 2000 g in 
Hitachi CR 21E centrifuge. After centrifugation, the 
supernatant was centrifuged for 10 min at 12000g. The 
pellet was resuspended in ´´isolation buffer II´´ 
containing 225 mM manitol, 75 mM sucrose, 1 mM K+ 

-EGTA, and 10mM K+ -HEPES, pH 7.2, and 
recentrifuged  at 12,000g for 10min. The supernatant 
was decanted, and the final pellet was gently washed 
and resuspended in respiration buffer containing 100 
mM sucrose, 65 mM KCl, 10 mM K+ -HEPES and 50 
μM EGTA, pH 7.2, to a protein concentration of 0.6 
mg/mL. 
2.9 Generation and measurement of reactive oxygen 
species (ROS) 
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ROS production in isolated mitochondria was 
measured using a 2′,7′-dichlorofluorescein diacetate 
(DCFH-DA) fluorescence probe. Mitochondrial 
suspensions (0.25 mg/mL) in respiration buffer 
containing 100 mM sucrose, 65 mM KCl, 10 mM K+ 

-HEPES and 50 μM EGTA, pH 7.2 were incubated 
with different concentrations of the extract ( 10-250 
µg/mL) in the presence or absence of 12mM of H2O2. 
Then, 3.33 μM of DCFH-DA; then, 10, 50, 100, 250 
μg/mL of ethanolic extract [25, 26, 27] were added to 
the solution. The formation of the oxidized fluorescent 
derivative (DCF) was monitored using a 
spectrofluorimeter (Shimadzu RF-5301) with excitation 
and emission wavelengths of 488 and 525 nm 
respectively and with slit widths of 1.5 nm. 

2.1.0 Statistical analysis 
Values were expressed as mean ± SEM (standard 

error of mean). Statistical analyses were performed by 
one way ANOVA, followed by Duncan’s multiple 
range tests. The results were considered statistically 
significant for p < 0.05. 
 
3.0 RESULTS 
3.1 Iron- chelating capacity 
   Iron chelating activity of ethanolic extract of Z. 
zanthoxyloide at different concentrations was 
determined and the values were summarized in the 
table 1. Maximum chelation of metal ion was observed 
at 20µg/ml. 

 
Table 2: Metal chelating activity of ethanolic extract of Z. zanthoxyloide 

Concentrations 5µg/ml 10µg/ml 20µg/ml 
% iron chelated 83.86±0.74 92.61±0.52 97.33±0.28 

 
3.2 Determination of free radical scarvenging capacity using DPPH 

Free radical inhibitions of different concentrations of ascorbic acid (standard antioxidant) increased in the order 
of 10ug (75.35%) <50ug (78.43%) <100ug (80.52%) <250ug (80.76%), while that of Z. zanthoxyloide increased in 
the order of 10ug (22.86%) <50ug (31.29%) < 100ug (37.94%) < 250ug (56.03%). IC50 for ascorbic acid was 
6.63µg/ml as compared with IC50 38.58µg/ml for Z. zanthoxyloide. 

 
Table 3: Percentage free radical inhibition by the ethanolic extract of Z.  zanthoxyloide. 

Concentrations 10µg/ml 50µg/ml 100µg/ml 2500µg/ml 
Ascorbic Acid 75.35±3.18% 78.43±2.48% 80.40±2.22% 80.76±2.40% 

Z.zanthoxyloide 22.86±6.17% 31.29±5.89% 37.94±5.96% 56.03±4.48% 
 

3.4 Total phenolics 
  The amount of total phenolic of ethanolic extract of leaves of Z. zanthoxyloide estimated by Folin-Ciocalteau 
method was 2.46 ± 0.70 mgGAE/g of dry extract. 
3.5 Determination of phenolic acids and flavonoid contents of Z. zanthoxyloide 
   HPLC fingerprinting of extract revealed the presence of the phenolic acids such as chlorogenic acid (tR = 21.58 
min) and caffeic acid (tR = 24.97 min), while the flavonoids included rutin (tR = 38.03 min), quercetin (tR = 45.11 
min) and kaempferol (tR = 54.06 min) (Fig. 2 and Table 4). The highest of the estimated phenolic acids in the 
ethanolic extract of T. globiferus was chlorogenic acid (5.81±0.05) while the least was caffeic acid (1.77±0.01). The 
predominant of the estimated flavonoid contents is rutin (8.12±0.09). 

 
Table 4 – Free phenolic acid and flavonoid composition of Zanthoxylum zanthoxyloide extracts by HPLC/DAD 

  
Z. zanthoxyloide   
mg/g % 

Gallic acid - - 
Chlorogenic acid 4.19 ± 0.01 a 0.42 
Caffeic acid 8.11 ± 0.05 b 0.81 
Rutin Compounds 1.96 
Quercetin 48.07 ± 0.02 d 4.81 
Kaempferol 25.89 ± 0.06 e 2.599 

Results are expressed as mean ± standard deviations (SD) of three determinations. Averages followed by different 
letters in the column differ by Tukey test at p < 0.05. 
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Figure 4 – Representative high performance liquid chromatography profile of Zanthoxylum zanthoxyloide extract. 

Chlorogenic acid (peak 1), caffeic acid (peak 2), rutin (peak 3), quercetin (peak 4) and kaempferol (peak 5). 
 

3.6 Measurement of reactive oxygen species (ROS) 
 

Mean and Standard Deviation
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A B C D E F

250

200

150
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Fig 5: Graph showing the dose-dependent ROS production inhibitory ability of Z.zanthoxyloide 

A & B= +ve & -ve controls respectively; C, D, E & F = ROS production at concentrations 10µg/ml, 50µg/ml, 
100µg/ml, & 250µg/ml respectively. 

 
4.0 DISCUSSION 
   1,1-diphenyl-2-picrylhydrazyl radical (DPPH) is a 
stable free radical and accepts an electron or hydrogen 
radical to be a stable diamagnetic molecule. The 
reduction capability of DPPH is determined by the 
decrease in absorbance at 517nm induced by 
antioxidant. Data indicated ethanolic extract of the Z. 
zanthoxyloide is able to reduce the stable radical DPPH 
to the yellow-coloured diphenylpicrylhydrazine (Table 
3). The scavenging effect of Z. zanthoxyloide at high 
concentration (250µg/ml) and ascorbic acid standard 
solution with the DPPH radical was in the following 
order Z.z. (56.03%) < A.A. (80.76%).Furthermore the 
IC50 for ascorbic acid was 6.63µg/ml as compared 
with IC50 38.58µg/ml for Z. zanthoxyloide. This 
indicates lower scavenging capacity of the ethanolic 
extract of Z. zanthoxyloide when compared with 
ascorbic acid. Data also revealed that the scarvenging 
activity of Z.zanthoxyloide was increased with 
increasing concentration of extract with IC50 at 
227.35µg/ml. The findings here indicated that Z. 
zanthoxyloide demonstrated good antioxidant potential. 
The antioxidant potential exhibited by Z. zanthoxyloide 

can be associated with high levels of phenolic and 
flavonoid contents such as caffeic acid, chlorogenic 
acid, quercetin, rutin and kaempferol. Fahrat et al., 
(2010) reported similar observation of high 
antioxidative property of specie of Zanthozylum i.e. Z. 
Alatum. 
     Among the transition metals, iron is known as 
the most important lipid pro-oxidant due to its high 
reactivity. The ferrous state of iron accelerates lipid 
oxidation by breaking down hydrogen and lipid 
peroxides to reactive free radicals via the Fenton 
reaction. The agents that can attenuate the action of 
these bivalent metal ions have been classified as 
secondary antioxidants which retard the rate of radical 
initiation reaction by the elimination of initiators (Vaya 
and Aviram, 2001). 1, 10-phenanthroline forms a 
complex with free Fe2+ but the extent of the complex 
formation is reduced when the Fe2+ is less available by 
being bound onto the plant extracts (or a chelating 
agent) for example. In the presence of chelating agents, 
the complex formation of ferrous ion and 1, 
10-phenanthroline is altered and this can be monitored 
by decrease in the absorbance at 510nm. Benherlal and 
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Arumughan (2008) reported that 
phytochemicals/extracts with high antioxidant activity 
but without iron chelation capacity failed to protect 
DNA in Fenton’s system, suggesting that iron chelation 
was an essential requirement for extracts studied here 
to retard HO• generation by Fenton’s reaction. In this 
study, Z. zanthoxyloide demonstrated high 
iron-chelating capability as shown by the data (table 3). 
The capability Z. zanthoxyloide to chelate iron II ion 
increases with concentration i.e. a dose-dependent 
manner. 
    High performance liquid chromatographic 
determination of bioconstituents revealed presence of 
phenolic acids such as chlorogenic acids, caffeic acid, 
and flavonoids such as rutin, quercetin and kaempferol 
in the ethanolic extract of Z.  zanthoxyloide. 

 

 
 

Chlorogenic acid 
 
 

 
 

Caffeic acid 
 

    Predominant among the flavonoid and indeed 
among the estimated bioconstituents of Z. zanthoxyloid 
determined was quercetin (48.07±0.02). Quercetin is a 
flavonoid and, to be more specific, a flavonol. It is the 
aglycone form of a number of other flavonoid 
glycosides, such as rutin and quercitrin, found in citrus 
fruit, buckwheat and onions ( Micheal et al., 2007). 
Quercetin forms the glycosides quercitrin and rutin 
together with rhamnose and rutinose, respectively. It is 
also found in many dietary supplements. Quercetin is 
found to be the most active of the flavonoids in studies, 
and many medicinal plants owe much of their activity 
to their high quercetin content. Quercetin has 
demonstrated significant anti-inflammatory activity 
because of direct inhibition of several initial processes 
of inflammation ( Mark et al., 2009; Laura et al., 2008). 

For example, it inhibits both the manufacture and 
release of histamine and other allergic/inflammatory 
mediators. In addition, it exerts potent antioxidant 
activity and vitamin C-sparing action. Quercetin may 
have positive effects in combating or helping to prevent 
cancer, prostatitis, heart disease, cataracts, 
allergies/inflammations, and respiratory diseases such 
as bronchitis and asthma Nöthlings et al., (2007). 

Flavonols, quercetin and kaempferol have a 
hydroxyl group at position 3 (Kim and Lee, 2004), 
which suggests a structurally important role of the 
3-OH group of the chroman ring responsible for 
enhancement of antioxidant activity. In our research, Z. 
zanthoxyloide demonstrated high antioxidant activity 
which may be due to presence of high concentrations 
flavonoid contents of rutin, quercetin and kaempferol. 

 

 
 

quercetin 
 
 

 
Rutin 

 
 

 
 
 

Kaempferol 
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      Under normal physiological conditions there is 
equilibrium between reactive oxygen species (ROS) 
generated and antioxidants presents. The ROS 
generated is kept in check by antioxidant defense 
cascade consisting of enzymatic and non-enzymatic 
components. One specific ROS, hydrogen peroxide 
(H2O2), which is generated by mitochondrial 
respiration through a specialized enzyme, is a potent 
inducer of oxidative damage and mediators of ageing. 
Here, oxidative damage was stimulated by H2O2. 
DCFH-DA was first described as a probe to evaluate 
H2O2 (Keston and Brandt, 1965); subsequently, it has 
been suggested that increases in DCF fluorescence 
actually reflect the overall cellular oxidative stress 
(Wang and Joseph, 1999), since others forms of free 
radicals such as peroxyl radical, peroxinitrite, nitric 
oxide can oxidize DCFH. Our results indicated that 
H2O2 caused a significant increase in ROS production 
and that ethanolic extract of Z. zanthoxyloide was able 
to prevent significantly ROS production stimulated by 
H2O2

 in a concentration-dependent manner. This effect 
may be attributed to the activities of quercetin, 
kaemferol and rutin found in plant extract. In fact, 
recently, our laboratory have reported that quercetin 
and its glycoside analog, rutin, prevents against 
methylmercury-induced ROS production in rat brain 
slices (Wagner et al., 2010). 

In summary, ethanolic extracts from the stem  Z. 
zanthoxyloides have in vitro antioxidant activity in 
different chemical and biological models. These effects 
can be attributed mainly to flavonoids and phenolic 
compounds present in the plant extracts. These results 
indicate that Z. zanthoxyloides has promising 
compounds to be tested as potential antioxidant drugs 
for the treatment of diseases resulting from oxidative 
stress and also for the use in different fields such as 
pharmaceuticals etc. But, further investigations are 
needed to understand the exact compounds eliciting 
these effects. 
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