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In vitro and in vivo Antioxidant, Antihemolytic and  
Anti-inflammatory Activities of Santolina chamaecyparissus  
Extracts.

ABSTRACT
Introduction: Santolina chamaecyparissus L. is a small medicinal herb,  
cultivated in Europe, Asia and Africa due to the antihelmintic, antiseptic, 
antispasmodic, bactericidal, fungicidal, digestive and vulnerary properties.  
Despite this, S. chamaecyparissus aerial part extractions have not been  
examined for antioxidant, antihemolytic and anti-inflammatory properties. 
Methods: S. chamaecyparissus aerial parts were extracted with solvents 
of varying polarity: methanol (crude) extract (CrE) chloroform extract (CHE), 
ethyl acetate extract (EAE), and aqueous extract (AE). The content of total 
phenolics, and flavonoids in all the extracts were determined with spectro-
photometric methods. Both enzymatic and non-enzymatic methods were 
used to evaluate the antioxidant activity of the extracts. Antioxidant activity 
of all the extracts were investigated using free radical scavenging activity 
(1,1-diphenyl-2-picrylhydrazyl, DPPH• and 2,2’-azino-bis-3-ethyl benzthiazo-
line-6-sulfonic acid (ABTS) assay), capacity of the inhibition of linoleic acid 
peroxidation (β-carotene assay), chelation of metals (iron chelating assay) 
and inhibition of xanthine oxidase (XO) activity. To investigate antihemolytic 
activity of the extracts, the 2, 2,-azobis (2-amidinopropane) dihydrochloride  
(AAPH) assay was used to induce erythrocyte oxidative hemolysis. An in vivo  
approach was carried out on mice treated with the methanol extract at a 
dose of 100 mg/kg/day for 21 consecutive days, and one group was treated  
with vitamin C (vitamin C 50 mg/kg) as a standard drug. To determine 
the improvement of antioxidant potential, basic biochemical parameters 
were used in tissue (liver), plasma and whole blood. Phorbol 12-myristate 
13-acetate (PMA)-induced ear edema was used to investigate the anti-
inflammatory activity of methanolic extract in mice. Results: Among all 
the extracts analyzed, the EAE exhibited a higher phenolic and flavonoids 
content (373.83 ± 0.23 mg gallic acid/g, and 61.51±7.86 mg quercetin/g 

respectively), followed by CE and CHE. DPPH and ABTS scavenging assays 
showed that EAE exhibited the highest effect in the both assays, with an 
IC50 of 0.01 mg/ml and 0.0085 mg/ml respectively. All extracts moderately 
inhibited linoleic acid oxidation, with 57 % inhibition. The CE had a consid-
erable chelating activity on ferrous iron (IC50= 0.32 mg/ml). In the enzymatic  
method by xanthine oxidase, results demonstrated that EAE had the highest  
XO inhibitory effect on both XO activity and Cyt-c reduction with IC50= 
0.052±0.0003 mg/ml and 0.057±0.0006 mg/ml, respectively followed by 
CHE and CE. In the cellular system, CrE and CHE showed a hemolysis 
effect with % hemolysis (62.81% ± 1.43), (62.71% ± 1.01). However, EAE 
provided protection against AAPH-induced hemolysis with 53.67% ± 0.97. 
The in vivo assay exhibited a significant decrease (79.56%) of the content 
of malondialdehyde (MDA) in the liver and increased glutathione (GSH) and 
catalase (71.95% and 59.16% respectively). The methanol extract clearly 
demonstrated anti-inflammatory effects by reduced ear edema induced by  
PMA with 61.51%. Conclusion: Our results indicate that the S. chamaecy-
parissus extracts (SCE) possesses potent antioxidant and anti-inflammatory  
properties and may be a valuable natural source that could be applicable to 
both the medical and food industries.
Key words: Xanthine oxidase, Total phenolic, Flavonoid compound,  
Erythrocyte oxidative, Ear edema.
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INTRODUCTION
Plants and their products are rich sources of a phytochemicals and have 
been found to possess a variety of biological activities, including antioxi-
dant potential. Natural antioxidants are in high demand for application 
as nutraceuticals, bio-pharmaceuticals, as well as food additive because  
of consumer preference.1,2 Among dietary antioxidants, phenolic com-
pounds are the most abundant natural antioxidants.3,4 Phenolics can act 
as antioxidants in many ways. These antioxidants act as reducing agents, 
hydrogen donators, free radical’s scavengers and singlet oxygen quenchers.  
They inhibit oxidising enzymes, chelation of transition metals, and 
transfer of hydrogen or single electron to radicals, and therefore act as 
cell saviours.4,5 

Physiological concentrations of free radicals are required to mediate 
physiological processes such as inflammatory reactions. Indeed, during  
inflammation, cells of the immune system are recruited to the site of 
damage. This results in respiratory burst, an overproduction of reactive 
oxygen species that can propagate inflammation by stimulating a release 
of cytokines and causes oxidative damage to bimolecular constituents in  
the body. This eventually leads to chronic diseases such as atherosclerosis, 
cancer, diabetes, aging and other degenerative diseases.6

Erythrocytes have been used as a model to investigate oxidative damage  
due to their high concentration of O2 and their known sensitivity to  
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endogenous reactive oxygen species (ROS), especially to peroxyl radicals  
(ROO•) that may attack membrane components, inducing changes  
in membrane rheology, conformation of membrane proteins, cellular 
morphology, protein cross-linking, and hemolysis.7

Santolina chamaecyparissus L. (Asteraceae) is a shrub with yellow  
inflorescences that is widely used in Mediterranean folk medicine. The 
plant is used in northern Africa as a remedy against intestinal worms 
and as a spasmolyticum, amongst other uses. Akerreta et al.8 maintain  
that the plant is commonly used as a ‘chamomile’ tea for digestive  
disorders in Navarra and other Mediterranean areas.  The inflorescences 
of S.chamaecyparissus are widely used in Mediterranean folk medicine  
for their analgesis, anti-inflammatory, antiseptic, antispasmodic, bacteri
cidal, fungicidal, digestive and vulnerary properties, and is used in 
phytotherapy for different kinds of dermatitis.9 The essential oil has 
anti-Candidadal properties,10 and finds some limited uses in perfumery  
and cosmetics. The aim of our study was to evaluate the potential of  
S. chamaecyparissus aerial part extracts to act as an antioxidant, anti-
hemolytic and anti-inflammatory agent.  As far as we know, this is the 
first time that antioxidant activity of S. chamaecyparissus is evaluated by 
using this bioassay.
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MATERIALS AND METHODS
Plant Materials
The aerial part of Santolina chamaecyparissus (SCE) was harvested from 
natural resources from Setif (Algeria) during the spring June 2012 in the 
stage of flowering. The taxonomic identity of the plant was confirmed 
by Pr. Laouar H. (Setif University), and a voucher specimen (No. S.c. 
2009-1) was preserved at the local Herbarium of Botany, Department of 
Botany, University of Sétif. 
The plant was air dried in the dark and powdered using an electrical 
grinder (Retsch SK100). All reagents and Solvents were from Fluka and 
Sigma Aldrich (Germany) and were of analytical grade.

Animal materials
Male Swiss albino’s mice (20 - 30 g) were purchased from the Pasteur  
Institute of Algiers, Algeria and they were group-housed (6-8 mice  
per cage) with free access to food and water, and kept in a regulated 
environment at 25C° under 12 h light/12 h dark conditions. They had  
free access to the standard pellet diet and drinking water during the  
experiments. After 1 week of acclimatization to the home cage, the mice 
were randomly divided into three groups and i.p. injected for 21 days. 
The feeding scheme was as follows:
Group 1: Normal control group (NCG) which received 0, 9% physiological 
saline solution per day.
Group 2: positive control group (PCG), received 50 mg/kg of vitamin 
C per day.  
Group 3: extract treatment groups which received 100 mg/kg of metha-
nol extract MHGE per day.

Extraction and fractionation
The extractions were carried out using various polar and non-polar  
solvents according to the method of Markham.11 One hundred grams  
of powdered aerial plant parts were macerated for 24 h with 85% aqueous- 
methanol. The macerates were then extracted twice using 50% of the 
same solvent for 4 h with continuous stirring. The extracts were then  
filtered and evaporated on rotary evaporator (BÜCHI) to give crude  
extract (CrE).
CrE was successively extracted with hexane, chloroform and ethyl acetate. 
Each organic layer was evaporated to dryness under reduced pressure to 
yield HxE, CHE, EAE and AqE, respectively. These fractions were stored 
at -20C° prior to use.

Determination of total phenolic compounds and 
flavonoid content in the extract
Total phenolic content was determined by the Folin–Ciocalteau method.12  
Briefly, 200µl of SCE was mixed with 1ml of of 1:10 diluted Folin– 
Ciocalteau reagent for 4 min and 800µl of 75 g/l Na2CO3 were then added.  
The absorbance was measured at 765 nm after 2 h of incubation at room 
temperature. Results were compared to a gallic acid standard curve and 
are expressed as gallic acid equivalents.
Total flavonoids content was estimated according to an established  
procedure.13 To 1 ml of each sample, 1 ml of 2% AlCl3 methanol solution  
was added. After 10 min at room temperature, the absorbance was  
measured at 430 nm. The total flavonoid content was calculated and 
compared to a quercetin calibration curve.

Assay of antioxidant activity in vitro
DPPH radical scavenging assay
The free-radical-scavenging activity of the different extracts was measured 
using DPPH according to the procedure described by our previously  

published method,14 with slight modifications. The extract solution 
(50µl) was mixed with a solution of 0.004% DPPH in methanol (1250 µl).  
The mixture was shaken vigorously and allowed to stand for 30 min  
before the absorbance was measured at 517 nm. Radical-scavenging  
activity was calculated as the following percentage: 
[(As-Ai)/As] ×100 (As = absorbance of DPPH alone, Ai = absorbance of 
DPPH in the presence of various extracts). A concentration of BHT that 
was identical to the experimental samples was used as reference. 

ABTS radical scavenging assay
The ability of various extracts to scavenge the ABTS radical cation was 
determined by our previously published method.15 A solution of ABTS 
radical cation (ABTS+) was prepared by the reaction of 7 mM ABTS and  
2.45 mM potassium persulfate at room temperature in the dark for 12 h.  
The ABTS+ solution was then diluted with methanol to obtain an  
absorbance of 0.700 at 734 nm. The extract solution at a range of concen-
trations (50µl) was mixed with ABTS solution (1mL) and the reaction 
mixture could stand for 30 min. The absorbance was recorded at 734 nm.  
Trolox was used as reference. The level of radical scavenging was calcu-
lated using the equation described above for DPPH.

β -Carotene bleaching assay
The antioxidant activity assay was carried out according to the β-carotene 
bleaching method of Aslan et al.16 In the assay, 1mL β-carotene solution 
(0.5mg/ml chloroform) was pipetted into a round-bottom 250ml flask 
containing 25µl linoleic acid and 200mg Tween 40. The mixture was then  
evaporated at 40 C° by means of a rotary evaporator to remove the  
chloroform. The mixture was then diluted with 100ml distilled water  
saturated with oxygen, which was added slowly to the mixture with  
vigorous agitation to form an emulsion. Then, 2.5ml aliquots of the 
emulsion were transferred into different test tubes containing 350µl of 
samples at 2mg/ml. The tubes were gently mixed and incubated up to  
24h in the dark at room temperature. After this incubation period,  
absorbance of the mixtures was measured at 490 nm after 0h, 1h, 2h, 
4h, 6h, 12h and 24h of incubation. BHT was again used for comparative 
purposes. Lipid peroxidation (LPO) inhibition was calculated using the 
following equation: LPO inhibition = (As − Ai) /As × 100
Whereas is the absorbance of the assay control; Ai is the absorbance of 
the assay 24 h later.

Metal ion chelating assay
The chelating activity of a metal ion (Fe2+) was measured using a modified  
version of the method of Decker and Welch.17 The reaction mixture,  
containing 250 µl of the SCE solution, 50 µl of ferrous chloride (FeCl2) 
solution (0.6 mM), 50µl of ferrozine solution (5 mM), and 450µl of 
methanol was shaken well and was incubated at room temperature for 
10 min. The absorbance of the Fe2+_ ferrozine complex was measured at 
562 nm against a blank. The chelating activity was calculated using the 
following equation:
Chelating rate = [(As−Ai)/As]×100, where As is the absorbance of the 
control and Ai is the absorbance in the presence of the extract. Ethylene-
diamine tetraacetic acid (EDTA) was used as the control.

Xanthine oxidase activity assay
Xanthine oxidase activity was evaluated by the spectrophotometric  
measurement of the formation of uric acid by xanthine at 295 nm. An 
aliquot of a 100 µM solution of xanthine in 50 mM phosphate buffer 
(pH 7.4), containing 0.1 mM EDTA with (1227 ηmole/min/mg of XO). 
Different concentrations of tested compounds were added to the samples 
before the enzyme was added and their effects on the generation of uric 
acid was used to calculate regression lines and IC50 values.18 Allopurinol  
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was used as a positive standard.

Superoxide anion generation by xanthine-/xanthine 
oxidase assay
Anti-radical activity was determined spectrophotometrically according 
to the method of Robak and Gryglewski.19 by monitoring the effect of 
SCE extracts on superoxide anion radicals produced by the xanthine/
xanthine oxidase system. The reaction mixture contained xanthine (100 μM),  
horse heart cytochrome c (25 μM), in air-saturated sodium phosphate 
buffer (50 mM, pH 7.4), supplemented with 0.1mM EDTA and various  
concentrations of SCE extracts. The reactions were started by the addition  
of XO. Within 1min, reduced cytochrome c was spectrometrically deter-
mined at 550 nm against enzyme-free mixture.

AAPH-induced hemolysis assay in vitro
Blood was obtained from healthy mice by venipuncture and collected  
into tubes containing EDTA as anticoagulant. Samples were immediately  
centrifuged at 1500 rpm for 10 min at 4 C° and the plasma was then care-
fully discharged. Erythrocytes were washed three times with phosphate 
buffered saline (PBS; pH 7.4). To induce free radical chain oxidation in  
erythrocytes, aqueous peroxyl radicals were generated by thermal  
decomposition of AAPH (dissolved in PBS; final concentration 300 mM). 
To study the protective effects of the SCE extracts against AAPH-induced 
hemolysis, an erythrocyte suspension at 2% hematocrit was incubated 
with the CrE, CHE, EAE and MOHE extracts (0,1 mg/ml) followed by 
incubation with and without 300 mM AAPH at 37C° for 4.5 h. The extent  
of hemolysis was determined spectrophotometrically as described  
previously.20 The results were expressed as percentage inhibition of 
erythrocyte hemolysis. The half-time of hemolysis corresponds in the 
time so that the initial optical density decreases by 50%. 

In vivo antioxidant assays
Biochemical assay
Twenty-four h after the last drug administration, the mice were sacrificed. 
Blood samples were collected, a volume of whole blood was immediately 
transferred to another tube containing phosphate buffer (300 mOs, pH 
7.4) to obtain a dilution of 1:25 to determine the total antioxidant of the 
red blood cells by hemolysis assay. The remaining blood was centrifuged 
at 1500g at 4C° for 5 min to afford the serums. The serum was analyzed  
for antioxidant of plasma capacity (CPA) with DPPH and reducing power  
assays. The livers were removed rapidly, washed and homogenized in ice-
cold physiological saline to prepare the homogenate. Then homogenate 
was centrifuged at 4000g at 4C° for 10 min to remove cellular debris, 
and the supernatant was collected for determination of enzyme activity 
(CAT), lipid peroxidation (MDA), and GSH level. 

Determination of the activity of antioxidant enzyme 
(CAT)
To measure the catalase (CAT) activity, the reaction mixture was composed 
of 0.1 M phosphate buffer pH 7.4, 19 mM H2O2 and liver homogenate.  
The reduction rate of H2O2 was followed for 240 nm at 2 min, at room 
temperature.21 CAT activity was expressed as U/mg protein.

Determination of GSH content 
GSH in liver tissues was determined according to the Ellman method,22 
which measures the reduction of 5-5’-dithio-bis (2-nitrobenzoic acid) 
(DTNB) (Ellman’s reagent) by sulfhydryl groups to 2-nitro-5-mercap-
tobenzoic acid, which has an intense yellow color. The results were  
expressed in mg per g protein (mg/g protein).

Protein assay
All results were normalized by the protein concentrations, which were 
determined by Peterson’s modification of the procedure of Lowry et al.23

Lipid peroxidation assay
Lipoperoxidation was evaluated by thiobarbituric acid reactive substances 
(TBARS) tests during an acid-heating reaction, as previously described.24 
Aliquots of samples were incubated with 20% trichloroacetic acid and 
0.67% thiobarbituric acid. The mixture was heated (15 min) in boiling  
water. TBARS was determined by reading the absorbance of the pink-
colored complex formed in a spectrophotometer at 532 nm.

Antioxidant capacity of plasma
Reducing power assay
The reducing ability of biological sample was determined by the reducing 
power assay of Chung et al.25 Each sample (0.1ml), was mixed with 0.1 ml 
of 200 mM PBS (pH 6.6) and 0.1 ml of 1% K3Fe(CN)6, and the mixture 
was incubated at 50 C° for 20 min. After 0.25 ml of 1% trichloroacetic 
acid (w/v) were added, the mixture was centrifuged at 2790g for 10 min. 
The upper layer (0.25 ml) was mixed with 0.25 ml of deionised water and 
0.5 ml of FeCl3, and the absorbance was measured at 700 nm against a 
blank. Increased absorbance of the reaction mixture indicates increased 
reducing power of the sample.

DPPH assay
Serum was treated with solution of 0.004% DPPH solution. After incu-
bation at room temperature for 30 min, the absorbance of the solution 
was determined at 517 nm. The results were compared with the DPPH  
solutions in the absence of the serum. The assay was carried out as  
described above.

Antioxidant capacity of red blood cells (hemolysis assay)
Mice’s erythrocytes from citrated blood were isolated by centrifugation 
at 1500g for 5 min and washed three times with PBS, in order to induce  
free-radical chain oxidation in erythrocytes, peroxyl radicals were gener-
ated by tBH as a free radical generator.20 An erythrocyte suspension at 
2% hematocrit with phosphate buffer (300 mOs, pH 7.4) was incubated 
with or without tBH. The kinetics of erythrocytes resistance to hemolysis 
was determined at 37C° by continuous monitoring of changes in 620 nm 
absorbance. The time to reach 50% of total hemolysis was determined 
(half hemolysis Time; HT50).

Anti-inflammatory activity
The PMA-induced mice ear oedema test has been used as an experimental  
model for screening the anti-inflammatory activity. According to a  
modified method of Garrido et al.,26 4µg per ear of PMA, in 20 µl of 
DMSO, was applied to both surfaces of the right ear of each mouse. The 
left ear (control) received the vehicle (DMSO, 20 µl). MHGE was admin-
istered topically (100 mg/kg) 1 h before PMA application. The reference 
group was treated with diclofenac (10 mg/kg). Six h after PMA application, 
mice were killed by cervical dislocation and a 6mm diameter disc from 
each ear was removed with a metal punch and weighed. Ear edema was 
calculated by subtracting the weight of the left ear (vehicle) from the 
right ear (treatment), and was expressed as edema weight.

Statistical analysis
All experiments were done in triplicate and results were reported as 
mean ± SD. Data were analyzed by one-way ANOVA. Statistically signi
ficant effects were further analyzed, and means were compared using 
Tukey test.
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RESULTS 
Determination of total polyphenols and flavonoids 
content
The extraction yields calculated showed that methanol, chloroform, and 
ethyl acetate extracts of SCE registered a yield of 9.71%, 1.487%, and 
1.352% respectively.
The total phenolic and flavonoid contents of the SCE extracts as deter-
mined by Folin–Ciocalteu and AlCl3 method (Table 1). Among the  
three extracts, EAE contained the highest amount of phenolic and  
flavonoid compounds (373.83 ± 0.23 mg gallic acid/g, and 61.51±7.86 mg 
quercetin/g respectively) followed by CrE and CHE. 

In vitro antioxidant activity of SCE
DPPH free-radical scavenging
The reduction capability of DPPH radical was determined by the  
decrease in absorbance induced by plant antioxidants.29 
The results showed that SCE extracts exhibited a dose-dependent activity 
in scavenging DPPH radicals presented. The IC50 values of SCE competing  
with the standard (BHT), were found to be in the order of BHT> EAE 
> CrE > CHE, (Figure 1). EAE exerted high DPPH radical scavenging 
activity (IC50:  0.01±0.0001 mg/ml), which was very near to that of the 
reference compound BHT (IC50: 0.032±0.0186 mg/ml) P>0.05. 

ABTS•+ free-radical scavenging
The reduction capability of ABTS radical was determined by the decrease 
in absorbance induced by plant antioxidants. The concentration of each  
extract required to inhibit each radical by 50% (IC50) is shown in Figure 2.  
The EAE showed the greatest potency (IC50= 0.0085 ±9.40 105- mg/ml) 
among the three extracts, and exhibits the most robust radical-scavenging  

Table 1: Yields, total polyphenols and flavonoids content of S. chamaecyparissus extracts.

Extracts Yeild(%) Total phenols content
µg GAE/mg of extract

Flavonoids  content
µg QE/mg extract

CrE 9.71 ± 0.20 196.08±0.35 16.94±1.96

HXE

CHE 1.487±0.22 143.08±0.47 8.71±0.98

EAE 1.352±0.34 373.83±0.23 61.51±7.86

Figure 1: DPPH radical scavenging activity of S. chamaecyparissus 
extracts; Data are presented as Inhibitory concentration for 50% 
of DPPH activity (IC50) values. CrE: crude extract; CHE: chloroform 
extract; EAE: ethylacetate extract. Each value represents the mean ± 
SD (n = 3).

Figure 2: ABTS•+ radical scavenging activity of S. chamaecyparissus 
extracts (CrE: crude extract; CHE: chloroform extract; EAE: ethylacetate 
extract). Data are presented as IC50 values. Each value represents the 
mean ± SD (n = 3).

Figure 3: Percentage inhibition of the linoleic acid oxidation by  
S. chamaecyparissus extracts (CrE: crude extract; CHE: chloroform  
extract; EAE: ethylacetate extract) compared with BHT after 24h.  
(p ≤ 0.01).

activity, which is lower by 6-folds than that of Trolox, followed by that of 
CHE (0.024 ±0.0003 mg/ml). 

β-Carotene bleaching assay
As for β-carotene-linoleic acid assay, the addition of the SCE at 2 mg/ml 
prevented the bleaching of β-carotene to same degrees (57% and 58%). 
Compared to standard antioxidant, the SCE are 1.7 times less active than 
BHT (Figure 3).
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Chelating activity
Although iron is essential for oxygen transport, respiration, and enzyme 
activity, it is a reactive metal that catalyses oxidative damage in living 
tissues and cells. Ferrozine can quantitatively form complexes with Fe2+. 
In the presence of chelating agents, the complex formation is disrupted, 
resulting in a decrease of the blue color of the complex.29 
SCE was capable of chelating iron (II) and did so in a concentration 
dependent manner. CrE have an excellent chelating ability (IC50= 0.32 
± 0.009 mg/ml), which was even lower than that of EDTA (IC50= 5.8± 
0.0831 µg/ml), with approximately 55 folds followed by CHE and EAE 
respectively (Figure 4).

Xanthine oxidase inhibitory and O2
•- scavenging 

activity
The enzyme XOD plays a crucial role in the production of uric acid,  
catalyzing the oxidation of hypoxanthine and xanthine. During the  
reoxidation of XOD, molecular oxygen acts as an electron acceptor,  
producing superoxide radical and hydrogen peroxide. Both, inhibition 
of XOD and the scavenging effect on the superoxide anion, were measured.  
SCE exhibited an inhibitory effect on xanthine oxidase in a concentration 

dependent manner. CHE and EAE, showed a high inhibition of XO  
P>0.05 with IC50 of (0.051± 0.0002 mg/ml) and (0.052±0.0003 mg/ml) 
respectively, followed by CrE (0.091±0.001 mg/ml). The inhibition of XO 
by CHE and EAE showed a less efficient than allopurinol (IC50 = 0.0082 ± 
0.0005 mg/ml), as a specific inhibitor for XOR, by 6.2-folds and 6.3-folds, 
respectively (Figure 5).
The effect of SCE was studied for their ability to scavenge O2

•- generated 
by the xanthine/xanthine oxidase system. The O2

•- scavenging activity 
of the SCE are increased markedly with increasing concentrations. The 
most potent scavengers of superoxide anion radical were observed for 
EAE with IC50 of (0.057± 6.65 105- mg/ml), followed by CHE with IC50 
of (0.074±0.001mg/ml), which was approximately 1.3-folds higher than 
that of EAE, however CrE showed the lowest effect in compared with 
previous extracts (p ≤ 0.001) (Figure 6).

AAPH-induced hemolysis assay in vitro
Recent research has demonstrated an increasingly interest in the protective 
biochemical function of naturally occurring antioxidants in biological 
systems and on the mechanism of their action. The in vitro oxidative 
hemolysis of mice erythrocytes was used here as a model to study the 
free radical-induced damage of biological membranes and the protective 
effect of SCE. Figure 7 shows erythrocyte hemolysis induced by AAPH 
with the addition of CrE, CHE, EAE and MOHE extracts (0.1mg/ml). 
When erythrocytes were incubated in air at 37C° as a 2% suspension in 
phosphate buffered saline (PBS) and the water-soluble radial inhibitor 

Figure 4: 50% of chelating activity of S. chamaecyparissus extracts 
(CrE: crude extract; CHE: chloroform extract; EAE: ethylacetate  
extract) and EDTA. Comparison was realized against EDTA;  
***: p ≤ 0.001.

Figure 6: Evaluation of S. chamaecyparissus extracts as inhibitors of 
xanthine oxidase and as scavengers of superoxide produced by the 
action of XO enzyme. Each value is represented as mean ± SD (n = 3).

Figure 5: IC50, Inhibitory concentration of S. chamaecyparissus  
extracts for 50% of XO activity. Comparison was realized against  
allopurinol. ***: p ≤ 0.001.

Figure 7: Effect of S. chamaecyparissus extracts (0.1 mg/ml) on AAPH 
(300 mM) induced oxidative stress in red blood cells. Values are 
means ± SEM; n=3.
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AAPH (300 mM), was added to the aqueous suspension of erythrocytes, 
hemolysis induction was time dependent for the 4.5h period of the assay.
When the cells were incubated with 0,1 mg/ml extracts of SCE, we 
showed that CrE, CHE and MOHE extracts have hemolysis effect with % 
hemolysis (62.81% ± 1.43), (62.71% ± 1.01) and (67.88% ± 4.60) respec-
tively, however this concentration of EAE provided protection against 
AAPH-induced oxidative hemolysis with (53.67% ± 0.97). 

In vivo antioxidant activity of SCE
Enzymatic and non-enzymatic endogenous antioxidant 
system in liver tissue
We measured the activity of CAT and the content of GSH and MDA in  
livers of mice. In this assay, the methanol extract treatment significantly  
increased the CAT activity and GSH levels, but decreased the MDA 
levels in the liver compared with group control. MOHE group showed 
59.16% increase in CAT activity relative to control group (0.382±0.068 
versus 0.156 ± 0.033 U/mg protein) (Figure 8), and 71.95% increase in 
GSH levels (8.19±2.98 versus 3.34± 1.12 µmol/g tissus) (Figure 9), and 
79.56% decrease in MDA levels (23.37±6.73 versus 64.78± 7.14 nmol /g 
tissus) (Figure 10).

Plasma antioxidant capacity 
The obtained results, showed that administration of MOHE (100 mg/ml)  
leads to increased plasma antioxidant capacity by DPPH assay 
(33.59±2.40% versus 32.11±4.03% for the control group) (Figure 11). 
This increase is statistically not significant compared with the control 
group, however the administration of MOHE (100 mg/ml) significantly  
increased (p ≤ 0.001) the antioxidant capacity (1.237±0.298 versus 
0.53±0.14) by the reducing power assay (Figure 12).

Total antioxidant of red blood cells (hemolysis test)
We measured the effect of treatment the mice with MHGE on whole 
blood resistance to free radical aggression calculated HT50 values, 
which revealed a half time for hemolysis in all treated groups compared 
to the control group (Figure 13). For the group MOHE treated with 
(100mg/kg), the increase in HT50 (HT50=72.05±4.95 min) is statistically  
significant compared with the control group (HT50=59.88±9.32 min)  
(p < 0.01). Also, administering of vitamin C (50 mg/kg), caused no signi
ficant delay of hemolysis (HT50 = 61.65 ±9.81min) (p > 0.05). 

Figure 8: Activity of catalase enzyme in liver tissues for different 
group (Methanol extract, VIT C and control group). Values are means 
± SEM (n = 6-8). Comparisons are made relative to the control group, 
*** p<0.001; p>0.05, ns: not significant.

Figure 10: Lipid peroxidation by TBARS assay in liver for different 
groups group (Methanol extract, VIT C and control group). Values are 
means ± SEM (n = 6-8). Comparisons are made relative to the control 
group, *** p<0.001.

Figure 11: Plasma antioxidant capacity toward DPPH radical for  
different groups (Methanol extract, VIT C and control group). Values 
are means ± SEM (n = 6-8). Comparisons are made relative to the 
control group, p>0.05, ns: not significant.

Figure 9: Thiol group content (GSH) in liver for different groups 
group (Methanol extract, VIT C and control group). Values are means 
± SEM (n = 6-8). Comparisons are made relative to the control group, 
p>0.05, ns: not significant, ** p<0.01.
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Anti-inflammatory activity 
Ear edema was induced by the application of PMA to the mouse ears.  
As shown in Figure 14, the application of PMA for 6 h significantly  
increased the weight of ear edema. Diclofenac, a common clinical non-
steroidal anti-inflammatory drug, was used as a positive control for the 
inhibitory effect on the ear edema. The pre-treatment of 10 mg/kg of  
Diclofenac effectively reduced ear edema after 6 h PMA stimulation  
(p < 0.01). Similarly, pre-administration of MOHE (100 mg/kg) markedly  
inhibited the PMA-induced ear edema with 61.51% inhibition (p < 0.001).

DISCUSSION
Phenolic antioxidants are products of secondary metabolism in plants 
and their antioxidant activity is mainly due to their redox properties 
and chemical structure, which might play an important role in chelating  
transition metals and scavenging free radicals. Consequently, the anti
oxidant activities of plant extracts are often explained by their total  
phenolic and flavonoid contents. Also, the sterical structures of antioxi-
dants or free radicals are known to play a more important role in their 
abilities to scavenge different types of free radicals.27 

When making a comparison between the yields of extracts, it was found 
that the polar solvents gave better extraction yields, which is true in the 
study of Chigayo et al.28 Since biologically active compounds occur natu-
rally in very small concentrations, the choice of an extraction method 
and the corresponding suitable solvent is an important step in the drug 
discovery process.
Addition of water to methanol proved that the extraction efficiency can 
be increased significantly as the extraction yields obtained with 80% 
methanol (52.9% yield) and 60% methanol (46.9% yield) were much 
higher than the yield obtained from the use of pure methanol (36.6% 
yield).28

DPPH• is a free radical that accepts an electron or hydrogen radical to 
become a stable diamagnetic molecule. In the present study, there was  
increased scavenging activity of the DPPH radicals with increasing  
concentration of the plant extracts, which may indicate an increased 
ability to donate hydrogen ions resulting in a lighter solution which is  
proportional to the number of electrons gained. Therefore, it may be  
postulated that SCE has DPPH scavenging activity by reducing the radical  
to corresponding hydrazine because of its hydrogen ion-donating ability.30

The results revealed a good correlation between antiradical potent and 
phenolic content. Many authors have reported excellent linear correla-
tions between antioxidant/antiradical activity tests and total phenolic  
content.31,28,32 Generally certain structural features in flavonoids are  
responsible for their high antioxidant activity; the presence of 2, 3- 
unsaturation on the C-ring and the number and substitution of hydroxyl 
groups on the A and B-rings.32

The scavenging of the radical ABTS+ by the extracts was found to be 
much lower than that of DPPH. Stereo selectivity of the radicals and the 
solubility of extracts in diverse solvent systems are some factors that have  
been reported to affect the capacity of extracts to react and quench different  
radicals. This further showed the capability of SCE to scavenge different  
free radicals in different systems, indicating that they may be useful ther-
apeutic agents for treating radical-related pathological damage.30 

Figure 12: The reducing ability of plasma for different groups 
(Methanol extract, VIT C and control group). Values are means ± SEM 
(n=6-8). Comparisons are made relative to the control group,  
*** p<0.001; p>0.05, ns: not significant.

Figure 14: Inhibition of PMA induced ear edema by MOHE and 
Diclofenac applied topically before PMA application. Each point 
represents the mean ± SEM (n = 7-8). P < 0.01, P < 0.001 vs. control 
group.

Figure 13: Half-hemolysis time (HT50) for different studied groups 
(Methanol extract, VIT C and control group). The values are means ± 
SEM (n = 6-9). Comparisons are made relative to the control group, 
p>0.5 ns: not significant, ** p<0.01.
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The β-carotene bleaching assay is based on the discoloration of  
β-carotene owing to its reaction with linoleic acid-generated free radicals 
in an emulsion system. In the presence of an antioxidant compound, this 
degradation process is prevented. It also reflects the ability to inhibit the  
lipid peroxidation in vitro.29,33 Burda and Oleszek.34 reported that the  
differences in solubility of flavonoids, both aglycones, glycosides, and 
methoxylated derivatives, in a micellar water–lipid system may influence 
the results obtained from this test, and the partition of the compounds 
between the two phases can influence the oxidation results.
There is no correlation between total phenolic content and chelating  
activity, the ability for extracts to chelate metal ions depends on the avail-
ability of other antioxidants responsible for metal chelation. Non-phe-
nolic metal chelators include phosphoric acid, citric acid, ascorbic acid, 
carnosine, some amino acids, peptides and proteins such as transferrin 
and ovotransferrin.35

SCE have an inhibitory effect on XO activity, indicating that their scav-
enging effects on superoxide anion is due to dual effect of the extracts 
on XO activity and superoxide anion scavenging. This activity could be 
related to the presence of flavonoids in SCE and their structural differ-
ences. The insaturation in the C ring and the free hydroxyl group at C-7 
enhanced the activity.36 To our knowledge, there have been no studies or 
reports to date regarding inhibition of XO activity by SCE.
SCE were evaluated for their protection capacity on red blood cells 
(RBCs) against oxidative damage by AAPH, a peroxyl radical generator  
that attacks the erythrocytes to induce the chain oxidation of lipids 
and proteins, disturbs the membrane organization and eventually leads  
to hemolysis.37 Hemolytic activity of most extracts of SCE may be  
explained by the presence of saponins in the erythrocyte suspension, 
since these compounds are also extracted by methanol and recognized  
by their hemolytic activity and foaming properties. In the EAE, the  
hemolysis is lagged, indicating that endogenous antioxidants in the 
erythrocytes, namely glutathione, tocopherol, ascorbate and enzymes 
such as catalase and superoxide dismutase, can efficiently quench radicals  
to protect them against free radical induced hemolysis, as described  
previously.38

CAT is a key component of the antioxidant defense system, which  
metabolizes hydrogen peroxide into oxygen and water and protects tissues  
against reactive hydroxyl species. GSH, a nonenzymatic antioxidant, 
decomposes H2O2 into molecular oxygen and water, and constitutes 
the first line of defense against free radicals.39 Lipid peroxidation is also 
one of the most important mechanisms contributing to oxidative stress. 
Hence, the measurement of lipid peroxidation is an important indicator  
in the assessment of antioxidant potential. We calculated the amount  
of MDA, which is one of the most important by-products of lipid  
peroxidation.
Some research which evaluated the antioxidant activity of some plant 
extracts in vivo, Wang et al.40 found that in Douchi extracts groups, SOD 
and CAT activities increased significantly in liver tissue. Nonetheless,  
glutathion peroxidase (GSH-Px) activities had no change in liver tissue.  
SOD and GSH-Px activities increased significantly in kidney tissue;  
however, CAT activities exhibited no change in kidney tissue, they  
proposed that the change of enzyme activities is related to the components  
or metabolites of extracts, which could affect enzymatic activities or  
enzyme contents. However, da Silva et al.41 showed that Passiflora edulis’ 
aqueous extract showed an increase in GSH level in kidneys, but didn’t 
affect significant change in the GSH level in liver compared to control, 
and enhanced the activity of glutathione reductase (GR) and decreased 
the activity of (GPx) and SOD relative to control group. In contrast, this 
extract was able to reduce liver TBARS. However, it did not modify the 
serum lipid peroxidation. The beneficial effects of plant extracts in the 
reduction of lipid peroxidation by the decrease of TBARS levels in liver  

and serum tissues is also observed in several other studies.42,43 The  
enhanced activities of antioxidant enzyme (CAT) and GSH level with 
reduction of MDA level may provide an effective defense of MHGE from 
the damaging effects of free radicals in vital tissues. It is believed that 
the enhanced activities of antioxidant enzymes were partially due to the  
increased mRNA expression of these enzymes.44

In a previous study,41 serum antioxidant potential was not affected by 
Passiflora edulis’ extract aqueous in experimental group with (FRAP and 
ORAC assays) suggesting that the experimental period was too short to 
promote such modifications. In humans, the consumption of black tea 
did not change the plasmatic antioxidant status (by ORAC and FRAP 
assay) even after the chronic experimental period.45 Published data 
about antioxidant response after short-term treatment with phenolic 
compounds are conflicting. Some studies have reported no change in 
the antioxidant response after consumption of Pinnus maritima extract,46 

anthocyanins from Myrciaria jaboticaba,47 controlled diets high in fruits 
and vegetables.48 However, other studies with berry administration have 
shown an increase in in vivo antioxidant activity.47,49 

In the present study, the incubation of erythrocyte together with t-BH 
led to remarkable antihemolytic effect. The protective effects of plants  
against hemolysis may be due to: i. their kind of phenolic content, because  
there is no significant if correlation between antihymolitic effect of  
extracts and their phenolic compound content, ii. And/or the difference 
in the degree of the penetrations of the flavonoid molecules in intact 
erythrocytes.50 The behavior of these extracts against the radical attack 
is always difficult to explain because the RBCs are a complex matrix in 
which the substances pharmacologically evaluated could be involved in 
many reactions in the cell membrane.51

The application of PMA for 6 h significantly increased the weight of ear 
edema. PMA and other phorbol esters has been reported that cyclo-
oxygenase inhibitors and 5-lipoxygenase inhibitors are highly effective 
against inflammation caused by PMA. Also, polyphenols and flavonoids 
such as caffeic acid, quercetin, luteolin, have been recognized as potent 
inhibitors of cyclo-oxygenase in other studies.52,53 These reports, together 
the results of Khouya et al.6 suggest a possible relationship between the 
protective effects of aqueous extracts in an acute inflammatory animal 
model and the rich content of polyphenol in these extracts.

CONCLUSION
The antioxidant and anti-inflammatory properties of these plants could 
justify its importance in the fight against oxidative stress diseases and its 
corollaries. The presented study could explain the effectiveness of plants  
in traditional medicine in Algeria. In biological activities, the plant  
extracts presented some potential antioxidant and anti-inflammatory 
effects. Future studies will focus on isolating the bioactive compounds 
from these plants.
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