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ABSTRACT
Objective The aim of this study consisted in evaluating the antioxidant in vivo properties, anti-hemolytic and XOR
inhibitory effect of Globularia alypum L. (GA) extracts. Methods: GA was submitted to extraction and fractionation to
give crude (CrE), chloroformique (ChE), ethyle acetate (EAE) and aqueos (AqE) extracts. Total polyphenols contents of
GA extracts were determined. The inhibitory activity of the extracts on the human oxidoreductase was evaluated.
antioxidant activities of the CrE, EAE and AqE were tested by an in vivo assay in mice, the plasma ability to inhibit DPPH
radical was measured. Results: EAE is the most rich in polyphenols (157.74 ± 5.27 mg GAE/mg of extract). GA Extracts
inhibited XO in a concentration-dependent manner, the EAE showed the highest inhibitory properties on the XOR activity
(IC50 = 0.083 ± 0.001 mg/ml), followed by CrE and ChE. The The CrE was found to exhibit the greatest scavenger activity
with 48.41 ± 2.763%, followed by AqE and EAE (40.54± 7.51% and 41.79± 1.654%, respectively). Total antioxidant
capacity of red blood cells was measured, from the kinetics of hemolysis obtained. The calculated HT50 reveal an extension
of time for half hemolysis in all treated groups compared with the control group. CrE increase significantly HT 50 (112.8±
2.427 min). The hemolysis is lagged, indicating that endogenous antioxidants in the erythrocytes can trap radicals to protect
them against free-radical-induced hemolysis. Conclusions: Globularia alypum L. fractions have a strong inhibitory effect
on xanthine oxidoreductase and also have a significant antihemolytic and antioxydant effect.
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INTRODUCTION
Oxidative stress is a process where the physiological
balance between pro-oxidants and antioxidant is disrupted
in favor of the former, ensuing in potential damage for the
organism1. Oxidative stress denotes an imbalance between
oxidants (reactive species) and antioxidants in favor of the
oxidants at the cellular or individual level, leading to a
disruption of redox signaling and control and /or molecular
damage2. ROS production can induce DNA damage,
protein carbonylation, and lipid peroxidation, leading to a
variety of chronic health problems3. The development of
alternative antioxidants from natural origin has attracted
considerable attention and many researchers have focused
on the discovery of new natural antioxidants aimed at
quenching biologically harmful radicals4,5. In the Algerian
traditional
pharmacopoeia,
Globularia
alypum
(Globulariaceae) locally named “Tasalgha” is one of the
most traditional plant remedies, it is a perennial shrub
found throughout the Mediterranean area. The plant is
known for its uses in the the indigenous system of
medicine for a variety of purposes such as hypoglycaemic
agent, laxative, cholagogue, stomachic, purgative,
sudorific and also in the treatment of cardio-vascular and
renal diseases6,7, rhumatism, gout, typhoid, intermittent
fever and diabetes8-10. Gout is metabolic disorders in
human, associated with an elevated uric acid level in the
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blood, leading to the deposition of urate crystals in the
joints and kidneys, leading to gouty arthritis and uric acid
nephrolithiasis. Xanthine oxidase (XOR) catalyses the
oxidation of hypoxanthine to xanthine and then to uric
acid, the final reactions in the metabolism of purine
bases11. The treatment for gout is either increasing the
excretion of uric acid or reducing the uric acid production.
Xanthine oxidase inhibitors (XOIs) are much useful. A
potential source of such compounds can be obtained from
medicinal plants. Flavonoids and polyphenolic crude
extracts have been reported to possess xanthine oxidase
inhibitory activity12. The aim of this study was to evaluate
the therapeutic efficacy of subfractions of GA to inhibit
XOR, to investigate it’s in vivo antioxidant activity and
anti-hemolytic effect.
MATERIALS AND METHODS
Biological material
Globulaia alypum was collected from SETIF, Algeria in
Mai 2010. All other reagents were purchased from Sigma
Chemicals (Germany), Fluka and Prolab.
Extraction of phenolics compounds
The extractions were carried out using various polar and
non-polar solvents. According to the method of Markham
(1982)13 the powdered plant material was extracted with
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Figure 1: Kinetic of human milk XO inhibition by GA extracts. Values were expressed as mean ± SD of triplicate.
Table 1: Total polyphenols and flavonoids content of
GA extracts
Total phenol Content(µg EAG / mg
Extract
E)
CrE
140.24 ± 4.18
ChE
81.01 ± 1.91
EAE
157.74± 5.27
AqE
100.86 ± 0.76
Values are expressed as mean ± SD (n=3-4).
methanol (CrE), at room temperature overnight. The CrE
extract was combined and concentrated under reduced
pressure on a rotary evaporator. CrE successively extracted
with hexane, chloroform and ethyl acetate. Each fraction
was evaporated to dryness under reduced pressure to give
hexane (HE), chloroform (ChE), ethyl acetate (EAE), and
the remaining aqueous (AqE) extracts.
Determination of total phenolics content
Total phenolic content was determined by the FolinCiocalteu method14. Two hundred microliters of diluted
sample were added to 1mL of 1:10 diluted Folin-Ciocalteu
reagent. After 4 min, 800 mL of saturated sodium
carbonate solution (75 g/L) was added. After 1h of
incubation at room temperature, the absorbance at 765nm
was measured in triplicate. Gallic acid (0-160 µg/ml) was
used for calibration of standard curve. The results were
expressed as microgram gallic acid equivalent (mg
GAE)/g of extract.
Effect of Globularia alypum extracts on XOR
Xanthine oxidoreductase was purified from fresh human
milk by ammonium sulphate fractionation, followed by
affinity chromatography on heparin and ion exchange fast
protein liquid chromatography, essentially as described for
bovine by Sanders et al., 199716. The purity of enzyme was
assessed on protein/flavin ratio (PFR = A280 /A450)15 and
on a 12% SDS-PAGE17. Total and specific activity of
HXOR was assayed spectrophotometrically at 295 nm
following the production of uric acid with an extinction
coefﬁcient of 9600M-1cm18.

The effect of GA on xanthine oxidation was examined
spectrophotometrically at 295 nm following the
production of uric acid using an absorption coefficient of
9600 M-1 cm-1. Different concentrations of tested
compounds were added to samples before the enzyme had
been added and their effect on the generation of uric acid
was used to calculate regression lines and IC50 values. The
reaction was started by the addition of XO. The enzyme
activity of the control sample was set to 100% activity19.
In vivo antioxidant activity
Animal experiments in mice were conducted after the
experiment procedures were revised and approved by the
ethics committee of the university Ferhat Abbas SETIF1,
Algeria. Experiments were performed on adult male mice
from the Pasteur Institute of Algeria weighing 25–30 g.
They were kept under standardized conditions
(temperature 21-24 °C and a light/dark cycle of 12
hours/12 hours) and fed a normal laboratory diet. After 1
week of acclimatization, mice’s were divided into one
control and three experimental groups with 7-8 animals in
each group. The extract was dissolved in normal saline.
Animals from group 1,2 and 3 doses expressed on the basis
of mg dry extract per kg body mass, namely CrE (160
mg/kg), EAE (160 mg/kg) and AqE (160 mg/kg) for 21
days. The control group of animals was treated as a control
and received only saline solution.
Blood collection
The blood was collected through direct heart puncture
from anesthetized mice. Blood was collected from direct
heart puncture from anesthetized mice into tubes
containing heparin, and plasma was obtained by low-speed
centrifugation (1500g for 10 min). A volume of whole
blood is immediately transferred to another tube
containing phosphate buffer (300 mOs, pH 7.4) to obtain a
dilution of 1:25. The amount of remaining blood is
centrifuged at 1500 g for 5 min at 4 ° C. The plasma
obtained was aliquoted and stored at -20° C until use for
DPPH tests19.
Total antioxidant capacity of plasma, and red blood cells
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Figure 2: Inhibitory concentration of GA extracts for 50% of XO activity (IC50).
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Figure 4: DPPH scavenging activity of GA extracts. Values were expressed as the mean (N=7-8) ± SEM.
Resistance to free radical damage was tested as the
capacity of red blood cells (RBCs) to withstand free radical
induced hemolysis and was measured, as previously
described by Girard et al. (2006)20 with some
modifications, by monitoring the rate of free radicalinduced hemolysis, using a microplate titraton. Briefly,
whole blood was diluted 1:25, v:v, with phosphate buffer

(125 MmNaCl, 10 mM sodium phosphate, pH 7.4 and 50
µL of RBC suspension or whole blood and were assayed
using a 96-well microplate coated with a t-BHP as a free
radical generator. The kinetics of RBCs resistance to
hemolysis were determined at 37°C by continuous
monitoring of changes in 620nm absorbance. The time to
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reach 50% of total hemolysis was retained for group
comparisons21.
DPPH radical scavenging activity
In this test, plasma ability to inhibit DPPH radical was
measured22 DPPH is one of the few stable organic nitrogen
radicals and has a maximum of absorption at 517 nm. A
volume of plasma was added to the volume of DPPH
solution (4mg/100ml methanol) and the reaction mixture
was shaken vigorously. After incubation at room
temperature for 30 min, the absorbance of this solution was
determined at 517 nm, DPPH solutions without serum is
used as the control.
Statistical analysis
The results were expressed as mean ± standard deviation
(SD) of three replicates. Where applicable, the data were
subjected to one-way analysis of variance (ANOVA) and
the differences between samples were determined by
Tukey’s multiple comparison test, using GraphPad
program. p value ≤ 0.05 was regarded as significant.
RESULTS AND DISCUSSION
Total phenolics content and flavonoids content
Determination of total phenolic contents of different
extracts of GA was done by Folin-Ciocalteu assay, EAE is
the richest in polyphenols followed by CrE then AqE. ChE
showed the lowest values. (Table 1)
Purification of human milk xanthine oxidase
The yield of purification is up to 5.7 ± 1.8 mg/l of milk.
Our HXOR has a PFR of 5.10 ± 0.22. SDS-PAGE of XOR
showed a major band, and the molecular mass of purified
HXOR was estimated to be 150 kDa. The total specific
activity was 78.64 ± 17.81 nmole/min/ mg of enzyme.
Effect of GA extracts on XO
GA Extracts inhibited XO in a concentration-dependent
manner (Figure 1). The EAE showed the highest inhibitory
properties on the XO activity (IC50 = 0.083 ± 0.001 mg /
ml), followed by CrE and ChE with IC50 of 0,104 ± 0,002
and 0,111 ± 0,010 mg / ml respectively. Finally, AqE had
the lowest inhibitory effect on XOR activity with (IC50 =
0.248 ± 0.016 mg /ml) (Figure 2).
Flavonoids have been reported to possess XOR inhibitory
activity23, the presence of phenolics and flavonoids content
in the extracts would have contributed towards XOR
inhibition. The higher polyphenol and flavonoid content is
the EAE and it is the most active extract, but the highest
IC50 value was of AqE and it has not the lower content of
polyphenols. where, glycosidic (EAE) and nonglucosidicpolyphenols (ChE) showed the highest
inhibitory effect. In the view of this correlation, our results
were confirmed by those obtained with Lychnophora
species24 and Geranium sibiricum L.12. In addition, these
results showed that the XO inhibition could be linked not
only on the polyphenols and flavonoids contents of the
extract, but also to the nature (structure) of these
compounds11.
Hemolysis
Oxidative hemolysis of whole red blood cells is used as a
model to study free radical-induced damage of biological

membranes and the protective effect of phenolic
compounds as known antioxidants.
The antioxidant activity of the GA was confirmed in
mice’s erythrocytes (RBC) exposed to t-BHP, by
measuring the erythrocyte membrane resistance to free
radical-induced hemolysis. From the kinetics of hemolysis
obtained, the calculated HT50 reveal an extension of time
for half hemolysis in all treated groups compared with the
control group (CNTL) (Figure 3). However, for the CrE
increase in HT50 is statistically very significant (p ≤ 0.001)
compared with the control group. The hemolysis is
lagged, indicating that endogenous antioxidants in the
erythrocytes can trap radicals to protect them against freeradical-induced hemolysis25. The results of present study
have shown that GA can effectively protect erythrocytes
against haemolytic injury induced t-BHP, GA is a
powerful scavenger; it could have provided a defence
against haemolytic injury by suppressing t-BHP related
fall in reduce glutathione. The protective effects of GA
may be due to: (1) The nature of phenolic content.in our
study, there is no significatif correlation between
antihymolitic effect of extracts and their phenolic
compound content11. (2) The difference in the degree of the
flavonoid molecules penetrations in erythrocytes and their
ability to penetrate lipid bilayers26,27. It was demonstrate
that binding of the flavonoids to the RBC membranes
significantly inhibits lipid peroxidation, and at the same
time enhances their integrity against lysis28. Bilto and his
collaborator (2012) showed that flavonoids; quercetin,
3,5,7-trihydroxy-4'-meth- oxy flavone-7-rutinoside and 3hydroxy flavone significantly protected erythrocytes
against protein degradation. This inhibition could also be
explained by the presence of a hydroxyl group at C-3 in
ring C of the flavonoid structure29. Dai and his collaborator
(2006) have previously reported that flavonols and their
glycosides are effective antioxidants protecting human red
blood cells from free radical-induced oxidative
haemolysis30.
DPPH in vivo scavenging assay
Plasma antioxidant capacity is one of the most commonly
used biomarkers to assess the effectiveness of dietary
supplementation or antioxidant treatment. Due to the large
number of antioxidants present in plasma, several methods
have been developed: the ferric reducing antioxidant
power (FRAP), Trolox equivalent antioxidant capacity
(TEAC), total radical absorption potential (TRAP) and the
DPPH radical scavenging activity. Sanchez-Moreno
(2002)31. suggested that the 2,2-di(4-tertoctylphenyl)-1picrylhydrazyl (DPPH) assay was an easy and accurate
method with regard to measuring the antioxidant capacity
of fruit and vegetable juices or extracts. In the DPPH test,
the antioxidants reduce the DPPH radical to a yellowcolored compound, diphenylpicrylhydrazine, and the
extent of the reaction will depend on the hydrogen
donating ability of the anti- oxidants32. It appears that the
increase in plasma antioxidant capacity is probably
attributed to elevated levels of exogenous antioxidants
such as ascorbic acid, carotenoids, vitamin E and
flavonoids also or phenolic compounds, acquired
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following treatment with the extracts of GA, whose
antioxidant properties have already been demonstrated in
other in vitro study33. From the obtained results (Figure 4)
show that oral administration of CrE leads to increased
plasma antioxidant capacity 28.74 ± 1.73% versus 28.74 ±
1.730% for the control group. This increase is statistically
very significant compared with the control group, however
the administration of EAE and AqE has significantly
increased (p ≤ 0.01) the antioxidant capacity (40.54±
7.51% and 41.79± 1.65%). Studies involving plasma have
indicated that flavonoids have the ability to delay the
consumption of some endogenously present antioxidants
in the human body34. The increase in plasma antioxidant
capacity is probably attributed to the elevated levels of
exogenous antioxidants acquired following treatment with
GA extracts.
CONCLUSION
The medicinal plant Globularia alypum L is among the
plants widely used today in traditional medicine in Algeria,
In tests conducted in this study, a significant correlation
between polyphenols content and inhibition activity of XO
was observed. In our study, extracts of Globularia alypum
L seem to be of interest and potential for their antioxidant
activities that have been established in vivo. These results
remain preliminary, it would be interesting to test the
activity of fractions and molecules that underlie the various
activities detected in the different extracts. In addition,
extensive further studies concerning the identification of
phenolic compounds by more efficient methods are needed
and a toxicological study is very requested.
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