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ABSTRACT 

Objective: Various biological activities have been reported for Daphne gnidium, the aim of the present study was to determine polyphenols and 
some biological activities of extracts from the shoots of this plants.  

Methods: Phenolic and flavonoids contents of D. gnidium extracts (DGE) were determined by Folin-Ciocalteau and identified by HPLC–DAD/MS. 
Free radical scavenging and antioxidant potential of the crude (CE), chloroform (CHE) and ethyl acetate (EAE) extracts of D. gnidium shoots were 
investigated using several in vitro and ex vivo assays, including 2, 2-diphenyl-picrylhydrazyl radical scavenging, superoxide anion scavenging (by 
both enzymatic and nonenzymatic methods) and hydroxyl radical scavenging capacity methods. The antioxidant activity of the extracts was 
measured using the xanthine oxidase (XO) inhibitory activity, reducing power and ß-carotene-linoleic bleaching assays. Inhibition of lipid 
peroxidation and oxidative hemolysis were also performed to confirm the protective effect of these extracts.  

Results: It was found that values of phenolics varied between 130.84±5.99 and 137±7.66 mg gallic acid equivalent/g dry extract. HPLC analysis 
revealed the presence of cinnamic acid derivatives and other metabolites from the flavonoids family. All extracts exhibited a superoxide scavenging 
capacity. The EAE had the highest antioxidant activity as measured by DPPH radical and hydroxyl radical scavenging activity. The extracts showed 
an inhibitory effect on xanthine oxidase, the IC 50 ranges 

Conclusion: This study indicates that DGE contains relevant antioxidant compounds responsible, at least in part, for its antioxidant and radicals 
scavenging activity. Flavone derivatives were determined as the main active component of the shoots part and the CHE was the most active extract. 

from 0.021±0.001 to 0.061±0.001 mg/ml. The EAE showed also potent reducing power 
ability. CHE possess an inhibition ratio of (92.11%) in the linoleic acid oxidation assay close to that of BHT (96.77%). All extracts exhibited 
antioxidant activity in the linoleic acid emulsion system (3.87-61.11 %). Under the oxidative action of AAPH, EAE and CE showed higher protective 
effect against erythrocytes hemolysis than the CHE. The percentage of hemolysis (H%) determined for EAE and CE after 1 h of incubation were 0% 
and 1.9%, respectively.  

Keywords: Xanthine oxidoreductase (XOR), Antioxidants, Radicals scavenger, Daphne gnidium L., DPPH, ß-carotene/linoleic acid, Hemolysis, 
Polyphenols. 

 

INTRODUCTION 

Reactive oxygen species (ROS) are various forms of activated 
oxygen, which includes free radicals such as superoxide ions (O2•-) 
and hydroxyl radicals (•OH), as well as no free-radical species such 
as hydrogen peroxide (H2O2

Recently, it has been demonstrated that different organic extracts of 
this plant have antiproliferative effects [11]. In addition, various 
biological activities have been reported for D. gnidium as insecticidal 
[12], anti-inflammatory [13], antibacterial [14] and antimycotic 
activity [15]. In this study, we examined the antioxidant, scavenging 
effect, hemolytic and lipid peroxidation inhibitory activity and 
phenolic compound identification of the extracts from the stems and 
leaves of Daphne gnidium L.  

) [1]. In living organisms various ROS 
can be formed in different ways, including normal aerobic 
respiration, stimulated polymorph nuclear leukocytes, macrophages, 
enzymes and peroxisomes. One of the very important enzymes that 
has been reported to increase during oxidative stress is xanthine 
oxidase (XO), which is conventionally seen as a late enzyme of 
purine catabolism, catalyzing the oxidation of hypoxanthine to 
xanthine and of xanthine to uric acid which leads to increased 
superoxide production [2]. Exogenous sources of free radicals 
include tobacco smoke, ionizing radiation, certain pollutants, organic 
solvents, and pesticides [3]. In vivo, some of these ROS play a 
positive role such as energy production, phagocytosis, regulation of 
cell growth and a number of cellular signaling systems [4]. On the 
other hand ROS have been implicated in more than 100 diseases; it 
has been implicated in aging, as well as in a variety of diseases such 
as cancer [5] and neurological disorders, including Parkinson 
disease [6]. Nevertheless, all aerobic organisms, including human 
beings, have antioxidant defences that protect against oxidative 
damages [7]. However, this natural antioxidant mechanism can be 
inefficient, and hence dietary intake of antioxidant compounds is 
important [1]. Plants contain a wide variety of free radicals 
scavenging molecules such as phenols, flavonids, vitamins, 

terpenoids that are rich in antioxidants, tend to be safer and possess 
antiviral, antiinflammatory, anti-cancer, anti-tumour and hepato-
protective properties [8]. During the last decade, the use of 
traditional medicine has expanded globally and is gaining 
popularity. In our study, we have investigated the antioxidant 
potential of a medicinal plant Daphne gnidium L. (Thymelaeaceae). 
The powdered roots of this species have been used in the traditional 
medicine as an abortifacient and the bark has been used as a diuretic 
agent and to treat toothache [9] and against hepatitis [10].  

MATERIALS AND METHODS 

Materials 

Daphne gnidium L. was harvested at flowering stage from natural 
resources around Sétif, Algeria during spring (May–June). Areal 
parts were dried for 10-15 d in shadow at room temperature then 
powdered and stocked in darkness until use. The authenticity was 
confirmed by Pr Laouar Hocine (department of vegetal biology and 
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ecology, university Farhat Abbas Setif 1) and a voucher specimen 
was kept at the laboratory. Bovine milk was obtained from a local 
farm. All other reagents were purchased from Sigma chemicals 
(Germany) and Fluka.  

Methods 

Phenolic compounds extraction  

The extraction was carried out using various polar and non polar 
solvents, according to the method of [16]. 100g of dried Daphne 
gnidium L. (DG) shoots (stems and leaves) were ground in warring 
blender. They were mixed with 1 litre of methanol (MeOH, 85 %). 
The mixture was placed on shaker for 24 h. The extracts were 
filtered through a Buchner funnel and the MeOH was removed on 
the rotary evaporator to give crude extract (CE). The aqueous 
solution was extracted with hexane several times to remove lipids, 
and then it was partitioned against chloroform to give chloroform 
extract (CHE). The remaining aqueous phase was exhaustively 
extracted with ethyl acetate (EtOAc) until the final EtOAc extract 
was colourless (EAE), the remaining aqueous extract was labelled 
(AE). All solvents were removed by evaporation under reduced 
pressure and the extracts were lyophilised and stored at-20 °C until 
use. The extracts used in this study were CE, CHE and EAE. 

Determination of total polyphenols  

Total polyphenols were measured using Prussian blue assay 
described by [17] modified by [18]. Phenolic compounds were 
expressed as gallic acid equivalent (GAE). Briefly 0.1 ml of Daphne 
gnidium extracts (DGE) are dissolved in methanol, 3 ml distilled 
water were added and mixed, then 1 ml of K3Fe(CN)6 (0.016 M) was 
added to each sample, followed by the addition of 1 ml of FeCl3 (0.02 
M dissolved in 0.1 M HCl). It was immediately mixed using a vortex, 
after adding the reagents to the sample, 5 ml stabiliser (30 ml Gum 
arabic (1 %), 30 ml H3PO4

Determination of flavonoid  

 (85 %) and 90 ml of distilled water) were 
added to the sample. The absorbance was measured at 700 nm. The 
amount of total polyphenols in different extracts was determined 
from a standard curve of gallic acid.  

Flavonoids were quantified using aluminium chloride reagent AlCl3 

[19]. Flavonoids were expressed as quercetine equivalent (QE). 1 ml 
of DGE samples are dissolved in methanol, then 1 ml of AlCl3

Purification of milk xanthine oxidoreductase (XOR) 

 (2 % in 
MeOH) was added, after incubation for 10 min, the absorbance was 
measured at 430 nm. 

XOR was routinely purified in our laboratory from bovine milk, in 
the presence of 10 mM of dithiothreitol, by ammonium sulphate 
fractionation, followed by affinity chromatography on heparin-
agarose [20]. XOR concentration was determined from the UV-
visible spectrum by using an absorption coefficient of 36000 M-1 cm-

1 at 450 nm. The purity of an enzyme was assessed on protein/flavin 
ratio (PFR = A280/A450) [20-22] and sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) (10%) [23]. The 
XOR activity was specrophotometrically determined by measuring 
the production of uric acid from xanthine (100 µM, final 
concentration) at 295 nm using an absorption coefficient of 9600 M-1 
cm-1

Effects of Daphne gnidium L. extracts on O

 [20-22]. Assays were performed at room temperature in air-
saturated 50 mM phosphate buffer, pH 7.4.  

2•-

Anti-radical activity was determined according to the method of 
[24], by monitoring the effect of DGE on superoxide anion radicals 
(O

radicals using 
enzymatic method 

2•-) produced by xanthine/xanthine oxidase system. This radical is 
able to reduce cytochrome c. 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 0.1 mM ethylene diamine tetra acetic acid (EDTA) and various 
concentrations of DGE. The reaction was started by the addition of 
XOR. The cytochrome c activity was calculated using an absorption 
coefficient of 21.100 M-1 cm-1

Effects of Daphne gnidium L. extracts on Xanthine Oxidase (XO) 
activity 

, and the sensitivity of the reaction was 
determined by using bovine erythrocytes superoxide dismutase. 

The effect of DGE on the xanthine oxidation was examined 
spectrophotometrically at 295 nm following the production of uric 
acid using an absorption coefficient of 9600 M-1 cm-1

I % = (A control–A sample) x 100/A control 

 [20]. Assays were 
performed at room temperature, in the presence of final concentration 
of 100 µM of xanthine, in air saturated sodium phosphate buffer (50 
mM, pH 7.4) with various amounts of DGE dissolved in methanol. 
Control experiments revealed that solvent didn’t influence the activity 
of XO at this concentration. The reaction was started by the addition of 
XOR (1176 nmol of urate/min/mg protein) for enzyme activity of the 
control sample was set to 100 % activity. The percentage inhibition 
was calculated using the following formula. 

Measurement of superoxide anion scavenging activity using 
non enzymatic system 

The superoxide scavenging ability of DGE was assessed by a 
modified method [25]. Superoxide anions were generated in 
samples that contained 100 μl of NBT(1 mM), NADH (3 mM) and 0.3 
mM PMS then the final volume was adjusted to 1 ml with 0.1M 
phosphate buffer (pH 7.8). The reaction mixture (NBT and NADH) 
was incubated with or without extracts at ambient temperature for 2 
min and the reaction was started by adding PMS. The absorbance at 
560 nm was measured. Decrease in absorbance in the presence of 
various plants extracts indicated O2-. 

ß-Carotene-Linoleic acid assay 

scavenging activity.  

In this assay, antioxidant capacity is determined by measuring the 
inhibition of the volatile organic compounds and the conjugated 
diene hydroperoxides arising from linoleic acid oxidation [26]. A 
stock solution of ß-carotene-linoleic acid mixture was prepared as 
follows: 0.5 mg ß-carotene was dissolved in 1 ml of chloroform 
(HPLC grade) and 25 µl linoleic acid and 200 mg Tween 40 were 
added. Chloroform was completely evaporated.  

Then, 100 ml distilled water saturated with oxygen (30 min, 100 
ml/min) were added with vigorous shaking. 2500 µl of this reaction 
mixture were dispensed into test tubes and 350 µl of the DGE, 
prepared at 2 mg/ml concentrations, were added and the emulsion 
system was incubated for 48 h at room temperature. The same 
procedure was repeated with synthetic antioxidant, BHT, as positive 
control, and with a blank. After this incubation period, the 
absorbance of the mixtures was measured at 490 nm. The 
antioxidative capacity of the extracts was compared with that of BHT 
and of the blank. 

Inhibition of lipid peroxidation by different extracts of D. 
gnidium, as measured by FTC method  

The total antioxidant activity of DGE was carried out using linoleic 
acid system described by [27], with some modification. The linoleic 
acid emulsion was prepared by mixing 155 µl of linoleic acid, 175 µg 
of tween 20 as emulsifier and 50 ml of phosphate buffer (0.02 M, pH 
7.0), and then the mixture was homogenized. A 0.5 ml of different 
extract of D. gnidium was mixed with 2.5 ml of linoleic acid emulsion 
and 2 ml of phosphate buffer. The reaction mixture was incubated at 
40 °C in the dark to accelerate the peroxidation process. Aliquots of 
0.1 ml were taken at different intervals during incubation.  

The degree of oxidation was measured by sequentially adding 
ethanol (4.7 ml of 75%), an ammonium thiocyanate sample solution 
(0.1 ml, 30%) and ferrous chloride (0.1 ml, 0.02 M in 3.5 % HCl). 
After 3 min, the peroxide value was determined by recording the 
absorbance at 500 nm every 24 h until the absorbance of the control 
reached a maximum. Ascorbic acid and BHT were used as reference 
standards. A control was performed with linoleic acid but without 
tested extracts and compounds. All data reported are the average of 
triplicate analyses. Percentage inhibition of lipid peroxide 
generation was calculated using the following formula:  

% Inhibition= (1-AS/A0

Where A

) x 100, 

S is the absorbance value of the tested sample and A0 is the 
absorbance value of the control sample. 
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Antihemolytic activity 

Antihemolytic activity of the shoots extracts of D. gnidium was 
assessed by the method of [28] with slight modifications. The 
erythrocytes from mouse blood were separated by centrifugation 
and washed three times with 10 mM phosphate buffer (pH 7.4). It 
was then re suspended in PBS, so as to produce an RBC suspension 
at 2% (v/v) hematocrit. In order to induce free-radical chain 
oxidation in erythrocytes, aqueous peroxyl radicals were generated 
by thermal decomposition of AAPH (2, 2-azo-bis (2-
amidinopropane) dihydrochloride) (dissolved in PBS; final 
concentration 300 mM). To study the protective effects of D. gnidium 
shoots extracts against AAPH-induced oxidative haemolysis, an 
erythrocyte suspension was pre incubated with different extracts or 
standards (0.1 mg/ml, dissolved in PBS) and AAPH solutions at 37 °C 
for 3 h 30 min. Samples were removed at regular intervals from the 
incubation mixture and the extent of hemolysis (%) was indicated 
via reductions in turbidity at 620 nm [29]. 

DPPH assay 

The hydrogen atom or electron donation abilities of DGE and some 
pure compounds were measured from the bleaching of the purple-
coloured methanol solution of 2,2'-Diphenyl-1-picrylhydrazyl 
(DPPH). This spectrophotometric assay uses the stable radical DPPH 
as a reagent [30]. 50 µl of various concentrations of the extracts in 
methanol were added to 5 ml of a 0.004% methanol solution of 
DPPH. After a 30 min incubation period at room temperature, the 
absorbance was read against a blank at 517 nm. Inhibition of free 
radical DPPH in percent (I %) was calculated in the following way:  

I % = (A blank–A sample) x 100/A blank 

Where A blank is the absorbance of the control reaction (containing all 
reagents except the test compound), and A sample is the absorbance of 
the test compound. Extract concentration providing 50% inhibition 
(IC50) was calculated from the plot of inhibition percentage against 
extract concentration. Tests were carried out in triplicate. 

Hydroxyl radical scavenging activity assay 

The scavenging activity of extracts on hydroxyl radical was 
measured according to the method of [31] with some modifications. 
In this system, hydroxyl radicals were generated by the Fenton 
reaction. Hydroxyl radicals could oxidize Fe2+into Fe3+, and only 
Fe2+could combined with 1, 10-phenanthroline to form a red 
compound (1, 10-phenanthroline-Fe2+) with the maximum 
absorbance at 536 nm. The concentration of hydroxyl radical was 
reflected by the degree of decolourization of the reaction solution. A 
sample of 600 µl of 1,10-phenanthroline (5.0 mM), 600 µl of FeSO4 
(5.0 mM) and 600 µl of EDTA (15 mM) was mixed with 400 µl of 
sodium phosphate buffer (0.2 M, pH 7.4). Then 600 µl of D. gnidium 
extracts and 800 µl of H2O2 (0.01%) were added. The mixture was 
incubated at 37 °C for 60 min, and the absorbance was measured at 
536 nm. Results were determined using the following equation:  

Hydroxyl radical scavenging activity % = (As-A0)/(Ac-A0

Where A

) x 100, 

S is the absorbance of the sample; A0 is the absorbance of 
the blank solution using distilled water instead of sample; Ac is the 
absorbance of a control solution in the absence of H2O2

Reducing power assay 

. Ascorbic 
acid was used as positive control. 

The reducing ability of the extracts from D. gnidium, BHT and gallic 
acid were measured according to the method described by [32] with 
some modifications. A 0.1 ml aliquot of each extract, BHT or gallic 
acid was mixed with an equal volume of 0.2 M phosphate buffer (pH 
6.6) and 1% potassium ferricyanide, and then incubated at 50 °C for 
20 min. 0.25 ml of 10 % trichloroacetic acid was added to the 
mixture to stop the reaction, then the mixture was centrifuged at 
3000g for 10 min. The supernatant (0.25 ml) was mixed with 0.25 
ml distilled water and 0.1% FeCl3

LC/Uv-vis-DAD/MS analysis of Daphne gnidium L. extracts 

 (0.5 ml) and then the absorbance 
was measured at 700 nm. The reducing power of the test samples 
was increased with the absorbance values. 

Daphne gnidium extracts were evaluated by HPLC/UV-vis-DAD/ESI-
MS using a Waters instrument (Waters Italia, Milano, Italy) 
consisting of a 1525 Binary HPLC Pump, a PDA 996 Photodiode 
Array Detector and a Micromass ZQ single quadrupole Mass 
Analyser equipped with a ESI Z-spray source; analyses were run in 
negative ion mode under the following conditions: capillary voltage 
2.75 kV, extractor voltage, 2V; cone voltage 20V, source temperature 
150 °C, desolvation temperature 250 °C; the gas (nitrogen) flow 
value used was 400 L/hr for the desolvation, 210 L/hr for the cone. 
Chromatographic runs were performed using a reverse-phase 
column (Luna C18, 250 x 4.6 mm, 5 μm particle size, Phenomenex 
Italia). Caper phenolics were eluted with the following gradient of B 
(acetonitrile: water 80:20) in A (formic acid, 0,1% solution in 
water)(ref.1): t = 0 min, 5% B; t =2 min, 5% B; t = 20 min, 20% B; t = 
46 min, 38% B; t = 50, 100% B; then kept at 100% B for further 5 
min. The solvent flow rate was 1 mL/min and the injector volume 
selected was 20 μL; the temperature was kept at 25 °C with a column 
oven (Hitachi L-2300, VWR International, Milano, Italy). Collected 
data were processed through a Mass Lynx processing system v. 4.0.  

Statistical analysis  

Statistical analysis was performed using Student’s t-test and analysis 
of variance (ANOVA) followed by Dunnet’s test for the multiple 
effects comparison of the different extracts. The P-values less than 
0.05 were considered statistically significant. 

RESULTS AND DISCUSSION 

Extraction yields and total polyphenol contents 

The estimated yields of extraction in relation to total weight (100g) 
of plant material showed that the CE has the highest yield 
13.65±0.618% followed by AE with 7.06±1.04% while other extracts 
displayed lower yields (table 1). 

 

Table 1: Total polyphenols and flavonoids content of Daphne gnidium L. extracts 

Extract Yields (%) Total phenol content  Flavonoids contents* # 

CE 13.65±0.618 137.08±7.66 22.22±1.48 
CHE 02.03±0.325 129.65±4.82  36.55±1.721 
EAE 2.71±s0.40  130.84±5.99 133.07±2.84 
AE 07.06±1.04 nd nd 

Values are expressed as mean±SD (n=3-4). *: µg GAE/mg of extract, #: µg QE/mg of extract 

Total phenolic and flavonoid contents were expressed as µg gallic acid equivalents per gram dry weight (µg GAE/g) and µg quercetine equivalents 
per gram dry weight (µg QE/g) respectively (table 1).  

 

Xanthine oxidase purification 

Bovine milk was found to yield around 23.21 mg XOR protein per 
litre, comparable to the amounts reported by [20], the obtained 
enzyme was largely (more than 90%) under the oxidase form. The 
XOR activity was specrophotometrically determined by measuring 

the production of uric acid from xanthine in the presence and 
absence of 500 µM NADP

+
Pat 295 nm, using an absorption coefficient 

of 9600 MP

-1
P cmP

-1
P[20-22].  

The freshly purified bovine milk XOR showed an ultraviolet/visible 
spectrum with three major peaks at 280, 325, 450 nm, with protein 
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to flavin ratio (A280/A450

Effects of D. gnidium extracts on the O

) (PFR) of 5.23 indicating a high degree of 
purity [20, 21, 22]. Run on SDS-PAGE purified enzymes showed one 
major band of approximately molecular weight of 150 KDa and 
traces of degradation bands appeared on storage. This is analogous 
to the well studied bovine, human and Camel XOR [20-22]. 

2.-

The effect of DGE at different concentrations was studied for their 
ability to scavenge O

generated by the 
xanthine/xanthine oxidase system 

2 .-generated by the xanthine/xanthine oxidase 
system. The amount of generated O2 .-was determined by measuring 
the reduction of cytochrome c. Under our experimental conditions, 
the activity of cytochrome c in the absence of extracts was (2135.91 
nmols/min/mg proteins). The reduction of cytochrome c3+was 
almost totally inhibited by SOD (330 U/ml) which used as negative 
control. The superoxide scavenging effect was found to increase with 
increasing concentration of DGE, and this is in agreement with our 
previous results [21, 33]. The EAE was the most potent scavenger of 
O2 .-with IC50 

Effects of D. gnidium extracts on XO activity  

value of 0.051±0.0009 mg/ml (P ≤ 0.01) followed by CE 
then CHE (0.064±0.001; 0.69±0.01 mg/ml, respectively). Xanthine 
oxidase-derived superoxide anion has been linked to post-ischaemic 
tissue injury and edema [34]. Hence, phytochemicals or extracts, 
which inhibit the superoxide anion regeneration by the enzymatic 
pathway, would be beneficial in preventing ischemia and edema. The 
scavenging action of plant constituents has been found to be related 
to polyphenolic compounds [35, 36] and to caffeic acid derivatives 
[37] and to flavonoids [48]. It is possible that the anti oxidative 
properties of DGE are caused, at least in part, by the presence of 
polyphenols and other yet to be discovered antioxidant compounds. 

There is a possibility that O2-. Scavenging ability of the DGE is due to 
suppressed effect of these extracts on the xanthine conversion to 
uric acid, thus the effects of DGE on the XO activity were checked. At 
identical concentrations, the DGE exhibited an inhibitory effect on 
xanthine oxidase activity in a concentration dependent manner 
(data not shown). These effects were compared to that of 
allopurinol, clinically used as XO inhibitor. The results demonstrated 
that EAE has the highest XO inhibitory effect with IC50 value of 
0.021±0.001 mg/ml (P ≤ 0.01) followed by CE (0.039±0.002 mg/ml) 
and CHE (0.061±0.001 mg/ml), however allopurinol gave an IC50

D. gnidium extracts scavenging capacity on the O

 
value of 0.0073±0.0001 mg/ml slighter than that of DGE (P ≤ 0.01). 
Inhibiting XO is desirable for two principal reasons: first, it 
decreases the excess uric acid developed under hyperuricemic 
conditions that ultimately cause gout [39] second, it prevents the 
formation of superoxide radicals, thereby protecting against post-
ischemic reperfusion injury [40]. The use of allopurinol is restricted 
by the formation of oxypurinol, which is known to cause side effects 
[43. Flavonoids might provide an interesting alternative for the 
treatment of radical-mediated diseases [42]. Several authors have 
demonstrated that these compounds have a high capacity to inhibit 
the xanthine oxidase [21, 33]. Our phytochemical study confirms the 
presence of many phenolic compound including flavonoids such as 
quercetine, apigenin, luteolin and genistein. Another study 
established that quercetine, myricetin, and genistein exhibited a 
competitive inhibition on XO. Apigenin had the comparable 
inhibitory effect as allopurinol. Genistein was a weaker inhibitor 
than quercetin and myricetin however naringenin did not show any 
xanthine oxidase inhibition activity [43].  

2-. 

To give a clear view, if DGE have really an O

radical 

2-. Scavenging activity or 
not, the non-enzymatic method (PMS-NADH-NBT) was used. The O2-

•anions are generated in a reaction between PMS, NADH and the 
molecular oxygen. The generated free radical anions then reduce 
NBT to form a blue formazan colour with an absorbance band at 560 
nm [25]. The decrease in the absorbance in the presence of 
antioxidants indicates the consumption of the generated superoxide 
anion in the reaction mixture. DGE showed a concentration-
dependent scavenging activity by neutralizing superoxide radicals. 
The most potent scavenger of O2-. was CE with an IC50 of 0.54±0.01 
mg/ml (P ≤ 0.01) followed by EAE then CHE (IC50

ß-carotene/linoleic acid assay 

 of 0.872±0.009; 
1.45±0.16, respectively). DGE scavenging effects were found to be 

higher than that of gallic acid, which showed an antioxidant capacity, 
determined by NBT [33] and higher than that of vitamin C and other 
phenolic compounds such as quercetin, epicatechin, catechin, rutin 
and chlorogenic acid), ABTS and DPPH assays [44].  

The ß-carotene-linoleic bleaching inhibition assay is considered to 
be a good model for membrane based lipid peroxidation [45]. In this 
oil-water emulsion-based system, linoleic acid undergoes thermally 
induced oxidation, thereby producing free radicals that attack the ß-
carotene’s chromophore resulting in a bleaching effect [46]. An 
extract that inhibits ß-carotene bleaching can be described as a free-
radical scavenger and a primary antioxidant [47]. The inhibition 
extent of lipid oxidation by DGE (2 mg/ml), when compared with 
BHT as positive control at the same concentration during 24h, 
showed a marked inhibition effect (p ≤ 0.01) especially CHE (92.1 %) 
which was not far from that of BHT (96. 77 %) followed by that of 
EAE (p ≤ 0.01) (fig. 1).  

 

 

Fig. 1: Changes in the percentage of the linoleic acid oxidation 
inhibition ratios under the influence of DGE (2 mg/ml), 

compared to BHT as a positive control during 24 h. Each value 
represents the mean of numbers of triplicates±SD 

 

We can notice that the activity of tested extracts in terms of polarity 
activity, the polar extract CHE is more active than EAE and CE. In 
multiphase systems antioxidants localization depends on their 
solubility and polarity. Frankel and Meyer (2000) [48] has suggested 
that antioxidants which exhibit a polar properties are most 
important because they are concentrated in the lipid-water 
interface, thereby preventing the formation of lipid radicals and β-
carotene oxidation. While polar antioxidants are diluted in the 
aqueous phase and are thus less effective in protecting lipids

Inhibition of lipid peroxidation by different extracts of D. 
gnidium, as measured by FTC method  

. 

The ferric thiocyanate method (FTC) measures the ability of 
antioxidants to scavenge peroxyl radicals produced during the initial 
stages of oxidation, which react with polyunsaturated fatty acids, 
through hydrogen donation [49]. During the linoleic acid 
peroxidation, peroxides are formed and these compounds oxidize 
Fe2+to Fe3+, the latter Fe3+ion form a complex with SCN-, which has a 
maximum absorbance at 500 nm. High absorbance (or low value of 
% of inhibition) is an indicator of high concentration of peroxide 
formed during the emulsion incubation. The inhibitory effect of DGE 
on lipid oxidation is in the same order as shown in ß-
carotene/linoleic acid assay. Fig. 2 shows the time-course for the 
antioxidative activity of D. gnidium extracts, ascorbic acid, BHT, 
methanol and distilled water by the FTC method. Absorbance value 
of control samples (distilled water and methanol) increased up to 
(0.575 and 0.640, respectively) at 48 h, and then decreased. This is 
due to oxidation of linoleic acid, generating linoleic acid 
hydroperoxides, which leads to many secondary oxidation products 
or the intermediate products may be converted to stable end-
products and the substrate was exhausted [50]. In the presence of 
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the D. gnidium extracts, ascorbic acid and BHT, oxidation of linoleic 
acid were very slow. The percentage inhibition of peroxidation in 
linoleic acid system by crud extract (CE), chloroform extract (CHE) 
and ethyl acetate extract (EAE) was found to be (3.87±0.03 %), 
(61.11±0.01)% and (37.11±0.02 %), respectively after 48h of 
testing. However, those values were lower than those of the positive 
controls such as BHT (64.549±0.007 %) and ascorbic acid 
(62.941±0.006) %. The extracts exhibited effective antioxidant 
activity at the concentration tested, revealing its ability to deter lipid 
peroxidation. Phenolic compounds and other chemical components 
present in the extract may suppress lipid peroxidation through 
different chemical mechanisms, including free radical quenching, 
electron transfer, radical addition or radical recombination. 
 

 

Fig. 2: Inhibition of lipid peroxidation by different extracts of D. 
gnidium, BHT, Vit C, MeOH and H2

 

O as measured by FTC 
method. Each absorbance value represents the mean of 

numbers of triplicates±SD 

Antihemolytic activity D. gnidium extracts 

AAPH generates peroxyl radicals (ROO¯) that attack the erythrocytes 
to induce the chain oxidation of lipids and proteins, disturbing the 
membrane organization and eventually leading to hemolysis [51]. 
The hemolytic activity of AAPH-generated ROO¯ was followed 
continuously at 620 nm to verify changes in the turbidity of RBCs. 
fig. 3 shows that RBCs underwent an initial increase followed by 
irreversible loss of cloudiness of suspended RBCs, following the 
addition of AAPH. This biphasic response was slightly observed in 
control erythrocytes (incubated only with PBS). The amount of time 
before the irreversible loss of cloudiness (lag phase) was 
significantly increased in RBCs incubated with EAE (60 min) versus 
RBCs incubated with AAPH and CHE (30 min). A difference of 15 min 
was observed between ascorbic acid, CE and AAPH. 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 
prevent them from free radical-induced hemolysis, as described 
previously [52]. 

Both D. gnidium shoot extracts and standards protected the 
erythrocyte membrane from hemolysis induced by AAPH (fig. 4). A 
control erythrocytes were stable with little hemolysis within 3 h 30 
min (data not shown). The EAE and CE showed higher protective 
effect against erythrocytes hemolysis than the CHE (p ≤0.001) . The 
percentage of hemolysis (H%) determined for EAE, CE and CHE after 
1 h of incubation were 0%, 1.9% and 46.34%, respectively (fig. 4). 
Quercetine has a more protective effect than that of ascorbic acid 
and all extracts with the H% values of 2.42% and 7.69% after 1 h 
and 2 h of incubation, respectively. The H% values of ascorbic acid, 
EAE, CE and CHE after 2 h of incubation were 62.96%, 55.7%, 
67.89% and 71.44%, respectively. Polyphenols are well-known 
effective scavengers of free radicals. Therefore, phenolic compounds 
of D. gnidium present in the incubation medium most likely quench 
the peroxyl radicals formed in the aqueous phase before these 
radicals attack the biomolecules of the erythrocyte membrane to 
cause oxidative hemolysis. Our results are in agreement with other 

studies showing that polyphenols are able to protect erythrocytes 
from oxidative stress or increase their resistance to the damage 
caused by oxidants [53, 54].  

 

Fig. 3: Representative tracings showing changes in turbidity 
(OD at 620 nm) of RBC samples in response to AAPH following 
incubation with CE, CHE, EAE, Quercetine (Q) and Ascorbic acid 
(VIT C). Recording started immediately following the addition 

of AAPH. Each value is represented as mean of numbers of 
triplicates±SD (n = 3) 

 

 

Fig. 4: Percentage of hemolysis of RBCs with 0.1 mg/ml of D. 
gnidium extracts (CE, CHE, EAE), Quercetine (Q) and Ascorbic 
acid (VIT C). Each value is represented as mean±S. D (n = 3). 

(***p ≤0.001;**p ≤0.01; *p ≤0.05) 
 

 

Fig. 5: DPPH radical scavenging activity of different DGE 
extracts; crud extract (CE) ethyl acetate (EAE), chloroform 

(CHE), rutine (Rut), quercetine (Q) and gallic acid (Gal A). Data 
are presented as IC50

 

 values. Each value represents the 
mean±SD (n = 3). (***p ≤0.001; compared to Gal A) 

Scavenging activity of D. gnidium extracts  on DPPH radicals 

The results show that DGE have a concentration-dependent 
scavenging activity in quenching DPPH radicals. The CE was more 
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effective than other extracts but less effective than the standards 
used (p ≤ 0.01) followed by CHE which gave an effect lower than CE 
by 4 folds (fig. 5). In most cases, the aqueous alcohol extracts 
showed better antioxidant activities than the chloroform extracts in 
DPPH-assay because it is considered the best solvent for extracting 
phenolic compounds from plant materials [55]. However, EAE 
showed the lowest effect than those of CE and CHE. 

Although there is a great difference between EAE and CE extracts in 
flavonoid content, but the second one exhibited a higher antiradical 
effect, this may be explained by the interaction of different 
flavonoids and/or other compounds present in CE. It is reported that 
terpenoids and flavonoïds having glycosidic linkage are likely to be 
extracted into aqueous extracts [56]. It was demonstrated that 
DPPH•

Hydroxyl radical scavenging activity of different DGE extracts 

 free radicals scavenger potential of polyphenolic compounds 
depends on the particular substitution pattern of free hydroxyl 
groups on the flavonoid skeleton, the highly active flavonoids 
possess a 3', 4’-dihydroxy occupied B ring and/or 3-OH group [57]. 

The hydroxyl radical is known to be detrimental and initiates auto-
oxidation, polymerization and fragmentation of biological molecules 
[58]. Hydroxyl radicals are also known to be the most reactive 
species, causes damage to DNA, protein and other life essential 
biological molecules, leading to mutagenesis, carcinogenesis, and 
aging [59]. Therefore, the removal of the hydroxyl radical is 
probably one of the most effective defenses of a living body against 
various diseases [60]. The D. gnidium extracts and ascorbic acid 
showed significant inhibition of hydroxyl radicals generated by 
Fenton’s reagent in a concentration dependent manner. The 
hydroxyl radical scavenging data (fig. 6) indicated that all extracts of 
D. gnidium possess the ability to scavenge this reactive oxygen 
species (ROS). Among the D. gnidium extracts, it was found that CHE 
was efficient in quenching the hydroxyl radical formation and 
expressed as an IC50 value of 0.425±0.011 mg/ml, followed by EAE 
(0.574±0.037 mg/ml) and CE (1.479±0.025 mg/ml) (p ≤0.001). It is 
worth to mention that ascorbic acid was shown to be the strongest 
inhibitor than tested extracts (IC50

 

: 0.159±0.005 mg/ml) (p ≤0.001). 
Many previous studies have investigated the relationship between 
the antioxidant activity of plant products and their poly phenolic 
content [61]. Poly phenolic compounds are very important 
antioxidants due to their hydroxyl groups that confer free radical 
scavenging ability to plant products. Flavonoids, probably the largest 
of the natural phenolics, possess antioxidant properties acting as an 
effective scavenger of deleterious free radicals and reactive oxygen 
species [62].  

 

Fig. 6: Hydroxyl radical scavenging activity of D. gnidium 
extracts and ascorbic acid. Lower IC50 

 

value indicates higher 
antioxidant activity. CE; crud extract, CHE; chloroform extract, 
EAE; ethyl acetate extract. Values are means±SD (n = 3) (*** p 

≤0.001; compared to Vit C) 

Reducing power of D. gnidium extracts 

The antioxidant activities of natural components may have a 
reciprocal correlation with their reducing powers [63]. The reducing 
power assay is often used to evaluate the ability of the natural 

antioxidant to donate an electron or hydrogen [64]. In this assay, the 
presence of reductants in the antioxidant sample causes the 
reduction of the Fe3+/ferricyanide complex to the Fe2+/

 

ferrous form 
[65], so the reducing power of the sample could be monitored by 
measuring the formation of Perl’s Prussian blue at 700 nm. It has 
been widely accepted that the higher absorbance at 700 nm, the 
greater is the reducing power. Fig. 7 shows the reducing power of 
the extracts of D. gnidium and standards such as gallic acid and BHT. 
The reducing ability of the extracts showed a dose-dependent trend 
increasing with increase in the concentrations of the extracts. 
Chloroform extract (CHE) exhibited the highest reducing capability 
(0.369±0.004) at the concentration of 9 µg/ml (p ≤0.001), followed 
by ethyl acetate extract (EAE) (0.156±0.010) and crud extract (CE) 
(0.068±0.003). The reducing abilities recorded was in the following 
order, Gallic acid>BHT>CHE>EAE>CE. Gallic acid exhibited the 
highest reducing ability than both extracts and BHT with an 
absorbance value of (1.635±0.106) at 5µg/ml. The significant 
differences for the antioxidant activity among the different extracts 
may be attributed to the type of phenolics compounds present in 
this extract. 

 

Fig. 7: Reducing power of D. gnidium extracts, gallic acid and 
BHT. CE; crud extract, CHE; chloroform extract, EAE; ethyl 

acetate extract, BHT; butylated hydroxyl toluene. Values are 
mean of numbers of triplicates±SD (n = 3) 

 

Identification of phenolic compounds of DGE by HPLC-DAD 

Phenolic cmpounds of DGE were determined using LC/Uv-vis-DAD. 
These compounds were identified as cinnamic acid derivatives and 
other metabolites from the flavonoid family particularly, quercetin, 
luteolin and apigenin (fig. 8. A. B. C) 

 

HPLC chromatogram of methanol extract of D. gnidium. Peaks: 
1, 2. ferulic acid derivatives; 3. genistein (isoflavone) 

derivative; 4. cinnamic acid derivative; 5. vicenin-2; 6. cinnamic 
acid derivative; 7,8. cinnamic acid derivatives; 9. quercetin 3-O-

glucoside; 10. quercetin derivative; 11. luteolin glucoside; 12, 
13 and 14. apigenin derivatives; 14. apigenin derivative 
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HPLC chromatogram of of ethyl acetate extract of D. gnidium. 
Peaks: 1. gallic acid; 2. ferulic acid derivative (likely 

rhamnoside); 3. genistein (isoflavone) derivative; 4,5. peak 2 
isomers; 6. peak number 2 isomer; 7,8,9. p-coumaric acid 

derivatives; 10. quercetin 3-O-glucoside; 11. quercetin 
derivative; 12. luteolin glucoside; 13. methyl apigenin 

glucoside; 14. luteolin glucoside 

 

 

HPLC chromatogram of the chloroform extract of D. gnidium. 
Peaks: 3. genistein (isoflavone) derivative; 5. vicenin-2; 6. 

cinnamic acid derivative; 10. quercetin derivative; 11. luteolin 
glucoside; 14. apigenin derivative 

Fig. 8: LC/Uv-vis-DAD chromatograms of D. gnidium extracts 
visualised at 330 nm A: methanol extract; B: ethyl acetate 

extract C: chloroform extract 
 

The observed antioxidant activity of DGE may be due mainly to one 
or more of the compounds found in Daphne gnidium such as 
phenolic compounds (mainly cinnamic acid) and flavonoids 
(flavones, flavonols and flavanones). It has been shown that 
quercetin and its glycosides exert inhibitory activity against lipid 
peroxidation [66]. Vicenin and luteolin-7-glucoside has shown the 
strongest antioxidant activity in vitro tests [67]. The positive effects 
of these antioxidant components come from their ability to inhibit 
lipid peroxidation [78]. Cos et al., (2002) [69] measured the 
antioxidant activities of many phenolic acid derivatives. It has been 
found that gallic, protocatechuic, caffeic, and chlorogenic acids are 
good inhibitors of microsomal lipid peroxidation. Torel and Cillard 
(1986) [70] found that the inhibitory effects of flavonoids on 
autoxidation of linoleic acid increased in the order 
fustin<catechin<quercetin<rutin<luteolin<kaempferol<morin. 
Previous studies have reported the antioxidant and free radical-
scavenging activities of Ferulic acid. In addition genistein is a 
powerful antioxidant with cellular differentiation activity [71]. It has 

been proposed that the inhibition of DNA damage by genistein 
suggests its potential anticarcinogenic activity. (Noroozi et al., 1998) 
[72] studied the inhibitory effects of flavonoids on the hydrogen 
peroxide-initiated oxidative DNA damage to human lymphocytes. 
The efficiency of flavonoids decreased in the range of 
luteolin>myricetin>quercetin>kaempferol>quercitrin>apigenin>que
rcetin-3-glucoside>rutin. Most of the flavonoids were more effective 
inhibitors than ascorbic acid.  

To assess the antioxidant activities of single compounds or the 
antioxidant capacity of plant extracts, a variety of methods based on 
different mechanistic principles must be used in parallel, because 
different methods often give different results. We showed in the 
present study widely ranging results. All the extracts obtained from 
D. gnidium studied contained phenolics, flavonoids and antioxidant 
capacity, although with different efficiencies. The shoot extracts of 
the D. gnidium had high phenolic and flavonoid contents and 
antioxidant capacity. In addition, our results demonstrate for the 
first time that D. gnidium shoots extracts confers protection against 
free radical-induced oxidative damage on biological membranes. 
Flavones and flavonols were the major compounds in shoots of D. 
gnidium. The present study also indicates that the possible 
antioxidant mechanism of the extract may be due to its hydrogen or 
electron donating and direct free radical scavenging properties. The 
interpretation of data from the antioxidant assays is complicated; 
the antioxidant capacity of extracts was strongly dependent on the 
qualitative and quantitative phenolic profile. However, it cannot be 
ruled out that other non-phenolic compounds might be involved in 
the antioxidant activity. It is therefore suggested that D. gnidium 
shoots is a novel and promising natural antioxidant agent with high 
potential to prevent or slow the progress of human diseases 
mediated by oxidative stress. Considering its chemical composition 
and excellent antioxidant properties, further assays are being 
undertaken to assess other biological activities.  

CONCLUSION  
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	Total phenolic and flavonoid contents were expressed as µg gallic acid equivalents per gram dry weight (µg GAE/g) and µg quercetine equivalents per gram dry weight (µg QE/g) respectively (table 1).

