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ABSTRACT  
To date, no studies have investigated the phytochemical screening and biological activities of Cachrys libanotis L. traditionally used for the 
treatment of gout and rheumatism. Therefore, we aimed to investigate, for the first time, the phytochemical contents, the xanthine 
oxidoreductase inhibition, antibacterial, and antioxidant activities of extracts derived from the roots of C. libanotis L. Roots were submitted to 
extraction and fractionation using three different solvents sequentially, in the ascending order of polarity. Subsequently, XOR was purified from 
bovine milk and its inhibition was evaluated using xanthine/XOR system. The antioxidant activities were assessed employed superoxide 
scavenging, β- carotene bleaching, DPPH scavenging, ferrous iron chelation and FRAP assays). The antibacterial activity was tested by disc 
diffusion assay against 11 ATCC strains. Extraction and fractionation gave crude extract (CrE), hexane extract (HxE), chloroform extract (ChE), 
ethyle acetate extract (EAE) and aqueous extract (AqE).  EAE exhibited the highest XOR inhibitory effect. CrE exhibited the highest effect as 
DPPH scavenger. All fractions exhibited a good activity against linoleate oxidation. Both CrE and AqE had an excellent chelating activity. 
Extracts showed a medium reducing power with greatest value exhibited by EAE. The plant extracts exhibited moderate to good antibacterial 
activity where the HxE extract had the strongest antimicrobial activity. From the obtained results, C. libanotis roots might be helpful in 
preventing or slowing the progress of gout, and it could be used as an additive in the food industry providing good protectio n against oxidative 
damage. 
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INTRODUCTION 

Medicinal plants have been used as sources of medicine in 
virtually all cultures. Plant materials contain secondary 
metabolites that polyphenols constitute one of the principal 
classes 1. These compounds arouse a big interest by their 
numerous beneficial effects toward human health. In 
particular, flavonoids are recognized for their antioxidant, 
anti-inflammatory and antimicrobial properties 2,3 (Ruiz‐
Cruz et al. 2017). These activities have the most often a link 
with their antioxidant activity and particularly their capacity 
to inhibit enzymes responsible for radical generation, 
scavenge free radicals and chelating metal ions 2. 

Reactive oxygen species (ROS) are well recognized for 
playing a dual role as both deleterious and beneficial species. 
Beneficial effects of ROS occur at low/moderate 

concentrations and involve physiological roles in cellular 
signaling pathways 4. In contrast, the generation of ROS 
beyond the antioxidant capacity of a biological system gives 
rise to oxidative stress, a deleterious process that can be an 
important mediator of damage to cell structures, including 
lipids and membranes, proteins, and DNA 5. Oxidative stress 
facilitates the development of a variety of human diseases 
such as inflammations, cardiovascular diseases, 
neurodegenerative diseases, diabetes mellitus and cancers 
6,7. 

Xanthine oxidoreductase (XOR), one of the major sources of 
ROS, catalyzes the hydroxylation of hypoxanthine to xanthine 
and xanthine to uric acid, in humans and in a few other 
uricotelic species 8,9. Hyperuricemia is the most cited 
pathology involving XOR.  A pathological state arises from 
overproduction of uric acid that forms microscopic crystals 
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in the capillary vessels of joints. These crystals cause 
inflammation and sharp pain, which is termed acute gouty 
arthritis or acute gout 10. Currently, no clinically effective 
xanthine oxidase inhibitor for the treatment of 
hyperuricemia has been developed since allopurinol 11. 
Therefore, new inhibitor devoid of undesired side effects has 
been investigated. Many studies of natural polyphenols, 
especially flavonoids, in the form of plants or purified 
extracts show that they could be used as XOR inhibitors. 

Over the last few decades, a great interest has developed in 
searching for antimicrobial drugs from natural products 
because of the belief that drugs derived from plants are safe 
compared with synthetic drugs that may have adverse effects 
besides their high cost 12. Currently, many bacterial are 
becoming resistant to the existing antibiotics due to their 
misuse or repeated use of antibiotics in the treatment of 
infectious diseases. Therefore, scientists advance in their 
research findings on the bacterial targets to attack the 
evolved bacteria and attentions towards to the popular plant 
extracts and biologically active compounds isolated from the 
plant 13. 

In Algeria, Apiaceae family has about 55 genera and 130 
species. Cachrys is a genus belonging to such family, and it 
include more than 100 species, widely distributed in 
Mediterranean basin 14. Cachrys libanotis L. (C. libanotis) 
have traditional claims for the treatment of rheumatism.  

At the time, there are no scientific reports neither on the 
extraction of polyphenols from the C. libanotis roots nor on 
their biologic activities. The aim of our study is to investigate 
the phytochemical contents, antioxidant and antibacterial 
properties and the ability of C. libanotis roots extracts to 
inhibit XOR. 

MATERIAL AND METHODS 

The medicinal plant C. libanotis L. was gathered from Ain-
Touta, Batna (Algeria) in November 2010. The voucher 
specimen was identified by Pr. Oujhih B. Institut of nutrition 
and agronomy, Batna (Algeria) with the reference number 
120/ISVSA/UHL/11. The C. libanotis roots were washed, cut 
in thin rings, dried in free air and in dark, and powdered 
using traditional mill. The powder was conserved in glass 
bottle in dark at ambient temperature until its use. 

Bovine milk was obtained from local farm from Guedjel, Setif 
(Algeria) in February 2011 and stored at 4°C until its use.  

Eleven bacteria that comprized of Pseudomonas  aeruginosa  
ATCC  27853,  Escherichia coli ATCC 25922,   Salmonella 
typhimurium ATCC  13311,    Acinetobacter  baumanii  ATCC  
19606, Citrobacter  freundii  ATCC  8090,  Proteus  mirabilis 
ATCC  35659,  Klebsiella  pneumoniae  ATCC 700603, 
Staphylococcus  aureus  ATCC  25923, Bacillus  cereus  ATCC  
10876,  Enterococcus  faecalis ATCC  49452 and  Lysteria  
monocytogenes  ATCC  15313 have been chosen for the 
antibacterial screening. All the strains were the American 
Type Culture Collection (ATCC) which were obtained from 
Laboratory of Natural substances (Telemcen, Algeria). 

All the other reagents were purchased from Sigma chemicals 
(Germany) and Fluka.  

Purification of bovin milk xanthine oxidoreductase  

The XOR was purified routinely in our laboratory from 
Bovine milk. The purification includes extraction with 
butanol, fractionation with ammonium sulfate, and 
purification by chromatography on heparine-agarose 15. The 
XOR concentration was estimated at 450 nm using the FAD 
extinction coefficient (36 000 M-1cm-1) 16. The purity of 

enzyme was assessed on protein/flavin ratio (PFR = A280 
/A450) 17, and on a 10% sodium dodecyl sulphate- 
polyacrylamide gel electrophoresis (SDS–PAGE) 18. Total and 
specific activities of  bovine milk XOR was assayed 
spectrophotometrically at 295 nm following the production 
of uric acid with an extinction coefficient of 9600M-1cm-1 19.  

Extraction of phenolics compounds 

The C. libanotis powder was soaked, in 85% aqueous-
methanol with a ratio of plant material and extracting 
solvent of 1:10 w/v, under agitation overnight at 4°C 20. The 
extract was filtered on filter paper then on sintered glass and 
the methanol was removed under reduced pressure on a 
rotavapor below 45°C. The milk white crude extract was 
coded as CrE. The CrE was subjected to fractionation using 
liquid- liquid extraction. The CrE was successively extracted 
with different solvents of increasing polarity: hexane for 
defatting, chloroform for aglycone flavonoids extraction and 
ethyl acetate for glycoside flavonoids extraction. The 
obtained organic layer of each partition was evaporated 
under reduced pressure on a rotavapor below 45°C to 
dryness and to afford hexane, chloroform, ethyle acetate and 
aqueous fractions coded as ChE, EAE and AqE, respectively. 
All of these fractions were stored at 4°C prior to use (in 
2011). 

Determination of total phenolics content 

Total phenolics content of CLRE was estimated by Folin–
Ciocalteu reagent 21. This method consists of the 
phosphotungstic (WO4-2)-phosphomolybdic (MoO4-2) acid 
(Folin-ciocalteu’s reagent, FCR) reduction by the phenolic 
hydroxyl groups, resulting in the formation of a blue product 
in alkaline solution. Briefly, 200µl of appropriate dilution of 
each extract were added to 1 ml of 1:10 diluted FCR. After 4 
min, the reaction mixture was neutralized with 800 µl of 
saturated sodium carbonate (75 g/l). Subsequently, the 
shaken mixture was allowed to stand for 2 h at room 
temperature, and then measured at 765 nm. Gallic acid (GA, 
20 -140 mg/l) was used for the standard calibration curve. 
The results were expressed as µg gallic acid equivalent 
(GAE)/mg of each extract.  

Determination of flavonoids content 

The trichloride aluminium (AlCl3) method 22 was used for 
determination of the flavonoids content of the CLRE, 
employing the reaction of complex formation between 
flavonoids and aluminum chloride. Aliquots of 1 ml of each 
extract were added to equal volumes of a solution of 2% 
AlCl3.6H2O (2 g in 100 ml methanol). The mixture was 
vigorously shaken, and absorbance was read at 430 nm after 
incubation in dark at room temperature of 10 min. Quercetin 
(QE, 1-40 mg/l) were used as standards for calibration curve. 
Flavonoids contents were expressed as µg quercetin 
equivalent (QE)/mg of each extract. 

Effect of CLRE on XOR 

The XOR inhibitory activity was carried out using 
spectrophotometric method, following uric acid production 
at 295 nm 23. The assay mixture consisted of 50 mM air-
saturated phosphate buffer (Na2HPO4 /NaH2PO4, pH 7.4, and 
containing 0.1 mM ethylenediaminetetraacetic acid (EDTA)), 
0.1 mM xanthine (pH 7.4) and 50 µl of corresponding 
concentration of each extract diluted in buffer or methanol. 
Control experiments revealed that the methanol did not 
influence the activity of XOR at this concentration. The 
reaction was initiated by the addition of enzyme and the 
inhibition was evaluated after 1 min. Allopurinol was 
assayed as a positive control. The enzyme activity of the 
control sample was set to 100% activity. 
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Antioxidant activities 

Effects of CLRE on superoxide generated by 
xanthine/XOR system 

Superoxide (O2•-) generated by the xanthine/XOR system 
are able to reduce cytochrome c. Effects of CLRE on the 
generation of O2•- were determined 24. The reaction mixture 
contained xanthine (100 µM), horse heart cytochrome c (25 
µM) in air-saturated phosphate buffer (Na2HPO4 /NaH2PO4, 
50 mM, pH 7.4) supplemented with 0.1 mM EDTA, and 
corresponding concentration of each extract diluted in buffer 
or methanol. The reaction was started by the addition of 
XOR.  After 1 min, reduced cytochrome c was determined at 
550 nm against enzyme-free mixture. 

Effects of CLRE on superoxide generated by NADH/PMS 
system 

Antiradical activity was determined 25. The assay involves the 
production of O2•- from O2, using NADH as a reductant, and 
phenazine methosulfate (PMS) as a catalyst, in the presence 
of an indicator, nitroblue tetrazolium (NBT), which turns 
blue when reduced by O2•-. The color change can be 
monitored at 560 nm. Briefly, the reaction mixture consisted 
of 300 µl of buffer (NaH2PO4/Na2HPO4, pH 7.8), 50 µl β-
NADH (3 mM), 50 µl of varying concentrations of each 
extract, 50 µl NBT (1 mM) and 50 µl PMS (0.3 mM). The 
reaction was conducted at room temperature for 2 min, and 
initiated by the addition of PMS for 3 min. Superoxide 
scavenged was determined by comparing the extent of NBT 
reduction with controls. 

β-carotene/linoleic acid bleaching assay 

Antioxidant capacity is determined by measuring the 
inhibition of CLRE compounds and the conjugated diene 
hydro-peroxides arising from linoleic acid oxidation 26. A 
stock solution of β-carotene/linoleic acid mixture was 
prepared as follows: 0.5 mg β-carotene was dissolved in 1ml 
of chloroform, and then 25 µl linoleic acid and 200 mg Tween 
40 were added in round-bottomed flask. Chloroform was 
evaporated using a rotavapor. A volume of 100 ml distilled 
water saturated with oxygen (30 min, 100 ml/min) was 
added with vigorous shaking to form emulsion. An aliquot of 
350 µl of each extract, prepared in methanol and/or distilled 
water at concentration of 2 mg/ml, were added to 2500 µl 
aliquot of reaction mixture, and the emulsion system was 
incubated up to 48h in dark at room temperature. Control 
samples (2 mg/ml) received only the emulsion without any 
sample, while blank consisted only of corresponding extract 
or control. After this incubation period, absorbance of the 
mixtures was measured at 490 nm after 0h, 1h, 2h, 4h, 6h, 
12h, 24h and 48h of incubation. The rate of bleaching of β-
carotene was calculated as antioxidant activity (AA). 

DPPH scavenging assay 

The DPPH is a purple-colored stable free radical; it becomes 
reduced to the yellow-colored, diphenyl picrylhydrazine. 
According to 27 with slight modification, 50 µl of various 
dilutions of each extract or standards were mixed with 1250 
µl of a 0.004% methanol solution of DPPH. After an 
incubation period of 30 min in dark at room temperature, the 
absorbance of the samples was read at 517 nm. The BHT, 
gallic acid, quercetin, rutin were used as standards. Lower 
absorbance of the reaction mixture indicated higher free 
radical-scavenging activity. 

Ferrous iron-chelating assay 

Ferrous iron-chelating activity was measured by inhibition of 
the formation of Fe+2–ferrozine complex after treatment of 
test extract with Fe+2, following the method of 28 and 

modified by 29. The reaction mixture contained 250 µl 
extract, 50 µl FeCl2 (0.6 mM in water) and 450 µl methanol. 
The control contained all the reaction reagents except the 
extract. The mixture was shaken and allowed at room 
temperature for 5 min. un aliquot of 50 µl of ferrozine (5 mM 
in methanol) were then added, the mixture shaken again, 
followed by further reaction at room temperature for 10 min 
to complex the residual Fe+2 ion. The absorbance of the Fe+2-
ferrozine complex was measured at 562 nm against a blank 
contained all the reaction reagents except ferrozine. Lower 
absorbance indicates a higher chelating power. EDTA and 
quercetin were used as reference chelators. 

Ferric reducing ability of plasma (FRAP) assay 

The total antioxidant potential of each extract was 
determined using a Fe+3 reducing ability of plasma (FRAP) 
metho 30 modified by 31. The FRAP assay measures the 
change in absorbance at 593 nm due to the formation of a 
blue-colored Fe+2- 2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ) 
compound by the reaction of colorless Fe+3 and electron-
donating antioxidants. The FRAP reagent was prepared by 
mixing 10 volume of 300 mM acetate buffer (pH 3.6) with 
one volume of 10 mM TPTZ in 40 mM HCl and one volume of 
20 mM FeCl3. Freshly prepared FRAP reagent was warmed to 
37°C, and a reagent blank reading was taken at 593 nm. 
Subsequently, 90 µl of deionized water and 30 µl of sample, 
water or methanol as appropriate for the reagent blank, 
were added to the FRAP reagent. The initial blank reading 
with the FRAP reagent alone was subtracted from the final 
reading selected of the FRAP reagent with the sample to 
determine the FRAP value of the sample. All solutions were 
used on the day of preparation. A standard curve was 
prepared using different concentrations (0-2000 µM) of 
FeSO4 .7H2O. The result was expressed as the concentration 
of antioxidants having a ferric reducing ability equivalent to 
that of 1 mM FeSO4.7H2O, EC1 31. The equivalent 
concentration to that of 1 mM FeSO4 (EC1) was calculated as 
the concentration of antioxidant giving absorbance increase-
+e in the FRAP assay equivalent to the theoretical 
absorbance value of 1 mM concentration of Fe+2 solution 
determined using the corresponding regression equation. In 
this study the reaction was monitored for 30 min, but the 4 
and 30 min readings were selected for calculation of FRAP 
values. Total antioxidant power (TAP) was calculated from 
the EC1.  

Antibacterial acitivity 

The antibacterial activity of extracts were examined against 
11 types of reference bacterial strains obtained from the 
American Type Culture Collection (ATCC),  i.e. Gram-:  
Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 
25922, Salmonella typhimurium ATCC 13311, Acinetobacter 
baumanii  ATCC  19606, Citrobacter  freundii  ATCC 8090, 
Proteus mirabilis ATCC 35659, Klebsiella pneumoniae  ATCC 
700603.Gram+  :  Staphylococcus  aureus  ATCC  25923, 
Bacillus  cereus  ATCC  10876,  Enterococcus  faecalis ATCC  
49452,    Lysteria  monocytogenes  ATCC  15313. The micro-
organisms were cultured overnight at 37°C in nutrient agar. 

A 100mg/ml solution of the EAE, ChE and AqE were 
prepared by dissolving the extract in sterile distilled water. 
The CrE and HxE were dissolved in 50 % and 100 % 
dimethyl sulfoxide (DMSO) to achieve a concentration of 100 
mg/ml. The resulting solutions were sterilized by filtration 
(0.45 μm). 

A fresh bacterial inoculum was suspended in sterile normal 
saline until turbidity was equivalent to 0.5 McFarland 
standard (1.5 × 108 CFU/ml). 
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Mueller-Hinton agar medium was prepared and poured in 
Petri dishes. Next day, from appropriate concentration (1.5 × 
108 CFU/ml), the bacterium was subcultured on the media by 
streaking the bacterial suspension using a cotton swab. Discs 
(each 6 mm in diameter) were made in agar plates. A volume 
of 20 μl of each plant extracts was added to each disc. 
Distilled water and DMSO were used as a negative control 
while Gentamicin were used as positive control. The 
inoculated dishes were covered and incubated at 35 ºC for 24 
h, then the diameter of the bacterial inhibition zone was 
measured to evaluate the antibacterial activity 32. Each plant 
extract was examined in duplicate. 

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 Duncan’s 

multiple comparison test and Tukey’s multiple comparison 
test. The Pearson correlation analysis was performed 
between antioxidant activity and total phenolic and 
flavonoids contents, and, in the other hand, between total 
phenolic content and flavonoids content. All results were 
analysed using GraphPad Prism version 5.00. p value ≤ 0.05 
was regarded as significant. 

RESULTS AND DISCUSSION 

Total phenolics and flavonoids contents 

The extraction yields calculated showed that CrE registered a 
yield of 12.14 ± 0.34 %. The values of total phenolics and 
flavonoids contents were showed in Table 1. The highest 
levels of both polyphenols and flavonoids were recorded by 
EAE (82.23 ± 2.03 µg GAE/mg of extract and 0.63 ± 0.28 µg 
QE /mg of extract, respectively). 

 

Table 1: Total polyphenols and flavonoids contents of CLRE 

Extract Yeilds (%) 

Total phenols 

Content (µg GAE/mg 

of extract) 

Flavonoids 

Contents (µg QE/mg 

of extract) 

Total phenols 

Content (mg/100 g 

of dry powder 

Flavonoids 

Contents (mg/100 g 

of dry powder 

CrE 

ChE 

EAE 

AqE 

12.14 ± 0.34 

0.26 ± 0.01 

0.20 ± 0.01 

7.38 ± 0.10 

15.64 ± 3.59 

49.64 ± 6.01 

83.23 ± 2.03 

14.98 ± 2.00 

0.10 ± 0.01 

0.11 ± 0.01 

0.63 ± 0.28 

0.05 ± 0.01 

188.94 ± 0.04 

13.69 ± 0.00 

16.44 ± 0.00 

108.97 ± 0.01 

1.23 ± 0.00 

0.02 ± 0.00 

0.13 ± 0.05 

0.40 ± 0.08 

Values are expressed as mean ± SD (n=3). 

 

A correlation analysis was performed on total phenolics and 
flavonoids contents using Pearson’s correlation coefficient. 
Pearson’s correlation coefficient was positively high if 0.610 
< r < 0.974 and negatively high if -0.610 < r < -0.974 33. As 
expected, total phenolics content of CrE and fractions had 
strong positive correlation with flavonoids content (r = 
0.893). This indicates that flavonoids are the dominating 
phenolic group in CrE and its fractions. 

Purification of bovine milk xanthine oxidoreductase   

The freshly purified bovine milk XOR showed an ultraviolet / 
visible spectrum with three major peaks at 280, 325 and 450 
nm, with yield of 17.97 mg/l and A280/A450 (PFR) of 5.03 
indicating a high degree of purity 17. Run on SDS-PAGE, 
purified enzyme showed quite similar patterns with one 
major band of approximately 150 KDa. Total XOR and XO 
specific activities were 2261 nmsole/min/ mg and 2011 
nmole/min/mg of enzyme, respectively. These results are 
similar to those obtained by 15, 23. 

Effect of CLRE on XOR 

All extracts of C. libanotis roots inhibited XOR in a 
concentration-dependent manner. As figure 1 showed, the 
most potent XOR inhibitors observed were EAE and ChE with 
an IC50 of 0.11 ± 0.01 and 0.14 ± 0.00 mg/ml, respectively, 
followed by CrE (IC50 = 1.05 ± 0.00 mg/ml) then AqE (IC50 = 
2.35 ± 0.08 mg/ml). Interestingly, EAE showed a strong 
inhibitory effect toward XOR which was similar to that of the 
allopurinol (IC50 = 0.009 ± 0.00 mg/ml). Moreover, at high 
doses of the CrE, ChE and AqE, XOR would be significantly 
inhibited (p ≤ 0.05). 

 

Figure 1: Inhibitory concentration of CLRE for 50% of XOR 
activity (IC50). Comparison was realised against allopurinol. 
*:  p ≤ 0.05, ***: p ≤ 0.001, and ns: non significance. 

Since flavonoids are a group of polyphenolic compounds, 
which have been reported to possess XOR inhibitory activity, 
the presence of phenolics and flavonoids content in the CLRE 
would have contributed towards XOR inhibition. The 
correlation analysis indicated that there is a high negative 
correlation between total phenolics content and IC 50 of XOR 
inhibitory activity (r = - 0.7919) but it was weak with 
flavonoids content (r = - 0.5787). In the view of this 
correlation, a good part of the XOR inhibitory activity 
induced by CrE and fractions can be linked up to the content 
of polyphenols. In addition, these results showed that the 
XOR inhibition could be linked not only on the polyphenols 
and flavonoids contents, but also to the nature of these 
compounds 34. Our findings are in agreement with studies 
showing that polyphenols inhibit the XOR 23,35. 
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Effect of CLRE on superoxide generated by xanthine/XOR 
system  

The O2•- scavenging activity of the CLRE are markedly 
increased with increasing concentrations. The obtained 
results showed that ChE present the most potent O2•- 
scavenger with an IC50 of 0.22 ± 0.00 mg/ml followed by EAE 
with IC50 of 0.47 ± 0.00 mg/ml. While CrE present a high IC50 
of 2.69 ± 0.08 mg/ml, IC50 value of AqE could not be 
determined, since the highest concentration tested did not 
lead to inhibition as high as 50%. The reduction of 
cytochrome c+3 was almost totally inhibited by SOD (330 
U/mL). 

Since an inhibitory effect on the enzyme itself would also 
lead to a decrease in reducing cytochrome c+3, we cannot 
confirm that this decrease in presence of extracts is only due 
to their O2•- scavenger abilities. In this regard, the previous 
results were compared with that obtained from extracts 
inhibitory effect on XOR, demonstrating that CrE, ChE and 
EAE exhibited a dual effect (XOR inhibition and O2•- 
scavenger) on cytochrome c+3 reduction. These extracts 
present a predominance of an enzyme inhibition activities 
rather than a scavenging of O2•-. In contrast, AqE shows an 
inhibitory effect on the enzyme only (Figure 2). According to 
the classification of 36, CrE, ChE and EAE were selected in 
category C (XO inhibitors with an additional superoxide 
scavenging activity), and AqE in category B (XO inhibitors 
without any additional superoxide scavenging activity). 

 

Figure 2: Comparison between IC50 of CLRE resulting from 
XOR inhibition and O2•-  scavenging assays. 

Effects of CLRE on superoxide generated by NADH/PMS 
system  

To confirm the scavenger effect of CLRE on O2•-, the NBT 
assay was carried out. The different concentrations of 
extracts showed antiradical activity in a dose-dependent 
manner. At concentration from 120 to 300 µg/ml, ChE 
inhibited the reduction of NBT by 29.15 to 75.15%, showing 
the high scavenging activity followed by EAE and CrE (Figure 
3).  

 

Figure 3 : Scavenging activity of CLRE on O2•- generated by 

NADH/PMS system. Comparison was realised against ChE, 

***: p ≤ 0.001. 

An order similar to that found in O2•- scavenging using 
xanthine/XOR system.  Compared to result obtained in O2•- 
scavenging using xanthine/XOR system, we can suggest that, 
the possible inhibition mechanism of both NBT and 
cytochrome c reduction was through direct O2•-scavenging 
action not XOR inhibition. However, for the ChE, the 
mechanism occurred through dual action of XOR inhibition 
and O2•- scavenging with favor of XOR inhibition. The 
antioxidant properties of flavonoids are effective mainly via 
the scavenging of O2•- 37. However, through the correlation 
analysis, the O2•- scavenging activity of CrE and fractions did 
not point to any correlation with phenolic compounds 
content (r = - 0.3885) and flavonoids content (r = 0.1103). 
The lack of correlation indicated that phenolic compounds 
and flavonoids played a weak role on O2•- scavenging 
activity. 

β-carotene/linoleic acid bleaching assay 

The mechanism of β-carotene bleaching is a free-radical 
mediated phenomenon resulting from the hydroperoxides 
formed from linoleic acid. β-carotene undergoes rapid 
discoloration in the absence of an antioxidant. The linoleic 
acid free radical formed upon the abstraction of a hydrogen 
atom from one of its diallylic methylene groups attacks the 
highly unsaturated β-carotene molecules. As β-carotene 
molecules lose their double bonds by oxidation; the 
compound loses its chromophore and characteristic orange 
color, which can be monitored spectrophotometrically 38. 
Presence of different antioxidants can hinder the extent of β-
carotene bleaching by neutralizing the linoleate free radical 
and other free radicals formed in the system. 
Hydroperoxides formed in this system will be degraded by 
the antioxidants from the extract/fractions. Accordingly, the 
absorbance decreased rapidly in samples without 
antioxidant whereas, in the presence of an antioxidant, they 
retained their color, and thus absorbance, for a longer period 
of time 39. The bleaching kinetics of β-carotene in the 
presence CrE, fractions, controls and standard are shown in 
figure 4. The CrE, fractions, controls and standard inhibited 
the oxidation of β-carotene. This effect is due to either the 
inhibition of linoleic acid peroxidation or the radical 
scavenging of hydroperoxides formed during the 
peroxidation of linoleic acid.  

 

Figure 4 : Kinetic of antioxidant activity of CLRE, water, 

methanol and BHT during 48h, using a β-carotene/ linoleic 

acid bleaching assay. Values are expressed as means of 

triplicate. 

The EAE exhibited the highest AA (76.21 ± 6.12%), which 
was near to that of BHT (96.17 ± 2.05%), following by CrE 
and AqE with, approximately, an equal AA (65.17 ± 1.88 % 
and 64.57 ± 1.68%, respectively). Whereas, ChE exhibited the 
lowest AA (56.95 ± 3.40%) (Figure 5). 
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Figure 5 : Antioxidant activity of CLRE compared with BHT, methanol and water. Comparison was realised against positive 

control (BHT); * ≤ 0.05, *** p ≤ 0.001. 

 

With reference to correlation analysis, there was a weak 
correlation between phenolic compounds contents and 
antioxidant activity based on β-carotene bleaching assay (r = 
0.5309). This showed that the phenolic compounds from the 
plant in this study weakly inhibited the oxidation of β-
carotene by hydroperoxides. Possibly, other bioactive 
compounds were responsible for the antioxidant activity 
determined 40. Our findings were consistent with the studies 
conducted 41,42, that showed that there was no correlation 
between antioxidant activity based on β-carotene bleaching 
assay and total phenolics contents. 

DPPH scavenging asssay 

The DPPH radical scavenging activity of extracts increased 
with concentration. As table 2 showed, CrE was found to 
exhibit the greatest scavenger activity with IC50 of (0.41 ± 
0.01 mg/ml), followed by that of EAE (0.57 ± 0.01 mg/ml). 
The radical scavenging activity in the plant extracts 
decreased in the following order: CrE ˃ EAE ˃AqE ˃ ChE. The 
DPPH scavenging activities of all plant extracts were 
significantly lower than that of BHT (p ≤ 0.001). 

 

Table 2: DPPH scavenging activity of CLRE and standards. 

Standards IC50 (mg/ml) Extracts IC50 (mg/ml) 

BHT 

GA 

Quercetin 

Rutin 

0.09 ± 0.00  

1.27 ± 0.00# 

2.57 ± 0.00# 

5.59 ± 0.00# 

CrE 

ChE 

EAE 

AqE 

0.41 ± 0.01*** 

1.14 ± 0.02*** 

0.59 ± 0.01*** 

0.69 ± 0.01*** 

#: µg/ml. Comparison was realised against BHT, ***: p ≤ 0.001. 

 

Several studies reported that the phenolic contents plant 
extracts are responsible for their radical scavenging activity. 
The phenolic compounds may act as free radical scavengers 
because of their hydrogen-donating ability and scavenging 
ability 43. Both total phenolic content and flavonoids content 
in CrE and fractions had no correlation with IC50 of DPPH 
scavenging activity (r = - 0.2302 ; r = - 0.2192, respectively). 
It might be supposed that phenolic compounds in CrE and 
fractions were not the major contributor in its antioxidant 
activity by DPPH scavenging assay. Moreover, this may be 
linked to the assumption that most of the flavonoids were in 
their glycoside forms and thus less effective compared to 
their aglycone forms 44. It means that polyphenols and 
flavonoids had no influence in antioxidant activity by DPPH 
scavenging method. 

Ferrous iron-chelating assay  

The chelating effects of the extracts on ferrous increased as a 
function of concentration. Surprisingly, CLRE exhibited an 
excellent chelating ability, which was even much better than 
that of quercetin (IC50= 950.4 ± 11.0 µg/ml). The CrE and 
AqE showed the highest chelating activity with an IC50 
values of 52.6 ± 0.3 and 52.7 ± 0.2 µg/ml, respectively, 
followed by EAE (503.5 ± 3.8 µg/ml) and ChE (635.5 ± 18.4 
µg/ml).  In other term, even with a dosage as low as 110 

µg/ml, the chelating ability of the CrE and AqE fraction 
reached over 90% in this assay. Moreover, both CrE and AqE 
had a near chelating effect than that of EDTA, demonstrating 
thus the excellent chelating ability of these extracts (Figure 
6).  As a control, EDTA exhibited, compared with those of 
extracts, strong chelating ferrous iron ability (IC50 = 6.1 
µg0/ml) which is close to that found by 29, 5.6 µg/ml. 

 

Figure 6 : Ferrous iron-chelating ability of CLRE and EDTA. 

Comparison was realised against EDTA; **: p ≤ 0.01, ***: p ≤ 

0.001. 
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Noting that AqE contained the lowest amount of both total 
phenolics and flavonoids compared to CrE, ChE and EAE ; 
however, it exhibited the highest chelating activity. This 
result can be explained by the work of 45, indicating that 
plant fractions induce chelating activity proportional to the 
polarity of their solvents. 

The relationship between polyphenol complexation for a 
range of metals has been widely reported in the literature.  
As a class, they tend to be good metal complexing agents. It is 
the structure of polyphenols that ultimately determines their 
effectiveness as complexing agents as well as the number of 
metal cations they can bind.  Binding ratios vary depending 
on the molecules involved 46. The possible mechanism of 
chelating Fe+2 by phenolics is as follows: phenolics, which 
possess a number of hydroxyl groups, firstly lose protonated 
hydrogen and then form strong coordination oxygen ion 
complexes with a ferrous ion 46. 

According to the literature, studies undertaken in recent 
years have demonstrated that the polyphenols and 
flavonoids can be excellent chelators for iron and copper 47. 
However, through the correlation analysis, the chelating 
activity of CrE and fractions did not point to any correlation 
with phenolic compounds content (r = 0.4481). The lack of 
correlation indicated that phenolic compounds and 
flavonoids played a weak role on the ferrous chelating 
activity. This result let us suggest that the noticeable 
chelating activity of C. libanotis roots was the result of 
synergic effect of all fractions’ compounds that include a high 
amount of nonphenolic hydrosoluble compounds. Our 
results are consistent with those found by 48 who reported 
that there is no correlation between phenolic compounds 
and flavonoids contents of the extract from the in vitro 
grown Trifolium pretense and ion chelating activity. 

Ferric reducing ability of plasma (FRAP) assay 

In contrast to method of 30, the absorbance did not stabilise 
after 4 min. Therefore, the measurements were continued for 
30 min, in agreement with method of 31. Some extracts even 
doubled their initial absorbance after 30 min of reaction, as 
was the case with CrE and EAE. However, while ChE showed 
only a minor increase beyond 4 min, AqE showed a high 
increase (Figure 7). The CLRE increased their reducing 
power with time might imply an ability to maintain their 
antioxidant activity for longer times, helping to maintain an 
adequate antioxidant status in vivo. Another remark that the 
reducing powers of CLRE increased with the increase in 
concentration. 

 

Figure 7:  Comparison between TAP of CLRE at 4 min and 30 
min. TAP values were expressed as mean ± SD of duplicate. 

Results of reducing power of extracts and gallic acid is 
presented in table 3.  At 4 min, EAE showed the highest TAP, 

referring a good reducing power. The EAE was followed by 
ChE, CrE and AqE with TAP lower than that of gallic acid. 
However, this order was changed at 30 min to: EAE ˃ 
CrE=AqE  ˃ ChE . The ChE appears having the strongest 
reducing power compared to CrE and AqE at 4 min ; 
however, at end of reaction (30 min), it presented the less 
reducing power. The matter might return to the nature of 
phenolic and non-phenolic compounds of each extract.  

Table 3 : TAP values at 4 min and 30 min of reaction with 
the FRAP assay 

 TAP (4mn) mM Fe+2 
/g extract 

TAP (30mn) mM Fe+2 
/g extract 

GA 

CrE 

ChE 

EAE 

AqE 

21.29 ± 1.18 

1.90 ± 0.07 

2.22 ± 0.02 

3.92 ± 0.07 

1.66 ± 0.01 

28.31± 1.46 

3.99 ± 0.07 

2.90 ± 0.00 

6.12 ± 0.02 

3.99 ± 0.01 

 

The reducing power and the total phenolic content of CLRE 
showed a strong negative correlation at 4 min (r  = - 0.9687 ; 
p = 0.0313). Moreover, a high negative correlation was found 
between the reducing power and flavonoids contents (r = - 
0.9404). Therefore, it can be said that the reducing power 
can be attributed to phenolics, especially to flavonoids. This 
result is in agreement with several reports indicating that 
the phenolic compounds contribute significantly to the 
reducing power in different medicinal plants 49,50. The results 
elucidate that polyphenolic contents of the CLRE appear to 
function as good electron and hydrogen donors and 
therefore should be able to terminate radical chain reaction 
by converting free radicals to more stable products. 

Antibacterial activity  

Infectious diseases are the top and second leading causes of 
death in low- and high-income countries. There is even a 
growing association between communicable (infectious) and 
non-communicable diseases 51. The health problems related 
to microbial infections are seriously exacerbated by the 
widespread of antibiotic resistance and the lack of effective 
new therapeutics. Therefore, we investigated the 
antimicrobial activity of extracts obtained from C. libanotis 
roots. 

The antibacterial activity were investigated using agar disc 
diffusion method against selected human pathogens. This 
method was known for its simplicity, its reproducibility and 
its effectiveness to test the sensitivity of the bacteria. 

The screening of antibacterial activity (Table 4) showed that 
the inhibition diameters varied from 7 to 12 mm for the 
studied strains. The HxE was sensitive to all strains and the 
higher inhibitory diameter was obtained for Staphylococcus 
aureus. The AqE did not produce inhibition zones against any 
type of tested bacteria ; whereas CrE produced inhibition 
zone diameter aginst Pseudomonas aeruginosa, 
Staphylococcus aureus, Bacillus cereus, respectively. Both ChE 
and EAE showed an antibacterial effect versus Bacillus 
cereus, Enterococcus faecalis and Lysteria monocytogenes. 
The inhibitory diameters of all extracts are lower than the 
inhibition diameters of Gentamicin for all strains. 
Interestingly, the results indicated that Gram+ bacteria are 
more sensitive to C. libanotis compared to Gram- bacteria, 
which proved to be more resistant to the extracts treatment.
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Table 4: Screening of the antimicrobial activity of the extracts of C. libanotis against Gram positive and negative bacteria. 

Bacteria 
Main inhibition zone (mm) 

CrE HxE ChE EAE Aq 

Gram- 

Pseudomonas aeruginosa ATCC 27853 

Escherichia coli ATCC 25922 

Salmonella typhimurium ATCC 13311  

Acinetobacter baumanii ATCC 19606   

Citrobacter freundii ATCC 8090  

Proteus mirabilis ATCC 35659 

Klebsiella pneumoniae ATCC 700603 

Gram+ 

Staphylococcus aureus ATCC 25923 

Bacillus cereus ATCC 10876 

Enterococcus faecalis ATCC 49452  

Lysteria monocytogenes ATCC 15313 

 

7.5 ± 0.5 

0 

0 

0 

0 

0 

0 

 

9.5 ± 0.5 

7.5 ± 0.0 

0 

0 

 

10.0 ± 0.5 

7.5 ± 0.5 

0 

0 

0 

0 

0 

 

11.5 ± 0.5 

10.0 ± 0.0 

10.0 ± 0.0 

8.0 ± 0.0 

 

- 

- 

0 

0 

0 

0 

0 

 

- 

9.3 ± 0.3 

8.8 ± 0.3 

8.0 ± 0.0 

 

- 

- 

0 

0 

0 

0 

0 

 

- 

9.5 ± 0.5 

8.0 ± 0.0 

7.0 ± 0.0 

 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Values are expressed as mean ± SD of duplicate. 

 

CONCLUSION 

In conclusion, although C. libanotis roots might consider as 
poor source for polyohenols, it showed a good XOR 
inhibition and free radical scavenger that might be helpful in 
preventing or slowing the progress of gout and thus 
providing initial data that justify the use and importance of 
C. libanotis roots in folkloric medicine. Otherwise, C. libanotis 
roots exhibited a strong ferrous iron-chelating and 
inhibition of linoleic acid oxidation suggesting that this plant 
could be used as an additive in the food industry providing 
good protection against oxidative damage. These results can 
be useful as a starting point of view for further applications 
of C. libanotis roots or its constituents in area of healthcare 
after performing clinical in vivo researches. 
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