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ABSTRACT

Objective: Calligonum Comosum is a native omani medicinal plants used traditionally by the locals to treat 
inflammation, toothache, gum sores and ulcer.  As antimicrobial resistance poses a serious threat on global scale 
by rendering many currently available antibiotics ineffective. This demands the need to look for novel therapeutic 
agents and there has been an expanded interest in natural products as sources of pharmacologically active principles. 
The present study was thus initiated to corroborate the therapeutic uses of this medicinal species by evaluating, the 
phyto-constituents, antibacterial, anti-biofilm and antioxidant activities of C. comosum. 

Methods: Quantitative and qualitative phytochemical analysis was done, using standard protocols. The antioxidant 
activity was assessed applying DPPH free radical scavenging assay, hydrogen peroxide radical scavenging assay and the 
total antioxidant capacity. Biofilm inhibition activity was evaluated using micro titer plate assay and well diffusion 
method was employed to determine the antibacterial activity. Cytotoxity was assessed in terms of LC50 value using 
brine shrimp lethality assay.

Results: The methanolic extracts of C. comosum showed significant antibacterial activity against all the five tested 
bacterial strains, with MIC values for all observed to be 1.25 mg/ml except for E. coli. Substantial reduction of 
the biofilm formation was observed for all bacterial species treated with C. comosum leaf and stem extracts and the 
extracts also displayed significant cytotoxicity against brine shrimp nauplii, exhibiting LC50 value of 56.797 µg/ml. 
The total phenolic content and flavonoid content was observed to be 56.6 ± 1.66 mg GAE/g and 49.33 ± 1.34 mg 
of QE/g of dry extract respectively. C. comosum exhibited potent DPPH scavenging activity, with IC50 value of 44.90 
µg/ml and the total antioxidant capacity was 130 ± 2.04 mg AAE/g. 

Conclusion: The result validates its ethno-medicinal use and suggests that the C. comosum can be exploited for its 
antibiofilm, antioxidant and antibacterial properties.
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INTRODUCTION

Microbes are becoming resistant to available antimicrobial medicines 
at an alarming rate. Antimicrobial Resistance (AMR) has rendered 
many currently available antibiotics ineffective. For instance, the 
methicillin resistant Staphylococcus aureus has shown resistance 
against different antibiotics such as tertracycline, chloramphenicol 
and aminoglycosides in addition to methicillin [1]. Multi-drug 
resistant Escherichia coli and Klebsiella pneumoniae strains are also 
common [2]. According to the World Health Organization WHO 
Research and Development blueprint, pathogens like Pseudomonas 
aeruginosa, S.aureus and E.coli, poses greatest threat to human 
health, if the AMR continues at the current rate [3]. The quest 

for new antimicrobials sources in order to overcome the antibiotic 
resistance has been a top research priority, as currently 700,000 
deaths occur each year due to drug-resistant diseases [4]. 

Traditionally, plants have been the sources of novel chemical 
entities which are capable of suppressing the bacterial activities. 
Nowadays, traditional herbal medicines are widely accepted in the 
conventional healthcare systems due to the therapeutic potential 
of several secondary compounds of plant origin [5]. In light of 
the above, the traditional medicine could be the best resource to 
counteract antibiotic resistance. Out of the 28,000 herbal species 
currently being categorized for medicinal use, less than 16% of the 
species are actually cited in the medicinal regulatory publications 
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[6]. Thus, these untapped resources have a substantial potential for 
the discovery of novel therapeutic medicines.  

Calligonum comosum  L-Her commonly called ‘Arta’ belonging to 
family Polygonaceae is  a nearly leafless perennial woody shrub 
growing up to 2.5 m tall. It is distributed widely across sandy 
deserts of Oman, Saudi Arabia, United Arab Emirates, deserts of 
North Africa, Pakistan and Thar Desert in India. C. comosum is an 
arid zone plant that can tolerate extreme drought conditions. It is 
widely distributed among the sand dunes and sandy soils in Oman. 
In traditional Omani folklore, many medicinal uses are enlisted 
to C. comosum species. For instance, chewing of stems and leaves 
to cure toothache, decoction from roots to treat gum sores, anti-
inflammatory and anti-ulcer properties. 

The pharmacological nature of medicinal plants is due to the 
presence of natural antioxidants such as flavonoids and phenols 
which exhibits a strong antioxidative activity being capable of 
scavenging free radicals, inhibiting oxidative reactions [7], easing 
lipid peroxidation and preventing cellular damages during oxidative 
stress [8]. Due to the toxicity of synthetic antioxidants at higher 
concentrations, the focus of scientific attention has sharply shifted 
towards plants as a source of antioxidants [9] and there has been an 
expanded interest in plant phenolic compounds as natural novel 
antioxidants negating the Reactive Oxygen Species (ROS) induced 
oxidative stress without any side effects of synthetic antioxidants. 
Other important phytochemicals in medicinal plants responsible 
for therapeutic potential and bioactivity includes alkaloids, tannins, 
terpenes, steroids, saponins, and quinones. Tannins are a diverse 
group of high molecular weight polyphenolic compounds and 
have shown effective anti-inflammatory antimicrobial antitumor, 
antioxidant and anticancer activities [10]. Saponins, the glycosylated 
steroids have shown numerous pharmacological activities such 
as anti-inflammatory [11] and antibacterial [12]. Quinones, the 
oxidized phenols, are highly electrophilic compounds, well known 
for their antibacterial and antitumor properties [13]. 

Hence, the present study was carried out to evaluate the antibacterial 
potential of C. comosum due to the growing resistance against the 
currently used antibacterial agents and to evaluate the antioxidant 
activity, antibiofilm ability, cytotoxity and phytochemical 
constituents present in the stem and leaf extract.  

MATERIALS AND METHODS

Sample collection and extraction

C. comosum plant growing wild in sand plains of Bowsher area 
(23.5821° N, 58.0271°E) were collected, this area is in Governorate 
of Muscat, which is the north-eastern part of Oman. Healthy plants 
were selected and collected between March 15th and 15th April 
2018. Voucher specimens were collated with the herbarium center 
at the Biology department of Sultan Qaboos University, Oman. 
Young stem and leaves of C. comosum were washed with water to 
clear the debris, cut into small pieces and air dried under shade 
(25°C) until completely dry. Dried pieces powdered to fineness 
(100 g) were extracted with 300 ml 99.9% concentrated methanol 
in a shaker for 24. Post  first extraction residues were subjected 
to 2 more extractions. Afterwards using a rotary evaporator the 
methanol filtrate was evaporated to complete dryness. The residue 
was dissolved in dimethyl sulfoxide to yield 100 mg/ml of extract.  
Stored inside brown bottles the extract was refrigerated until its 

further use. 

Antibacterial activity

Microorganisms: The following ATCC cultures of Escherichia coli 
(ATCC 9637), Pseudomonas aeruginosa (ATCC 10231), Bacillus subtilis 
(ATCC 6633) Streptococcus mitis (ATCC 49456) and Staphylococcus 
aureus (ATCC 29213), were used for the antimicrobial activity.

Agar well diffusion method: The effectiveness of the C. comosum 
leaf extract against the above specified bacterial strains was estimated 
following agar well diffusion method [14]. Petri dishes filled with 
25 ml of nutrient agar were left to solidify. Subsequently, the agar 
plate surface was inoculated by evenly swabbing an overnight broth 
culture of bacteria by using sterile cotton swabs. Using a sterile cork 
borer, wells with a diameter of 8 mm were made on these plates 
aseptically. The methanolic plant extracts were dissolved in DMSO 
at a concentration of 100 mg/ml, then 100 µl of plant extract 
was added into these wells and allowed to diffuse for 2 h at room 
temperature. DMSO (100 µl) and gentamicin (10 μg ml−1) were 
used as negative and positive controls. Post diffusion plates were 
incubated at 37°C for 24 h and the diameter of the inhibition zone 
(mm) was measured. Experimental analysis was done in triplicate, 
mean, standard deviation and standard error were calculated.

Minimum Inhibitory Concentration (MIC): The MIC of the 
extracts of C. comosum was determined by the microtiter test [15]. 
Based on the results of preliminary screening in agar well diffusion 
method, the methanolic extracts that demonstrated potent anti-
bacterial activity were tested for MIC. A serial dilution of the plant 
extract, ranging from 10 mg/ml to 0.078 mg/ml, was done and 
100µl of different concentrations (10 mg/ml, 5 mg/ml, 2.5 mg/
ml, 1.25 mg/ml, 0.625 mg/ml, 0.3125 mg/ml, 0.15655 mg/ml, 
and 0.078 mg/ml) were loaded in each wells of 96-well microtiter 
plate. The plates were incubated at 37°C for 24 h. The lowest 
concentrations of the plant extract (µg/ml) that inhibited bacterial 
growth, demonstrating no turbidity were defined as MICs. 
Experimental analysis was done in triplicate, mean, standard 
deviation and standard error were calculated.

Minimum Bactericidal Concentration (MBC): The minimum 
bactericidal concentration was determined using [16] assay. 100 μL 
of the test culture from the well of the microtiter plate with no 
visible turbidity was taken, inoculated on nutrient agar plates and 
incubated for 24 h at 37°C. The highest dilution of the methanolic 
plant extract which represents the lowest concentration of plant 
extract with no bacterial growth on the new set of nutrient agar 
plate was taken as MBC.  Experiment was repeated thrice.

Antibiofilm activity 

The biofilm inhibition activity of C. comosum extracts by preventing 
initial cell attachment was evaluated using microtiter plate assay 
[17]. Tryptone Soy Broth (TSB) (180 µL) and 20 µL of bacterial 
suspension of each E. coli, B. subtilis, S. aureus, P. aeruginosa and S. 
mitis  was added into each of the 96-well of the polystyrene flat 
bottom plate and incubated without shaking at 37°C for 24 h. After 
incubation 200 μl (1 mg/ml) aliquot of different concentrations 
(75%, 50%, and 25%) of plant extract was added in three replicates 
into each well of 96-well microtitre plates and then incubated 
further at 37°C for 24 h, TSB broth alone was used as a negative 
control. After incubation, the broths were removed from the 
microtiter plate wells and washed with sterile distilled water twice. 
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In order to evaluate the biomass formed in adhered biofilm the 
wells were strained with 200 µL of 0.4% crystal violet solution and 
incubated for 30 min. Following incubation, the dye was removed, 
plates were washed thrice in order to remove any free floating 
bacteria and plates were dried at 40°C for 15 min.  After drying, 
200 µL of 95% of ethanol was added to each well, the biofilm was 
quantified and the OD was measured at 570 nm.

Biofilms were measured using the formula SBF = AB-CW/G, where 
SBF stands for the specific biofilm formation, AB is the Optical 
Density (OD) at 570 nm of the attached stained bacteria, CW is 
the Optical Density (OD) at 570 nm of the stained control wells 
which contain bacteria-free medium and G is the Optical Density 
(OD) at 570 nm of cell growth in the suspended culture. The 
values for SBF were grouped into three categories as following; the 
strong biofilm producers with an SBF index of ≥ 2.00, intermediate 
biofilm producers with SBF index between 1 and 2 and the weak 
biofilm producers with SBF index ≤ 1.00.

Brine Shrimp Lethality (BSL) assay 

Brine shrimp lethality assay was determined using [18] assay. To 
conduct the BSL assay, 250 mg of Artemia salina (brine shrimp) 
eggs were incubated with 400 ml of synthetic sea water medium 
(40 g sea salt/l and supplemented with yeast extract 6 mg/l) in a 
hatching chamber with dark and light areas partitioned. Eggs were 
added to the dark side, the hatched nauplii (larva) will be attracted 
towards the light, after 48 h the 10 mature nauplii were collected 
in each vial containing 5 ml of the artificial seawater and different 
concentrations of plant extract. Concentrations of 1 mg/ ml, 100 
µg/ ml, 50 µg/ ml, 10 µg/ ml, 5µg/ ml and 1 µg/ ml were prepared 
by serial dilution from the stock solution. After 24 h of incubation, 
the nauplii were counted.  

The percentage mortality was determined as follows; 

Mortality (%) = 

The median lethal concentration (LC50), was calculated from the 
best fit line derived from the linear regression analysis of the % 
mortality versus the concentration of plant extract. 

The lethality of the C. comosum extracts on the brine shrimp was 
categorized as 

LC50 ≥ 1000 µg ml–1- Non Active – nontoxic, LC50 = 500–1000 
µg ml–1 -Active - weakly cytotoxic, 

LC50 = 100–500 µg ml–1 -Active -moderately cytotoxic and LC50 ≤ 
100 µg ml–1 - Active - strongly toxic.

The LC50 value was calculated using AAT Bioquest LC50 
calculator, lower values of LC50 indicates greater antioxidant 
capacity.

Phytochemical screening

Presence or absence of certain phytochemicals like saponins 
(Frothing Test), terpinoids (Salkowski test), flavonoids (Shinoda’s 
test), steroids (Liebermann-Burchard’s or Acetic anhydride test), 
tannins (Ferric chloride test), Baeyer’s test for unsaturation, 
quinones and carbohydrates (Molisch’s test) in C. comosum was 
evaluated using the standard methods [19,20]. All the tests were 
performed in triplicate.

Determination of total phenolics (Folin-Ciocalteu reagent):  Folin-
Ciocalteu reagent assay was applied to ascertain the total phenolic 
content spectrophotometrically [21].  0.5 ml of methanolic extract 
(100 µg/mL) was mixed with 2.5 mL of Folin-Ciocalteu reagent 
and 7.5% Na

2
CO

3
 (2.5 mL), the test tube was covered with paraffin 

and then kept for 30 min under dark conditions. Absorbance was 
read at 765 nm. Solution of Folin-ciocalteu, Na

2
CO

3
 and methanol 

acted as blank and reference standard was gallic acid. Assessment 
of total phenolic content was made using the linear equation of the 
calibration curve, expressed as milligrams of gallic acid equivalents 
per gram (mg GAE/gG1 extract). Analysis was done 3 times, mean, 
standard deviation and standard error were calculated and applied.

Determination of total Flavonoids (Aluminium chloride 
colorimetric method): Total flavonoid content was estimated 
quantitatively using aluminium chloride colorimetric assay [22]. To 
1 ml extract was added 2.8 ml of distilled H

2
0, followed by 0.1 ml 

solution of potassium acetate (prepared as 1 mg/ml) and 0.1 ml 
solution of 10% aluminium chloride (AlCl

3
). Absorbance of this 

mixture was noted at 415 nm, after keeping the mixture standstill 
for 30 min. The flavonoid content was estimated as Quercetin 
equivalent, 10 to 100 μg/ml quercetin was taken as a standard and 
a calibration curve was plotted. Analysis was performed thrice.  

Antioxidant activity

DPPH Radical Scavenging Activity: The DPPH radical scavenging 
effect was estimated by using [23] method. A solution of DPPH 
(0.135 Mm solution) was prepared in methanol, 1 ml of which was 
mixed with 1.0 ml  aqueous extract under different concentrations 
(varying from 0.2 to 1 mg/ml).  After mixing, the reaction mixture 
was kept for half an hour under dark conditions. Absorbance was 
recorded spectrophotometrically at 517 nm.  DPPH scavenging 
capacity was estimated using the equation:

 (%) DPPH scavenging activity = {(Abs 
control

 – Abs 
sample

)/(Abs 
control

)} 
x 100 

Abs control stands for - DPPH and methanol, 
absorbance 

Abs sample stands for - DPPH radical + sample extract/standard, 
absorbance

The IC50 value was calculated using AAT Bioquest IC50 calculator,  
lower values of IC50 indicates greater antioxidant capacity.

Determination of hydrogen peroxide radical scavenging capacity: 
The capacity of C. comosum extracts to scavenge H

2
O

2
 was evaluated 

[24]. Hydrogen peroxide solution (40 mM ) was made in phosphate 
buffer (with pH 7.4). One ml methanolic leaf extract (100 μ g/ml) 
was mixed with H

2
O

2
 solution (0.6 ml), after waiting for 10 min 

the absorbance was noted at 230 nm. Phosphate buffer alone acted 
as blank. The % scavenging by C. comosum extract was estimated 
by the formula. The analysis was performed thrice and values were 
averaged

                   

Abs control stands for the absorbance of the control which is 
without extract

Abs sample stands for absorbance in presence of extract. Varied 
concentrations of methanolic extracts of C. comosum ranging from 
10-100 μ g/ml were taken and scavenging activity evaluated.
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Different concentrations (10-100 μ g/ml) of methanolic extracts 
of  C. comosum were taken and scavenging activity evaluated and 
IC₅₀ value which shows 50% inhibition was determined  using 
regression analysis. 

Determination of antioxidant activity

Determination of total antioxidant activity (Phosphomolybdenum 
method): The antioxidant capacity was assessed according to [25] 
assay.  H

2
SO

4
 (0.6 M), sodium phosphate (28 mM), ammonium 

molybdate (4 mM) were mixed together to form a 3 mL solution, 
to this 0.3 ml extract was added. Solution was incubated in a water 
bath for 90 min, at a temperature of 95°C. Later solution cooled 
off and absorbance noted at 695. Methanol (0.3 ml) without extract 
and reagent solution (3 ml) was used as blank.  Using ascorbic acid 
as a standard reference calibration curve was derived from varied 
concentrations of ascorbic acid, ranging from 1000, 500, 250, 125, 
62.5 to 31.25 µg/ml. Analysis was done 3 times.

RESULTS AND DISCUSSION

Phytochemical screening of the plant extract

The therapeutic properties of medicinal plants are associated 
with the physiological effects of bioactive compounds such as 
alkaloids, phenols, flavonoids, saponins, tannins and caumarins. 
Phytochemical screening results of aerial parts of C. comosum 
extracts are summarized in Table 1, the results revealed the 
presence of flavonoids, phenols and  tannins in strong intensity 
while quinones in medium intensity and steroids, flavonoids and  
saponins  in low intensity. Similar results were recorded by earlier 
study in C. comosum [26]. 

Antibacterial effect of plant extract: The methanolic extracts of 
C. comosum showed significant antibacterial activity against all the 
five tested bacterial strains (Table 2). The results depicted that the 
extracts of C. comosum demonstrated the highest activity against S. 
mitis with an inhibition zone of 26.5 mm, followed by S. aureus, B. 
subtilus, P. aeruginosa and least inhibition was observed for E. coli 
(18.7 ± 0.274).

Similar results were obtained earlier in C. comosum [27] where 
least inhibition was shown against E. coli. The outer membrane 
of Gram-negative bacteria acts as a permeability barrier and 
confers are more resistant to antibacterial agents [28]. The high 
antibacterial activity in the methanolic extract may be attributable 
to the presence of tannins, saponins, flavonoids, alkaloids and 
terpenoids [29]. Tannins inhibit bacterial growth by inducing 
complexation with enzymes and precipitation of proline rich 
proteins in membranes [30], saponins antibacterial activity stems 
from their ability to cause leakage of certain enzymes and proteins 
from the cell [31]. Terpenoids work by weakening the membranes 
of the microorganisms [32], steroids inhibit bacterial growth by 
inducing leakage of contents from the phosphatidylethanolamine-
rich liposomes [33] and  flavonoids  by inhibiting nucleic acid 
synthesis, by damaging cytoplasmic membranes and  altering  the 
membrane permeability [34]. 

MIC and MBC: MIC is the minimum concentration of a chemical 
which inhibits the visible growth of the test organism. All the 
strains showed visible inhibition. MIC values of for S. aureus, B. 
subtilis, S. mitis and P. aeruginosa, were 1.25 mg/ml of the extract 
(Table 3). The extract was least effective against E. coli with MIC 

value of 2.5 mg/ml. MBC of the methanolic extracts of C. comosum 
ranged between 2.5 and 5 mg/ml. Similar results were recorded 
in C. comosum in an earlier study. According to the proposed 
classification [35], the antibacterial activity of the plant extracts 
can be classified as following: noteworthy or significant if MIC <1 
mg/ml, moderate if MIC ranged between 1–8 mg/ml and  weak if 
MIC from 8–12.5 mg/ml where the extracts were considered  weak 
inhibitors. Moderate (MIC ranging from 1.25 to 2.5 mg/ml) activity 
of the methanolic extracts against all the five bacterial strains was 
observed in the results. Our findings support the traditional use of 
C. comosum by local people as antibacterial plant. High MIC value 
for E. coli is due to the presence of cell wall lipopolysaccharides 
which provide more resistant to antibiotics [36].

Anti-biofilm activity of C. comosum extracts: One of the adaptive 
resistance strategies implied by many pathogenic bacteria is 
formation of biofilms, the multispecies surface-adherent bacterial 
communities embedded in an extracellular matrix [37]. The  anti-
biofilm activity of methanolic extracts of C. comosum against 
five different strains of bacteria was evaluated under different 
subinhibitory concentrations (75, 50, and 25% of MBC) and 
a substantial reduction of the Specific Biofilm Formation (SBF) 
was observed for all. Maximum inhibition of biofilm was observed 
in gram negative E. coli where biofilm was reduced from 2.8 
(strong biofilm) to levels of 0.3 (weak biofilm) under 75% MBC 
concentration.  In gram positive S. mitis biofilms were reduced 
from approximately 2.5 (strong biofilm) to 0.7 (weak biofilm) 

Table 1: Phytochemicals screening of methanolic extract of C. comosum.

Compounds Levels

                Flavonoids               +++

                Triterpenes/steroids                  +

                Quinones                 ++

                Alkaloids                 ++

                Tannins                +++

                Phenols                +++

                Saponin                  +

                Carboxyl group                 ++

                Carbohydrates                 ++

Table 2: Diameter of inhibition zones of methanolic extract against five 
different bacteria.

Bacteria Inhibition zone (mm)

E. coli 18.7 ± 0.274

S. aureus 23.4 ± 0.150

B. subtilis 21.7 ± 0.325

S. mitis 26.5 ± 0.150

P. aeruginosa 21.2 ± 0.057

Table 3: Minimal inhibitory concentration and minimal bacterial 
concentration in mg/ml.

Bacteria MIC (mg/ml) MBC (mg/ml)

E. coli 2.5 5.0

S. aureus 1.25 2.5

B. subtilis 1.25 5.0

S. mitis 1.25 2.5

P. aeruginosa 1.25 2.5
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activity: Total phenolic concentration   was determined as gallic 
acid equivalent from the standard gallic acid calibration curve 
and expressed as gallic acid equivalents/g dry extract weight of the 
extract. The total phenolic content was 56.6 mg GAE/g of extract. 
Previous studies have reported the presence of phenolic acids 
such as gallic acid, chlorogenic acid, quinic acid, vanillic acid, and 
protocatechuic acid as the abundant compounds in the methanolic 
extracts of C. comosum [49]. 

The total flavonoid content was derived from the calibration curve 
of quercetin and determined as  Quercetin Equivalents (QE)/g dry 
extract weight of extract. The total flavonoid content was 49.33 
mg of QE/g of dry extract. Earlier the flavonoids like, quercetin, 
kaempferol, astragalin, taxifol, kaempferol glycoside, (+)-catechin, 
dehydrodicatechin, were identified and isolated from C. comosum. 
The phenols and flavonoids are the free radical scavenging 
molecules due to their ability to donate hydrogen to free radicals 
and the total antioxidant capacity depicts a combined effect of total 
phenolics, total flavonoids and other reducing compounds in the 
plant extracts. The Total Antioxidant Capacity (TAC) is expressed 
as Ascorbic Acid Equivalents (AAE). The TAC of methanolic 
extracts of C. comosum was estimated to be 130 ± 0.21 mg AAE/g 
(Table 5).  

An oxidative stress in a biological system derives from an imbalance 
created among the generation of free radicals and the biological 
system’s ability to eradicate these reactive oxygen species through 
scavenging by antioxidants. Free radicals work by attacking the 
unsaturated fatty acid chains in phospholipids in the membranes, 
inducing lipid peroxidation a key process causing oxidative stress. 
The ROS reacts with the basic biomolecules [50] initiating a 
chain reaction and damaging DNA, RNA and many enzymes. 
As some synthetic antioxidants were found to demonstrate toxic 

under 75% MBC and to 1 (moderated biofilm) under 50% MBC 
(Figure 1).

Numerous studies till date, have demonstrated that the bioactive 
compounds screened from the plant extracts are capable of 
inhibiting the initiation of biofilm formation by targeting quorum 
sensing system [38,39]. The antimicrobial potency of the plant 
extracts is due to inhibition of quorum sensing. The phytochemicals 
act as Quorum Sensing Inhibitors (QUIs) due to their structural 
similarities to the quorum sensing signals like acylated homoserine 
lactone-AHL in gram negative bacteria where they mimic the 
AHLs and the LuxR-type receptors in the absence of AHLs, are 
not able to fold and thus degrade [40]. In gram positive bacteria 
quorum sensing is regulated by oligopeptide pheromones [41]. The 
inhibition in biofilm formation may have been due to presence 
of flavonoids, like quercetin, kaempferol, astragalin, taxifol, 
which have the ability to inhibit biofilm synthesis by suppressing 
the activity of autoinducer-2 which is responsible for cell-to-
cell communication. Polyphenolic acid like gallic acid reduces 
biofilm formation by blocking the AHL -acylated homoserine 
lactone mediated communication between the bacteria species 
by degrading LuxR/LasR signal receptors [42]. More inhibition 
in Gram-negative E. coli and P. aeruginosa species can be due to 
the fact that the autoinducers in gram negative bacteria are mainly 
AHLs which are inhibited more by the phenolic compounds [43].

Cytotoxicity associated with C. comosum extracts: The bioactive 
compounds of many medicinal plants at higher concentrations 
are found to be toxic, in order to ensure safe treatment from their 
decoctions, the in vivo lethality bioassay in brine shrimp is a useful 
tool to evaluate the cytotoxic potential of the herbal extracts. In this 
bioassay LC50 values below 1000 ppm are considered cytotoxic. 
The methanolic extracts of C. comosum displayed significant lethality 
against  brine  shrimp nauplii, (Figure 2) with the  percentage 
mortality of Artemisia salina nauplii significantly increased with 
increasing concentrations of the C. comosum extracts,  exhibiting  
LC50 value of 56.797 µg/ml (Figure 3) (Table 4), indicating  potent 
cytotoxic compounds in this species. The results are in line with 
[44] and [45] who documented significant cytotoxic activity of C. 
comosum against HepG2 and MCF-7 cell lines. As the preliminary 
screening for phytochemicals exhibited the presence of alkaloids, 
phenolic compounds and steroids, thus the displayed cytotoxicity 
may be attributed to the existence of such bioactive compounds. 
Our results are in agreement with previous studies which have 
demonstrated the role of alkaloids, steroids and phenolic 
compounds [46] in cytotoxic ability of plant extracts. 

Alkaloids exert their cytotoxic effect by inhibiting the NF-κB 
pathway activation and by inducing cell cycle arrest [47], phenolic 
compounds like phenolic acid and flavonoids exert by inducing 
cell cycle arrest and apoptosis in various human cancer. Thus it is 
necessary to screen a given medicinal plant for the phytochemicals 
and their cytotoxic potential for a safe administration of herbal 
remedies. According to NCI -The United States National Cancer 
Institute a plant extract is usually safe  after incubation between 
48 - 72 h  if its LC50 value is more than 20 μ g/ml( LC50 >20 g/
ml), for LC50 value is less than 20 μg/ml are cytotoxic [48]. As the 
plant extract exhibited a value of  LC50 >20 g/ml thus this plant 
is regarded as safe for use as local remedies against toothache and 
inflammation.

Quantifications of polyphenols, flavonoids and total antioxidant 

Figure 1: Inhibition of biofilm formation by different concentrations of C. 
comosum against five different bacteria.

Figure 2: Cytotoxicity of C. comosum on brine shrimp nauplii.
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and carcinogenic effects, the focus has shifted to natural plant 
phytochemicals. The plants endogenous defense system is mainly 
the phenolic compounds, like  phenolic acids, flavonoids, tannins, 
stilbenes.  The –OH group of phenolic compounds mainly 
determines their  antioxidant  ability by  donating  H –atom to 
the free radicals and to scavenge the reactive oxygen species like 
OH•, N

2
O

3
, NO

2
•, and ONOOH,   chelate transition metal ions, 

inhibit lipid peroxidation [51]. Gallic acid demonstrates its effect by 
elevating the levels of antioxidant enzymes like GPx and CAT and 
by protecting peroxidation of lipids [52]. Flavonoids antioxidant 
abilities are ascribed to their ability to activate antioxidant enzymes, 
transfer the stable free radicals, inhibit oxidases such as xanthine, 
peroxidase and nitric oxide, chelate metal catalyst and reduce 
α-tocopherol radicals [53]. The antioxidant properties of quercetin 
are manifested through regulating the levels of glutathione, showing 
inhibitory effect against enzymes associated with oxidative 
properties like acetylcholinesterase and butyrylcholinesterase 
and modulating the enzymes of various signal transduction 
pathways [54].

Antioxidant capacity of C. comosum methanolic extract 

DPPH radical scavenging activity of C. comosum: C. comosum 
displayed strong DPPH scavenging activity in a concentration-
dependent manner. This assay works on the principle that plant 
extract with antioxidant capacity by donating a hydrogen atom, 
reduces the odd electron of nitrogen atom in α, α diphenyl-β-
picrylhydrazyl (DPPH) to α, α-diphenyl β-picrylhydrazine, with a 
marked discoloration from deep violet colour to light yellow. The 
scavenging activity was recorded to vary from 53.45% to 81.81% 

with the concentrations, ranging from 100 μg/ml to 500 μg/m 
(Figure 4), whereas DPPH scavenging activity of α-tocopherol at 
500 μg/m was observed to be 83.4% respectively. The IC50 value of 
methanol extract was 44.90 (Figure 4).  IC50 values and individual 
dose-response curves were calculated using the AAT Bioquest IC50 
calculator. Similar results were observed by an earlier study in  
C. comosum [55]. A number of previous studies have suggested a 
correlation between the antioxidant activity of plant extracts and 
the content of total phenols and flavonoids [56,57]. Thus a strong 
DPPH scavenging activity in this study may be linked with high 
total phenol and flavonoid concentration.

Hydrogen peroxide scavenging activity of the C. comosum extracts: 
Hydrogen peroxide scavenging activity of the plant extracts is based 
on the plant phenolics electron-donating ability to H

2
O

2 
and thus 

neutralizing it to water. The C. comosum extracts exhibited strong 
hydrogen scavenging activity of 50.25%. Among the free radicals, 
hydroxyl radical (OH•) causes the maximum cellular damage, the 
results in this study demonstrate a strong quenching activity of 
phenolic compounds. 

The present study was a validation approach to verify the local 
traditional use of C. comosum used for toothaches and gum 
sores, as an anti-inflammatory, as an astringent and a stimulant. 
Inflammation is a vital biological response of the immune system 
to injury and infection through  releasing pro-inflammatory 
cytokines like interleukin (IL)-1b and TNF- tumor necrosis factor. 
Tannins the polymeric polyphenols  are astringent and exhibit 
an  effective anti-inflammatory effect [58] through inhibition of  
expression of the inflammatory mediators like cytokines, COX-
2 and iNOS- inducible nitric-oxide synthase. Saponins anti-
inflamatory effect is also exhibited by down regulation of COX-2 
and lipopolysaccharide (LPS)-induced iNOS expression leading 
to nitric oxide (NO) inhibition [59]. Phenolic acids like gallic 
acid reduces inflammation by inhibiting TNF-ɑ [60]. Flavinoids 
like kaempferol down regulates pro-inflammatory cytokines by 
suppressing the translocation of cytotoxin-associated gene A (CagA) 
and vacuolating cytotoxin A (VacA) proteins [61], while flavonoids 
like quercetin exhibited their anti-infammatory mechanism by 
blocking cyclooxygenase and the lipooxygenase pathways, similar 
mechanism is followed by coumarins which also inhibit the 
lipoxygenase and the cyclooxygenase pathways of the arachidonic 
acid metabolism. Alkaloids potential anti-inflammatory potential 
is based on their ability to inhibit the synthesis of some pro-
inflammatory cytokines. Previous work has demonstrated the anti-
inflammotory effect of C. comosum extracts [62]. 

Figure 3: LC50 value of C. comosum extracts against the Brine Shrimp 
nauplii.

Table 4: LC50 values for methanolic extracts of C. comosum against the 
brine shrimp.

Sample LC50 (µg/ml) Toxicity status

Methanolic extract of 
C. comosum

56.797 µg/ml Toxic

Table 5: The total phenolics, total flavonoids and total antioxidant activity 
of methanolic extracts of C. comosum.

Total Phenolics                    Total Flavonoids                             Total 
Antioxidant Activity         

(mg GAE/g DW)                  (mg QE/g DW)                                      (mg 
AAE/g DW) 

  56.68  ± 1.66                            49.33 ±   1.34                                            
130.68  ± 2.04

Figure 4: The percent scavenging and IC50 values for methanolic extracts 
of C. comosum for DPPH radical scavenging.
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CONCLUSION 

The phytochemicals present in C. comosum with strong radical 
scavenging, antibiofilm, cytotoxic and antibacterial capacity proves 
that this species has a pharmaceutical potential. This study validates 
the traditional use of C. comosum for toothaches and gum sores.    
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