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1. Introduction 
 

Natural sources constitute an exhaustible mine of 
biologically active compounds. They are crucial 
components of biochemical and medical research that 
aims to find powerful antimicrobial agents. Isolation 
and purification the most potent phytochemical 
components for antimicrobial investigations is the most 
appropriate strategy for creating efficient antimicrobial 
drugs. Scientific experts have become aware of these 

natural substances to lessen the negative impacts of 
chemical agents.  

Medicinal plants have been the keystone of 
traditional medicine across the world for thousands of 
years, and several plants are still used as the main source 
of health care for many purposes [1]. Ammi visnaga L. 
(AV) is known as Noukha (in Algeria), Bechnikha (in 
Morocco), or Khella (in parts of North Africa). It is 
classified in the Apiaceae family (Umbelliferae) [1]. 
Botanically, Ammi visnaga L. is a biannual or annual 
herbaceous plant with a height of approximately 1 m. 
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Ammi visnaga L. is a dense source of bioactive compounds with potential 
antioxidant and antibacterial activities. Different fractions were prepared to 
determine their total phenolic content and antioxidant activities (TPC, TFC, TAC, 
and DPPH). While, agar disc diffusion, MIC, and MBC assays were used to 
examine the antimicrobial effects of different fractions. The phytochemistry of the 
umbel dry was performed using UHPLC. Aqueous extract registered the highest 
amounts of TPC, TAC, TFC, and DPPH compared to other extracts (P<0.05). 
Treatment of antimicrobial results against three bacterial strains (E. coli, P. 
aeruginosa, and S. aureus) and Candida albicans revealed that the aqueous extract 
exerted interesting activity against all microbes with diameter zones varying from 
12 to 17 mm for bacteria and 25 mm for Candida albicans, while the hexane fraction 
registered the lowest antimicrobial activity against all microbes under study. The 
umbel contains 16 phenolic compounds whose majority components are 
isorhamnetin_3-O-rutinoside (50.18%), isorhamnetin_3-O-glucoside (19.35%) and 
kaempferol_3-O-glucoside (12.04%). Additionally, the in-silico toxicity prediction 
showed that the main phytochemicals did not possess any toxicity, including 
hepatotoxicity, carcinogenicity, mutagenicity, and cytotoxicity. The present 
findings indicate the possible application of Ammi visnaga L. as a useful 
antimicrobial agent that replaces chemical drugs that induce the emergence of 
resistance.  
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Tetracyclic pentamerous flowers with radial symmetry 
have five stamens made up of two joined carpels and a 
lower ovary. A complex umbel of white flowers with a 
large base makes up the inflorescence, which eventually 
becomes woody and is used as toothpicks [2]. The 
principal components of the plant are furanochromones 
and coumarins. However, the most active compounds 
are khellin and visnagin, as previously evoked by 
Harvengt and Desager [3]. The secondary metabolites 
of the plant provide a major part of the plant’s 
protection against different biotic and abiotic stresses. 
Bioactive compounds play an essential role in both 
human and animal health and are well recognized as 
having therapeutic potential for several diseases [4]. In 
Morocco, umbel is traditionally prescribed as an 
antidiabetic, antispasmodic and diuretic [5]. 
Furthermore, it has been reported that the antioxidant 
activity of the plant might be due to its dense chemical 
composition [6–9]. Phenolic compounds have an 
important characteristic and function as natural 
antiagents against a wide range of pathogenic microbes.  
Thereafter, the ethanolic and ethyl acetate extracts of 
Ammi visnaga were found to be effective against S. 
aureus (ATCC 25923), S. mutans (ATCC 25175), E. 
coli (ATCC 25922), P. aeruginosa (ATCC 9027) and 
C. albicans (ATCC 10231) [10]. Additionally, the 
combination of lycopene and the Ammi visnaga L. 
extract showed an interesting antibacterial effect against 
three bacterial strains, including E. coli, K. 
pneumonia and S. aureus [11]. Finding the best way to 
extract the highest quantity of bioactive components 
from plant matrices has motivated ongoing research in 
the search for the most efficient bioactive compound 
extraction technology [12–15]. The current study was 
conducted to determine the total phenolic content, the 
total flavonoid content, the antioxidant, and the 
antibacterial properties of several extracts of 
inflorescence of Ammi visnaga L. while taking these 
characteristics into consideration.  

 
2. Materials and Methods 
 

2.1. Chemicals and reagents 
Acetonitrile and formic acid were LC-MS grade 

solvents that were purchased from Fisher Scientific 
(Loughborough, UK) for use in LC-MS analyses. 
Deionization produced ultrapure water (Millipore, 
Billerica, USA). Sigma-Aldrich (Steinheim, Germany) 
provided the phenolic standards that were purchased. 

 
2.2. Extraction procedure 
 

A volume of 400 mL of mixed solvents (66.67% 
acetone, 16.67% water, and 16.67% methanol) was 
sonicated for 30 min to extract a 20 g mass of powder. 
The resulting mixture is then condensed using a rotary 
evaporator until dry [16]. 
After suspension of the extract in water and partitioned 
with n-hexane, dichloromethane, chloroform, and ethyl 
acetate (Figure 1), it was concentrated under decreased 
pressure at 40 °C using a vacuum rotary evaporator. 
With each solvent, the process was performed three 
times. Three extracts from each solvent were combined, 
evaporated using a rotary evaporator at reduced 
pressure, and suspended in ethanol. 

 
2.3. Quantification of the total phenolic content  
 
      With a few minor adjustments, the Folin–Ciocalteu 
method was previously reported by Singelton et al. [17], 
was used to determine the total phenol content. The 
procedure involves mixing 50 mL of the fraction with 
450 mL of Folin-Ciocalteu reagent (0.2 N) for 5 min 
before adding 450 mL of  Na2CO3 (75 g/L) solution. 
The absorbance of each sample was measured at 760 nm 
using a Jenway 6505 UV/visible scanning 
spectrophotometer after incubation at room temperature 
in the dark for two hours. In an ethanolic solution of 
gallic acid, the calibration curve’s concentration (y = 
1,6021x + 0,0683, R2 = 0,997) ranged from 0.008 to 1 
mg/mL. The results of the experiment, which was 
performed in triplicate, are presented as mg of gallic 
acid equivalent (GAE) per g of the dried plant.  
 
2.4. Quantification of the total flavonoid content 

Using aluminum chloride and the methodology 
developed by Ordonez et al., the TFC quantity 
measurement was evaluated [18]. 250 L of each extract 
was combined with 150 µL of AlCl3 (10%), 75 µL of 
sodium carbonate (Na2CO3, 1M), and 500 µL of sodium 
hydroxide to create the reaction mixture. With the aid 
of distilled water, the volume was changed to 2.5mL. 
The incubation was maintained in the dark for one hour. 
A UV spectrophotometer was used to measure the 
optical density at 510 nm. The TFC amounts were given 
as mg QE/g dw, or milligrams of quercetin equivalent 

per gram of dry weight. 
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 Fig. 1. Solvent fractionation scheme. 
 
 

2.5. Total antioxidant capacity  
 
According to the procedure described by Aazzaet al. 
[19], green phosphomolybdenum complex production 
was used to measure the total antioxidant capacity 
(TAC) of all samples. In Falcon 15 mL tubes,  25 µL of 
the sample solution and 1 mL of the reagent solution 

(0.6 M sulfuric acid, 28 M sodium phosphate, and 4 M 
ammonium molybdate) were mixed. The Falcon tubes 
were sealed and left to sit at 95°C in a water bath for 90 
min. The absorbance of the mixture was measured at 
695 nm against a blank in a Jenway 6505 UV/visible 
scanning spectrophotometer after the samples had 
cooled to 

room temperature. The experiment was performed 
thrice, and the outcomes are expressed as mg of 
ascorbic acid equivalent (mg AAE/g dw).  

2.6. DPPH assay  
 

       The procedure for DPPH (2,2-diphenyl-1-
picrylhydrazyl) was performed according to Aazza et al. 
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[19]. 1 mL of a 60 mM methanolic solution of DPPH 
was mixed with 50µL of samples at various 
concentrations. After 60 min at room temperature, 
absorbance measurements were taken at 517 nm (A1). 
The negative control (A0) was the absorption of a blank 
sample that included the same quantity of methanol and 
DPPH solution. The concentration of the extract able to 
scavenge 50% of DPPH free radicals was evaluated by 
plotting the percentage inhibition [(A0-A1/A0) *100] 
against the sample or standard content. 

2.7. Antibacterial activity 
 

2.7.1. Sensitivity assay  

       The ability of different fractions prepared from 
Ammi visnaga L. was examined using the well diffusion 
test as previously described by [20]. Three bacterial 
strains and one fungus were subjected to antimicrobial 
potency. It consists of inoculating a suspension at a 
concentration of 108 CFU/ml for each microorganism 
including: Eschershia coli (CCCCCC X1), 
Pseudomonas aeruginosa (BSEAF X1), 
Staphylococcus aureus (BSEAF X2), and Candida 
albicans (LSEAF X3). Next, a disc of sterile Whatman 
paper (6 mm), soaked with the fractions studied (10 μl), 
on the Petri dishes that contain the PCA culture medium 
for the becterial strains and MT for the fungi. Finally, 
Petri dishes were incubated at 37 °C for 24 h for 
bacterial strains and 48h for the fungi. After incubation, 
the diameters of the inhibition zones were measured in 
mm. 

2.7.2. Minimum inhibitory concentration (MIC) 

The lowest inhibitory concentration (LIC) against P. 
aeruginosa, E. Coli, S. aureus, and C. albicans, was 
measured by the microdilution technique. A volume of 
50 μL of the bacterial broth, diluted to 106 cells/mL 
using Luria-Bertani (LB) medium, and 50 μL of 
different concentrations of CH (3.90–1000 ppm) were 
added in a 96-well microliter plate, respectively, and 
further incubated for 20 h at 37 °C. The mixture of 50 
μL bacterial solution and 50 μL of the sterile medium 
was used as a positive control. After incubation time, 15 
μL of resazurin (0.015%) was put into the wells and 
then incubated for 2 h in order to visualize the change 
of color. The contents of wells containing ½ × LIC, LIC, 
2 × LIC, and 4 × LIC were transferred onto agar plates 
and further incubated at 37 °C for 24 h [21]. 

2.7.3. Phenolic profile of Ammi visnaga L. umbels  
 
       The exploration of secondary metabolites of the 
plant under study was performed using a UHPLC 
system (ThermoFisher Scientific, Bremen, Germany). 
The system was equipped with a TSQ Quantum Acces 
Max triple-quadrupole mass spectrometer 
(ThermoFisher Scientific, Basel, Switzerland) and a 
diode array detector (DAD). The method was used 
according to the protocol previously described in our 
previous report [22]. The identification of 
phytochemicals was carried out by comparing standards 
with the database of the literature. The content of each 
detected compound was determined by the calculation 
of the peak areas. 

2.8. In silico toxicity prediction  

       The prediction of toxicity of the main bioactive 
compounds found in Ammi visnaga L. was performed 
using an in silico assay. The ProTOX-II software was 
used to predict the toxicity of the main active 
components (https://tox-new.charite.de/protox_II/) 
[23]. 

2.9. Statistical analysis 

Statistical analyzes of the results obtained were 
carried out using Pearson correlation coefficient (r) at a 
significance level of 99% (p<0.01). Then, the principal 
component analysis (PCA) was performed using PAST 
3. The comparisons of different fractions were 
performed using Tukey test in Graph Pad Prism 
software 

3. Results 
 

3.1. Total phenol content (TPC) 

Figure 2 displays the obtained results of the 
dosage of total phenolic content of different fractions 
prepared from Ammi visnaga. The analysis of the 
outcomes showed that the water was the most 
appropriate extractor solvent translated by the highest 
amount of TPC with value of 34.25 mg GAE/g dw. 
While, the lowest TPC value was found in the hexane 
extract (1.363 mg GAE/g dw).  

 

https://tox-new.charite.de/protox_II/
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Fig. 2. Total phenolic content of different fractions obtained from Ammi visnaga. 

 
3.2. Total flavonoid content  

Figure 3 displays the obtained results of the 
dosage of TFC of different fractions of Ammi visnaga 
L. It is clearly seen that the fractions under study 
revealed different amounts of TFC that varying between 

0.01 and 0.62 mg QE/g dw. The highest TFC value was 
registered in the water fraction, while the lowest amount 
was found in hexane fraction. The statistical 
comparison revealed that the TFC was significantly 
different (P<0.05). 
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Fig. 3. Total flavonoid content of different fractions obtained from Ammi visnaga. 
 

  
Fig. 4. Total antioxidant capacities of different extracts. 

 
 
3.3. Total antioxidant activity/Phospho 
molybdenum assay (TAC) 

 
Figures 4 displays the results of the determination of 
TAC. The treatment of data showed that 
dichloromethane and water extract were the most active 
and exhibited the highest total antioxidant capacities 
with the following values of 128.2 and 132.6 mg AAE/g 
dw, respectively. 
 
3.4. DPPH Free Radical-Scavenging Activity 

 
DPPH is a free radical that accepts an electron or 
hydrogen radical to become a stable diamagnetic 
molecule. The antioxidant can reduce it by donating an 
electron or hydrogen. The antioxidant ability of the 
different fractions under study (Hexane, 
dichloromethane, chloroform, ethyl acetate, and water) 
prepared from A. visnaga were evaluated using the 
DPPH assay, and the obtained results are displayed in 
Figure 5. The treatment of the obtained results revealed 
that the aqueous fraction exhibited the highest 
antioxidant activity, while the hexane fraction was the 
weakest fraction to scavenge the free radical. 

According to the figure 5, all the fractions 
showed a dose dependant antioxidant activity. Based on 
the results obtained from this study, ethyl acetate 
fraction showed the highest antioxidant activity, 
followed by the dichloromethane fraction, while the n-
hexane fraction exhibited the lowest antioxidant 
activity, showing that the antioxidant compounds in 
Ammi visnaga are not non polar. We can also notice that 
the antioxidant activity increases in the fraction with the 
increase of the solvent polarity.  

 
3.5. Antimicrobial activity 

 
Table 1 represents the obtained results of 

antibacterial activity of different extracts under study.  
The analysis of the obtained results showed that all 
fractions were found to have a strong antimicrobial 
property to sabotage the normal development of 
different strains under study except the hexane fraction. 
The water fraction produced the best antimicrobial 
potency against E. coli, P. aeruginosa and C. albicans 
with an inhibition diameter 16.7± 0.2 mm, 14.1±0.1 mm 
and 25.23±0.1mm, respectively. While, the lowest DI 
values were registered for hexane fraction against all 
microorganisms under study.  
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Fig. 5. DPPH free radical-scavenging activity of different extracts. 

  

Table 1. Antimicrobial activity of different extracts. 

 E.coli P. aeruginosa S. aureus C. albicans 
Water fraction 16.7± 0.2 d 14.1±0.1 13.23±0.1 d 25.23±0.1 d 
Chloroform fraction 12.25±0.3 a 13.2±0.1 ad 12.23±0.3 a 14.16±0.1 ad 
Ethyl acetate fraction 15.07±0.08 b 11.36±0.08 b 14.4±0.2 b 16.23±0.04 b 
Hexane fraction 1.75±0.25 c 3.16±0.2 c 5.2±0.06 c 4.7±0.06 c 
Dichloromethane fraction 16.2±0.1 d 13.2±0.1 d 13.06±0.04 d 14.47±0.08 d 
Values in the same column followed by the same letter are not significantly different by Tukey’s multiple range test (p < 0.05). 

3.6. Phenolic profile  

To determine the phenolic profile of Ammi visnaga 
umbel dry related to its antioxidant and antimicrobial 
potencies, the phytochemicals were characterized using 
HPLC and the obtained results are displayed in Figure 
6 and Table 3. The quantitative determination of AV 
umbel dry showed the presence of 16 compounds with 

different quantities. Individual phenolic components 
detected in the material under study with high amount 
are isorhamnetin_3-O-rutinoside (50.18%), 
isorhamnetin_3-O-glucoside (19.35%), kaempferol_3-
O-glucoside (12.04%), and chlorogenic acid (4.93%). 
While, other compounds are detected in lowest 
amounts.  

Fig. 6. HPLC chromatogram of the Ammi visnaga extract. 
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1.1. In silico toxicity prediction  

 
Toxicity prediction using an in silico assay of the 

main active compounds found in Ammi visnaga L. did 
not exhibit any toxicity, including hepatotoxicity, 
carcinogenicity, mutagenicity, or cytotoxicity. All 

tested molecules showed mild immunogenicity, except 
for p-coumaric acid (Table 5). The selected main active 
compounds of Ammi visnaga L. showed high lethal 
dosage 50 (LD50) concentrations, which could explain 
the safety of the plant extract.

 
Table 3. Toxicity prediction details by Protox-II of the main active compounds of Ammi visnaga L. 

Compound 
Predicted 

LD50 
(mg/kg) 

Toxicity 
class Hepatotoxicity Carcino-

genicity Immunotoxicity Mutagenicity Cyto-toxicity 

Isorhamnetin_3-
O-rutinoside 5000 5 0.81 (Inactive) 0.93 

(Inactive) 0.99 (Active) 0.90 
(Inactive) 0.52 (Inactive) 

Isorhamnetin_3-
O-glucoside 5000 5 0.83 (Inactive) 0.90 

(Inactive) 0.93 (Active) 0.65 
(Inactive) 0.58 (Inactive) 

Kaempferol_3-
O-glucoside 5000 5 0.82 (Inactive) 0.85 

(Inactive) 0.64 (Inactive) 0.76 
(Inactive) 0.69 (Inactive) 

Chlorogenic 
acid 5000 5 0.72 (Inactive) 0.68 

(Inactive) 0.99 (Active) 0.93 
(Inactive) 0.80 (Inactive) 

p-
Coumaric_acid 2850 5 0.51 (Inactive) 0.50 

(Active) 0.91 (Inactive) 0.93 
(Inactive) 0.81 (Inactive) 

Quercetin_3-O-
glucoside 5000 5 0.82 (Inactive) 0.85 

(Inactive) 0.66 (Active) 0.76 
(Inactive) 0.69 (Inactive) 

 
 

Table 2. Phenolic profile of dry umbel extract of Ammi visnaga. 
Phenolic compound  Pourcentage (%) 
Neochlorogenic acid 0.71 

Chlorogenic acid 4.93 
p-Hydroxybenzoic_acid 1.16 

Caffeic_acid 1.11 
Rutin 2.86 

p-Coumaric_acid 2.26 
Quercetin_3-O-glucoside 2.44 

Isorhamnetin_3-O-rutinoside 50.18 
Isorhamnetin_3-O-glucoside 19.35 
Quercetin_3-O-rhamnoside 0.46 
Kaempferol_3-O-glucoside 12.04 

Quercetin 0.05 
Naringenin 0.05 
Kaempferol 1.16 
Hispidulin 0.04 

  
Isorhamnetin 1.14 

SUM 99.94 
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4. Discussion  

Infectious diseases constitute a real challenge for 
animal and human health and chemical treatments 
presented some limitations. Historically, humans have 
sought to use different natural herbs to treat their 
ailments [24,25]. In fact, natural sources were found to 
contain effective antimicrobial agents that could 
neutralize antibioresistance acquired by the misuse of 
antimicrobial chemical drugs [26]. The bioactive 
compounds of medicinal plants are found to be effective 
and biorational molecules against several pathogen 
bacteria [27]. The failure of antibiotic spectra continues 
to increase, which prompted researchers to investigate 
the antimicrobial ability of medicinal plants, such as 
Ammi visnaga L.  

The findings showed that the aqueous extract 
registered the highest amounts of total phenolic content, 
total flavonoid content, and remarkable antioxidant 
ability. The aqueous and dichloromethane fractions 
have a potent antimicrobial property against different 
bacterial strains (E. coli, P. aeruginosa, and S. aureus) 
and Candida albicans. The analysis of results revealed 
that the aqueous extract registered the highest amounts 
of phenolic and flavonoid contents, which are lower 
than those determined by Bitari et el. [28]. Karkouri et 
al. found that the phenolic content of Ammi visnaga L. 
ranged between 1.7 and 72.36 mg GAE/g [29]. Contents 
et al. documented the lowest values of TPC and TFC 
[30]. Those results can be explained by the fact that 
phenolic content and antioxidant activity of the extracts 
are strongly dependent on the solvent, due to the 
different antioxidant potentials of compounds with 
different polarity [31]. The most part of antioxidants 
compounds extracted from Ammi visnaga was very 
polar and stood the water fraction after liquid-liquid 
extraction with different solvent. It can be observed 
from these results; changes on solvent polarity alter its 
ability to dissolve antioxidant compounds. Similar 
results showing that water extracts were found to be the 
most efficient solvent to have antioxidant activity for 
three Mentha species [31]. The obtained results are in 
line with those reported by Ousaaid et al. who found that 
the water was the most extractant than other organic 
solvents [32]. Solvent polarity constitutes the main 
factor affecting phenolic content recovery. It has been 
found that the yield of phenolic extraction depends on 
the polarity of the extractant. The study conducted by 
Bui et el. revealed that dichloromethane was the lowest 

extractible solvent than chloroform and ethyl acetate 
[33]. Solvents with the highest polarity were preferred 
to recovery polar compounds such as phenolic 
components associated with multiple carbohydrates 
[34]. Secondary metabolites play a pivotal role in the 
plant protection against different biotic and abiotic 
stressors, including draught, salinity, fungi, viruses, and 
bacteria [35]. Phytoprotectants are found to be able to 
neutralize reactive oxygen species and act as natural 
antimicrobial agents with large spectrum of activities 
[36]. Bacteria and fungi can survive despite the 
application of different chemical agents acquiring the 
resistance. However, in the present study, we evaluated 
the potency of different fractions of A. visnaga to 
eradicate three pathogenic bacteria strains and one 
fungi. The finding revealed that the aqueous extract 
exerted an interesting activity against all microbes with 
diameter zones varying from 12 to 17 mm for bacteria 
and 25 mm for Candida albicans, while hexane extract 
registered the lowest antimicrobial activity against all 
microbes under study. The obtained results from this 
study are partially coherent with published articles 
reporting the antimicrobial potency of A. visnaga 
against S. mutans, S. salivarius, S. sanguis [37], S. 
aureus, L. mesontroide, E. faecalis, E. coli, P. 
aeruginosa, K. pneumoniae, C. tropicans and C. 
albicans [38] , S. aureus (ATCC 25923), E. coli (ATCC 
25922), and P. aeruginosa (ATCC 27853) [39]. The 
same finding were found for A. majus extracts against 
S. aureus, E. coli, H. influenza, and Proteus spp [40]. A. 
visnaga is considered to have remarkable antimicrobial 
properties, which are associated with its chemical 
composition. Several studies have demonstrated that the 
antimicrobial efficacy of natural products is highly 
related to their phytochemical composition [41–44]. 
The delve into the phytochemistry of A. visnaga 
revealed the presence of wide range of phytochemicals 
accounting 16 compound, including isorhamnetin_3-O-
rutinoside (50.18%), isorhamnetin_3-O-glucoside 
(19,35%) and kaempferol_3-O-glucoside (12 ,04%) 
(Table 4). A published report on phytochemistry of A. 
visnaga documented that the main bioactive compounds 
found are khellin and visnagin [45]. While, Zaher et al. 
detected 46 compounds representing 89.89%, including 
edulisin III, binapacryl, khellin, and visnagin as the 
most abundant components [46]. The metabolomics of 
the bioactive compounds of A. visnaga revealed the 
presence of phenylpropanoids, flavonoids, 
isobenzofuranones, coumarins, and chromones [47]. It 
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has been documented that the main aglycones found in 
A. visnaga are quercetin, rhamnocitrin, rhamnetin, and 
rhmnazin  [48], while, the most flavonols detected in 
our sample are conjugated with glucose, rutinose, and 
rhamnose. The obtained results are high concordance 
with those reported by Bencheraiet et al. [49]. The 
variability of the phytochemical profile of A. visnaga is 
highly dependent on various factors, viz the 
geographical origin, pedoclimatic conditions, extraction 
technique, and extractor solvent used [50,51]. 

An experimental study found that isorhamnetin can 
inhibit the hemolysis effect of pneumolysin produced 
by S. pneumoniae, which confirms its efficiency as an 
antivirulence agent against S. pneumoniae infection 
[52]. In the same context, Aruwa et al. reported that the 
application of isorhamnetin improved antibacterial 
activity by destabilizing bacterial membrane integrety 
[53]. Furthermore, isorhamnetin has been found to be 
effective in altering the morphology of A. fumingatus 
hyphal and the integrety of the membrane by 
diminishing the corneal fungal load and inhibiting 
neutrophil recruitment [53]. It has also been found that 
isorhamnetin could decrease the levels of mRNA and 
protein expression of TLR-2, TLR-4, Dectin-1, IL-1β, 
and tumor necrosis factor-α  [54]. Furthermore, the 
interaction between these molecules forms different 
compounds that disturb the integrity of bacteria cells, 
which perturbs their stability, permeability, and normal 
growth. In addition, phenolic acids dissociate, altering 
cell membrane potential perturbing sodium-potassium 
pump [47]. They can interact with synthetic pathways 
of binding of DNA replication with topoisomerase and 
DNA gyrase [47]. A. visnaga contains several bioactive 
compounds that act synergistically to eradicate 
pathogenic bacteria. It has been found that khellin and 
visnagin exert their impact as inhibitors of the efflux 
pump (NorA) overproduced by S. aureus SA-1199B, 
which confers resistance against antibiotics [55]. In 
addition, the combination of khellin, visnagin, and 
antibiotics reduced the minimum inhibitory 
concentration of antibiotics [55]. Bioactive compounds 
have proved their ability to enhance the impact of 
antimicrobial drugs against resistant microbes [56]. 
     The seven main active substances discovered in A. 
visnaga showed mild immunotoxicity in in silico test. 
Isorhamnetin-3-O-glucoside, one of the active 
substances evaluated, displayed an immunostimulatory 
effect and was recommended as a treatment for chronic 
granulomatous disease and insufficiency of neutrophil 
function [57]. In addition, it has been discovered that 

isorhamnetin-3-O-glucoside induced the transcriptional 
expression of cytokines [58]. On the other hand, the 
phytocompounds found in A. visnaga possessed an 
interesting hepatoprotective effect against numerous 
toxic agents [59–61].  
Secondary metabolites constitute the main objective of 
several studies since their positive impact was 
announced on both human and animal health [62]. In 
fact, recent studies have deepened the scientific 
investigation of the beneficial properties of bioactive 
compounds isolated from A. visnaga. In the study by 
Ez-zahir et al., both furanochromones (khellin and 
visnagin) isolated from A. vinsaga L. exhibited an 
immunostimulating effect on the humoral response 
[63]. Furthermore, chlorogenic acid was tested to 
improve the meat quality of oxidatively stressed 
broilers, the obtained results showed that chlorogenic 
acid supplementation ameliorated the growth 
performance, meat quality, enhanced the antioxidant 
defense system [64]. The most interesting bioactive 
compounds are flavonoids well known for their wide 
range of biological properties, including anticancer, 
antidiabetic, antioxidative, antimicrobial, anti-
inflammatory, and immunustimulant effects  [63]. A. 
visnaga is a dense source of bioactive compounds that 
act synergistically on their positive impacts by affecting 
several physiological functions. 

 
5. Conclusion  

In the current work, different extracts of Ammi 
visnaga, especially aqueous extract, showed 
considerable phenolic and flavonoid contents, 
antioxidant activity, and adequate antibacterial and 
antifungal potency against different strains under study. 
These properties of A. visnaga could be due to its dense 
chemical composition, including phenolics, flavonoids, 
chromones, and coumarins. Ammi visnaga is a 
medicinal plant that could be used as a source of natural 
antimicrobial agents for the discovery of new 
antimicrobial drugs. 
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