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BACKGROUND.  
Plants of the genus Allium have a long history of traditional use worldwide, dating back to the early ages, as food and medicine. The Allium 
genus has been recognized as a rich source of secondary metabolites with related health benefits. Allium species are widely used in Georgian 
traditional medicine against many diseases.  
OBJECTIVES 
In this research, we have evaluated the antioxidant and cytotoxic activity of Allium ponticum Miscz, Sect. Allium and Allium saxatile M. Bieb, 
Sect. Oreiprason F. Hern. Two Allium species growing in Georgia. 
METHODS  
Ethanol extracts from both plants were obtained, using an ultrasonic water bath. The dried ethanol extract was subjected to fractionation using 
column chromatography, with Water-Methanol as a mobile phase. The cytotoxic properties of all these extracts and fractions were evaluated 
against human melanoma cells (A2058). The antioxidant activity of fractions was evaluated using the TBARS assay on RAW 264.7 murine 
macrophages. The anti-inflammatory activity of extracts and fractions was studied using RT-qPCR, and the inflammation was induced with LPS 
(Lipopolysaccharide). 
RESULTS  
The crude extract of A. saxatile showed cytotoxic activity with IC50 value of 37.62 μg/ml, 100% methanolic fractions of A. saxatile and A. 
ponticum showed activity with IC50 4.04 μg/ml and 37.67 μg/ml respectively. Among the fractions, 50% methanolic fraction had better activity 
than others, IC50 _ 2.93 μg/ml and 14.78 μg/ml for A. saxatile F2 and A. ponticum F2, respectively, Doxorubicin 5 µM. The results of antioxidant 
activity were IC50_ 3.5 μg/ml and 58.48 μg/ml for crude extracts of A. saxatile and A. ponticum respectively. Extracts and fractions haven’t 
expressed an anti-inflammatory activity.  
CONCLUSIONS  
Overall, these data confirm the therapeutic potential of Allium ponticum and Allium saxatile, and the need for the isolation of individual 
compounds, which are responsible for these biological activities. 
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BACKGROUND 
he genus Allium belongs to the family Alliaceae, they are 
an important herbaceous plant.1 This genus involves up 
to 1233 species, mostly growing in the northern 

hemisphere (Allium L. in GBIF Secretariat (2021). Among them, 
70 species grow in the Caucasus region and 35 species are 
described in Georgia, among which, 7 species are endemic to 
the Caucasus region and 5 species are endemic to Georgia.2 

Plants of the genus Allium have a long history of traditional 
uses worldwide dating back to the early ages as food and 
medicine. The history of Allium cultivation dates to ancient 
Egypt, more than 4,000 years ago. It is cited in the Egyptian 
Codex Ebers, a 35-century-old document, as being useful in the 
treatment of heart disorders, tumors, worms, bites, and other 
illnesses.3 These plants were also well-known in ancient 
Greece, the Roman Empire, India, China, Central Asia, the 

Middle East, etc.4 Allium plants have been used to treat high 
blood pressure, worms, colds, inflammation, loss of appetite, 
fungal infections, intestine disorders, infertility, and 
diabetes.5,6 Ayurvedic medicine claims that garlic (Allium 
sativum L.) maintains the fluidity of blood and strengthens the 
heart 6. Allium species are widely used in Georgian traditional 
medicine as antifungal, antiseptic, and antibacterial 
remedies.7,8 

The Allium genus is a well-known source of secondary 
metabolites, including phenolic acids and their derivatives, 
flavonoids, flavonoid polymers, steroidal saponins, and organic 
sulfur compounds, with related health benefits.9-11 

Species of Allium have shown important cytotoxic activity, 
such as Allium leucanthum K. Koch;12 Allium gramineum K. 
Koch;10 Allium flavum L;13 Allium cepa L.14  
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Antioxidants play a significant role in health. They are also 
used to reduce disease risk and can protect the body against 
oxidative damage, which causes various diseases (diabetes, 
cancer, neurodegenerative disorders, etc.). Several reports 
have described that antioxidant supplementation may exert 
antiatherogenic properties via their ability to limit the early 
steps of atherogenesis associated with low-density lipoprotein 
(LDL) oxidation. Independently of their antioxidant activities, 
other features, such as defense against oxLDL-induced toxicity 
or anti-inflammatory action, have been reported.15  

Research on antioxidant activity in Allium species has been 
widely reported. Antioxidant activity is found in A. cepa, A. 
sativum, and A. schoenoprasum with different testing 
methods.16 

Studies on the different plants, in the genus Allium have 
shown that they have various interesting biological activities, 
which have already been well studied. This encouraged us to 
evaluate the cytotoxic, antioxidant, and anti-inflammatory 
activities of the plants of the genus Allium, Allium saxatile and 
Allium ponticum, growing in Georgia. Previous phytochemical 
or pharmacological studies on these plants have not been 
reported. 

METHODS 
Chemical reagents and cell lines 
All reagents, solvents, and chemicals used in the experiments 
were of analytical grade. Methanol, dichloromethane, and 
ethyl acetate were acquired from VWR Chemicals (France). For 
column chromatography, Diaion HP-20 resin (Mitsubishi, 
Japan) was used. Tri-reagent RT and High-Capacity cDNA 
reverse transcription Kit with RNase Inhibitor were purchased 
from ThermoFisher Scientific (USA). RPMI medium 
supplemented with 10% fetal calf serum was obtained from 
“Thermo Fisher Scientific Inc.” USA (Gibco™). To extract total 
RNA from cells we used Tri-reagent RT obtained from 
Molecular Research Center, Inc. For retrotranscription_High-
capacity cDNA Reverse Transcription Kit from Applied 
Biosystems® and for mRNA level measurement SsoFast™ 
EvaGreen® Supermix from BIO-RAD. 

RAW 264.7 murine macrophages (RAW264.7 ATCC® TIB-
71™) and A2058 human melanoma cells (A2058 ATCC® CRL-
11147™) were obtained from American Type Culture 
Collection (Manassas, Virginia), and were cultured in RPMI 
medium supplemented with 10% fetal calf serum in a 37 °C 
humidified incubator containing 5% CO2. For the experiments, 
the cells were incubated in a serum-free RPMI-1640 medium. 
A2058 human melanoma cells were grown in Dulbecco’s 
modified Eagle’s medium (DMEM) supplemented with glucose 
(4.5 g/L), glutamine (2 mM), penicillin (50 IU/mL), 
streptomycin (0.5 mg/mL), sodium pyruvate (0.5 mM) and 10% 
fetal bovine serum (FBS). All the culture reagents were 
obtained from “ThermoFisher scientific”. 

 

Plant Material 
The aerial parts of Allium saxatile M. Bieb, Sect. Oreiprason F. 
Hern and Allium ponticum Miscz, Sect. Allium, was collected, 
respectively, in the Racha and Javakheti, regions of Georgia. 
They were collected and identified by Pr. Tsiala Ghviniashvili 
(Botanical Institute of Ilia State University). 

Extraction and fractionation 
Each plant was dried and milled to 1 mm particles. Powdered 
plants were extracted with 80% EtOH, using an ultrasonic 
water bath at 50 °C. Extracts were concentrated with a rotary 
evaporator.  

Dried extracts of each plant were subjected to Diaion HP-
20 column chromatography. The mobile phase was H2O-
MeOH in gradient condition and EtOAc to give four enriched 
fractions of each plant. Biological studies were conducted on 
crude extracts of both plants and fractions including A. saxatile 
F1, A. saxatile F2, A. saxatile F3, A. ponticum F1, A. ponticum 
F2, and A. ponticum F3. The fractions A. saxatile F4 and A. 
ponticum F4 were not used for studies because the obtained 
amount was not enough for research; these fractions only 
contained lipophilic compounds with low solubility. 

LDL Isolation and oxidation 
Human LDLs (d 1.019–1.063) were isolated from pooled fresh 
sera, provided by the French organization, "établissement 
français du sang" by sequential ultracentrifugation, dialyzing, 
and sterilization by filtration as previously described by Augé 
et al.17 

Cell viability assay (MTT assay) 
The cell viability was evaluated on RAW 264.7 macrophages 
using the MTT (3-(4, 5 dimethylthiazol-2-yl)-2, 5 
diphenyltetrazolium bromide) assay. Cells were exposed to the 
fractions, with different concentrations. Crude extracts with 
0,5 μg/mL, 5 μg/mL, 50 μg/mL, and 100 μg/mL concentrations. 
Fractions with 0,1 μg/mL, 1 μg/mL, 10 μg/mL and 20 μg/mL 
concentrations. An untreated control was used as control.17 

Antioxidant activity (TBARS assay) 
For evaluation of cytotoxicity, extracts and fractions were 
assessed in 96-well microplates using the Prestoblue® 
colorimetric assay for cell viability based on the reduction of 
resazurin in resorufin dependent on the metabolic activity of 
cells. This color change was detected using fluorescence 
measurements (SpetraMax i3, Molecular Devices™) at 560 and 
590 nm. Each dilution of the tested extract and fraction was 
assessed in triplicate. Doxorubicin was used as the positive 
control and cells with 1.5% DMSO was used as a negative 
control.18 

Cytotoxicity assay 
We decided to study the antioxidant activity of A. saxatile and 
A. ponticum in two diverse ways. Firstly, a non-cellular assay 
was performed in the culture medium, where we added LDL, 
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CuSO4, and extracts and fractions of the plants, with increasing 
concentration, dissolved in 0.1% DMSO. In this case, we 
wanted to see if the studied products would prevent LDL 
oxidation directly via biochemical pathways. Secondly in a 
cellular assay on RAW 264.7 cells, incubated with LDL, CuSO4, 
and extracts and fractions of the plants, with increasing 
concentration, were dissolved in DMSO and samples for 24 
hours. After this period, the medium was removed, and the 
antioxidant activity was evaluated using the thiobarbituric acid 
reactive substances (TBARS) assay.19 

The cells were seeded on a 24-well plate with a 500 μL 
serum-free RPMI 1640 culture medium and were treated with 
LDL (200 µg/mL) and samples. TBARS were evaluated exactly 
as previously described referring to a Malone di-aldehyde 
standard. The control was performed under the same 
conditions but with only 0.1% DMSO.17  

Anti-Inflammatory activity 
The anti-inflammatory activity of the samples was evaluated 
using RT-qPCR, according to the previously described 
method20. We treated cells with lipopolysaccharide (LPS), 
low-density lipoprotein (LDL), and oxidized low-density 
lipoprotein (oxLDL), then crude extracts and fractions of both 
plants at different concentrations were added.  

Statistical analysis 
Each experiment was performed independently 3 to 6 times 
before statistical analysis. Results were expressed as mean ± 
SEM. All data passed a normality test followed by a normal 
Gaussian test repartition to verify whether there was equal 
variance or not (Minitab software), which orientates the 
statistical analysis test that was done using GraphPad Prism 6 
for Windows (GraphPad Software). Results were considered 
significant at p<0.05. *: Untreated control used as reference 
(*: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001). 

RESULTS 
Extract yield 
Extraction of 500 g of each plant yielded a crude extract of A. 
saxatile - 35.7 g and A. ponticum - 30.5 g. 15 g dried extracts 
of each plant were separated using column chromatography. 
The stationary phase was Diaion HP-29 and the mobile phase 
was H2O-MeOH in gradient condition (100:0; 50:50; 0:100 
v/v) and finally EtOAc to give four enriched fractions of each 
plant. in total 8 fractions were obtained: A. saxatile F1; A. 
saxatile F2; A. saxatile F3; A. saxatile F4; A. ponticum F1; A. 
ponticum F2; A. ponticum F3 and A. ponticum F4. (Tab.1a and 
1b) 

TABLE 1a. Obtained fractions of A. saxatile after separation using column 
chromatography 
 

Fraction Solvent for elution Yield (g) 
A. saxatile F1(Fraction 1) 100% Water 8.1 

A. saxatile F2 (Fraction 2) 50% water : 50% Methanol 1.7 

A. saxatile F3 (Fraction 3) 100% Methanol 3.5 

A. saxatile F4 (Fraction 4) 100% EtOAc 0.02 

TABLE 1b. Obtained fractions of A. ponticum after separation using column 
chromatography 
 

Fraction Solvent for elution Yield (g) 
A. ponticum F1(Fraction 1) 100% Water 6.7 

A. ponticum F2 (Fraction 2) 50% water : 50% Methanol 3.9 

A. ponticum F3 (Fraction 3) 100% Methanol 2.3 

A. ponticum F4 (Fraction 4) 100% EtOAc 0.2 

Cytotoxic Activity 
Cytotoxic activity of the fractions from Allium saxatile and 
Allium ponticum was assessed against human melanoma cells 
(A2058). Crude extract and 100% methanolic fraction (A. 
saxatile F3) of A. saxatile showed cytotoxic activity against 
melanoma cells, with IC50 values of 37.62 μg/mL and 4.04 
μg/mL respectively. In the case of A. ponticum, only the 
methanol fraction (A. ponticum F3) showed cytotoxic activity 
with IC50_35.67 μg/mL. (Tab.2) 
 
TABLE 2. in vitro cytotoxic activity of crude extract and fractions of Allium 
saxatile and Allium ponticum on A2058 cells. Doxorubicin was used as a 
reference 

•  

Sample IC50 μg/mL 
A. saxatile Crude extract 37.62 

A. saxatile F1 >50 

A. saxatile F2 >50 

A. saxatile F3 4.04 

A. ponticum Crude extract >50 

A. ponticum F1 >50 

A. ponticum F2 >50 

N=3  

Toxicity of crude extract and fractions and cytoprotective effect 
against oxLDL induced apoptosis 
Toxicity of the crude extract and fractions were investigated on 
murine RAW264.7 macrophages. For A. Ponticum only 
methanol fraction (A. ponticum F3) showed low toxicity with 
20% inhibition at 20 μg/mL in comparison with untreated 
control (Fig.1). A. Saxatile crude extract showed 45% inhibition 
and a methanolic fraction (A. saxatile F3) showed 55% 
inhibition at 20 μg/mL and 30% inhibition at 10 μg/mL. (Fig.2) 
 The toxic effect of oxLDL is quite dramatic and leads to cell 
death, either through apoptosis or necrosis.21  
 Our data has shown that the viability of cells incubated with 
an oxLDL-containing medium decreased by 50%.  
 In the case of incubation of cells with oxLDL and studying 
objects, we see that the viability of cells was increased up to 
100% after incubation with crude extract of A. ponticum and 
fractions A. ponticum F1, A. ponticum F3 with 1 μg/mL and 0.1 
μg/mL and fraction A. ponticum F2 with 1 μg/mL 
concentrations (Fig.3). 
 Crude extract and fractions A. saxatile F1 and A. saxatile F2 
have increased cell viability with low concentrations, and 
fraction A. saxatile F3 with all concentrations showed 
protective effects against oxLDL-induced cell death (Fig.4). 
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FIGURE 1. Effect of crude extract and fractions on RAW 264.7 viability. Macrophages were incubated with A. ponticum Crude extract; A. ponticum F1; A. 
ponticum F2; A. ponticum F3 fractions, with different concentrations 

FIGURE 2. Effect of crude extract and fractions on RAW 264.7 viability. Macrophages were incubated with A. saxatile Crude extract; A. saxatile F1; A. saxatile F2; 
A. saxatile F3 fractions, with different concentrations 

FIGURE 3. Effect of crude extract and fraction cell-oxidized LDL induced cell death. Cells were incubated with LDL and A. ponticum Crude extract; A. ponticum 
F1; A. ponticum F2; A. ponticum F3 fractions, with different concentrations 
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FIGURE 4. Effect of crude extract and fraction cell-oxidized LDL induced cell death. Cells were incubated with oxLDL and A. saxatile Crude extract; A. saxatile F1; 
A. saxatile F2; A. saxatile F3 fractions, with different concentrations 

Antioxidant activity 
According to the results obtained, the crude extract of plant A. 
Ponticum inhibited the oxidation of LDL. Concerning the 
fractions, A. ponticum F2 and A. ponticum F3 showed 
antioxidant activity in the non-cellular assay IC50 at 14.78 
μg/mL and 24.53 μg/mL respectively. (Tab.3) 

In the case of A. saxatile, the activity of the crude extract 
and fractions was higher than the crude extract and fractions 
of A. ponticum. All the fractions have expressed antioxidant 
activity, particularly, fraction A. saxatile F2 (eluted with 50% 
methanol) had better activity than others, with an IC50 value 
of 2.93 μg/mL (Table 3). 

Regarding cellular assay, we tested the capacity of crude 
extract, and fractions of A. ponticum and A. saxatile to limit 
cell-induced LDL oxidation. According to the results, crude 
extract of A. ponticum and fraction A. ponticum F3 (eluted with 
100% Methanol) have shown better activity than in non-
cellular experiment IC50 42.16 μg/mL and 12.15 μg/mL 
respectively. (Tab.3) 

TABLE 3. Obtained fractions of A. ponticum after separation using column 
chromatography 
 

Fraction Non cellular assay 
 IC50 μg/mL 

Cellular assay 
IC50 μg/mL 

A. saxatile (A.S.) crude extr. 3.5 40.13 

A.S.F1  16.41 >50 

A.S.F2 2.93 14.42 

A.S.F3 8.2 14.13 

A. ponticum (A.P.) crude extr. 58.48 42.16 

A.P.F1 >50 >50 

A.P.F2 14.78 >50 

A.P.F3 24.53 12.15 

 

Anti-inflammatory activity  
The anti-inflammatory evaluation of the extracts and fractions 
of A. saxatile and A. ponticum did not show an inhibitory effect 
on the expression of pro-inflammatory cytokines induced by 
LPS. 
 

FIGURE 5. Anti-inflammatory activity. Inflammation induced by LPS. Cells 
were incubated with LPS and A. ponticum Crude extract; A. ponticum F1; A. 
ponticum F2; A. ponticum F3; A. saxatile Crude extract; A. saxatile F1; A. 
saxatile F2; A. saxatile F3 fractions 

DISCUSSION 
Natural phytochemicals are well known for their ability to aid 
in the treatment of a variety of diseases. During the research, 
80% ethanolic extracts of plants, A. Saxatile and A. Ponticum 
representing the genus Allium, were subjected to 
fractionation, over Diaion HP-20, column chromatography. 
From each plant, four different fractions were obtained, and 
their different pharmacological activities were evaluated using 
in vitro analysis.  

This study revealed that fractions obtained from A. saxatile 
and A. ponticum can inhibit the growth of melanoma cancer 
cells with an IC50 of 4.04 μg/ml and 35.67 μg/ml, respectively. 

In vitro studies have revealed that some saponins extracted 
from the plant genus Allium have a cytotoxic effect on human 
and animal cancer cells. For example, Spirostanol saponins, 
extracted from Allium leucanthum, have a cytotoxic effect 
against adenocarcinoma (A549) and colorectal 
adenocarcinoma (DLD-1) cells.12 Compounds identified in 
Allium gramineum have strongly inhibited the growth of breast 
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adenocarcinoma cell lines, with an IC50 of 4.5 ± 0.7μg/mL for 
MDAMB-231 and 4.8 ± 0.9μg/mL for MCF-7 cells10. Furostanol 
saponins, from Allium chinense, have induced apoptosis of 
HepG2 cells.22 Biological research on steroidal saponins 
extracted from Allium flavum exhibited moderate cytotoxicity 
against a human colorectal cancer cell line (SW480)13. 
Steroidal glycoside from Allium macrostemon has also shown 
moderate cytotoxicity against A549 and SK-MEL-2 cells.23 

Antioxidants are substances that protect cells from damage 
caused by free radicals. These free radicals can damage lipids, 
proteins, and DNA and can cause peroxidation of the cell 
membrane. The accumulation of free radicals has been 
implicated in many diseases including cancer, heart disease, 
stroke, etc.  Antioxidants are also antiatherogenic, as they 
scavenge reactive oxygen species (ROS), inhibiting the LDL 
oxidation elicited by cultured vascular cells.24  

The results of the studies show that, in the non-cellular 
assay, the crude extract of A. saxatile is more active than A. 
ponticum, concerning fractions, we see that, 50% methanolic 
fraction of both plants have better antioxidant activity than 
100% methanolic fractions (Tab.3). This can signify that 
compound, responsible for the described activity is mostly 
concentrated in a 50% methanolic fraction. 

In the case of the cellular assay, results show that crude 
extract and fractions of A. saxatile are more active than A. 
ponticum, but the activity of A.P.F3 fraction is increased in the 
cellular assay, which can mean that compounds in this fraction 
express their antioxidant activity with different pathway. 

The free radical scavenging activity of the extract of Allium 
species is well known. Antioxidant activity is described in 
onion, garlic, and many other species of the genus Allium (A. 
roseum; A. subhirsutum; A. neapolitanum).25-28 For example, 
ethanol extract from Allium saralicum can neutralize ROS in a 
dose-depending manner.29 The antioxidant potential of Allium 
species is mostly associated with high amounts of polyphenols 
and flavonoids, found in these species, which are natural 
antioxidants.30 The flavonoids extracted from Allium cepa have 
exhibited antioxidant activity.31 The ethanol extract of A. 
ursinum leaves showed antioxidant activity of 77% with an 
EC50 value of 322 g/mL in the DPPH assay. The activity was 
influenced by the presence of phenolic compounds in 
extract.32  

Flavonoids extracted from onion can protect against 
oxidative damage, and also can protect against LDL oxidation 
and lipid peroxidation.33 Many proatherogenic factors, such as 
ox-LDL, ROS, and Ang II, induce endothelial cell apoptosis, 
while protective factors, such as antioxidants, which can 
reduce the effect of oxLDL, inhibit endothelial cell apoptosis. 
Therefore, endothelial cell apoptosis is closely related to the 
initiation of atherosclerosis and can be used as a target for the 
prevention and treatment of atherosclerosis.34 

The samples did not decrease the expression of pro-
inflammatory cytokines. Only the A. saxatile F3 fraction slightly 

decreased the expression of IL-1, but this result was not 
significant (Fig.5).  

In the present study, we report new data on Allium species 
and interesting information about their biological activities. 
The results of the present study provided a basis for further 
development and isolation of the individual compounds which 
are responsible for the biological activities of A. saxatile and A. 
ponticum and increased the knowledge about these species as 
potential sources of medicinal agents. 
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