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Antioxidant Activity and Cytotoxicity of Medicago
sativa L. Seeds and Herb Extract on Skin Cells
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Abstract
In response to the constantly growing demand for high quality cosmetics we observe an increasing interest in
products containing natural plant extracts. This article attempts to assess the antioxidant and cytotoxic properties
of extracts from alfalfa herb and seeds (Medicago sativa L.). These extracts were obtained using ultrasound-
assisted extraction method. The research was carried out on two cell lines: fibroblasts and keratinocytes. The
obtained results show that the examined extracts from M. sativa L. are a source of valuable biologically active
agents. Both extracts were characterized by high content of flavonoids and phenolic compounds. Evaluation
of antioxidant properties of extracts using DPPH� radical indicated that the alfalfa extracts can efficiently scav-
enge free radicals. The results of the conducted experiments demonstrated that the M. sativa L. extracts do
not only have an inhibitory effect on free radicals existing in the external environment of the cell, but also
have the ability to reduce the intracellular reactive oxygen species level, which may contribute to the reduction
of oxidative stress inside the cells. Studies performed using cell lines indicated that the tested extracts increase
the proliferation and metabolism of skin cells in vitro. The high antioxidant capacity of M. sativa L. extracts may
indicate its potential use as a valuable ingredient in the cosmetics and pharmaceutical industries.
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Introduction
The skin is a barrier that separates the body from the
external environment. In addition to protecting the
body against water loss and infection of microorgan-
isms, it plays an important cosmetic role.1 As the
most extensive organ in the body, over time the skin
shows numerous visible signs of aging. Therefore,
many people, especially women, spend a lot of money
on cosmetics and pharmaceutical products that help
them prevent or partially reverse skin aging.2 This
aging is caused by both internal and external factors.
Internal aging is an unavoidable physiological process
that results in thin, fine wrinkles, dry skin, and progres-
sive skin atrophy. In contrast, external aging is caused
by external factors such as air pollution, poor nutrition,
smoking, and exposure to the sun, which leads to thick
wrinkles, laxity and loss of skin elasticity, and rough

textured appearance. Moreover long-term exposure to
solar ultraviolet (UV) radiation is the basic factor of
skin aging called photoaging.3,4

As is commonly known, skin aging is affected by re-
active oxygen species (ROS) such as superoxide anions
(O2$�), hydroxyl, nitric oxide radicals, and hydrogen
peroxide (H2O2). They play an important role in oxida-
tive stress associated with the pathogenesis of various
diseases.5 Excessive production of free radicals may
cause damage to cells and tissues through nonspecific
modification and disruption of proteins, phospholip-
ids, and nucleic acids. ROS have a serious negative ef-
fect on organelles and cell membranes. Their excess
causes peroxidation of membrane lipids and modifi-
cation of membrane proteins. As a result, the mem-
brane structure is changing and their functions are
disturbed.6,7
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Fortunately, well-functioning cells have the ability to
defend against the destructive effects of free radicals by
the endogenous systems consisting of various enzymes,
such as catalase, superoxide dismutase, and glutathione
peroxidase. Many scientists have shown that it is possi-
ble to reduce the negative influence of free radicals by
using appropriate protective agents, that is, antioxi-
dants. Natural antioxidants may be a useful strategy
for the prevention of photoaging and oxidative stress
closely related to skin diseases.8–11 The rich source of
natural antioxidants are plants, mainly vegetables,
fruits, and herbs, which are a common component of
the daily diet.12 Plants extracts are currently one of
the largest and most valued groups of ingredients
used in the pharmaceutical and cosmetics industries.
In addition to their strong antibacterial, antifungal,
and antiviral activity, they also show strong antioxidant
properties.13,14 The antioxidant capacity of plant ex-
tracts is mainly related to the content of phenols, flavo-
noids, isoflavonoids, and anthocyanins. Numerous
studies have shown a correlation between the content
of phenolic compounds and flavonoids in plants and
the antioxidant activity of plant extracts.15,16 Plant ex-
tracts are used in cosmetics mainly to improve their
quality and ameliorate functionality. It has been
shown that the extracts are much more effective than
single compounds due to synergistic interactions be-
tween all chemical components.17,18 One of the plants
containing abundant active ingredients that can be
extracted and used as active ingredients in cosmetics
preparations is Medicago sativa L.

M. sativa L. known as alfalfa is a member of the
Fabaceae family, which has a long dietary and medici-
nal use in traditional herbal medicine in China, India,
America, and many Middle Eastern countries for the
treatment of a variety of disorders.19 In addition, M.
sativa L. is widely used as animal feed due to the
high content of fiber, proteins, minerals, vitamins,
chlorophyll, and carotenoids.20 It has also been docu-
mented that alfalfa is a valuable source of phyto-
chemicals such as alkaloids, amino acids, carotenes,
coumarins, digestive enzymes, flavonoids, minerals,
nonprotein amino acids, organic acids, phenolic com-
pounds, cyclic polyols, phytoestrogens, phytosterols,
polyamines, saponins, and some other volatile organic
compounds such as terpenes, furanoids, alcohols, and
ketones. The impressive amount of biologically active
compounds certainly contributed to the fact that this
plant has antioxidant, anti-inflammatory, immuno-
modulatory, and anticancer properties.21–23

The aim of our research was to assess the effect of
seed and herb alfalfa extracts on the viability of skin
cells, fibroblasts (BJ) and keratinocytes (HaCaT)
in vitro. These cells were selected because this article
is an attempt to assess the potential use of extracts
from this plant in pharmaceutical and cosmetic prepa-
rations. Due to the fact that oxidative stress plays an ex-
tremely important role in skin condition, this work also
includes an assessment of the ability to scavenge free
radicals, both in the external environment and inside
the cells.

Materials and Methods
Plant material and extraction procedure
Seeds and herb of M. sativa L. were obtained from the
local herbalist. The Plato variety was used in the re-
search. It was produced by Diet-Food, Poland. Then
two extracts were made, separately from the herb and
alfalfa seeds.

Ultrasound-assisted extraction method
Extracts from alfaalfa seeds and herb were obtained
using ultrasound-assisted extraction method (UAE).
UAE was performed according to the method de-
scribed by Yang et al. in ultrasonic bath (Digital Ultra-
sonic Cleaner) equipped with time controller.24 About
20 g of M. sativa L. seeds and herb were placed into a
glass beaker and 180 mL a mixture of water and glycer-
ine in the ratio of 80:20 was poured. The mixture was
homogenized in room temperature for 50 min (10 cy-
cles for 5 min). Then, obtained extracts were collected
and filtered three times through Whatman filter
paper No. 10 using a vacuum pump. Extracts were
stored in the dark in 4�C for further analysis.

Total phenolic content determination
The total phenolic content in extracts obtained from al-
falfa seeds and herb were determined spectrophoto-
metrically by the Folin-Ciocalteu method according
to the procedure reported by Singleton et al. with
some modifications.25 The 300 lL of tested extract
(0.25–10%) and 1500 lL of 1:10 Folin-Ciocalteau re-
agent were mixed. After 6 min of incubation in the
dark, 1200 lL of sodium carbonate (7.5%) was added
to each sample. After 2 h of incubation in the dark
the absorbance of the tested solutions was measured
spectrophotometrically at k = 740 nm by AquamateHe-
lion (Thermo Scientific). The measurements were car-
ried out at room temperature (25�C). The total
phenolic concentration in analyzed extracts were
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calculated from a gallic acid (GA) calibration curve
(10–100 mg/mL). The estimation of phenolic com-
pounds in the extracts was carried out in triplicate
and the results were averaged.

Total flavonoids content determination
The total flavonoid content (TFC) of analyzed extracts
were evaluated using aluminium nitrate nonahydrate
according to the procedure reported by Matejić et al.
with modifications.26 Briefly, 600 lL of examined ex-
tract solutions (0.25–10%) and 2400 lL of mixture
(80% C2H5OH, 10% Al(NO3)3 · 9 H2O and 1 M
C2H3KO2) were mixed. After 40 min of incubation at
25�C, the absorbance at 415 nm was measured spectro-
photometrically by FilterMax F5 (AquamateHelion).
Both types of extracts were used in the analyzes. The
total flavonoids concentration in M. sativa L. extracts
were calculated from a quercetin hydrate (Qu) calibra-
tion curve (10–100 mg/mL) and expressed as quercetin
equivalents (Qu)/g of extract averaged from three inde-
pendent measurements.

DPPH Radical Scavenging Assay
The ability to scavenge free radicals by alfalfa extracts
obtained from seed and herb was evaluated using
DPPH (2,2-diphenyl-1-picrylhydrazyl) assay according
to the method described by Brand-Williams et al.27

About 167 lL of 4 mM ethanol solution of DPPH was
mixed with 33 lL of analyzed samples in different con-
centrations (0.25%, 0.5%, 1%, 2.5%, 5%, and 10%). The
absorbance was measured at k = 516 nm in every 5 min
for 30 min. Measurements were made using UV-Vis
spectrophotometer Filter Max 5 (Thermo Scientific).
DPPH solution mixed with equal volume of distilled
water was used as a control. The percentage of DPPH
radical scavenging was calculated using the equation:

% DPPH � scavenging =
Abs control�Abs sample

Abs control
· 100%

Cell culture
BJ cells (fibroblasts, ATCC�CRL-2522�) and HaCaT
cells (normal human keratinocytes, ATCC) used in
the experiments were obtained from the American
Type Culture Collection (Manassas, VA). Cells were
maintained in a Dulbecco’s modified essential medium
(DMEM; Gibco) with L-glutamine, supplemented with
10% (vol/vol) fetal bovine serum (FBS; Gibco), and
1% (vol/vol) antibiotics (100 U/mL Penicillin and
1000 lg/mL Streptomycin; Gibco). Fibroblasts were

maintained in a Minimum Essential Medium (MEM;
Gibco) that contains Earle’s salt and L-glutamine, sup-
plemented with 10% (vol/vol) FBS (Gibco), and 1%
(vol/vol) antibiotics (100 U/mL Penicillin and
1000 lg/mL Streptomycin; Gibco). The cultured cells
were kept at 37�C in a humidified atmosphere of 95%
air and 5% of carbon dioxide. When the cells reached
confluence, the culture medium was removed from
the flask (Nest) and cells were rinsed two times with
sterile phosphate-buffered saline (PBS; Gibco). The
confluent layer was trypsinized using Trypsin/EDTA
(Gibco) and then resuspended in fresh medium. The
cells were seeded in a 96-well plate bottom (on separate
plates for each cell type). After attachment of the
HaCaT and fibroblasts to the bottom of the wells of
the plates, cells were incubated with varying concentra-
tions (0.25%, 0.5%, 1%, 2.5%, 5%, and 10%) of the aque-
ous glycerin extracts from M. sativa L. seeds and herb.

Cell viability assay
Neutral red uptake assay. The neutral red uptake
assay (Sigma Aldrich) was used to assess HaCaT and
fibroblasts viability. This assay is based on the initial
protocol described by Borenfreund and Puerner.28 It
allows to evaluate cell viability and determine accumu-
lation of the neutral red dye in the lysosomes of viable,
uninjured cells. The examined cells were placed in 96-
well plates at a density of 1 · 104 cells/well. After 24 h of
preculture, medium (DMEM or MEM) was aspirated
and tested concentrations of M. sativa L. UAE seeds
and herb extracts (in the range of concentrations
from 0.25% to 10%) were added into each well and cul-
tured for another 24 h. The control group was unex-
posed cells. Following exposure to tested extracts,
cells were incubated for 2 h with neutral red dye
(40 lg/mL) dissolved in serum-free DMEM or MEM
medium. Then, cells were washed with PBS and
150 lL of destain solution (EtOH/AcCOOH/H2O2,
50%/1%/49%) per well was added. The plates were
shaken gently for 10 min until the neutral red had
been extracted from the cells. Neutral red dye uptake
was determined by measuring the optical density of
the eluted dye at k = 540 nm in microtiter plate reader
spectrophotometer FilterMax F5 (Thermo Fisher).
The experiments were performed in triplicates for
each extract concentration and presented as percentage
of control values (100%).

Alamar Blue assay. Another test to assess cell viability
was the Alamar Blue test (resazurin sodium salt, Sigma,
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R7017). Cells were seeded in transparent 96-well plates
at a density of 1 · 104 cells/well with fresh DMEM or
MEM medium and exposed to different concentrations
(0.25–10%) of tested alfalfa seeds and herb extracts for
24 h. The control group was unexposed cells main-
tained in a DMEM or a MEM medium. After 24 h of
exposure, resazurin solution was transferred into the
plates for a final volume of 250 lL/well and final con-
centration of 60 lM resazurin. Subsequently, the cells
were incubated for 2 h at 37�C in darkness. The absor-
bance was measured at the wavelength k = 570 nm
using a microplate reader (FilterMax F5; Molecular
Devices). The experiments were performed in tripli-
cates for each M. sativa L. extracts concentration.
Results were expressed as a percentage of the viability
of the control sample versus the control (100%).

Detection of intracellular ROS level
To assess the ability of the analyzed M. sativa L.
extracts to change the intracellular level of ROS in
HaCaT and fibroblast cells, the fluorogenic dye
H2DCFDA was applied. Analogous to the tests evaluat-
ing cell viability, the analyzed cells were seeded in
96-well plates at a density of 1 · 104 cells per well and
initially cultured before the experiment for 24 h. In
the next step, the culture medium was removed and
10 lM H2DCFDA (Sigma Aldrich) in serum-free me-
dium (DMEM or MEM for HaCaT and fibroblasts, re-
spectively) was added. Cells were incubated with
H2DCFDA for 45 min before extracts treatment. Sub-
sequently, HaCaT and fibroblast cells were exposed
into different glycerin-water extract concentrations
(0.25%, 0.5%, 1%, 2.5%, 5%, and 10%). Cells treated
with 1 mM H2O2 were used as positive control. The
2¢,7¢-dichlorofluorescein (DCF) fluorescence was
monitored every 30 min for a total 90 min using a
microplate reader FilterMax F5 (Thermo Fisher) at
maximum excitation of k = 485 nm and emission spec-
tra of k = 530 nm.

Statistical analysis
Obtained values were presented as a mean – SD. Signif-
icant differences between obtained values were ana-
lyzed using StatSoft, Statistica 9.0 using one-way
analysis of variance and Tukey’s test. Differences
were considered significant when p < 0.05. Statistically
significant differences are marked on the charts with
letters. Statistically significant differences were marked
with different letters.

Results
The presence of only a few studies comparing active
compounds in different parts of alfalfa contributed to
the undertaking of studies aimed at assessing the anti-
oxidant properties of water-glycerin extracts from
seeds and herbs of M. sativa L. The study also deter-
mined the biological activity of these extracts using
in vitro model cell lines.

The article attempts to determine the total content of
phenols (TPC) and the TFC. The amounts of these
compounds were determined from calibration curves
of gallic acid (y = 0.0046x + 0.0452, R2 = 0.9989), and
quercetin (y = 0.0153x � 0.0053, R2 = 0.9996), respec-
tively. The analysis was carried out for six different di-
lutions (0.25%, 0.5%, 1%, 2.5%, 5%, and 10%) of each
extract. The obtained results show that the highest
amount of phenols and flavonoids was demonstrated
in the 10% water-glycerine herb extract. The lowest
concentration of these compounds showed a water-
glycerine extract obtained from M. sativa L. seeds at
a concentration of 0.25%. Similar trends were observed
for the flavonoid content. The difference between the
content of phenolic compounds in the herb compared
to seeds at the highest concentration of 10% was
around 90% and in concentration of 5% it was around
75%. Taking into account the content of flavonoids the
difference between the herb and seeds was around 15%
in case of concentration of 10% and around 35% in
concentration of 5%. It was also observed that TPC
and TFC increased in a dose-dependent manner for
all the extracts tested (Table 1).

The next stage of our research was the assessment of
the ability of extracts from seeds and herb to remove
free radicals. Therefore, the antioxidant potential was
assessed using the DPPH radical. To determine the

Table 1. Total Phenol Content and Total Flavonoids Content
of Various Concentrations of Water-Glycerine Extracts
of Medicago sativa L.

TPC [mg GA/g] TFC [mg Qu/g]Extract
concentration
[%] Seeds Herb Seeds Herb

0.25 2.48 – 0.22a 3.52 – 0.56b 0.65 – 0.05c 1.58 – 0.40d

0.5 4.43 – 0.48b 9.46 – 0.39e 1.36 – 0.04d 4.12 – 0.23b

1.0 8.67 – 0.29g 12.58 – 0.4h 3.55 – 0.43b 5.33 – 0.47f

2.5 11.55 – 0.37h 19.84 – 0.26j 5.52 – 0.41f 9.47 – 0.42g

5.0 20.58 – 0.36j 36.62 – 0.43k 13.87 – 0.11i 20.84 – 0.71j

10.0 37.60 – 1.82k 73.5 – 0.53l 21.35 – 0.63j 43.38 – 0.65m

Values are mean of three replicate determinations (n = 3) – SD. Values
not sharing the same letter are significantly different at p < 0.05.

GA, gallic acid; TFC, total flavonoid content; TPC, total phenol content.
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antioxidant properties of the extracts tested, six differ-
ent concentrations were used spanning from 0.25% to
10%. Measurements were taken every 5 min in
30 min. Based on the obtained data, it was shown
that each extract has a different ability to reduce free
radicals.

The highest ability of the DPPH radical scavenging
was shown in the water-glycerine extract from the
seeds at the highest concentration tested equal 10%.
After 30 min of the test the level of reduced DPPH�
reached almost 40%, while at the lowest concentration
of 0.25% the level of scavenged radicals was about 3%.
In the case of herb, the level of scavenging of free rad-
icals was significantly lower than in case of seeds in
all concentrations tested, and at the highest concentra-
tion tested equal 10% and after 30 min it was about
20%. In both analyzed raw materials, a correlation be-
tween the concentration and antioxidant potential of
the extracts was also observed—higher the concentra-
tion used higher the force of free radicals reduction
(Figs. 1 and 2).

An extremely important aspect in assessing the
safety and toxicity of plant extracts is to evaluate
their impact on cell metabolism and viability. In this
study, we focused on the evaluation of cytotoxic prop-
erties of M. sativa L. extracts on two cell lines—fibro-
blasts (BJ) and keratinocytes (HaCaT). The tests used

in the study (Neutral Red assay and Alamar Blue
assay) allow to assess the degree of inhibition of growth
related to concentration of the examined M. sativa L.
extracts. The results of the conducted experiments
using Neutral Red assay indicate the positive effect of
alfalfa extracts on the viability of both analyzed cell
lines. This effect differs between fibroblasts and kerati-
nocytes and is closely related to the concentration used.
It was observed that these extracts exert a stronger ef-
fect on the viability of HaCaT than BJ cells, resulting
in a greater increase in viability of these cells. The stud-
ies also showed that a slightly better effect is caused by
the extract obtained from alfalfa herb in comparison
with the seed extract. Alfalfa herb extract caused a
slightly greater increase in keratinocytes viability to
over 170% (at a concentration of 2.5%), whereas in
the case of seed extract this value reached less than
160% (at a concentration of 5%). In the case of fibro-
blasts, the use of the highest concentrations of M. sativa
L. herb extract resulted in an increase in fibroblast via-
bility to about 150%, while the seed extract increased
the proliferation of these cells to less than 130% (at a
concentration of 5%) (Figs. 3 and 4).

Similar results were obtained using the Alamar Blue
assay. The amount of resazurin reduced by the exam-
ined cells allowed a quantitative assessment of cell via-
bility. This test also demonstrated that both alfalfa

FIG. 1. Kinetics of the absorbance changes in DPPH$ solutions in the presence of various concentrations
of water-glycerine extract of Medicago sativa L. seeds. Values are mean of three replicate determinations
(n = 3). DPPH, 2,2-diphenyl-1-picrylhydrazyl.
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seeds and herb UAE extracts have a positive effect on
the viability of both cell lines. However, the differences
observed between fibroblasts and keratinocytes were
lower than those observed on the first test. The results
of the analyzes performed with the use of this assay

showed that the seeds extract strongly stimulates the vi-
ability of fibroblasts than keratinocytes and this in-
crease reaches up to 130% (in the case of the three
highest concentrations analyzed). Incubation of cells
with extracts obtained from alfalfa herb resulted in an

FIG. 2. Kinetics of the absorbance changes in DPPH$ solutions in the presence of various concentrations
of water-glycerine extract of M. sativa L. herb. Values are mean of three replicate determinations (n = 3).

FIG. 3. The effect of increasing concentrations of M. sativa L. seeds extract (0.25–10%) on Neutral Red Dye
uptake in cultured keratinocytes (HaCaT) and fibroblasts (BJ) after 24 h of exposure. Data are the mean – SD
of three independent experiments, each of which consists of three replicates per treatment group. Values
not sharing the same letter are significantly different at p < 0.05.
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increase in HaCaT cells viability up to 120%, whereas
in the case of BJ cells no significant increase in viability
was observed (Figs. 5 and 6).

To detect a disturbed redox balance in examined
cells after exposure to M. sativa L. extracts the fluoro-

genic dye H2DCFDA was applied. This is one of the
most commonly used probe for detecting intracellular
ROS and oxidative stress.29 Before starting measure-
ments using cell lines, we examined whether seeds and
herb alfalfa UAE extracts without cells affected the

FIG. 4. The effect of increasing concentrations of M. sativa L. herb extract (0.25–10%) on Neutral Red Dye
uptake in cultured keratinocytes (HaCaT) and fibroblasts (BJ) after 24 h of exposure. Data are the mean – SD
of three independent experiments, each of which consists of three replicates per treatment group. Values
not sharing the same letter are significantly different at p < 0.05.

FIG. 5. The reduction of resazurin after 24 h exposure to the M. sativa L. seeds extract (0.25–10%) in
cultured keratinocytes (HaCaT) and fibroblasts (BJ). Data are the mean – SD of three independent
experiments, each of which consists of three replicates per treatment group. Values not sharing the same
letter are significantly different at p < 0.05.

Zagórska-Dziok, et al.; BioResearch Open Access 2020, 9.1
http://online.liebertpub.com/doi/10.1089/biores.2020.0015

235



fluorescence of the H2DCFDA. Additionally, the sepa-
rated experiment showed that there were no interactions
between examined extracts and H2DCFDA substrate in
DMEM and MEM medium. The tests carried out
showed that examined extracts can generate intracellular
ROS in time- and dose-dependent manner. The activity
of tested M. sativa L. extracts was also specific to the cell
model. HaCaT cells treated with extracts in the concen-
tration range from 0.25% to 10% exhibited correlation
between used dose and intracellular free ROS level.
After incubation of these cells with individual concen-
trations of extracts (both from the herb and seeds), an
increase in the number of ROS was noted only at the
highest concentration used (10%). When alfalfa extracts
were used in concentrations from 0.25% to 5%, a de-
crease in intracellular ROS level was observed for both
types of extracts (Figs. 7 and 8).

Analogous results were obtained when measuring
the intracellular level of ROS in fibroblasts. As in the
case of keratinocytes, the highest concentration of ana-
lyzed extracts increased the level of ROS. The values
obtained after exposure of BJ cells to lower concentra-
tions of both types of extracts fluctuated below the
value obtained for the control (cells not exposed to
the extract) or were significantly lower, which may in-
dicate a decrease in intracellular ROS production sig-
nificantly. Only after the fibroblasts were treated with

the water-glycerine extracts of M. sativa L. herb at a
concentration of 0.25%, the level of ROS oscillated
slightly above the value obtained for the control
(Figs. 9 and 10).

Discussion
Plant raw materials, with a large amount of biologically
active substances can affect the activity and metabolism
of cells. The main group of such substances includes
polyphenolic compounds, which are one of the func-
tional plant substances. They are characterized by
strong antioxidant, anti-inflammatory, antifungal,
and antiallergic properties.30–32 Chemical structure,
type, and a level of the oxidation of the substrate and
the conditions under which the oxidation process
took place influence their activity.22,33 Both seeds and
leaves are rich in compounds having antioxidant prop-
erties such as kaempferol, quercetin, luteolin, silbenes,
coumarins, and others.34,35

The experiments carried out in this article clearly
showed that the extract of alfalfa herb is a much richer
source of biologically active substances compared with
the extract obtained from the seeds of this plant. Thus,
the herbal extract shows greater potential and may be
beneficial in many aspects.

As mentioned above, the essential properties of phe-
nolic compounds derived from plant material are their

FIG. 6. The reduction of resazurin after 24 h exposure to the M. sativa L. herb extract (0.25–10%) in
cultured keratinocytes (HaCaT) and fibroblasts (BJ). Data are the mean – SD of three independent
experiments, each of which consists of three replicates per treatment group. Values not sharing the same
letter are significantly different at p < 0.05.
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antioxidant properties. These compounds consist of a
hydroxyl group and play a major role in the antioxidant
capacity thanks to hydrogen releasing and the formation
of stable radical intermediates.32 The mechanism of their
action consists mainly of neutralization of free radicals,
enzyme induction, and chelation of metal ions.21,36

The results of the DPPH� scavenging test obtained in
this article correspond with other studies. Kudan and
Anupam showed strong antioxidant activity of extracts
obtained from M. sativa L.35 High antioxidant activity
was caused by a significant content of phenolic com-
pounds, in particular quercetin or kaempferol. Accord-
ing to Rana et al. the extracts obtained from the roots of
M. sativa L also show strong antioxidant activity.22

The cytotoxicity studies carried out in the next stage
using the Alamar Blue and Neutral Red assays showed
a beneficial effect of alfalfa extracts on the analyzed
skin cells, both HaCaT and BJ. Although the results of
both tests differ slightly, both clearly indicate that the ex-
tracts, both from the herb and seeds of M. sativa L., have
a positive effect on the viability of fibroblasts and kera-
tinocytes. The results obtained in these studies for the
first time indicate the lack of toxicity of alfalfa extracts
against skin cells and may suggest the potential use of
these extracts in the pharmacological, dermatological,
and cosmetic industries. In addition, the extracts
obtained from this plant can be helpful in the fight
against cancer, because experiments carried out by
other researchers indicate their cytotoxic effects on sev-
eral sensitive and multidrug-resistant tumor cells lines.37

As mentioned above, there are many articles indicat-
ing the antioxidant properties of alfalfa.21,22,35,36 As part
of this work, these properties were also confirmed for
the herb and seeds extracts of M. sativa L. However,
until now, there have been no studies assessing the effect
of alfalfa extracts on the level of ROS inside cells treated
with these extracts. Thus, the results of the conducted
experiments indicate that the M. sativa L. extracts not
only affect the scavenging of free radicals existing in
the external environment of the cell, but also have the
ability to reduce the intracellular ROS level, which
may contribute to the reduction of oxidative stress inside
the cells. Due to the fact that oxidative stress leads to nu-
merous intracellular disorders38 the exposure of skin
cells to alfalfa extracts can have a positive effect.

Conclusion
The article was an attempt to determine the properties
of extracts from seeds and herb of M. sativa L. The
tested extracts were characterized by a high content of

biologically active phenolic compounds and flavonoids.
It has been shown that the extracts have an antioxidant
potential. It was also noted that tested extracts have
a positive effect on the viability and proliferation of
skin cells. The beneficial properties of alfalfa extracts
shown in this article indicate the potential possibility
of their use in the production of various types of cos-
metic and pharmaceutical preparations applied to the
skin. Although preliminary in vitro cytotoxicity studies
on cells that are part of the various layers of the skin in-
dicate no cytotoxicity, there is a need for further in vivo
studies using animal models and clinical trials. Con-
ducting this type of research will allow to assess the
full safety of M. sativa L. extracts, which show promis-
ing properties in in vitro conditions.
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Abbreviations Used
DCF ¼ 2¢,7¢-dichlorofluorescein

DMEM ¼ Dulbecco’s modified essential medium
DPPH ¼ 2,2-diphenyl-1-picrylhydrazyl

FBS ¼ fetal bovine serum
GA ¼ gallic acid

H2O2 ¼ hydrogen peroxide
MEM ¼ Minimum Essential Medium

PBS ¼ phosphate-buffered saline
ROS ¼ reactive oxygen species
TFC ¼ total flavonoid content
TPC ¼ total phenol content
UAE ¼ ultrasound-assisted extraction method

UV ¼ ultraviolet
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