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Abstract: (1) Background: This study aimed to outline the antitumoral, antioxidant, and cytotoxic proprieties
of various types of Perilla frutescens extracts obtained from the leaves of the species; (2) Methods: We
determined total polyphenols, flavonoids and anthocyanins contents, as well as the in vitro antioxidant,
antitumoral, and cytotoxic actions in 3 types of ethanolic extracts (E1, E2, E3) and in 3 types of ethanol: acetone
extracts (Al, A2, A3) of Perilla frutescens according to standardized procedures; (3) Results: We found that
Perilla frutescens ethanolic extracts had higher total phenol concentrations (p= 0.002). Flavonoids and
anthocyanins concentrations were not statistically different between the two extracts. The iron chelating
capacity, hydroxyl radical scavenging capacity, superoxide anion radical scavenging capacity, and
lipoxygenase inhibition capacity showed a significant increase with higher concentrations of Perilla frutescens
extracts, particularly the ethanolic extracts. Perillyl alcohol had greater cytotoxic capacity on MG-63 cell line
and E1 extract showed similar significant cytotoxic effects on A431 cell line; (4) Conclusions: Both ethanolic
and ethanol: acetone extracts from Perilla frutescens exhibited important antioxidant and antitumoral actions in
vitro, which proportionally increased with concentration. The cytotoxic threshold determined in this study for
various types of extracts could help determine the best dosage with the maximum antioxidant and antitumoral
potential.

Keywords: Perilla frutescens; extracts; antioxidant; antitumoral; cytotoxicity

1. Introduction

Perilla frutescens (L.) Britton var. frutescens is a medicinal herb that possesses important
antioxidant and antitumoral effects demonstrated both in vitro and in vivo [1,2]. Numerous types of
extracts and components have been identified from this plant until present times, each comprising a
specific portfolio of biochemical activities and cytotoxic effects.

A recent systematic review outlined 14 classes of Perilla frutescens active constituents: alkaloids
phenylpropane, terpenoids, polyphenol compounds, flavonoids, anthocyanins, coumarins,
carotenoids, neolignans, fatty acids, tocopherols, phytosterols, glucosides and peptides [3]. These

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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classes reunite a plethora of compounds that have antitumoral effects by modulating various
elements of the metabolic pathways or intercellular interactions such as reactive oxidative species
(ROS), Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB), phosphoinositide 3-
kinase /protein kinase B (PI3K/AKT), c-Jun N-terminal kinases (JNK), Yes-associated protein/WW
domain-containing transcription factor (YAP/TAZ), etc [3,4].

The antioxidant proprieties of Perilla frutescens extracts were demonstrated in numerous trials
and have an important impact over the evolution of metabolic or degenerative disorders [5-7]. The
metabolite profiles of Perilla frutescens extracts vary depending on the species, part of plant used, type
of extract, or method of determination, thus rendering numerous study possibilities of their
antioxidant proprieties.

During inflammatory processes, a large amount of superoxide radicals, along with other
radicals, is produced by activated neutrophils and macrophages under the action of NAD(P)H
oxidase. These free radicals generated in the inflammatory focus can induce local and general toxic
phenomena. Anti-inflammatory drugs reduce the synthesis of pro-inflammatory compounds, but
generally do not have the ability to neutralize the pro-oxidant compounds generated during the
inflammatory process. Thus, compounds with antioxidant action can represent an important
therapeutic option [8-10].

Polyphenols, effective antioxidants identified from Perilla frutescens extracts, are secondary
metabolites that have the ability to neutralize hydroxyl and superoxide radicals, to block the
oxidizing action of peroxynitrite that affects the structure of biologically active molecules and to
chelate pro-oxidizing transitional metals. The antioxidant action is complemented by the anti-
inflammatory, antibacterial, enzyme inhibitory and antimutagenic [11].

Flavonoids act as scavengers of free radicals due to their ability to donate hydrogen atoms to
radicals and stabilize them. The scavenger capacity of flavonoids depends on their structure, on the
number of hydroxyl groups in the structure, on the position of these hydroxyl groups, and on the
ability of the hydroxyl groups to give up hydrogen atoms [12].

The scavenging capacity of free radicals is conditioned by the presence of hydroxy groups in the
3', 4' positions of the B ring in the flavonoid structure (Figure 1). The hydroxy groups in the 3, 4'
positions of the B ring also influence the ability of flavones to fix transition metals. Methoxylation of
hydroxy groups causes the disappearance of the scavenger action [13]. An important role is also
played by the OH group in position 3 of ring C. The C2-C3 double bond conjugated with a keto group
in position 4 determines the delocalization of electrons in the B nucleus and increases the scavenger
capacity of free radicals, while the reduction of this bond will the scavenger potential of the flavone
decreased without the antiradical action disappearing [12].

Figure 1. Structural elements of the flavone molecule, important for the antioxidant action (Adapted
after Amic et al., [12]).

The presence of the hydroxyl group in positions 3 (nucleus A) and 5 (nucleus C) and a carbonyl
group in position 4 (nucleus C) increases the scavenger capacity. In the absence of o-dihydroxy
groups in the structure of the B nucleus, the hydroxy groups in the A nucleus are capable of inducing
the scavenger action of free radicals [12]. The position of hydroxyl groups in the structure of
flavonoids is more important compared to their number.
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The most active flavonoids are those that have hydroxyl groups in positions 3 and 4 of nucleus
B and/or hydroxyl groups in position 3 of nucleus C. Hydroxyl groups in nucleus B also increase the
stability of flavonoids. Flavones that do not have OH groups in the B nucleus, but have an OH group
in position 3 of the C nucleus and a keto group in position 4, have the scavenger action [10].

Glycosylation at the carbon atom increases the antioxidant character, and glycosylation at the
oxygen atom decreases the antioxidant capacity [11].

Flavones can inhibit enzymes that catalyze the synthesis of reactive oxygen species, such as
NADH oxidase, mitochondrial succinoxidase and microsomal monooxygenase. They also increase
the activity of antioxidant enzymes: superoxide dismutase, catalase, glutathione peroxidase and
glutathione reductase [14,15].

This study will comprise three parts corresponding to our primary objectives: a) quantification
of the total flavonoid, polyphenols, and anthocyanin content of various types of Perilla frutescens
extracts; b) determination of the in wvitro antioxidant action of Perilla frutescens extracts; c)
characterization of the in vitro cytotoxic and antitumoral activity of Perilla frutescens extracts.

2. Materials and Methods

2.1. The extraction processes

The study focused on the chemical analysis of two types of extracts, obtained by processing the
plant material harvested from three varieties of Perilla frutescens species, namely Perilla frutescens var.
crispa f. purpurea, Perilla frutescens var. frutescens f. crispidiscolor, and Perilla frutescens var. frutescens f.
viridis. The plant material consisted of leaves harvested in September 2020 at the Vegetable Research
and Development Station in Buzau, Romania.

The harvested leaves were dried to a constant weight over a period of three weeks. They were
placed on white paper sheets in a thin layer in a dark and well-ventilated room at a temperature of
23°C. The plant material was used to obtain two types of extracts, which were employed for both
qualitative and quantitative chemical characterization of polyphenolic compounds.

For the first type of extract, 2 grams of pulverized plant material were placed in round-bottom
flasks and 50 mL of 70% ethanol were added. The mixture was subjected to reflux extraction at a
temperature of 70°C using a thermostatic water bath for a duration of 6 hours, a process repeated
twice. The extraction products were filtered and then combined.

In the case of the second type of extract, 2 grams of pulverized plant material were placed in
iodometric flasks, and 100 mL of a solvent mixture of acetone: ethanol (7:3) and 0.5 grams of citric
acid were added. Each flask was equipped with a magnetic stir bar, tightly sealed, and subjected to
extraction on a magnetic stirrer for 6 hours at room temperature. This process was repeated twice.
Following extraction, the obtained filtrates were combined.

The extracts obtained, after combining the filtrates, were transferred into porcelain capsules and
left at room temperature for concentration and drying. The resulting extracts were utilized for both
chemical and biological characterization.

2.2. Total flavonoids, phenols, and anthocyanins quantification

Flavonoids were quantified as previously described and their concentration was expressed as
rutoside equivalents (pg/mL). Briefly, 5 mL of each extract sample was mixed with 5.0 mL of 100 g/L
sodium acetate and 3.0 mL of 25 g/L aluminum chloride. Methanol was added up to 25 ml in a
graduated flask. The absorbance corresponding to the yellow color of the complex was photometered
at 430 nm.

Total polyphenols were quantified according to the well-established methodology. For this, 40
microliters of the solution of each extract were mixed with 3160 microliters of distilled water and 200
microliters of Folin-Ciocalteu reagent. After 5 minutes, 600 microliters of 20% sodium carbonate
solution were added. After 2 hours for incubation in the dark, the absorbance of the mixture was read
at A=716 nm against a compensation liquid consisting of 40 ul extract solution, 3760 ul distilled water
and 200 pl Folin-Ciocalteu reagent.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2023

Staring from the method described by Giusti and Wrolstad in 2001, the total anthocyanin content
was evaluated by using two dilutions of the same extract and changing the pH between 1.0 and 4.5.
It is known that the chemical form of anthocyanin radicals (oxonium) has different absorption spectra
when the acidic environment changes [16].

A quota from each extract was diluted to 10 mL in two volumetric flasks, adjusting the pH to 1.0
(potassium chloride buffer), and the other to pH 4.5 (sodium acetate buffer), mixing continuously.
After an equilibration time (15 min.-20 min.), the absorbance of each dilution was measured at 510
nm and then 700 nm against a blank of distilled water. The difference between each measurement at
both pH values represents the corrected absorbance used for further calculation.

Calibration curves were established in parallel for each group of components, using the same
methodology.

In the present research, a Thermo Fischer UltiMate 3000 ultra-fast system coupled with a multi-
diode detector (DAD), quaternary pump (LPG-3400 SD) with built-in four-channel degasser and an
autosampler (injecting variable amounts from 2 uL to 200 uL) allowing the consecutive analysis of
120 samples was used. The UV-VIS detection range is between 190 nm and 800 nm. The integration
program (Thermo Scientific™ Dionex™ Chromeleon™ 7.3) includes a database that can be improved
by adding standards and calibrating them. The chemical profile of polyphenols was established by
ultra-performance liquid chromatography (UPLC) techniques under the following conditions:

e column - Kinetex C18 (150 x 4.6 mm, 100 A);

e mobile phase consisting of a mixture of type A/B obtained automatically during the analysis
with the help of the quaternary pump: acetonitrile (A), aqueous solution of acetic acid 0.1% (B)
with a gradient of 10 to 65 A in B;

e  inijtial and final flow rate 1 mL/min, 0.8 mL during the determinations;

e injected volume comprised between 5 -10 puL samples diluted in acidified hydroalcoholic
solution and standards dissolved in the same solvent;

¢ simultaneous detection at three wavelengths 275 nm (flavonoids), 330 nm (polyphenolic acids),
520 nm (anthocyanins);

° elution time 25 minutes;

The identification of the components was carried out with the help of the spectra from the
database of the processing software and those from the specialized literature, based on the identity
of the spectrum and retention time, a series of components present in the investigated extractive
fractions could be highlighted.

At the same time, the purity factor of each peak was taken into account, considering exclusively
the values for the compounds where the purity exceeded 900 plateaus out of 1000 (maximum). For
the correct quantitative assessment, two standard scales obtained under the same conditions as those
presented above were used.

At the same time, rosmarinic acid and rutoside were chosen, of which 1 pL, 2 uL, 5 uL, 10 uL
and 20 pL of 4 mg/mL solution solubilized in Chromasolv methanol were injected in turn. In this
way, the standard curves were obtained for which the linearity was checked and the slope factor was
with the value of 0.9990.

2.3. Iron Chelation Capacity Assessment

Principle of the Method: Fe?* forms a pink-colored complex with ferrozine, exhibiting maximum
absorbance at 562 nm. The presence of a chelating agent in the reaction medium results in reduced
absorbance of the formed complex, leading to a decrease in the solution's color intensity [17,18]. A
list of the reagents used for this procedure is presented as supplementary material S1.

The procedure consisted of the following steps:

a. Mix 0.2 mL of the test sample solution in ultrapure water, 0.74 mL of 0.1 M acetate buffer (pH
5.25), and 0.02 mL of 2 mM iron sulfate in 0.2 M hydrochloric acid. After 10-15 seconds of
agitation, add 0.04 mL of 5 mM ferrozine solution.
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b. After 10 minutes of incubation in the dark, measure the absorbance of the solution at 562 nm
against a control prepared under the same conditions as the sample (ultrapure water was used
instead of iron sulfate solution).

c.  Simultaneously, prepare the control solution and its control: the control contains 0.2 mL of
ultrapure water, 0.74 mL of 0.1 M acetate buffer (pH 5.25), 0.02 mL of 2 mM iron sulfate in 0.2 M
hydrochloric acid, and 0.04 mL of 5 mM ferrozine solution.

d. Gallic acid was used as a reference substance, and gallic acid solutions in DMSO were processed
under the same conditions as the methanolic extract.

e. All determinations were carried out in triplicate, and results are expressed as the mean of three
determinations + standard deviation.

The chelating capacity of the ferrous ion was calculated using the formula:

% Activity =100 x (Ac - Ap) / (Ac) ey
Were:

Ac is the absorbance of the control solution.
Ap is the absorbance of the sample solution.

For samples exhibiting a ferrous ion chelation capacity of over 50%, the CE50 value was
calculated and expressed in mg of sample/mL of final solution. CE50 was calculated by considering
the first value below 50% and the first value above 50%, and interpolating linearly to determine the
concentration of the antioxidant agent corresponding to 50% activity.

2.4. Determination of Hydroxyl Radical Scavenging Capacity

Principle of the Method: The hydroxyl radical, formed in the reaction between ferrous ion and
hydrogen peroxide, will hydroxylate salicylic acid, resulting in the formation of a pink-violet
compound with maximum absorbance at 562 nm [19]. A list of the reagents used for this procedure
is presented as supplementary material S1.

Over 0.225 mL of the sample solution in dimethyl sulfoxide, 0.750 mL of 1.5 mM ferrous sulfate
solution, 0.9 mL of 20 mM sodium salicylate solution, and 0.525 mL of 6 mM hydrogen peroxide
solution were added. The mixture was kept at 37°C for 30 minutes, and after cooling to room
temperature, the absorbance of the sample (control) was read at 562 nm against the sample's
(control's) blank in which the ferrous sulfate solution was replaced with distilled water. The positive
control was processed under the same conditions as the samples, but dimethyl sulfoxide was used in
place of the sample solution.

Gallic acid was used as a reference substance, and gallic acid solutions in DMSO were processed
under the same conditions as the methanolic extract. All determinations were performed in triplicate,
and the results are expressed as the mean of three determinations + standard deviation.

The hydroxyl radical scavenging capacity was calculated according to the formula:

% Activity =100 x (Ac - Ap) / (Ac) ey
Were:
Ac is the absorbance of the control solution.
Ap is the absorbance of the sample solution.

For the samples that exhibited a hydroxyl radical scavenging capacity of over 50%, the CE50
value was calculated and expressed in pg of sample/mL of the final solution or pg of gallic acid/mL.
CE50 was calculated by considering the first value lower than 50% and the first value higher than
50%, obtaining, through linear interpolation, the concentration of the antioxidant solution that
corresponds to a 50% activity.

2.5. Determining the scavenging capacity of the superoxide radical anion

Principle of the Method: The superoxide radical generated by the reduced nicotinamide adenine
dinucleotide-phenazine methosulfate system reduces nitroblue tetrazolium to a violet-blue formazan
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compound with maximum absorbance at 560 nm [20]. A list of the reagents used for this procedure
is presented as supplementary material S1.

Over 0.5 mL of sample solution in dimethyl sulfoxide (diluted solutions in dimethyl sulfoxide)
0.5 mL of 557 uM NADHNa2 solution in TRIS buffer pH 8, and 0.5 mL of 108 pM nitroblue
tetrazolium solution in TRIS buffer pH 8 were added. The mixture was vortexed for 5 seconds. To
the mixture, 0.5 mL of 45 uM phenazine methosulfate solution in TRIS buffer pH 8 was added, and
it was allowed to stand for 5 minutes at room temperature. Afterward, the absorbance of the sample
(control) was measured against the sample control at 560 nm. The positive control was processed
under the same conditions as the samples, but dimethyl sulfoxide was used instead of the sample
solution.

Gallic acid was used as a reference substance, and solutions of gallic acid in DMSO were
processed under the same conditions as the methanolic extract. All determinations were performed
in triplicate, and the results were expressed as the mean of three determinations + standard deviation.

The hydroxyl radical scavenging capacity was calculated according to the formula:

% Activity = 100 x (Ac - Ap) / (Ac) ey

Where:

Ac is the absorbance of the control solution.

Ap is the absorbance of the sample solution.

For the samples that exhibited a superoxide radical scavenging capacity of over 50%, the CE50
value was calculated and expressed in pg sample/mL final solution or g gallic acid/mL. The CE50
was calculated by considering the first value lower than 50% and the first value higher than 50%, and
then obtaining, through linear interpolation, the concentration of the antioxidant solution
corresponding to a 50% activity.

2.6. Determination of the lipoxygenase inhibition capacity of Perilla frutescens extracts

Principle of the Method: The active compounds present in the extracts block 15-lipoxygenase by
inhibiting the oxidation of linoleic acid and reducing absorbance at 234 nm [21]. A list of the reagents
used for this procedure is presented as supplementary material S1.

0.05 mL of 15-lipoxygenase solution in borate buffer pH 9 was treated with 0.05 mL of the diluted
test solution in DMSO, and the mixture was left to stand for 10 minutes at room temperature.
Afterward, 2 mL of 0.16 mM linoleic acid solution in 0.1M borate buffer pH 9 was added. The
absorbance of the solution was recorded at 234 nm within the 0-120 second interval. In parallel, a
positive control was processed in which the test solution was replaced with DMSO.

Gallic acid was used as a reference substance, and solutions of gallic acid in DMSO were
processed under the same conditions as the ethanolic extract. All determinations were carried out in
triplicate, and the results were expressed as the mean of three determinations + standard deviation.

The lipoxygenase inhibition capacity was calculated using the formula:

% Activity = (AEFI — AECI) * 100/AEFI 2)
Where:

AEFI - represents the difference between the absorbance of the enzyme solution without an
inhibitor at 90 seconds and the absorbance of the same solution at 30 seconds;

AECI - represents the difference between the absorbance of the enzyme solution treated with an
inhibitor (test sample or gallic acid) at 90 seconds and the absorbance of the same solution at 30
seconds.

For samples that exhibited a lipoxygenase inhibition capacity of more than 50%, the CE50 value
was calculated and expressed in pg of sample/mL of the final solution or pg of gallic acid/mL. CE50
was calculated by taking into account the first value below 50% and the first value above 50%,
obtaining, through linear interpolation, the concentration of the antioxidant solution corresponding
to 50% activity.
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2.7. In vitro cytotoxicity tests and antitumor action of Perilla leaves extracts

For the study of material cytotoxicity, two human tumor cell lines were used: human
osteosarcoma cells (MG-63 cell line from ATCC, Rockville, MD, USA) and tumor keratinocytes (A431
cell line from Cell Service, Eppelheim, Germany). The cells were separately incubated for 24 hours
(5% CO, 37°C, 95% relative humidity) in DMEM culture medium enriched with 10% FBS and 1%
P/S/N, in 96-well plates for the MTT assay (2 x 10”3 cells/well for MG-63 and 3 x 10"3 cells/well for
A431) and in 48-well plates for cell morphology studies (8 x 10”3 cells/well for MG-63 and 1 x 10”4
cells/well for A431). After 24 hours, the medium in the plates was replaced with fresh DMEM
medium (with 10% FBS and 1% P/S/N) for the control, and with extracts prepared according to the
protocol described in the following paragraph.

For the in vitro cytotoxicity evaluation, an indirect contact method was used. A certain amount
(2 mg/mL stock solution) of each material was immersed in DMEM and 1% P/S/N and left to shake
(200 rpm, 37°C) for 24 hours. Afterward, the stock solution was obtained by passing the medium
through 0.22 pm filters, and finally, 10% FBS was added. For each material, the MTT test was
performed for 6 different extract concentrations: 2 mg/mL, 1 mg/mL, 0.5 mg/mL, 0.2 mg/mL, 0.1
mg/mL, and 0.05 mg/mL.

For the MTT assay, the culture medium and extracts from the wells were replaced with MTT
working solution (5% MTT in DMEM without FBS and P/S/N). The culture plates were incubated at
37°C for 2 hours, during which viable cells reduced the tetrazolium salt to a colored product called
formazan [], solubilized with DMSO.

The absorbance of the resulting formazan solution (blue-violet color) was measured
spectrophotometrically at A=570nm using a plate reader (Tecan Sun-rise Plate Reader). The
spectrofotometric readings from the experimental wells were reported relative to the control wells,
where no extracts were present. The calculated ratio represented cell viability (V):

=abs extract

x 100 3)

abs control

Where:

abs extract- the absorbance of the extract;
abs control- the absorbance of the control.

The MTT assay was conducted at 24, 48, and 72 hours, in triplicate.

The Calcein-AM Cell Viability Assay was conducted at 72 hours of contact. In the initial stage,
the culture medium in the wells was removed, and then the cells were washed twice with HBSS
containing calcium and magnesium, without phenol red.

Finally, a calcein solution was added (2 uL calcein per 1 mL HBSS with calcium and magnesium,
without phenol red), and the culture plate was incubated at 37°C, 5.5% CO2, and 96% relative
humidity for 40 minutes. To study cell morphology, an inverted fluorescence microscope (Leica,
Germany) was used, and images were captured.

3. Results

3.1. Quantification of the total phenols, flavonoids and anthocyanins from ethanolic and ethanol: acetone
extracts of Perilla frutescens.

Following the drying process, 6 extracts were obtained, consisting of 2 with a brown-violet color
and 4 with a brown-green hue. These 6 dried extracts were coded to facilitate their handling in the
research, and the extraction yield was calculated. The results are presented in Table 1. The 70%
ethanol extracts exhibited the highest extraction yields compared to those obtained using the solvent
mixture.
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Table 1. The coding of the extracts and their extraction yield.

. . . Extract Extraction
Solvent Perilla frutescens Species Variety Code Yield
70% Ethanol Perilla frutescens var. crispa f. purpurea El 58.22%
70% Ethanol Perilla frutescens var. frutescens f. viridis E2 58.79%
70% Ethanol Perilla frutes'cen's var. frutescens f. B3 48.30%
crispidiscolor
Acetone:Ethanol (7:3) + Citri
cetone Zr;) d( )+ Citric Perilla frutescens var. crispa f. purpurea Al 38.51%
Acetone:Ethanol (7:3) + Citri .
cetone aAnC(i) d( )+ Citric Perilla frutescens var. frutescens f. viridis A2 34.84%
Acetone:Ethan(?l (7:3) + Citric Perilla frutes’cer?s var. frutescens f. A3 44,479
Acid crispidiscolor

The quantification of total phenols, flavonoids and anthocyanins in 3 types of ethanolic extracts
(E1, E2, E3) and in 3 types of a mixture solvents (ethanol: acetone) extracts (Al, A2, A3) is presented
in Table 2.

Our results indicated that the total phenols concentration was significantly higher in the
ethanolic extracts of Perilla frutescens (p=0.002). On the other hand, we could not find any statistical
difference regarding the flavonoids and anthocyanins concentrations between the two types of
extracts.

Table 2. Total phenols, flavonoids and anthocyanins quantification from ethanolic and ethanol:
acetone extracts.

Total Phenols
Total F1 i Anth i
Sample (ug gallicacid P value ota . avonoids (ng P value nt' ocyanins (g P value
rutoside /mL extract) cyanidol/mL extract)
/mL extract)

El 2253 194.8621 103

E2 1475 98.7271 8.8

E3 2142 125.7352 84

Al 350 0002 128.0261 035 98 079

A2 174 84.5071 -

A3 301 109.8420 64

Legend: E- ethanolic extract; A- ethanol: acetone extracts.

The results from the UPLC analysis are presented in Table 3. Caffeic acid was significantly
higher in the ethanolic extracts of Perilla frutescens, with the highest amount being identified in the
El extract (p= 0.01). Syringic acid (p= 0.008), p-coumaric acid (p= 0.007), ferulic acid (p= 0.007),
kaemferol (p= 0.002), isorhamnetin (p= 0.007), and pinocembrin (p= 0.03) were also found to be
significantly higher in ethanolic extracts. E1 extract had the highest amount of p-coumaric acid,
isorhamnetin, and pinocembrin, while E2 extract had the highest amount of syringic acid. E3 extract
was rich in ferulic acid and kaemferol.

Table 3. Quantification of various compounds from Perilla frutescens extracts using UPLC.

Identified compound (ug/mL extract)
El E2 E3 Al A2 A3
gallicacid 0249 0235 0.095 - 0225 0.103 0.72
catechin 1526 2.025 1.672 1.388 1.355 1.581 0.14
chlorogenic acid 1.15 0.388 4.448 0.376 0.633 0.331 0.28
caffeicacid 109.714 55.12 81.306 8.582 12.0227.108 0.01
epi-catechin  1.014 0.870 0.912 0.769 0.653 1.030 0.39

Compound P value
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syringic acid 129.323244.033232.475 20.57 35.10919.603 0.008
p-coumaric acid 11.163 10.069 7.097 2.222 225 3.788 0.007
2423 2429 2551 - 0.538 0.722 0.007

ellagicacid 9.930 5.865 4.807 3.421 3.677 2.731 0.08
cinnamic acid 70.465 -  22.698 16.54411.49425.218 0.56
rosmarinic acid 67.665 10.351 14.871 1.098 3.177 9.004 0.22

ferulic acid

quercitin ~ 19.663 3.912 16.828 - - 12243 021
kaemferol  36.45 3812 41.09 22.05 26.15 19.47 0.002
isorhamnetin  1.194 0.805 0.745 0.138 0.101 0.263 0.007
apigenin 3.400 8.361 10.656 2.677 4.061 1.313 0.10
pinostrobin  31.827 28.35 24.08123.601 - 24.320 0.21
pinocembrin 2323 0972 2.302 0.387 0.447 0.424 0.03
crysin 1.11 4214 3.239 1.449 1354 0.56 0.14

3.2. Determination of the in vitro antioxidant action of Perilla frutescens extracts

The results from the iron chelation capacity assessment are presented in Figure 2 and Table 4.
The iron chelation capacity increased with Perilla frutescens extracts concentrations, and it was
significantly higher in ethanolic extracts compared with other types of extracts from this plant.
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Figure 2. Graphical representation of the iron chelation capacity considering various concentrations

of Perilla frutescens extracts.

The results obtained for the evaluation of the active principles' capacity, present in the plant
extracts, to neutralize the hydroxyl radical are presented in Table 4 and graphically represented in
Figure 3. The scavenging capacity of hydroxyl radical increased with the concentration of the
analyzed Perilla frutescens extracts, and it was significantly higher for ethanolic extracts in comparison
with other types of extracts from this plant or with gallic acid.
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Figure 3. The scavenging activity of hydroxyl radical in the analyzed Perilla frutescens extracts.

The results obtained from evaluating the capacity of the active principles present in the plant
extracts to neutralize the superoxide anion radical are presented in Table 4 and graphically
represented in Figure 4. Our results indicated that the scavenging capacity of the superoxide anion
radical was significantly higher for ethanolic extracts in comparison with other types of extracts from
this plant or with gallic acid.

% scavanger

0.15625 mg. 03125 mg 0625 mg 125mg 25mg Smg 10mg

—%—El ——E2 —#—E3 ——Al —e—A2 —a—A3 —a Gallicacid

Figure 4. The graphical representation of the scavenging capacity of superoxide anion radicals in the
analyzed Perilla frutescens extracts.

The results obtained from evaluating the capacity of the active principles present in plant
extracts to inhibit lipoxygenase are presented in Table 4 and graphically represented in Figure 5. The
lipoxygenase inhibition capacity of the analyzed Perilla frutescens extracts was significantly smaller
compared to gallic acid. This inhibition capacity was higher for ethanolic extracts in comparison with
other types of extracts from this plant.
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Figure 5. The graphical representation of the capacity of Perilla leaves extracts to inhibit

lipoxygenase.

Table 4. Determination of the in vitro antioxidant action of Perilla frutescens extracts.

11

Iron Chelation Capacity Assessment

Concentration of the solution

P
1 1562 312 .62 I L final
Samples 0.15625 0.3125 0.625 125mg 25mg 5mg 10m C50 (pg/Tn inal e
mg mg solution)
1642+ 2510+ 30.60+ 77.64+ 90.83+ 9750+ 99.53 =
El 0.11 0.02 0.12 0.01 0.01 0.02 0.01 166.36:+0.18
576+ 1079+ 17.61+ 34.84+ 5899+ 80.92+ 9278+
E2 0.06 0.04 0.06 0.05 1.31 0.02 0.03 386.69+9.36
1330+ 19.22+ 2220+ 4429+ 6726+ 9755+ 9845+
B 0.01 0.11 0.01 0.03 0.05 0.04 0.06 297.01£0.31
3.03+ 446+ 711+ 1282+ 29.18+ 5895+ 84.90+
Al 0.08 0.08 0.08 0.08 0.14 0.04 0.02 811.88 + 1.52 <0.001
281+ 668+ 720+ 1250+ 25.05+ 4748+ 91.01+
A2 0,06 0.11 0.09 0.05 0.07 0.01 0.02 1040.93 = 0.17
287+ 574+ 769+ 1414+ 2992+ 5735+ 7179+
A3 0,09 0.04 0.31 0.06 0.01 0.05 0.03 830.49+ 0.82
Gallic 691+ 1286+ 1729+ 2482+ 3145+ 4519+ 6725+
acid 0.07 0.11 0.09 0.12 0.28 0.07 0.08 1163.15:2.63
Determination of Hydroxyl Radical Scavenging Capacity
Concentration of the solution p
1 1562 312 .62 I L final
Samples 0.15625 0.3125 0.625 125mg 25mg 5mg 10m C50 (pg/Tn inal e
mg mg solution)
1141+ 1769+ 2739+ 4779+ 64.61+ 8140+ 84.86=
El 0.41 0.35 0.26 0.11 0.31 0.26 0.15 122.62:0.74
1034+ 1431+ 2646+ 42.00+ 60.10+ 7391+ 80.02+
E2 0.53 0.05 0.19 0.10 0.03 0.02 0.08 154.58:0.41 <0.001
3 927+ 1655+ 19.84+ 4564+ 5579+ 69.87+ 84.55+ 153.16+1.11 '
0.64 0.12 0.08 0.08 0.28 0.14 0.16 R
839+ 1015+ 17.63+ 30.83+ 3790+ 4331+ 57.76+
Al 0.34 0.07 0.13 0.08 0.12 0.69 0.15 156.96+3.57
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A2 6.28 + 889+ 1314+ 21.13+ 2414+ 30.71+ 42.60 +
0.17 0.11 0.62 0.56 0.43 0.64 1.05
A3 909+ 1206+ 17.04+ 2400+ 3027+ 3993+ 46.55
0.15 0.14 0.52 0.69 0.15 0.74 +0.47
Gal.lic 1426+ 19.89+ 2832+ 3714+ 57.69+ 60.54+ 68.69 + 177 9940.66
acid 0.18 0.08 0.21 0.09 0.11 0.15 0.20
Determination of Superoxide Anion Scavenging Capacity
Concentration of the solution p
Samples 0.15625 0.3125 0.625 125mg 25mg 5mg  10mg IC50 (pg/@L final value
mg mg m solution)
1258+ 19.87+ 2997+ 4953+ 60.90+ 73.10+ 83.37 +
El 0,09 0.25 0.66 0.47 0.36 0.75 0.51 321.60+9.12
844+ 1652+ 28.64+ 4266+ 5263+ 6446+ 72.76+
E2 0.19 0.34 0.17 0.43 0.48 0.45 0.74 520.79+16.90
1148+ 18.64+ 2943+ 4371+ 5439+ 6743+ 75.76 +
E3 0.06 0.11 0.42 0.24 0.24 0.14 0.62 470.08+7.32
538 + 802+ 1450+ 2624+ 3870+ 56.19+ 63.28 +
Al 029 023 039 053 150 075 089 977.47£39.37  <0.001
A2 6.31 + 786+ 1332+ 1837+ 2550+ 3546+ 42.03+
0.09 0.29 0.32 0.31 0.41 0.42 0.79
498 + 758+ 1266+ 1954+ 31.71+ 44.68+ 55.80=+
A3 0.47 0.28 0.44 0.26 0.19 0.28 0.27 1741.66+29.87
Gallic 1043+ 17.78+ 3224+ 40.70+ 5236+ 6992+ 80.13 +
acid 0.42 0.11 0.14 0.43 0.49 0.73 0.76 543.38+15.43
Determination of the lipoxygenase inhibition capacity
Concentration of the solution p
Samples 0.15625 0.3125 0.625 125mg 25mg 5mg  10m IC50 (pg/@L final value
mg mg mg solution)
958+ 1450+ 2031+ 2811+ 38.08+ 4899+ 7147+
El 0.38 0.18 0.58 0.38 0.77 0.68 1.11 8599+1.85 <0.001
6.51 + 928+ 1221+ 1659+ 2021+ 3254+ 57.70+
E2 016 099 052 056 103 115 046 134.7722.49
924+ 1234+ 2035+ 2581+ 3527+ 4350+ 63.85+
E3 0.46 0.65 0.57 0.79 1.16 1.34 1.61 104.105.05
Al 321+ 649+ 928+ 14.01+ 1652+ 2790+ 40.27
0.14 0.36 0.11 0.76 1.12 047 +0.59
A2 428 + 662+ 790+ 1220+ 17.04+ 2474+ 31.71=+
0.16 0.27 0.17 0.42 0.21 0.34 0.97
A3 337+ 645+ 956+ 1434+ 1995+ 25.60+ 37.58 +
0.40 0.46 0.28 0.30 0.57 0.75 0.49
Gal.lic 15.02+ 20.84+ 3029+ 4326+ 57.59+ 69.25+ 83.06 + 28.85£0.76
acid 0.25 0.19 0.78 0.69 0.38 0.54 0.95

Table legend: IC50- Half maximal inhibitory concentration.

3.3. Determination of in vitro cytotoxicity and antitumor effects of Perilla frutescens extracts

The results from the MTT test using various types of Perilla frutescens extracts and perillyl alcohol
on the cellular lines MG63 are presented in Figures 6 and 7.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2023

13
E2
100 | gig 100 - |
- ii j[ J[ [
é : —_~ J.
80 X 80
& <
= 2
) = 60
o c
3w ~ 40
- 3
20 20
o N B - =
481 72h 24h 48N 72h

@ Control 30,05 mg/mL @0.1 mg/mL 00,2 mg/mL 00,5 mg/mL @1 mg/mL @82 mg/mL  @Control @0,05 mg/mL @0,1 mg/mL 00.2 mg/mL 80,5 mg/mL @1 mg/mL @2 mg/mL

!

241 48h 72h
EControl ©@0,05 mg/mL. @0,1 mg/mL 00,2 mg/mL ©0,5 mg/mL @1 mg/mL @2 mg/mL

%

3
8

8

Cell viability (%)
& 2

[
S

0
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Figure 7. Mg-63 viability (%) in contact with A1 — A3 Perilla frutescens extracts and Perillyl alcohol.

The antitumoral effect was observed for all types of extracts at > 0.5 mg/ml. The
cytocompatibility with the cellular lines MG63 was observed at concentrations of 0.2 mg/ml for all
types of extracts. In particular, in case of Al — A3 extracts (Figure 6), for concentrations of 0.5 mg/ml,
1 mg/ml and 2 mg/ml, the cell viability values were between 37 % (48 hours, A3, 1 mg/ml) and 55 %
(24 hours, A1, 1 mg/ml), indicating a cytotoxic behavior, while for concentrations of 0.05 mg/ml, 0.1
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mg/ml, and 0.2 mg/ml, the minimum values were 89 % (72 hours, Al, 0.05 mg/ml) and the maximum
values 114 % (24 hours, A2, 0.05 mg/ml), indicating no toxicity.

As can be noted in Figure 7, E1 — E3 have cytotoxic effect at concentrations of 0.5 mg/ml, 1 mg/ml
and 2 mg/ml, the results indicating a decrease in the viability of MG-63 cells, with values between 38
% (72 hours, E2) and 54 % (24 hours, E3). No significant differences were observed between these 3
concentrations, meaning that at concentrations higher than 0.5 mg/ml, extracts E1 — E3 can be
considered for the anti-tumor effect. In contrast, for the concentrations of 0.05 mg/ml, 0.1 mg/ml and
0.2 mg/ml, the extracts did not show a cytotoxic effect, the cell viability values being between 87% (24
hours, E2, 0.05 mg/ml) and 107% (48 hours, E1, 0.2 mg/ml).

Perillyl alcohol showed an obvious cytotoxicity for 2 mg/ml and 1 mg/ml concentrations, while
for 0.5 mg/ml and 0.2 mg/ml, close values were observed for the first two contact times (24 and 48
hours), but for 72 hours, in the case of the concentration of 0.5 mg/ ml, a sudden decrease in the cell
viability value was observed, reaching from 82% at 48 hours to 43% at 72 hours. For the
concentrations of 0.1 mg/ml and 0.05 mg/ml, it was observed that perillyl alcohol had no cytotoxic
effect in contact with Mg-63 cells.

Since, cell line is characterized by specific mechanisms and behavior, therefore, the 6 extracts
and perillyl alcohol were also tested in contact with the A431 cell line (tumor keratinocytes), the
results being shown in Figures 8-11.
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Figure 8. A431 viability (%) in contact with E1 — E3 Perilla frutescens extracts.
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Figure 9. A431 viability (%) in contact with A1 — A3 Perilla frutescens extracts.

The antitumoral effect was observed for all types of extracts at > 0.2mg/ml in comparison with
perillyl alcohol, that exhibited an antitumoral effect at concentrations of > 0.5 mg/ml, at 72 hours of
contact, cell viability values were below 9 % for all analyzed samples, which indicates the possible
use of Perilla frutescens leaf extracts with a concentration higher than 0.5 mg/mL in the treatment of
skin tumors, supplementary tests being necessary to accurately establish the dosage and mechanism
of action of the extracts.

As mentioned above, all six extracts, in contact with the MG-63 line, are not cytotoxic at
concentrations lower than or equal to 0.2 mg/mL, but in contact with A431, it was observed that at a
concentration of 0.2 mg/mL, the extracts contributed to the decrease of cell viability up to values of
46 % in the case of extracts E1 — E3, respectively 47 % in the case of extracts A1 — A3. At the other two
analyzed concentrations, 0.1 mg/mL and 0.05 mg/mL, extracts A1, A2 and A3 have a non-cytotoxic
character.

In the figures below, it can be observed that all the data obtained for the Calcein AM assay is
correlated with the data obtained in the MTT test. Thus, for the MG-63 cell line, in the case of extracts
E1-E3 and Al - A3, where viability values ranged from 101% to 106%, a cell density similar to that
in the control wells is observed. However, in the case of perillyl alcohol, where viability was 82 %,
there are areas that are not populated with cells (Figure 10).
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Figure 10. The structure and morphology of MG-63 cells cultured with extract A1 — A3, E1 — E3,
perillyl alcohol, and the control (marked or not with Calcein-AM).

In the case of the A431 cell line, for extracts E3 and A1l — A2 (Figure 10), which showed viability
values of approximately 98%, a comparable cell density can be observed compared to the control
wells. For extract E1, which resulted in a 72-hour cell viability of 82% (Figure 11) cell density can be
observed compared to the control.
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Figure 11. The structure and morphology of A431 cells cultured with extract E1 - E3, Al — A3, perillyl
alcohol, and the control (marked or not with Calcein-AM).

4. Discussion

The present study aimed to quantify of the total flavonoid, phenol, and anthocyanin content of
some selective Perilla frutescens extracts, to determine the in vitro antioxidant action of Perilla leaves
extracts, and to characterize the in vitro cytotoxic and antitumoral activity of Perilla frutescens extracts.

Our results indicated that the extraction yield was higher for ethanolic extracts compared with
solvent mixture extracts, both categories had an extraction yield of more than 30%, which indicates a
good performance of the process. Our results were comparable to those published in the literature
[22,23].

The total phenols concentration was significantly higher in the ethanolic extracts of Perilla leaves,
but the flavonoids and anthocyanins concentrations did not significantly differ between the two types
of extracts. Zhao et al., investigated the total polyphenols concentration from 44 species of Perilla
frutescens using ultrasonic-assisted ethanol extraction (60%) and ultrasound-assisted cellulase
hydrolysis, and demonstrated that the total phenols concentration was significantly higher when
using cellulase hydrolysis extracts compared to ethanolic extracts [24].

The amount of caffeic acid in the ethanolic extracts of Perilla frutescens was substantially higher,
with the greatest concentration found in the El extract. Indeed, it was found that the total
concentration of caffeic acid varies among various strains of Perilla frutescens, although less than
rosmarinic acid, and this might be due to different genetic backgrounds of the plant [25].

Additionally, it was discovered that ethanolic extracts had considerably greater levels of syringic
acid, p-coumaric acid, ferulic acid, kaempferol, isorhamnetin, and pinocembrin. P-coumaric acid,
isorhamnetin, and pinocembrin were most abundant in E1 extract, but syringic acid was most
abundant in E2. Kaempferol and ferulic acid were abundant in the E3 extract. Other studies have
confirmed the presence of these compounds in different varieties of Perilla frutescens [26-28].
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Polyphenolic compounds exhibit antioxidative properties through various mechanisms. The
hydroxyl groups serve as effective hydrogen donors and can engage with reactive oxygen and
nitrogen species, as discussed by Valentao et al. [29] and Heim, et al [30]. This interaction leads to a
termination reaction that effectively halts the generation of free radicals. Consequently, the initial
reactive species transform into a radical form of the antioxidant, characterized by significantly
enhanced chemical stability compared to the initial radical state.

The antioxidative capacity of phenolic compounds is also associated with their capability to
chelate metal ions involved in free radical production [31]. However, it is important to note that
phenolics can, under certain circumstances, act as pro-oxidants. This can occur through the chelation
of metals that either maintain or enhance their catalytic activity or by reducing metals, subsequently
increasing their propensity to generate free radicals [32].

Moreover, the structural attributes of phenolic compounds make them prone to strong
interactions with proteins, owing to their hydrophobic benzenoid rings and the hydrogen-bonding
potential of phenolic hydroxyl groups. Consequently, phenolics possess the capacity to act as
antioxidants by inhibiting specific enzymes involved in radical generation, such as various
cytochrome P450 isoforms, lipoxygenases, cyclooxygenase, and xanthine oxidase [33].

In this study, we demonstrated that the iron chelation capacity, the scavenging capacity of
hydroxyl radical, the scavenging capacity of the superoxide anion radical, and the lipoxygenase
inhibition capacity increased with Perilla frutescens extracts concentrations, and it was significantly
higher in ethanolic extracts.

These results could be explained by the fact that the retrieval of antioxidant compounds from
botanical sources typically involves employing various extraction methodologies tailored to their
inherent chemistry and non-uniform distribution within the plant matrix. Among these methods,
solvent extraction stands out as the most commonly utilized technique for the isolation of antioxidant
compounds from plants [34].

However, it is crucial to note that the yields of extracted substances, the polyphenolic contents,
and the resultant antioxidant properties of plant materials are markedly influenced by the choice of
extracting solvent and the extraction method. This variation arises due to the presence of diverse
antioxidant compounds with distinct chemical properties and polarities, which may or may not be
soluble in a given solvent [34].

In practice, polar solvents are frequently selected for the recovery of polyphenols from plant
matrices. Among these, the most suitable options include aqueous mixtures, either hot or cold,
incorporating ethanol, methanol, acetone, and ethyl acetate [34].

As far as we know, the cytotoxic effects of Perilla frutescens extracts on tumoral cell cultures is
barely studied. E.g., alcoholic extracts (ethanol) from Perilla frutescens leaves shown to have
antitumoral effects in vitro, inhibiting the adhesion, proliferation and colony formation of human
colon and lung tumor cells [35]. Moreover, it was proved that isoegomaketone extracted from Perilla
frutescens can induce in vitro apoptosis in human melanoma cells [35] and in human breast tumor
cells [36]. But, up to our knowledge, this was the first time, Perilla frutescens extracts were tested on
human tumoral osteoblasts (MG-63 cell line) and human tumoral keratinocytes (A431 cell line).

The results indicated that in MG-63 cell line the antitumoral effects were evident for all extracts
at concentrations > 0.5 mg/ml. In contrast, cytocompatibility with the MG63 cell line was observed at
concentrations of 0.2 mg/ml for all extracts. Notably, perillyl alcohol exhibited antitumoral effects at
concentrations 2 0.5 mg/ml. In the case of the MG-63 cell line, extracts E1-E3 and A1-A3, with viability
values ranging from 101% to 106%, demonstrated cell densities comparable to those in the control
group. However, perillyl alcohol, with a viability of 82 %, displayed areas devoid of cells.

Regarding the A431 cell line, cytocompatibility was observed at concentrations of 0.05 mg/ml
for E1 and E3 extracts, 0.1 mg/ml for E2, Al, A2, and A3 extracts, and 0.2 mg/ml for perillyl alcohol.
Moreover, extracts E3 and Al — A2, with viability values of approximately 98%, exhibited cell
densities similar to the control group. Conversely, extract E1, resulting in a 72-hour cell viability of
82%, displayed a reduced cell density compared to the control.
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Further studies, on various type of oncogenic cell lines, and using different extracts of Perilla
frutescens could confirm our results. Overall, all ethanolic extracts exhibited higher concentrations of
phenols, and antioxidant activity compared to mixed solvents extracts, thus supporting their use in
pharmacological practice.

5. Conclusions

The total concentration of polyphenols was significantly higher in the ethanolic extracts of Perilla
frutescens, while the concentrations of flavonoids and anthocyanins were not significantly different
between the two types of extracts

In this study, we demonstrated that with increasing concentrations of Perilla frutescens extracts,
iron chelating capacity, hydroxyl radical scavenging capacity, superoxide anion radical scavenging
capacity, and lipoxygenase inhibition capacity increased and were significantly higher for the
ethanolic extracts.

Perillyl alcohol had greater cytotoxic capacity on MG-63 cell line and E1 extract showed similar
significant cytotoxic effects on A431 cell line.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. S1- list of reagents used in our experiments.
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