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Abstract: Helix aspersa (HA), Helix pomatia (HP) and Symphytum officinale are common organisms
in Romania’s biosphere, widely known for their allantoin content and their therapeutic properties.
Herein, the allantoin was separated and quantified from the aqueous extracts of Romanian comfrey
root and the secretions of HA and HP snails. This study also focused on determining the antioxidant
and anti-inflammatory activities of these Romanian allantoin-rich samples. The plant extracts
were obtained through two methods: ultrasonic extraction and enzymatic ultrasonic extraction. A
microplate method was used for the quantitative determination of allantoin content. The antioxidant
activity was measured by using the DPPH radical scavenging method. The antioxidant capacity
of the samples was studied in order to observe the type of interactions generated by the chemical
complex present in their composition. High concentrations of allantoin were obtained by enzymatic
ultrasonic extraction method (EUE—102 =+ 0.74 pg/mL), and also in the water-soluble fraction of the
snail secretion (FS1—22.051 pg/mL). The antioxidant screening suggests that Symphytum officinale
and snail mucus extracts could be used as promising natural substitutes for synthetic antioxidants
in products used for therapeutic purposes. The evaluation of anti-inflammatory activity was also
investigated, allantoin-rich samples showing a promising action (FS1—81.87 £ 2.34%). In future,
the inclusion of allantoin-rich extracts in various novel pharmaceutical forms for new therapeutic
applications could be achieved. The study will continue with the formulation of a nutricosmetic
product with snail mucus and Symphytum officinale extract as principal bioactive ingredients.

Keywords: allantoin; Helix aspersa; Helix pomatia; Symphytum officinale; antioxidant activity; anti-
inflammatory activity

1. Introduction

Uric acid is converted into allantoin through enzymatic or chemical oxidation, [1]. As
a result of cellular metabolism, allantoin is found in a variety of organisms, from bacteria
and plants, to invertebrates and vertebrates. The main therapeutic effects of allantoin
(Figure 1) are stimulation of cell growth, regeneration of tissues and rebuilding of the
granulation tissue [2-7]. Nutricosmetics are considered natural ingredients and products
that act as nutritional supplements for the care of the beauty of hair, nails and skin, new
innovative products being launched worldwide every year [4]. Allantoin is an active
principle with keratoplastic and healing actions, soothing and moisturizing effects [8],
commonly encountered in cosmetic and pharmaceutical products for treating burns, skin

Sustainability 2021, 13, 10170. https://doi.org/10.3390/su131810170

https:/ /www.mdpi.com/journal/sustainability


https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-2126-0931
https://orcid.org/0000-0003-3194-0102
https://orcid.org/0000-0003-1949-4218
https://orcid.org/0000-0003-2511-2036
https://orcid.org/0000-0003-1745-5370
https://orcid.org/0000-0001-5901-0818
https://doi.org/10.3390/su131810170
https://doi.org/10.3390/su131810170
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su131810170
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su131810170?type=check_update&version=1

Sustainability 2021, 13, 10170

20f 17

ulcers and wounds [9,10]. The mechanism of action involves stimulating fibroblast prolifer-
ation, elastin and collagen synthesis and the inhibition of the migration of inflammatory
cells to the injury [11]. Recent studies have shown that allantoin has a beneficial effect
in the treatment of gastritis [6], and it has also antihypertensive properties [12]. With
a metformin-like chemical structure [13], both being guanidine derivatives, is has been
proved that allantoin has a hypoglycemic effect [14]. FDA recognizes that allantoin acts
as a skin protector in concentrations between 0.5 to 2% [15]. An ancient beauty secret,
the snail’s mucus possesses many qualities, and it is considered a traditional remedy for
various conditions [10]. The useful effect of mollusk secretions on wrinkled or burnt skin
has been recently described [16]. According to a recent study, snail secretion has a poten-
tial antimelanogenic effect and can be used as a metastasis inhibitor [17]. Some studies
showed that mucus secretion of snails can be used as a wound dressing due to its healing
potential [18]. Mollusk secretion showed antimicrobial [19] and antioxidant properties [20].
The treatment with slime offered protection against colon inflammation, therefore it can be
used in therapy of inflammatory bowel diseases [21]. Helix aspersa (HA) and Helix pomatia
(HP), from the Helicidae family, are species of land snail native to the Mediterranean region.
Snail mucus is a complex matrix, and it owes its properties to the high content of allantoin,
collagen, elastine, glycolic acid, vitamins, as well as other compounds [3]. Symphytum
officinale (comfrey) is a common wild plant, member of Boraginaceae family. It contains
compounds like allantoin, flavonoids, tannins, amino acids, saponins and large quantities
of alkaloids [22,23]. Its topical uses are based on its anti-inflammatory [24], analgesic and
astringent effects [25], being used for the treatment of osteoarthritis, bruises, back pain [26]
or skin irritation [7]. It has also been reported that the extract of comfrey roots has a
proliferative effect and stimulates tissue regeneration [27]. Allantoin and rosemary acid
are crucial for their pharmacodynamic properties. Symphytum officinale extract can be used
in concentration of 0.5-4% as an emollient and cleanser for the skin [28]. The biologically
active compound common to both samples, comfrey root and snail mucus, is allantoin.
Over time, different methods have been developed for allantoin dosing: alkaline titration,
TLC [29], HPLC or spectrophotometry [5,30]. Nowadays, there is a special interest for
the discovery of new antioxidant bioactive compounds including polyphenols [31-34],
polysaccharides [35,36], but also naturally derived peptides [37]. Recently, the antioxidant
activity was analyzed on different samples obtained from comfrey roots [5,22,26] and snail
mucus [4,17,18]. The innovation of using natural products, mainly from medicinal plants,
but also animal products, was reported in different scientific studies [17,29].

The present study was designed to identify and quantify the allantoin content and to
evaluate the antioxidant and anti-inflammatory properties of Romanian Symphytum offici-
nale root extract and of the secretion from HA and HP snails, both containing allantoin [38].
Another aim of our study was to explore, in parallel, the in vitro iron and molybdenum
binding and anti-inflammatory capacities of Romanian Symphytum officinale root extracts
and snail slime with the aim of gaining more information about their biological activities,
which could be useful in the development of new drugs or new pharmaceutical treatments,
as they could be valuable active ingredients in a wide range of products, with benefits
especially for skin problems.

To the best of our knowledge, we present here the first study concerning the quantifica-
tion of two important Romanian plant and animal sources of allantoin and their antioxidant
and anti-inflammatory potential, with future purpose of using them as principal ingredients
in nutricosmetic products.
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Figure 1. The main bioactive properties of allantoin.

2. Materials and Methods
2.1. Chemicals and Materials

All the reagents and organic solvents were purchased from Sigma-Aldrich (Milan,
Italy). The reagents were prepared freshly with distilled water. Allantoin 93791, used as
standard, was supplied from Sigma-Aldrich Chemical Company (St. Louis, MO, USA).
Human serum albumin (30% solution in 20 mM Tris-HCl, 0.1% NaNj3, pH 6-8, Calbiochem®
Merck KGaA, Darmstadt, Germany) was used for this study. Symphytum officinale roots
were obtained from a local producer. The vegetal material was grinded mechanically in
order to get a fine powder. Land snails were collected from a garden in Beresti village,
Galati county, Romania. The morphological characteristics, in particular the color of the
shell, general dark color, allowed their recognition; they belong to the Helicidae family,
species Helix aspersa (with four bands, the second and third diffuse) and Helix pomatia
(numerous brown and white bands). A total of 68 snails were selected and kept indoors in
a large plastic box. Before mucus collection, they were subjected to fasting for one day to
avoid contamination of the mucus with their own excretion during extraction.

2.1.1. Mucus Allantoin Rich Extraction

To obtain fresh pure mucus by the Mane et al. method with slight modifications [39],
68 snails from two Romanian species (Figure 2), were washed with distilled water gently
and quickly to avoid the loss of slime. The mucus collection was performed by taking each
individual and stimulating with a sterile plastic stick the pedal glands located inside the
front end of the snail’s foot [39]. The snails were released back into their natural habitat
after extraction.
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Figure 2. Dorsal images of snail species used in this study: (a) Helix aspersa, (b) Helix pomatia.

The secretion was kept in a sterile container for 12 h at 4 °C to reduce the mucilaginous
effect and allow measurement of the amount of mucus obtained. To ensure a proper
preservation of the sample, the mucus was lyophilized. The fractional extraction of the
mucus was carried out based on the method described by Uivarosan et al. [40]. Lyophilized
snail secretion (0.1 g) was dissolved in 100 mL of ultrapure water. Mucus solution was
subjected to ultrasound treatment for 60 min in an ultrasonic bath, then the mixture
was centrifuged at 5000 RCF, 60 min at 4 °C with a Universal 320 R Hettich centrifuge
(Andreas Hettich GmbH & Co. KG, Tuttlingen, Germany). After filtration, the supernatant
was further considered as water soluble fraction (FS1) and the precipitate was collected
as water insoluble fraction (PP1). The supernatant was further diluted with ethanol
in a ratio of 1:3 (mL). The precipitation was then performed at —18 °C for 12 h. The
precipitate, named as hydroalcoholic mucous insoluble fraction (FM), was collected after
the centrifugation at 2900 RCE, for 30 min and 4 °C. The supernatant was referenced as FS2
(hydroalcoholic supernatant).

2.1.2. Comfrey Root Allantoin Rich Aqueous Extraction

The extracts were obtained through two methods: ultrasonic extraction and enzymatic
ultrasonic extraction (Bandelin Sonorex Digitech, 60 Hz, Berlin Germany). Triturated
Symphytum officinale roots (20 g) were subjected to aqueous extraction in 100 mL distilled
water, according to the method used by Wang et al. [41]. In the EUE method, 1% papain was
used with the same quantity of triturated Symphytum officinale roots in 100mL distilled water,
which was carried out at 50 °C for 70 min [42]. The extracts obtained were centrifuged at
5000 RCF for 15 min at 5 °C and the precipitate was removed. Further, the aqueous phase
of each sample was concentrated to 10 mL and used in analyzes as EU (aqueous comfrey
root extract obtained by ultrasonic extraction) and EUE (aqueous comfrey root extract
obtained by enzymatic ultrasonic extraction) samples. In the case of the sample extracted
by the enzymatic method, the blank sample for each further analysis was represented by a
solution prepared according to the same method without Symphytum officinale root.

2.1.3. Ultrasonic Methanolic Extraction

Symphytum officinale powdered roots (20 g), were used in ultrasonic methanolic extrac-
tion with 100 mL methanol at 50 °C for 1 h. Next, the mixture was filtered and concentrated
at 50 °C to a volume of 20 mL by using a Rotary evaporator BUCHI Rotavapor™ R-100.
For allantoin to precipitate, the concentrated solution was cooled to 4 °C and collected
by filtration. The previous step was repeated for the filtered solution to precipitate the
remaining allantoin, which was collected by filtration and further labelled as UME.

2.2. Quantification of Allantoin from the Aqueous Extracts

The quantification of allantoin in the obtained fractions was analyzed by using a
microplate method as previously described [43], with slight modifications. The quantifica-
tion method is based on the formation of the orange color produced by the interaction of
allantoin with potassium ferricyanide (Figure 3) [22].
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Figure 3. The reaction of allantoin with the main reagents provided in the principle of the quantifica-
tion method [43].

Aliquots of 10 pL of each sample were added to 100 uL distilled water, were treated
with 20 uL. NaOH (0.5 M), sonicated in an ultrasonic bath for one minute, and then
maintained in a boiling bath for 7 min (for allantoin hydrolysis in allantoic acid). A blank
sample was prepared by using 10 uL of distilled water instead of samples. The samples
were cooled in cold water bath, then 20 uL. HCI (0.5 M) was added (for the occurrence
of the allantoic acid hydrolysis to urea and glyoxylic acid). A total of 20 uL solution of
0.023 M phenylhydrazine hydrochloride freshly prepared was added, then the samples
were sonicated for one minute in an ultrasonic bath, afterwards they were maintained in a
boiling bath for 7 min. After that, the samples were placed in an ice water bath and kept at
—20 °C for 10 min. A total of 60 puL of concentrated HCI and 20 puL of 0.05 M potassium
ferricyanide solution, freshly prepared before use, were mixed thoroughly till an orange
to a red brick colored solution appeared. The calibration curve was obtained by using
various concentrations of pure allantoin (Sigma-Aldrich, St. Louis, MO, USA). A stock
solution of 100 mg/L pure allantoin was used for the quantitative analysis. The allantoin
concentration was calculated by using the linear regression equation (y = 0.0039x + 0.0354)
based on allantoin standard calibration curve in the range of concentrations 4-100 pg/mL.
A blank sample was prepared by using distilled water instead of allantoin solution. Each
test was performed in triplicate. The samples were read at 522 nm with a multiplate reader
(iTecan Pro 200, Tecan Trading AG, Méannedorf, Switzerland).

2.3. FT-IR Analysis of Samples

The infrared spectra were collected using a Nicolet iS50 FT-IR spectrometer (Thermo
Scientific) equipped with a built-in ATR accessory. A total of 32 scans were co-added over
the range of 4000-400 cm~! with a resolution of 4 cm~!. Air was taken as the reference
for the background spectrum before each sample. After each spectrum, the ATR plate
was cleaned with ethanol solution. In order to verify that no residue from the previous
sample remained, a background spectrum was collected each time and compared to the
previous background spectrum. The FI-IR spectrometer was placed in a room that was air
conditioned with controlled temperature (21 £ 1 °C).

2.3.1. In Vitro Antioxidant Activity of Allantoin Rich Samples by DPPH Assay

Determination of DPPH radical scavenging activity was done by the discoloration of
purple colored DPPH solution. DPPH assay was evaluated based on a literature procedure
with small modifications [44]. Briefly, a volume of 100 pL from each sample at various
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concentrations was added to 100 pL of DPPH solution. The mixtures were kept at room
temperature in dark conditions, for 60 min, at room temperature and the absorbance was
determined with Tecan iPro 200 multiplate reader at 517 nm. The absorbance was measured
after 15, 30 and 60 min. The control contained only DPPH and the solvent. Inhibition of
free radical DPPH was evaluated by using the following formula:

Inhibition (0/0) = (Acontrol - Asample)/ Acontrol X 100 (1)

where A qntrol Was the absorbance of the control group (including all the reagents, except
the tested samples), and Agample Was the absorbance of the samples.

2.3.2. In Vitro Evaluation of Total Antioxidant Activity (TAC)

This assay is based on formation of a blue Mo (V)-complex at acidic pH from the
reduction of Mo (VI) to Mo (V) [45]. For total antioxidant capacity assay, 0.1 mL test
samples were mixed in Eppendorf tubes with 1 mL of reagent solution (0.6 M sulfuric acid,
28 mM sodium phosphate, and 4 mM ammonium molybdate). Then, they were incubated
at 95 °C for 90 min. After the mixture had cooled to room temperature, the absorbance of
each solution was measured at 695 nm. All the experiments were done in triplicate. The
total antioxidant activity was expressed as the absorbance of the sample at 695 nm. The
higher absorbance value indicated higher antioxidant activity [46].

2.3.3. In Vitro Determination of Iron Binding Ability

The iron (II) binding capacity of the chelators was determined according to the method
described in the literature [46] by an analysis of 96-well plates with microplate reader (Tecan
Infinite Pro 200, Tecan Trading AG, Médnnedorf, Switzerland). Briefly, an amount of 225 puL.
sample was mixed with 10 uL ferrous sulphate (2 mM), then the mixture was left at room
temperature for 5 min and after 15 pL ferrozine (0.2 mM) was added to start the reaction.
A blank was prepared by using solvent instead of ferrozine. The resulting mixture was
mixed and stored for 10 min at room temperature and then the absorbance was measured
at 562 nm. NapEDTA represented the positive control standard. All the experiments were
done in triplicate. The iron binding capacity was evaluated by using the following formula:

Iron binding ability (%) = (Acontrol — Asample)/ Acontrol X 100 2)
where Acontrol is the absorbance of the control and Agymple is the absorbance of the samples.

2.4. Inhibition of Human Albumin Denaturation

The present study was carried out to evaluate the anti-inflammatory property of
the allantoin containing samples by human albumin denaturation assay. The purpose
of this study was to investigate whether the tested samples could inhibit human serum
albumin (HSA) thermal denaturation, which is the most abundant plasma protein [47,48].
Human serum albumin (30% solution in 20 mM Tris-HCl, 0.1% NaNj3, pH 6-8, Merck
KGaA, Darmstadt, Germany) was used for this study. PBS (phosphate buffer saline, pH 6.3)
served as dilution solvent [49]. The assay was done by Saso et al. method [50], with slight
modifications. Briefly, in Eppendorf tubes were added 600 uL of reaction mixture, which
was comprised of 200 uL of phosphate buffered saline, 200 pL of various concentrations of
samples and 200 pL of 2% (w/v) human albumin. PBS buffer and human albumin served as
control sample. Then the mixture was incubated at 37 °C in a heating shaker with stirring
at 200 rpm (Thermoshaker Biosan, TS100, Riga, Latvia) for 15 min, and then heated at 70 °C
for 30 min. After cooling, their absorbance was measured at 595 nm with Tecan microplate
reader. Diclofenac sodium (standard drug) was used as reference drug. The percentage
inhibition of protein denaturation was calculated as follows:

JoInhibition =1 — [(AXI 70 °C — Ay blank, 25 OC)/(Acontrolr 70 °C — Acontrol blanks 25 OC)] *100 (3)
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where Ay, 70 °C was the absorbance of the sample x at the concentration c after heating at
70 °C, Apjank Was the absorbance of the same sample before heating. Control represented
denaturized protein. Each sample was done in triplicate.

3. Results
3.1. Characterization of Snail’s Secretion

A total of 74 g of crude mucus were obtained from 68 snails from two Romanian
species by the Mane et al. modified method [39]. Given that, to our knowledge, these two
native Romanian species of snails selected for our study were not studied for the same
purpose to identify allantoin in their mucus, our goal was to highlight the allantoin content
and properties of mucus in both species of snails that frequently spread in Romanian
gardens and are not sufficiently valued for therapeutic purposes. Other studies show that
the two species of garden snails produce about the same percentage of mucus [51] and that
is why we chose not to collect the mucus separately.

3.2. Allantoin Quantification

One of the leading objectives of this study was the determination of the characteristic
bioactive compound of the snail secretion and comfrey root, allantoin. A stock solution of
100 ng/mL was used for the quantitative analysis of allantoin, and the diluted working
standards used for achieving of standards value graph were in the range of concentrations
4-100 pg/mL. The allantoin concentration was calculated by using the linear regression
equation (y = 0.0039x + 0.0354) based on allantoin standard calibration curve (the concen-
trations used were: 4.00, 8.00, 10.00, 20.00, 30.00, 40.00, 50.00, 80.00, 90.00, 100.00 pg/mL).

The results regarding the amount of allantoin from the obtained fractions are pre-
sented in the Figure 4. It was observed that the allantoin concentration vary according
to the studied species, so that the level of allantoin in comfrey root extract is higher than
that of snail mucus. Symphytum officinale EUE extract showed a high allantoin content
(102 £ 0.74 pg/mL) which is four time greater than the allantoin content of Symphytum
officinale EU extract (32.465 £ 0.45 pg/mL). By comparing the values from Figure 4a, it can
be noticed that the presence of papain in extracts obtained by EUE increased the allantoin
extraction and concentration.

Allantoin concentration and distribution in mucus fractions varied greatly. Higher
allantoin content was obtained in FS1 (22.051 + 0.64 pg/mL) compared to the further pro-
cessed fraction FS2 (4.102 £ 0.08 pg/mL). A significant difference between allantoin levels
of these four fractions of snail mucus was remarked. Higher concentrations were found in
the aqueous phases obtained from the secretion of snails, FS1 (22.051 4 0.59 nug/mL) and
PP1 (14.50 & 0.62 ug/mL), while in the hydroalcoholic phases, FM (8.54 & 0.65 ug/mL)
and FS2 (4.102 & 0.49 ug/mL) was found the least allantoin content. Of all the fractions
analyzed, the richest in allantoin was FS1 and Symphytum officinale EUE extract.

The results regarding the amount of allantoin from the aqueous fractions obtained
are presented in Figure 4. It was observed that the allantoin concentration vary according
to the studied extraction methods, so that the level of allantoin in comfrey root by EUE
method is higher than that in EU method. Therefore, it can be noticed that the presence of
papain in extracts obtained by EUE method increased the allantoin extraction.

Allantoin from snail secretion was obtained in a yield of 22 £ 0.85 mg/g snail secretion
and from Symphytum officinale roots was obtained in a yield of 3.29 mg/g root.

Snail mucus has been used in various directions in medicine since ancient times to
relieve lesions and various diseases. Research over the years on the secretions of Helix
aspersa and Helix pomatia snails has confirmed that mucus contains a combination of ingre-
dients with beneficial and therapeutic qualities, such as allantoin. For the determination of
allantoin, several analytical methods have been developed and published for snail mucus,
biological samples and for cosmetics and pharmaceuticals, by alkaline titration methods
and infrared spectrometry, as well as determinations by HPLC [15,52]. The literature data
concerning the allantoin content are reported only for the crude extract. Thus, Laneri
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isolated 0.41 g/L allantoin from the mucus of H. aspersa [4] and El Mubarak et al. isolated
allantoin between 0.4 and 0.16 mg/mL, from the mucus of H. aspersa too [15]. Fu et al.
reported a concentration of allantoin in snail mucus of 47-52 mg/L (HA) [10]. In Symphy-
tum officinale root, the allantoin content reported by Kimel et al. was of 0.94-2.10% in raw
material in alcoholic extracts [53].

a) Allantoin content
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Figure 4. Experimental values of allantoin content (ug/mL) in (a) comfrey root extract and (b) in the
fractions of snail mucus; where: EU—ultrasonic aqueous extract of comfrey root, EUE—enzymatic
ultrasonic aqueous extract of comfrey root, FM—hydroalcoholic mucous insoluble fraction,
FS1—water soluble fraction of mucus solution, PP1—water insoluble fraction of mucus solution,
FS2—hydroalcoholic fraction. The error bars represent + standard deviation of three replicates.

3.3. FT-IR Analysis of Samples

The characterization of the active compounds based on their functional groups is
possible through Fourier transform infrared spectroscopy (FI-IR). The ATR-FTIR spectrum,
in the range 4000 to 400 cm !, of pure allantoin and extracted allantoin from the samples
are shown in Figure 5.

All the samples show the IR absorption regions characteristic to allantoin functional
groups, as indicated in Table 1.
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Figure 5. FTIR spectra for pure allantoin and snail and comfrey extracts; red: pure allantoin (A); blue:
water soluble fraction of mucus solution (FS1), green: comfrey ultrasonic methanolic extract (UME).

Table 1. The experimental IR-ATR bands (cm~!) and their probable functional groups assignments.

A UME FS1
Corresponding Functional Groups [54]
IR (ATR, cm—1) Bands
3338.77 3290.015 3283.665 v NH,
3187.08m 3156.28, 3263.25n
v N-H
1600.915 1604.82,, 1606.04m
1525.26y5 1540.69; 1533.25¢
v H-N-C
669.67 664.79 652.28,
1702.12ys 1740.01ys 1712.41
1651.53ys 1616.44; 1636.61ys vC=0
777.13m 786.41 788.07w
1013.91m 1019.89y5 1024.10m v C-NH;

Abbreviation used: A—pure allantoin (Sigma-Aldrich, St. Louis, MO, USA), UME—methanolic ultrasonic extract
of comfrey roots, FS1—water soluble fraction of snail mucus; w—weak, m—medium, s—strong, vs—very strong.

Bands at 3500-3350 cm ™! and 34503150 cm ! related to the asymmetric and symmet-
ric stretching vibrations of amino groups could be identified, whereas the bands related to
the vibration of H-N-C groups were identified at 1550-1500 cm~!. The absorptions bands
at about 1636-1640 cm ! could be due to stretching vibrations of C = O and C = C groups,
associated to amidic groups. The NH; scissoring vibration is identified at 1600-1615 cm !
with medium intensity. The stretching vibration with weak intensity at 1120-910 cm ™!
occurred because of the C-NH,, aliphatic amine group. The bands at 860-510 cm ! and also
at 450 cm~! are due to N-H out of plane bending vibration. The bands at 1840-1640 cm !
and also 780-760 cm ™! could be related to the C = O vibration. The bands identified in
each sample showed deviations from the functional groups characteristic bands of pure
allantoin, which could be associated with inter-molecular and intra-molecular interactions
between allantoin and other compounds in the samples analyzed from snail mucus and
comfrey roots [54].
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3.3.1. DPPH Antioxidant Activity

In the next step, the antioxidant effect of the preselected fractions, FS (1 mg/mL) and
EUE (100 mg/mL) was evaluated. The DPPH scavenging activity of different allantoin-
containing species has been demonstrated [7,28]. Nevertheless, there are no reports about
comparative analysis of Helix aspersa, Helix pomatia secretion and Symphytum officinale
extracts on their antioxidant behavior. To appreciate the antioxidant potential of selected
samples and to study the interactions of the extracts with free radicals, their activity was
tested in vitro (DPPH). In addition, the allantoin rich samples were analyzed. The samples
manifested various levels of antioxidant potential (Figure 6).

% inhibition of DPPH radical

100
90
80

% inhibition of DPPH

0 10 20 30 40 50 60 70
Time (min)
@=@uofS] e==@eoFM e=@==EUE e=0==UME =@==A

Figure 6. Antiradical scavenging activities of samples: FS1—water soluble fraction of mucus solution,
FM—hydroalcoholic mucous insoluble fraction, EUE—enzymatic ultrasonic aqueous extract of
comfrey root, UME—comfrey root ultrasonic methanolic extract, A—pure allantoin (Sigma-Aldrich,
St. Louis, MO, USA).

Figure 6 shows the DPPH’s radical inhibitory percentage of all the samples; both of
allantoin plant and animal sources revealed antioxidant activity, but the water-soluble
fraction of snail secretion showed lower activity than Symphytum officinale root extracts ob-
tained by methanolic (UME) and aqueous enzymatic (EUE) ultrasonic extraction. However,
FM showed the lowest antioxidant activity compared to the antioxidant properties of other
samples. According to other studies from the literature, both snail mucus and Symphytum
officinale roots contain a considerable amount of allantoin, being one of the main natural
compounds to which this important antioxidant activity can be attributed [5,20]. Therefore,
considering that the highest amount of allantoin was found in the ultrasonic methanolic
extract of S. officinale as well as in the water-soluble fraction of the snail mucus solution,
FS1, the highest antioxidant activity for these two samples can also be attributed to this
valuable allantoin content.

3.3.2. Evaluation of Total Antioxidant Activity

The phosphomolybdenum method has been used to evaluate the total antioxidant
capacity of the samples. In the presence of the extracts, Mo (VI) is reduced to Mo (V) and
forms a green—blue colored phosphomolybdenum V complex, which shows a maximum
absorbance at 695 nm. Considering the fact that the higher absorbance of the samples
means a higher total antioxidant activity, it was observed that the ultrasonic methanolic
extract (UME) from the root and the water-soluble fraction of the snail mucus (FS1) have
the highest total antioxidant capacity (Figure 7).
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Figure 7. Absorbance evaluation of total antioxidant activity by phosphomolybdenum method,
where: EUE—enzymatic ultrasonic aqueous extract of comfrey root, FM—hydroalcoholic mucous in-
soluble fraction, FS1—water soluble fraction of mucus solution, UME—ultrasonic methanolic extract
of comfrey root, A—pure allantoin. The error bars represent + standard deviation of three replicates.

The best results were identified for UME plant extracts and FS1 water soluble snail
fraction. These samples showed high antioxidant activities due to the fact that in the
ultrasound methanolic extract (UME) from the roots as well as in the water-soluble frac-
tion of snail mucus (FS1) were observed a considerable amount of allantoin but also the
presence of other bioactive compounds, these results agreeing with the data from the
literature [7,20,24,53]. Figure 7 shows that the antioxidant capacity is lower for A, EUE and
FM samples. Therefore, in future studies UME and FS1 samples will be used as active
principles in nutricosmetic products developed in our laboratory (ongoing research, un-
published), due to their good antioxidant capacity which may help human beings to treat
various conditions caused by oxidative stress.

3.3.3. Determination of Iron Binding Ability

Free radicals” accumulation in human body can lead to various abnormalities and
diseases. Iron is known to have significance in metabolic disorders, the study of the
relationship between iron deficiency and skin diseases being in progress. This assay
indicates that not all test samples could chelate transition metal ions, only FS1 from snail
and UME from S. officinale extracts have small iron blinding abilities, which could be
connected to the chemical structure of the compounds in their composition. In our study,
the results regarding the iron chelating abilities of all the samples were compared to those
of a known strong iron chelator, Na,EDTA (Figure 8), the methanolic ultrasonic extract
(UME) having the most promising activity in order to be selected as an active ingredient in
a nutricosmetic product in future research.

The extraction methods from plants and snails mucus both in our study and in other
studies in the literature [5,22,53], led to the extraction of allantoin but also of other bioactive
compounds, with a higher content of them in the samples extracted with methanol from
S. officinale roots (UME) and the water-soluble fraction of snail mucus (FS1), therefore, this
may be the reason why the two samples showed the best antioxidant properties in the iron
ion chelating method.



Sustainability 2021, 13, 10170

12 of 17

120

100 =
g -
Z 80
£
L]
® 60
£
£
a2 40 -
s
2
- 20
0 —— —

UME mA FS1 mFM =EUE Na2EDTA conc. lmg/mL

Figure 8. Iron binding ability of the samples, where: EUE—enzymatic ultrasonic aqueous extract of
comfrey root, FM—hydroalcoholic mucous insoluble fraction, FS1—water soluble fraction of mucus
solution, UME—ultrasonic methanolic extract of comfrey root, A—pure allantoin. Values are means
of three replicates & SD.

3.3.4. Inhibition of Human Albumin Denaturation

In this study, an anti-inflammatory method was adapted to evaluate the anti-arthritic
activity of allantoin from different sources, meaning that the treatment with different
extracts could lead to the release of various bioactive substances that could play a role in
manifesting a particular pharmacological activity. Human albumin denaturation test was
carried out for this purpose for the selected allantoin rich samples (Figure 9).

80.00% i i g |II
60.00% —F |
20.00% i I I m Diclofenac sodium
mFs]
20.00%
| | I Allantoin
0.00% " . - . "

025 05 1 15 2

%inhibition

Concentration [mg/mL}

Figure 9. Percentage of inhibition of albumin denaturation, where FS1 represents the water-soluble
fraction of snail mucus. Error bars represent & standard deviation of three replicates.

This study concluded that, in the range of concentrations tested from 0.25 to 2 mg/mL,
the pure allantoin and the water-soluble fraction of snail secretion (FS1) (Figure 9) showed very
good inhibitory activity of the thermal denaturation of albumin ranging from 59.55 £ 2.45%
to 81.87 £ 2.34% for FS1 and from 78.78 £ 1.83% to 87.20 £ 2.11% for pure allantoin, when
compared to the activity of the diclofenac sodium standard drug (94.64 & 0.35% for 0.5 mg/mL
and 99.85 £ 0.24% for 1 mg/mL). The ultrasonic aqueous extracts EUE and EU (1 < 10 mg/mL),
were also tested but this extracts from S. officinale roots are colored and their inhibitory thermal
denaturation of albumin could not be properly evaluated at the wavelength used in this
method. Therefore, another method of testing for anti-inflammatory activity will be performed
in future studies. According to the results from the literature, the secondary metabolites of S.
Oficinale show anti-inflammatory activity both by their in vitro action on biomolecules and also
in vivo, thus motivating our interest for this type of extracts from this plant not sufficiently
valued in Romania.
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4. Discussion

The most common techniques of obtaining extracts are maceration and heat reflux with
solvents, but these are very simple extraction methods with the disadvantage of long extraction
time and low extraction efficiency compared to modern extraction methods such as ultrasound
or enzymatic ultrasound extraction [55]. Ultrasounds produce a cavitation effect by collapsing of
ultrasonic bubbles, releasing energy, destroying the cell structure and improving mass transfer,
so the extractability of biological compounds increases [56]. Ultrasound extraction has the
advantage of increasing the extraction yield and reducing the extraction time [57]. Therefore,
the methods selected for this study were ultrasound assisted (EU) and enzymatic ultrasound
assisted extractions (EUE). To identify the presence of allantoin in the samples, the UV-Vis
spectroscopy, TLC and ATR-FTIR analysis were used. According to FTIR spectra, similar bands
specific to allantoin were observed in all the samples and they suggest the presence of the
important functional groups which are also shown in pure allantoin and in snail extracted
allantoin. The characteristic IR (ATR, cm~!) bands identified for carbonyl groups, amino,
and also amide moieties are arguments for the presence of allantoin in the analyzed samples:
3500-3250 cm ! (UNHp); 3350-3150 cm ™! (UN-H); 1550-1500 cm ™! (VH-N-C); 1840-1640 cm ™,
1636-1640 cm™! (vC = O); 1600-1615 cm™! (UN-H); 1120910 cm~! (v C-NH,); 860-510 cm !
(LN-H); 780-760 cm ™! (uC = O) [54].

To quantify allantoin in snail secretion, samples were prepared and analyzed by using
the modified method after Young and Conway [43]. The method was also applied for
assessing the allantoin in Symphytum officinale root extract, as it is an important active
constituent of the species. The modified methods presented in this research offer many
advantages such as less time and less cost when a large number of samples are analyzed,
as well as requiring a small quantity of samples and reagents and also enabling accurate
and fast reading of multiple samples. A considerable difference between allantoin contents
of the analyzed samples and sources was observed. This difference is due to the source of
the extract (vegetal or animal), the type of extraction and the affinity for the solvent used
for extraction. In the present study, the concentration of allantoin in Symphytum officinale
extracts (EUE—102 + 0.74 ug/mL and EU—32.465 + 0.45 ug/mL) was superior to that
from the snail secretion (FS1—22.051 ug/mL and PP1—14.50 ug/mL). The explanation
could be connected to the different chemical composition of the species. The higher
concentration of allantoin in the aqueous phases obtained from the secretion of Helix aspersa
and Helix pomatia snails compared to ethanolic fractions is due to the solubility of allantoin
in water. The difference between the allantoin content of the two extracts obtained from
comfrey root indicates that the extraction yield is significantly influenced by the extraction
method. Among the two extraction techniques, EUE exhibited the highest content of
allantoin, the reason being due to the presence of enzyme (papain). Papain can degrade
the cell wall of plant materials and promote the release of intracellular constituents [42].
In addition, papain helps break proteins down into peptides and amino acids, and finally
up to uric acid, which can be converted to allantoin [42]. Therefore, the association of
papain and the ultrasound seems to be beneficial, acting synergistically and increasing the
allantoin extraction through the effects of cavitation and enzymatic hydrolysis.

The scavenging activity of DPPH radicals was performed for screening the antioxidant
properties. The tested fractions were capable of reducing the stable free radical DPPH
to the yellow colored 1,1-diphenyl-2-picrylhydrazyl. In the present study, comfrey root
extracts UME and EUE, and the water-soluble fractions, FS1, of snail secretion showed the
highest antioxidant activity. Given the allantoin content, along with the rest of the complex
composition of the Symphytum officinale roots and the snails secretions, it is highly probable
that any interactions that may occur between biologically active compounds will influence
the activity either positively (synergy) or negatively (antagonism). Indeed, interaction
among different species may promote changes in overall antioxidant capacity, which are
difficult to predict on the basis of their individual antioxidant capacity [58].

The anti-inflammatory activity of snail mucus samples and also of comfrey root ex-
tracts was analyzed by the inhibitory assay of human serum albumin thermal denaturation.
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In other researches, the mucus obtained from giant African snail, Lissachatina fulica, has
shown also promising anti-inflammatory potential both by in vivo tests and by in vitro
tests [59]. Following the analysis performed, Sri Harti et al. concluded that improving
an inflammatory status with a preparation based on the combination of snail mucus and
chitosan may be an alternative to synthetic compounds [60]. There are many clinical studies
proving the efficacy of comfrey root extracts against pro-inflammatory factors [61]. Seigner
etal. investigated the anti-inflammatory properties of a hydroalcoholic comfrey root extract
in an in vitro model of inflammation and the results obtained agree that the constituents
of comfrey root can interfere with key pro-inflammatory molecules [24]. Therefore, the
optimizations of extraction methods and the development of new nutricosmetic products
are of real interest nowadays and future research in our laboratory will be based on the de-
velopment and analysis of such products based on extracts from plant and animal sources
rich in allantoin.

5. Conclusions

Quantitative determination of allantoin, a chemical constituent characteristic of com-
frey root and snail secretion, was performed by a spectrophotometric method adapted
in microplate format. High concentrations of allantoin were found in the methanolic ex-
tracts of comfrey roots and also in the extracts obtained by ultrasound-assisted enzymatic
extraction, as well as in the water-soluble fraction of snail secretion. The combination of
ultrasound technology in the extraction process and the use of enzymes is a preferable
alternative to traditional methods of extracting plant products. The results indicate that
allantoin-rich extracts, UME, FS1 and EUE can be used as promising natural antioxidants.
The water-soluble snail mucus fraction, FS1, showed a promising inhibitory activity of
thermal denaturation of human serum albumin, comparable to that of diclofenac, a well-
known anti-inflammatory compound. The main constituent of these species, allantoin, as
well as its bioactive properties, stimulate us to develop new research directions in order to
design and develop methods to obtain diversified nutricosmetic products that harness the
antioxidant and anti-inflammatory potential of the analyzed samples.
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