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Abstract: This study aims to unveil the cosmeceutical traits of Jania rubens by highlighting its mineral
composition, antioxidant potential, and presence of bioactive molecules using non-targeted
metabolite profiling. This study showed that among minerals, (macro), Ca (14790.33 + 1.46 mg/100
g dry weight (DW)) and in (micro) Fe (84.93 + 0.89 mg/100 g DW) was the highest. A total of 23
putative metabolites in the +ESI (Electrospray Ionization) mode of LCMS-TOF (Liquid
Chromatography Mass Spectrometry-Time of Flight) were detected. Two anthocyanins—
malonylshisonin and 4"'-demalonylsalvianin (m/z 825.19; anti-aging, antioxidant, anticancer
properties) were detected. Two flavonoids, viz, medicocarpin and agecorynin C, 4-O-
methylglucoliquiritigenin—a flavonoid-7-O-glycoside, and 5,6,7,8,3',4,5'-heptamethoxyflavone, a
polymethoxygenated flavone (m/z 415.15), were detected. Maclurin 3-C-(2",3",6"-
trigalloylglucoside) (m/z 863.15) (antioxidant, antimicrobial and anticancer traits) and theaflavonin
(m/z 919.18), belonging to the class of theaflavins (whitening and anti-wrinkle agent), were
obtained. Pharmacologically active metabolites like berberrubin (m/z 305.1; antitumor activity),
icaceine (m/z 358.24; anticonvulsant properties), agnuside (m/z 449.15; constituent for treatment of
premenstrual syndrome), vy-coniceine (m/z 108.12; formulations to treat breast cancer),
eremopetasitenin B2, and eremosulphoxinolide A (m/z 447.18; therapeutic effect of allergy and
asthma) were observed. 6-O-Methylarmillaridin (m/z 445.18) (antimicrobial and antifungal) and
simmondsin 2-ferulate, (m/z 534.21) (insecticidal, antifungal and antifeedant) were detected.
Aromatic lignans, viz, 8-Acetoxy-4"-methoxypinoresinol, sesartemin, and cubebinone (m/z 413.16),
in addition to an aromatic terpene glycoside, tsangane L3 glucoside (m/z 357.23), were detected.
Zizybeoside I, benzyl gentiobioside, and trichocarposide were also detected. The determination of
antioxidant potential was performed through assays such as like DPPH (2,2-diphenyl-1-
picrylhydrazyl), FRAP (Ferric Ion Reducing Antioxidant Power), ABTS (2,2"-azino-bis(3-ethylbenz-
thiazoline-6-sulfonic acid)), and total antioxidants. Therefore, this study progresses the probability
for the inclusion of |. rubens as an ingredient in modern day cosmetic formulations.
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1. Introduction

“Cosmeceuticals” is a term derived from cosmetics and pharmaceuticals, indicating that a
specific product contains certain active ingredients [1] with drug-like benefits that enhance or protect
the appearance of human body [2]. Cosmeceuticals have medicinal benefits that affect the biological
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functioning of skin, depending upon the type of functional ingredients they contain. Marine macro
algae have gained much attention nowadays in the context of cosmeceutical product development,
owing to their remarkably rich bioactive composites. Bioactive components from such macro algal
origins exhibit varied functional roles such as secondary metabolites, and these properties can thus
be harnessed for the development of cosmeceuticals [3]. These secondary metabolites include
polyphenols, alkaloids, cyclic peptide, phlorotannins, diterpenoids, polyketides, sterols, quinones,
glycerols and polysaccharides [4]. They are not directly involved in any primary functions viz;
growth and development, unlike the primary metabolites (amino acids, organic acids, lipids and
other compounds). Instead, they play precise roles in providing protection against infections caused
by ultraviolet radiation and pathogens [5]. Their other roles include pigmentation and reproduction
[6]. Secondary metabolites can be distinguished based on their chemical structure, precursor
molecules or synthetic pathways. A complete set of both primary as well as the secondary metabolites
comprise the metabolome. Metabolomics is thus the understanding of such complex metabolic
networks, as represented by the identification and quantification of all available metabolites of the
corresponding biological system [7].

Skin ageing and wrinkle formation can also be caused by reactive oxygen species (ROS) which
are produced due to oxidative stress [8]. Herbal cosmeceutical preparations are quite popular among
customers, as these agents are mostly perceived by customers as safe, non-toxic, and exhibiting strong
antioxidant activity. Such antioxidants act as guardians to counteract oxidative stress generated by
excess ROS formation. Phenol and flavonoids in particular, are important classes of natural
antioxidants. Consequently, there is a rise in exploring unique and effective antioxidants of botanical
origin that can quench free radicals and ROS, in order to defend the skin from oxidative damages.

Currently, several studies have opened up insights emphasizing upon the role of biological
activities of marine algae in promoting health, skin and beauty products. Until now, a few marine
organisms have been explored for screening of some cosmeceutical compounds. For instance, Ecklonia
cava, a phaeophyte, has already proven itself to be an interesting candidate based on its phlorotannin
(eckol and dieckol) contents [9,10]. Apparently, an aqueous extract of another phaeophyte,
Macrocystis pyrifera, has been found to foster the synthesis of a major component of the extracellular
matrix of the skin called the hyaluronic acid [11]. Another report stated that the methanolic extract of
a red alga named Corallina pilulifera, lowered the manifestation of MMP-2 and -9 (induced by UV
radiations) in dermal fibroblast of humans [12]. An edible brown alga has been reported to cause a
substantial reduction of cutaneous progerin, resulting in the stimulation of collagen production via
its lipophilic extract [13]. Several other species like Schizymenia dubyi, Endarachne binghamiae,
Sargassum siliquastrum and Ecklonia cava have already been documented to be virtuous natural
alternatives for skin lightening. Furthermore, the red alga Corallina ellongata is used as a source for
the extraction of phycoerythrin and certain other proteins, which have gained significance in
therapeutics, immunodiagnostic as well as cosmetics [14].

Jania rubens, a benthic red marine macro alga belonging to the Corallinaceae family, possesses
unique structural and functional features. It is described as an alga that is heavily infused with
biochemically precipitated CaCOs, in the form of calcite, through the phenomenon of
biomineralization. A strong antifouling activity against mussels has been reported from this alga,
strengthening the knowledge of a chemical defense mechanism of this alga [15]. |. rubens has been
reported to protect itself against epibionts using a physical antifouling phenomena without the
release of any chemicals bearing antifouling properties [16]. It has been studied for its antimicrobial
potential [17] cytotoxic activity [18] and its antibacterial properties against human pathogens [19]. J.
rubens (L.) Lamx has also been a source for the isolation of seven brominated diterpenes of the
parguerene and isoparguerene series having marked antitumor activity [20]. It has also been a source
for the isolation of xylogalactans, which have industrially applications as thickeners and gelling
agents [21]. A Jania rubens extract is being proposed for formulating slimming cosmetics, as it
apparently promotes the elimination of fats and the synthesis of collagen for smoothing out cellulite.
This claim however, is not substantiated by the scientific literature. In addition to this, J. rubens extract
is also being proposed for skin conditioning formulations. But to the best of our knowledge, this is
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the first comprehensive scientific study to assess its cosmeceutical virtues. Unveiling the secondary
metabolite profile of such a resourceful marine algae would be quite interesting, as it may open new
avenues for designing algal bio refinery for obtaining high value added products useful for future
cosmetic applications. Therefore, the present study aims at undertaking a comprehensive study of J.
rubens from the perspective of decoding its secondary metabolite framework, antioxidant potential,
and biomineralization attributes for its possible inclusion as a cosmeceutical ingredient in future
formulations.

2. Materials and Methods

2.1. Sample Collection

Jania rubens was collected from the Pingleshwar region along the Kachchh coast (23°54' N, 68°48’
E), in Gujarat, India. Manual harvesting of the algal thalli was undertaken during the month of
December, and the collected algal biomass was identified and confirmed by the experts at CSIR-
CSMCRI (Council of Scientific and Industrial Research-Central Salt and Marine Chemicals Research
Institute), Bhavnagar, India. The biomass was then cleaned and shade-dried.

2.2. Mineral Content Analysis

The mineral content estimation for this study was performed according to the protocol of
Santoso et al. [22]. A 100 mg of dried seaweed sample was weighed and 5 mL of concentrated nitric
acid was added to it. This mixture was allowed to stand overnight. A total of 1 mL concentrated
perchloric acid and 100 pL of sulfuric acid were then added to the sample. This was then followed
by heating until the emission of white smoke was not observed. A total of 5 mL 2% HCl was used to
dissolve the digested sample. The sample was further filtered using a 0.22 um membrane filter.
Inductively coupled plasma atomic emission spectroscopy (ICP-AES) (Perkin-Elmer, Optima 2000,
Waltham, MA, USA) was then used for performing the mineralogical analysis of the micro- as well
as macro-elements present in J. rubens.

2.3. Extraction and ldentification of Metabolites

50 mg macro algal sample (DW) was macerated using liquid N2, followed by the addition of
chilled aqueous methanol (70%, v/v) for the determination of secondary metabolites, as per De Vos
et al. [23]. The mixture was then vortexed and incubated in an ultrasonic water bath (MRC, Holon,
Israel) for 1 h at frequency 40 kHz (25 °C). Thereafter, it was subjected to centrifugation for 10 min at
16,000x g at 25 °C. The supernatant was collected and filtered using a 0.25 um membrane. The
secondary metabolite analysis was done using Liquid Chromatography coupled with Time of Flight
Mass Spectrometry (Micromass, Waters, Milford, MA, USA). The identification of these metabolites
was performed by comparing the LC-TOF MS/MS peaks to the free METLIN database [24]. The
source and desolvation temperatures were adjusted to 110 and 200 °C, respectively. A total of 2.5 kV
was applied to the electrospray capillary, with the cone voltage kept as 25 V, and with nitrogen used
as the collision gas. The filtered sample was then directly injected using a syringe pump to the ESI-
MS at a flow rate of 50 pL min. The extracted metabolites were examined in positive-ion ESI/MS-
MS mode. The scanning range was 0-1000 m/z, with an acquisition rate of 0.25 s, and an inter-scan
delay of 0.1 s. For the peak integration, the background of each spectrum was subtracted, the data
was smoothed and centered, and peaks were integrated using Mass Lynx software version 4.0
(Micromass, Waters, Milford, MA, USA).

2.4. Estimation of Non-Enzymatic Antioxidant Potential

The determination of the antioxidant potential of the J. rubens extract was measured as per Gupta
et al. [25] with slight modification. 10 g of the dry sample was milled and then extracted twice with
50 mL of MeOH at room temperature for 48 h. The mixture was then centrifuged at 10,000x g for 15
min. This extraction step was repeated twice. The supernatants were then collected, combined,
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filtered, and evaporated to dryness using a rotary evaporator (Buchi Rota vapor R-200, Flawil,
Switzerland) under vacuum at 37 °C (150-100 mbar) to give the methanolic extract (dark green mass).
The extract was then used to define the total flavonoid content, total phenolic content as well as the
antioxidant potential. All the tests were performed in triplicates and the values have been expressed
as mean = SD.

2.4.1. Total Phenolic Content

The total phenolic content in this study was determined following the protocol as per Lim et al.
[26]. A total of 2.9 mL of Milli Q water and 0.5 mL of Folin-Ciocalteu’s reagent were mixed with the
seaweed extract. After 10 min of incubation, 1.5 mL of 20% sodium carbonate solution was added.
All the contents were mixed carefully and allowed to stand for 1 h under dark conditions at room
temperature. The absorbance was measured at 725 nm. The total phenolic content was calculated
based on a standard curve of phloroglucinol.

2.4.2. Total Flavonoid Content (TFC)

The determination of total flavonoid content was conducted according to Zhishen et al. [27].
Briefly, the methanolic extract of J. rubens was added to 5% (v/v) NaNO: (0.3 mL) and incubated for
5 min at room temperature. Thereafter, 2 mL NaOH (1 M) and 0.3 mL AICls (10%, v/v) were added.
The absorbance was recorded at 510 nm. TFC was expressed as mg quercetin equivalents (QE)/g
extracts (DW).

2.5. DPPH Radical Scavenging Assay

A simple yet sensitive procedure used for the antioxidant studies in natural product chemistry
is the DPPH radical scavenging assay. The preparation of the working solution was done by diluting
the DPPH stock solution (0.024%, w/v in methanol) until an absorbance of (0.98 + 0.02) was achieved
at 517 nm. The assay was performed using a 96-well plate with five different concentrations of the
seaweed extract, ranging from 1250-2500 pg/mL. The extracts were mixed with the DPPH working
solution and incubated in dark, for facilitating the color change from purple to yellow upon
absorption of hydrogen from the extracts. All the concentrations were tested in triplicates. Ascorbic
acid was used as the standard. The absorbance was noted at 517 nm and the scavenging potential of
the extracts was calculated using the following equation:

0Dg,; of Control — ODg,, of Extract X 100
0Ds;5 of Control

Scavenging capacity (%) =

2.6. Ferric Ion Reducing Antioxidant Power (FRAP) Assay

For this study, stock solutions of 10 mM Tripyridyltriazine (TPTZ) solution in 40 mM
hydrochloric acid, 300 mM acetate buffer with pH 3.6 (16 mL glacial acetic acid + 3.1 g sodium acetate
trihydrate), and 20 mM ferric chloride hexahydrate solution were prepared. A fresh working solution
was prepared each time, by mixing 25 mL acetate buffer, 2.5 mL FeCl3-6H20, and 2.5 mL TPTZ
solution. Before use, this mixture was heated. J. rubens extracts with different concentrations (1250-
2500 pg/mL) were allowed to react with the FRAP solution in the dark, in a 96-well titer plate for 30
min. The formation of colored products, ferrous tripyridyltriazine complex was observed and the
readings were noted at an absorbance of 593 nm. The results have were expressed in terms of mg
Ascorbic Acid Equivalents/g seaweed (DW).

2.7. ABTS Scavenging Activity

The scavenging activity of 2,2'-azino-bis(3-ethylbenz-thiazoline-6-sulfonic acid (ABTS) was
determined by using different concentrations of seaweed extracts (1250-2500 ug-mL™). A working
solution was prepared by mixing 50% of Reagent 2 (2.6 mM Potassium persulfate) + 50% of Reagent
1 (74 mM ABTS). In order to facilitate the formation of 2,2’-azino-bis(3-ethylbenzothiazoline-6-
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sulfonic acid) ABTS cations, this mixture was incubated in the dark for 12 h. This assay was based on
the capacity of the extract (with different concentrations) to scavenge these ABTS cations. An aliquot
of 1 mL from this prepared solution was added to 59 mL methanol and the optical density (OD) value
was set as 1.1 at an absorbance of 734 nm. The test samples were then made to react with this solution
in a 96-well micro titer plate and further incubated for 2 h in dark. The absorbance was then noted
down at 734 nm against the blank, using trolox as a standard, and the scavenging activity was
determined. The inhibition (%) was calculated as per the formula:

0D,3, of Control — OD,3, of Extract x 100

Inhibition (%) = 0D, of Control

2.8. Total Antioxidant Assay

The total antioxidant activity of the seaweed extracts with different concentration (1250-2500
pugmL-) was assessed as per Prieto et al. [28] with certain modifications. The protocol was
standardized for a 96-well plate method, for ease. The total antioxidant reagent was prepared by
mixing 0.6 M H2504 + 28 mM sodium phosphate + 4 mM ammonium molybdate. The samples were
mixed with the prepared reagent, and kept at 95 °C for 90 min. The absorbance was recorded at 695
nm. Trolox was used as a standard. The standard curve of the trolox solution was prepared following
a similar procedure.

3. Results

3.1. Proximate Composition

The in-depth mineral composition analysis of ]. rubens was done in order to decipher its
cosmeceutical potential. The investigated algal species (in triplicate) contained a good quantity of
macro-elements (Na, K, Ca and Mg), as well as microelements (Fe, Mn, Zn, Cu, Mo, and Ni) on a dry
weight basis (Table 1). The total quantities of the macro minerals (Na + K + Ca + Mg) obtained were
18,860.74 + 1.60 mg/100 g DW, while that for micro minerals (Fe + Cu + Zn + Mn + Ni) was 88.15 + 0.89
mg/100 g DW. Among the macro minerals, Ca content was found to be present in the highest amount
(14790.33 + 1.46 mg/100 g DW), while K content was 627.33 + 1.52 mg/100 g DW, the lowest whereas
among the micro minerals, Fe content was the highest (84.93 + 0.89 mg/100 g DW) and Cu content
was the lowest (0.63 + 0.05 mg/100 g DW). Other macro minerals such as Na and Mg contents were
1215 + 1.00 mg/100 g DW and 2228.08 + 2.09 mg/100 g DW respectively. Micro minerals such as Zn
and Mn were present in trace quantities (1.35 + 0.12 mg/100 g DW and 1.23 + 0.15 mg/100 g DW)
respectively, while Ni showed a value below detectable levels.

3.2. Total Phenol Content

The presence of natural antioxidants is not simply restricted to terrestrial sources. Seaweeds
have also proven to be reliable and rich sources of natural antioxidant compounds [29]. The radical
scavenging properties of the macro algal species have been reported to be associated with the
phenolic compounds present within them [30]. Phenolics possess unique redox properties that
contribute in adsorbing as well as neutralizing free radicals, decompose peroxides, and quench
singlet and/or triplet oxygen. The antioxidant activity of phenolics primarily owe their properties to
such features. Figure la represents the total phenol content of the methanolic extract (highest
concentration) of J. rubens as determined by using the Folin-Ciocalteu reagent and expressed as mg
phloroglucinol equivalents (PGE) per g of seaweed extract, on a dry weight basis. A high total
phenolic content was observed to be present in the methanolic extract of J. rubens, although this was
not higher than the commercial control (Phloroglucinol) used at the same concentration.
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Table 1. Mineral composition study of J. rubens.

Mineral Composition

Macro minerals (mg (100 g)* DW)

Na 1215+ 1.00
K 627.33 £1.52
Ca 14,790.33 £ 1.46
Mg 2228.08 +2.09
Na+K+ Ca+Mg 18,860.74 + 1.60
Micro minerals (mg (100 g)* DW)
Fe 84.93 +0.89
Cu 0.63 +0.05
Zn 1.35+0.12
Mn 1.23+0.15
Ni Nd
Fe+Cu+Zn+Mn+Ni 88.15+0.89

Total (Macro + Micro minerals)

18,948.89 + 1.06 (mg (100 g)' DW)

3.3. Total Flavonoid Content

6of 17

Flavonoids comprise the principal class of polyphenols. They can scavenge practically all known
ROS, depending on their structure. They possess the capability to not only scavenge free radicals, but
also inhibit the enzymes responsible for free radical production, and also chelate metal ions like iron
and copper. The antioxidative assets of the flavonoids may be thus be credited to such mechanisms.
Figure 1b represents the total flavonoid content of J. rubens. Quercetin was used as a standard, and
the total flavonoid content was expressed as mg quercetin equivalents (QE) per g of the seaweed
extract on dry weight basis. The total flavonoid content of the methanolic extract of ]. rubens was thus,
found to be lower as compared to the standard when used at a similar concentration (Figure 1b).

o
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L= ]

Total Phenol Content

Control Seaweed extract (2500 pg/ml)
Concentration pg/mL

=

TFC [mg Quercetin/g seaweed
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Total Flavonoid Content

=
n

ot
(=]

S

Control Seaweed extract (2500 pg/ml)
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Figure 1. (a) Total phenol content and (b) Total flavonoid content of ]. rubens extract at highest

concentration. Value represents the mean + SE.
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3.4. DPPH Radical Scavenging Assay

DPPH (1,1-diphenyl-2-picrylhydrazyl) behaves as a free radical donor, and is widely used to
assess the radical scavenging potential of antioxidants from natural sources. It possesses a nitrogen
free radical and is readily quenched by a free radical scavenger. The DPPH assay is exclusively used
as a non-enzymatic antioxidant protocol in determining the radical-scavenging capacity of novel
antioxidants of natural origin in organic environments that function as a proton radical scavengers
or hydrogen donors. Radical quenching, which can be achieved either by single electron transfer or
by hydrogen atoms, result in the neutralization of the DPPH radical. Upon reduction, color changes
from purple to yellow with the absorption of hydrogen moiety from the antioxidant. This reaction is
stoichiometric in nature, and the antioxidant effect can be easily measured by a decrease in ultra-
violet (UV) absorption at 517 nm. The DPPH radical-scavenging capacity of the tropical seaweed J.
rubens selected for the current study has been shown in Figure 2a. The scavenging activity of the
sample is indicated by the degree of discoloration. The scavenging potential increased concomitantly
with an increase in the extract concentration. The study showed scavenging activity >60% at the
highest concentration of 2500 ug/mL. However, the value obtained was less when compared to the
standard ascorbic acid value (90%) used at a similar concentration.

3.5. Ferric Ion Reducing Antioxidant Power (FRAP) Assay

The principal of the FRAP assay is based on the reduction of ferric-tripyridyltriazine (Fe3-TPTZ)
complex to ferrous tripyridyltriazine (Fe>-TPTZ) by the antioxidants of the sample at low pH. Fe?-
TPTZ—the final end product, shows a blue color with an absorption maximum at 593 nm. The change
in the absorbance is related to the antioxidant capacity of the seaweed extract. The reducing potential
of J. rubens extract has been shown in Figure 2b. The reduction potential has been expressed as (ug/mL
AAE/mL). The study showed a reduction potential value >50% at the highest concentration of 2500
pg/mL for the extract. However, the value obtained was less when compared to the standard ascorbic
acid value (>60%) at the same concentration.

3.6. ABTS Scavenging Activity

The principal underlying this assay is that the ABTS is converted to its radical cation on the
addition of potassium persulfate. The radical cation so formed is blue in color and absorbs light at
734 nm. This ABTS radical cation is reactive towards a majority of antioxidants which include thiols,
phenolics and ascorbic acid. The blue colored ABTS radical cation is converted back to its colorless
neutral form during the course of the reaction. The antioxidants in the sample reduce ABTS,
preventing the color formation to a level that is proportional to their concentrations. The ABTS
scavenging potential of the J. rubens extract is shown in Figure 2c. The results obtained at the highest
concentration (2500 pg/mL) were quite comparable to that obtained for the standard (>90%) at similar
concentration.

3.7. Total Antioxidant Assay

The total antioxidant capacity (TAC) was performed using the phosphomolybdenum method.
The principle behind this protocol is the formation of Mo (V) by the reduction of Mo (VI) using the
test extract/s, and consequent production of the green phosphate/Mo (V) complex at an acidic pH. It
evaluates both fat-soluble as well as water-soluble antioxidants (total antioxidant capacity). The
phosphomolybdenum method is a simple, cheap, and a good alternative to other laborious methods
used for assessing the total antioxidant capacity. This assay was carried out in order to gain a broader
understanding of the total antioxidant capacity exhibited by J. rubens, rather than determining the
antioxidant potential of individual constituents. Moreover, it gives a clear understanding of the
changes in the antioxidant activity in relation to the oxidative stress, and is widely used in a variety
of complex mixtures used in pharmaceutical and cosmetic preparations. The results for the TAC have
been expressed as scavenging %, as shown in Figure 2d. The total antioxidant capacity of the extract
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(>65%) was found to be lower as compared to the standard (>75%) at the same concentration (2500
pg/mL).
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a. Extract concentration [ug/mL] b. Extract concentration [pg/mL|
(@) (b)

*— Seaweed MeOH extract +— Seaweed MeOH extract
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904 Total Antioxidant Assay

100

90 ABTS Assay

Scavenging [%]
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H
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c. Extract concentration [pg/mL] d. Extract concentration [pg/mL]

(c) (d)

Figure 2. Scavenging and reducing activities of J. rubens extract. (a) DPPH (1,1-diphenyl-2-

picrylhydrazyl) scavenging assay (b) FRAP (Ferric Ion Reducing Antioxidant Power) assay (c¢) ABTS
(2,2’azino-bis(3 ethylbenzothiazoline-6-sulfonic acid) assay and (d) Total antioxidant assay. Value
represents the mean + SE.

3.8. Metabolite Profiling

Using liquid chromatography-TOF-MS, around 23 different probable metabolites were
encountered in the ESI positive mode (Figure 3). These secondary metabolites comprised of alkaloids,
phenyl propanoid, furanoid lignans, flavonoids, tannin, terpene lactone, glycosyl and glycoside
compounds, and malleolides and analogues, etc. A phytochemical piperidine alkaloid y-coniceine
(m/z 108.12), which is a precursor of several hemlock alkaloids, was detected. It is used in several
formulations that are used to treat breast cancer [31]. Another alkaloid, berberrubin (m/z 305.1),
bearing strong antitumor activity was also observed in the seaweed. A potential aromatic compound
belonging to the class of terpene glycosides named tsangane L3 glucoside (prenol lipid containing a
carbohydrate moiety glycosidically bound to a terpene backbone) with m/z 357.23, was detected. The
industrial application of this compound is as a surfactant, as well as an emulsifier. An aromatic
coumaric acid derivative named trichocarposide (m/z 415.15), was observed. Trichocarposide has
been found to be one of the active ingredients in the methanolic extract of Salix martiana Leyb that
exhibits strong DPPH antioxidant activity [32]. A diterpene-based alkaloid, icaceine (m/z 358.24),
known to exhibit anticonvulsant properties, was detected. Two aromatic heteropolycyclic
compounds viz; 8-Acetoxy-4'-methoxypinoresinol (a furanoid lignan, and a constituent of Olea
europaea (olive), which is widely used in cosmetics and pharmaceutical industries), sesartemin (a
phenylpropanoid and an inhibitor of cytochrome P450-linked oxygenase) [33] and a natural lignan
compound cubebinone (an active constituent of Piper cubeba possessing anti-inflammatory as well as
antiseptic properties), all with an (m/z 413.16), were detected during the study. Four flavonoids, viz,
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agecorynin C, medicocarpin, 4’-O-methylglucoliquiritigenin, and 5,6,7,8,3,4'5'-
heptamethoxyflavone, a crude drug, viz, zizybeoside I, and an O-glycosyl compound named benzyl
gentiobioside (all with an m/z 415.15) were detected. 6-O-Methylarmillaridin (m/z 445.18), belonging
to the family of melleolides and analogues, was detected to be present in the current study.

An eremophilane-type sesquiterpene lactone, namely eremopetasitenin B2 (m/z 447.18)—an
important biogenetic intermediate, and eremosulphoxinolide A—a terpene lactone (m/z 447.18),
along with a terpenoid, viz, agnuside (m/z 449.15), an active constituent playing a role in the
estrogenic activity for the potential treatment of premenstrual syndrome in women [34], were found
to be present. Additionally, two anthocyanins malonylshisonin/4"’-demalonylsalvianin (m/z 825.19)
belonging to the class of flavonoids, were also detected which possess antioxidant and anticancer
(chemo preventive) attributes. Maclurin 3-C-(2",3",6"-trigalloylglucoside) (m/z 863.15) belonging to
the family of hydrolysable tannins, and the class of chemical entities known as phenolic glycosides,
were identified. Theaflavonin (m/z 919.18), belonging to the class of organic compounds known as
complex tannins, was detected. An aromatic coumaric acid ester derivative, simmondsin 2'-ferulate
(m/z 534.21), was also observed to be present.
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Figure 3. Metabolites detected from ]. rubens extract using Liquid Chromatography—-Mass
Spectrometry analysis.

4. Discussion

Jania rubens is a versatile red marine macro algae possessing dichotomous ramifications and
extraordinary properties of biomineralization. It is described as an alga that is heavily impregnated
with biochemically precipitated CaCOs in the form of calcite, through the phenomenon of
biomineralization. This attribute makes the algae very tough and resistant to corrosion, making the
coralline algae one of the most important structural elements of coral reefs. It has an extraordinary
capability to bind trace minerals and elements found in seawater, which render it with the invaluable
cosmetic virtues that it possesses. The occurrence of coralline algae in several types of habitats defines
its reliability as a biological indicator of relative levels of phosphate pollution in seawater caused by
human activity [35]. The identification of untargeted metabolites along with the study on the mineral
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composition, as well as the ROS scavenging capacity of this seaweed, revealed its potential to be used
as a key ingredient in the cosmeceutical formulations, and provide useful insights into the metabolite
constituents of this macro alga.

The health as well as the appeal of the skin depends on nutrition [36]. This species is a noble
source of both macro- as well as micro-minerals. Macro-minerals (Ca, Na, Mg and K) were found to
be present in significant amounts. Sodium (Na), plays a crucial role in the fluid maintenance, muscle
contraction, enzyme operation, and osmo-regulation of the human body. Additionally, it also plays
a critical role in skincare also, due to its anti-aging properties. This anti-aging feature can be attributed
to its ability to fight the free radicals that accelerate the aging process. It is therefore incorporated as
an active ingredient in a range of skincare products. It is also widely used in cleansers and
moisturizers. Products for sensitive skin care also contain sodium, as it acts as a mild wetting agent.
Thus, sodium in combination with other elements or alone, offers a number of benefits for the skin.
Potassium (K), an essential macro mineral, keeps the skin hydrated and moisturized. Additionally,
potassium prevents the skin from looking dull and cracked, as it supports the growth of new skin
cells. Many skin care and cosmetic products use KOH (potassium hydroxide) as one of their
composites. It maintains a balance in the pH level of the skin. Calcium (Ca) was found to be present
in the highest amount as a macro mineral in this species. Ca has been proven to play an important
role in skin homeostasis (self-replenishing process) and barrier function repair [37]. Due to this, the
skin can shed and renew itself and maintain an appropriate lipid level. Calcium skin benefits include
anti-aging properties, enabling a better resistance to irregularities like premature aging and fine
wrinkling, through its important role in antioxidant production. Magnesium (Mg) possesses the
capacity to cleanse the skin and detoxify the epidermis. It is quite effective in treating the areas of the
skin that are prone to allergic reactions. Magnesium is very effective in reducing wrinkles and fine
lines. It helps to combat acne or breakouts on the skin. Magnesium thus acts as a natural cellular
protectant, fosters the restoration of cellular magnesium levels, facilitates effective and safe detoxification,
provides relief from pains, spasms, aches and in turn, encourages healthy skin tissue growth.

Micro minerals also play an equally significant role in maintaining the youthfulness of skin. Iron
(Fe) is a potential therapeutic target in the skin [38]. Copper (Cu) too plays an important role in skin
care. It not only aids in the production of melanin which is responsible for the color of the skin and
hair, but also helps in collagen production and skin regeneration, and increases the effect of
antioxidants. Moreover, copper peptides (copper bound peptides) and copper gluconates (copper
bound gluconic acid) are a promising treatment in skincare. Zinc (Zn) in the form of divalent zinc
ions, provides an antioxidant photoprotector for skin. The benefits of either oral or topical zinc in the
treatment of acne, possibly through anti-inflammatory effects, has been studied previously [39].
“Prolidase”, an enzyme that is necessary for collagen production—an essential structural component
of the skin—requires manganese (Mn) as a co-factor. Manganese is thus an important mineral for
everyday skin health, as it plays a specific role in collagen production. In addition to this, manganese
aids in the protection of skin against oxygen-related damages, as well as against damages caused due
to exposure to UV light by functioning as an antioxidant. J. rubens possesses all of these vital macro-
as well as micro-minerals crucial for providing protection against pre-mature aging and maintaining
the youthfulness of the skin.

One of the most fundamental entities that are known to be involved in human skin aging process
are the ROS. The factors that are responsible for ROS generation within the skin include both, the
intrinsic sources such as endogenous oxidative metabolism as well as the extrinsic sources such as
UV radiation. The role of secondary metabolites is thus important for combating against ROS, as they
are considered to be important radical scavengers and efficient antioxidants that possess biological
activities [40]. Phytochemicals (secondary metabolites), including flavonoids, phenolic acids, and
polyphenols, are potent antioxidants and are an essential part of human well-being. Antioxidants are
important as a part of an anti-ageing skin support program because antioxidants help protect the skin
from the toxic effects of free radicals that would otherwise impair and destroy healthy skin cells [41].
Scavenging properties and antioxidant potential depend on the content of both polyphenolics and
flavonoids [40]. |. rubens possessed a good amount of both phenolic as well as flavonoid contents,



Cosmetics 2017, 4, 45 11 of 17

and therefore showed a high antioxidant potential. The antioxidant activity was found to be
proportional to the concentration of polyphenols and flavonoids. Five different methanolic
concentrations were used to check the DPPH radical scavenging potential. The radical scavenging
potential was lower compared to the standard ascorbic acid but was >60%. This result suggests the
presence of free radical inhibitors acting as potential primary antioxidants. Therefore, |. rubens extract
was found to contain metabolites that could function as hydrogen donors, thereby neutralizing the
DPPH molecules. Moreover, the presence of metabolites like trichocarposide, that exhibit strong
DPPH antioxidant activity, further supported the study. In the reducing power assay, the
antioxidants donate an electron to stabilize the radicals and also break the free radical chain reaction.
The ability of the different concentrations of the J. rubens extract to exhibit the reducing power in this
investigation may be related to the presence of antioxidant phytochemicals. Reducing potential was
found to be lower as compared to the commercial standard. Some of the cosmeceutical effects could
be attributed to these compounds. The ABTS radical scavenging ability of the extract also exhibited
a dose-dependent response. As the concentration of the methanolic extracts increased, ABTS radical
scavenging as well as the total antioxidant activity also increased. In fact, the ABTS radical scavenging
potential was found to be quite comparable to the standard value, while the latter was lower as
compared to the standard.

Furthermore, about 23 different putative metabolites were identified in the present study using
LC-TOE-MS/MS (Figure 3 and Supplementary Table S1). This study offers the first comprehensive
scientific report on the untargeted metabolomics of J. rubens, highlighting its importance as an active
cosmeceutical ingredient. Anthocyanins [42,43] provide protection against potentially effective
agents, in order to avert the signs of skin aging. They have proven actions for giving protection to the
skin from external injuries caused by UV radiation [44]. Additionally, anthocyanins not only possess
strong antioxidant/anti-inflammatory activities, but also inhibit lipid peroxidation and inflammatory
mediators; cyclooxygenase (COX)-1 and -2 [45]. They are also used as cosmetic colorants in many
products [46]. The present study unveils the presence of two such anthocyanins, malonylshisonin
and 4"’-demalonylsalvianin, which may prove to be potential flavonoids for cosmetic industries. A
complex oxidation product belonging to the natural class of flavonoid theaflavins, named
theaflavonin, was detected. Theaflavins are potent antioxidant polyphenols already used in skin care
product preparation, in order to impart effects such as whitening and the removal of freckles. [47].
Moreover, theaflavin in the skin care products shows excellent color stability. Therefore, they can be
easily applied to other cosmetic preparations as well. Flavonoids have been found to possess
antioxidant, anti-allergic, anti-viral, anti-aging, anti-carcinogenic, and anti-inflammatory properties.
Moreover, they are also used in the treatment of skin aging, as they apparently contribute in the
improvement of skin elasticity, skin hydration, regulation of oil gland secretion, and collagen content
[48]. A set of flavonoids, namely agecorynin C (KEGG C14942), medicocarpin (KEGG C16223), and
5,6,7,8,3',4',5'-heptamethoxyflavone (KEGG C14953), have been detected in this study. Benzyl
gentiobioside, belonging to the class of O-glycosyl compounds, was also detected.

Cosmetic formulations also possess natural as well as synthetic additives that confer aroma,
which in turn masks unpleasant chemical odors. This study also revealed the presence of many
natural aromatic compounds. One of them was trichocarposide—an aromatic coumaric ester
derivative that is an essential constituent of Populus balsamifera (balsam poplar), which is highly
sought after for its essential oil in various aroma therapies, was detected from J. rubens extract. It is
known to nourish the skin and relax the mind. Additionally, 4'-O-Methylglucoliquiritigenin—a
compound belonging to flavonoid-7-O-glycosides, was also detected. It is one of the constituent of
the roots of Glycyrrhiza uralensis (Chinese licorice). The pharmacological significance of licorice
includes its antimicrobial [49], antiviral [50], and antitumor [51], as well as its anti-inflammatory [52]
properties. Zizybeoside I (KEGG C17564), detected during the present study, is usually found to be
present in Zizyphus jujuba (Chinese date), and belongs to the family of Dihexoses (disaccharides
containing two hexose carbohydrates). Zizyphus jujuba is commonly used for face nourishment and
beautification, for battling oxidation and aging, as an antitumor agent, for resisting fatigue, and also
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for the relaxation of mind [53-55]. In fact, Chinese jujube is also commonly employed in Chinese
beverages and as a food additive [56].

Eremopetasitenin B2 and eremosulphoxinolide A, isolated from the fresh rhizomes of Petasites
japonicus, which has been used for its therapeutic effect on allergy and asthma in Korea and European
countries, was also detected [57,58]. Simmondsin 2-ferulate, a glucoside with proven insecticidal,
antifeedant, and antifungal activities [59] was noted to be present. Simmondsin 2'-ferulate is usually
obtained from Simmondsia chinensis (jojoba). Lubricant, pharmaceutical and cosmetic industries hold
a good market for Jojoba oil [60]. Jojoba seeds have also been shown to possess anti-inflammatory
activity [61].

Terpenes comprise one of the major secondary metabolites, with diverse categories including
monoterpenoids, diterpenoids, triterpenoids, and sesquiterpenoids. Terpenes have been found to
possess anti-inflammatory, antitumor, antibacterial, antioxidant, and hepatoprotective activities from
various pharmacological studies [62]. Tsangane L3 glucoside (prenol lipid containing a carbohydrate
moiety glycosidically bound to a terpene backbone)—a potential aromatic compound belonging to
the class of terpene glycosides, was detected in the present study. Another diterpene-based alkaloid,
named icaceine (m/z 358.24), known to prevent or reduce the severity of epileptic seizures and
agnuside, an iridoid glycoside possessing hepatoprotective properties [63], anti-inflammatory
activity [64] antioxidant [65], and analgesic effects [66], were found to be present in the methanolic
extract of |. rubens. Additionally, two alkaloids viz; y-coniceine (KEGG C10138) which acts as a local
analgesic [67], and berberrubin (HMDB30266), a protoberberine, known for exhibiting antitumor
properties, were detected during the study [68].

Lignans act as both antioxidants and phytoestrogens [69]. Other salient traits, viz, anti-
cancerous, anti-inflammatory, insecticidal, anti-hypertensive, hypocholesterolemic, anti-asthma
activities, and hepatoprotective biological activities of lignans have also been previously reported
[70]. Lignans derived from flax have not only been described as being useful in preventing
osteoporosis and certain cancers, but also as anti-viral agents and fungicides. The role of lignans in
plant defense was suggested by their pronounced antimicrobial, antifungal, antiviral, and
antioxidant properties [71-74]. The glycosylated lignans obtained from flax seeds are known to
inhibit the production of melanin, thereby playing a role in bleaching the skin [75]. They also act as
agents for increasing the catalase and fibroblast activity, for inhibiting UV-induced wrinkles, for the
synthesis of hyaluronic acid, and for strengthening the elasticity of the skin. Further, the prevention
of formation of wrinkles, thereby assisting with maintaining the firmness of the skin by providing
relief through scavenging OH radicals, has also been proven outcomes for glycosylated lignans
derived from sesame. These are also well known as antioxidants, and may be used in moisturizing
and protective creams [76]. The retinol-based anti-ageing compositions contain lignan known as
nordihydroguaiaretic acid, which is an antioxidant. A furanoid lignan 8-acetoxy-4'-
methoxypinoresinol (HMDB33277), and two natural lignin compounds, sesartemin (KEGG C10884)
and cubebinone, (HMDB33259) were observed to be present in the methanolic extract of J. rubens.
Certain melleolide analogs have shown to exhibit anti-microbial as well as antifungal activities
[77,78]. 6-O-methylarmillaridin, a melleolide sesquiterpene was one of the bioactive metabolites
encountered during the present study.

A number of brown seaweeds viz; Fucus vesiculosus (Fucoidan) [79], Pelvetia wrightii [80],
Laminaria digitata (Minerals, proteins and carbohydrates) [81], are frequently used in slimming and
anticellulite formulations. Macro algal constituents like flavonoids, phlorotannins, quercetin
(flavonoid belonging to the class of flavonols) etc. act as lipolytic agents. Sargassum polycystum
extracts (ethanolic, ethyl acetate and hexane) have been studied for their skin whitening properties
[82]. The biochemical composition of these active fractions have revealed the presence of terpenoids,
flavonoids, phenols, saponins, tannins etc. Moreover, antioxidants favor the skin health by reducing
hyperpigmentation. It has been reported that macro algae have emerged with mechanisms to
respond against the hazardous effects of UV-A and UV-B by producing phenolic compounds, UV-
absorbing mycosporine-like amino acid (MAAs), or carotenoids [79]. Such MAAs act as a UV shield,
and the antioxidant constituents present in the red algae (Rhodophytes) act as effective
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photoprotectors. Similarly, in the case of microalgae, an extract from Chlorella vulgaris has been
reported to induce collagen synthesis in skin, thereby preventing wrinkle formation [83]. A protein-
rich extract from Arthrospira has been reported to exert tightening of the skin, thereby protecting the
early signs of skin aging [83]. The current study too has revealed the presence of many such bioactive
metabolites in . rubens, which may open up new avenues for the advancement in cosmetic
compositions.

5. Conclusions

The study reveals that the red marine macro alga, J. rubens, is a rich source of essential macro-
as well as micro-minerals, natural antioxidants, and bioactive metabolites with cosmeceutical
potential. These features collectively make this coralline alga a promising candidate for its inclusion
as an active ingredient in modern day cosmeceutical as well as pharmaceutical formulations/products
utilized for skin conditioning, skin polishing, anti-ageing, and skin whitening. J. rubens can therefore
be considered as a potential natural candidate for improving the quality of modern day cosmetics.
However, further studies undertaking purification as well as clinical trials of the purified
components, are required for its inclusion as an integral ingredient. The present study provides the
base for future perspectives of considering |. rubens in the design of algal biorefineries and other eco-
designs, to obtain large amounts of value-added products.

Supplementary Materials: The following are available online at www.mdpi.com/2079-9284/4/4/45/s1, Figure S1:
Metabolite Profile of ]. rubens extract using LCMS (ESI positive mode), Table S1: Putative metabolites identified
in . rubens extract and their possible function/application/role/importance.
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