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Abstract
In the cosmetic industry there is an increasing demand for substances obtained from natural sources that can replace 
synthetic ones. Due to consumer demand for a protective filter with (SPF) labels in sunscreens, moisturizers, face make-up, 
and lipsticks worldwide, they produce tonnes of such products every year. Many species of cyanobacteria live in extreme 
environments, including sites with excessive doses of sunlight and drought. To survive in such extreme conditions, they 
produce compounds that allow both protection against ultraviolet radiation (UV), as well as the substances that are responsible 
for reducing oxidative stress. The aim of this study was to isolate, identify, and test the biological potential of the secondary 
metabolite scytonemin from the cyanobacterium Nostoc commune Vaucher ex Bornet et Flahault collected in Antarctica. 
The photoprotective effect was evaluated by the measurement of the sun protection factor (SPF) and the antioxidant activity 
was determined by two different assays including superoxide anion scavenging activity and free radical scavenging activity 
based on the amount of substance. An estimated SPF value of 33.34 ± 0.02 demonstrated that scytonemin might serve as a 
topically applicable ingredient for natural UV sunscreen cream.
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Introduction

Solar radiation is a significant environmental factor that 
contributes to skin aging and carcinogenesis (Brenner and 
Hearing 2008; Puizina-Ivic 2008; Singh et al. 2010). The 
importance of healthy skin leads to the creation of products 
designed to protect against harmful external and internal 
agents (Lodén 2014). Many of these products are classified 
as cosmetics and include different types such as skin creams, 
UV-protectors, anti-aging, and hypoallergenic products. 
Scientists are consistently confirming that cosmetic products 
made from natural compounds are useful and efficient in 
enhancing skin health (Mukherjee et al. 2011). They are also 
found to have fewer adverse effects and are environmentally 
sustainable (Cavinato et al. 2017).

In recent years, cyanobacteria have been considered an 
alternative supply of natural substances with applications 
in the cosmetic industry (Rastogi et  al. 2015). Thanks 
to the comprehensive photosynthetic, adaptation, and 
defense system, cyanobacteria are able to produce various 
metabolites such as flavonoids, pigments (e.g. β-carotene, 
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C-phycoerythrin, phycobiliproteins), phenols, saponins, 
steroids, tannins, terpenes and vitamins (Mulkidjanian et al. 
2006; Stengel et al. 2011; Gangl et al. 2015). Cyanobacteria 
represent a great source of natural products that possess 
medicinal, industrial, and agricultural significance (Kiuru 
et al. 2014).

Cyanobacteria are photosynthetic prokaryotes with a 
long evolutionary history resulting in a wide range of spe-
cies which can be found in different habitats (Whitton and 
Potts 2000). They appeared on Earth during the Precambrian 
era, approximately 2.8–3.5 billion years ago, and created 
the oxygen-rich environment necessary for the evolution of 
life. Many species of cyanobacteria are known to live in 
extreme environments, including regions with excessive sun-
light exposure and drought. In order to survive in such harsh 
conditions, these organisms produce compounds that protect 
against ultraviolet radiation (UV) and reduce oxidative stress 
(Tamaru et al. 2005; Sinha and Häder 2008). Cyanobacteria 
have adapted to high levels of solar radiation by producing 
compounds such as mycosporine-like amino acids (MAAs) 
and scytonemin (SCY), which possess both photoprotective 
and antioxidant effects (Rastogi et al. 2010).

SCY is a yellow–brown dimeric molecule and it provides 
protection against UV radiation by absorbing light in the 
UV-B and UV-A ranges of the spectrum. SCY is a distinc-
tive natural substance that consists of indolic and phenolic 
subunits—linked together by an olefinic carbon atom. This 
type of connection creates a novel ring structure, which has 
been named "the scytoneman skeleton" by (Proteau et al. 
1993). In contrast to MAAs, SCY is exclusively produced 
by cyanobacteria and is located in the extracellular polysac-
charide sheath (Rastogi et al. 2014). It is a stable compound 
that does not require additional energy to function, making 
it a useful defense mechanism for cyanobacteria when other 
protective methods are insufficient (Jones et al. 2011).

Solar ultraviolet radiation (UVR) consists of three types 
of UV radiation: UV-C (200–280 nm), UV-B (280–315 nm), 
and UV-A (315–400 nm). However, only UV-A and a frac-
tion of UV-B can penetrate to the the Earth's surface (Vega 
et al. 2020). Of the three types, UV-B radiation is the most 
harmful since it causes mutations in the DNA of skin cells. 
On the other hand, UV-A radiation is not directly mutagenic 
but generates reactive oxygen species (ROS) that can cause 
mutations indirectly (Harrison and Young 2002; Ichihashi 
et al. 2003; Schuch et al. 2017). The skin has an internal 
mechanism called skin pigmentation that provides protection 
against damage from high levels of sun exposure (Brenner 
and Hearing 2008). Melanin is responsible for absorbing 
a wide range of UV radiation, and it also eliminates ROS, 
which are among the significant consequences of UV expo-
sure on skin cells (Baumann 2005). As there is a growing 
demand for sunscreens to be included in lotions, moisturiz-
ers, facial makeup, and lipsticks (Daniel et al. 2004), global 

production of UV filters has increased dramatically each 
year (Manová et al. 2015).

Sunscreens can be classified based on the route of admin-
istration topical or systemic. Topical sunscreens are divided 
based on the mechanism of protection into sunscreen with 
organic or inorganic substances (Rigel 2013). They have 
primarily two mechanisms of action: reflection and scat-
tering of UV energy from the skin surface (inorganic sun-
screens—titanium dioxide and zinc oxide) (Dransfield 2000) 
or absorption of the UV energy by converting it to heat 
energy (organic sunscreens for UV-A region are benzophe-
nones, methyl anthranilanate, etc.; for UV-B are PABA and 
its derivative, cinnamates, salicylates, etc.; both UV-A and 
UV-B include besoctrizole, silatriazole) (Dransfield 2000; 
Lademann et al. 2005; Tuchinda et al. 2006; Serpone et al. 
2007; Manaia et al. 2013). It is suspected that synthetic 
organic filters may have some adverse effects on humans, 
including allergic reactions, photo-toxicity, and endocrine 
disruptions (Wang et al. 2016). These UV filters can also 
accumulate in the aquatic environment, leading to nega-
tive impacts such as coral reef bleaching or hormone dis-
orders in mammals (Tsui et al. 2014; Sánchez-Quiles and 
Tovar-Sánchez 2015). Therefore, there is a strong focus on 
developing broad-spectrum biological photoprotectors that 
can filter UV-B, UV-A, blue light, and infrared while also 
providing antioxidant activity (Grether-Beck et al. 2014). 
Researchers are actively exploring natural photoprotectors 
because they have lower toxicity and are biodegradable, 
making them more beneficial for health and the environ-
ment (Saewan and Jimtaisong 2015). It might be interesting 
to test the potential application of cyanobacteria in skin care 
products to reinforce their role as a source of different bioac-
tive compounds. Furthermore, the increased understanding, 
participation, and concern of citizens regarding the negative 
impacts of synthetic compounds have made the research and 
development of natural compounds more appealing.

In view of the above, the aim of this study was to isolate 
and test the biological potential of the biomolecule SCY 
isolated from the cyanobacterium Nostoc commune Vaucher 
ex Bornet et Flahault, as well as develop of new sunscreen 
enriched with natural compound. Therefore, we prepared 
sunscreen with a SCY organic UV filter and focused on 
determining the stability of a potentially new scytonemin 
sunscreen as well as other selected properties.

Material and methods

Collection of cyanobacteria and isolation 
of scytonemin

Antarctic cyanobacterial samples of Nostoc commune were 
collected randomly (during January 2020) at James Ross 
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Island, Antarctica close to the Czech Antarctic station of J. 
G. Mendel (63° 48′ 02″ S, 57° 52′ 57″ E).

Scytonemin (SCY) was extracted and isolated as 
described previously (Balskus et al. 2011). Briefly, 5 g (DW) 
of N. commune was dissolved in 100 mL acetone (Central-
Chem) and kept overnight at laboratory temperature on a 
magnetic stirrer. The acetone extract was filtered with a 
42 μm nylon mesh filter to a round bottom flask and the 
supernatant was evaporated under reduced pressure at 40 °C 
by a rotary evaporator. The residue was washed with 2 mL 
of cyclohexane 6 times to remove carotenoids and chloro-
phylls; the resulting light green solution was removed and 
kept aside, while the remaining brown substance was dried 
and stored in a dark for further NMR analysis.

Nuclear magnetic resonance (NMR) spectroscopy

The structure of the compound (scytonemin) was verified by 
NMR spectra. Nuclear magnetic resonance data were col-
lected on spectrometer Varian VNMRS 600 (USA) operating 
at 599.87 MHz for 1H and 150.84 MHz for 13C. Chemical 
shifts (δ in ppm) are given from the internal solvent and the 
partially deuterated residual: acetone-d5 2.05 ppm for 1H and 
acetone-d6 29.84 ppm for 13C. All data were analyzed using 
MNova 14.2.1 (2021) software. Due to the low photostabil-
ity of scytonemin, it was not possible to measure 13C NMR 
spectrum and 2D experiments of sufficient quality.

Antioxidant activity

Free radical scavenging activity by the DPPH method

The free radical scavenging activity of scytonemin was 
measured using 1,1-diphenyl-2-picryl-hydrazil (DPPH). The 
antioxidant activity via this method is described in several 
studies, and here, we slightly modify it (Dorman et al. 2003; 
Ibañez et al. 2003; Kosanić et al. 2011). Scytonemin was 
dissolved in methanol to a concentration of 0.54 mg mL−1 
(1 mM). Stock solution was subsequently diluted to desired 
concentrations (0.5, 0.25, 0.125, 0.0625 mM). The reaction 
mixture consisted of 2 mL of DPPH methanolic solution 
(0.1 mM) and 1 mL of scytonemin solution. The samples 
were incubated at laboratory in the dark for 30 min. After 
the incubation, the absorbance of the samples was measured 
at 517 nm (multi-detection microplate reader; the Synergy 
HT, BioTek). Ascorbic acid was used as a positive control. 
Methanol was used as a blank control. The DPPH radical 
concentration was calculated by the equation:

where A0 is the absorbance of negative control, and A1 is 
the absorbance of the reaction mixture of our samples. Half 

Free radical scavenging activity(%) =
[(

A0 − A1

)

∕A0)
]

∗ 100

maximal effective concentration (EC50) was used to compare 
the radical scavenging activity.

Superoxide anion scavenging activity

The superoxide anion scavenging activity of scytonemin was 
measured according to the Nishimiki method (Nishikimi 
et al. 1972) as used by Ranković (2015) with slight modi-
fication. In brief, scytonemin was dissolved in 5% DMSO 
to a concentration of 0.54 mg mL−1 (1 mM). Stock solu-
tion was subsequently diluted to desired concentrations. A 
portion (100 μL) of each prepared sample was mixed with 
1 mL NADH (468 μM nicotinamide adenine dinucleotide 
solution in 0.1 M phosphate buffer pH 7.4) and 1 mL of NBT 
(156 μM nitroblue tetrazolium solution in 0.1 M phosphate 
buffer pH 7.4). The reaction was started by adding 100 μL 
PMS (60 μM phenazine methosulfate solution dissolved in 
0.1 M phosphate buffer pH 7.4). The mixture was incubated 
at laboratory temperature in the dark for 5 min. Then the 
absorbance was measured at 560 nm (multi-detection micro-
plate reader; the Synergy HT, BioTek). The superoxide anion 
scavenging activity was calculated by the equation:

where A0 is the absorbance of negative control and A1 is 
the absorbance of the reaction mixture of our samples. Half 
maximal effective concentration (EC50) was used to compare 
the superoxide anion scavenging activity.

Photoprotective activity

Determination of sun protection factor (SPF) of scytonemin

Scytonemin was dissolved in ethanol to a concentration of 
1 mg mL−1 and analyzed for in vitro sun protection factor 
(SPF). Samples were analyzed for their absorption spectra 
(multi-detection microplate reader; the Synergy HT, BioTek) 
in the wavelength range of 290 to 320 nm, with ethanol serv-
ing as a blank. The absorption data were collected every 
5 nm and five readings were taken at each wavelength. After 
obtaining the data, the SPF value was calculated using the 
equation of (Mansur et al. 1986):

where, EE: erythemal efficiency spectrum at wavelength λ; 
I: intensity of solar light at wavelength λ; Abs: absorbance of 
wavelength λ by a solution of the preparation; CF: correction 
factor (= 10). The values of EE x I are constants determined 
by Sayre et al. (1979) and are shown in Table 1

Superoxide anion scavenging activity(%) =
[(

A0 − A1

)

∕A0)
]

∗ 100

SPFspectrophotometric = CF x

320
∑

290

EE (λ) x I (λ) x Abs (λ)



2842	 Journal of Applied Phycology (2023) 35:2839–2850

1 3

Preparation of the cream

The non-ionic cream base was chosen due to its 
compatibility with the tested active ingredient. The cream 
was reformulated according to the literature (Kovács et al. 
2020) and occlusive components were replaced with semi-
occlusive for better skin tolerance. This cream supported 
the barrier function of the skin without occlusion, had 
adequate consistency, a longer-lasting hydration effect, 
was easily spread and had a proper value of pH (Kovács 
et al. 2020).

The oil phase ingredients and water phase ingredients 
were separately heated to 70 ± 5 °C and homogenized. 
Then water phase was added to the oil phase and phases 
were stirred in a mortar until cooled. A preservative was 
added at the temperature of 30 ± 1 °C. All ingredients are 
listed in Table 2. Active ingredient scytonemin was at 
0.1% concentration.

Cream stability study

Two samples were prepared for cream stability studies. One 
sample was a cream base (CB) and the second was a cream 
base with scytonemin ingredient (CB + SCY). These two 
samples are named as a set in the following text. Set of the 
creams was stored in a refrigerator at 8 ± 1 °C and 56% rela-
tive humidity (RH) in a closed vessel, was left in a labora-
tory at 22 ± 1 °C, 58% RH in a closed vessel, and was stored 
in an incubator at 40 ± 1 °C, 75% RH in an opened vessel. 
Subsequently, the set of creams was evaluated in terms of 
physical appearance, pH, viscosity, spreadability and phase 
separation at 3 time intervals (day of preparation, 2 weeks, 
and 1 month) during 30 days (Shantanu et al. 2011; Sah et al. 
2017; Smaoui et al. 2017; ICH 2018).

Physical appearance and pH determination

The set of cream samples was organoleptically tested in 
terms of color and odor (Shantanu et al. 2011; Sah et al. 
2017; Smaoui et al. 2017).

The pH of the cream formulations set was determined 
using a digital pH meter (Hanna HI 2211). Amount of 1.00 g 
cream base was dissolved in 25 mL deionized water. The pH 
values were measured at the temperature of 22 ± 1 °C after 
the sample preparation. Other samples from the set were 
similarly prepared. The first set was placed in a refrigerator 
(8 ± 1 °C and 56% RH), the second was left in the labora-
tory (22 ± 1 °C, 58% RH), and the third was placed in an 
incubator (40 ± 1 °C, 75% RH). The pH values of all sets 
were measured after two weeks and then after one month 
(Shantanu et al. 2011; Sah et al. 2017; Smaoui et al. 2017).

Viscosity measurement

The viscosity of the cream sets was measured at 22 ± 1 °C 
by a digital rotational viscometer (Fungilab ViscoLead One) 
with spindle R6 just after their preparation. Then, similar to 
the measurement of pH values, the first set was placed in a 
refrigerator (8 ± 1 °C and 56% RH), the second was left in 
the laboratory (22 ± 1 °C, 58% RH), and the third was placed 
in an incubator (40 ± 1 °C, 75% RH). The viscosity values 
of all sets were measured after two weeks and then after one 
month. After removal from the refrigerator and incubator, 
they were left at room temperature for approximately 15 min 
before each measurement. The spindle was rotated at 1, 2.5, 
5, 10 and 20 RPM (Chen et al. 2016).

Spreadability test

An amount of 1.00 g base cream was applied between the 
two glass plates (20 × 20 cm) in a circular area with a 1 cm 
diameter. A 500 g weight was applied on the top of the glass 

Table 1   Normalized function 
used in the calculation of SPF

Wavelength (nm) EE x I 
(normal-
ized)

290 0.015
295 0.0817
300 0.2874
305 0.3278
310 0.1864
315 0.0839
320 0.0180
Total 1

Table 2   Cream ingredients

Ingredient Concen-
tration 
[w/w%]

Active ingredient
  Scytonemin 0.1

Oil phase ingredients
  Cetylstearyl alcohol 12
  Polysorbate 60 4
  Sunflower oil 4
  Cocoa butter 8
  White beeswax 8

Water phase ingredients
  Glycerol (85%) 5
  Purified water 57

Preservative
  Ethanol (96%) 2
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plate. After 5 min, the change in the diameter was measured. 
Other samples from the set were similarly prepared. Then, 
similar to pH and viscosity measurements, the first set was 
placed in a refrigerator (8 ± 1 °C and 56% RH), the second 
was left in the laboratory (22 ± 1 °C, 58% RH), and the third 
was placed in an incubator (40 ± 1 °C, 75% RH). The spread-
ability values of all sets were measured after two weeks and 
then after one month. Spreadability, the area up to which the 
cream was spread, was calculated using the equation:

where S = spreadability [g cm s−1], l = area of cream spread 
on the glass plate [cm], m = weight [g] and t = time [s]) 
(Parija et al. 2012; Sah et al. 2017; Smaoui et al. 2017).

Centrifugation test

The amount of 1.00 g of each cream sample from the set 
in a 1.5 mL centrifuge tube was centrifuged at 4000 rpm 
for 10 min. After centrifugation, the occurence of phase 
separation was tested (Shantanu et al. 2011; Sah et al. 2017; 
Smaoui et al. 2017).

Results

Identification of scytonemin by NMR

The studied compound was identified as scytonemin, and 
the NMR data are as follows: full assignment of 1H and 13C 
resonances (Table 3 )and the chemical structure of scytone-
min (Fig. 1).

Antioxidant activity of scytonemin

The results of the antioxidant activity are presented in 
Figs. 2 and 3. In general, it shows how the free radical and 
superoxide anion scavenging ability of extracted scytonemin 
changes depending on the amount used. At concentrations 
of 20.83 µM and 333.3 µM, the scavenging of free radicals 
of scytonemin increased by 9.28% and 62.84% respectively. 
The dose- dependent superoxide anion scavenging activity 
of scytonemin was 10.28% and 69.13% at concentrations of 
2.84 µM and 45.46 µM. The EC50, which is the concentra-
tion at which 50% effectiveness is achieved, was determined 
to be 250.56 µM for free radical activity and 25.94 µM for 
the superoxide anion scavenging test.

Both antioxidant assays suggest that scytonemin is effec-
tive at removing radicals as compared to ascorbic acid used 
as a positive control. The free radical scavenging activity of 
ascorbic acid ranged between 30 and 98%, while superoxide 
anion scavenging activity ranged from 25 to 89%.

S =
l × m

t

Photoprotective activity of scytonemin

As shown in Table 4, the scytonemin showed a high SPF 
(33.34 ± 0.02), with high absorbance values that ranged 
between 3.997 and 2.801 at λ = 290–320 nm.

Creams stability evaluation

Physical appearance

The results of cream samples appearance are summarized 
in Table 5. No visible changes were observed in the case of 
the cream base during the period of testing and it appeared 
to be stable. Nonetheless, the color of the cream contain-
ing scytonemin was slightly changed in dependence on the 
temperature and humidity conditions. The most significant 
change was in cream with scytonemin stored in the open 
vessel at 40 ± 1 °C; 75% RH already after two weeks. In 
all cream samples no odor was observed during the tested 
period.

pH

The pH of the tested creams pH was slightly changed in the 
acidic region from 4.73 to 5.98 (Fig. 4). These values match 
with the pH range of normal skin and it do not cause any 
skin irritation (Ambala and Vemula 2015). The pH values 
slightly varied depending on the active ingredient composi-
tion as well as within the testing period. While the cream 

Table 3   1H and 13C NMR chemical shifts [ppm] for scytonemin 
(multiplicity and spin–spin interaction constants [Hz] in parentheses)

#C δC [ppm] δH [ppm]

1, 1' nd
2, 2' 194.1
3, 3' 119.5
3a, 3'a 174.4
4, 4' -
4a, 4'a 164.1
5, 5' 122.5 7.65 (d, 7.5)
6, 6' 135.6 7.59 (td, 7.5, 1.3)
7, 7' 127.2 7.23 (td, 7.5, 1.1)
8, 8' 130.0 7.63 (d, 7.5)
8a, 8'a 125.7
8b, 8'b nd
9, 9' 139.3 7.65 (s)
10, 10' 127.2
11, 11', 15, 15' 136.9 8.76 (d, 8.6)
12, 12', 14, 14' 116.8 7.06 (d, 8.6)
13, 13' 162.4
OH, OH' - 9.51 s)
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base has a pH of around 5, the pH shifts to a higher value of 
around 6 for the sample containing CB + SCY. Moreover, 
the pH values were not significantly influenced by either 
temperature or humidity (Fig. 4).

Viscosity measurement

Viscosity is the ability of a fluid to keep its shape when a 
force is applied and provides important information about 
the colloidal structure of various chemical systems, mainly 
emulsions and particle dispersions. Thus, viscosity can be 
used to evaluate the colloidal stability of sunscreens (Saito 
et al. 2019). To evaluate the SCY influence on its sunscreen 
cream base colloidal stability, we determined the viscosity 
of the cream base and cream base with SCY ingredient. The 
viscosity of the creams decreases with increasing spindle 
RPM values (Fig. 5). Thus, all studied samples had pseudo-
plastic behaviour. A similar observation was described by 
Saito et al. (2019). The creams composition slightly influ-
ences the viscosity already immediately after their prepara-
tion (brown bars Fig. 6). Moreover, after two weeks storage 
of the cream sets in the refrigerator (8 °C, 56% RH), in a 
laboratory at room temperature (22 °C, 58% RH), and in an 
incubator (40 °C, 75% RH) the viscosity increased signifi-
cantly in the case of the cream base as well as the CB + SCY 
cream (dark red, red and pink bars Fig. 6). A similar trend 
was observed in the case of cream sets stored for one month 
under the same conditions (temperature, humidity), with 
the exception of the cream stored in the laboratory at room 
temperature. In this case, the viscosity decreased (red bar 
Fig. 6) compare to this cream immediately after preparation 
(brown bar Fig. 6).

N

O

H

OH

N

O

H

OH

1

4a

3
3a

5

8
8a 8b

9

10
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8'
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Fig. 1   The structure of scytonemin together with 1H and 13C NMR 
chemical shifts [ppm]

Fig. 2   Scavenging activity 
of scytonemin from Nostoc 
commune and ascorbic acid as 
reference compound (n = 3) on 
free radical
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Spreadability test

Values of the spreadability varied from 10.42 to 
6.67 g cm s−1 (Table 6). The cream spreadability containing 

SCY decreases immediately after preparation, and a decreas-
ing trend is also observed during the testing period and in 
dependence on storage conditions. Surprisingly, the lowest 
values were observed in the CB + SCY cream at 22 ± 1 °C; 
58% RH after two weeks.

Centrifugation test

The tested cream samples did not showed any separation of 
the phases during one month period of testing.

Discussion

Cyanobacteria are ubiquitous in both terrestrial and aquatic 
environments, even in extreme areas such as Antarctic dry 
valleys, thermophilic lakes, and caves (Steunou et al. 2006; 
Comte et al. 2007; Saw et al. 2013). In the course of their 
development, they have created several beneficial symbioses 
with other organisms (lichens, plants, protists) (Freeman and 
Thacker 2011). Recently, the significance of cyanobacte-
rial metabolites has been recognized in biotechnology and 
industry, and they have been utilized by the pharmaceutical 
and cosmetic industries. Scytonemin, a small hydropho-
bic pigment molecule found in certain cyanobacteria, has 
been tested for various biological activities. This secondary 
metabolite can reduce the production of reactive oxygen spe-
cies and the formation of DNA lesions (Proteau et al. 1993; 
Rastogi et al. 2015). It has dual kinase inhibitory activity 
that may be therapeutically important in acute and possibly 
chronic disorders (McInnes et al. 2005). Scytonemin has 
great pharmacological potential with anti-inflammatory and 

Fig. 3   Scavenging activity 
of scytonemin from Nostoc 
commune and ascorbic acid as 
reference compound (n = 3) on 
superoxide anion

Table 4   Values of sun protection factor of the scytonemin

Wavelength (nm) Absorbance SPF

290 3.997 ± 0.03 0.599 ± 0.02
295 3.496 ± 0.01 2.856 ± 0.01
300 3.122 ± 0.07 8.972 ± 0.06
305 3.005 ± 0.06 9.850 ± 0.03
310 3.928 ± 0.00 7.321 ± 0.00
315 3.863 ± 0.00 3.241 ± 0.00
320 2.801 ± 0.03 0.504 ± 0.00
Total 33.34 ± 0.02

Table 5   Colour of cream samples stored in different storage con-
ditions (temperature °C, relative humidity %; CB = cream base, 
CB + SCY = cream base + scytonemin)

Storage condi-
tions (°C, %)

Colour

CB CB + SCY

Day of preparation 22, 58 white yellow green
After 2 weeks 8, 56 white yellow green

22, 58 white grey brown
40, 75 white light brown

After 1 month 8, 56 white grey brown
22, 58 white grey brown
40, 75 white light brown
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anti-proliferative activities (Stevenson et al. 2002; Taka-
matsu et al. 2003).

The antioxidant activity of scytonemin has only been 
investigated in a few studies. Pandey et al. (2020) tested 
scytonemin isolated from Lyngbya sp. for radical scavenging 
activity using the DPPH method. Scytonemin exhibited 
notable antioxidant activity of around 52% at a concentration 
of 0.8 mM, indicating that scytonemin acts as a radical 
scavenger. We chose to examine the antioxidant activity of 
scytonemin using the amount of substance calculation and 
provided superoxide anion scavenging, which has not been 
examined yet. Calculation by the amount of substance leads 
to a new consideration of antioxidant activity compared to 
many previous studies where the antioxidant effectiveness 
of substances is considered by weight (Elečko et al. 2022). 

This approach provides an accurate way based on the same 
amount of substance involved in radical as well as superoxide 
anion scavenging, calculated in micromoles rather than 
weight concentration. Concerning the results of free radical 
scavenging activity and superoxide anion scavenging 
activity, we found out that at our chosen concentration 
scytonemin exhibited significant antioxidant activity 
between 60 to 70% inhibition (Figs. 2, 3). Free radicals play 
a crucial role in cellular chemical reactions. Consequently, 
there is a effort to identify natural antioxidants without any 
adverse effects. Based on these findings, cyanobacteria could 
be promising candidates, as they contain substances like 
scytonemin, which possess confirmed antioxidant properties.

The photoprotective role of scytonemin has been studied 
in cyanobacteria inhabiting various ecological niches 

Fig. 4   The pH values of sun-
screen formulations containing 
cream base (CB) and cream 
base + scytonemin (CB + SCY) 
(temperature °C, relative humid-
ity RH %, n = 3, results shown 
as mean ± SD)

Fig. 5   The viscosity-spindle 
rate curves of sunscreen formu-
lations containing cream base 
(CB) and cream base + scy-
tonemin (CB + SCY) after the 
sunscreens preparation (n = 3, 
results shown as mean ± SD)
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(Garcia-Pichel and Castenholz 1991; Garcia-Pichel et al. 
1992; Sinha et al. 1999). However, the UV sunscreen role 
of scytonemin in N. commune from Antarctica has not been 
tested yet. It is worth noting that the content of scytonemin 
in species from Antarctica is three times higher than that 
in species from Europe (unpublished data). Furthermore, 
the Sun Protection Factor (SPF) of scytonemin has never 
been determined. The SPF is a quantitative measurement of 
the effectiveness of a sunscreen formulation. There are two 
ways to determine the level of photoprotection provided by 
sunscreen compounds: through in vivo or in vitro testing. 
In vivo, type of determination has been used for many 
years and although useful and precise, is a time-consuming 
process, expensive, and involves human volunteers (Dutra 
et  al. 2004). Therefore, researchers have focused on 
developing in vitro methods to evaluate the effectiveness of 
sunscreen compounds. There are two main types of in vitro 
methods for measuring the SPF. One involves measuring 
UV radiation absorption or transmission through sunscreen 

films on quartz plates or biomembranes. The other involves 
determining the absorption characteristics of the sunscreen 
agents using spectrophotometric analysis of dilute solutions. 
Previous research has used various methods (Mansur 
et al. 1986; Gordon 1993; Walters et al. 1997; Fourneron 
et al. 1999; Pissavini et al. 2003). In this study, the SPF 
of scytonemin was evaluated using UV spectrophotometry 
and the Mansur equation (Mansur et al. 1986). Scytonemin 
presented a calculated SPF value higher than 30, which is 
considered to have very good sunscreen activity. It indicates 
that scytonemin can be a good candidate for sunscreen cream 
and for cosmeceutical purposes.

Due to consumer demand for a protective filter with 
(SPF) labels on sunscreens, moisturizers, face make-up, 
and lipsticks worldwide, they produce tons of such types 
of products every year (Manová et al. 2015). Sunscreen 
products available in the market contain synthetic UV 
filters. Inorganic UV filters are physical blockers that 
have mineral particles like titanium dioxide (TiO2) and 
zinc oxide (ZnO) (Serpone et  al. 2007). Even though 
these filters absorb a significant amount of UV radiation, 
they also produce highly oxidizing radicals (Serpone 
et  al. 2007). Although these particles are used as 
nanoparticles, they have been found to cause toxicity in 
human dermal fibroblasts because they can penetrate the 
cell membrane (Pan et al. 2009). Furthermore, synthetic 
UV filters have been detected in surface waters and river 
sediments (Balmer et al. 2005; Zhang et al. 2015), and 
studies have reported high toxicity for various organisms 
(Wang et  al. 2016). Therefore, although synthetic UV 
filters are effective against ultraviolet radiation, their use 
in sunscreens and cosmetics can have harmful effects 
on humans and ecosystems (Morone et al. 2019). In this 
aspect, cyanobacteria with the content of their bioactive 
substances offer a considerable number of advantages, 

Fig. 6   The viscosity of sun-
screen formulations containing 
cream base (CB) and cream 
base + scytonemin (CB + SCY) 
at different storage condi-
tions (temperature °C, relative 
humidity RH %) after 2 weeks 
and 1 month at 20 rpm spindle 
rate (n = 3, results shown as 
mean ± SD)

Table 6   The spreadability (g cm s−1) of the cream samples in dif-
ferent storage conditions (temperature °C, relative humidity %, 
CB = cream base, CB + SCY = cream base + scytonemin)

Storage condi-
tions (°C, %)

Spreadability

CB CB + SCY

Day of preparation 22, 58 10.42 9.83
After 2 weeks 8, 56 9.17 7.92

22, 58 8.92 6.67
40, 75 7.25 7.92

After 1 month 8, 56 8.25 8.17
22, 58 8.00 7.50
40, 75 7.67 7.42
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namely in the low demands for cultivation and the 
possibility of increasing production of compounds by 
manipulation of cultivation conditions. The evidence 
described above, although based on studies only at the 
laboratory scale, indicates the potential for the use of 
cyanobacteria for the production of natural substances, due 
to the high degree of sustainability of biomass.

As mentioned previously, a non-ionic cream base was 
chosen due to its compatibility with the tested active 
ingredient. The cream was reformulated according to the 
literature (Kovács et al. 2020) and occlusive components 
were replaced with semi-occlusive for better skin tolerance. 
Active SCY ingredient was incorporated in an oil phase in 
order to prepare the sunscreen creams by the emulsification 
process described by Amnuaikit and Boonme (2013). 
The cream base, in contrast to the cream containing SCY, 
remained white during the whole tested period as well as 
under all selected conditions. On the contrary, the cream 
labeled CB + SCY was already yellow-green immediately 
after the preparation. After stability tests under the studied 
conditions (change in temperature and humidity) the color 
remained stable after two weeks of storage in a refrigerator. 
However it changed color to different shades of brown (from 
gray-brown to light brown) when changing the storage 
conditions.

In addition, the pH of all samples was in the range of 4.7 
to 6.0 indicating that they are safe for application on the 
skin and will not cause skin irritation and no phase separa-
tion and change in odor were observed in all samples after 
the stability test. The viscosity of the creams decreased 
with increasing spindle RPM values, which points to their 
pseudoelastic behavior and indicates that the decrease in 
viscosity is due to changes in the relaxation properties of 
these colloidal systems as a result deformation of dispersed 
molecules or particles (Saito et al. 2019). The presence of 
SCY (potential organic filter) in a cream base (CB + SCY) 
caused an increase in viscosity (except storage at 22 °C after 
a month), which contributed to the colloidal stability of the 
creams. On the other hand, it is interesting that both time 
and storage conditions increased viscosity, which points to 
their potential for sunscreen application even at 40 °C. It 
also should be noted that the viscosity of creams can also be 
influenced by the content of water phase ingredients, which 
can change during the selected storage conditions.

Conclusion

Scytonemin is unique among natural products due to 
its special structure, location in a cell, as well as strong 
absorption maxima in UV-A in addition to the violet–blue 
region. This study demonstrated that scytonemin might 
serve as a topically applicable ingredient for a natural UV 

sunscreen cream with an SPF value higher than 30. From 
the point of view of the potential of SCY as an organic 
UV filter in sunscreens, the selected cream base is suitable 
for this active ingredient type. In addition, cream stability 
tests confirmed that the cream containing SCY can be 
stored at room temperature and even at higher and lower 
temperatures, but in a vessel with a closed lid.
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