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Haematococcus pluvialis is green microalgae well known for its ability
of astaxanthin accumulation. In the present investigation, H. pluvialis was
culture for 12 days under salinity stress and astaxanthin was extracted from
the encysted cells with acetone, methanol, DMSO, and hexane. HPLC

analyses showed that astaxanthin was the major content of pigment, the
crude extract was tested with the agar well diffusion method for their

Keywords: antibacterial against two Gram-positive bacteria (Staphylococcus
Astaxanthin, - L : ) e
- . aureus and Bacillus subtilis), two Gram-negative bacteria (Escherichia
Antibacterial, : . ; . A .
. coliand P. aeruginosa) as well as for their antifungal activity against
Antifungal, . . . . ) . .
L (Aspergillus fumigates and Candida albicans. The highest antibacterial
Antioxidant, L . . .
. activity was observed as 11 mm on S.aureus while as least antibacterial
Anticancer . . . .
activity was found as 9 mm on P. aeruginosa and no antifungal activity.
Astaxanthin crude extract was tested for its effectiveness as antioxidant
activity. Also, the extract was screened for their anticancer activities against
HepG-2 (hepatocellular carcinoma cells) . The results indicate that the
HepG-2 was sensitive at (IC50) with 123.01 + 2.97 pg/ml.
INTRODUCTION

Microalgae play important role of ecosystems have been used as source of nutrient
rich food, feed and health promoting compounds. Astaxanthin has important
applications in the nutraceuticals, cosmetics, food and aquaculture industries.
Astaxanthin is a xanthophyll carotenoid which is found in various microorganisms
and marine environment i.e. in microalgae, plankton, krill seafood and also present in
yeast, fungi, complex plants and as well as in the feathers the feathers of some birds
(flamingos and quail) (Hussein et al., 2006). Haematococcus pluvialis is one of the
best sources of natural astaxanthin (Ranga et al., 2010). H. pluvialis is a green
microalga, which accumulates high amounts of a complex mixture of secondary
carotenoids and ketocarotenoids, especially astaxanthin content under unfavorable
and stress conditions such as high salinity (Tjahjono et al., 1994) nitrogen deficiency,
high temperature (Cordero et al., 1996) and light Rather and Singh (2018).
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H.pluvialis can accumulate up to5% Dry weight of astaxanthin and is considered as
the best natural source of this high- value carotenoid pigment (Wayama et al., 2013).

Santoyo et al. (2009) found highest antimicrobial activities of astaxanthin
ethanolic extract from microalgae Haematococcus pluvialis. Shanmugapriya et al.
(2018) reported that Minimum inhibition concentration (MIC) for astaxanthin extract
with values for Gram-positive and Gram-negative species were 500-4000 pg/mL .In
particular, natural astaxanthin has significantly greater antioxidant capacity than the
synthetic one. Kobayashi et al. (1993) reported that astaxanthin production by
Haematococcus pluvialis is enhanced by oxidative stress, due to its role in oxygen
free radicals removal.

Antioxidant activity astaxanthin is 65 times more powerful than vitamin C, 54
times stronger than B-carotene, 10 times more potent than B-carotene, canthaxantin,
zeaxanthin, and lutein and 100 times more effective than a- tocopherol ((Miki, 1991
and Cyanotech, 2015) and consequently has important nutraceutical properties
including enhancement of immune responses and protection against various diseases,
among which are certain types of cancer( Kobayashi et al., 1993).
Astaxanthin also had an anti-inflammatory effect reducing gastric inflammation and
cytokine production by aplenocytes ( Bennedsen et al., 2000). Park et al. (2010)
reported that astaxanthin reduced the DNA oxidative damage biomarker
inflammation, thus enhancing immune response in young healthy adult female human
subjects. Also, astaxanthin is a promising molecule for the treatment of ocular
inflammation in eyes as reported by the Japanese researchers (Ohgami et al., 2003
and Suzuki et al., 2006)

The aim of the present work was to study the effect of salt stress on production of
astaxanthin from H. pluvialis study antimicrobial activity of crude astaxanthin
extract.

MATERIALS AND METHODS

1. Algal Cultivation

H. pluvialis was obtained from Water Pollution Research Department, National
Research Centre, Cairo, Egypt. Cultures were incubated at 25-26°C, in Erlenmeyer
flasks containing 2 L Bold’s Basal Medium (BBM) (Stein, 1973), under 16:8 h
light/dark photoperiods, lit by cool-white fluorescent lamps with continuous bubbling
of air (500-700 cm*/min).

2. Salt concentration:

H. pluvialis culture was grown at different concentration of NaCl ( 0.12 0.25, 0.5, 1.0
and 2.0 % wi/v). After 12 days of culture, H. pluvialis cells were collected by
centrifugation, freeze-dried and subsequently analyzed for the pigment content.
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3. Chlorophyll content:

For pigment analyses, 10-mL samples were centrifuged at 6000 x g for 10 min, and
the pellet extracted with 5 mL acetone. The extracts were centrifuged again and
chlorophyll a, chlorophyll b and total carotenoids were determined
spectrophotometrically (Shimadzu 160A), recording the absorption at 661.6, 644.8
and 470 nm and using the equations of Lichtenthaler (1987). Astaxanthin was
determined at 480 nm using an absorption coefficient, A1% of 2500 by the method of
Davies, 1976.

4. Extraction of Astaxanthin:

20 mg biomass of H. pluvialis was mixed in mortar and the paste extracted with
acetone, methanol, DMSO and hexane,, centrifuged at 3000x g for 10 min at 4° C, the
pellet was discarded and the supernatant was taken for the estimation of astaxanthin
(Davies, 1976). Solvent was evaporated in the rotary evaporator and the crude
astaxanthin extract was individually tested for antimicrobial, antioxidant and
antitumor activity.

5. Pigment analysis by HPLC:

The general procedure for HPLC pigment analysis, identification and quantification
has been described by (Claustre et al., 1994 a,b). With the separation system used
(RP-C18), a partial resolution of divinely chlorophyll a (DV Chl a) from chlorophyll a
(Chl a) has been achieved. The algal extract was analyzed for photosynthetic
pigments in a HPLC system (Agilent-1100) analysis was determined at the Desert
Research Center

6. Antimicrobial activity Assay

The antimicrobial activity was investigated on the tested compound to determine the
activity towards test microorganisms. All microbial strains were provided from
culture collection of the Regional Center for Mycology and Biotechnology (RCMB),
Al-Azhar University, Cairo, Egypt.

The antimicrobial profile was tested against Gram-positive bacterial species
(Staphylococcus aureus ATCC 25923 and Bacillus subtilis RCMB 015 (1) NRRL B-
543, Gram negative bacterial species (Escherichia coli (RCMB 010052) ATCC
25955and P. aeruginosa ATCC 27853), as well as against fungi including one
filamentous fungus (Aspergillus fumigatus(RCMB 002008) and one yeast species
(Candida albicans RCMB 005003 (1) ATCC 10231) using a modified well diffusion
method. gentamycin was used as standard for antibacterial drugs and ketoconazole as
standard antifungal drug. The extract was tested at different concentration of 10
mg/ml against both bacterial and fungal strains. The test was done using the diffusion
agar technique, Well diameter: 6.0 mm (100 pl was tested),

7. Antioxidant Assay:
The antioxidant activity of extract was determined by DPPH free radical scavenging
assay in triplicate and average values were considered by Yen and Duh (1994).
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8. Antitumor activity assay:

Antitumor activity assay of extract was determined by Human hepatocellular
carcinoma (HepG2 Cell line was obtained from the American Type Culture
Collection (ATCC, Rockville, MD). The cells were grown on RPMI- 1640 medium
supplemented with 10% inactivated fetal calf serum and 50ug/ml gentamycin. The
cells were maintained at 37°C in a humidified with 5% CO, and were subcultures two
to three times a week according to Mosmann(1983). All previous analysis was
determined at the Regional Center for Mycology and Biotechnology (RCMB) at Al-
Azhar University. in triplicate and average values were considered.

RESULTS AND DISCUSSION

Chlorophyll content (mg/l)

The effect of different concentration of salinity on chlorophyll a, carotenoid and
astaxanthin content in H.pluvialis cultures grown for 12 days was shown in Table 1.
The results revealed that the highest total astaxanthin content was detected 2.5mg/I at
1% of NaCl while carotenoid detected 2.2mg/l, on the other hand chlorophyll a
content recorded 0.8mg/l at the same concentration. These results agree with Sarada
et al. (2002) who illustrated that the chlorophyll a content was significantly lower in
stress induced cultures compared to control cultures. However, relatively high
concentrations of NaCl (0.5-0.2%, w/w) decrease of chlorophyll a content.

Table (1). Total Chlorophyll a, Carotenoid and Astaxanthin content in H.
pluvialis cultures grown for 12 days at different concentrations of NaCl

Conc. of salt Chlorophyll a Cartenoid Astaxanthin
(%) (mg/l) (mg/l) (mg/l)
Control 2.62 1.4 0.1
0.12 2.61 1.9 0.5
0.5 1.9 2.52 1.6
1 0.8 2.2 2.5
2 0.56 1.4 2.2

These results come in harmony with those reported by Harker et al. (1996) and
Sarada et al. (2002)who recorded the astaxanthin synthesis in H. pluvialis can in-
duced by salinity stress. NaCl (0.1-0.5%, w/w) was used to increase astaxanthin

accumulation in laboratory cultures. Also, high concentrations of NaCl may cause
severe cell mortality, in particularly for flagellated zoospores, which limit the
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implementation of this strategy in large-scale Haematococcus culture (Harker et al.,
1996; Sarada et al., 2002 and Cifuentes et al., 2003).

Pigment analysis by HPLC of H. pluvialis after 12 days under 1% NaCl was
illustrated in Figure 1. The major content of pigments analysis of crude extract of H.
pluvialis under stress cultures recorded that high content of astaxanthin followed by
[ -carotene and chlorophyll a .The results obtained in the present study clearly
indicated enhanced astaxanthin production under stress conditions and chlorophyll
degradation. This result was agreement with the Sarada et al. (2002) who assumed

that astaxanthin productivity and improved by salinity.
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Figure (1): Pigment analysis by HpLC of Haematococcus pluvialis after 12 days
under 1% NaCl

Antimicrobial activity

Antimicrobial activity of astaxanthin crude extract (10ul) was tested against two
strains of fungi and four strains of bacteria two Gram (+) and two Gram (-), were
evaluated in Table 2. The result showed that astaxanthin extract has not record
antifungal activity against Aspergillus fumigatus and Candida albicans. On the other
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hand crude extract possess highest antibacterial activity against Staphylococcus
aureus with the inhibition zones (11mm) but not record antibacterial activity against
Bacillus subtilis. While crude extract showed ( 10 and 9mm) respectively against
Escherichia coli and Pseudomonas aeruginosa These result agree with Rather et al.
(2021) found that the acetone crude astaxanthin extract (10ul) possess highest
antibacterial activity against Escherichia coli with 10.2 £0.20 mm and 8.7 £0.12 mm
on Staphylococcus aureus on methanol extract.

Table (2). Antibacterial and antifungal activity of astaxanthin crude extract
against pathogenic bacteria and fungal (Mean zone of inhibition in mm beyond
well diameter (6 mm)

Tested microorganism
Samole Standar
P treatment
. : 17 | = =
Aspergillus fumigatus (RCMB 002008) _ NA Q E
o =
g c 2
= g =
z TREE
Candida albicans RCMB 005003 (1) ATCC 10231 NA % -
11 24
Staphylococcus aureus ATCC 25923 T <
™
£ 3 E
. - = @ 26 >
Bacillus subtilis RCMB 015 (1) NRRL B-543 oo NA vi
£
o 1 =
Escherichia coli (RCMB 010052) ATCC 25955 ~ 0 30 g
N 'C E
% % 9 27 3
Pseudomonas aeruginosa ATCC 27853 (O

*NA: No activity.

Kumari and Ramanujan (2013) reported that the astaxanthin pigment was found to
be more significantly effective against pathogenic species such as S. typhi, P.
aeruginosa, B. subtilis, and S. aureus which produced 20mm, 24 mm, 18 mm and 16
mm diameter of zone which is interrelated with the present study

Inhibition of bacteria may be due to astaxanthin can act directly on bacterial cell and
membrane, leading to damage of the cell wall , membrane and leakage of cell content.
Mahizan et al. (2019) and Seukep et al. (2020) evaluated that caroteniod and
terpenoids can lead to the accumulation of toxic compounds inside bacteria and can
have an impact on ATP hydrolysis, leading to disturbance of efflux pump activation.
In Gram-negative bacteria, these compounds can increase the permeability of the
outer membrane and can change the conformation of efflux protein structures .




Antimicrobial activity may be due to several factors, including charge density,
structure of lipopolysaccharides and lipid composition of the cytoplasmic membrane
in Gram negative and Gram positive bacteria (Devine and Hancock, 2002)

Antioxidant activity

Antioxidant activity of the crude extract of astaxanthin was determined in terms of
IC50 value based on the percentage of free radical scavenging activity Table 3. IC50
value for the crude extract of astaxanthin determined by DPPH assay was (63.20 +
2.64 pg/ml).

Table (3): Evaluation of Antioxidant Activity crude extract of astaxanthin
(ng/ml) using DPPH scavenging

Sample conc. DPPH
(ng/ml) scavenging % | () SD

1280 95.64 0.82
640 93.25 0.79
320 88.13 1.05
160 76.41 1.43
80 57.62 1.84
40 39.47 1.91
20 25.08 1.34
10 11.64 0.52
5 7.82 0.67
2.5 4.09 0.35

0 0

Singh et al. (2021) evaluated that astaxanthin is known as “King of antioxidant” or
“Super vitamin E” because of its potent antioxidant property. Antioxidant property of
astaxanthin known to modulate different biological activity relating to antioxidant
defense system, inflammation, immunity and ameliorating adverse effect of oxidative
stress during summer season. Astaxanthin has two oxygenated groups on each ring
structure that are responsible for its increased antioxidant characteristics (Guerin et
al., 2003).
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Astaxanthin in H. pluvialis offered the best protection from free radicals in rats
followed by B-carotene and lutein (Ranga Rao et al., 2013). Astaxanthin contains a
unique molecular structure in the presence of hydroxyl and keto moieties on each
ionone ring, which are responsible for the high antioxidant properties (Hussein et al.,
2006 and Liu et al., 2009). Sowmya and Sachindra (2012) evaluated that the crude
extract of astaxanthin showed strong antioxidant activity as indicated by radical
scavenging

Astaxanthin binds with free radical to form unreactive compound
and help in quenching electron out of membrane and resisting it from converting into
pro-oxidant molecule Singh et al., 2021.
Carotenoids are pigment that plays an essential role in mitigating oxidative processes.
They are potent antioxidants that can scavenge mono-molecular oxygen and peroxyl
radicals. They influence cellular signaling and activate redox sensitive controlling
pathways (Stahl and Sies, 2005)

Antitumor activity
The cytotoxicity of astaxanthin crude extract showed 50% inhibition (IC50) of
Hepatocellular carcinoma cells (HepG- 2) at 123.01 + 2.97 pug/ml Figure 3.
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Figure 3: Antitumor activity of astaxanthin crude extract (ng/ml) against HepG-
2 cell line

Chew et al . (1999) and Chew &Park (2004) stated that: astaxanthin significant
antitumor activity when compared to other carotenoids like canthaxanthin and (-
carotene. Astaxanthin inhibited cell death, cell proliferation and mammary tumors in
chemically induced male/female rats and mice (Tanaka et al., 1995 and Nakao et al.,
2010). H. pluvialis extract inhibited the growth of human colon cancer, breast, and
prostate cells by arresting cell cycle progression and promoting apoptosis reported by
(Palozza et al., 2009).

Speranza et al. (2012) recorded that treatment with astaxanthin helps in reducing
the secretion of pro-inflammatory cytokines from NF- kB transcription factor by ROS
induced production in H,O,- stimulated mononuclear U937 cells
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Finally, the results give an indication H. pluvialis accumulates high amounts of
astaxanthin content under salinity stress and astaxanthin showed potential biological
activity in vitro, give an indication to the presence of promising antimicrobial
compounds in methanol crude extract of astaxanthin ,also source of antitumor effect,
cancer chemoprevention properties, anti-inflammatory and antioxidant.
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