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ABSTRACT
Background: Although there are about 18,500 compounds have 
been isolated and reported from marine resources, the prominence of 
drug discovery research on marine microalgae is still very less while 
comparing to other natural resources. Hence, this investigation was 
designed, especially on some carotenoid‑producing marine microalgae 
to evaluate their chemotherapeutic efficacies including antibacterial, 
antifungal, antioxidant, hemolytic, and anthelmintic activities. 
Objective: The objective of this research is to evaluate the suitability of 
the selected marine microalgae for biological activities and to perform the 
identification and quantification of fucoxanthin in their methanol extracts 
using high‑performance liquid chromatography  (HPLC)–diode‑array 
detector technique. Materials and Methods: The methanolic extracts 
of all 10 marine microalgae were screened for antibacterial, antifungal, 
antioxidant, hemolytic, and anthelmintic activities. The fucoxanthin 
was identified and quantified by thin‑layer chromatography and HPLC 
techniques, respectively. Results: Among the test microalgae, Isochrysis 
galbana  (IG) showed the presence of the highest concentration of 
fucoxanthin (5.93 mg/g dry weight) and also exhibited notable antioxidant 
activities  (86%) at 80  mg/mL. In antimicrobial activities, Dunaliella 
salina (DS) demonstrated the promising antimicrobial activities (minimum 
inhibitory concentration [MIC]: 40 mg/mL) against Gram‑negative bacteria 
and fungi while Thalassiosira species showed activity  (MIC: 40  mg/
mL) against Staphylococcus aureus and fungi. It was also noted that all 
test extracts were resistant to Escherichia coli. In anthelmintic activity 
against Pheretima posthuma, there are two microalgae, namely IG and 
Chaetoceros gracilis, exhibited considerable anthelmintic potential  (with 
P < 0.01). Conclusion: From this study, it was concluded that DS and IG 
could serve as a promising source for further investigation to discover 
new antimicrobial leads and also demonstrated the positive correlation 
with the carotenoid content.
Key words: Chemotherapeutic, fucoxanthin, methanol, microalgae, 
screening

SUMMARY
•  Ten different marine microalgae were cultured using f/2‑Si medium for 

biomass production
•  From the methanolic extracts, fucoxanthin was identified and detected by 

thin‑layer chromatography and quantified by reversed‑phase high‑performance 
liquid chromatography techniques

•  The methanolic extract concentrations of 20, 40, and 80 mg/mL were used to 
investigate the chemotherapeutic potential against antimicrobial, antioxidant, 
hemolytic, and anthelmintic activities

•  Based on this study, Isochrysis galbana showed promising results for 
further investigation; in addition, Chaetoceros gracilis exhibited considerable 
anthelmintic activity (P < 0.01)

•  The above mentioned two algae were also proven to produce a large amount 
of fucoxanthin while comparing with other test algae.

Abbreviations used: TLC: Thin‑layer chromatography; HPLC: 
High‑performance liquid chromatography; PDA: Photodiode array; UV: 
Ultraviolet; SPE: Solid‑phase extraction; MIC: Minimum inhibitory 
concentration; ABTS: 2,2’‑azino‑bis (3‑ethylbenzothiazoline‑6‑sulfonic acid); 
DPPH: 2,2‑diphenyl‑1‑picrylhydrazyl; MPT: Mean paralysis time; MDT: Mean 
death time; PL: Pavlova lutheri; IG: Isochrysis galbana; TG: Tetraselmis 
gracilis; TT: Tetraselmis tetrathele; NS: Navicula sp.; CC: Chaetoceros 
calcitrans; DS: Dunaliella salina; TS: Thalassiosira sp.; DI: Dicrateria 
inornata; CG: Chaetoceros gracilis; SA: Staphylococcus aureus MTCC 727; 
EC: Escherichia coli MTCC 443; KP: Klebsiella pneumoniae MTCC 109; PA: 
Pseudomonas aeruginosa MTCC 424; BS: Bacillus subtilis MTCC 121; AB: 
Aspergillus brasiliensis MTCC 1344; AF: Aspergillus fumigatus MTCC 343; 
CA: Candida albicans MTCC 227.
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INTRODUCTION
The present era is the renaissance period to undertake natural product 
research for identifying new drug molecules. The meta‑analysis of 
reports available on natural product research revealed the significant 
societal impact of marine ecosystem as a source for discovery of new 
therapeutic drugs.[1] Ocean harbors inestimable number of organisms 
that could produce promising biological active substance due to their 
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unique biosynthetic pathway for producing secondary metabolites.[2,3] 
So far, there are 18,500 compounds have been reported from marine 
resources, approximately about 90% of the compounds neither 
characterized nor detailed for therapeutic application.[4] Among the 
marine resources, the microalgae are still untapped resources to date, 
and the drug discovery research on microalgae is not completely 
explored.[5] There are hindering factors in microalgal research, and 
they are  (a) difficulties in the collection and authentication process, 
as it requires molecular characterization including gene sequencing/
amplification by polymerase chain reaction;  (b) difficulties in the 
process optimization for production of microalgal culture at large scale, 
as it is affected by light, temperature, pH, salinity, and other specific 
nutritional or/and stress conditions;  (c) structural diversity in the 
chemical nature of secondary metabolite production; (d) the percentage 
level of metabolite substance in the biomass of microalgae is very low; 
and (e) only little quantitative information is available on the algal rate 
as a source for bioactive molecule compared to plants, micro‑organisms, 
and animals.[6,7] Despite these above‑mentioned factors, microalgae are 
well known for its advantage of metabolite plasticity, and it means that 
the production of secondary metabolite can be enhanced by external 
stress such as nitrogen, oxygen, carbon dioxide, light, temperature, pH, 
and nutritional depletion. This has led a way to scientists for exploiting 
microalgae for the production of large number of novel compounds 
suitable for both health care and cosmetics.[8]

In the light of literature review, it is evident that microalgae can produce 
group of novel bioactive compound with pharmacological and other 
biological activities. Several of these bioactive compounds are now 
being more novel bioactive compounds screened and examined in the 
field of therapeutic application.[9] Sathasivam et al.[10] have summarized 
about 10 different microalgal carotenoids along with their potential 
use. The literature reported biological activities for the microalgal 
carotenoids are anti‑inflammatory  (astaxanthin and violaxanthin), 
antioxidant property  (astaxanthin, β‑carotene, fucoxanthin, 
canthaxanthin, and lutein), anti‑cataracts  (canthaxanthin, lutein, 
and zeaxanthin), anticancer  (astaxanthin, β‑carotene, and lutein), 
anti‑obesity  (fucoxanthin), and cardioprotective  (beta‑carotene and 
zeaxanthin). The search for the reports on antimicrobial activity 
of microalgal culture, it was found to be very little including phyta 
of dinophyta, heterokontophyta, haptophyta, and chlorophyta. In 
addition, there are few reports on the use of microalgal cell‑free 
extracts as preservatives in food and feed formulations used for 
animals.[11] Fucoxanthin is one of the valuable bioactive pigments 
from vast group of carotenoid with various biological activities, but 
its use has very few applications due to low yield, poor extraction 
efficacy, and the difficulty in chemical synthesis. With these scopes, 
this present study was focused to screen fucoxanthin‑producing 
marine microalgae for chemotherapeutic application. The emergence 
of antimicrobial resistance has witnessed the increasing mortality 
among bacteria‑infected patients, due to multiple drug resistance 
nature of pathogenic microbes to the existing antibiotics.[12] This has 
motivated the scientists to drive their research attempts toward the 
discovery of new antibiotic molecule with novel mechanism of action. 
In search of new antimicrobial agents, molecules from natural origin 
are relatively more efficacious than synthetic agents due to their 
diversity in chemical structure, distribution, mechanism of action, and 
low toxicity profile.[13] The outlook on the outcome of natural product 
research has suggested that the marine microalgae could be chosen as 
resources for the discovery of newer chemotherapeutic agents. Pratt 
et  al.[14] have isolated the first antimicrobial compound “chlorellin” 
from Chlorella species which demonstrated considerable activity 
against Gram‑positive and Gram‑negative bacteria. In subsequent 
years, few more antibacterial compounds have been reported, and 

they are eicosapentaenoic acid  (Phaeodactylum tricornutum),[15] 
halogenated sesquiterpenes  (Laurencia dendroidea),[16] 
sterols (Gracilaria salicornia and Hypnea flagelliformis),[17] unsaturated 
and saturated long‑chain fatty acids  (Skeletonema costatum),[18] and 
alpha‑linolenic acids  (Chlorococcum HS‑101).[19] Similarly, there are 
few antifungal compounds such as karatungiols (Amphidinium sp.)[20] 
goniodomin A  (Goniodoma pseudogoniaulax),[21,22] Gambieric acids 
A and B  (Gambierdiscus toxicus),[23] and butanoic acid and methyl 
lactate  (Haematococcus pluvialis).[24] In general, the antimicrobial 
potency of microalgae is due to its metabolites belonging to the 
chemical classes including terpene, indoles, acetogenins, phenols, 
fatty acids, and volatile halogenated compounds.[25]Among them, 
the antimicrobial activity of microalgae was well explained by the 
presence of terpenes and carotenoids such as alpha/beta‑ionone, 
beta‑cyclocitral, neophytadiene, and phytol.[26] Especially, the 
β‑ionones and cyclic carotenoids interfere with respiratory chain of 
micro‑organism and inhibit the microbial oxygen consumption.[27]

Considering the importance of carotenoid‑related compounds for 
their interfering mechanism on respiratory chain of cell and their 
reliability for killing virulent microbes, the present work is designed 
to investigate some selected carotenoids producing microalgae for 
their chemotherapeutic potential against human pathogenic bacteria, 
fungi, and helminths. Here, we have selected ten microalgae and 
investigated them against Gram‑positive bacteria  (Bacillus subtilis 
MTCC 121) and Gram‑negative bacteria (Staphylococcus aureus [SA] 
MTCC 727, Escherichia coli MTCC 443, Klebsiella pneumoniae MTCC 
109, and Pseudomonas aeruginosa MTCC 424), fungi  (Aspergillus 
brasiliensis MTCC 1344, Aspergillus fumigatus  (AF) MTCC 343, and 
Candida albicans MTCC 227), and Pheretima posthuma  (Annelida; 
Indian earthworm). Due to the free radical scavenging nature of 
carotenoids, this work was also extended to prove the antioxidant 
potential and hemolytic activity (for toxicity) for the methanol extracts 
of marine microalgae. Furthermore, we performed the identification of 
pigments by thin‑layer chromatography (TLC) (on silica gel GF254) and 
estimated the amount of fucoxanthin using high‑performance liquid 
chromatographic (HPLC) technique.

MATERIALS AND METHODS
Microalgal strains and culture
A total of ten microalgal species were evaluated in this study. Among 
them, nine marine microalgae, namely Pavlova lutheri  (PL), Isochrysis 
galbana (IG), Tetraselmis gracilis (TG), Tetraselmis trahele (TT), Navicula 
sp. (NS), Chaetoceros calcitrans (CC), Dunaliella salina (DS), Thalassiosira 
sp. (TS), and Dicrateria inornata (DI), were authenticated and purchased 
from Central Marine Fisheries Research Institute, Ernakulam, 
Kochi ‑ 682 018 (with Voucher No. 10169). All algal isolates were collected 
in the month of June 2018. The authentication of marine algal Chaetoceros 
gracilis (CG) was supported by Virtis Bio Labs Pvt Ltd, Salem, India (Ref. 
No.: VBL/QO/001/2018‑19) where the isolation was performed on f/2‑Si 
medium. Chemicals and reagents used were procured from Hi‑Media, 
Bombay, India. Laminar air flow chamber (Kleanzone Pvt. Ltd., Chennai) 
and Remi centrifuge (Remi R‑8C) was used for culturing and handling of 
human pathogens. The wet biomass of algae was freeze‑dried using freeze 
dryer (Lark Innovative Pvt. Ltd., Chennai).
Agilent LC‑1200 HPLC system equipped with EZ chrome elite software, 
C18 Qualisil Gold Column (250 mm × 4.6 mm, 5 microns) photodiode 
array (PDA) detector, binary reciprocating pump, and manual Rheodyne 
injector  (20 µL) was used in the identification and quantification of 
fucoxanthin in the methanolic extracts of microalgae. Thermo Fisher 
Scientific in microplate reader was used to estimate the fluorescence 
intensity of both standard and test samples. The absorbance value for the 
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determination percentage growth inhibition of microbes was measured 
using ultraviolet (UV)‑visible spectrophotometer (Shimadzu, UV‑1800, 
Japan).

Production of algal biomass
All the above authenticated algal cultures were re‑inoculated in f/2‑Si 
media using a stock culture  (300–600  cells/mL). These cultures were 
scaled from 50 mL to 1 L using seawater enriched with f/2‑Si medium.[28] 
Each flask containing respective microalgae was incubated at 22°C ± 2°C 
for 16  days. For algal biomass production, ratio of light and darkness 
cycle was 14: 10h at 60‑65 µE/sm2 light intensity. Once cultures grew, 
the entire algal biomass was harvested by centrifugation procedure 
at 4000  ×g. Then, the obtained biomass was rinsed twice with double 
distilled water to remove media components. Thus, the obtained algal 
biomass was lyophilized at −70°C for 48 h and stored at 4°C until further 
studies. The percentage (%) yield of algal biomass and the features are 
presented in Table 1.

Extract preparation
The extraction was performed based on the reported method.[29] The 
maceration techniques were employed for the preparation of algal 
extracts in which methanol was used as a solvent. The grown algal 
samples were filtered thrice using Whatman No. 1 filter paper and 
washed with distilled water for about 4–5 times. These were air‑dried in 
hot air oven. About 10 mg of freeze‑dried algal samples was suspended 
in 10 ml of methanol and shaken overnight at about 100 rpm and filtered. 

The residues were re‑extracted under the same conditions. The contents 
were stored for a period of 5 days at room temperature (25°C ± 2°C) and 
then filtered using Whatman filter (125 mm). Further, the solvent was 
removed under vacuum to produce the dry crude extract.

In vitro antibacterial and antifungal activities
For antimicrobial activity, Staphylococcus  aureus  MTCC 727, 
Escherichia coli MTCC 443, Klebsiella pneumoniae MTCC 109, Bacillus 
subtilis MTCC 121, and Pseudomonas aeruginosa MTCC 424), fungi   
(Aspergillus brasiliensis MTCC 1344, Aspergillus fumigatus  MTCC 343, 
and Candida albicans MTCC 227) were used. All bacterial and fungal 
pathogens were purchased from IMTECH  (The Institute of Microbial 
Technology), Chandigarh  ‑  160036, India. The extracts were screened 
in serial concentrations of 5, 10, 20, 40, and 80  mg/mL. For bacterial 
and fungal pathogens, amoxicillin and fluconazole were used as positive 
control at 1 µg/mL concentration. The dimethyl sulfoxide was used as a 
solvent (blank). The screening was performed as per the literature.[30] The 
media used for bacteria and fungi were Mueller‑Hinton broth and potato 
dextrose broth, respectively. The percentage growth inhibition was 
determined using absorbance value obtained at 600 nm. The percentage 
inhibition data were obtained for each well using the absorbance of 
blank  (broth) and positive control. The absorbance for percentage 
growth inhibition of extracts on fungi was measured at 530 nm using 
absorbance  (OD530) after the addition of 0.001% resazurin dye and 
incubation at 35°C for additional 2 h. The growth inhibition percentage 
of 90% was considered as minimum inhibitory concentration (MIC). 

Table 1: Characteristics of microalgal biomass and its methanolic extract

Microalgae Color of 
biomass

Biomass production 
(g/L, DW)

Appearance of 
extract

Number of 
compounds in TLCa

Presence of 
fucoxanthin (Rf: 0.85)

Amount of fucoxanthin 
by HPLCb (mg/g DW)

PL Greenish brown 3.32 Pale green 3 Yes 0.40
IG Brown green 1.73 Dark green 4 Yes 5.93
TG Green 1.45 Blackish green 4 No ‑
TT Green brown 2.21 Pale yellow 3 No ‑
NS Dark brown 1.42 Green 5 Yes 0.73
CC Greenish brown 1.95 Yellowish green 8 Yes 0.36
DS Green 2.43 Yellowish green 5 Yes 1.23
TS Brown 2.21 Pale yellow 7 Yes 0.56
DI Brown 1.87 Pale yellow 5 No ‑
CG Greenish brown 0.55 Pale green 4 Yes 1.92

aTLC profile ‑ mobile phase: n‑hexane and ethyl acetate at the ratio of 60:40% v/v; TLC plate: Precoated silica gel GF254; Detection: UV chamber; Spot: Spherical and 
manual. bHPLC ‑ separated on C18 column and quantified using fucoxanthin standard (tR: 3.7±0.1 min). PL: Pavlova lutheri; IG: Isochrysis galbana; TG: Tetraselmis 
gracilis; TT: Tetraselmis trahele; NS: Navicula sp.; CC: Chaetoceros calcitrans; DS: Dunaliella salina; TS: Thalassiosira sp.; DI: Dicrateria inornata; CG: Chaetoceros 
gracilis; TLC: Thin‑layer chromatography; HPLC: High‑performance liquid chromatographic; DW: Dry weight

Table 2: Antioxidant and hemolytic activities of methanolic extract of microalgal biomass (n=3)

Extract 
code

Antioxidant activities by ABTS 
(percentage of inhibition)

Antioxidant activity by DPPH (percentage 
of inhibition)

Hemolytic activity (percentage of lysis)

20 mg/mL 40 mg/mL 80 mg/mL 20 mg/mL 40 mg/mL 80 mg/mL 20 mg/mL 40 mg/mL 80 mg/mL
PL 14.32±0.23 36.19±0.39 56.43±0.62 41.65±0.43 52.45±0.68 81.49±0.89 <5 <5 5.41±0.12
IG 23.36±0.34 41.30±0.44 62.93±0.72 50.23±0.59 64.78±0.79 86.89±0.93 <5 <5  9.24±0.19
TG 10.78±0.19 26.30±0.32 48.19±0.59 31.93±0.38 45.49±0.57 69.27±0.73 <5 6.08±0.43 11.18±0.32
TT 12.43±0.24 33.94±0.41 52.56±0.57 35.89±0.44 49.23±0.62 74.26±0.79 <5 7.03±0.31 12.56±0.48
NS 11.56±0.17 29.01±0.37 51.99±0.64 33.56±0.41 47.89±0.74 71.99±‑0.75 <5 <5 5.48±0.17
CC 13.29±0.21 32.57±0.45 56.89±0.67 49.10±0.61 53.01±0.71 83.53±0.92 <5 <5 9.11±0.12
DS 15.34±0.29 34.92±0.46 49.86±0.61 39.23±0.56 58.10±0.82 79.39±0.82 <5 <5 8.52±0.47
TS 12.89±0.22 31.90±0.37 53.27±0.54 36.54±0.49 48.89±0.60 80.97±0.85 <5 <5 7.77±0.24
DI 12.14±0.16 30.45±0.35 51.62±0.63 34.29±0.42 47.01±0.59 78.19±0.80 <5 9.08±0.43 12.61±0.28
CG 11.24±0.18 28.12±0.32 52.72±0.69 34.85±0.46 46.55±0.56 72.63±0.77 <5 <5 9.02±0.23
Fucoxanthin 45.89±0.49 73.72±0.84 81.29±0.82 78.21±0.79 83.58±0.84 86.12±0.91 <5 <5 7.39±0.41

PL: Pavlova lutheri; IG: Isochrysis galbana; TG: Tetraselmis gracilis; TT: Tetraselmis trahele; NS: Navicula sp.; CC: Chaetoceros calcitrans; DS: Dunaliella 
salina; TS: Thalassiosira sp.; DI: Dicrateria inornata; CG: Chaetoceros gracilis; ABTS: 2,2’‑azino‑bis (3‑ethylbenzothiazoline‑6‑sulfonic acid); DPPH: 
2,2‑diphenyl‑1‑picrylhydrazyl
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In vitro antioxidant activity
2,2’‑azino‑bis (3‑ethylbenzothiazoline‑6‑sulfonic acid) radical 
scavenging assay
2,2’‑azino‑bis  (3‑ethylbenzothiazoline‑6‑sulfonic acid)  (ABTS) radical 
scavenging assay was measured based on the method described by Foo 
et al.[31] For control, 1 mL of each 7‑mM ABTS aqueous solution and 2.4 
mM of ammonium per sulfate were added and incubated in dark for 14 h 
at room temperature  (25°C  ±  2°C). The ABTS solution was diluted with 
ethanol until the absorbance of 0.70 was read at 734 nm (control). For test, 
900 µL of the prepared ABTS reagent was added to the 100‑µL methanolic 
extract of test algae and then vortexed and incubated for 6 min at room 
temperature (25°C ± 2°C). The absorbance value was measured at 734 nm. 
The ABTS scavenging activity is measured as antioxidant potential of the test 
compounds. Test sample concentration ranges from 20, 40, to 80 mg/mL.

ABTS scavengingactivity control test
control

=
−

× 100

2,2‑diphenyl‑1‑picrylhydrazyl free radical scavenging activity
2,2‑diphenyl‑1‑picrylhydrazyl  (DPPH) free radical scavenging assay 
was measured based on method described by Brand et  al.[32] For test, 
methanolic extract was made into the concentrations of 20, 40, and 
80  mg/mL. To the above test concentrations, 3  mL of methanolic 
solution of DPPH  (100 mM) was added and incubated for 30  min in 
dark. Optical density was measured at 517 nm. The solution consists of 
methanol, and DPPH reagent was used as control whereas methanol was 
served as blank.

%inhibition
control test

control
= ×

−
100

In vitro hemolytic activity
The toxicity of the test extracts was tested by in vitro hemolytic activity 
previously reported by Merlino et al.[33] and Mangoni et al.[34] About 5 mL 
of fresh blood was centrifuged at 4000  rpm to separate erythrocytes. 
The obtained erythrocytes were suspended in phosphate‑buffered 
saline (pH 7.4) and it was diluted to the cell count of 6.4 × 108 cells/mL. 
Stock solutions of 50 and 100 mg/mL were prepared for all test extracts 
using saline. The stock solution of extracts  (250 µL) and 100 µL of a 
previously prepared red blood cell  (RBC) suspension were added in 
Eppendorf tubes. The saline was used as negative control while 20% w/v of 
Triton X (20 µL) was served as positive control. All tubes were incubated 
at 37°C ± 2°C for 40 min and then centrifuged at 4000 rpm for 15 min. 
The obtained absorbance at 404 nm was used to calculate percentage lysis.
Percentage lysis = ([Atest–Anegative control]/[Apositive control–Ablank]) × 100

In vitro antihelminthic activity
The Indian earthworms, P.  posthuma  (Annelida) with an average size of 
6–9 cm, were collected from waterlogged soil and washed thrice with potable 
water to remove soil and adhered dirt. The in vitro anthelminthic screening 
for all the ten algal extracts was done as per the reported procedure.[35] 
Three worms  (n = 3) were used in the testing of each extract. The Petri 
dish was used to hold the suspended earthworms in media consisting of 
test extracts (20, 40, and 80 mg/mL) and standard compound (albendazole 
at 1, 5, and 10 mg/mL). The mean paralysis time (MPT) was noted when 
there was no movement of earthworm without external shaking of media. 
However, the mean death time (MDT) was recorded only when there was 
no movement even after socking in the warm water (50°C).

Detection and quantification of pigments
Identification of pigments by thin‑layer chromatography
A mobile phase consisting of n‑hexane and ethyl acetate at 60:40% v/v 
was used to run the test extracts on silica gel GF254‑coated aluminum 

plate. The Rf value of standard  (fucoxanthin) is used to identify the 
presence of fucoxanthin in methanol extract of microalgae.

Quantification of fucoxanthin in methanol extract by 
high‑performance liquid chromatography
Agilent LC‑1200 HPLC system equipped with EZ chrome elite 
software, C18 Qualisil Gold Column  (250  mm  ×  4.6  mm, 5 microns) 
PDA detector, binary reciprocating pump, and manual Rheodyne 
injector  (20 µL) was used in the identification and quantification of 
fucoxanthin in the methanolic extracts of microalgae. The test extracts 
and standard  (1–10 µg/mL) were prepared in HPLC grade methanol. 
The solid‑phase extraction (SPE) was adapted to purify the methanolic 
extract, and the elution was done with HPLC grade acetonitrile. The 
separation of both sample and standard was carried out on C18 Qualisil 
Gold  (250  mm  ×  4.6  mm, 5  µ) column using a mixture of mobile 
phase consisting of acetonitrile and water (pH 3.0; adjusted using 10% 
orthophosphoric acid). The flow rate was 1 mL/min, the detection was by 
PDA @ 264 nm, and the peak purity was assessed by purity plot (>0.999). 
Under the above condition, purified samples from SPE and standard 
were injected into the column in triplicate. The peak height/peak area 
was used to quantify the fucoxanthin concentration in the methanol 
extracts of microalgae.

Statistical analysis
All data were determined from three/two independent experiments. 
Mean values and standard deviations  (SDs) were calculated with 
Microsoft Excel software, and all the data are expressed as the mean ± SD. 
The P value was used for expressing anthelmintic activities.

RESULTS
Culture collection and biomass extraction
To investigate the chemotherapeutic potential of carotenoid‑producing 
microalgae, ten different microalgae, namely PL, IG, TG, TT, NS, CC, 
DS, TS, DI, and CG, were selected. The algal biomass of each sample 
was subjected to cold extraction using methanol as per the procedure 
described by Foo et  al.[31] Table  1 shows the characteristics of marine 
algal biomass and their methanolic extracts along with TLC profile and 
fucoxanthin content by HPLC method. Figure 1 shows the structure of 
fucoxanthin.

In vitro antimicrobial activities
Methanolic extracts of all ten micro algae were screened against all 
bacterial and fungal human pathogens at the concentration 20, 40, and 
80 mg/mL. The percentage inhibition was obtained and then MIC was 
reported [Table 3]. The study was performed based on the microdilution 
assay. The results are interpreted as a bar graph and presented in Figures 2 
and 3.

Figure 1: Structure of fucoxanthin
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In vitro antioxidant and hemolytic activities
Table 2 shows antioxidant and hemolytic activities of ten micro algae. For 
antioxidant assay, both ABTS scavenging and DPPH scavenging activities 
were performed and results were expressed in percentage of inhibition. 
Similarly, for hemolytic activity of methanolic extracts was performed 
on RBC and percentage lysis was calculated based on spectroscopic 
absorption value and expressed in percentage of lysis for all the ten 
marine algae.

In vitro anthelmintic activity
For anthelmintic activity, P.  posthuma (test earthworms) were used. 
The results are shown in Table 4, obtained as MPT and MDT, and were 
expressed at concentrations of 20, 40, and 80 mg/mL.

Identification and quantification of fucoxanthin
The fucoxanthin in the methanolic extract of test marine algae was 
identified by TLC on silica gel GF254 using the mobile phase consisting of 
n‑hexane and ethyl acetate (60:40% v/v). The compounds are visualized 
under daylight and UV light and then reported. RP‑HPLC method was 
used to determine amount of fucoxanthin in selected micro algae. Based 
on the TLC, there were seven algal extracts which were subjected for 
purification by SPE and analyzed using fucoxanthin as standard. Table 1 
shows that the HPLC analysis revealed the presence fucoxanthin in 
methanolic extracts of marine algae.

DISCUSSION
The microalgae investigated were PL, IG, TG, TT, NS, CC, DS, TS, 
DI, and CG  [Table  1]. Among the test microalgae, algal extract of 
IG showed the high percentage  (%) of fucoxanthin about 5.93 mg/g 
dry weight  (DW), whereas CC extract showed the least percentage 
of fucoxanthin with 0.36  mg/g DW. The biomass production in 
g/L (DW) was found to be in the range from 3.32 (PL) to 0.55 (CG). 
Foo et  al.[31] described about fucoxanthin profile of both marine 
microalga  (CC) and macroalga  (Saccharina japonica) by comparing 
standard fucoxanthin. The methanolic extracts of all the microalgae 
were appeared as pale/dark green or yellowish green, whereas the 
color of biomass was light greenish brown or brown or green, as 
shown in Table 1.
The antimicrobial activity of methanolic extract of microalgae was 
screened against five different bacterial and three different fungal 
pathogens. For antimicrobial test, microdilution assay was performed 
and the percentage of growth inhibition was measured using microplate 
reader. The percentage inhibition of 90 was considered to find the MIC. 
Table 3 shows the MIC of extracts against each test pathogen whereas Ta
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Figure  2: Antibacterial activity of microalgal extracts in percentage 
growth inhibition (at 40 mg/mL)
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Figures 1 and 2 show the percentage of growth inhibition of extracts at 
concentration of 40 mg/mL against test pathogens.
Among all the ten microalgae, DS exhibited the promising activity (MIC: 
40  mg/mL) against Gram‑negative bacteria and fungi  [Table  3]. The 
extract TS showed activity against SA with 40  mg/mL. Similarly, 
TG showed activity against AF at 40  mg/mL. The extract CG showed 
predominant antifungal activity. The extract of DS has activity against 
PA  (MIC: 40  mg/mL). Notably, only two extracts  (Dunaliella salina 
(DS) and Dicrateria inornata (DI)) were activity against KP at 40 mg/
mL. In connection with fungal activities, most of the extract IG, TG, 
DS, TS, and CG showed MIC of 40  mg/mL against AF but not on C. 
albicans. However, most of the extracts demonstrated considered 
percentage inhibition about >80% at 80 mg/mL. Similarly, pressurized 
solvent extracts (hexane, petroleum ether, hexane, and water) of DS were 
screened for antimicrobial activity against E. coli, SA, C. albicans, and 
Aspergillus niger.[26]

In antioxidant activity assay for percentage of inhibition by ABTS 
scavenging activity, except TG (48%) and DS (49%), the remaining algal 
isolates show >50% of inhibition of methanolic extract at 80  mg/mL. 
Maximum percentage of inhibition (62%) was noticed with the extract 
of IG at 80  mg/mL. The algal isolate TG showed 10%, 26%, and 48% 
of inhibitions at concentrations of 20, 40, and 80 mg/mL, respectively. 
Similarly, in the percentage of inhibition by DPPH scavenging 
activity, except TG  (69%), all other algal isolates show the percentage 
of inhibition in the range between 70% and 80% at a concentration of 
80 mg/mL. The percentage inhibitions of IG were 50%, 64%, and 86% 
at concentrations of 20, 40, and 80  mg/mL, respectively. The previous 
study reported that total antioxidant activity (ABTS and DPPH) of crude 

methanolic extract of CC shows high activity when compared to other 
solvent systems such as diethyl ether‑water, dichloromethane‑water, and 
ethyl acetate‑water.[31,36]

Similarly, percentage of lysis for hemolytic activity of all the ten algal 
extracts at concentration 20, 40, and 80 mg/mL is expressed in Table 2. 
Among ten marine algal isolates, isolate CC shows 6% and 11% of lysis 
at concentration of 40 and 80 mg/mL, respectively. This result indicates 
that the methanolic extract of all the ten marine microalgae shows less 
toxicity to RBCs and suitable for investigation of drugs for humans.
Table  4 shows that the anthelmintic activity of methanolic extract of 
microalgae was studied at 20, 40, and 80 mg/mL concentrations against 
P.  posthuma. Based on data obtained from this study, P  value was 
calculated. Among ten algal extracts, only CG at 40 and 80 mg/mL shows 
paralysis (MPT) of P. posthuma after 22 and 28 min, respectively. In MDT, 
only CG at 40 and 80 mg/mL showed mortality of P. posthuma after 39 and 
28 min, respectively. Methanolic extracts (at 80 mg/mL concentration) of 
both IG and CG shows mortality after 28 min of incubation.
From this study, there is some correlation between fucoxanthin producer 
and nonproducers. In preliminary screening for fucoxanthin production, 
except TG, TT, and DI, the remaining all seven marine algae produce 
fucoxanthin, with respect to antimicrobial, antioxidant, hemolytic, and 
anthelmintic activities. The correlation coefficient between fucoxanthin 
content and antioxidant activity was found to be  >0.6. This value 
indicated that the antioxidant property of the extract is contributed by 
fucoxanthin in methanolic extract of algal isolates.
Out of ten marine microalgae, algal isolate TT shows 77% of growth 
inhibition for E. coli MTCC 443 and DI for A. brasiliensis MTCC 1344 
with 93% of inhibition.[26] Similarly, for antioxidant activity, DI shows 
78% of inhibition in DPPH assay whereas TI and TG show only 74% and 
69% of inhibition at 80 mg/mL concentration. In case of percentage of 
lysis for hemolytic activity, all the three isolates, i.e., TG, TT, and DI show 
that the highest percentage lysis ranges from 6% to 9.5% at 40 mg/mL and 
11%–12% at 80 mg/mL concentrations. Out of 10 isolates, isolate DI shows 
the highest percentage of inhibition at 40 mg/mL (9%) and 80 mg/mL 
concentrations (12%). Similarly, TG, TT, and DI did not show MPT and 
MDT even after 30 min of incubation by increasing concentration from 
20 mg/mL to 80 mg/mL concentration. TG alone shows paralysis (MPT) 
of P. posthuma after 32 min at 80 mg/mL concentration. It was confirmed 
that isolates have the highest fucoxanthin production potential (IG with 
percentage of fucoxanthin about 5.93 mg/g DW) that shows the highest 
percentage of growth inhibition of bacterial and fungal pathogens as 
well as highest percentage inhibition in antioxidant, hemolytic, and 
anthelmintic activities.

Figure 3: Antifungal activity of microalgal extracts in percentage growth 
inhibition (at 40 mg/mL)

Table 4: Anthelmintic activity of methanolic extract of microalgal biomass against Pheretima posthuma

Extract code Mean paralysis time (n=3; in min) Mean death time (n=3; in min)

20 mg/mL 40 mg/mL 80 mg/mL 20 mg/mL 40 mg/mL 80 mg/mL
PL 84±3.4* 43±1.2* 35±0.4* 98±4.5* 63±1.4* 47±0.4*
IG 44±5.3** 32±2.2** 22±1.2** 51±5.3** 43±2.2** 28±1.2**
TG 63±5.4* 46±1.5* 32±0.6* 80±5.4* 56±1.6* 43±0.6
TT 75±1.5* 62±1.3* 51±0.4* 87±1.5* 68±1.3* 59±0.4*
NS 43±1.6* 33±1.8* 20±1.1* 58±1.6* 41±1.8* 32±1.1*
CC 43±1.4* 34±1.6* 26±0.4* 57±1.4* 45±1.5* 36±0.9*
DS 49±2.3* 34±1.2* 22±1.8* 53±2.3* 44±1.2* 36±1.7*
TS 58±5.6* 38±4.8* 29±1.2* 76±5.6* 58±4.8* 38±1.3*
DI 59±2.5* 42±2.2* 38±1.3* 75±2.5* 68±2.3* 52±1.4*
CG 41±5.2** 28±3.1** 22±1.6** 54±5.2** 39±3.1** 28±1.7**
Albendazole 35±1.3* 22±1.2* 17±1.9* 40±1.3* 31±1.5* 26±1.8*
Negative control >160 >160 >160 >160 >160 >160

**P<0.01 compared to negative control; *P<0.05 compared to negative control. PL: Pavlova lutheri; IG: Isochrysis galbana; TG: Tetraselmis gracilis; TT: Tetraselmis 
trahele; NS: Navicula sp.; CC: Chaetoceros calcitrans; DS: Dunaliella salina; TS: Thalassiosira sp.; DI: Dicrateria inornata; CG: Chaetoceros gracilis
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CONCLUSION
In summary, among all the ten marine algal extracts, IG produces a 
higher concentration of fucoxanthin  (5.93  mg/mL DW). In overall, 
chemotherapeutic activity of methanolic extract of selected marine 
microalgal isolate, IG, showed the promising antioxidant activities with 
86% of inhibition at 80 mg/mL. In antimicrobial activities, DS exhibited a 
promising activity (MIC: 40 mg/mL) against Gram‑negative bacteria and 
fungi. In anthelmintic activity against P. posthuma, two microalgae, namely 
IG and CG, exhibited considerable anthelmintic activity (P < 0.01). From 
this study, it was concluded that DS and IG will serve as a promising source 
for further investigation and chemotherapeutic application which has a 
positive correlation with the carotenoid content as well.
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