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ABSTRACT 
 

Introduction and Aim: Haematococcus pluvialis is one of the richest sources of natural astaxanthin, which is 

considered as a "super anti-oxidant". In the present study, we investigated the antihypercholesterolemic activity in 

the astaxanthin extract of green alga H. pluvialis.  
 

Materials and Methods: To accomplish this, astaxanthin extracted with acetone and was separated by thin-layer 

chromatography. Animals were housed in separate cages under the controlled condition with temperature (22 ± 

2°C) provided a 12 h light/dark cycle. Rats were divided into five groups; each group consisted of six rats. Group 1 

(Normal group NC) rats were given (orally) normal standard rat feed (250 mg/kg b.w./per day). Group 2 was given 

high fat diet (250 mg/kg b.w./per day). Group 3 was given H. pluvialis astaxanthin extract (250 mg/kg b.w./per 

day). Group 4 was given astaxanthin extract along with a high protein diet (250 mg/kg b.w./per day) and group 5 

was given astaxanthin standard, dissolved in an equal volume of liquid paraffin for 30 days.  
 

Results: Among the treatment, astaxanthin extract was found to be an effective antihypercholesterolemic agent. 
 

Conclusion: The present study reveals that H. pluvialis astaxanthin extract can be used for the different food 

formulations for human welfare. 
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INTRODUCTION 

ccording to the report of the American heart 

association, heart diseases affect 16.3 million 

in the United States which is extremely 

related to cholesterol level (1). The main cause of 

heart diseases is lifestyle choices. Among the 

prevention of heart diseases, cholesterol regulation 

plays an important role. Excess consumption of lipids 

may result in hyperlipidemia (2), which results in an 

abnormal elevation in one or more of the serum lipids 

such as total cholesterol (TC), low-density 

lipoprotein-cholesterol (LDL-C) and triglycerides 

(TG). Hyperlipidemia is taken into account as a 

serious risk factor for cardiovascular diseases (3). 

Over the period, various investigation has been done 

in an effort to bring a novel approach, which can 

reduce or regulate the TC or TG levels. Among the 

dietary fiber (4), plant sterols (5), herbal extracts, and 

yeast extract (6, 7). H. pluvialis astaxanthin is well 

known for its antioxidant potential (8). In our present 

investigation, an effort has been made for another 

direction for the reduction or regulation of 

cholesterol. H. pluvialis, freshwater green microalga 

is considered a potent producer of astaxanthin (3, 3′-

dihydroxy- β, β- carotene-4, 4′-dione; 9-11). 
 

MATERIALS AND METHODS 
 

Procurement of culture and cultivation of H. 

pluvialis  
 

The H. pluvialis culture was procured from the 

culture collection of algae at the University of Texas, 

Austin, USA. H. pluvialis culture was grown in the 

bold basal medium (BBM; 12). The encysted red 

cells, rich in astaxanthin were harvested, dried in the 

oven at 70°C (13).  
 

Chemicals 
 

All the media chemicals used for the experiments 

were analytical grade, obtained from Sisco Research 

Laboratories Pvt. Ltd., Mumbai; HiMedia 

Laboratories Pvt. Ltd., Mumbai; Loba Chemie Pvt. 

Ltd., Mumbai. Qualigens Fine Chemicals, Mumbai 

and Sigma-Aldrich Chemicals, USA.  The rat feed 

was obtained from Golden Feed, New Delhi. 
 

Extraction of astaxanthin 
 

Ten mg of biomass was homogenized in mortar and 

pestle in presence of neutral glass powder (Borosil 

Glass Works Ltd., India) extracted with acetone, 

hexane, DMSO and centrifuged at 5000 rpm for 10 

minutes. The supernatant was used for the estimation 

of total astaxanthin. The absorbance of the extract 

was determined at 492 nm and the amount of the 

pigment was calculated according to Davies (14). 

Solvents were evaporated in the rotary evaporator 

under reduced pressure and only acetone extract was 

used in further study. 
 

Animals used for the study  
 

The institutional animal ethics committee (IAEC) 

approved all animal experiments. Male Albino 

Wistar rats, weighing 200 ±220 g were used for the 
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study. Animals were housed in separate cages under 

the controlled condition with temperature (22 ± 2°C) 

provided a 12 h light/dark cycle. Rats were divided 

into groups of four consisting of six rats respectively. 

Group 1 (Normal group (NC*) rats were given 

normal standard rat feed (250 mg/kg b.w./per day). 

Group 2 was given high fat diet (HFD; 250 mg/kg 

b.w./per day). Group 3 was given H. pluvialis 

astaxanthin extract (Ast Ex; 250 mg/kg b.w./per day). 

Group 4 was given astaxanthin extract along with a 

high-fat diet (250 mg/kg b.w./per day) Group 5 was 

given astaxanthin standard, dissolved in an equal 

volume of liquid paraffin for 30 days. 
 

Estimation of total triglycerides (TG) 
 

Estimation of TG was done by the method of Fossat 

et al., (15). Rats were anesthetized with diethyl ether. 

1 ml of the reaction solution was taken, to this 10 µl 

of the serum sample was added, vortexed, and 

incubated for 15 minutes at room temperature. The 

absorbance was recorded at 546 nm 
 

Estimation of total serum cholesterol 
 

Estimation of serum was done by the method of 

Allian et al., (16). 10 µl of serum sample was taken, 

added 1ml of the reaction solution. The contents were 

vortexed and incubated for 10 minutes at 20 ±2 

degree. Absorbance was read against the cholesterol-

reagent solution as blank at 546 nm. 
 

Estimation of HDL cholesterol  
 

Estimation of HDL Cholesterol was performed by the 

method of Lopes-Virella et al., (17). 200 µl of serum 

was taken in tubes and incubated for 10 minutes at 

room temperature. Further, the tubes were subjected 

to centrifugation for 10 minutes at 4000 rpm and the 

supernatant was separated and used as a sample. 100 

µl of the sample was added to the reaction solution 

and incubated at room temperature for 20 minutes. 

The absorbance was measured at 546 nm. 
 

Estimation of creatinine 
 

The estimation of creatinine was done by the method 

of Bowers (18). 500 µl of buffer solution (phosphate 

buffer, pH 7.0) was taken in each of the tubes, to 

them 200 µl serum sample was added and incubated 

for 5 minutes at room temperature. 500 µl coloring 

reagent (picric acid) was added to all tubes. O.D. was 

measured at 492 nm. 
 

Histological analysis 
 

Liver sections of rats were stained with hematoxylin 

and eosin and observed under 40× magnification. 
 

Statistical Analysis 
 

All the experimental analyses were done in triplicate. 

Result values were expressed as mean ± SD. The 

values were evaluated by one-way ANOVA and 

Duncan's multiple range test. 
 

RESULTS AND DISCUSSION 
 

Cultivation of H. pluvialis  
 

H. pluvialis was grown in the bold basal medium for 

20d in controlled laboratory conditions and 

astaxanthin was extracted with acetone, hexane, and 

DMSO (Fig. 1). 
 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 1: Cultivation of H. pluvialis in controlled laboratory conditions (A) Extraction of astaxanthin with different solvents (B). 
 

Astaxanthin separation by thin-layer 

chromatography 
 

H. pluvialis, astaxanthin extracted with acetone was 

separated by thin-layer 

chromatography. The Rf values for the bands were 

0.21 which corresponded in accordance with the 

standard astaxanthin Rf value measured on the TLC 

plate (Fig. 2). 

 

 

 

 

 

 
 

 
 

Fig. 2: TLC pigment profile of astaxanthin extracted from Haematococcus cells, (A) Acetone extract. (B) Astaxanthin Standard. 
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Effect of HFD, Ast Ex, Ast Ex HFD on the total 

serum cholesterol in rats 
 

Total serum cholesterol level in rats was measured, in 

experimental rats treated with HFD, Ast Ex, and Ast 

Ex HFD. 122% increase was observed in the HFD 

group whereas in Ast Ex and Ast Ex HFD the total 

serum cholesterol level was significantly lowered by 

43% and 63% respectively when compared to NC 

(Table 1). 
 

Table 1: Effect of HFD, Ast Ex, and Ast Ex HFD on 

the total serum cholesterol in rats. 
 

S.No. Treatments Cholesterol (mg/dL) 

1 NC 72.98 ± 0.84 

2 HFD 160.10 ± 0.61 

3 Ast Ex 103.20 ± 1.19 

4 Ast Ex HFD 118.19±0.25 

5 Ast standard 66.77±0.74 

Values were expressed as mean ± SE, n=5. (P≤0.05). 
 

Effect of HFD, Ast Ex and Ast Ex HFD on total 

glycerides in rats 
 

The level of total triglycerides was significantly 

elevated by 211% in the HFD group while in the Ast  

Ex group and Ast Ex HFD group, the total 

triglycerides level was lowered by 14% and 44% 

respectively when the groups were compared with 

the NC (Table 2). 
 

Table 2:  Effect of HFD, Ast Ex and Ast Ex HFD on 

total triglycerides in rats. 
 
 

S.No. Treatments TG (mg/dL) 

1 NC 68.36±0.25 

2 HFD 212.46±1.36 

3 Ast Ex 78.28±2.16 

4 Ast Ex HFD 98.24±0.25 

5 Ast Standard 63.77±1.1 
 

Effect of HFD, Ast Ex and Ast Ex HFD on HDL 

cholesterol in rats 
 

The HDL level in the HFD group was increased by 

57% however, it was decreased by 14.7%, and 5.7% 

in the Ast Ex group and Ast Ex HFD group 

respectively when the groups were compared with 

the NC (Table 3). 
 

Table 3: Effect of HFD, Ast Ex, and Ast Ex HFD on 

HDL cholesterol in rats. 
 
 

S.No. Treatments HDL cholesterol (mg/dL) 

1 NC 42.46±0.37 

2 HFD 18.45±0.22 

3 Ast Ex 36.20±0.05 

4 Ast Ex HFD 40.0±0.25 

5 Ast Standard 41.0±0.27 
 

Effect of HFD, Ast Ex and Ast Ex HFD on 

creatinine in rats 
 

The creatinine level in the HFD group was increased 

by 50%, however, it was decreased to 22%, and 32% 

in the Ast Ex group and Ast Ex HFD group 

respectively when the groups were compared with 

the NC (Table 4). 
 

Table 4: Effect of HFD, Ast Ex, and Ast Ex HFD on 

creatinine in rats. 
 

S.No. Treatments Creatinine (mg/dL) 

1 NC 0.93±0.04 

2 HFD 0.46±0.01 

3 Ast Ex 0.72±0.04 

4 Ast Ex HFD 0.63±0.02 

5 Ast Standard 0.88±0.06 
 

An extensive study has been done previously on β-

carotene (pro-vitamin-A) and vitamin E. However, in 

recent times there has been a shift towards the 

carotenoids like astaxanthin extracted from H. 

pluvialis which has additional positive features like 

potent quenching and anti-lipid peroxidation lacking 

both in β-carotene and vitamin E (8). Astaxanthin is 

an effective agent for the regulation of blood pressure 

with relation to its antioxidant ability (9). Rats fed 

with Ast Ex showed significantly lower cholesterol, 

TG as well HDL and creatinine (Table 1-4), there 

was noticeably less cholesterol accumulation in the 

liver sections of Ast Ex fed rat models compared 

with the HFD fed rats as seen by histological analysis 

(Fig. 3). 
 

 

Fig. 3: Effect of HFD, Ast Ex, and Ast Ex HFD on liver sections 

of rat models stained with hematoxylin and eosin under 40× 

magnification. (A) NC (B) HFD (C) Ast Ex (D) Ast Ex HFD (E) 

Ast standard. 
 

In this study, we evaluated if H. pluvialis astaxanthin 

supplementation may regulate the cholesterol or 

reduce in experimental rat models. Our results 

indicated that astaxanthin extract was found an 

effective factor for the regulation of cholesterol as 

well as triglycerides. There is limited literature 

available on anti-hypercholesterolemic property of 

algae particularly on H. pluvialis astaxanthin (19). 

Significant decreases in plasma TG and high-density 

lipoprotein (HDL) cholesterol, as well as HDL 

cholesterol, were found in type 2 diabetic patients 

who consumed 2 g/day of Spirulina for 2 months 

(20). 
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CONCLUSION 
 

In conclusion, H. pluvialis astaxanthin extract can be 

used in various food formulations for a good 

lifestyle. 
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