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Abstract 

Astaxanthin, is a valuable component of a natural origin, is promising as a food supplement worldwide. The principle 

commercial productive source of astaxanthin is the green microalgae Haematococcus pluvialis (H. pluvialis). The present study 

was aimed to investigate the acute and chronic dietary supplementation of an Astaxanthin-Rich Fraction (ARF) of H. 

pluvialis.The extraction of H. pluvialis fine powder with dichloromethane: methanol (3:1, V/V) revealed 6.1% containing all-

trans-astaxanthin (10.85 mg/g, crud extract) as quantified by HPLC. While, the ARF fractionated by column chromatography 

contains all-trans-astaxanthin (16.21 mg/g of astaxanthin). The LD50 of the biomass was greater than 5000mg/kg body weight 

for 24 h. In chronic toxicity study, rats and mice (15/sex/group) were supplemented daily for three continuous months with 500 

mg /kg /bodyweight /day with ARF. The ARF supplementation was associated with yellow color staining of fur and feces. 

Various blood and chemical parameters were included in this study as profile of blood picture (CBC), hepatic enzymes, total 

bilirubin (TB), renal tests, albumin, and glucose levels. Examination of liver, kidney and heart architectures was also performed. 

The exposing of the two sexes of mice and rats to 500 mg /kg/day of ARF did not exhibit any toxicity symptoms and no 

mortality, no effect on the levels of blood chemistry and biomarkers as well as pathological examination. So, it could be 

concluded that, ARF is safe at the dose 50mg/kg in chronic toxicity, suggesting its promising benefits as food additives beside 

its usefulness as a therapeutic candidate against different prospective illness. 
 
Keywords: Astaxanthin; H. pluvialis; toxicity; liver enzymes; hematological parameters; histopathology. 
 

1. Introduction 

Astaxanthin is considered as ketocarotenoid pigment 

of a lipid-soluble with a specific orangey-red color. It 

is a xanthophyll pigment transformed in distinctive 

photosynthetic and organisms of marine origin in 

addition to a few plants and microorganisms [1]. 

Haematococcus pluvialis (H. pluvialis), a microalga of  

green single-celled , may be great  known as those 

grade regular wellspring about astaxanthin for 

employments of commercial uses  around several 

producing organisms of astaxanthin, , much 

appreciated to its intense capability to secondary 

synthesizing astaxanthin that might achieve up to 4% 

(w/w, dry weight basis) particularly under distinctive 

stress states [2].  The chemical structure of  astaxanthin 

is  characteristic by  having two similar  twin deviated 

carbon atoms at the positions of  3 and 3′ the ring of  

β-ionone, with a group  of hydroxyl with thirteen 

alternating single -double bonds at the both ends of 

polyene carbon backbone [3].Three characteristics 

isomers of astaxanthin namely (3R, 3′R), (3S, 3′S), and 

(3R, 3′S) and could be found naturally as esterified 

fatty acid astaxanthin or as astaxanthin in free forms. 

High amounts of fatty acid astaxanthin are produced 

from H. pluvialis while, little amounts of free form 

astaxanthin are detected (3S, 3′S). However, non-

esterified form of astaxanthin (3R, 3′R) are produced 

from Xanthophyllomyces dendrorhous [4, 

5].Astaxanthin is not produced  in the cells of animals 

with  no provitamin A effect  and has  strong  

reinforcement activity, almost ten times more than 

different carotenoids, including β‐ carotene, 

zeaxanthin, canthaxanthin, Furthermore lutein, and 

about 100 times more stupendous over α‐
tocopherol[6]. Astaxanthin shows strong scavenging 

activity of free radicals in vitro and a powerful 

prevention effect against oxidative injury by 

stimulating indigenous antioxidant enzymes defense 

system as superoxide dismutase, catalase, peroxidase 

etc.  in vivo models [6-8]. Different  studies  either  in 
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vivo or  in vitro have declared  that astaxanthin has  a 

great different  biological effects , such  as an 

antitumor [9] ,  anti-Helicobacter pylori , normalized 

blood pressure[10,11]  and  shows  a cardioprotective 

effects[12,13].  However, the great different useful 

astaxanthin effects have been determined to some 

extent, its injurious effect   have not been studied. The 

present study aimed to study the chronic 

supplementation with 500 mg/kg body weight /day for 

three continuous months. 

2. Materials and methods  

2.1. Cultivation of H. pluvialis 

H. pluvialis was isolated from the freshwater 

community of River Nile and grown on BG11 media 

[5,14].  

2.2.Quantification and identification of H. pluvialis 

astaxanthin  

2.3. Preparations of algal extract and astaxanthin 

enrich fractions 

The fine powder of H. pluvialis (100 g) was soaked in 

1000 ml of dichloromethane: methanol (3:1, V/V) in a 

2000 ml conical flask and kept on an orbital 

shaker (Stuart, England) at 160 rpm at 

room temperature for 24 h. Then, the extract was 

centrifuged (Sigma 3-18ks Centrifuge, Germany) at 

5000 rpm for 20 min at 25°C to separate cell debris 

from the supernatant. The extraction step was repeated 

twice and the pooled supernatants were concentrated 

using a vacuum rotary evaporator (Heidolph Unimax 

2010, Germany) at 40°C to dryness giving the crude 

extract. The crude extract was subjected to a silica gel 

column chromatography using silica gel, 60-120 

μm (Sigma-Aldrich Co., USA)  and hexane/ethyl 

acetate as mobile phase with increasing polarity (0, 10, 

30, and100% ethyl acetate) then ethyl acetate: 

methanol (1:1)  that afforded 10 fractions that 

collected in 50 ml per each fraction. The 10 fractions 

were subjected to TLC (20 × 20 cm aluminum sheets 

coated with silica gel 60 F254, Merck, Germany) to 

detect the presence of phyto-compounds that were 

visualized by ultraviolet (UV) fluorescent colors at 

254/366 nm UV lamps. Astaxanthin enriches 

fraction was combined based on TLC result and 

confirmed by HPLC. All the extraction and column 

chromatography fractionation steps were performed in 

dim light. 

2.4. HPLC analysis of astaxanthin  

H. pluvialis crude extract and astaxanthin enrich 

fraction were subjected to An Agilent 1260 infinity 

series HPLC-DAD system (Agilent Technologies, 

Waldbronn, Germany) equipped with binary gradient 

Agilent 1260 prep pump (G1361A), an autosampler 

Agilent 1260 prep ALS (G2260A), and Agilent diode 

array detector 1260 DAD VL (G1315D) was 

employed for the detection ofastaxanthin. Agilent 

5Prep-C18 Scalar column (5 μm, 150 mm × 4.6 mm) 

was utilized for separation. The following solvents 

were used at a flow rate of 1.25 ml/min: (A) acetone 

and (B) methanol: H2O (9:1 v/v) containing 0.05% 

BHT. The separation of astaxanthin was achieved by a 

gradient between solvents A and B for 40 min as 

follows: B was run at 80 to 20% for 25 min, 20% for 

10 min, and 20 to 80%for 5 min [15]. The peaks were 

integrated at 450 nm to quantify astaxanthin. All-

trans-astaxanthin (Sigma-Aldrich Co., USA) was used 

as standard. Astaxanthin was identified and quantified 

by comparing retention time and the peak area of the 

unknown peak with the all-trans-astaxanthin standard 

(Fig.1). 

2.5. Biological Study  

2.5.1. Animals 

Male and female Swiss mice with an average weight 

of 20–30 g as well as the male and female Wistar 

albino rats weighing 120–130 g were obtained from 

Animal House Lab, National Research Centre (NRC), 

Dokki, and Giza were used in this study. Animals were 

acclimatized for one week before the starting of the 

experiment (adaptation period).The animals were 

housed with a well-ventilation (20 °C) with a cycle of 

twelve hours. Normal basal diets and water were 

supplied adlibitum. Animals were cared according to 

the Ethical Committee guide lines of NRC, Giza, 

Egypt for animal experiments. 

2.5.2. Acute toxicity  

Treatment in an experiment designed to determine the 

oral LD50, a H. pluvialis astaxanthin biomass 

suspension in water solution was administered to 

Waster rats (4/sex/group) as a single oral dose of 500-

5000 mg /kg body weight via gavage. Animals were 

observed for 24 h for signs of morbidity or mortality. 

The control group was treated with water vehicle. The 

animals were observed during 24 h investigation [16-

18].   

2.5.3. Experimental design 

One hundred and twenty male and female mice and 

rats were used in this study; thirty mice and rats for 

each gender were supplemented orally with 500 mg 

/kg body weight of H. pluviali sastaxanthinmicroalgae 

and were divided into eight groups as follows:Groups 

1 and 2: Control male and female mice (15 mice 

each)were daily orally administered 0.9% normal 

saline solution for three consecutive months.Groups 3 

and 4: Male and female mice (15 mice each) were 

supplanted orally daily with 500 mg/ kg body weight 

of H. pluvialis astaxanthin for three consecutive 

months.Groups 5 and 6: Control male and female rats 

(15 rats each) as described aforementioned.Groups 7 
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and 8: male and female rats were administered orally 

daily with 500 mg/kg body weight of H. pluvialis 

astaxanthin daily for three consecutive months (15 

mice each). The animals were observed daily for their 

behaviors food and water intakes.After the three 

months, all animals were sacrificed. Fasting blood 

samples were collected by puncture of the sublingual 

vein and left for clotting then, centrifuged at 3000 rpm 

for 15 min to separate serum for liver and kidney 

function tests [19-21]. Biochemical parameters were 

determined in serum using Biodiagnostic kits (Bio 

diagnostics Co., Egypt). 

2.5.4. Biochemical parameters 

Liver function enzyme activities, alanine and aspartate 

aminotransferases (AST and ALT), as well as alkaline 

phosphatase (ALP), were estimated in mice and rat 

sera [22, 23] respectively. The levels of total urea and 

creatinine were determined according to the methods 

of Bartles et al. [24] and Fawcett and Scott [25]. The 

level of bilirubin was also determined [26] .Glucose 

level was measured using colorimetric kits according 

to the method of Trinder [27]. 

2.5.5. Histological Examination 

At the end of the experiment, parts of the liver, kidney 

and heart were removed carefully and fixed in 10% 

formalin for 24 hours. Samples were washed under tap 

water, dehydrated in ascending grades of ethanol (50, 

70, 80, 90, and 100%), cleared in xylene, and 

embedded in paraffin wax (melting point 55–60°C). 

Liver, Kidney & heart sections of 4 μm thickness were 

prepared and stained with haematoxylin and eosin. 

Paraffin sections were stained in Harris’s 

haematoxylin for 5 minutes. Sections were washed in 

runningwater for bluing and then stained in 1% watery 

eosin for 2 minutes, washed in water, dehydrated, 

cleared, and mounted using Canada balsam.Eight 

microscopic fields per section were examined using 

alight microscope (Olympus BX50, Japan) under2 

high-power magnification (200). 

2.6. Statistical analysis  

Results were expressed as mean ± SD, where n = 15. 

Statistical analysis for biochemical parts is carried out 

using the SPSS computer program (version 8) 

combined with a Co-state computer program, where 

unshared letters are significant at P≤0.05. 

3. Results 

The extraction of fine powder of H. pluvialis in 

dichloromethane: methanol (3:1, V/V) revealed crud 

extract with an extraction yield (6.1%) containing all-

trans-astaxanthin (10.85 mg/g, crud extract) as 

quantified by HPLC. While the astaxanthin enriches 

fraction fractionated by silica column chromatography 

contains all-trans-astaxanthin (16.21 mg/g of 

astaxanthin enriches fraction) . 

Acute toxicity study reveal, the oral LD50 of ARF 

was up to 5,000 mg/kg body weight. Series 

concentration from 500 -5000 mg mg/kg body weight 

were used from ARF for 24 h and showed no 

mortality, no toxic effects and no behavioral 

abnormalities, suggesting that the ARF is 

experimentally non-toxic and no treatment –dependent 

harmed effect.   

In chronic toxicity, exposed of both sexes of rats  

and mice to daily   500 mg /kg body weight of ARF of 

H. pluvialis for three continuous months didn't give 

any harmfulness indication in the two sexes of  mice 

and rats  (no mortality, no going bald, no loose bowels, 

and so on). Moreover, irregularities on conduct, food 

and water admissions, and wellbeing status among the 

treated creatures didn't notice. The dietary 

supplementation of the ARF to experimentally 

animals in long term chronic study was associated 

with staining of fur and feces with red-orange color. 

The presented Tables (1&4) declared insignificant 

changes in blood picture profile   in ARF -treated male 

and female mice and rats comparing with related 

control groups. Also, insignificant difference  in 

hepatic  enzymes  and glucose levels after  long term 

supplementation  of 500mg/kg ARF of H. pluvialis   to 

both sexes  of  mice and rats   was detected (Tables 2 

and 5), comparing with corresponding control. Further 

, urea, creatinine and albumin levels showed also 

insignificant difference after  ARF supplementation to 

both sexes of mice and rodents  compared  to control 

groups (Tables 3and 6). Pathological examination 

showed that, normal cardiac myocytes with normal 

histological striation and nucleation of treated cardiac 

tissue. Normal renal glomeruli and tubules of kidney 

rats and mice was also noticed post chronic 

administration of 50mg/kg body weight of ARF of H. 

pluvialis. Liver tissue of ARF  treated rats showed 

also, normal hepatic parenchyma ,  hepatocytes, blood 

sinusoids, portal area as well as normal lobule in the 

two  sexes of mice and rodents (Figures 2and 3), 

compared to their corresponding  control groups. 
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Table 1: Profile of blood picture of mice (male and female) after supplementation with 500 mg /kg /body weight of  carotenoids rich 

fraction - extracted from microalgae H. pluvialis. 

 

Biomarkers Control Male  Control Female  Treated Male  Treated Female  

HB (g/dL) 15.00 ±1.00a  14.00± 0.60 a 14.80 .12 ± 0. 67a 14. 00 ± 0.66a 
RBCs(Xmillion cells/ cmm ) 5.00 ± 0.77a 4.60± 0.98 a 4.64 ± 0.90a 4.53 ± 0.66a 

PCV (%) 42.00± 2.10a 41.90 ± 2.66a 40.76 ± 3.11a 40.45 ± 5.10a 

Haematocrit (HCT)% 45.10±3.00a 42.10±2.22a 43.10±2.50 42.90±2.10a 
MCV(fl) 89.80±5.28a 87.10±6.00a 88.00±4.20a 87.20±9.20a 

MCH(pg) 29.67±1.98a 28.65±2.09a 82.65±3.10 27.98±5.96 

MCHC(g/dL) 33.89±4.90a 34.00±2.00 a 33.00±2.28a 32.55±3.00a 
RDW-CV(%) 14.50±0.88a 14.20±0.75a 13.50±3.33a 13.20±2.00a 

MPV(fl) 7.90±0.09a 8.40±0.65a 8.20±1.88a 8.00±0.32a 

WBCs(× 103 /cmm) 6.60 ± 3.43a 7.00 ± 1.00 a 8. 10 ± 4.53a 7.70 ± 1.00a 
Neutrophils % 60.69 ± 4.12a 56.00 ± 2.00a 65.00 ± 11.10a 60.00± 7.00a 

Eosinophil % 0.20 ± 0.04a 0.17 ± 0.02a 0.78 ± 0.02a 0.90 ± 0.04a 

Lymphocyte% 34.00 ± 5.00a 35.00 ± 3.10a 36.00 ± 4.00a 37.99 ±5.90a 

Monocyte% 2.00± 0.12a 1.60 ± 0.05a 2.98± 0.50a 2.21± 0.50a 

Platelets (x 103/cmm) 300.00 ± 12.00a 332.00 ± 60.00a 350.00 ±13.00a 400.00 ± 33.00a 

 
Data are Means ± SD of 15 mice in treated group. Statistical analysis is carried out using Co-state and SPSS computer programs, ANOVA 
(version 8), where different letter is significant at P ≤ 0.05. 

 
 

Table 2:  Hepatic enzymes levels in mice (male and female) after supplementation with 500 mg /kg /body weight of astaxanthin rich fraction 

- extracted from microalgae H. pluvialis. 
 

Groups  ALT (U/l)  AST (U/l) Bilirubin(mg/dl) ALP(U/l) Glucose (mg/dl) 

Control Male Mice  40. 99 ± 3.1100a 134.00 ± 9.20a 0.87 ± 0.19a 105.00 ± 8.00a 100.00 ± 6.00a 

Control Female  Mice  42.00 ± 2.90a 130.10 ± 9.21a 0.82± 0.66a 112.00± 9.90a 114.00± 3.20a 

500mg/kg  astaxanthin 

Rich Fraction- Male mice  

43.00 ± 2.55a 126.50 ± 9.00a 0.78± 0.10a 122.00 ± 9.65a 117.00± 3.10a 

500mg/kg  astaxanthin 

Rich Fraction-Female mice  

45.00 ± 3.69a 119.60± 5.71a 0.80±0.22a 126.00± 6.11a 122.00± 7.60a 

Data are Means ± SD of 15 mice in treated group. Statistical analysis is carried out using Co-state and SPSS computer programs, ANOVA 

(version, 8), where unshared letter is significant at P ≤ 0.05. 

 

Table 3: Levels of urea, creatinine and albumin in mice (male and female) after supplementation with 500 mg /kg /body weight of astaxanthin 

rich  fraction - extracted from microalgae H. pluvialis. 
 

Groups  Urea (mg/dl)  Creatinine (mg/dl)  Albumin (mg/dl) 

Control Male Mice  48.60 ± 4.22a  0.52 ± 0.01a 2.98 ± 0.60a 

Control Female  Mice  44.00 ± 3.00a  0. 49 ± 0.02a 2.95± 0.31a 

500mg/Kg   astaxanthin Rich 

Fraction- Male mice  

45.00 ± 5.00a 0.60 ± 0.07a 2.78 ± 0.30a 

500mg/Kg   astaxanthin  Rich 

Fraction-Female mice  

43.00 ± 4.00a 0.64± 0.01a 2.76±0.56a 

 

Data are Means ± SD of 15 mice in treated group. Statistical analysis is carried out using Co-state and SPSS computer programs (version 8), 
where unshared letter is significant at P ≤ 0.05. 
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Table 4: Profile of blood picture in rats (male and female) after supplementation with 500 mg /kg/body weight of 50 mg /kg astaxanthin-rich      

fraction extracted from microalgae H. pluvialis. 

 

Biomarkers  Control Male  Control Female  Treated Male  Treated Female  

HB (g/dL)  15.00 ±1.00a  14.00± 0.60 a 14.80 .12 ± 0. 67a 14. 00 ± 0.66a 
RBCs(Xmillion cells/ cmm ) 5.00 ± 0.77a 4.60± 0.98 a 4.64 ± 0.90 a 4.53 ± 0.66 a 

PCV (%) 42.00± 2.10a 41.90 ± 2.66 a 40.76 ± 3.11a 40.45 ± 5.10a 

Haematocrit (HCT)% 45.10±3.00a 42.10±2.22a 43.10±2.50 42.90±2.10a 
MCV(fl) 89.80±5.28a 87.10±6.00a 88.00±4.20a 87.20±9.20a 

MCH(pg) 29.67±1.98a 28.65±2.09a 82.65±3.10 27.98±5.96 

MCHC(g/dL) 33.89±4.90a 34.00±2.00 a 33.00±2.28a 32.55±3.00a 
RDW-CV(%) 14.50±0.88a 14.20±0.75a 13.50±3.33a 13.20±2.00a 

MPV(fl) 7.90±0.09a 8.40±0.65a 8.20±1.88a 8.00±0.32a 

WBCs(× 103 /cmm)  6.60 ± 3.43a 7.00 ± 1.00 a 8. 10 ± 4.53a 7.70 ± 1.00 a 
Neutrophils %  60.69 ± 4.12a 56.00 ± 2.00a 65.00 ± 11.10a 60.00± 7.00a 

Eosinophil %  0.20 ± 0.04 a 0.17 ± 0.02a 0.78 ± 0.02a 0.90 ± 0.04a 

Lymphocyte%  34.00 ± 5.00a 35.00 ± 3.10 a 36.00 ± 4.00a 37.99 ±5.90a 
Monocyte%  2.00± 0.12 a 1.60 ± 0.05  a 2.98± 0.50 a 2.21± 0.50a 

Platelets (x 103/cmm)  300.00 ± 12.00a 332.00 ± 60.00 a 350.00 ±13.00 a 400.00 ± 33.00 a 

Data are Means ± SD of 15 Rats e in treated group. Statistical analysis is carried out using Co-state and SPSS computer programs (version 8), 

where unshared letter is significant at P ≤ 0.05. 

 

Table 5:  Hepatic enzymes levels in rats (male and female) after supplementation with 500 mg /kg /body weight of astaxanthin rich fraction - 

 extracted from microalgae H. pluvialis. 

 

Groups  ALT (U/l)  AST (U/l) Bilirubin(mg/dl) ALP(U/l) Glucose (mg/dl) 

Control Male rats 31. 61 ± 12.00a 90.00 ± 9.12a 0.62 ± 0.11a 80.00 ± 4.60a 83.00 ± 3.00a 

Control Female  rats 27.00± 3.00a 85.95 ± 6.90a 0.68± 0.11a 75.00± 6.10a 117.00± 10.00a 

500mg/Kg  Carotenoids Rich 

Fraction- Male rats 

29.00 ± 2.03a 87.00 ± 8.00a 0.67 ± 0.10a 78.00 ± 6.70a 100.00± 6.20a 

500mg/Kg  Carotenoids Rich 
Fraction-Female rats 

28.13 ± 2.51a 94.60± 8.10a 0.60±0.01a 82.00 ± 7.00a 116.00± 10.10a 

Data are Means ± SD of 15 rats in treated group. Statistical analysis is carried out using Co-state and SPSS computer programs (version 8), 

where unshared letter is significant at P ≤ 0.05. 

 

Table 6: Levels of urea, creatinine and albumin in rats (male and female) after supplementation with 500 mg /kg astaxanthin rich fraction - 

 extracted from microalgae H. pluvialis. 

 

Groups  Urea (mg/dl)  Creatinine (mg/dl)  Albumin (mg/dl) 

Control Male rats  27.66 ± 2.00a 0.200 ± 0.05a 3.08 ± 0.90a 

Control Female  rats 25.00 ± 1.60a 0.160 ± 0.11a 3.12± 0.19a 

500mg/Kg  Carotenoids 
Rich Fraction- Male rats  

28.00 ± 2.00 a 0.174 ± 0.03a 3.60 ± 0.51a 

500mg/Kg  Carotenoids 

Rich Fraction-Female rats  

27.00 ± 2.00a 0.167± 0.04a 3.54±0..49a 

Data are Means ± SD of 15 rats  in treated group. Statistical analysis is carried out using Co-state and SPSS computer programs (version 8), 

where unshared letter is significant at P ≤ 0.05. 

 

 
Figure 1. HPLC chromatogram at 450 nm of all-trans-astaxanthin in the crude extract (A), and astaxanthin enriches fraction 

(B) of H. pluvialis. 
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Photomicrograph 1: Heart of 

control female mice showing 
normal myocardial muscles; note 

the normal striation and 

nucleation (H&E X200). 

Photomicrograph 2: Heart of 

control male mice showing 
normal myocardial muscles; note 

the normal striation and 

nucleation (H&E X200). 

Photomicrograph 3: Heart of 

treated female mice showing 
muscle hyalinosis with 

homogenous muscle bundles 

(arrow head), (H&E X200). 

Photomicrograph 4: Heart of 

treated male mice showing 
normal myocardial muscles; note 

the normal striation and 

nucleation (H&E X200) 

    
Photomicrograph 5: Kidneys 
showing  female normal renal 

histology; note the normal renal 

glomeruli and the normal renal 
tubules, (H&E X200). 

 

Photomicrograph 6: Kidneys of 
control male mice showing 

normal renal histology; note the 

normal renal glomeruli and the 
normal renal tubules, (H&E 

X200) 

Photomicrograph 7: Kidneys  of 
treated female mice showing 

normal renal histology; note the 

normal renal glomeruli and the 
normal renal tubules, (H&E 

X200) 

Photomicrograph8: Kidneys of 
treated male mice showing 

normal renal histology; note the 

normal renal glomeruli and the 
normal renal tubules, (H&E 

X200). 

    
Photomicrograph 9: Liver of 

control female mice showing 
normal hepatic parenchyma; note 

the normal hepatocytes, blood 

sinusoids, and central veins, 
(H&E X200). 

Photomicrograph 10: Liver male 

control  mice of  showing normal 
hepatic parenchyma; note the 

normal hepatocytes, blood 

sinusoids, and portal area, (H&E 
X200) 

Photomicrograph 11: Liver of 

treated female mice showing 
normal hepatic parenchyma; note 

the normal hepatocytes, blood 

sinusoids, and portal area, (H&E 
X200). 

Photomicrograph 12: Liver 

showing normal hepatic 
parenchyma; note the normal 

hepatocytes, blood sinusoids, and 

central veins, (H&E X200). 

 

Fig.2.  Histopathological alterations in  heart ,liver and kidney of female and male mice supplemented for three consecutive months with 

500mg/Kg body weight of astaxanthin-rich fraction of microalgae Haematococcus pluvialis . 
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Photomicrograph 13: Normal 

heart  of female control  rats 

showing myocardial muscles; 
note the normal striation and 

nucleation (H&E X200) 

Photomicrograph 14: Normalheart  

of male control  rats showing 

myocardial muscles; note the 
normal striation and nucleation 

(H&E X200) 

Photomicrograph 15: Heart of 

treated female rats showing 

normal striation and nucleation 
(H&E X200)). 

 

Photomicrograph 16: Heart of 

treated male rats showing normal 

myocardial muscles; note the 
normal striation and nucleation 

(H&E X200) 

    
Photomicrograph 17: Kidneys  of 

control female rats showing 

normal renal histology; note the 
normal renal glomeruli and the 

normal renal tubules, (H&E 

X200) 

Photomicrograph 18: Kidneys of 

control male rats showing normal 

renal histology; note the normal 
renal glomeruli and the normal 

renal tubules, (H&E X200). 

Photomicrograph 19: Kidneys of 

treated female rats showing 

normal renal histology, normal 
renal glomeruli and normal renal 

tubules, (H&E X200). 

Photomicrograph 20: Kidneys of 

treated male rats showing normal 

renal histology, normal renal 
glomeruli and the normal renal 

tubules, (H&E X200). 

    
Photomicrograph 21: Liver of 
control female rats showing 

normal hepatic parenchyma; note 

the normal hepatocytes, blood 
sinusoids, and central veins, 

(H&E X200). 

Photomicrograph 22: Liver of 
control male rats showing normal 

hepatic parenchyma; note the 

normal hepatocytes, blood 
sinusoids, and central veins, 

(H&E X200). 

Photomicrograph 23: Liver of 
treated female rats showing Liver 

showing normal hepatic 

parenchyma; note the normal 
hepatocytes, blood sinusoids, and 

central veins, (H&E X200). 

Photomicrograph 24: Liver of 
treated male rats liver showing 

normal hepatic parenchyma; note 

the normal hepatocytes, blood 
sinusoids, and central veins, 

(H&E X200). 

 

Fig.3. Histopathological alterations in heart ,kidney and liver of  female and male rats supplemented for three consecutive months with 
500mg/kg body weight of astaxanthin-rich fraction of microalgae Haematococcus pluvialis. 
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4. Discussion 

H. pluvialis accumulates the largest yield (about 

97%) of its astaxanthin mainly as a mixture of mono- 

and di-esters in the cell's cytoplasm, while the lowest 

portion of the yield is existent as free astaxanthin [5, 

28]. The carotenoid extract of H. pluvialis in the 

present study contains adequate amounts of free 

astaxanthin based on our HPLC analysis, these results 

agree with former reports [5, 7]. 

Acute toxicity study  of astaxanthin enrich fraction  

of  microalgae H. pluvialis revealed no toxicological 

features and no mortality post the supplementation of 

mice and rodents  with serial concentrations (500-up 

to5000 mg/kg body weight) of ARF  for 24 hours. 

Additionally, in this research we evaluate chronic 

toxicity of ARF. In this study , 500 mg/kg b.wt/day  of 

ARF  of H. pluvialis  were used to investigate  the  

effect  of  long –term ARF supplementation  of  in the 

two sexes of mice and rodents  and  for three  continues  

months . The presented data showed no significant 

differences  in  blood chemistry  parameters  ;  Hb , 

PCV, WBC, RBC, platelets, and  other blood cells 

;neutrophil , eosinophil ,  monocytes and lymphocytes  

/animals  /sex/ group compared with their related 

control groups .  Also, hepatic enzymes; AST, ALT, 

ALP, showed no noticeable changes. Beside, bilirubin 

and glucose levels showed no marked significant 

differences /animals /sex/group compared to their 

relative control groups. Additionally, urea, creatinine 

and albumin levels did not exhibit significant 

difference in the two sexes of mice and rodents 

compared to their control groups. Pathological 

examination for hepatic, cardiac and renal tissues 

revealed no remarkable alterations and no injurious 

effects after supplementation with ARF (500mg /kg 

body weight /day) for three successive months in the 

tissue architectures of animals /sex/group compared to 

their related control groups.      

Previously investigations covered the impact of 

astaxanthin supplementation. Ono et al. [29] declared 

that F344 rats exposed to daily highest doses of 

Haematococcus extract (5%) which is comparable to 

0.25% astaxanthin; 125 mg/kg/day for continuous 

ninety   days did not influence body weight gain, feed 

utilization, morphology of   blood cells, and chemistry 

of plasma, weight of different organs or pathological 

examination. Takahashi et al. [30] also found that, 

orally daily admission of 500 mg kg/day ARF of H. 

pluvialis for ninety continous days to Sprague–

Dawley rats did not show treatment-related 

unfavorable impacts. Stewart et al. [31], declaring that, 

male and female rodents exposed to 500 mg 

astaxanthin/kg/day of an astaxanthin-enrich fraction of 

H. pluvialis as dietary intake supplement for 

continuous ninety days showed no significant 

biological harmed impact on a different parameters of 

health. Based on Stewart et al. [31] study, the no-

observed-adverse-effect-level (NOAEL) of the 

astaxanthin biomass in diet was found to be 20%. The 

comparable dose of the astaxanthin biomass for the 

rats  of male and female was 14,161 and 17,076 mg/kg 

body weight/day, respectively. So, the astaxanthin 

resulting dose was 465 and 557 mg/kg/day, 

respectively.  

In a parallel line with the present study  Spiller and 

Dewell [32], found that ,  adult subjects  obtained   6 

mg /kg / day  declared   normalization in  blood 

pressure , blood chemistry parameters  analyzed as 

blood cells count and  reported  no  clinical importance   

after continuous eight weeks of H. pluvialis  extract 

intakes .  

Further , and in a good concomitant with the present 

study , Satoh et al.[33]  ascertained , no variation  was 

found  when adult human supplemented with up to 20 

mg of oily product of   astaxanthin of  H. pluvialis , 

Puresta®, (comparable  to dialcohol of astaxanthin  

),continuously daily  for one month. Puresta® safety 

has been already examined in a clinical report where 

17 adult subjects were obtained Puresta® comparable 

to 8 mg dialcohol of astaxanthin two times /day for 

continuous 12 weeks [34]. The authors added that, no 

significant variations and no subject reports of subject 

reports of unfriendly encounters during treatment, in 

addition, beneficial outcomes of this product were 

seen on metabolic disorder and intellectual capacity. 

Our present findings uphold the safety of astaxanthin 

(500 mg/kg body weight /day, with no negative 

consequences for blood chemistry or hematology.as 

well as biomarkers. 

The extraction of fine powder of H. pluvialis with 

dichloromethane: methanol (3:1, V/V) revealed crud 

extract with an extraction yield (6.1%) containing all-

trans-astaxanthin (10.85 mg/g, crud extract) as 

quantified by HPLC. While, the astaxanthin enriches 

fraction fractionated by silica column chromatography 

contains all-trans-astaxanthin (16.21 mg/g of 

astaxanthin enriches fraction). 

The present results declare no mortality was 

observed in acute toxicity study of ARF and the LD50 

is up to 5000 mg / kg body weight for 24 hr. Also, 

chronic toxicity revealed the safety of ARF after daily 

orally supplementation with 500 mg/kg for three 

continuous  months. Different blood chemistry   and 

biochemical parameters showed no significant 

variations  and no noticeable changes in pathological 

investigation of  liver  , heart  and  kidney  tissues  in  

therapeutic   groups of the two sexes  of  mice and rats   

compared to their related control levels. 

5. Conclusions 

The extraction of fine powder of H. pluvialis with 

dichloromethane: methanol (3:1, V/V) revealed crud 

extract with an extraction yield (6.1%) containing all-
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trans-astaxanthin (10.85 mg/g, crud extract) as 

quantified by HPLC. While, the astaxanthin enriches 

fraction fractionated by silica column chromatography 

contains all-trans-astaxanthin (16.21 mg/g of 

astaxanthin enriches fraction).The present results 

declare no mortality was observed in acute toxicity 

study of ARF and the LD50 is up to 5000 mg / kg body 

weight for 24 hr. Also, chronic toxicity revealed the 

safety of ARF after daily orally supplementation with 

500 mg/kg for three continuous  months. Different 

blood chemistry   and biochemical parameters showed 

no significant variations  and no noticeable changes in 

pathological l  investigation of  liver  , heart  and  

kidney  tissues  in  therapeutic   groups of the two sexes  

of  mice and rats  compared to their related control 

levels. 

 

Conflicts of interest 

“There are no conflicts to declare”. 

Acknowledgments 

The authors would like to express their sincere thanks 

and appreciation to the Science and Technology 

Centre (STC) for providing the fund, and support. 

Thanks are also to the National Research Centre 

(NRC) for providing all possible facilities and help.  

References 

[1] Katsumata, T.; Ishibashi, T.; Kyle, D. A sub-

chronic toxicity evaluation of a natural 

astaxanthin-rich carotenoid extract of Paracoccus 

carotinifaciens in rats. Toxicol. Rep., 2014, 1, 

582-588. 

http://dx.doi.org/10.1016/j.toxrep.2014.08.008 

PMID: 28962271 

[2] Boussiba, S. Carotenogenesis in the green alga 

Haematococcus pluvialis: Cellular physiology 

and stress response. Physiol. Plant., 2000, 108, 

111-117.http://dx.doi.org/10.1034/j.1399-

3054.2000.108002111.x 

[3] Ambati, R.R.; Phang, S.M.; Ravi, S.; 

Aswathanarayana, R.G. Astaxanthin: Sources, 

extraction, stability, biological activities and its 

commercial applications-a review. Mar. Drugs, 

2014, 12(1), 128-

152.http://dx.doi.org/10.3390/md12010128 

PMID: 24402174 

[4] Yuan, J.P.; Gong, X.D.; Chen, F. Separation and 

analysis of carotenoids and chlorophylls in 

Haematococcus lacustris by high‐ performance 

liquid chromatography photodiode array 

detection. J. Agric. Food Chem., 1997, 45, 1952-

1956. 

[5] El-Baz, F.A.; Salama, A.; Ali, S.I.; Elgohary, R. 

Haematococcus pluvialis carotenoids enrich 

fractions ameliorate liver fibrosis induced by 

thioacetamide in rats: Modulation of 

metalloproteinase and its inhibitor. BioMed. 

Research International, 2021. 

[6] Liu, X.; Osawa, T. Cis astaxanthin and especially 

9-cis astaxanthin exhibits a higher antioxidant 

activity in vitro compared to the all-trans isomer. 

Biochem. Biophys. Res. Commun., 2007, 357(1), 

187-

193.http://dx.doi.org/10.1016/j.bbrc.2007.03.120 

PMID: 17416351 

[7] Kamath, B.S.; Srikanta, B.M.; Dharmesh, S.M.; 

Sarada, R.; Ravishankar, G.A. Ulcer preventive 

and antioxidative properties of astaxanthin from 

Haematococcus pluvialis. Eur. J. Pharmacol., 

2008, 590(1-3), 387-

395.http://dx.doi.org/10.1016/j.ejphar.2008.06.0

42 PMID: 18602387 

[8] Augusti, P.R.; Quatrin, A.; Somacal, S.; 

Conterato, G.M.; Sobieski, R.; Ruviaro, A.R.; 

Maurer, L.H.; Duarte, M.M.; Roehrs, M.; 

Emanuelli, T. Astaxanthin prevents changes in the 

activities of thioredoxin reductase and 

paraoxonase in hypercholesterolemic rabbits. J. 

Clin. Biochem. Nutr., 2012, 51(1), 42-

49.http://dx.doi.org/10.3164/jcbn.11-74 PMID: 

22798712 

[9] Tanaka, T.; Makita, H.; Ohnishi, M.; Mori, H.; 

Satoh, K.; Hara, A. Chemoprevention of rat oral 

carcinogenesis by naturally occurring 

xanthophylls, astaxanthin and canthaxanthin. 

Cancer Res., 1995, 55(18), 4059-4064.PMID: 

7664280 

[10] Hussein, G.; Goto, H.; Oda, S.; Iguchi, T.; 

Sankawa, U.; Matsumoto, K.; Watanabe, H. 

Antihypertensive potential and mechanism of 

action of astaxanthin: II. Vascular reactivity and 

hemorheology in spontaneously hypertensive 

rats. Biol. Pharm. Bull., 2005, 28(6), 967-971. a 

http://dx.doi.org/10.1248/bpb.28.967 PMID: 

15930728 

[11] Hussein, G.; Nakamura, M.; Zhao, Q.; Iguchi, T.; 

Goto, H.; Sankawa, U.; Watanabe, H. 

Antihypertensive and neuroprotective effects of 

astaxanthin in experimental animals. Biol. Pharm. 

Bull., 2005, 28(1), 47-52. b 

http://dx.doi.org/10.1248/bpb.28.47 PMID: 

15635162 

[12] Gross, G.J.; Lockwood, S.F. Cardioprotection and 

myocardial salvage by a disodium disuccinate 

astaxanthin derivative (Cardax). Life Sci., 2004, 

75(2), 215-

224.http://dx.doi.org/10.1016/j.lfs.2003.12.006 

PMID: 15120573 

[13] El-Baz, F.K.; Hussein, R.A.; Abdel Jaleel, 

G.A.R.; Saleh, D.O. Astaxanthin-Rich 

Haematococcus pluvialis algal hepatic 

modulation in D-galactose-induced aging in rats: 



 H. F. Aly et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 3 (2022) 

 

 

488 

Role of Nrf2. Adv. Pharm. Bull., 2018, 8(3), 523-

528.http://dx.doi.org/10.15171/apb.2018.061 

PMID: 30276150 

[14] Abdo, S.M.; Ahmed, E.; El-Enin, S.A.; El Din, 

R.S.; El Diwani, G.; Ali, G. Growth rate and fatty 

acids profile of 19 microalgal strains isolated 

from river Nile for biodiesel production. J Algal 

Biomass, Utln, 2013, 4(4), 51-59. 

[15] Sarada, R.; Vidhyavathi, R.; Usha, D.; 

Ravishankar, G.A. An efficient method for 

extraction of astaxanthin from green alga 

Haematococcus pluvialis. J. Agric. Food Chem., 

2006, 54(20), 7585-

7588.http://dx.doi.org/10.1021/jf060737t PMID: 

17002425 

[16] Desoukey, S.Y.; El Kady, W.M.; Salama, A.A.; 

Hagag, E.G.; El-Shenawy, S.M.; El-Shanawany, 

M. Hepatoprotection and antioxidant activity of 

Gazania longiscapa and G. rigens with the 

isolation and quantitative analysis of bioactive 

metabolites. Int. J. Pharmacogn. Phytochem. Res., 

2016, 8, 1121-1131. 

[17] El-Naggar, M.E.; Samhan, F.A.; Salama, A.A.A.; 

Hamdy, R.M.; Ali, G.H. Cationic starch: Safe and 

economic harvesting flocculant for microalgal 

biomass and inhibiting E. coli growth. Int. J. Biol. 

Macromol., 2018, 116, 1296-

1303.http://dx.doi.org/10.1016/j.ijbiomac.2018.0

5.105 PMID: 29782981 

[18] El-Baz, F.K.; Hussein, R.A.; Saleh, D.O.; Abdel 

Jaleel, G.A.R. Zeaxanthin isolated from 

Dunaliella salina microalgae ameliorates age 

associated cardiac dysfunction in rats through 

stimulation of retinoid receptors. Mar. Drugs, 

2019, 17(5), 

290.http://dx.doi.org/10.3390/md17050290 

PMID: 31091726 

[19] Kale, O.E.A.; Wodele, O.; Akindele, A.J. 

Subacute and subchronic oral toxicity 

assessments of Acridocarpus meathmannii (DC.) 

root in Wistar rats. Toxicol. Rep., 2019, 6, 161-

175.http://dx.doi.org/10.1016/j.toxrep.2019.01.0

05 PMID: 30766799 

[20] Tanaka, W.; Yokoyama, D.; Matsuura, Y.; 

Nozaki, M.; Hirozawa, N.; Kunitake, H.; Sakono, 

M.; Sakakibara, H. Subchronic toxicity evaluation 

of leaves from rabbiteye blueberry (Vaccinium 

virgatum Aiton) in rats. Toxicol. Rep., 2019, 6, 

272-

278.http://dx.doi.org/10.1016/j.toxrep.2019.03.0

05 PMID: 30984564 

[21] Tiwari, R.K.; Singh, S.; Pandey, R.S. Assessment 

of acute toxicity and biochemical responses to 

chlorpyrifos, cypermethrin and their combination 

exposed earthworm, Eudrilus eugeniae. Toxicol. 

Rep., 2019, 6, 288-

297.http://dx.doi.org/10.1016/j.toxrep.2019.03.0

07 PMID: 30989054 

[22] Reitman, S.; Frankel, S. A colorimetric method 

for the determination of serum glutamic 

oxalacetic and glutamic pyruvic transaminases. 

Am. J. Clin. Pathol., 1957, 28(1), 56-

63.http://dx.doi.org/10.1093/ajcp/28.1.56 PMID: 

13458125 

[23] Belfield, A.; Goldberg, D.M. Determination of 

alkaline phosphatase activity (ALP). Enzyme, 

1971, 12, 561-

266.http://dx.doi.org/10.1159/000459586 PMID: 

5169852 

[24] Bartles, H.; Bohrnes, M.; Heirlis, C. 

Determination of creatinine methods. Clin. Chim. 

Acta, 1972, 37, 193-196. 

[25] Fawcett, J.K.; Scott, J.E. Determination of urea 

concentration methods. J. Clin. Pathol., 1960, 13, 

156-159.http://dx.doi.org/10.1136/jcp.13.2.156 

PMID: 13821779 

[26] Walter, M.; Gerade, H. A colorimetric method for 

determination bilirubin in serum and plasma. 

Microchem. J., 1970, 15, 231-

236.http://dx.doi.org/10.1016/0026-

265X(70)90045-7 

[27] Tinder, P. Determination of blood glucose using 

4-aminophenazone. J. Clin. Pathol., 1969, 22, 

246-250.http://dx.doi.org/10.1136/jcp.22.2.246-b 

[28] Gong, M.; Bassi, A. Carotenoids from 

microalgae: A review of recent developments. 

Biotechnol. Adv., 2016, 34(8), 1396-

1412.http://dx.doi.org/10.1016/j.biotechadv.2016

.10.005 PMID: 27816618 

[29] Ono, A.; Sekita, K.; Saitoh, M.; Umemura, T.; 

Ogawa, Y.; Furuya, T.; Kaneko, T.; Inoue, T. A 

13-week subchronic oral toxicity study of 

Haematococcus color. Kokuritsu Iyakuhin 

Shokuhin Eisei Kenkyusho Hokoku, 1999, 117, 

91-98.PMID: 10859939 

[30] Takahashi, J.; Tsukahara, H.; Minota, S. 

Toxicological studies of astaxanthin from 

Haematococcus pluvialis – Ames test, oral single 

dose and 90-days subchronic toxicity studies in 

rats. J. Clin. Therap. Med, 2005, 20, 867-881. 

[31] Stewart, J.S.; Lignell, A.; Pettersson, A.; Elfving, 

E.; Soni, M.G. Safety assessment of astaxanthin-

rich microalgae biomass: Acute and subchronic 

toxicity studies in rats. Food Chem. Toxicol., 

2008, 46(9), 3030-

3036.http://dx.doi.org/10.1016/j.fct.2008.05.038 

PMID: 18588938 

[32] Spiller, G.A.; Dewell, A. Safety of an astaxanthin-

rich Haematococcus pluvialis algal extract: a 

randomized clinical trial. J. Med. Food, 2003, 

6(1), 51-

56.http://dx.doi.org/10.1089/1096620037651847

41 PMID: 12804020 



 SAFETY OF ASTAXANTHIN-RICH FRACTION OF HAEMATOCOCCUS PLUVIALIS MICROALGAE.. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 3 (2022) 

 

489 

[33] Satoh, A.; Tsuji, S.; Okada, Y.; Murakami, N.; 

Urami, M.; Nakagawa, K.; Ishikura, M.; Katagiri, 

M.; Koga, Y.; Shirasawa, T. Preliminary clinical 

evaluation of toxicity and efficacy of a new 

astaxanthin-rich Haematococcus pluvialis 

Extract. J. Clin. Biochem. Nutr., 2009, 44(3), 280-

284.http://dx.doi.org/10.3164/jcbn.08-238 

PMID: 19430618 

[34] Uchiyama, A.; Okada, Y. Clinical efficacy of 

astaxanthin containing Haematococcus pluvialis 

extract for the volunteers at risk of metabolic 

syndrome. J. Clin. Biochem. Nutr., 2008, 43(1), 38-43

 


