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ABSTRACT 

\ A growing body of scientific literature indicates that astaxanthin is a more powerful aritiox- 
idant than other carotenoids and vitamin E and may confer numerous health benefits. The 
purpose of this investigation was to conduct a human safety s&rdy with a Haematococcus plu- 
oialis algal extract with high levels of astaxanthin. Thirty-five healthy adults age 35-69 years 
were enrolled in a randomized, double-blind, placebo-contro&d trial of 8 weeks’ duration. 
All participants took three gelcaps per day, one at each meal. Nineteen participants received 
gelcaps with an algal extract in safflower oil? containing ‘2 mg of &axantW each (treatment); 
16 participants received gelcaps containing safflower oil only (placebo). .Blood pressure and 
blood chemistry tests, including a comprehensive metabolic panel and cell blood count, were 
conducted at the beginning of the trial and after 4 and 8 weeks of suppIementation. No sig- 
nificant differences were detected between the treatment and the placebo groups after 8 weeks 
of supplementation with the algal extract in the parameters tilyzed, except for serum cal- 
cium, total protein, and eosinophils W  C -011. Although the differences in these three param- 
eters were statistically significant, they were very small and are of no clinical importance. 
These results reveal that 6 mg of astaxanthin per day from a H. pZuviuZis algal extract can be 
safely consumed by healthy adults. 

I lWRODUCIT0N 

A ~TAXANWIN IS A CAROTENOID that iS COm- 
mon in the marine environment and is 

found in highest concentrations in Haematococ- 
cus pluuiulis (10,00&40,000 mg/kg) and in the 
flesh of various salmon species (l-58 mg/kg).r 
A. number of animal and cell culture studies 
have reported ‘that astaxanthixi shows antioxi- 
dant activity that is 10 times greater than that 
ofother carotenoidssuchaszeaxanthin,lutein, 
canthaxanthin, and @aroten$ and 500 times 
greater than that of vitamin E.3t4 

Animal and cell culture studies have also in- 
dicated that astaxanthin can be protective 

against several kinds of oxidative damage and 
may have be&i&I health effects. These in- 
clude protection from ultmviolet light-induced 
skin damage and certain cancers, amelioration 
of age-related macular degeneration, increased 
high-density lipoproteins (HDL) and decreased 
low-density lipoproteins (LDL), and enhance- 
ment of the immune system.a-*2 

The consumption of H. phmiz~is has never 
been associated with any toxicity in the re- 
ported literature. In addition, a number of an- 
imal studies have revealed no adverse effects 
of ingestin 
g/kg/day.’ !? 

doses ranging from 5 to 18 
In the United States, H. pluvialis 

was reviewed and cleared for marketing by the 

&MI Research and Studies Center, Los Altos, CA, USA. 
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Food and Drug Administration {FDA) in Au- 
gust 1999 as a new dietary ingredient by means 
of the DSHEA (21 CFR Part 190.6). However, 
no human safety study has yet been conducted. 
We tested the safety of an H. pluztialis algal ex- 
tract containing astaxanthin on healthy adultsi 
at a dose of 6 mg astaxanthin per day. 

MATERIALS AND METHODS 

Pirticipants 

Forty-four healthy men and women (age 35-69 
years) were initially recruited in the San Fran- 
cisco Bay Area through,local advertisements. 
The study protocol was approved by an inde- 
pendent investigational review committee and 
was explained to each subject, who then signed 
an @ formed consent. Of the 44 participants en- 
rolled, 35 completed the study, and 9 left the 
study for reasons unrelated to the product. 

Study design 

The participants were randomly divided into 
two equal groups, and both the subjects and 
the principal investigator were blinded to 
which group received the algal extract and 
which received the placebo. All participants 
took three gelcaps per day, one with each meal, 
for 8 weeks. After 9 participants left the study, 
19 received the algal extract and 16 received the 
placebo. The composition of the gelcaps with 
the algal extract was as follows: 460 mg high- 
oleic safflower oil; 40 mg H. phvialis algal ex- 
tract, containing a minimum of 2 mg astaxan- 
thin and 35 pg lutein; and approximately 0.4 
mg rosemary oil to enhance stability (500 mg 
total contents). The placebo gelcap contained 
500 mg high-oleic safflower oil. The gelcaps 
were manufactured in such a manner that it 
was not obvious to either the investigator or 
the subje& which contained the algal extract 
and which contained the placebo. 

SPILLER AND DEWJZLL 

Blood samples were obtained at the begin- 
ning of the trial and after 4 and 8 weeks of treat- 
ment. Blood pressure and blood chemistry 
tests, induding a comprehensive metabolic 
panel and blood cell count, were performed 
with standard clinical laboratory methods. 
Blood pressure was measured three times, at 
week 0,4, and 8, and the results were averaged. 

Statistical analysis 

Data were analyzed by the two-tailed paired 
t test at the P  C .05 level of significance..All re- 
suits are reported as mean it SD. The main 
comparisons were made between the treatment 
an4 the pIacebo groups at the beginning of the 
trial and after 8 weeks of treatment. 

RESULTS 

The baseline characteristics of the partici- 
pants are presented in Table 1. Subjects in the 
treatment group, did not significantly differ 
from those in the placebo group in age, weight, 
or height. 

The results of the blood chemistry and blood 
pressure analyses are shown m  Table 2 (meta- 
bolic panel), Table 3 (blood cell count), and 
Table 4 (blood pressure). No significant differ- 
ences were detected between the treatment and 
the placebo groups in blood pressure, meta- 
bolic markers, or blood cell count at the begin- 
ning of the trial (P c .05). After 8 weeks of sup- 
plementation with the algal extract, there were 
no significant differences between the two 
groups, except for &erum calcium, total serum 
protein, and e&inophils (P < .Ol). These dif- 
ferences, however, were very small and repre- 
sented a 0.3 mmol/L deference in serum cal- 
cium, a 3 g/L difference in total sex&n protein, 
and a 0.01 difference in eosinophils. Although 
statistically Significant, they carry little or no 
clinical importance. 

TAELE 1. BASELINE CHARACTERISTICS OF THE SUBJECTS (MEAN 2 SD) 

characteristic Treatment group tn = 29) Plac&o group (n = 26) 

Age tyx> 58 2 9 55 t 8 
weight 0%) 79 2 14 77 -c 16 
Height (an) 172 2 10 170 -c 9 
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TABLE 2. BLQOD CELL COUNT AT 0, 4, AND 8 WEEKS (MEAN L SD) 
e - 

Parameter Treakwtt group (n = 19) Placebo group In = 161 - 
White blood cells (WBC) (n x ZO12/L) 

0 we&s 6.0 rt 1.6 
4 weeks 6.1 z 1.4 
8 weeks 6.2 f: 1.5 

Real blood cells (RBC) (n x 10’z/L) 
oweeks 4.9 c 0.5 
4 weeks 4.7 t 0.9 
8weeks 5.0 + 05 

Hydk&in 0 @mol/L) 
226 -c 023 

4w& 229 c 0.22 
dW&S 2.26 c 02a 

Hematocrit (HCT) 
0 weeks 0.45 -c 0.04 
4 weeks 0.44 4 0.04 
a weeks 0.45 f 0.04 

M~~~~uscular value (MCV) (fL) 
93 2 6 

4 weeks 91 -c 6 
8 weeks 91 2 6 

M;~~yscular hemoglobin (?&&Q&J@ 

4 weeks 30:7 : 26 
8 weeks 29.6 2 1.9 

Mean corpuscular hemoglobkr concentration (MCHC) 
0 weeks 0.32 -c 0.01 
4 weeks 0.34 -c 0.01 
8 weeks 0.32 2 0.01 

Platelets (n X f09/L) 
0 weeks 272 -c 60 
4 weeks x57%49 
8 weeks 265259 

NBltrophils 
0 weeks 0.53 c 0.07 
4 weeks 0.55 t 0.06 
8 weeks 0.55 rt 0.06 

Absolute, neutrophils (n X 1012/L) 
OW&S 32 -c 1.0 
Qweeks 3.4 2 1.0 
8 weeks 3.4 c 1.0 

LT?$:y 0.36 rf: 0.06 
4weeks 0.34 22 0.04 
8 weeks 0.34 -c 0.05 

Ab”$&ymphocyt~ (n x 1012/L) 
21 t 0.7 

,4 weeks 21 2 OS 
8W&S 2.1 r 0.5 

M-=Y- 
0 weeks 0.08 2 0.02 
4 weeks 0.08 It: 042 
8weeks 0.08 h 0.02 

Absolute monocytes (n x 10x2/L) 
oweeks 0.5 2 0.1 
4 weeks 0.5 h 0.1 
a weeks 0.!5 ” 02 

Y?i2c 0.03 d 0.01 
4 weeks 0.03 2 0.01 
a weeks 0.03 ,f 0.01 

5.9 2 1.2 
5.8 2 1.0 
6.1 C 1.0 

5.0 i- 0.0 
5.0 -c 3.0 
8.0 2 21.0 

3.08 2 3.02 
2.45 f- 0.60 
2.45 ct 0.7 

0.56 z 0.40 
0.45 -c 0.03 
0.45 2 0.03 

9423 
93 rt 3 
92 r?r 3 

30.4 t x.3 
30.8 d 12 
30.0 ?I; 1.3 

0.32 f 0.01 
0.33 2 0.01 
0.33 t 0.01 

248248 
240235 
235232 

0.54 t 0.10 
0.55 -f: 0.09 
0.55 2 0.09 

3.3 -t 1.3 
3.2 ” 0.9 
3.4 2 1.0 

0.35 2 0.09 
0.33 + 0.09 
0.34 3: o.aa 

2.0 2 03 
1.9 2 0.5 
20 ;r 0.4 

0.08 d 0.02 
0.08 i 0.M 
0.08 2 0.02 

0.5 z!E 0.1 

is ” “d: ” . 

oix3 +- 0.02 
O-03 2 0.02 
0.04 ,c 0.01 

(Continued) 
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TABLE 2 BLOOD CELL COUNT AT 0,4, AND 8 WEEKS (MEAN 2 SD) (CONT’D) 

Parameter Treatment group tn = 29) Prpcebo group (n = 16) 

Absolute eosinophils (n X 1012/L) 
oweeks 02 f 0.1 b.2 2 0.1 
lweeks 0.2 f 0.1 0.3 t 0.5 
8 weeks 0.2 t: 0.1 0.2 4 0.1 

Basophib 
0 weeks 0.00 1 0.00 0.00 " 0.00 
aweeks 0.00 -c 0.00 o.ao rt 0.01 
8weeks 0.00 t: 0.00 o.ao -t 0.00 

Absolute basophiis (n X 1O’2/L) 
a w&s a.00 z 0.00 0.00 f 0:oo 
4weeks 0.00 2 0.00 0.00 2 0.00 
dW&S 0.00 2 0.00 0.00 2 0.00 

Pilrameif?Y 

TABLE 3. METABOWC PANEL AT 0,4, AND 8 WEEKS (MEAN 2 SD) 

Treatment grasp Cn = 291 PIacebo group (n = 161 

5.7 rt 0.6 5.7 4 0.4 
4weelcs 5.6 r 0.7 5.4 2 0.5 
8weeks 5.6 t 0.6 5.5 t 0.3 

Bbod urea nitrogen (BUN) (mmol/L) 
5.7 c 1.4 6.4 t 1.4 Oweeks - 

4weeks 
Sweeks 

Creathine &mol/ L} 
0 weeks 
lweeks 
8weeks 

so~~&mol/L) 

lweeks 
8weeks 

Pcy&u$ (mmol/L) 

4weeks 
8weeks 

Cyowy;lmmouL’ 

4weeks 
dweeks 

Calcium (mmol/L) 
0 weeks 
4weeks 
8weeks 

C;p&wide (mmol/L)’ 

4weeks 
8week.s 

T'$a.brzh (g/L) 

4wede 
Bweeks 

Al~Immix-t~$+W 

4weeks 
dweeks 

6.0 t 1.4 
5.7 rfr 1.4 

5.7 -t 1.8 
5.4 rt 2.1 

88 f 18 
88 2 26 
88 ,t 26 

88 2 18 
106 k,9 

97 If: 9 

14252 
142k2 
143 iz 3 

141 + 2 
143 z 2 
142 r!z 3 

4.8 -c 0.5 
4.7 2 0.5 
4.7 f: 0.3 

105 c 2 
IO412 
104 2 3 

4.7 c 0.4 
4.6 ‘c 0.3 
4.5 rt 0.4 

105 -c 3 
97 It 26 

103 -t 4 

9.8 2.0.3 
9.7 2 0.2 
9.4 + 0.4 

9.6 f 0.3 1 
9.5 t 0.3 
9.1 c 0.3 

24 -c- 2 
27 ‘c 2 
24 2 3 

74 z?z 6 

2311 
27k2. 
.&3 ;t 2 

73 -c 3 
71 -c 3 
M-c3 

4.3 2 0.3 
4.5 2 0.3 
4.4 rt 0.3 

4.4.2 0.2 
4.6 '- 0.3 
4.4 2'0.2 

(continued) 
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TABLE 3. (CONT’D) 

Parameter Tivafment group (n = 19) Plncebo group (n = 16) 

%Wtidg/dLI 
3.0 4 0.5 2.9 2 0.3 

4 weeks 2.8 -t 0.4 2.5 2 0.3 
8weeks 2.8 ” 05 2.6 f 0.2 

Al~w$~globulin ratio 1.5 If: 0.3 .s.5 r: 0.2 
4 weeks 1.7 It 0.3. 1.9 2 0.3 
8 weeks 1.6 rt 0.3 1.7 2 0.2 

Total bilirubii (pmol/L) 
OW& 14 j: 9 12 2 5 
4 weeks 12 2 7 14 2 5 
8weeks 10 4 7 12 + 5 

~wti&phospha” (U/L) 69 2 12 
4 weeks 73. 2 14 fg25 
8 weeks 66 2 19 61 I 19 

Atyaw~~aminotransferase (AST) (U/L) 21 2 4 19 -c 6 
4weeks 2224 18 ” 4 
8 weeks 21 2 4 20 t 6 

~nininnino&3nsferaSe (AST) (U/L) 20 2 10 21 2 15 
4 weeks 22 f 11 18 2 7 
8 weeks 19 c 8 19 2 8 

Cyiitininase (U/L) 101 c 42 102 2.53 
2wedcs 109 2 46 104 It 46 
4 weeks 98 z 36 94 rt 41 

- 

DISCUSSION 

This study was conducted to test the safety 
of ingesting an astaxanthin-rich product de- 
rived from H. pZuzlia2is in healthy adults. After 
8 weeks of supplementation with 6 mg/day of 
astaxanthin, no significant physiological dif- 
ferences were detected in blood pressure or 
serum safety markers between the participants 
receiving the extract and those receiving the 
placebo. This amount of extract is comparabJe 
to the average astaxanthin level that can be ob- 

tained by consuming 0.25 kg of different 
salmon species 51.3 mg from Atiantic salmon to 
10 mg from sockeye salmon).’ 

To OUT knowledge, there are no published 
data on the safety of an astaxanthin-rich prod- 
uct in human subjects. A number of standard 
toxicity and safety studies have been con- 
ducted on rats with doses ranging from 5 to 18 
g of H. pluvialis per kilogram body weight per 
day. These studies showed no adverse clinical 
signs, behavioral alterations, weight changes, 
or mortalities in the test animal~.~~ 

TABLE 4, BLOODPESSURE STUDIESATO,~, ANDS WEEKS (MUUJ 2SD) 
- 
Pai~ameter Treatment group h = 19) Placebo group (n = 161 
- 

A;ygtz;ystoic (= Hg) 118 i 12 118 rr 16 
4 weeks 117 r 13 115 z!z 10 
8 weeks m-t14 116 If 12 

A~~g~iastolic (mm Hg) 76 t 11 70 s 10 
Bweeks 76 If: 10 73 Et 7 
8 weeks 77 rt 10 73 r?: 10 

- 
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A growing body of literature has revealed 
v that astaxanthin possesses potent antioxidant 

activit 
fit~.~~ P  

and may have numerous health bene- 
Although astaxanthin has been mar- 

keted in the United States and in Europe for 
many years and has never been reported to 
cause toxicity, it is important to establish its 
safety. Our fiqdings show that, at doses of 6 
mg/day, healthy adults can safely consume as- 
taxanthin taken in the form of a N. pluviaris al- 
gal extract. Further investigations are needed 
to confirm these results inlarger-scale clinical 
trials, as well as in subjects with specific clini- 
cal con&tions that could benefit from a high- 
astaxanthin intake. 
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