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Abstract

Astaxanthin is a keto carotenoid found in many crustaceans and microorganism especially in
Haematococcus pluvialis. Astaxanthin was encapsulated with liposomal substances. The objective of the
study was to investigate the acute and sub-acute toxicity of encapsulated and non-encapsulated
astaxanthin. The test samples in the range of 250, 500 and 1000 mg/g bw was taken. Each group consists
of 5 animals. No deaths occurred and no treatment-related changes were observed in the detailed clinical
observations, manipulative tests, hematology, blood chemistry, organ weight, but some changes like grip
strength, motor activity, body weights, food consumption and histopathology was founded. Body color
changes were also found in higher dose of both encapsulated and non-encapsulated astaxanthin. Based on
this results, it was concluded that the 250 mg/kg bw has no side effect when compared to 500 and 1000
mg/kg bw in acute toxicity study. Further, in sub-acute toxicity all the dose like 20, 40 and 80 mg/kg bw
shows no adverse effect. Hence, the dosage for anticancer study can be fixed at 20 mg/kg bw
respectively.
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Introduction

Astaxanthin (Ax) is a fat-soluble compound classified into xanthophyll’s that are oxygenated
derivatives of carotenoids. In nature, Ax is a naturally-occurring red pigment and is widely
found in microorganisms (e.g., bacteria, microalgae, yeast), crustaceans (e.g., lobster, krill,
shrimp), fish (e.g., salmon, trout) and some birds (e.g., flamingo, quail) ™. The ultimate
producers of oxy carotenoids however are photosynthetic or microbial species that can be
found in the aquatic environment (e.g., algae) or as terrestrial plants and microorganisms.
Although we recognize the presence of astaxanthin by its red or orange color, its cellular
biochemical role is thought to be based on the powerful antioxidant characteristics of this
molecule @,

Astaxanthin can exist as several stereoisomers since the molecule has two chiral centres at
carbons 3 and 3°. Both chiral centres can exist in either the R or S form and there are four
possible stereo (or optical) isomers: SS, RS, SR, or RR. Astaxanthin can also be present in
cells in a free form or esterified to certain fatty acids Bl Astaxanthin produced by the algae
Heamatococcus pluvialis is esterified and in the 3S, 3’S form, whereas that produced by the
yeast Phaffia rhodozyma is non-esterified. Synthetic astaxanthin is used extensively worldwide
as a colouring agent in salmon aquaculture and it is a racemic mixture of all optical isomers
and in the non-esterified form [4,

Chemically synthesized astaxanthin has been mainly used as color additives for fish and
shrimp due to the benefit of the large scale and low coat productions. Therefore, astaxanthin
produced by chemical synthesis approach as an aquaculture use for decades [l. Several studies
in animals and humans have shown that astaxanthin possesses antioxidant properties [ and a
wide variety of biological activities, including anti-inflammatory [l, anticancer ! and ocular
and heart hypertension protective effects [l Thus, the objective of the present study is to
investigate the acute and sub-acute toxicity of non-encapsulated astaxanthin and liposomal
encapsulated astaxanthin.

Materials and Methods

Experimental Animals

Swiss Albino mice (20-25 g) were used for acute and subacute toxicity study. These animals
were kept in polypropylene cages and were maintained at a temperature of 22°C £ 2°C with a
relative humidity of 60% = 10%. They were fed with standard animal diet and water ad
libitum. Animals were acclimatized to laboratory conditions before the test. Each cage
contained 5 mice of the same sex with a bedding of husk, and 12-hour light/dark cycles were
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provided. Experiments were designed and conducted in
accordance with ethical norms approved by Institutional
animal ethical committee IAEC No: 05/321/PO/Re/S/01/
CPCSEA Dated 12/10/2018.

Test samples used for toxicity study
A. Non-encapsulated astaxanthin: Astaxanthin was
purchased from Rudra Bio ventures Pvt Ltd, Bangalore.

B. Preparation of liposome encapsulated astaxanthin

The method for production of liposome-encapsulated
astaxanthin was done as follows: L- phosphatidylcholine
(0.04 g/ml of DMSO) and cholesterol (0.01 g/ml of DMSO)
were liquefied in 5 mL of mixed solvent of
chloroform/methanol (2:1 v/v). To the above mixture, an
appropriate  amount of astaxanthin was added. Lastly,
concentration of astaxanthin was made to 1.0 mM. This
solution was ultra-sonicated and concentrated under decreased
pressure to totally drive off the organic solvents until a
membranous product formed on the inner wall of the
concentrator. The desiccation process was done for another 2
hours in vacuum drier. The product membrane was dissolved
in 15% of ethanol/double distilled water. The solution was
sonicated for 30 min with a probe Sonicator. The dispersal
was filtered through a 0.2-um membrane. The filtrate was
Iyophilized to obtain Liposome- encapsulated Astaxanthin [0,

Acute oral toxicity studies

Acute oral toxicity study was performed as per the guidelines
of Organization for Economic Co-operation and Development
(OECD, 425) M1, Healthy young mice were selected and
divided into seven groups; each group consists of five
animals. Totally thirty five animals were used for acute oral
toxicity studies. The both non-encapsulated and encapsulated
astaxanthin was given separately in various doses (250, 500,
1000 mg/kg) by oral route.

Group 1 (control): animals were administered orally with
vehicle (normal saline).

Group II: administered 250 mg/kg body weight of non-
encapsulated astaxanthin

Group IlI: administered 500 mg/kg body weight of non-
encapsulated astaxanthin

Group 1V: administered 1000 mg/kg body weight of non-
encapsulated astaxanthin

Group V: administered 250 mg/kg body weight of
encapsulated astaxanthin

Group VI: administered 500 mg/kg body weight of
encapsulated astaxanthin

Group VII: administered 1000 mg/kg body weight of
encapsulated astaxanthin

After administration of the test samples, the animals were
observed continuously for the first 30 min, then for the 24
hours, with special attention during the first 4 hour and daily
thereafter for a total of 14 days to detect changes in skin and
fur, eyes, mucous membranes, respiratory, circulatory,
autonomic and central nervous systems and for behavioural
pattern. On 15th day animals were anaesthetized, blood was
collected from the mice for haematological and biochemical
analysis.

Subacute toxicity studies

The sub-acute oral toxicity study was conducted according to
the guidelines of the Organization for Economic Co-operation
and Development (OECD, 407) 12, Thirty five animals were
used for subacute toxicity studies. The mice were divided into
seven groups; each group consists of five animals.

Group | (control): animals were administered orally with
vehicle (normal saline).

Group II: administered 20 mg/kg body weight of non-
encapsulated astaxanthin

Group I1I: administered 40 mg/kg body weight of non-
encapsulated astaxanthin

Group IV: administered 80 mg/kg body weight of non-
encapsulated astaxanthin

Group V: administered 20 mg/kg body weight of encapsulated
astaxanthin

Group VI administered 40 mg/kg body weight of
encapsulated astaxanthin

Group VII: administered 80 mg/kg body weight of
encapsulated astaxanthin

The test samples based on above dosage were given orally for
28 days. Animals were observed for signs and symptoms,
behavior alteration. During the treatment period food
consumption and water intake for all the groups were
observed from day 1 to 28 days.

Serum Isolation and Hematology

On 29th day, the overnight fasted rats were anaesthetized with
diethyl ether inhalation in a jar containing cotton soaked with
diethyl ether. Then blood samples were withdrawn from retro-
orbital sinus and the collected blood samples were evaluated
for hematological parameters [*¥1 viz. red blood cells (RBC),
white blood cells (WBC), hemoglobin (Hb), platelet count,
packed cell volume (PCV), differential count, Mean Platelet
Volume (MPV), mean corpuscular volume (MCV), mean
corpuscular  hemoglobin  (MCH), Mean Corpuscular
Hemoglobin Concentration (MCHC) and non-heparinized
tube from which serum was isolated by centrifugation at 3000
rom for 10 minutes and used for biochemical estimations [*+
20 viz. Cholesterol, triglycerides, VLDL levels SGOT, SGPT,
ALP, total bilirubin, total protein, albumin, globulin, urea,
uric acid and creatinine. Biochemical investigations were
carried out in an auto analyzer.

Organ Weight and Histopathology

Animals were sacrificed under mild ether anesthesia. After
sacrifice, organ weights (liver, kidney, spleen) were recorded.
Vital organs like Liver, kidneys and spleen were excised from
the anesthetized animal, rinsed in 0.9% saline. Tissue pieces
were fixed in 10% paraformaldehyde for paraffin histology
and processed in paraffin embedding as per the standard
protocol. Sections of each tissue were stained with
hematoxylin and eosin, and observed for possible
histopathological damages.

Statistical analysis

The values were expressed as mean = SEM. Statistical
analysis was performed by one way analysis of variance
(ANOVA) followed by Tukey multiple comparison tests. P
values < 0.05 were considered as significant.

Results

Acute toxicity studies

When certain tests were conducted in mice with different dose
of 250, 500 and 1000 mg/kg bw of both non-encapsulated and
encapsulated astaxanthin, no mortality was observed. Test
animals were observed with special attention for first 30 min
to 4 hours. Observations were recorded at regular time
intervals throughout the study period i.e. 14 days. Results are
as follows:
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Table 1: Behavioral signs of acute oral toxicity (Encapsulated astaxanthin)

Group Control 250mg/kg 500 mg/kg 1000 mg/kg
Body weight Normal Normal Reduced Reduced
Assessments of posture Normal Normal Normal Normal
Signs of Convulsion Limb paralysis Normal Absence of sign (-) | Absence of sign (-) Absence of sign (-)
Body tone Normal Normal Reduced Reduced
Lacrimation Normal Normal Normal Normal
Salivation Normal Absence Absence Absence
Change in skin color NS color change | NS color change Change in skin color | Change in skin color
Piloerection Normal Normal Erect Erect
Defecation Normal Normal Normal Normal
Sensitivity response Normal Normal Normal Normal
Locomotion Normal Normal Slow Slow
Muscle gripness Normal Normal Normal Normal
Rearing Mild Normal Slow Slow
Urination Normal Normal Normal Normal
Table 2: Behavioral signs of acute oral toxicity (Non- Encapsulated astaxanthin)
Group Control 250mg/kg 500 mg/kg 1000 mg/kg
Body weight Normal Normal Reduced Reduced
Assessments of posture Normal Normal Normal Normal
Signs of Convulsion Limb paralysis Normal Absence of sign (-) | Absence of sign (-) Absence of sign (-)
Body tone Normal Normal Reduced Reduced
Lacrimation Normal Normal Normal Normal
Salivation Normal Absence Absence Absence
Change in skin color NS color change NS color change Change in skin color | Change in skin color
Piloerection Normal Normal Erect Erect
Defecation Normal Normal Normal Normal
Sensitivity response Normal Normal Normal Normal
Locomotion Normal Normal Slow Slow
Muscle gripness Normal Normal Normal Normal
Rearing Mild Normal Slow Slow
Urination Normal Normal Normal Normal

The body weight and body tone of test animals of both control
and 250 mg/kg of encapsulated and non-encapsulated
astaxanthin were found to be normal whereas other treated
group at 500, 1000 mg/kg bw concentration were decreased
progressively throughout the study period as shown in Table 1
and 2. Behavioral observation of the test animals after dosing
showed that Assessment of posture, lacrimation, and
defecation, sensitivity of response, muscle gripness and

urination was to be normal for both test and control group.
Salvation was normal in control but absence in test group of
both encapsulated and non-encapsulated astaxanthin. Signs of
convulsion was normal in control where as it is absence in test
group of both the drug. A change in skin color was not seen in
control and 250 mg/kg bw of test sample however changes
occur in 500 and 1000 mg/kg bw of test samples.

Table 3: Changes found during acute toxicity studies: Encapsulated astaxanthin

Dose 1/2|3|4|5|/6|7(8]9]10 |11 |12 |13 |14 |15 |16 |17 |18 |19 | 20

Control +l- -+ -]+ -]-]-] - - - - - - - - - N N

250 mg/kg + -] -+ -+]-]-]-] - - - - - - - - - R R

500 mg/kg - - +|-+]-1-]- - - - - - - - - B N N

1000 mg’kg - -] - -] - - - - - - - - - N N

Table 4: Changes found during acute toxicity studies: Non- encapsulated astaxanthin

Dose 1 /2 [3|4|5|6|7|8]9]10 |11 |12 ]| 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20
Control + | - -+ -+ - - - - - - - - - - - - - R
250mg/kg + | - |-+ |-+ -]-]- - - - - - - - - - - B
500mg/kg - -l -+ -+ - - - - - - - - - - - - - N
1000mg/kg - -l - - -] -]+ - + - - - - - + - -

1. Alertness 2. Aggressiveness 3. Pile erection 4.

Grooming 5. Gripping 6. Touch Response 7. Decreased Motor Activity 8. Tremors 9.

Convulsions 10. Muscle Spasm 11. Catatonia 12. Muscle relaxant 13. Hypnosis 14. Analgesia 15. Lacrimation 16. Exophthalmos 17. Diarrhea

18. Writhing 19. Respiration 20. Mortality

Based on Table 3 and 4, Behavioral changes of the test animal
after dosing showed alertness for control and 250 mg/kg bw
whereas it was negative for 500 and 1000 mg/kg bw of test
samples. Aggressiveness, Gripping, Tremors, Muscle spasm,
Muscle relaxant, Hypnosis, Analgesia, Lacrimation,

Exophthalmos, Diarrhea and Respiration was normal during
studies. At 1000 mg/kg bw of encapsulated astaxanthin
decreased motor activity was found to be presence. Similarly,
at 1000 mg/kg bw of non-encapsulated astaxanthin
Convulsion, Catatonia, Writhing was seen.
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Water Intake of Swiss Albino mice: Encapsulated Astaxanthin (E) and
Non-Encapsulated Astaxanthin (NE)

§ 10 -
EP
2l
£
5
Z 4
2
0
Day 1 Day 7 Day 14
= Control 6.5 6 6.4
E250E 7.4 7.6 7.9
ES00E 7 6 6
1000 E 6 6 6.5
m250NE 6.2 6.3 6.4
ES00NE 5.6 5.8 5.2
= 1000 NE 6.8 6 4
Graph 1: Water intake measured during acute studies
P Food Intake by Swiss Albino mice: Encapsulated Astaxanthin (E) and
e 5 Non-Encapsulated Astaxanthin (NE)
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0
Day 1 Day 7 Day 14
= Control 3.56 3.6 3.61
E250E 3.42 3.3 3.22
=500E 4.1 4 4
1000 E 4.4 3.8 3.8
m250NE 4.6 4.2 3.1
ES00NE 4.8 4 3.2
= 1000 NE 4.4 3.4 2.8

Water and food consumption

Graph 2: Food intake measured during acute studies

of mice were continuously

consumption was observed for both the control and drug

monitored, where there is no significant change in treated groups (Graph 1 and 2).
BIOCHEMICAL PARAMETERS
300
250
o 200 = Control
é 150 - =E- 250 mg/ml BW
100 = E 500 mg/ml BW
50 4 =E- 1000 mg/ml BW
0- u NE- 250 mg/ml BW
@@&@ﬁ@@@@ éé@ S & @‘&@‘:}? & A ‘&;@ ® NE- 500 mg/ml BW
vy W w@*z‘ @w‘ka&?@*&& s"@ié&,@&@&&\ # NE- 1000 mg/ml BW
q‘,\* S » c}@\@ &S
& C
Parameters with units

Graph 3: Biochemical Parameters in blood of Swiss albino mice group exposed to Encapsulated and Non-encapsulated astaxanthin

test samples shows higher amount of biochemical compounds.
The results were interpreted in Graph 3. No significant
changes was observed in AST, ALT & ALP of tested animals
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when compared with the normal control group. Also no levels of treated group animals when compared with control
significant alteration observed in creatinine, urea and uric acid group animals.

Table 5: Hematological parameters of Swiss albino mice group exposed to encapsulated and Non-encapsulated astaxanthin

Parameters with Units |Control group Encapsulated Non-Encapsulated
250 mg/kg bw |500 mg/kg bw|1000 mg/kg bw|250 mg/kg bw|500 mg/kg bw|1000 mg/kg bw
Hb (g/dI) 11.2+0.257 | 11.5+0.643 | 120+0.301 | 12.8+0.312 | 11.2+0.203 | 11.4+0.647 | 11.9+0.492
Total RBC (x10%/mm? 7.25+0.065 | 7.31£0.163 | 7.45+0.601 | 8.10+0.843 | 7.28+0.031 | 7.35+0.261 | 7.89 +0.521
MCV (FI) 42.3+0.106 | 44.1+0.031 | 45+0.217 | 45.21+0.654 | 42.4+0.006 | 43.1+0.301 | 43.8+0.322
MCHC (g/dI) 33+0.751 | 342+0.937 | 348+0.632 | 353+0.523 | 33.1+0.246 | 33.5+0.341 | 34.1+0.352

Platelet Count (x10%/ mm®) | 4.31+0.642 | 4.78+0.526 | 5.01 +0.561 | 5.23+0.024 | 4.34+0.135 | 4.41+0.413 | 4.89+0.649
WBC count (x10% mm?®) | 6.78+0.033 | 7.01+0.962 | 7.21+0.753 | 7.89+0.453 | 6.89+0.049 | 7.12+ 0511 | 7.25+0.931

Neutrophils (%) 13 +0.897 14 + 0.453 15+ 0.153 15+ 0.023 14 + 0.065 15+0.611 15+0.923
Lymphocytes (%) 83+0.231 83 +0.025 83 +£0.756 84 +0.257 82 +0.642 83 + 0.357 83 +£0.616
Monocytes (%) 2+0.454 2+0.951 1+0.425 1+0.152 2+0.157 1+0.642 1+0.535
Eosinophils (%) 2+0.245 1+0.520 1+0.152 1+0.953 2+0.315 1+0.044 1+0.133
MCH (Pg) 15.8 £ 0.325 16+0920 | 16.2+0.502 | 17.0+0.025 | 16.1+0.064 | 16.8+0.666 | 17.5+0.543
HCT (%) 33.1+0.064 | 33.8+0.620 | 34.3+0.530 | 35.1+0.423 | 341+0.032 | 349+0.946 | 35.3+0.455

The results of hematological investigations (Table 5) MCV, MCH, MCHC of treated groups when compared with
conducted on day 15th day for acute toxicity study revealed the control mice.

no substantial changes was found in the values of RBC,

WBC, Hb, platelet count, PCV, differential count, MPV, Sub-Acute Toxicity

Body weight observation: Encapsulated Astaxanthin (E) and Non-
Encapsulated Astaxanthin (NE)
-
= 35
= 30
T 25
2 20
§ 15
g 10
=]
0 Control 20E 40E S0E 20 NE 40 NE 80 NE
"Day 1 30.6 282 26.6 284 26.2 22.4 28.6
uDay 7 204 227 21.3 226 25.7 20.3 24.6
Day 14 28.7 28.4 20.4 21.6 23.6 19.2 21.4
Day 21 28.6 211 18.1 17.2 23 18.2 18
® Day 28 207 20.4 17.7 14.12 2241 14.4 12
Graph 4: Body weight observations during Sub-acute studies
Body weight of test mice were observed after the dosage considered to be a toxic dose. From Graph 4, it is concluded
given at different concentration of drug samples (20, 40 and that except control group, the body weight of the test animals
80 mg/kg bw). Loss in body weight is frequently the first tends to decreases slowly from day 1 to day 28 which may be
indicator of the onset of an adverse effect. A dose, which due to lower intake of food and water.

causes 10% or more reduction in the body weight, is

Water Intake by Swiss Albino mice: Encapsulated Astaxanthin (E)
and Non-Encapsulated Astaxanthin (NE)
B
g
g
s 10
E
8
- 5
=
]
2 0
Control | 20E 40E S0E 20 NE 40 NE 80 NE
= Day 1 6.5 55 5.7 31 12.1 13.1 14.1
uDay 7 6 5.4 4.3 3.2 12.8 123 14.2
Day 14 85 57 51 2.4 10.6 111 10.4
Day 21 9 55 3.4 2.2 10.2 10.4 2.6
mDay28 6.5 5.9 3.4 1.64 9.4 10.4 8.8

Graph 5: Water intake measured during sub-acute toxicity
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FoodIntake by Swiss Albino mice: Encapsulated Astaxanthin (E)
and Non-Encapsulated Astaxanthin (NE)
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=Day 7 18.5 17.3 12.2 12.2 12.8 12.3 14.2
Day 14| 19.5 14.1 10.2 13.6 10.6 1.1 10.4
Day21| 185 13.4 19.4 122 10.2 10.4 9.6
EDay28 17 12.6 11.2 10.1 9.4 10.4 8.8
Graph 6: Food intake measured during Sub-acute toxicity
Measured quantities of water and feed were supplied daily for hopper. The data for food and water consumption is given in
each animal. The consumption of water and food was Graph 6. There was no significant change in food and water
estimated from the amount of water remaining in feeding intake of the test animals at all dose levels.

bottles and from the amount of feed remaining in the feed

Table 6: Hematological parameters of Swiss albino mice group exposed to Encapsulated and Non-encapsulated astaxanthin

Encapsulated Astaxanthin Non Encapsulated Astaxanthin
Test name Control |20 mg/kg body| 40 mg/kg body | 80 mg/kg body | 20 mg/kg body | 40 mg/kg body | 80 mg/kg body
weight weight weight weight weight weight
Haemoglobin(g/dl) | 13.84+0.88 | 13.90+1.16 11.14+0.66 9.28+1.16 16.60+0.24 16.5+0.23 16.82+0.16
Total WBC (x10%1) | 11.91+0.59 | 11.85+1.23 10.08+1.21 8.110+2.27 10.64+0.21 10.54+0.42 9.60+1.12
Neutrophils(%) | 33.65+0.06 33.3£1.24 32.11+2.16 30.20+1.10 31.02+0.12 32.11+1.22 33.02+6.21
lymphocyte (%) | 70.24+1.48 | 70.02+1.12 69.20+1.16 66.10+1.26 72.12+1.32 73.10£2.34 73.20+2.44
Monocyte (%) 0.86+0.07 0.85+0.19 0.72+0.13 0.71+0.60 0.9+0.01 0.9+0.04 0.9+0.03
Eosinohil (%) 0.54+0.09 0.54+0.12 0.62+0.16 0.72+0.04 0.5+0.04 0.5+0.05 0.5+0.08
Platelets cells10%/ul |687.17+8.76| 678.71+9.16 623.18+2.20 627.16+3.74 682.41+4.12 682.13+£2.02 684.10+2.34
Total RBC 108/ul | 7.99+0.12 7.79+£1.57 7.62+0.19 7.05+0.12 8.46+0.53 8.49+0.44 8.74+0.46
PCV% 37.79+0.6 37.35+1.23 32.98+1.18 28.82+2.14 42.62+1.02 43£1.20 44.40+2.10
MCHC g/dL 33.6+£2.23 33.29+1.19 30.18+1.12 34.03+1.14 34.2+1.10 34.8£1.70 34.33+1.30
MCV fL(um?3) 49.07+£3.64 | 47.28+8.12 45.20+£1.24 4.22+1.94 59.2+1.10 58.9+1.40 58.8+1.20
The results of hematological investigations (Table 6) platelet count, PCV, differential count, MCV and MCHC of
conducted on 28th day for sub-acute toxicity study revealed treated groups when compared with the respective control
some significant changes in the values of RBC, WBC, Hb, mice respectively.
BIOCHEMICAL PARAMETERS IN BLOOD
200
160 - B Control
2 120 - = E- 20 mg/m]l BW
S 80 -
40 - = E 40 mg/ml BW
0 E- 80 mg/ml BW
D D D P DD DD I D -
P L IIE P L L L NN
& S A FETETETASR’
DS S F @ DS AT ¥ B NE- 20 mg/ml BW
.:,6\'“ G}é&-(@? é"\\ N S ‘c‘%o&\ Q;OO,‘\\Y‘QQ?’ “\”\Q,,p
F ¢ < SN PG >
@ig}@ o TR & = NE- 40 mg/ml BW
Parameters with units NE- 80 mg/ml BW

NS- Not Significant, ** (p > 0.01), * (p >0.05), n = 10 values are mean + S.D (One way ANOVA followed by Dunnett’s test).

Graph 7: Biochemical Parameters in blood of Swiss albino mice group exposed to Encapsulated and Non-encapsulated astaxanthin
~ 904~



Journal of Pharmacognosy and Phytochemistry

400 -
350 -
300 -
250 +
200 +
150 -
100 -
50 -

Values

BIOCHEMICAL PARAMETERS IN TISSUE

AST (UL) ALT (U/L) ALP (U/L) LDH (U/ml)
Parameters with units

E Control

mE- 20 mg/ml BW

®E 40 mg/ml BW

B E- 80 mg/ml BW

ENE- 20 mg/ml BW

ENE- 40 mg/ml BW
NE- 80 mg/ml BW

Graph 8: Biochemical Parameters in tissue of Swiss albino mice group exposed to Encapsulated and Non-encapsulated astaxanthin

Biochemical investigations were performed in order to review
any toxic effects produced after administration of
encapsulated and on-encapsulated astaxanthin on liver and
kidney. There was no significant alteration in cholesterol,
triglycerides and VLDL levels in control and encapsulated
astaxanthin treated groups of sub-acute toxicity study when
compared with no-encapsulated astaxanthin group of mice
(Graph 7 & 8). No significant change observed in (serum

glutamic oxalo acetic transaminase) SGOT, (Serum glutamic
pyruvic transaminase) SGPT, (alkaline phosphatase) ALP and
total bilirubin content of encapsulated astaxanthin treated
group animals when compared with control group animals
and non-encapsulated astaxanthin. There was no significant
alteration observed in creatinine, urea and uric acid levels of
treated group.
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Graph 9: Antioxidant activity of Swiss albino mice group exposed to encapsulated and Non-encapsulated astaxanthin in blood
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Graph 10: Antioxidant activity of Swiss albino mice group exposed to encapsulated and Non-encapsulated astaxanthin in tissue
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Antioxidant activity such as SOD, Catalase, and Glutathione
reductase in mice exposed to encapsulated and non-
encapsulated astaxanthin in blood shows no significant
changes at different concentration along with control group
(Graph 9). Similarly, the antioxidant activity like SOD,

Catalase, LPO, Glutathione peroxidase, Glutathione reductase
and Glutathione-S-transferase were performed in tissue
sample of drug treated mice and found that all the groups
exhibit better activity (Graph 10).
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o W A W
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l

Kidney g/bw

Liver g/bw

Test organ

Relative weight of organ

Spleen g/bw

u Control

® Encapsulated astaxanthin

= Non-encapsulaed astaxanthin

Graph 11: Relative weight of organ after administration of test dose (Encapsulated and Non-encapsulated astaxanthin)

No abnormal change in the relative weight of internal organs
of mice was observed when compared to control group.
Similarly, no lesion was found on examination of isolated
vital organs such as kidney, liver and spleen from testing
animals. Organ to body weight index was calculated and
summarized in Graph 11 which shows that there was no
significant variation present among the groups.

Figure 1 to 3, represent the histopathology image of control
group along with encapsulated astaxanthin and non-
encapsulated astaxanthin with high dose of 80 mg/kg bw of
mice. Major differences were not founded between the test
and control group.

Lo s \j‘: :

Fig 2: Histopathology image Test Group (High Dose): Encapsulated Astaxanthin
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Fig 3: Histopathology image Test Group (High Dose): Non- Encapsulated Astaxanthin

Liver

Normal lobular architecture and normal portal tract was
observed in histopathological section of liver in control group
mice in 10 x and 40 x magnifications respectively. Drug
treated mice at a dose of 80 mg/kg showed abnormal lobular
architecture, central veins and sinusoids but no toxic signs
like inflammation, fatty change or fibrosis were observed.

Spleen

Histological spleen section showed red pulp congestion in
control group mice and in drug treated mice (80 mg/kg).
Variation in white pulp, pencillar artery and the red pulp was
slightly observed.

Kidney

Normal cortex, medulla and normal glomeruli were observed
from the histological sections of kidney from control and drug
treated mice (80 mg/kg). Section also showed abnormal
interstitial at 80 mg/kg for both encapsulated and non-
encapsulated astaxanthin when compared to control group.

Discussion

Astaxanthin has received much attention in recent years as a
cosmetic and functional food ingredient and presentation of
safety information for astaxanthin to consumers are an
important responsibility of manufactures. Specifically, the
dietary exposure to Wistar rat of pure astaxanthin at a
concentration of 0.04% (equivalent to approximately 20
mg/kg/day) for 41 days did not cause toxicological effects 241,
In agreement, another study proved that dietary exposure to
F344 rats of P. rhodozyma product at concentrations of 5%
(equivalent to 0.06% astaxanthin; approximately 30
mg/kg/day) for 90 days did not cause adverse or toxic effects
(221 The administration of 1000 mg/kg astaxanthin-pre
(equivalent to 50 mg/kg astaxanthin) allowed a 500 fold
safety margin based on the expected daily human
consumption of 6 mg astaxanthin 231,

Several safety studies of H. pluvialis astaxanthin have been
published. Among these, the NOAEL of astaxanthin rich
extracts (50mg astaxanthin) from H. pluvialis in sub-chronic
administration to rats was found to be 9259 mg/kg 4. The
safety of astaxanthin rich extract from H. pluvialis using rats
as model organism was also evaluated and reported that the
NOAEL was approximately 500 mg/kg astaxanthin [2°,

From subchronic study of the 13-week repeated dose oral
administration of a natural astaxanthin-rich extract (ARE)
from P carotinifaciens to rats at dose levels of 250, 500 and
1000 mg/kg/day showed nil death and without any significant
toxic changes. They reported the no observed adverse effect

level (NOAEL) was at least 1000 mg/kg/day for both males
and females . There were no treatment-related changes in
body weight gain in any of the groups and the growth curves
of the male and female animals during the study were
consistent with historical background data from this test
facility. The food consumption data also tracked historical
norms from this facility, but statistical analysis revealed that
higher food consumption was observed in the high dose (1000
mg/kg) male group on day 84 and in the high dose (1000
mg/kg) female group on day 77. However, this was due to
excretion of the coloured test material into faces and was not
suggestive of toxicity. These changes were judged to be
incidental fluctuations since they were observed at only one
time point during the study. Likewise a low food consumption
recorded on day 14 of administration in females in the 500
mg/kg group was also judged to be incidental since it was a
single point and not dose-related.

An investigation reported no abnormality was apparent when
adult subjects ingested Ax-containing H. pluvialis oil product,
Puresta®, up to 20 mg (equivalent to Ax dialcohol) once daily
for 4 weeks 4. The safety of Puresta® has been investigated
previously in a clinical study where 17 subjects were
administered Puresta® amounts equivalent to 8 mg of Ax
dialcohol twice daily for 12 weeks. Thus their findings
support the safety of this product at a dose of 20 mg/day, with
no negative effects on blood chemistry or haematology results
over time, and no subject reports of adverse experiences
during treatment. Similarly, our findings also matches with
above work which shows good activity at 250 mg/kg bw for
acute toxicity and 20 mg/kg bw for sub-acute toxicity. Only
treatment-related changes were observed in all mice of treated
groups throughout the administration period which may be
due to fluctuations in food consumptions, water intake etc.
Hence, the dosage of 20 mg/kg bw of encapsulated and non-
encapsulated astaxanthin was fixed for further studies.

Conclusion

From the overall results, when compared between two types
of drugs such as encapsulated and non-encapsulated
astaxanthin, the toxicity was found to be lower with the drug
astaxanthin encapsulated with liposomal compound than the
free astaxanthin. Further, the encapsulated drugs also reach
the site and release the astaxanthin with fewer side effects
which can be further confirmed by bioavailability studies.
Hence, encapsulated astaxanthin at fixed dosage is explored
for its protective role against hepatocellular carcinoma in
mice.
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