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ABSTRACT

Seaweeds are known to be rich source of micronutrients and bioactive compounds. The main objective of
this study was to find the toxicological evaluation and heavy metal accumulation of five under-exploited
edible seaweeds in animal model followed by dosage determination for regular consumption as a food by
humans and food application. Some under-exploited seaweeds like Acanthophora spicifera, Gracilaria edu-
lis, Padina gymnospora, Ulva fasciata and Enteromorphoa flexuosa were selected forthis study. The EDsq
study was conducted in Wistar strain rats for 90 days with single dose administration of seaweed extract
of 2000 mg/kg/BW. At the end of 90th day rats were euthanized, serum of the rats examined for biochem-
ical, haematological, liver enzymes, and vital organs were dissected out for heavy metal analysis and
urine samples collected intermediary to analyse electrolyte minerals. Result showed that no-observed
adverse effect level (NOEL) on five seaweeds, did not cause any death and no significant variation in bio-
chemical and haematological parameters, the values were found within standard values. Locomotor
activity suggests normal action, organ necropsy showed no histopathology lesions, regular cell alignment
in the tissue cross section. Heavy metals like arsenic, lead were found in trace amount and no mercury
accumulation found in kidney, liver and brain of rats. Therefore, these five seaweeds were safe for human
consumption and also for food product developement.
© 2019 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

dosage of any plant fresh/by-products for humans through animal
models. For instance, human clinical trial using 3 g of Undaria sea-

Toxicology is the study of finding adverse effect of chemicals on
living organisms (Neuwinger, 1996). This determines detailed
description of symptoms, bio-mechanisms, treatment and detec-
tion of poison; especially the poisoning effects during consumption
(Ahmed, 1991). It is also essential to know the concentration of
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weed extract with 75% fucoidan daily does not show any toxicity
(Irhimeh et al., 2007). Another research on Ulva lactuca (Delgado-
Roche et al, 2019), Kappaphycus based carrageenan softgel
(Sutrisni et al., 2019) in rat model shows non-toxic effect even
indose-dependent manner. Some researchers examined the effect
of seaweed bioactive compounds such as fucoidan, carrageenan,
and ulvan polysaccharide did not show any toxicity at various con-
centrations (600 mg/kgb.w 1200 mg/kg b.w). Additionally, sea-
weeds tend to accumulate heavy metal since marine ecosystem
consists of varied level of mineral concentration and also heavy
metals could accumulate in organs in long term consumption
(Abirami and Kowsalya, 2012a, 2012c). Marine algal toxins are
responsible for illness in human which associates with other sea-
food consumption. Approximately 20% of all foodborne disease
outbreaks in US results in consumption of seafood. Furthermore,
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long term studies would prove the actual figure of bioactive/chem-
ical interaction in body and body metabolites; thus, subchronic
toxicity for 90 days would prove toxicity level and intensity of
accumulation in the body of animal model (Li et al., 2005). Due
to increasing industrial activities benthic algae was accumulated
with trace mineral such as Cd, Pb, Cr and Cu (Almela et al., 2006;
Rose et al., 2007).

Many researchers proved seaweeds nutrient composition and
bioactive compounds (Abirami and Kowsalya, 2012b;
Bhuvaneswari et al.,, 2013; Seedevi et al., 2015; Abirami and
Kowsalya, 2017) but scarce of data available in toxicological eval-
uation of seaweed from Indian coast and their heavy metal accu-
mulation in body metabolites. In our earlier study, the safety
evaluation and consumption pattern of K. alvarezii and U. lactuca
(Kowsalya and Abirami, 2011) were reported and some underex-
ploited edible seaweed existing in the coastal region were identi-
fied through survey questionnaire. From this data, someseaweed
found to be edible in nature and not utilized for food application,
thus it is necessary to evaluate the toxicity of wholesome seaweed
rather than its bioactive compounds to develop futuristic food
products from whole seaweed.

The coastal region of Tamilnadu, South India covering the Gulf
of Mannar and Palk Bay coast supports an ironic flora of marine
algae ecosystem. Amongst red algae Acanthophora spicifera, and
Gracilaria edulis, brown algae Padina gymnospora, green algae
namely Ulva fasciata and Enteromorpha flexuosa are grown exces-
sively and not utilised as wholesome food. Therefore, these sea-
weeds need to examined for toxicological evaluation for regular
consumption in human diet. Thus, the primary objective of this
study was to evaluate toxicity evaluation in animal models, fol-
lowed by heavy metal accumulation in vital organs. Then, the
dosage determination of seaweed for human consumption on reg-
ular basis was evaluated. These seaweeds are rich in essential
amino acids and essential fatty acids that could aid to eradicate
nutritional deficiency, food security challenges and nutraceutical
products to meet future food industrial needs.

2. Materials and methods
2.1. Seaweed extracts preparation

Fresh seaweeds were washed thoroughly in distilled water and
shade dried. Then, they were coarsely powdered for further extrac-
tion. Around 250 g of five seaweeds were powdered separately and
packed in a soxhlet extractor. 20 vol of distilled water was added
into the flask and heated at 60 °C temperature (Abirami and
Kowsalya, 2012b). The soluble active ingredients of extract
remained in the flask and repeated extraction process was carried
out to elute all bioactive compounds. Consequently, the mixture
was concentrated by rotary evaporator to obtain maximum effec-
tiveness. The final mixture was lyophilized and stored at 4 °C in a
refrigerator to carry out the toxicological study. Furthermore,
freshly prepared water extract of seaweeds was used in this study
to avoid any fungal contamination for 90days of toxicity
evaluation.

2.2. Subchronic toxicity of underexploited seaweeds in albino rats

2.2.1. Dosage determination

LDsg is the dose that is lethal to 50 per cent of population. LDsq
of the extract was determined as per OECD guidelines. Young
healthy female Wistar rats were used and test item was adminis-
tered after 18-hour starvation. Test item was given orally to one
rat at a dose of 5000 mg/kg/BW. Since the animal died within an
hour after dosing, a lower dose of 2000 mg/kg was tested in

another group of three rats to find EDso. Since no mortality was
observed in the animals treated at a dose of 2000 mg/kg/BW
(Abirami and Kowsalya, 2012a), results were confirmed in another
group of three animals. Clinical signs of toxicity and mortality were
observed up to 6 h after dosing and then noted daily up to 90 days
on which animals were euthanized. This protocol followed as per
Committee for the Purpose of Control and Supervision of Experi-
ments on Animals (CPCSEA) and approved by animal ethical com-
mittee (A47/05/2010/PhD) of K.M. Pharmacy College, Madurai,
Tamilnadu, India.

2.2.2. Preparation of dosage

The crude extract was then prepared into a suspension form
and used as drug, extract [ was prepared from Acanthophora spi-
cifera given to group I rats, extract Il prepared from Gracilaria edulis
given to group II rats, extract IIl prepared from Padina gymnospora
given to group III rats, extract IV- Ulva fasciata given to group IV
rats and extract V- Enteromorphoa flexuosa given to group V rats.
40 mg of aqueous extract of seaweed was dissolved in 2 ml of dis-
tilled water and used as a dosing regimen as described in our ear-
lier study (Abirami and Kowsalya, 2012a).

2.2.3. Grouping and housing of experimental animals

Young, healthy Wistar strain albino rats of six months old,
weighing 200-250 g and eighty young healthy male and female
rats were selected. The rats were not used previously for any other
experiments, and healthy individual rats were subjected to the
research. Furthermore, they were acclimatized in laboratory condi-
tions for a week before start of experiment. After acclimatization,
rats were grouped into six groups namely control, group I, II, III,
IV and V. Six rats in each group were housed separately in stainless
steel cages with 28 2 °C and following ethical guidelines 12 h
light and dark cycle was maintained. Regular rat pellet supplied
by Pranav Auro Industries Ltd, Sangli, India was used as standard
diet for all rats. The food consumption of albino rats was recorded
everyday by weighing the leftover food. Food and water given
ad libitum.

2.2.4. Assessment of body weight of experimental animals

Individual bodyweight was evaluated by using a digital weigh-
ing balance before and after seaweed extracts administration
(Abirami and Kowsalya, 2013). Bodyweight was recorded weekly
for interpretation with food consumption during the period of dos-
ing and on the day of sacrifice.

2.2.5. Observation of clinical signs and collection of blood samples

Clinical signs and symptoms such as mortality pattern, abnor-
malities or distress were monitored once before dosing, immedi-
ately after dosing and up to four hours of after dosing. Blood
samples were collected by retro-orbital puncture technique to all
the rats in control and experimental groups just before sacrificing.
Biochemical parameters were evaluated in serum samples which
were collected in plain tubes without any anticoagulant, whereas
blood samples for haematological examination were collected in
heparinized tubes. Analytical methods carried out in blood and
urine have been shown in Table 1.

2.2.6. Assessment of heavy metal ions in organ samples

At the end of the research, vital organs such as liver, kidney and
brain samples from each albino rat were taken, rinsed in saline and
weighed individually. To prevent contamination samples were
kept in dry ice and stored until samples were analyzed for heavy
metals by Atomic Absorption Spectrophotometer (AAS). Digestion
of sample was carried out using 2 ml of an acid mixture containing
concentrated nitric,sulfuric, and perchloric acids in 5:1:1 respec-
tively. Triple acid digested tissues were further heated at 60 °C in
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Table 1
Evaluation of Biochemical methods.

Parameters

Method

Reference

Hematological

Haemoglobin

RBC count

WBC count

Packed Cell Volume (PCV)

Mean Corpuscular Volume (MCV)
Mean Corpuscular Hemoglobin (MCH)
Mean Corpuscular

Hemoglobin Concentration (MCHC)
Biochemical

Glucose

Total protein

Albumin

Calcium

Inorganic phosphorus

Electrolytes (Sodium, Potassium, Chloride)
Serum cholesterol

ALT (SGOT)

AST (SGPT)

Alkaline phosphatase

Blood urea nitrogen

Creatinine

Urine analysis (urine volume, pH and sodium, potassium, chloride)
Histopathology (liver and kidney)

ABX pentra-120 Automated Haematology Analyzer

Hexokinase method

Biuret method

BCG Dye binding method
Arenazo III method
Phosphomolydate method

ISE method

CHOD PAP method

colorimetric method

modified IFCC/UV kinetic method
kinetic method

Urease GLDH/UV kinetic method
Jaffe/kinetic method

Flame photometer

conventional method- Microscope

Raghuramulu et al., 2003

Shaw and Wolfe, 1989
Shaw and Wolfe, 1989
Bush and Reed, 1987
Weissmann et al., 1980
Daly and Ertingshausen, 1972
Tietz, 1987

Allain et al., 1974

Reitman and Frankel, 1957
Reitman and Frankel, 1957
Reitman and Frankel, 1957
Tietz, 1987

Raghuramulu et al., 2003
Schachter et al., 1980
Raghuramulu et al., 2003

a water bath for overnight. Finally, the tissue sample was allowed
to cool and further dilution was done with 10 ml of distilled water
(Kenawy et al., 2000).

2.2.7. Histopathological examination

At the end of dosage period, all the animals were euthanized
and sacrificed, three animals organ samples were assessed for
pathological changes and lesions as per our previous method
(Raghuramulu et al.,, 2003). Vital organs like liver and kidney
weighed immediately without drying and then 10% formalin
added. Full histopathology changes were examined under a micro-
scope in comparison with control rats without administration of
seaweed water extract.

2.2.8. Statistical analysis

The data obtained in the biochemical and haematological
parameters were analysed using ANOVA Dunnett’s Multiple Com-
parison Test, and the values were expressed in mean and standard
deviation. The control and experimental group were values were
compared and significant difference between the groups was
accepted at p <0.05, p<0.01. All the analysis were performed in
GraphPad Prism software.

3. Results and discussion
3.1. Effect of seaweed extracts on the bodyweight of rats

Initial body weight of albino rats ranges between 235.32 g and
240.47 g and its mean weight was similar among all groups which
in Fig. 1. The final weight of rats was high in all groups with a mean
weight gain of 54% in group IV supplemented with Ulva fasciata
when compared to control group. Besides, groups Ito V were also
increased in body weight by 39%, 40%, 42% and 46.09% respectively.
Summary of weight gain of seaweed administrated rats and control
group was 348.12 g (43%), whereas group I was 328.89 g, group II
was 331 g, group Il was 342.01 g, group IV was 394.27 g and group
V was 356.32 g. Furthermore, Ulva fasciata supplemented rats
showed weight more and this may be due to high protein content
(22.7%) as reported in our earlier study (Abirami and Kowsalya,
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Fig. 1. Body weight (g) of experimental rats in weekly basis.

2012c), or enhanced protein digestibility and high biological value.
It was interesting to note that increase in weight gain of seaweed
extract-treated group also coincides with increased food intake.
Hence, regular consumption of unprocessed/ dried seaweeds
may contain health benefits; moreover, some physical sicknesses
can also be treated with seaweed on a daily basis deprived of irre-
spective diets. Many research studies available on the nutritional
aspect of freshwater algae like spirulina ((Salazar et al., 1998)), chlor-
ella vulgaris, Dunella (Rangsayatorn et al., 2002; Kottuparambil et al.,
2019)but edible seaweeds are yet to be propagated and promoted in
many developing nations. Furthermore, even small amount of sea-
weeds added in the regular diet can act as a powerhouse of nutrition.

3.2. Effect of seaweed extract on haematological parameters

Haematological parameters measured such as haemoglobin
(Hb), red blood cells (RBC), white blood cells (WBC), platelet,
packed cell volume (PCV), mean corpuscular volume (MCV) and
mean corpuscular haemoglobin concentration (MCHC) persisted
within reference value which is presented in Table 2. However, sig-
nificant difference was observed between PCV and MCV values of
experimental group when compared to control group; although
these differences were found to be within the normal range.
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Table 2
Hematological values of experimental rats on 90th day.
Parameters Reference value Control group Group [ Group Il Group III Group IV Group V fvalue
Haemoglobin (g/dl) 11-19 16.34 £3.42 16.10 £ 1.65 15.80 £ 1.41 15.40£1.69 15.23+£1.89 15.2+2.76 0.27N
RBC (x10° cells/mm?) 5.4-8.5 8.760.32 8.90+0.85 759122 8.70+1.37 7.88+1.21 8.60+0.88 1. 6N
WABC (x10° cells/mm?) 3.7-4.9 7.32+0.34 6.90 +1.16 6.12+3.12 6.10+1.17 712 +1.76 7.30+2.31 0.54N8
PCV(%) 37.6-50.6 45.89+0.12 45.43 +3.09 48.64 +2.05 45.81 +2.87 49.20 +2.99 43.20+3.35 4.2* (p<0.05)
MCV (cumm) 57.3-66 62.70 £ 0.08 65.20£0.76 62.00 £ 0.62 61.08 £4.32 60.14 £ 0.07 65.80£0.76 9.1* (p < 0.05)
MCH (pg) 11-15 17.54+£0.99 18.20+£0.73 17.82+£0.39 17.60+1.23 1798 £1.33 17.50 +0.98 047N
MCHC (%) 30-35 3290+5.71 33.70+£3.98 33.32+431 32.50+2.76 33.65+5.74 31.20+2.76 0.28N8

NS-Not significant, *p < 0.05, Dunnett’s Multiple Comparison Test, all values are expressed as mean + SD for 6 albino rats in each group.

Moreover, no significant difference was observed between experi-
mental groups treated with aqueous extract of Acanthophora spi-
cifera, Gracilaria edulis, Padina gymnospora, Ulva fasciata and
Enteromorpha flexuosa and control group.

In general, all these values are indicating changes in the meta-
bolism of rats soon after new compound administration as a part
ofthe daily diet; thus, all five-seaweed showed non-toxic effect
on chronic treatment. Examination of serum and plasma parame-
ters were correlated with risk evaluation; hematological system
has a higher indication of toxicity in humans (91%) in early-stage
when assays involve rodents than non-rodents (Féres et al., 2006).

3.3. Effect of seaweed extract on biochemical parameters

The biochemical parameters were assessed against the standard
reference values. All experimental group rats showed a significant
difference in cholesterol level, but these values seem to be reason-
ableare on par with standard value (refer Table 3). There was a sig-
nificant increase in potassium level of group III rats supplemented
by Padina gymnospora and decreased level in group V when com-
pared to the control group rats. In general, macro-algae are known
to be high in calcium, magnesium, phosphorus, potassium, sodium
and iron compared to higher plants. As inferring to this statement,
elevation of potassium is correlated in the present study. Similarly,
high potassium concentration found in red seaweed like Kappaphy-
cus alvarezii (Ganesan et al., 2019), Acanthophora species (Ganesan
et al., 2018) and other marine-derived polysaccharide like Ulvan
and carrageenan (Mohan et al., 2018). Furthermore, appreciable
intake of calcium, potassium and sodium are always associated
with lower systolic pressure and lower risk for hypertension
(Kumar et al., 2008).

However, no major impact on usual markers of liver toxicity
(plasma levels of liver enzymes- SGOT, SGPT and ALP) were seen

but then the significant difference in SGOT level of group I when
compared to control group rats nevertheless these levels were
found to be in normal range. Hence, all these five seaweeds did
not induce any significant damage to organs, as compared to con-
trol group rats. In an additional note, an increase in transaminases
(SGOT, SGPT) was one of the indicators of liver damage (Kumar
et al,, 2019). Additionally, AST is released in many metabolisms
such as heart, lung, skeletal muscle and kidney; whereas ALT is
only derived from liver and considered highly sensitive indicator
for hepato-toxicity (Wali et al., 2019). Meanwhile, no variation of
SGOT and SGPT was found showing non-hepatic-toxic nature of
seaweeds.

3.4. Clinical signs and mortality pattern of rats

No mortality was observed among the rats. Initially, some rats
showed hyperactivity and sneezing, but no adversative clinical
expressions such as diarrhoea, haematuria and diurea were
observed in all groups of treated rats during the experimental per-
iod. Locomotor activity such as distance travelled, sinuosity and
movement also noticed which were normal and found similar
action to control group rats fed with standard diet; similar results
also found in other studies on locomotor activity of natural drugs
(Liaquat et al., 2019). Other biological substance like stool, urine
has also shown no changes throughout dosage. Eyeball colour of
all albino rats looked similar all through the study. Therefore, all
rats fed with seaweed extract indicated well-tolerated dosage
level.

3.5. Effect of seaweed extract on organ weight of rats

The mean value of vital organs weight of treated groups and
control group, as expressed in grams are given in Table 4. It was

Table 3
Biochemical values of experimental rats on 90th day.
Parameters Standard Value  Control group  Group | Group II Group III Group IV Group V fvalue
Glucose (mg/dl) 85-132 89.32+5.08 83.51+9.08 80.28+13.69 83.43+9.18 88 £12.39 90.15 + 3.47 1.0N
Cholesterol (mg/dl) 46-92 51.60 + 1.80 74.01 +3.77 62.00 +0.89 70.00 + 4.33 63.00+ 15.14 67.00 +2.10 8.0*
(P<0.05)
Blood urea nitrogen (mg/dl)  15-21 15.86+1.56 16.10+0.90 18.70 £2.63 19.25+3.39 17.80+2.76 16.60 £ 7.26 0.88NS
Total protein (g/dl) 6.3-8.7 7.20+1.56 6.60 + 0.93 6.90 +0.63 6.60 + 1.54 6.50 +0.91 6.50 + 1.01 0.35M8
Albumin (g/dl) 3.3-49 438 +0.36 470+ 1.0 438 +0.63 4.70+0.52 4.30+0.96 470+1.19 031N
SGOT (AST) (U/L) 37-92 79.89 +0.26 90.12+0.72 84+234 89.78 +3.26 89.56 +0.76 90.12+0.36 38*
(p<0.05)
SGPT (ALT) (U/L) 17-50 48.03 £ 5.60 51.75+13.31 47.66+11.07 48.36+6.27 42.00 +7.84 47.00 £9.03 0.70N8
Sodium (mEq/L) 140-150 143 £2.47 138.0+8.13 139.0+7.70 1440+ 13.44 138.0%6.15 141.0£10.25 0.53NS
Potassium (mEq/L) 52-7.8 6.39+0.43 6.9+0.75 5.6 £0.62 7.4+1.19 6.7 £1.22 5.4+0.91 4.41*
(p<0.05)
Calcium (mg/dl) 10.7-13.7 10.92 £ 0.64 11.80+2.18 11.9+3.45 12.6 £4.25 11.8£1.88 11.9+1.17 0.25 NS
Creatinine (mg/dl) 0.9-1.5 1.57 £0.146 1.49 £0.103 1.50£0.10 1.37£0.05 1.45+0.23 1.78 £0.12 0.13 NS
Alkaline Phosphatase (U/L) 39-216 120.72+2.98 132.06 £ 6.71 131.00£6.00 116.16+530 126362265 11595+10.58 248"

Values are significantly different from the control group at *p < 0.05 Dunnett’s Multiple Comparison Test, all values are expressed as mean + SD for 6 albino rats in each group.
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Table 4

Mean weight of vital organs of experimental rats.
Organs Control group Group | Group Il Group III Group IV Group V fvalue
Liver 3.21+0.07 3.18+£1.07 3.34+3.03 3.48+2.04 3.21+1.89 327223 0.019M
Spleen 0342383 0.28+1.24 037 +£8.07 034+3.24 0.28+4.13 0.26+1.25 0.067N
Heart 04+3.16 034+1.18 037+2.12 0.42 +1.06 0.44+3.04 0.41 +4.06 0.011™
Kidney 146 £2.14 1.29+£1.03 1.24+£3.12 1.98+1.26 1.92£2.31 1.31+£1.98 0.15
Brain 0.48+1.91 0.63 +2.01 0.59 +3.03 032+2.26 0.49 +4.42 0.45+1.76 0.097N

NS-not significant, Dunnett’s multiple comparison test, all values are expressed as mean * SD for 6 albino rats in each group.

evident that no significant changes found in the weight of internal
vital organs of experimental groups as compared to the control
group. Furthermore, all vital organs like brain, kidney, liver, spleen,
heart were similar among all experimental groups fed by five sea-
weed extract and this proves that weight gain achieved by rats
were depended on muscular mass and not because of organ weight
gain.

3.6. Effect of seaweed extracts on histopathology of vital organs

At the end of study histopathological examination was done in
organs such as liver and kidney, given in Figs. 1 and 2. None of
the experimental group rats showed abnormalities and was similar
to the control group. While correlating the results of biochemical
parameters with pathology it was clearly evident that no toxicity
sedimentation was found in organs after long term administration
of seaweed. Organic toxicity or metal toxicity firstly affects vital
organs especially liver but none of the organs was affected in our
research, this result is on par with other seaweed like Sargassum
liebmannii safety evaluation (Tapia-Martinez et al., 2019). Further-
more, no toxicological lesions proved to be non-toxic when
compared to the observations in control group. Consequently, this-
regular histological section of liver shows well-arranged cells with

bright central vein (Lee et al., 2019). Moreover, kidney section
showed well-arranged cells with proper glomerular basement
membrane, looked compact which was correlated with our
previous research on Kappaphycus alvarezii (Abirami and
Kowsalya, 2012a) (see Fig. 3).

3.7. Effect of seaweed extracts electrolyte levels on the urine sample

The urine electrolytes of seaweed extracts treated groups are
given in Table 5. The urine pH ranged from 7.54 to 8.1 and Ulva fas-
ciata supplemented rat had a higher pH of 8.1, probably due to the
alkaline nature of seaweeds, this might be due to decreased inthe
acidity of animal body but these changes were not statistically sig-
nificant. Calcium level of the group Il seemed to be high when
compared to the control group, and this increment may be due
to the high level of calcium content in the seaweed P. gymnospora.
All the electrolytes values are within the reference level as speci-
fied for rodents (Raghuramulu et al., 2003).

3.8. Heavy metal ions in vital organs

Heavy metal toxicity is one of the major concerns in the
environment, and it is directly related to accumulation on the food

Fig. 2. Histopathology section on liver region of experimental rats (a) Control group- standard diet, (b) group I- Acanthophora spicifera administrated rats, (c) group II-
Gracilaria edulis administrated rats, (d) group IllI- Padina gymnospora administrated rats, (e) group IV- Ulva fasciata administrated rats, (f) group V- Enteromorphoa flexuosa

administrated rats.
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Fig. 3. Histopathology section on kidney region of experimental rats (a) Control group- standard diet, (b) group I- Acanthophora spicifera administrated rats, (c) group II-
Gracilaria edulis administrated rats, (d) group IlI- Padina gymnospora administrated rats, (e) group IV- Ulva fasciata administrated rats, (f) group V- Enteromorphoa flexuosa

administrated rats.

Table 5
Urine electrolytes of experimental rats.
Parameter Control Group Group | Group II Group Il Group IV Group V fvalue
pH 7.87+1.14 7.56+2.23 7.54+1.18 7.9+245 8.1+1.32 7.86+2.12 0.084Ns
Na (mEq/l) 140.2+1.23 138 £2.34 140 £2.78 136+1.29 142 +3.29 140+3.2 1.9N
K (mEq/l) 2.8+242 25+1.21 3.17+1.78 3.02+1.28 3.12+1.67 298 +2.48 0.10M
Cl (mEq/1) 170+£1.34 168 +2.02 173 £1.98 180 £1.71 174 £1.05 176 +2.56 32" (P<0.01)
NS-not significant, Dunnett’s multiple comparisons Test, all values are expressed as mean * SD, n = 6 in each group.
" p<0.01 significance level.
Table 6
Heavy metals accumulation in vital organs of experimental rats.
Control Group I Group Il Group III Group IV Group V
As Cd Pb As Cd Pb As Cd As Cd Pb As Cd Pb As Cd Pb

Kidney  0.0028 0.024 0.17 021 0.012 0.06 0.79 0.04
Liver 0.20 0.018 0437 0.09 0.039 0.08 0.51 0.037
Brain 0.17 nd 0.057 028 0.002 010 0491 nd

0.72 0.031 038 0.78 0.04 0.079 098 0012 0.12

029 0236 0012 057 0156 0025 0.12 076  0.04 0.08
0.08 0396 nd 027 0011 nd 0.03 0.05 nd nd

nd- not deducted.

system. This may lead to hazardous effect on livestock and human
health. Additionally, seaweed tends to accumulate heavy metal in
marine ecosystem and it may reflect in organs because organs are
primary source of elimination of metal ions (see Table 6). It was
surprising to note that mercury was not accumulated in any organs
of tested rats which closely related to the result of Minamia et al.
(2009). In general, metal accumulation not only depends on the
amount present in raw seaweed or in the ecosystem but also
depends on dietary composition, absorption in body system, inter-
nal regulator of the body.

In kidney samples, arsenic content was in the range of 0.21 ppm
to 0.98 ppm, which was found to be high in group V (0.98 ppm)
treated with E. flexuosa and low in group I (0.21 ppm) treated
with A. spicifera. In liver samples, arsenic content was in the range
of 0.09-0.510 ppm, the level was found to be low in group I
(0.09 ppm) treated with A. spicifera and high in group II
(0.51 ppm) treated with G. edulis. In brain samples, the arsenic con-

tent was in the range of 0.05-0.491 ppm, which was high in group
I (0.491 ppm), supplemented with G. edulis and low in group V
(0.05 ppm) treated with E. flexuosa.

In kidney samples, cadmium content was in the range of 0.012
to 0.04 ppm, which was low in group V (0.012 ppm) and high in
group II and IV (0.04 ppm). In liver samples, it was in the range
of 0.037-0.04 ppm which was found to be low in group II
(0.037 ppm) and high in the group V (0.04 ppm) E. flexuosa treated
rats. The cadmium content of brain samples was 0.002 ppm in
group I fed with A. spicifera; all other groups did not contain cad-
mium. The cadmium content of liver, kidney and brain of the wild
rodents were 102.88 ppb, 309.28 ppb and 255.6 ppb (Minamia
et al., 2009)

In kidney samples, lead content was in the range of 0.06-
0.802 ppm, which was high in group III (0.802 ppm) and low in
group I (0.06 ppm). In liver samples, it was in the range of 0.08-
0.57 ppm which was found to be high in group III and low in group
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I. In brain sample, lead content was in the range of 0.03-0.27 ppm,
which was found to be low in group IV (0.03 ppm) U. fasciata trea-
ted rats and high in group Il (0.27 ppm) P. gymnospora treated rats.
Furthermore, heavy metal contents in organs were in negligible
amount, and it was not because of seaweed it may be due to other
metabolism involved. Accordingly, this accumulation of heavy met-
als is not an issue of concern in organs on seaweeds treated rats.

4. Conclusion

This study concluded that the selected seaweeds are articulated
with non-toxic compounds whichclearly evident in the following
seaweeds such as red algae Acanthophora spicifera, and Gracilaria
edulis, brown algae Padina gymnospora, green algae namely Ulva fas-
ciata and Enteromorpha flexuosa. Moreover, this seaweed is in abun-
dance in marine coast of Gulf of Mannar as well as another coast of
the world such as Fiji, Taiwan, Japan and Korean coast. Therefore,
this study helps future researchers to develop nutrient-rich food
products. These five underexploited seaweeds selected in this study
were found to possess high nutritional value and nutraceutical
potentials. Further, seaweeds belong to marine ecosystem might
accumulate heavy metals due to pollution in the marine ecosystem.
Hence, conduct of sub-chronic toxicity study is essential to ensure
the normal haematology and biochemistry and other abnormalities
in terms of histopathology. Heavy metal toxicity studies also
showed that the metal ions did not accumulate in organs of the rats.
The metal ion values were also found to be within tolerable value
prescribed as safe levels. As a consequence, underexploited sea-
weeds studied were found to be safe for human consumption. Fur-
ther, the use of 2 g upto 5 g on regular basis will not cause any toxic
effect on humans was evident from our study.
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