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Lead is a multisystemic toxicant when it accumulates and is hazardous to health. This study was conducted to determine
the effect of Caulerpa lentillifera aqueous extract on lead accumulation in the internal organs and liver functions of
lead-intoxicated rats. Sprague Dawley rats (n = 24) were divided into four groups (n = 6). Group I was healthy rats
treated with saline (2 ml/kg bwt) daily for 28 days. Group II was healthy rats treated with C. lentillifera aqueous
extract (500 mg/kg bwt) daily for 28 days. Group III was intoxicated with lead acetate (20 mg/kg bwt) daily for 4 days
and then treated with saline (2 ml/kg bwt) for another 24 days. Group IV was intoxicated with lead acetate (20 mg/kg
bwt) daily for 4 days and then treated with C. lentillifera aqueous extract (500 mg/kg bwt) for another 24 days. Lead
accumulation in the internal organs was measured by the atomic absorption spectrophotometer and the liver function
markers were determined using assay kits. Lead intoxication significantly (p < 0.05) increased lead accumulation in
the rats’ internal organs and affected their liver functions. C. lentillifera aqueous extract supplementation to leadintoxicated rats significantly (p < 0.05) decreased lead accumulation in the rats’ internal organs and protected their
liver functions. This study concludes that C. lentillifera aqueous extract possesses the capability of a chelating agent
and attenuates the effect of lead on lead-intoxicated rats.
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INTRODUCTION
Lead is one of the most toxic heavy metals and it is
widely used in the manufacturing industry (Flora et al., 2012).
Normally, human beings are exposed to lead through the
respiratory and gastrointestinal systems. The exposure to lead
originates from numerous sources, including contaminated water,
food, air, and soil. When exposed to lead, it enters the body system
and accumulates in various internal organs, including the liver and
kidneys (Adikwu et al., 2013). Nowadays, lead poisoning is treated
by using antidotes commonly known as chelators. However,
chelators have many adverse effects and are expensive and are
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sometimes not readily available (Offor et al., 2017). Therefore,
scientists are trying to produce plant-based antidotes that are not
only more effective but also have fewer side effects (Thenmozhi et
al., 2013). The administration of antioxidants has been reported to
protect against heavy metal-induced tissue damage by inactivating
the generated reactive oxygen species and maintaining the heavy
metal in a redox state (Garcia and Gonzalez, 2008).
Caulerpa lentillifera is an alga rich in natural antioxidants
and has a high content of nutrients (Matanjun et al., 2009). This
type of microalga is a popular edible species due to its soft and
succulent texture, which is eaten fresh or salted. As a medicine, it has
antibacterial, antifungal, anticancer, antidiabetic, antihypertensive,
and lipid-lowering properties (Sharma and Rhyu, 2014). As far
as our literature survey ascertains, no attempt has been made to
study the role of C. lentillifera against lead accumulation in internal
tissues. Thus, this study was conducted to determine the chelation
capacity of C. lentillifera in male rats. To test the hypothesis, we
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measured the amount of lead accumulation in the internal organs
of lead-intoxicated rats, with and without the treatment of C.
lentillifera aqueous extract. We also observed the physical signs of
illness and liver function markers of the respective rats.
MATERIALS AND METHODS
Plant material and extract preparation
Caulerpa lentillifera was collected from Kota Kinabalu,
Sabah, Malaysia, and authenticated by Ahmad Ismail, botanist at
the Universiti Kebangsaan Malaysia. The voucher specimen was
deposited at the Biology Laboratory, Universiti Teknologi MARA,
Shah Alam, Selangor, Malaysia. The washed C. lentillifera were
thermally dried in a hot air oven (Sanyo MOV-212F-PE, Sanyo
Ltd., Fukuoka, Japan) at 60°C until constant weight (Nguyen et
al., 2011). The aqueous extract was prepared as described by Daud
et al. (2016). About 250 g of dried C. lentillifera was soaked in 4
l of boiled water until the water became half. Then, the mixture
was filtered and centrifuged (3,000 rpm, 15 minutes) to harvest the
clear supernatant. The supernatant was then concentrated and dried
under vacuum (BUCHI Rotavapor R120, BUCHI Labortechnik
AG, Flawil, Switzerland). The aqueous extract was stored at 4°C
and later freshly dissolved in saline prior to the experiment.

physiological saline and homogenized with a pestle and mortar.
Afterward, 5 g of the tissue was digested with 10 ml of 65% nitric
acid (BDH Analytical Chemicals, United Kingdom). Then, the
mixture was heated (70°C) until it became colorless. The mixture
was allowed to cool at room temperature and made up to 25 ml by
adding deionized water. Finally, the mixture was filtered by using
Whatman Filter Paper No. 41. The lead content was measured by
the spectrophotometer (Shimadzu Model AA-670, Kyoto, Japan)
at a wavelength of 217 nm.
Estimation of liver function markers
Alanine
aminotransferase
(ALT),
aspartate
aminotransferase (AST), and alkaline phosphatase (ALP)
concentrations in the blood serum were determined by using assay
kits, according to the manufacturer’s manual (Sigma-Aldrich,
Germany).
Statistical analysis
The data were presented as mean ± SEM. All gathered
data were analyzed using one-way analysis of variance (statistically
significant at p < 0.05).
RESULTS AND DISCUSSION

Animals and experimental protocols

Physical signs of illness

Twenty-four male 4-week-old Sprague Dawley rats, with
initial body weight between 150 and 180 g, were used (Chenur
Supplier, Malaysia). The animals were kept in polyethylene cages
with access to rodent pellets and water ad libitum. The procedures for
animal handling were approved by the Faculty of Applied Sciences
Research Ethics Committee, Universiti Teknologi MARA. After 2
weeks of acclimatization to the laboratory conditions, the rats were
randomly assigned to four groups (n = 6). Group I (n = 6) was
orally gavaged with saline (2 ml/kg bwt) for 28 days, Group II (n =
6) was orally gavaged with C. lentillifera aqueous extract (500 mg/
kg bwt) for 28 days, and Group III (n = 6) was orally gavaged with
lead acetate (20 mg/kg bwt) for 4 days, followed by saline (2 ml/kg
bwt) for another 24 days. Meanwhile, Group IV (n = 6) was orally
gavaged with lead acetate (20 mg/kg bwt) for 4 days, followed by
C. lentillifera aqueous extract (500 mg/kg bwt) for another 24 days.
Each rat was examined daily for behavioral and clinical symptoms
(Daud et al., 2015). On day 29, all the rats were sacrificed by
overdose of diethyl ether (Merck KGaA, Darmstadt, Germany).
Blood and organs (liver, kidney, and testis) were collected for the
estimation of lead accumulation. In addition, blood serum was
harvested for estimation of liver function markers.

Lead-intoxicated rats demonstrated multiple signs of
illness (Table 1). Damstra (1977) documented that lead intoxication
results in well-characterized syndromes, such as fatigue/lethargy
and loss of appetite and body weight. Body weight was significantly
lower (p < 0.05) in Group III (lead acetate-treated group)
compared to Group I (control rats). Similarly, Ibrahim et al. (2012)
reported that the body weight decreases in lead-intoxicated albino
male rats. Lead poisoning causes the absorption of nutrients to be
impaired, resulting in weight loss (Alwaleedi, 2016). According to
Sharma et al. (2011), lead selectively binds to proteins in tissues,
disrupts their functions, and results in weight loss. This could be
due to imbalanced protein and other biomolecules’ metabolism
in lead-intoxicated rats (Seddik et al., 2010). On the contrary,
Sun et al. (2017) documented that lead promotes an increase in
body weight in adult Wistar rats through the induction of insulin

Estimation of the amount of lead accumulation
The measurement of lead concentration was conducted
as described by Daud et al. (2015). The blood sample was
digested with 65% nitric acid (BDH Analytical Chemicals,
United Kingdom) with a ratio of 1:2. Then, the sample was
incubated for 15 minutes at room temperature and centrifuged.
The supernatant was collected and made up to 25 ml by
adding deionized water, followed by the estimation of lead by
the spectrophotometer technique (Shimadzu Model AA-670,
Kyoto, Japan) at a wavelength of 217 nm. Meanwhile, for the
other tissues (liver, kidney, and testis), each was cleaned with

Table 1. Effect of C. lentillifera aqueous extract on the behavioral and clinical
symptoms (physical signs of illness) in lead-intoxicated rats.
Physical sign

I

II

III

IV

Piloerection

−

−

+

−

Lethargy

−

−

+

−

Hair loss

−

−

+

−

Dark urine

−

−

+

−

Diarrhea

−

−

−

−

Paleness of skin

−

−

+

−

Mortality

−

−

−

−

287.3 ± 7.7a

293.8 ± 5.1a

219.4 ± 8.3b

254.9 ± 4.9c

Body weight (g)

Group I: control rats treated with 2 ml/kg bwt distilled water; Group II: 500 mg/kg bwt C.
lentillifera aqueous extract; Group III: 20 mg/kg bwt lead acetate; and Group IV: 500 mg/
kg bwt C. lentillifera aqueous extract + 20 mg/kg bwt lead acetate.
Note: “+” indicates the presence of illness and “−” indicates the absence of illness. Values
with different superscripts within the same row show significant differences at p < 0.05.
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Table 2. Effect of C. lentillifera aqueous extract on lead accumulation in lead-intoxicated rats.
Organs

I

II

III

IV

Blood (µg/l)

0.0038 ± 0.000Ea

0.0036 ± 0.000Ea

0.3165 ± 0.08b

0.2075 ± 0.04c

Liver (µg/g)

0.0036 ± 0.000Ea

0.0042 ± 0.000Ea

0.3021 ± 0.07b

0.2341 ± 0.09c

Kidney (µg/g)

0.0032 ± 0.000Ea

0.0038 ± 0.000Ea

0.3042 ± 0.05b

0.2563 ± 0.07c

Testis (µg/g)

0.0024 ± 0.000E

0.0028 ± 0.000E

0.2781 ± 0.03

0.1981 ± 0.06c

a

a

b

Group I: control rats treated with 2 ml/kg bwt distilled water; Group II: 500 mg/kg bwt C. lentillifera aqueous extract;
Group III: 20 mg/kg bwt lead acetate; and Group IV: 500 mg/kg bwt C. lentillifera aqueous extract + 20 mg/kg bwt lead
acetate. Values are presented as means ± SE (n = 6).
Values with different superscripts within the same row show significant differences at p < 0.05.

Table 3. Effect of C. lentillifera aqueous extract on liver function markers in lead-intoxicated rats.
Markers

I

II

III

IV

ALT (U/ml)

44.35 ± 3.21a

41.69 ± 2.14a

127.47 ± 1.19b

67.51 ± 3.74c

AST (U/ml)

140.31 ± 4.61a

150.73 ± 2.57a

204.16 ± 4.88b

173.11 ± 3.49c

ALP (U/ml)

38.93 ± 2.49

39.65 ± 1.24

82.78 ± 3.87

52.56 ± 2.63c

a

a

b

Group I: control rats treated with 2 ml/kg bwt distilled water; Group II: 500 mg/kg bwt C. lentillifera aqueous extract;
Group III: 20 mg/kg bwt lead acetate; and Group IV: 500 mg/kg bwt C. lentillifera aqueous extract + 20 mg/kg bwt lead
acetate. Values are presented as means ± SE (n = 6).
ALT = alanine aminotransferase; AST = aspartate aminotransferase; ALP = alkaline phosphatase.
Values with different superscripts within the same row show significant differences at p < 0.05.

resistance. Interestingly, body weight was significantly higher (p <
0.05) in Group IV (lead-intoxicated rats treated with C. lentillifera
aqueous extract) in comparison with Group III (lead acetatetreated group). This indicates the capability of C. lentillifera in
reducing the effect of lead on the satiety set point and nutrient
metabolism. Meanwhile, the C. lentillifera aqueous extract alone
has no significant effect on body weight and other signs of illness
as observed in Group II.
Lead accumulation in blood and internal organs of rats
Rats exposed to lead acetate (Group III) has a significantly
higher (p < 0.05) accumulation of lead in the blood and internal
organs in comparison with Group I (control rats). Findings from
our study reveal that C. lentillifera aqueous extract significantly
reduced (p < 0.05) lead accumulation in the blood and internal
organs of rats exposed to lead acetate as observed in Group IV
(Table 2). A previous study reported that C. lentillifera contains
polyphenols (Sharma and Rhyu, 2014), which are known for
their metal-chelating ability (Perron and Brumaghim, 2009). This
might be one of the mechanisms by which C. lentillifera decreases
lead accumulation in the blood and internal organs. In addition,
the potential of C. lentillifera in reducing lead accumulation can
be said to be due to the presence of sulfur and other compounds
with amino acid in their structure. Badiei et al. (2006) stated that
these biological elements have the ability to remove lead from the
body system. However, further studies have to be carried out to
determine the actual mechanism.
Liver functions
The values of liver function markers are presented in
Table 3. Exposure to lead acetate resulted in a significant increase
(p < 0.05) in serum ALT, AST, and ALP activities of Group III (lead
acetate-treated group) compared to Group I (control group). These
results have also been observed by other researchers (Heidarian
and Rafieian-Kopaei, 2013). An elevation in the levels of ALT,

AST, and ALP indicates serious hepatic tissue damage (Kilikdar
et al., 2011). The aqueous extract of C. lentillifera demonstrated
a hepatoprotective effect since there was a significant decrease (p
< 0.05) in these three enzymes in Group IV (lead-intoxicated rats
treated with C. lentillifera aqueous extract) compared to Group
III (lead acetate-treated group). Furthermore, rats in Group II
(which received C. lentillifera aqueous extract) demonstrated no
significant effect (p > 0.05) on the levels of ALT, AST, and ALP,
clearly indicating that the extract by itself does not cause any
adverse effect on the hepatic tissue.
CONCLUSION
It can be concluded that C. lentillifera aqueous extract
is a promising candidate that can be used as a chelation agent and
has a protective effect on lead-induced toxicity as that observed in
the experimental rats.
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