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a b s t r a c t
The protective effects of Dunaliella salina (D. salina) on liver damage were evaluated by carbon tetrachloride (CCl4)-induced hepatotoxicity in mice. Male ICR mice were orally treated with D. salina or silymairn
daily with administration of CCl4 twice a week for 8 weeks. CCl4 induced liver damage and signiﬁcantly
(p < 0.05) increased the activities of alanine aminotransferase (ALT), aspartate aminotransferase (AST),
and alkaline phosphatase (ALP) in serum and decreased the activities of superoxide dismutase (SOD), catalase, glutathione peroxidase (GSH-Px), and GSH content in liver whereas increased hepatic malondialdehyde (MDA) content as compared with control group. Treatment with D. salina or silymarin could
signiﬁcantly (p < 0.05) decrease the ALT, AST, and ALP levels in serum and increase the activities of
SOD, catalase, GSH-Px, glutathione reductase, and GSH content and decrease the MDA content in liver
when compared with CCl4-treated group. Liver histopathology also showed that D. salina reduced the
incidence of liver lesions induced by CCl4. The results suggest that D. salina exhibits potent hepatoprotective effects on CCl4-induced liver damages in mice, and that the hepatoprotective effects of D. salina may
be due to both the increase of antioxidant enzymes activities and inhibition of lipid peroxidation.
Ó 2008 Elsevier Ltd. All rights reserved.

1. Introduction
Subclinical icteric to necroinﬂammatory hepatitis, ﬁbrosis, cirrhosis, and hepatocellular carcinoma are characterized by a progressive evolution of chronic liver diseases (Loguercio and
Federico, 2003; Vitaglione et al., 2004; Cristovao et al., 2007). Liver
injury caused by hepatotoxins, such as ethanol, carbon tetrachloride (CCl4), and acetaminophen, is characterized by varying degrees of hepatocyte degeneration and cell death (Wu et al.,
1999). The generation of reactive intermediate metabolites from
the metabolism of hepatotoxins, and the occurrence of reactive
oxygen species (ROS) during the inﬂammatory reaction account
for a variety of pathophysiologic pathways leading to cell death,
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such as covalent binding, disordered cytosolic calcium homeostasis, depletion of glutathione (GSH) and protein thiols, onset of
mitochondrial permeability transition and associated lipid peroxidation (Slater and Sawyer, 1971; Vitaglione et al., 2004; Taira et al.,
2004).
CCl4 is a xenobiotic that produces hepatotoxicity in human as
well as in various experimental animals (Lee et al., 2007; Rudnicki
et al., 2007). Covalent binding of the metabolites of CCl4, trichloromethyl free radicals, to cell proteins is considered to be the initial
step in a chain of events that eventually lead to membrane lipid
peroxidation and ﬁnally to cell death (Recknagel et al., 1989).
The general strategy for prevention and treatment of liver damage
includes reducing the production of reactive metabolites by using
antioxidants (Wu et al., 1999; Bansal et al., 2005). Antioxidants appear to act against diseases by raising the levels of endogenous defense [e.g., by up-regulating gene expressions of the antioxidant
enzymes, such as superoxide dismutase (SOD), catalase, glutathione peroxidase, and lipid peroxidase] (Aruoma, 1994).
Dunaliella salina (D. salina) is a unicellular biﬂagellate green alga
from Chlorophyceae gender. The algal cells are surrounded by a
thin elastic membrane and can yield three major valuable products, glycerol, b-carotene, and proteins. Mokady et al. (1989) has
shown that D. salina is safe and good for human health. Because
D. salina contains abundant b-carotene, it has been used as a food

