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The liver is a vital organ its strategic location and multidimensional functions support almost every organ in the body (Singh R et al., 2013, Swaroop T et al., 2012). It performs a fundamental role in regulation of diverse physiological process. Liver diseases are major health problems across the world (Delgado M.C et al., 2015). Liver disease is the term indicates damage to the cells, tissues, structure or impairment in liver functions. This damage can induce by biological factors, autoimmune diseases, and toxic chemicals as well with drugs or medicines (Deshwal N et al., 2011). Certain medicinal agents, when taken in overdoses and occasionally even when introduced within therapeutic ranges, may injure the organ (Ostapowicz et al., 2002). Hepatotoxicity is the key reason to withdrawn of drug form market.  There are more than 900 drugs have been implicated for causing liver injury or liver toxicity (Aashish Pandit et al., 2011). Chemicals that cause liver injury are called hepatotoxins (Friedman et al., 2003). The world health organization determined that around 2.4 million deaths yearly are linked to liver disease and that around 800 thousand of deaths attributable to cirrhosis (Ian A et al., 2016). The damage or infection in liver categorized in a various types, depending upon the condition including acute fatty infiltration, cholestatic jaundice, liver granulomas, liver steatosis, active chronic hepatitis, liver cirrhosis, liver tumors etc (Ozer J et al., 2008). Injury and function of liver evaluated based upon clinical signs, a select group of serum clinical biomarkers, and occasionally liver biopsy (Yang X et al., 2012). The ideal attributes of a hepatotoxicity biomarker, including: organ specificity; a strong correlation with histopathology (Ozer J et al., 2008).
Over a few decades ago, the rate of intoxication of chemical materials has amazingly increased (Rahimzadeh R et al., 2010). People may use some drugs and chemicals in wrong way; as a result they may be poisoned intentionally or accidentally (Rahimzadeh R et al., 2014 and Paudyal B.P et al., 2005). Heavy metals are similar to other poisonous chemicals, from natural or industrial sources, can pose serious threats to human life (Rahimzadeh R et al., 2013). Cadmium poisoning has been reported from many parts of the world. It is one of the global health problems that affect many organs and in some serious cases it cause death (Mehrdad R.R et al., 2017). It is considered as deleterious pollutant that threats both animals and human health. Cd as identified as a category-I human carcinogen, due to its potential to induce pulmonary tumors (Waalkes M.P et al., 2003). The key sources of Cd intoxication cigarette smoking and ingestion of contaminated food or water (Skipper A et al., 2016). Long-term exposure to cadmium through air, water, soil, and food leads to cancer and toxicity on the organ system mainly on skeletal, urinary, reproductive, cardiovascular, central and peripheral nervous, and respiratory systems. Cadmium levels can be measured in the blood, urine, hair, nail and saliva samples (Mehrdad RR et al., 2017).
Cd has similar chemical and physical properties to essential metals such as iron and zinc it can be transported and taken up into the cells by a process referred as “ionic and molecular mimicry” (Vesey DA et al., 2010). In humans, most of the total body burden of Cadmium to the liver due to forms a complex with metallothionein (MT) and reduces its free concentration within the cell, thus it reducing the hepatotoxic potential of Cd (Chan, M. H et al., 1992). As the binding capacity of MT becomes saturated, the increased ability of unbound Cd initiates a series of events that result in cell injury or death (Goering, P et al., 1984). The mechanism underlying Cd induced its toxic effects via oxidative damage (Nair, A.R et al., 2013) to cellular organelles by inducing generation of reactive oxygen species (ROS) which consist mainly of -O2, H2O2 and -OH this further leads to activation of redox-sensitive transcription factor (So K.Y et al., 2016, Wang X.Y et al ., ). Cd modulate the level of nuclear factor erythroid 2-related factor 2 , it is an essential transcription factor that translocated into the nucleus and interacts with the antioxidant response element (ARE) to initiate the transcription of target genes to enhance detoxification and attenuate oxidative stress (Yang B et al., 2018). Oxidative stress indirectly via displacement of redox-active metals and makes use of their transport system, leads to a high level of hydroperoxides and impairment of lipid metabolism (Bernhoft, R.A et al., 2013) and also depletes redox scavengers and inhibits antioxidant enzymes as well as electron transport chain (ETC) resulting in mitochondrial damage (Nair, A.R et al., 2013). Cd inhibits nitric oxide (NO) production in endothelial cells via inhibiting endothelial nitric oxide synthase (eNOS) phosphorylation. This leads to endothelial dysfunction and hypertension but induces inﬂammation, apoptosis and oxidative stress by inducible nitric oxide synthase (iNOS) stimulation. This eﬀect increases NO production and peroxynitrite (ONOO−) formation following binding with free radical (Kukongviriyapan, U et al., 2014). Cd decreased SIRT3 protein expression and activity that promoted the acetylation of Superoxide dismutase-2, mitochondrial, thus decreasing its activity, a key enzyme involved in mitochondrial ROS production (Huifeng P et al., 2015). SIRT3 directly binds and deacetylates SOD2, which increases SOD2 activity and leads to a significant effect on mROS homeostasis and autophagic flux (Qiu X. L et al., 2010, Liang Q. L et al., 2013). Cd causes up-regulation of diﬀerent markers of inﬂammation and apoptosis such as tumor necrosis factor alpha (TNF-α) and interleukins 6, 8,1B. It decrease the Bcl2 expression it mainly responsible for the regulation of apoptosis (Lee, J et al., 2013).
Fumaric acid is an organic acid (C4H4O4) occurring in natural plants. Chemically it is an unsaturated dicarboxylic acid. It was firstly detected in fungus Boletus pseudoignarius. Winkler isolated fumaric acid from Fumaria officinalis L. in 1832 (Sova M et al., 2012). Higher amount of fumaric acid occurs in Papaveraceae family (poppy plants), lichens, mushrooms etc. It has broad spectrum of biological activities (Rudy H 1967 et al., 1967). It is an intermediate in the citric acid cycle, also a product of the urea cycle and amino acid metabolism (Lohbeck K et al., 2000). This α,β-unsaturated di-carboxylic acid is biosynthesized also in plants via carbon capture mechanisms and processes necessary for their own survival and growth (Yoshimi N et al., 2016, Araujo W.L et al., 2011 ). Human skin naturally produces fumaric acid when exposed to sunlight (Chia D.W et al., 2000). In the search for novel pharmacologically active compounds, Fumaric acid and its derivatives are important and promising compounds with high potential for development into drugs. Fumaric acid and its derivatives specially monomethyl fumarate (MMF) and dimethyl fumarate (DMF) are well known antioxidant and are supposed to have several health benefits due to their strong free radical scavenging properties (Hoefnagel, J.J et al., 2003). It isolated from plant material and synthesized, have been reported to well known anti-inflammatory activity, analgesic activity (Anshul Shakya et al., 2014), Chemoprotective (Conawaya C.C et al., 1998), anti psoriatic effect (Yazdi R.M et al., 2010) and strong Immuno-modulatory activity (Schilling S et al., 2008). Fumaric acid esters (FAE) have been used individually in patients with psoriasis since the late 1950s. In the1990s, Fumaderm® has become a registered drug in Germany for systemic treatment of psoriasis. The Fumaderm® mainly contains dimethyl fumarate (DMF), monoethyl fumarate (MEF) and calcium, zinc, and magnesium salts of monomethyl fumarate (MMF) (Uwe Wollina et al., 2011).    
However, no sufficient studies have been carried out the role of Fumaric acid in the treatment of hepatotoxicity to best of our knowledge. Therefore, the present study aims “To explore the effect of Fumaric acid on cadmium induced hepatotoxicity in rats.”
