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The Implications of Deficiency and Toxicity of Copper

Energy used for metabolic homeostasis, thermoregulation, physical activity and normal organ function is obtained from the oxidation of macronutrients including carbohydrates, fats and proteins.  Micronutrients (trace minerals and vitamins) are dietary components necessary to sustain health. Most vitamins and minerals cannot be synthesized and must be provided in the diet (Campbell, 2017) . They have a diverse array of functions which include acting as coenzymes, biochemical substrates and hormones. They are found in very small quantities in tissues which differentiates them from the macronutrients (fats, carbohydrates, proteins) and macro-minerals (sodium, potassium, calcium, magnesium, phosphorous). Vitamins have many roles in intermediary metabolism and in the specialised metabolism of specific organs whilst most trace minerals appear to function as cofactors for a number of enzymes, and deficiencies in a number of trace elements have characteristic clinical effects (Costa-Pinto and Gantner, 2020).

Copper is an essential trace element that functions as a cofactor in several physiologic pathways, it facilitates electron transfer reactions when incorporated with specific cuproproteins and is used in many diverse processes including connective tissue synthesis, collagen cross-linking, energy metabolism, iron metabolism, and as a scavenger of free radicals (Dembinski, Gargasz, Dabrow and Rodriguez, 2012; Tao et al., 2003). It is unusual to be deficient in copper, however,  paediatric patients with a history of prematurity, parenteral nutrition dependency, malabsorption, and/or those with malnutrition are at particular risk of deficiencies (Dembinski, Gargasz, Dabrow and Rodriguez, 2012), children up to 5 years old require 20 µg/kg/d and a maximum of 300 µg/d (Variations in health, 1996). Dietary copper is absorbed in the stomach and duodenum and is rapidly up from the portal venous circulation by the liver, the principal organ involved in copper homeostasis (Tao et al., 2003). Copper is found in a wide range of foods, from meat to vegetables, and particularly good sources include oysters, nuts, seeds, shitake mushrooms, lobster, liver, leafy greens and dark chocolate (Office of Dietary Supplements, 2020). 
Given that enzymes, such as Amine oxidase, Cytochrome c oxidase, Dopamine B-monooxygenase, Lysyl oxidase, and Tyrosinase are used in metabolism that use copper as a co-factor, signs of copper deficiency would include neutropenia, hypochromic microcytic anemia (resistance to iron supplementation), bone abnormalities, skin and hair hypopigmentation depigmentation, and neurologic dysfunction. Osteoporosis, scoliosis and scorbutic-like changes have also been reported in copper-deficient infants and children. Copper deficiency may mimic child abuse, as patients with copper deficiency are more prone to bone fractures. (Dembinski, Gargasz, Dabrow and Rodriguez, 2012; Efsa, 2020).
A defective gene which is involved in the delivery of copper to the secreted copper enzymes and in the export of surplus copper from cells can also lead to Menkes disease (MD), it is a lethal multisystemic disorder of copper metabolism, the deficiency will result throughout the body, it is an X-linked disorder of copper transport where the copper is not taken across the gut membrane, progressive neurodegeneration and connective tissue disturbances, together with the peculiar ‘kinky’ hair are the main manifestations and often ends in death in infants, typically before the age of 3, of which, the vast majority of patients are male (Vulpe et al., 1993; Efsa, 2020; Tümer, Z. and Møller, L.B., 2010). 
Copper toxicity is also uncommon, as under normal circumstances, copper homeostasis ensures that copper overload does not occur, however, an excess of copper has been recorded and shown to cause problems under certain specific conditions, notably genetic disorders such as Wilson disease (WD) (Tanzi et al., 1993; Tao et al., 2003). Wilson disease is caused by a mutation in a transport protein similar to to that in Menkes disease, but expressed in different tissues, evidence suggests that both Menkes disease and Wilson disease result from improper cellular transport of copper (Tanzi et al., 1993). In Wilson disease, the protein is defective in the liver, and excretion is inhibited so that copper accumulates initially in the liver, followed by the brain, heart, kidney and eyes. Over time, hepatic damage results in cirrhosis, and can also develop into fulminant liver disease. The latter occurs following the breakdown of the copper storage systems (Tao et al., 2003).
Excessive copper accumulation has also been recorded in Indian Childhood cirrhosis (ICC). In which milk heated in copper vessels was found to contain very high amounts of copper. Some children accumulated large amounts of copper in their liver and suffered from symptoms of copper toxicity. Although ICC is now rare, sporadic cases of an ICC-like disorder in infants continue to occur, but clinical evidence shows that there must be excessive copper ingestion for ICC to develop, (Tanner, 1998). A similar disorder was recorded in families from the Austrian province of Tyrol (Muller et al., 1998). The Tyrolean cirrhosis was mapped to one particular village and to one common ancestor in that village. More recently, however, a comprehensive study of Indian Childhood cirrhosis has concluded that, while copper may have some role to play in the development of the disorder, but in line with the Tyrol case, it may also have a genetic predisposition and can manifest in a child of any age though is more common in children under 3 (Nayak and Chitale, 2013).
As well as WD and ICC, there is Idiopathic copper toxicosis (ICT), it  is believed to be a primary copper-associated liver disease with distinguished epidemiologic, clinical, and biochemical characteristics, it appears in infancy and early childhood as severe liver disease with normal or raised serum ceruloplasmin concentrations invariably accompanied by elevated hepatic copper concentrations (Müller, T., Müller, W. and Feichtinger, H., 1998).

Copper, an essential mineral, naturally present in some foods is a cofactor for several enzymes in several physiologic pathways.  Despite being rare, due to copper homeostasis, copper inefficiencies and toxicities such as MD, WD, ICC and ICT could be considered as a differential diagnosis in paediatric patients with otherwise unexplained liver disease, because early recognition may offer successful alternative therapies and preventative interventions in treatment.
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