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ABSTRACT: Liver has a major role in in the digestion, metabolism, as well as storage of nutrients. Liver 
diseases is one of the main causes of death in the world. Some of the liver diseases are as a result of 
poor nutritional habits which damage the liver, because liver needs some materials to work properly and 
those materials should be provided by food intakes. Lentils are an important daily food source for 
humans in many countries, as they supply both micro and macronutrients and have a high content of 
proteins, carbohydrates (e.g., dietary fibre), as well as vitamins and minerals. This review aims to 
describe the important factors including vitamins, minerals, and antioxidants that is required for a healthy 
liver. Then, these factors will be referred to the nutrients present in lentils. This review paper proves the 
nutritional and health-promoting potential of lentil for better liver function based on the present studies 
and suggests more investigation on development of lentil-based functional food products. 
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INTRODUCTION 
 

 Liver plays an important role in nutrient storage, absorption and metabolism. A nutrient deficiency is often 

related to liver disease and can be caused by lowered intake, decreased absorption, reduced storage, metabolism 

disorders or increased nutritional requirements (Mezey, 1978). Moreover, there is growing evidence that a shift in 

the cellular redox state with the development of reactive oxygen species (ROS) has a crucial role to play in the 

different steps which initiate and regulate the development of liver diseases independent of the etiological agent 

type. Healthy diet which provides enough antioxidants can prevent from this problem and help the liver for a 

healthier condition (Vitaglione et al., 2004). In addition, some minerals such as zinc and iron improves liver function 

and their deficiency can lead to a detrimental effect on liver function (Sun et al., 2014)(Mohommad et al., 2012).  

Lentils (Lens culinaris) are a rich source of proteins, starch and non-starchy carbohydrates, minerals and 

micronutrients such as some tannins. The nutritional interest of whole lentil seed has been stressed for its 

beneficial effect in diabetes, and for its ability to develop intestinal microflora (Combe et al., 2004). It has been also 

shown that as lentils a major source of both antioxidants, minerals and vitamins can reduce the risk of liver damage 

(Amarowicz et al., 2010).  

 Besides their nutritional value, lentils are economical, affordable protein source, which are easy to prepare and 

digest. Moreover, populations in South Asia including India are largely vegetarian, so people are deprived of 

animal-based proteins. This makes it crucial for people to consume high protein seeds such as pulses (lentil, chick 
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pea, gram, soy beans, etc.) on a daily basis to achieve their protein and energy requirements (Sah et al., 2013). 

Therefore, in this review we discuss the benefits of consuming lentils to boost liver function.  

 

Iron deficiency effect on liver function 

 Iron containing enzymes, or those needing iron for optimum functioning are involved in a wide range of 

metabolic functions and are present in most areas of the cell. Given the small proportion of the total body, iron 

associated with these activities, there is proof that iron deficiency can cause impaired function. In one study (Bailey 

Wood et al., 1975), the effects of iron deficiency on the liver enzymes of rats was investigated. They conducted 

their experiments in 3 different groups including control group and groups which suffer from iron deficiency for 7 

and 14 weeks. Within the iron deficient group, there was no decrease in mitochondrial NADH-cytochrome C or 

NADH-ferricyanide reductase activities after 7 or 14 weeks compared to those in the iron supplement group. 

However, the microsomal activities significantly reduced by about 35% after 14 weeks compared to those in normal 

animals. None of the mitochondrial succinate reductase activities in the iron deficient group reduced after 7 weeks 

but the succinate-cytochrome C reductase amounts in the iron deficient animals were approximately half those in 

the regular group at 14 weeks. There was no reduction in reductase activity for succinateferricyanide. The activities 

of 6-phosphogluconate and 6-phosphate dehydrogenase glucose decreased by 51 and 53%, respectively at 7 

weeks. Nevertheless, there was no difference in the amounts of 6-phosphogluconate dehydrogenase at 14 weeks, 

as the activity in normal animals had dropped to the point previously seen in the iron deprived group. At 14 weeks, 

glucose 6-phosphate dehydrogenase activity was about 45% lower in the iron deficient group than that of normal 

animals (Thavarajah et al., 2009). 

 6-Phosphogluconate dehydrogenase (6PGD; E.C. 1.1.1.44) is an enzyme involved throughout the hexose 

monophosphate shunt pathway which catalyzes 6-phosphogluconate and converts into 5-phosphate ribulose 

(Adem & Ciftci, 2016). Increased levels of erythrocyte pyruvate kinase (PK) activity and decreased glutathione 

(GSH) have been observed among people who suffer from 6-Phosphogluconate dehydrogenase deficiency, 

suggesting a small decrease in mean red blood cell age (RBC) and reduced system activation (Caprari et al., 

2001). G6PD is required for cell survival since both NADPH and ribose-5-phosphate are prominent products of 

G6PD which are essential for cell growth. Other study, indicate that decreased G6PD activity may potentially lead 

to diabetes development on the basis of highly significant correlations of increased diabetes mellitus frequency in 

G6PD-deficient subjects compared to wild G6PD-deficient subjects in the same population (Stanton, 2012).  

In another research, it was proved that the dietary deficiency of iron can lead to increase in the amount of vitamin A 

in the liver and decrease that of in the plasma as you can see in Table 1. It means that, iron deficiency can disturb 

iron mobilization (Jang et al., 2000). 

 

Table 1. Iron and vitamin A status of control and iron-deficient rats in the vitamin A kinetic study 

 Control group Iron deficient group 

Iron  

  Hemoglobin, g/L 

  Liver iron, μ mol  

  

185.7 +- 10.7 37.2 +- 3.4 

16.5+- 1.6 4.10+-1.47 

Vitamin A t0 * 

  Plasma ROH,m mol/L 

  Liver ROH, nmol 

  

1.54, 1.40 0.440, 0.708 

167, 194 442, 525 

Vitamin A tt 

  Plasma ROH, μ mol/L 

  Liver ROH, nmol 

  Vitamin A balance,2 nmol/d 

  

1.339 +- 0.109 0.524 +- 0.110 

112.2+- 23.5 808.5 +- 94.0 

-1.4 6.8 

 * Presented Data are means ± standard deviation at the beginning (t0) of the kinetic study (8 week of dietary 

treatment) and at the end of the kinetic study (tt) (15 week of dietary treatment).  



Intl J Farm & Alli Sci. Vol., 10 (1): 1-8, 2021 

 

3 
 
 

 As indicated in the Table 1. while liver vitamin A can accumulate in iron deficiency, irreversible utilization and 

vitamin A absorption are reduced. Therefore, considering lentils as a valuable source of iron, not only can prevent 

iron deficiency but also can improve vitamin A absorption. For instance, Iron concentration in lentils grown in 

Saskatchewan, Canada, ranges from 73 to 90 mg kg−1, i.e., 100 g dry lentils provide 91–113% of the RDA for 

males and 41–50% for females (Thavarajah et al., 2009).  

 As it is known that Iron and Zink from plant sources are typically not well utilized, due to binding in non-

absorble ways, the bioavailability of lentil iron using an in vitro digestion/Caco-2 cell culture model on the basis of 

the cellular ferritin formation has been evaluated (Glahn et al., 1996). According to this study, ferritin formation for 

23 commercial lentil genotypes varied between 7.2 to 22 ng mg−1 of protein which is higher than most other staple 

food crops (e.g., rice, and common bean). Therefore, lentils can be considered as a whole food source of 

bioavailable iron (Thavarajah et al., 2009).  

  

Role of vitamin B in cirrhosis disease  

 Lentil is a major source of vitamin B group which plays a vital role in many organs and bodily systems (El-

Nahry et al., 1980). One study proved that taking vitamin B supplement resulted in higher number of survived 

patients who were suffering from cirrhosis (Patek et al., 1941). In this research, 54 patients received vitamin B 

supplement compared with 386 patients in control group. Table 2. shows the percentage of survived patients in two 

treated and control group at different durations of time. According to the data presented in Table 3.72% of the 

treated series, as compared with 57% of the controls, survived after 6 months. 

 

Table 2. Number of survived cases in treated and control groups. 

Treatment duration  Survived in treated group (%) Survived in control group (%) 

6 months 72 57 

one year 57 39 

Two year 45 21 

 

 In addition to an increase in survival period there are signs of general body improvement and possible 

evidence of the disease cycle being halted. In a significant number of patients symptoms of jaundice, edema and 

ascites disappeared (Patek et al., 1941). Findings of this study proves that as taking vitamin B supplement is highly 

beneficial for healthy liver, adding lentils as a valuable source of vitamin B would be helpful to reduce the same 

liver problem.  

 

Potassium effect on non-alcoholic fatty liver disease 

 Non-alcoholic fatty liver disease (NAFLD) is a clinicopathologic entity which is recognized as a main health 

burden in developed countries. It includes a spectrum of liver damage varying from simple steatosis to nonalcoholic 

steatohepatitis (NASH), advanced fibrosis, and rarely, progression to cirrhosis (Paschos & Paletas, 2009). 

According to this information, the search for risk factors or environmental conditions associated with the onset and 

progression of the disease must be urgently addressed. Potassium is needed as the main intracellular cation in the 

body for proper cellular function and metabolic equilibrium (Udensi & Tchounwou, 2017).  

Experimental and clinical evidence has indicated that decreased serum potassium levels may lead to various 

metabolic disorders, which may grow NAFLD risk (Sun et al., 2014). People with potassium deficiency have a 

higher prevalence of NAFLD and a more extreme insulin resistance relative to people with normokalemia primary 

aldosteronism (PA). Combined therapy with spironolactone and vitamin E, which raised the serum potassium level 

substantially, has a beneficial effect on insulin resistance reduction in patients with NAFLD [20]. Based on the 

above claims, clarification of the relationship between serum potassium level and NAFLD prevalence will likely 

shed light on disease prevention and treatment.  



Intl J Farm & Alli Sci. Vol., 10 (1): 1-8, 2021 

 

4 
 
 

 In another study conducted in China, the association between low serum potassium level and prevalence of 

NAFLD was investigated (Sun et al., 2014). They conducted a community-based study in 8592 participants to 

evaluate the possible relation of serum potassium with the risk of prevalent NAFLD. NAFLD was diagnosed by 

hepatic ultrasonography. In subgroup analysis after multiple adjustments, significant relation between serum 

potassium level and prevalent NAFLD was detected in females, younger participants, those with insulin resistance 

and those with central obesity, respectively. Authors demonstrated that Low serum potassium level significantly 

linked with prevalence of NAFLD in middle-aged and elderly Chinese.  

 According to the studies mentioned above, due to high potassium content of lentil (369 mg per 100 g), 

including it in diet would treat and prevent NAFLD. Research findings confirmed that a lentil protein hydrolysate and 

a mixed training protocol was effective to decrease hepatomegalia and steatosis which related to NAFLD and 

relieved the adverse effects produced by this condition in glucose and lipid metabolisms through the modulation in 

the expression of different genes involved in diverse metabolic pathways (Martínez et al., 2018).  

 

The important role of antioxidants for a healthy liver 

 Evidence indicates that the alteration of the cellular redox state with the production of reactive oxygen species 

(ROS) plays a crucial role in the different steps initiating and regulating the progression of liver diseases 

independently of the type of etiologic agents. ROS is involved in alcohol, virus, lipid and carbohydrate modification 

metabolism and xenobiotics mediated liver damage (Loguercio et al., 2001). Activated inflammatory cells 

(neutrophils, Kupffer cells, macrophages), the mitochondrial enzymes and especially cytochrome P450 damaged 

hepatocytes are the main sources of ROS in the liver. The magnitude of ROS impact depends on a number of 

individual characteristics such as age, ethanol use, obesity, concentration of blood iron, as well as intracellular and 

antioxidant plasma available defense (Parola & Robino, 2001). The oxidative stress imbalance influences the 

transcription of multiple biochemical mediators (mainly cytokines) capable of modulating the tissue and cellular 

events that characterize various types of liver diseases, such as apoptosis, fibrosis, necrosis, regeneration and 

cholestasis (Tilg & Diehl, 2000). The type of cytokine-mediated event determines the happening and the entity of 

various liver damages (Parola & Robino, 2001)(Tilg & Diehl, 2000). Stellate cells play a prominent part in the 

development of hepatic fibrosis (Flier et al., 1993)(Kawada et al., 1998).  

 In vitro studies have shown that oxidative stress stimulates stellate cell proliferation and collagen synthesis. 

Thus, cytokines and oxidative stress have been hypothesized to play a crucial role in NASH (Non-Alcoholic Steato 

Hepatitis) and development of liver injury. A recent broad population-based study found that the risk of liver injury, 

assessed as high alanine amino transferase (ALT) activity, was negatively correlated with many serum antioxidants 

concentration. Hence, dietary habits that provide a limited amount of antioxidants can contribute to hepatic injury 

progression. Based on these data, a large number of recent investigations have been carried out with the intention 

of determining dietary habits that could maintain or restore the antioxidant capacity of liver cells (Vitaglione et al., 

2004). Since decades several polyphenol-rich plants have been used for liver dysfunctions in folk medicine. 

Studies have been carried out to illustrate the chemical composition of plant extracts, with the aim of attributing the 

positive health impact observed to one or more compounds. The probable antioxidant activity of individual food 

polyphenols or extracts in vivo has been studied extensively in cultivated cells (Froemming & O’Brien, 1997)(Alía et 

al., 2003), animal models (Cai et al., 1997)(Pataki et al., 2002) and humans (Duthie et al., 2000)(Natella et al., 

2001).  

 Based on above information, antioxidants represent a reasonable therapeutic strategy for chronic liver disease 

therapy. For example, administration of antioxidant compounds was effective against chronic viral hepatitis, 

alcoholic liver disease, non-alcoholic steatohepatitis and autoimmune liver diseases (Medina & Moreno-Otero, 

2005). Lentil is considered a type of pulse whose seeds comprise tannin constituents, mainly of the condensed 

type. The high antioxidant potential of tannins has been reported from numerous investigations (Amarowicz, 2007). 

As reported previously, green lentil is amongst the leguminous species which affords an important source and good 

level of phenolic compounds for daily inclusion in the human diet (Amarowicz et al., 2010).  
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Zinc importance on liver function 

 Zinc is the second trace item that is prevalent in the body (Vallee et al., 1956). It is part of the normal life cycle 

and has a number of essential catalytic, regulatory and defensive functions. In the 1930s, it was proved that zinc is 

an important trace nutrient for rodents and humans and plays a catalytic role in a host of enzymes (Roohani et al., 

2013). Moreover, zinc plays an important role in regulating gene expression in the promoter regions of regulated 

genes by means of metal-binding transcription factors and metal response elements. Also, in zinc-finger motifs, 

zinc plays a critical function. Zinc fingers usually have four cysteines inside the protein to bind zinc into a 

tetrahedral complex. For more than half a century, liver disease, especially alcoholic liver disease (ALD), was 

associated with hypozincemia and zinc deficiency (Vallee et al., 1957) (Vallee et al., 1956). Multiple investigators 

confirmed these early ALD findings, and tissue concentrations of zinc in alcoholic cirrhosis as well as in animal 

models of liver disease have been shown to decrease (Kahn et al., 1965)(Sullivan & Heaney, 1970). Zinc 

deficiency effects are especially apparent on the skin, as evidenced by an erythematous rash or scaly plaques. 

Some common dermatological disorders (e.g., dandruff, diaper rash and acne) have been related to zinc deficiency 

or have been treated successfully with zinc (Nitzan & Cohen, 2006). 

 Patients with ALD and other types of hepatic disease are predisposed to develop zinc deficiency skin lesions 

due to marginal underlying overall body zinc stores. Many cases of acrodermatitis have also been identified in 

alcoholics with or without liver disease who did not obtain zinc in their hyperfood solutions or who had insufficient 

dietary zinc intake (McClain et al., 1980)(Mcclain, 1981).  

 It has been reported that Necrolytic acral erythema (NAE) is also associated with a zinc deficiency (Najarian et 

al., 2008). NAE is a recently identified dermatose appearing in the form of pruritic, symmetric, well-demarcated, 

hyperkeratotic, erythematous-to-violacous, lichenified plaques with a rim of dusky erythema on the dorsal aspects 

of the feet and extending to the toes. NAE is associated with lower serum and skin zinc levels, and is almost 

always correlated with HCV infection, acting as a cutaneous indicator for underlying HCV infection (Tabibian et al., 

2010). The use of oral zinc therapy is highly successful and in conjunction with the treatment of the underlying HCV 

infection contributes to NAE resolution (Patel et al., 2010).  

 Zinc deficiency is well known in humans with alcoholic cirrhosis as well as in animal ALD models (Y. J. Kang & 

Zhou, 2005). The drop in serum zinc is further associated with the progression of liver damage (Rodriguez-Moreno 

et al., 1997). Research findings showed that, zinc supplementation in murine models helps reduce ethanol-induced 

liver injury. Zinc covered intestinal barrier is critical in preventing endotoxemia, reducing both the development of 

proinflammatory cytokine and oxidative stress. Moreover, zinc supplementation is effective against more damage 

of liver by ALD, because alcohol interferes with the function of the intestinal barrier and causes endotoxemia by 

alteration in the homeostasis of the intestinal zinc. Zinc supplementation slightly protects against this increased 

permeability, endotoxemia, enhanced production of cytokines and subsequent injury to the liver (Zhong et al., 

2010)(Zhong et al., 2010).  

 Zinc supplementation prevented ROS (reactive oxygen species) accumulation as demonstrated by dihydro-

ethidium fluorescence and resulting oxidative damage as assessed by the nitrotyrosine and 4-hydroxynonenal 

immunohistochemical identification and quantitative examination of malondialdehyde and protein carbonyl in the 

liver. Alcohol elevated CYP 2E1 activity was suppressed by zinc supplementation but the activity of alcohol 

dehydrogenase increased in the liver (Zhou et al., 2005).  

 Researchers examined the potential beneficial effects of zinc treatment in ALD (Zhou et al., 2008). Firstly, for 

duration of six months, adult mice fed by alcohol liquid diet. Neutrophil infiltration and growth of the chemokines, 

monocyte, keratinocyte chemoattractant and chemoattractant protein-1 indicated that mice have developed 

cirrhosis.  By TUNEL (terminal deoxynucleotidyl transferase dUTP nick end labeling) apoptotic cell death has been 

observed in mice exposed to alcohol and it was confirmed by the growth activities of caspase-3 and -8. Zinc 

supplementation ameliorated alcoholic hepatitis and decreased the number of TUNEL-positive cells associated 

with caspase inhibition (Zhou et al., 2008). In the liver, the mRNA levels of TNF-α, FasL, TNF-R1, FAF-1, Fas, and 
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caspase-3 was elevated by alcohol exposure and reduced by zinc supplementation. Hence, zinc can reduce the 

amount of factors which are associated with hepatic apoptosis  (Zhou et al., 2008)(X. Kang et al., 2008). Similarly, 

to ALD, in HCV patients the serum zinc levels are reduced, and serum levels often appear to associate negatively 

with hepatic reserve and decline with interferon-based therapy (Kalkan et al., 2002). Many patients with hepatitis C, 

serum zinc amounts are not only decreased but there are functional associations with reduced serum zinc levels. 

For instance, patients have decreased responsiveness to the taste, which correlates with their low serum zinc 

levels. In addition, it is widely recognized that some patients with hepatitis C have dropped levels of zinc in both 

serum and skin (Moneib et al., 2010). There are several therapeutic reasons why zinc can be effective in hepatitis 

C treatment including: regulation of the TH1-TH2 cell imbalance, antioxidant function, zinc inhibitory activity in the 

HCV replicone system, improvement of interferon antiviral activity, metallothionin hepatoprotective effect 

(Grüngreiff, 2010)(Yuasa et al., 2006). While the positive effects of zinc as an adjunct antiretroviral treatment for 

hepatitis C continue to be minimal, there is a strong evidence that zinc can decrease liver damage in patients with 

chronic HCV and have antifibrotic effects. In patients with chronic hepatitis C, Himoto and coworkers used 

polaprezinc as an antifibrotic therapy and demonstrates reduction in markers of non-invasive fibrosis (Himoto et al., 

2007). 

 Zinc treatment has been linked with recovery of aminotransferase aspartate (AST) and aminotransferase 

alanine (ALT). Surprisingly, patients with lower concentrations of zinc later reported reduction in liver enzymes after 

supplementation of zinc. There has also been a suggestion that the possibility of hepatocellular carcinoma (HCC) 

in patients supplemented with zinc may also be weaker (Matsuoka et al., 2009). Hepatitis B virus (HBV) is a much 

more serious public health issue, with over 350 million infected patients worldwide. Serum zinc amounts in patients 

with severe hepatitis B infection drop dramatically, and are often depressed with HBV cirrhosis (comparable to 

HCV cirrhosis) (Fota-Markowska et al., 2002)(Özbal et al., 2002). Specific zinc finger proteins have been used with 

some effectiveness in an effort to suppress HBV viral transcription, and this is a possible therapeutic aim for new 

HBV drugs (Hoeksema & Tyrrell, 2010). Notably, marginal zinc deficiency also seems to impair the effectiveness of 

the vaccination against hepatitis B (Ozgenc et al., 2006). It is another example of how deficiencies in zinc can 

affect immune function which is related to liver disease.  

Lentils have great potential as a zinc rich natural food product. Although there are other compounds including 

phytates and dietary fibre components that can negatively affect the bioavailability of zinc, but there are other ways 

to improve the bioavailability (e.g., food preparation techniques) (Anoma et al., 2014).  

 

Conclusion 

 Lentils have been consumed as part of the diet worldwide and has an important position in human nutrition as 

a rich source of bioactive and non-bioactive nutrients. These nutrients in lentil seeds have a lot of potential and a 

primary function in protecting against various diseases such as liver related disease. Liver is one the major organs 

with many important metabolic functions. Including lentils in the diet would be a helpful food source to prevent liver 

related disease. Due to their nutritional and health-promoting potential, the development of lentil-based functional 

food products as well as nutraceuticals should be widely promoted. 
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