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ABSTRACT 

Drug-induced fatty liver disease is defined as the accumulation of fat in the liver due to exposure to some drugs. This condition is called 

non-alcoholic fatty liver disease (NAFLD). Fatty liver can be progressed to inflammation called non-alcoholic steatohepatitis or NASH, 

which can be progressed into fibrosis and eventually liver failure. This condition is frequently associated with long-term intake of the 

potentially harmful drug.  Differents mechanisms have been postulated to illustrate how these drugs could induce fatty liver. Due to current 

lifestyle, the fatty liver rate is increasing, however, some drugs can induce this condition even in non-obese persons. This review focuses on 

drug-induced fatty liver and the possible role for some antioxidants in reversing this condition. 
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INTRODUCTION 

Drug-induced liver injury (DILI) is very common and remains the main reason for drugs withdrawal. Drug-

induced fatty liver is a type of DILI, and is associated with the type, duration, and dose of the drug used. The 

increase in medicines taken can be the reason for the occurance of various clinicopathologic forms of liver 

disorders. Steatosis and steatohepatitis are well-documented in clinical practices. The liver is the main organ in 

which the metabolism of xenobiotics is carried out and this explains the susceptibility of the liver to drug-

induced injuries. It has been proved that different mechanisms can lead to liver steatosis (Fig. 1). During the 

past decades, some medicines have been known to induce steatosis, through prevention of mitochondrial beta-

oxidation, lowering VLDL secretion, insulin resistance, elevated liver absorption of fatty acids, and other 

unknown pathophysiological pathways. [1] Some medicines can cause a rapid onset by inhibiting the synthesis 

of adenosine triphosphate (ATP) by mitochondria, which results in micro-vesicular steatosis. [2] 

Common drugs responsible for fatty liver 

Amiodarone 

Amiodarone is an antiarrhythmic medicine and is a positive cation with both hydrophilic and hydrophobic 

moieties, which can cross the mitochondrial membrane and affecting its functions, thereby causing fatty liver 

[3]Amiodaronecan be accumulated in the mitochondria resulting in  high intra-mitochondrial concentration 

which impairs beta-oxidation and electron transport chain, causing increased lipid accumulationand ROS 

production [4] Amiodarone can prevent microsomal triglyceride transfer protein (MTP) activity, which 

physiologically plays an important role in VLDL regulation. Some drugs have a comparable structure to 

amiodarone and may, therefore, have the same influences on hepatocytes. [5]Amiodarone hepatotoxicity ocurrs 

due to direct damage to lipid bilayers and impairment of lysosomal and/or mitochondrial function[6]. 

Dronedarone is a ‘second generation’ anti-arrhythmic medicine. In recent years, it has been found that there are 

high levels of liver injury associated with the use of dronedarone and it can cause serious acute hepatic failure. 

http://www.ijpras.com/
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[7]. Dronedarone can prevent beta-oxidation of fatty acids in vivo[8] without damaging the electron transport 

chain possibly due to its short half-life that makes it hard to reach a high concentration inside the mitochondria. 

[5] 

 

 
Fig. 1: Schematic representation of drug-induced hepatic steatosis. [11] 

 

Tamoxifen & raloxifene 

Tamoxifen is efficiently used in breast cancer therapy, especially in the treatment of the molecular subtypes that 

express estrogen receptors (ER). Alpha and beta as 2 subtypes of ER are found in the mitochondrial membrane. 

[10]Satapathyet al.confirmed that the use of tamoxifen can cause fatty liver disease with reduced beta-

oxidation and increased fatty acid synthesis. [11, 12] Tamoxifen is a positive cationic amphiphilic compound 

and its acquisition is the leading cause of hepatotoxicity. [5] 

Steatosis improves in about thirty percent of the patients, generally during two years after starting the anti-

estrogentreatment,[13]Tamoxifen can promote the development of NAFLD.However, tamoxifendiscontinuation 

can ameliorate steatosis and steatohepatitis. [14] Preventing the progression of NASH due to tamoxifen 

treatment in patients with breast cancer can be carried out using bezafibrate treatment. A comprehensive 

research needs to be undertaken before any recommendations on the best course of treatment in these cases. [15] 

Raloxifene is another important drug used to prevent and treat osteoporosis in postmenopausal women.There is 

evidence that it may worsen the pre-existing fatty liver and some studies have shown that raloxifene can prevent 

beta-oxidation of fatty acids. [11, 16] 

Valproate 

Valproate, or valproic acid, is a fatty acid and widely prescribed antipsychotic drug. Therefore, it competes with 

another fatty acid in the metabolic pathways of liver cells. [5] 

The free acid form of valproate enters the cell and then is transported into the mitochondria, combined with 

coenzyme A (CoA). This results in CoA deficiency and inhibition of the catabolism of fatty acids to 

triglycerides for storage, leading to steatosis. Moreover, the mitochondrial valproate toxicity occurs due to its 

ability to release protons that leads to damaging the electron transport chain and ATP generation. Moreover, 

constantly treatment with valproate can cause obesity, which increases the risk of progressing the pre-existing 

fatty liver disease. [17] 

Many clinical studies have investigated valproate liver toxicity. Hepatic steatosis estimated by ultrasound scan 

was reported in more than 60% of patients treated with valproate comparing to group treated with different 

epilyptic drug. [18] Mild elevation of aminotransferase levels without cholestasis is common among patients 

treated with this drug. [19] Histologically, valproate generally causes microvesicular steatosis. Moreover, 

valproate-induced steatosis can produce mitochondrial impairment. [20]It is highly recommended that patients 

treated with valproate should be closesly monitored to follow the progress of NAFLD and another medication 

might be recommended inorder to prevent further liver damage. 

Tetracycline 

Many antibiotics are hepatotoxic, among which tetracycline is recognized with the major potential of causing 

fatty liver disease, mostly if delivered intravenously. [21] 
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Microvesicular steatosis is the common histological type of liver damage caused by tetracycline-based 

treatment. [20] Studies have shown that tetracycline prevents beta-oxidation of fatty acids and MTP, an enzyme 

with the main role in cholesterol regulation. [22] 

Transcriptomic analysis conducted bySzalowskaet al. [23]found that tetracycline can down regulategenes 

involved in beta-oxidationincluding peroxisome proliferator-activated receptor alpha (PPARα), carnitine 

palmitoyltransferase I (CPT-I), and fatty acid-binding protein 1 (FABP- 1). Furthermore, doxycycline, and 

minocycline, which are tetracycline-based compounds,can promote ROS production in hepatocytes. [24] This is 

dependent on the activation of activating transcription factor 4 (ATF4), which adjusts CYP2E1 that is involved 

in some metabolic pathways leading to the production of ROS. [5] 

The possible molecular mechanisms of hepatocyte damage have been investigated by the proteomic profiling of 

a tetracycline-treated murine model. The results showed that the highestaffected mitochondrial proteins are 

those found in beta-oxidation of fatty acids, especially acyl-CoA dehydrogenase, which may cause a reduction 

in their enzymatic activity.[25] 

Chemotherapeutic agents 

‘Chemotherapy-associated steatohepatitis’ (CASH) is the name given to chemotherapeutic liver injury. 

Irinotecan, 5-fluorouracil (5-FU), and oxaliplatin are the commonchemotherapeuticcompounds related to 

steatohepatitis. Many therapeutic regimens contain these medicines, especially those for patients with metastatic 

colon cancer. [26] 

A research was conducted to estimate the level of liver damage induced by chemotherapy in patients undergoing 

neoadjuvant chemotherapy for colorectal liver metastasis, and the results showed that steatosis is a common 

histological finding, with different possible periods of injury.[26]Another histological estimation of non-tumoral 

liver parenchyma investigated 384 patients, undergoing liver resection for metastatic colorectal cancer. The 

results showed that high BMI, irinotecan treatment, and elevated levels of glucose in the blood were all related 

to steatosis of hepatocytes. [27]Some studies have suggested that these drugs may influence mitochondrial DNA 

and it is possible that the mitochondrial toxicity plays the vital role in drug-induced steatosis.  

Methotrexate (MTX) 

Methotrexate (MTX) is a chemotherapeutic and immunosuppressant drug. [28]It is believed that TMX-induced 

liver damage due to direct toxicity. Kremer et al. [29] observed that the polyglutamated metabolite of MTX is 

gradually accumulated in the liver cells and may lead to hepatotoxicity. Itcan abnormally alter the role of 

mitochondria by reducing mitochondrial folate stores; it does this not by directly affecting the intra-

mitochondrial stored folate, but by inhibiting folate entry into the mitochondria, which means there is no 

replenishment of the mitochondrial folate stocks. It has been demonstrated that MTX-caused mitochondrial 

abnormalities can lead to ROS generation and the induction of caspase-dependent apoptosis. [30, 31] 

MTX can cause damage to the epithelial barrier, drive to leaky intestines syndrome, which is related to the 

initiation and progression of fatty liver disease. [32] 

MTX-induced liver damage can also be detected by the occurrence of low to moderate aminotransferase 

increases in up to 50% of patients. [33] This biochemical change is generally temporary; occasionally needs to 

be investigated or treated. [34] Steatohepatitis, extensive fibrosis, and cirrhosis can be caused by MTX and it 

has been found that these diseases only occur in 4-5% of patients. [35]Steatohepatitis by MTX can be increased 

by the presence of pre-existingsteatosis, which can result in advanced liver injury.Studies have shown that other 

confounding factors related to MTX-induced hepatotoxicity include NAFLD, alcohol consumption, chronic 

hepatitis B or C, overweight, and hyperglycemia. [14] 

Possible management of drug-induced fatty liver disease 

The therapeutic strategies for fatty liver disease are firstly aimed at improving the metabolic parameters that 

lead to pathogenesis, including weight loss, exercise, and lipid and glycaemic controls. [36] These lifestyle 

modification strategies will have a useful function in the treatment of drug-induced fatty liver.  

Vitamin E (alfa-tocopherol) is a potential treatment to improve liver histology in healthy adults with biopsy-

confirmed non-alcoholic steatohepatitis (NASH). [37]Vitamin E is fairly safe and easy to use. The reasons for 

utilizing vitamin E in patients with NASH is based on its antioxidant characteristics, which means it could 

potentially be beneficial in drug-induced steatohepatitis.  

The potential use of other antioxidants including S-adenosylmethionine (SAMe) [38] and Silymarin,[39]has not 

been fully investigated as treatments.  

Current studies have created enormous interest and high expectations for production of therapies for non-

alcoholic fatty liver disease (NAFLD), NASH and drug-induced steatohepatitis. [40] One of these drugs is 
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obeticholic acid (6α-ethyl-chenodeoxycholic acid), which is a semi-synthetic form of the primary human bile 

acid that is a nuclear hormone receptor that controls the metabolismof lipid and glucose. It wasshown to 

improve the histologicalfeatures of non-alcoholic steatohepatitis, however, further studies are being undertaken. 

[40] 

Antioxidant defense system 

The natural antioxidant systems are divided into two main groups, enzymatic and non-enzymatic. Enzymatic 

antioxidants had contained a limited number of proteins with some supporting enzymes. These include catalase 

for H2O2, superoxide dismutase (SOD) for superoxide, and glutathione peroxidase (GPx) for H2O2 and lipid 

peroxide, though; there are no specific defense mechanisms against hydroxyl radicals, which are the most potent 

ROS. Non-enzymatic antioxidants include the direct-acting antioxidants, such as GSH, metallothionein (MT), 

caeruloplasmin, and transferrin. [41] Chelating agents also act as antioxidants by binding to redox metals to 

prevent the free radical generation, which makes them extremely important in the defense against ROS. [42, 43] 

Most of the antioxidants are derived from dietary sources, [44] but the cell itself can synthesize a small number 

of these molecules, for example,ascorbic acid. Importantly, these systems are found to be impaired in patients 

with NAFLD/NASH, which can potentially further increase the levels of oxidative stress. [45] 

1- Hepatic Glutathione  

Glutathione (γ-glutamyl-cysteinyl glycine) is an important intracellular antioxidant that scavenges the common 

ROS (e.g. hydroxyl radicalsand superoxide anion) and other free radical species, such as peroxynitrite, lipid 

peroxyl radicals, and H2O2. [46] Glutathione protects cells against endogenous and exogenous toxins; for 

example, it protects against free radicals produced by xenobiotics or their metabolites. It is capable of binding to 

potentially harmful electrophilic compounds through two mechanisms: first, it can protect protein thiols against 

ROS/RNS and secondly, it can reverse oxidative effects through the removal of the disulfide bond and 

nitrothiols. [47] Such radical species are removed by glutathione (non-enzymatic reduction), whereas the 

removal of hydroperoxides needs glutathione peroxidase (GPx) (enzymatic catalysis). In cells, GSH interacts 

with electrophilic compounds/metabolites and with free radicals during detoxification, and depletion of the 

reduced form of glutathione was reported to be as a hepatotoxicity marker. [48]GSH conjugation is catalyzed by 

the glutathione-S-transferase family of cytoplasmic enzymes, which are of high importance in protecting the 

cells from ROS produced through normal processes, such as drug biotransformation. Reduced GSH levels have 

been implicated in NAFLD pathogenesis; Videlaet al.[49] reported that hepatic GSH is significantly depleted in 

patients with hepatic steatosis and steatohepatitis.  

2- Metallothionein  

Metallothionein (MT) was first discovered in 1957 and is a ubiquitous, highly inducible, and low molecular 

weight protein, which contains high amounts of heavy metals. [50]MT exists in four isoforms (MT-1-4) in 

mammals, all of which have metal-binding sites; MT-1 and MT-2 are ubiquitously expressed, MT-3 is mainly 

expressed in the brain and MT-4 is found in squamous epithelia. [51] 

MT synthesis can be induced by various stimuli, including metals such as zinc and cadmium, but importantly, 

non-metallic compounds including oxidative stress can also induce its synthesis. [52] 

The induction of MTs under oxidative conditions has led to speculation that MTs can act as radical scavengers, 

and this is backed up by a considerable amount of data showing the ability of MT to function as strong free 

radical scavengers. Moreover, in vivo studies have shown the important role of MT against free radicals [53] 

(Fig. 2). 



Shareefa A. Al Ghamdi                                                   Int.J. Pharm. Res. Allied Sci., 2019, 8(4):82-90 

86 

 
Fig. 2: Stimuli of MT expression and possible downstream effects [54] 

In addition to the potential role of MT in oxidative stress, it also plays 2 main roles in apoptosis: regulation of 

intracellular zinc content and the interaction of MT with some proteins that are involved in apoptosis. Zinc 

depletion is an intracellular mediator of apoptosis in different cell lines through activation of caspases. [55, 

56]MT protects against apoptosis by distributing cellular zinc. [57] The tumor suppressor protein is a metal-

binding transcription factor that binds DNA through a complex domain stabilized by a zinc atom. [58] The 

nuclear accumulation of MT is probably involved in supplying metals such as zinc to target molecules including 

tumor suppressor gene products, zinc-finger transcription factors, and enzymes. [58] The regulation of NF-κB 

activity one of the most important MT interaction with proteins that are involved in apoptosis. NF-κBis a 

transcription factor that is involved in gene activation and various cellular activities associated with 

development, growth, and cell death regulation. [59] Hence, while the potential for MT-mediated protection 

from ROS is established, its modulation by disease conditions and the physiological consequences of this are 

unclear and need further examination. 

Micronutrients as a therapeutic strategy 

Micronutrients are substances that provide nourishment essential for growth and maintenance of life and are 

required in very small amounts for physiological functions. [60, 61]Micronutrients include electrolytes (sodium, 

chloride, and potassium), minerals (calcium, phosphorus, and zinc), vitamins, and carotenoids. These substances 

are inorganic compounds needed for tissue structure, pH regulation, neuronal signaling, muscle contraction, and 

enzymatic activities. Electrolytes may bind to minerals to neutralize their charge. The current function of 

electrolyte homeostasis in NAFLD is notyet fully understood, but there is a strong epidemiologic relation 

among rising sodium diets and NAFLD. [62, 63] 

Micronutrient has only limited consideration for NAFLD therapeutics. For example, carotenoid supplementation 

has not been approved in NAFLD patients despite there being proof that alanine aminotransferase (ALT) 

activity is improved in runners provided with the carotenoid-containing fruit pulp oil. [64]Moreover, there is 

evidence that NASH patients fail to normalize vitamin D3 level or liver histology in response to six months of a 

daily dose of 2000 IU of vitamin D3 supplementation. [65] The results of daily 1000 mg vitamin C and 1000 IU 

vitamin E for 6 months are more promising, which modestly improved fibrosis scores in biopsy-proven NAFLD 

patients. [66] 

In addition to the curative effects of micronutrients, vitamin E is an effective model of how substance required 

in trace amounts for the normal growth and development of living organisms can be utilized to help control 

NAFLD.Also, its supplementation has been shown to improve liver enzyme levels and health. There have been 

some suggestions that vitamin E has an antifibrotic activity,but studies have shown that there was no advantage 

of vitamin E on liver cell fibrosis in adults. [67] 
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In children who were given 800 IU vitamin E daily, the results showed an improved NASH histology.[68]These 

results have been supported by another study. [69] In adults, no antifibrotic influence of vitamin E has been 

found. [68] 

CONCLUSIONS 

Several drugs are known to induce fatty liver and therefore may increase the risk of DILI. The most commonly 

used medicines with possibility of inducing hepatotoxic effects need to be closely monitored as this can lead to 

the identification of clinical markers relevant to measuring liver damage. Studies have shown micronutrient 

intake can help to restore tissue damage and energy homeostasis in NAFLD patients. These substances are 

required in trace amounts for the normal growth and development of living organisms and the beneficial effect 

toward hepatotoxicity might be due to regulating lipid metabolism and their antioxidant properties. 
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