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Abstract  

       The study was undertaken to examine the effects of two doses of L-carnitine on 

liver damage induced by cytarabine including cytotoxic chemotherapy regimens. The 

study conducted at University of Kerbala / College of Veterinary Medicine. Twenty-

four(24) adult male rats were used in the experiment. The rats divided randomly in to 

four groups each group with six rats, the first group were injected normal saline 

intraperitoneally and set as control group (G1). The second group were injected 

cytarabine (25 mg/kg/bw) intraperitoneally and set as (G2).The third group were 

injected cytarabine (25 mg/kg/bw) and (50 mg/kg/bw) L-carnitine intraperitoneally 

and set as (G3). The fourth group were injected cytarabine (25 mg/kg/bw) and (300 

mg/kg/bw) L-carnitine intraperitoneally and set as (G4) ; The study showed that using 

of L-carnitine reduced the harmful effect of cytarabine in the body when compared to 

the group that was injected only with cytarabine at level of (p-value <0.05). The rats 

that were treated with L-carnitine have shown a significant differences in cytarabine 

treated group if compared with other groups. The cytarabine group (G2) showed 

significant increase in serum liver enzymes activities alanine aminotransferase (ALT); 

gama glutamayl transferase (GGT), angiotensin converting enzyme (ACE), aspartate 

amino transferase (AST),decrease in antioxidant Super oxide dismutase (SOD) and 

catalase (CAT) also, increase of the level of malondialdehyde (MDA) when compared 

to other groups .on the other hand, Experience also showed that there is a signefecant 

(p-value <0.05) decrease in the level of alanine aminotransferase (ALT),gama 

glutamayl transferase (GGT), angiotensin converting enzyme (ACE), aspartate amino 

transferase (AST), malondialdehyde (MDA) and increase in serum in antioxidant 

superoxide dismutase (SOD) and catalase (CAT) in (G4) group as compeers with 

(G3) group. 

In conclusion The concretion of L-Carnitine 300 mg/kg.BW ameliorating the 

hyoartoxic effect induced by cytarabine better than 50 mg/kg.BW., Hepatic protection 

effect of L- Carnitine 300 mg/kg.BW better than 50 mg/kg.BW in hypertoxic effect 

induced by cytarabine by decrease liver enzyme and The hepatoprtective effect of L- 

carnitine against cytarabine induce hepatotoxicity manifested by increase 

antioxidant/oxidant balance and decrease liver damage. 
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1. Introduction 

    The liver is a main organ in the biotransformation of food and drugs, hepatic 

diseases are a major worldwide issue, the liver serves many metabolic functions. It 

has enormous regenerative capacity, toxic chemicals are the main cause of hepatic 

disorders. The liver is an important target of the toxicity of drugs,xenobiotics, and 

oxidative stress. Furthermore, the active proliferative response of hepatocytes makes 

the liver an important target of carcinogens,The liver plays a key role in the 

metabolism of a variety of drugs and toxins and thus is especially susceptible to 

damage induced by drugs including cytotoxic chemotherapy regimens (Jaeschke et 

al., 2002).  

    Hepatotoxicity represents a common clinical manifestation that is associated with a 

variety of anticancer therapies. The inherent toxicity of anticancer therapies requires 

oncologists to maintain a broad awareness of their effects on the body, including the 

liver (Mudd and Guddati, 2021). Anticancer therapies are developed, especially 

targeted agents, clinicians must remain informed their new side effects, including 

hepatotoxicity (Choti, 2009). As the hepatotoxicity of cancer related treatments has 

been further characterized, more focus has been moved to the identification of patient 

specific risk factors that contribute to increased risk of toxicity especially in the more 

recently developed targeted agents (Małyszko et al., 2017 and Totzeck et al., 2019). 

Such unexpected toxicities appear to be the consequence of the unique vascular, 

secretory, synthetic, and metabolic features of the liver. As a result, proper monitoring 

and strategies such as discontinuation or dose-modification of pharmacologic agents 

are commonly required when hepatotoxicity occurs (Fontana, 2014). Oncologists and 

hepatologists must collaborate closely to monitor patients for hepatotoxicity and take 

appropriate action to prevent long-term liver damage as new, specialized cancer 

medicines are developed (Al-Jammas and Al-Saraj, 2020).  

     Treatment with anticancer drugs can have harmful effects, and the toxicity can lead 

to a worsened condition quality of life and survival time. Cytarabine is one of the 

most potent cytotoxic drugs used in the treatment of acute leukemia (Di Francia et al., 

2021). Acute  leukemia is a type of cancer of the blood and bone marrow 

characterized by the development of large numbers of immature lymphocytes (Bernard 

et al.,2017). Cytarabine is an antimetabolite chemotherapy drug that is primarily used 

to treat cancers of white blood cells (WBCs), such as non-Hodgkin lymphoma, acute 
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myeloid leukemia, acute lymphocytic leukemia, and chronic myelogenous leukemia 

(Dawood et al., 2020).   

    Cytarabine commonly known as Ara-C, is a pyrimidine nucleoside analog, 

antimetabolite, and antineoplastic that inhibits the synthesis of deoxyribonucleic acid 

(Al-Badr and El-Subbagh, 2009). They are actions unique to the cell cycle's S-shape. 

It through extensive chromosomal destruction causing chromatid aberrations. As a 

result, quickly dividing cells that require DNA replication, mitosis are the most 

commonly affected (Ma et al., 2017). Cyatrabine causes the generation of reactive 

oxygen species (ROS), depletion levels, and inhibition of antioxidant enzyme activity 

in liver tissues. However, it is known that cytarabinee is metabolized in the human 

liver to a significant degree, and high doses of the drug induce hepatotoxicity. 

    L-carnitine is synthesized endogenously in the liver, the kidney, and the brain from 

the essential amino acids lysine and methionine (Sabzi et al., 2017) or ingested via 

animal-based food products (Fielding et al., 2018). Its name comes from the Latin 

carnus, meaning meat, because the compound is extracted from meat (Sawicka et al., 

2020; Dahash and Sankararaman, 2022). L-carnitine plays an important role in energy 

metabolism (Wang et al., 2021). It is important for heart and brain function, muscle 

movement, and many other body processes. It transfers long-chain fatty acids to cell 

mitochondria for oxidation, which produces energy needed by the body, It also 

transports harmful substances out of the organelle, preventing them from 

accumulating in the cell (Longo et al., 2016; Bota et al., 2021). L-carnitine may 

provide cell membranes protection against oxidative stress, given its pivotal role in 

fatty acid oxidation and energy metabolism (Fielding et al., 2018). L-carnitine has the 

potential to protect these cellular events in several manners including decreasing the 

production of reactive oxygen species at different points and maintaining 

mitochondrial functions (Modanloo and Shokrzadeh, 2019; Morimoto et al., 2020).  

    Synthetic drugs used to treat cancer are not only expensive, but also have a 

complicated mode of administration and a number of side effects. Natural products 

with antioxidant and anti-inflammatory properties have been shown to protect against 

the toxicity of chemotherapy (Ringseis et al., 2013; El-Kott et al., 2014). Laevo (l)-

carnitine plays an important role in reducing the cytotoxic effects of free fatty acids 

by forming acyl-carnitine and promoting beta-oxidation  leading to alleviation of cell 

damage.  (Bremer, 1983; Yamanaka et al., 2011), 
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Aims of the Study: 

      The present study was undertaken to observe protective effects of L-carnitine on a 

hepatotoxicity due to high dose of cytarabine in liver male rats via performing the 

following: 

1- Evaluating the effect of L-carnitine as antioxidant on liver hepatotoxicity in male 

rats. 

2- Measuring the liver enzyme activities (ALT, GGT, ACE, and AST) in serum  . 

3- Antioxidant indices assessment of (catalase and superoxide dismutase) and the 

level of oxidant (Malondialdehyde) in liver rats.   

4- Histopathological examination of  liver.
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2. Review of the Related Literature   

2.1. Liver 

     The liver is a major organ only found in vertebrates which performs many essential 

biological functions such as detoxification of the organism,  the synthesis of proteins , 

biochemical necessary for digestion and growth (Xu et al., 2019). The liver is a 

remarkable organ that usually protects the individual against injury from xenobiotic 

compounds. However, this organ is often the site of metabolism and it is where some 

chemicals concentrate and become bio activated, leading to hepatic injury. Although its 

capacity for repair and regeneration, makes it a quite robust organ, if the ability to 

regenerate is not adequate, or if injury to the liver is very severe, liver damage can 

progress to liver failure and death. There is continued interest concerning the higher 

incidence of liver damage caused by prescription/ injectable drugs, over-the-counter 

medications, dietary supplements, and special diets, in addition to environmental 

chemicals/xenobiotic (Bischoff et al.,2018). 

 

2.1.1. Diverse Function of the Liver  

     The liver is a functionally diverse organ. The liver is directly involved in nutrient 

homeostasis, including glucose regulation, cholesterol synthesis and uptake (Manella et 

al., 2021), storage of glycogen, lipids, minerals and vitamins (Morris & Mohiuddin, 

2021), and synthesis of clotting factors, albumin, very low density lipoprotein , other 

proteins (Huang et al., 2020) , metabolism and excretion of such things as hemoglobin 

breakdown products, and xenobiotic (Oliviero et al., 2020). Blood from the 

gastrointestinal tract (GIT), via the portal vein, is filtered for bacterial products, such as 

endotoxin and ammonia, and xenobiotic (Bischoff et al., 2018). 

      The liver has a dual blood supply as noted above. The hepatic artery brings blood 

from the systemic circulation and the portal system brings blood directly from the 

gastrointestinal system. The portal system is involved in the ―first pass effect,‖ meaning 

that nutrients and xenobiotics absorbed by the digestive system are filtered through the 

liver before entering the systemic circulation (Mohammed, 2019). The space of Diseases 

allows close contact between circulating plasma, plasma proteins, and hepatocytes, 

allowing rapid diffusion of lipophilic compounds across the hepatocyte membrane 

(Banerjee, 2020). 
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2.1.2. Bio activation and Metabolism of the liver  

      One of the major functions of the liver is the elimination of both endogenous and 

exogenous compounds (Li et al., 2019). Some xenobiotic agents absorbed by the small 

intestine are highly lipophilic (Banerjee, 2020). Renal excretion is the primary 

mechanism of removal for many xenobiotic (Chen, 2020), but renal excretion of 

lipophilic compounds, which are frequently protein bound in the circulation, is poor 

(Watanabe et al., 2019). Therefore, in order for these xenobiotics to be eliminated, 

biotransformation needs to occur in the liver first to increase their water solubility 

(Orhan, 2021). 

    Hepatic fibrosis is a nonspecific lesion that usually results from chronic inflammation. 

Chronic inflammation can be the result of continuous exposure to a variety of hepatotoxic 

chemicals such as organic arsenicals (Bischoff et al., 2018), chronic ethanol ingestion and 

nonalcoholic fatty liver disease. Fibrosis usually occurs around the portal area, in the 

space of diseases, and around the central vein (Brunt et al., 2021). Hepatocytes are lost 

and replaced with fibrous connective tissue. Per portal fibrosis can lead to portal 

hypertension (Miller et al., 2021). 

     Toxic liver injury can reproduce virtually any known pattern of injury, including 

necrosis, steatosis, fibrosis, cholestasis, and vascular injury (Inci and Karatas, 2019). 

Liver injury during cancer chemotherapy may not always reflect hepatotoxic anticancer 

drugs; the clinician must also consider reactions to antibiotics, analgesics, antiemetic, or 

other medications. Preexisting medical problems, tumor, immune- suppression, hepatitis 

viruses and other infections, and nutritional deficiencies or total parenteral nutrition all 

may affect a host’s susceptibility to liver injury, attributing liver damage to a toxic 

reaction is difficult. (Floyd et al., 2016). The liver serves many metabolic functions, yet 

quantitative markers for liver function are not available in everyday practice. Estimation 

of liver injury is therefore indirect, and recognizing the severity of hepatic damage can 

also be problem (Grigorian and O’Brien, 2014). 

 

2.2. Hepatotoxicity 

      Hepatotoxicity refers to liver damage caused by chemicals. Liver is a primary organ 

involved in biotransformation of food and drugs. Hepatic diseases are a major worldwide 

problem. Hepatic disorders are mainly caused by toxic chemicals, xenobiotic (carbon 
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tetrachloride, chlorinated hydrocarbons and gases CO2 and O2), anticancer (azathioprine, 

doxorubicin, cisplatin), immunosuppressant (cyclosporine), analgesic anti-inflammatory 

(paracetamol, thioacetamide), anti-tubercular (isoniazid, rifampicin) drugs, biologicals 

(Bacillus-Calmette–Guerin vaccine), radiations (gamma radiations), heavy metals 

(cadmium, arsenic), mycotoxin (aflatoxin), galactosamine, lipopolysaccharides, etc. 

Various risk factors for hepatic injury include concomitant hepatic diseases, age, gender, 

alcoholism, nutrition and genetic polymorphisms of cytochrome P450 enzymes have also 

been emphasized (Ingawale et al., 2014). Acute and chronic liver disease caused 

specifically by drugs is known as drug-induced liver injury (Hassan, 2022). The liver 

plays a central role in transforming and clearing chemicals and is susceptible to the 

toxicity from these agents (Shakir and Saliem, 2021). The signs and symptoms of liver 

injury are jaundice, abdominal pain, nausea, vomiting and asthenia. They are not specific 

enough to ascertain a liver disorder. Therefore, confirmation by laboratory liver testing is 

required (Zhang et al., 2020). The liver’s role in detoxification, drug metabolism, and 

excretion of waste products partially explains why many cancer therapies are harmful to 

the liver (Grigorian and O’Brien, 2014). However, the specific mechanisms underlying 

hepatotoxicity of many agents remain to be elucidated. Various therapies are associated 

with liver toxicity, including irinotecan, cisplatin, oxaliplatin, and irradiation, which can 

manifest in several ways (Torrisi et al., 2011). Hepatitis, cholestasis, and steatosis are 

some of the most frequent toxic side-effects of chemotherapy (Grigorian et al., 2014). 

 

2.2.1. Mechanism of Hepatotoxicity  

     Drugs continue to be taken off the market due to late discovery of hepatotoxicity 

(Williams, 2018). Due to its unique metabolism and close relationship with the 

gastrointestinal tract, the liver is susceptible to injury from drugs and other 

substances. (Garcia-Cortes et al., 2020). Fifty-five percentage of blood coming to the 

liver arrives directly from gastrointestinal organs and the spleen via portal veins that 

bring drugs and xenobiotics in near-undiluted form. (Abd El-Ghffar et al., 2020). 

Several mechanisms are responsible for either inducing hepatic injury or worsening 

the damage process. 

    Many chemicals damage mitochondria, an intracellular organelle that produces 

energy. Its dysfunction releases excessive amount of oxidants that, in turn, injure 

hepatic cells. Activation of some enzymes in the cytochrome P-450 system such as 
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CYP2E1 also lead to oxidative stress (Mansouri et al., 2018) Injury to hepatocyte and 

bile duct cells lead to accumulation of bile acid inside the liver. This promotes further 

liver damage (Cai et al., 2020). Non-parenchymal cells such as Kupffer cells, 

collagen-producing stellate cells, and leukocytes (i.e. neutrophil and monocyte) also 

have a role in the mechanism (Krenkel et al., 2019). 

    Hepatotoxicity is manifested in a variety of patterns, including hepatocellular 

necrosis, cholestasis, steatosis, ductal injury fibrosis, peliosis hepatitis, and veno-

occlusion (Kleiner, 2017). The most common pattern of hepatotoxicity is 

hepatocellular injury (Schmeltzer et al., 2016). Hepatocellular injury results directly 

from damage to intracellular functions or membrane integrity or indirectly as a 

byproduct of immune-mediated collateral damage. These insults present as a clinical 

spectrum including asymptomatic mild transient transaminitis, veno-occlusion, 

fulminant hepatic failure, and neoplastic transformation. Chemotherapeutic hepatic 

injury occurs principally in an idiosyncratic manner Fortunately, hepatocellular injury 

is generally reversible and non fata (Andrade et al., 2019). 

 

2.3. Liver enzyme  

       The accompanying biochemical picture in a patient with symptoms or signs 

suggestive of liver disease, toxicity, or hepatic failer, or an isolated, unexpected 

finding in a patient who has had a wide range of laboratory tests for a non-hepatic 

disease or for minor, vague complaints, could be liver enzyme alteration (Giannini et 

al., 2005). 

 

2.3.1. Aspartate Aminotransferase:   

      Aminotransferases, also known as transaminases, are enzymes that catalyze the 

transfer of amino groups between amino acids and -keto acids. The two 

aminotransferases of greatest clinical significance are aspartate aminotransferase 

(AST), formerly glutamate oxaloacetate transaminase (GOT, GOT activity of serum is 

called sGOT), Transaminase enzymes transition the -amino group of an amino acid to 

a -keto acid (Tabrizi et al., 2012). Aminotransferase is mostly present in the liver, 

although it is also found in modest levels in the heart, muscle, and kidney. Many 

physiological tissues, AST is released into the circulation when body tissues or organs 

such as the liver or heart are damaged. (Huang et al., 2006). 
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      Although the epidemiology of ALT and AST are both reported because they are 

commonly measured together, all subsequent descriptive and prognostic analyses 

were limited to ALT because this enzyme is known to be a more sensitive and specific 

marker of liver disease than AST, which is also found in skeletal and cardiac muscle 

(Ambrosy et al., 2013). ALT is only found in the cytoplasm and cytosol, on the other 

hand both mitochondria and cytoplasm contain AST. The two isoforms of AST, one 

found in mitochondria and the other in the cytosol, are immunologically separate and 

unique isoforms. Aminotransferase has a half-life of around 17 hours, whereas ALT 

has a half-life of about 47 hours. Aminotransferase and ALT play a role in 

gluconeogenesis by accelerating the transfer of amino groups from aspartate and 

alanine to -keto glutaric acid to create oxaloacetate and pyruvate, respectively, as well 

as glutamate (Nsiah et al., 2011). 

 

2.3.2. Alkaline Phosphatase: 

       Alkaline phosphatase (ALP) is a group of closely related enzymes,It's a 

homodimeric enzyme with a molecular weight of approximately 160 kDa and each 

active site region contains three metal ions, two zinc and one magnesium ion, all 

necessary for enzymatic activity (Sharma et al.,2014). 

        In nature alkaline phosphatases are found in many organisms, both prokaryotes 

and eukaryotes. The enzymes are present in bacteria and fungi, are relatively abundant 

in fish and mammals although they are absent from higher plants, This enzyme is 

present in many tissues, with highest concentrations in liver and biliary tract 

epithelium, bone, intestinal mucosa, and placenta,Alkaline phosphatases are a family 

of isoenzymes,They hydrolyze a variety of organic phosphate esters transferring 

phosphate groups from a donor substrate to an acceptor containing a hydroxyl group. 

The active center of the enzyme contains a serine residue; the catalytic mechanism 

involves the formation of a serine phosphate at the active site which reacts with water 

at alkaline pH to release inorganic phosphate (Pi) from the enzyme (Golub and 

Boesze-Battaglia, 2007). 

      Alkaline phosphatase act on large variety of physiologic and non-physiologic 

substances, Though the precise natural substrate of alkaline phosphatase in the body is 

not known, it is associated with calcification and mineralization process in bone and 

probably in lipid transport in the intestine
 
(Srivastava and Chosdol, 2007). In 
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mammals several functions can be recognized according to its distribution throughout 

the various tissues. Bone alkaline phosphatase forms an important part in ossification 

with two possible roles being proposed: 

 

 The precipitation of calcium phosphate is induced by the localized production 

of high concentrations of Pi due to phosphatase activity. 

  The enzyme allows crystal growth at nucleation sites in the matrix by 

ensuring the continuous removal of PPi which is considered a crystal poison. 

        In tissues with high concentrations of alkaline phosphatase, like intestine, kidney 

and placenta, the enzyme location at the absorptive surface suggest a direct role in the 

transport of nutrients across the epithelial membrane (Badgu and Merugu, 2013). 

 

2.3.3. Gamma-Glutamyltransferase: 

      Gamma-glutamyltranspeptidase is located mainly in liver cells, to a lesser extent 

in kidney, and in much smaller quantities in biliary tract epithelium, intestine, heart, 

brain, pancreas, and spleen. GGT activity is usually higher in males than in females
 

(Crook, 2012). 

     Gamma-glutamyltransferase (GGT) is a cell-surface protein contributing to the 

extracellular catabolism of glutathione (GSH). The enzyme is produced in many 

tissues, but most GGT in serum is derived from the liver. In the serum, GGT is carried 

primarily with lipoproteins and albumin, Serum levels of GGT are determined by 

several factors: alcohol intake, body fat content, plasma lipid/lipoproteins and glucose 

levels, and various medications, The serum determination of gamma-

glutamyltransferase (GGT) activity is a low-cost, highly sensitive and accurate, and 

frequently used laboratory test, Gamma-glutamyl transferase (GGT) is an important 

predictor of all-cause mortality, development of cancer, diabetes, and cardiovascular 

disease
 
(Emiroglu et al., 2010). 

      GGT has been regarded as a clinical marker for free-radical formation and 

proinflammation,GGT-related pathomechanism is that GGT enhances the availability 

of cysteine to promote intracellular glutathione, the principle thiol antioxidant in 

humans, and resynthesis, thereby counteracting oxidant stress. Certainly elevations of 

serum GGT belong on the list of biomarkers linked to the metabolic syndrome
 
(Lee et 

al., 2013). 
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2.4. Chemotherapy Drug 

      Chemotherapeutic agents, alone or in combination, may cause hypersensitivity 

reactions or direct hepatic toxicity, and altered liver function may alter drug metabolism 

and cause an increased risk of non-hepatic toxicity. Guidelines on dose modification in 

hepatic disease are largely empiric (Mudd and Guddati, 2021). Other categories of 

chemotherapy drugs, include Cytarabine, 5-flurouracil, methotrexate, vincristine, 

vinblastine, bleomycin, doxorubicin, and daunorubicin (Weber et al, 2015). 

 

2.5. Hepatotoxicity with Chemotherapy 

     The liver plays a key role in the metabolism of a variety of drugs and toxins and thus 

is especially susceptible to damage inducing by drugs including cytotoxic chemotherapy 

regimens.drug induced liver injury can exhibit a multiplicative effect in which previous 

damage can feed-forward resulting in impaired drug metabolism and further toxicity. 

Hepatotoxicity can result from damage to structures such as the liver sinusoids, 

vasculature, bile ducts, and direct damage to hepatocytes themselves. Additionally, 

occlusion of vascular and ductal structures, toxic metabolite formation, and inflammatory 

cell infiltration into the liver parenchyma can induce damage. As a result, proper 

monitoring and strategies such as discontinuation or dose-modification of pharmacologic 

agents is commonly required when hepatotoxicity occurs (Hoofnagle and Björnsson, 

2019). General mechanisms of anticancer therapy hepatotoxicity as in figure (2-1). 
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Figure (2-1): General mechanisms of anticancer treatment hepatotoxicity (Mudd & 

Guddati, 2021).       

      A wide variety of drugs exhibit hepatotoxicity that must be monitored for including, 

but not limited to, drugs such as acetaminophen, amiodarone, amoxicillin-clavulanate, 

and the statins. Additionally, conventional chemotherapeutic agents have well 

characterized hepatotoxic effects with some of the most common identified agents 

including methotrexate, irinotecan, and oxaliplatin (Björnsson, 2016).  

      Hepatotoxicity related to administration of chemotherapeutic agents includes 

elevations of liver function tests (LFTs), drug-induced hepatitis, veno-occlusive disease, 

steatohepatitis, as well as potential chronic manifestations such as fibrosis and liver 

failure. Typically, chemotherapy induced hepatotoxic can be properly managed via close 
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monitoring for elevations in LFTs that are suggestive of liver injury and dose reductions, 

with discontinuation of the offending agent if LFT recovery to normal levels is refractory 

to dose reduction (King & Perry, 2001). 

       Further complications to treatment strategy and management results from the 

complex nature of cancer patients, as many present with additional conditions including 

previous liver injury. In the  cases in which liver function is already compromised, care 

must be taken to properly adjust drug dosages and to tailor therapy regimens 

correspondingly (Periáñez-Párraga et al., 2012). 

      Classes of chemotherapies that cause hepatotoxicity include the antitumor antibiotics, 

alkylating agents, platinum agents, antimetabolites, antimicrotubular agents, and 

topoisomerase inhibitor. These targeted agents include anti-HER-2 therapies, targeted 

small molecule inhibitors such as VEGF and tyrosine kinase inhibitors, immune 

checkpoint inhibitors (ICI), and chimeric antigen receptor T (CAR-T) cells (Mudd & 

Guddati, 2021).  

 

2.6. Cytarabine 

    Cytarabine, commonly known as Ara-C, is a chemotherapy agent used primarily for 

the treatment of hematological cancers, such as non-Hodgkin lymphoma and acute 

myeloid leukemia. This agent was first discovered in the 1960s in Europe, and it was not 

approved for use in the US until nine years later, in 1969 (Houshmand et al., 2020). 

Figure (2-2) structure of cytarabine. 

 

                            

                        Figure (2-2): Structure of cytarabine(El-Subbagh & Al-Badr (2009) 
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        Ara-C is used in standard induction regimens and consolidations/maintenance 

therapy after remission (Lombardo & Nichols, 2009). The drug ―is phosphorylated to 

nucleotide‖ form, 1-β-Darabinofuranosyluracil (Ara-U) by the pymidine nucleoside 

deaminse (cytidine aminohydrolase), which damages DNA during the S phase of the cell 

cycle (Guerrero-Bustamante et al., 2021). It also inhibits both DNA and RNA 

polymerases and nucleotide reductase enzymes which are needed for DNA synthesis. All 

cells rapidly dividing , cancerous or normal, which need DNA replication for mitosis, are 

the most affected by the drug. Ara-C have shown that it is ―active only against dividing 

cells, and does not cause the death of nondividing cell in vitro, even at extremely high 

concentrations (up to 2500 ug/ul)‖ (Lombardo & Nichols, 2009). 

   

2.6.1. Cytarabine's Cellular Metabolism and Clinical Pharmacology 

     Ara-C is administered in the body through continuous intravenous (i.v.) infusion. The 

drug is metabolized in the liver, kidney, GI mucosa, and granulocytes. The drug, when 

administered intravenously, has an initial distribution half-life of about ten minutes. 

During the initial half life, the majority of the drug is metabolized in the kidney, liver and 

gastrointestinal tract into its inactive metabolite, uracil arabinoside (Chamberlin & 

Nichols, 2009). The secondary elimination half-life is longer, and lasts one to three hours. 

The majority of the dose administered is excreted via the kidney within one day. 

    This chemo agent is also very toxic to the human body, as well as to mouse models. 

Some toxic effects of the drug are: leucopenia, thrombocytopenia, anemia, GI tract 

abnormalities, fever, conjunctivitis, and pneumonitis (Raj et al., 2021).  

     Due to its hydrophilic properties, cytarabine requires transport into the cells and 

subsequent intracellular metabolic activation through sequential phosphorylation up to 

the cytotoxic triphosphate active form, which is incorporated into DNA, as false 

precursor in place of deoxycytidine triphosphate. This results in inhibition of DNA 

polymerase, chain termination and stalling DNA and RNA synthesis with the consequent 

blockage of the cell cycle from G1 to the S phase and neoplastic cell death (Kufe and 

Spriggs, 1985; Galmarini et al., 2001). 

2.6.2. Mechanism of Cytarabine 

     Cytarabine enters cells via nucleoside transport proteins, the most important one being 

the equilibrative inhibitorsensitive (es) receptor (ABC). Once inside the cell, cytarabine 

requires activation for its cytotoxic effects. The first metabolic step is the conversion of 
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cytarabine to cytarabine monophosphate by the enzyme deoxycytidine kinase (DCK). 

Cytarabine is subsequently phosphorylated to cytarabine diphosphate and cytarabine 

triphosphate, respectively. Cytarabine triphosphate is a potent inhibitor of DNA 

polymerases, which, in turn, interferes with DNA chain elongation, DNA synthesis, and 

DNA repair. In addition, cytarabine is incorporated directly into DNA and functions as a 

DNA chain terminator, interfering with chain elongation. Catabolism of cytarabine 

involves two key enzymes, cytidine deaminase (CDA) and deoxycytidyne 

monophosphate deaminase (DCMD). These breakdown enzymes convert cytarabine and 

cytarabine monophosphate into the inactive metabolites, uracil arabinoside and 

arabinosyluracil monophosphate, respectively. Other catabolic enzymes that may affect 

cytarabine metabolism include pyrophosphatase, 5-nucleotidase. The balance between 

intracellular activation and degradation is critical in determining the amount of drug that 

is ultimately converted to cytarabine triphosphate and, thus, its subsequent cytotoxic and 

antitumor activity.   

     The integral drug uptake depends on the proper balance of the nucleoside transporters 

and drug efflux proteins presented on cellular membranes. Therefore, the drug 

accumulation may be substantially reduced when the expression of hENT1 transporter is 

deficient, or the activity of ABC drug efflux transporter proteins is elevated. Cytarabine 

influx into the cells is strongly correlated with the cell surface abundance of hENT1 

transporters, (Gati et al., 1997) so that these membrane proteins are pharmacological 

determinants for drug bioavailability and response to treatment (Zhang et al., 2007),  
 

2.6.3. Pharmacokinetics of Cytarabine 

     The absorption of cytarabine is not effective when taken orally due to high first-pass 

metabolism. When administered subcutaneously, intrathecally, or intravenously, it has a 

high bioavailability. It has a low plasma protein binding capacity and thus a high volume 

of distribution. It can cross the blood-brain barrier and hence has an off-label use in 

primary CNS lymphomas. Cytarabine metabolism primarily occurs in the liver. It has an 

active metabolite- azacytidine triphosphate; and an inactive metabolite- uracil 

arabinoside, which is cleared by the kidney (Faruqi & Tadi, 2020).  

2.7. L-carnitine: 

      L-carnitine is a water-soluble compound that humans may obtain both by food 

ingestion and endogenous synthesis from 6-N-trimethyl-lysine,Most L-carnitine is 

intracellular, being present predominantly in liver, skeletal muscle, heart and kidney. The 
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organic cation transporter-2 facilitates L-carnitine uptake inside cells. It has been 

estimated that the total L-carnitine content in the human body is about 300 mg/kg (Gnoni 

et al.,2020).Approximately 98% of L-carnitine is intracellular, existing either as free L-

carnitine or as several species of acyl-carnitine esters, predominantly in the muscle and 

liver (Adeva‐Andany et al., 2017). L-carnitine is generally believed to transport long-

chain acyl groups from fatty acids into the mitochondrial matrix for ATP generation via 

the citric acid cycle. Based on Warburg´s theory that most cancer cells mainly depend on 

glycolysis for ATP generation, L-carnitine treatment could lead to disturbance of cellular 

metabolism and cytotoxicity in cancer cells (Huang et al., 2012). 

  

2.7.1. Synthesis  

     L-carnitine is synthesized from the substrate 6-N-trimethyl-lysine. Lysine residues 

in some proteins undergo N-methylation using S-adenosylmethionine as methyl 

donor, forming 6-N-trimethyl-lysine residues, as in figure (2-3). It is generally 

assumed that 6-N-trimethyl-lysine is generated by degradation of proteins and 

converted to L-carnitine in four enzymatic steps, namely hydroxylation at carbon 3, 

aldol cleavage, oxidation of the aldehyde to 4-butyrobetaine and hydroxylation of 4- 

butyrobetaine at carbon 3 (Maas et al., 2020). The enzyme trimethyl-lysine 

dioxygenase (trimethyl-lysine 3-hydroxylase) catalyzes the hydroxylation of 

trimethyl-lysine at carbon 3 to yield 3-hydroxy-trimethyl-lysine. During this reaction, 

2-oxoglutarate (a-ketoglutarate) is converted into succinate, and carbon dioxide is 

released as in figure (2-3). The human gene encoding trimethyl-lysine dioxygenase 

(TMLHE) maps to Xp28 (Wang et al., 2019). 
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Figure (2-3): Pathway of L-carnitine synthesis (Adeva‐Andany et al., 2017) 

 

2.7.2. Role of L-carnitine in the Body: 

2.7.2.1 Transport of Long-Chain Fatty Acids into the Mitochondrial 

Matrix: 

       The essential function of carnitine is to transport long-chain fatty acids (LCFAs) 

from the cytoplasm to the mitochondrial matrix for subsequent degradation by β-

oxidation, known as ―carnitine shuttle‖ (Modanloo & Shokrzadeh., 2019). LCFA 

activation occurs in the cytosol, but the enzymes required to catalyze LCFA oxidation 

exist in the mitochondrial matrix (Merkel et al., 2000). In this process, LCFA must be 

first activated into lipoyl-CoA via acyl-CoA synthetase (ACS) (Yan et al., 2015) 

Then, lipoyl-CoA is transported into the mitochondria. Since the inner mitochondrial 

membrane is impermeable to lipoyl-CoA , the entry of lipoyl-CoA relies on a shuttle 

system, which requires carnitine (Merkel et al., 2000). 

 This process occurs in three main steps: 

      First, CoA must be transferred from lipoyl-CoA to the hydroxyl group of carnitine 

to form lipoyl-carnitine. This transesterification is catalyzed by carnitine palmitoyl 

transferase I (CPT I) in the outer membrane, Second, the lipoyl-carnitine ester enters 

the matrix by facilitated diffusion through carnitine-acylcarnitine translocase (CACT) 

located in the inner mitochondrial membrane,In the final step, lipoyl-CoA is 
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enzymatically transferred from carnitine to intramitochondrial CoA by carnitine 

palmitoyl transferase II (CPT II). This isozyme, located on the inner face of the inner 

mitochondrial membrane, regenerates lipoyl-CoA and releases free carnitine into the 

matrix, Carnitine enters the intermembrane space again via CACT (Li & Zhao., 2021)  

as shown in figure (2-6). 

 

 

 

2.7.2.2. Regulation of Acetyl-CoA/CoA Ratio: 

       Carnitine can buffer excess acetyl-CoA in the mitochondria via the formation of 

acetyl-carnitine (Rinaldo et al., 2008), which requires the presence of carnitine 

acyltransferase and carnitine acylcarnitine translocase. Acetyl-CoA is either 

metabolized through the tricarboxylic acid cycle (TCA cycle) or exported as acetyl-

carnitine by carnitine. When there is persistent excess or underutilization of certain 

fatty acids, non-metabolizable acyl-CoAs accumulate. In such situations, carnitine 

acts as a receiver for these acyl groups by removing them from the tissues and 

excreting them in the urine (Steiber et al., 2004), or they get separated from carnitine 

and reused (Savic et al., 2020). Carnitine regulation of acetyl-CoA/CoA reduces the 

Figure (2-4): The mechanism by which long-chain fatty acids enter the 

mitochondria. CPT I, carnitine palmitoyltransferase I; CPT II, carnitine 

palmitoyltransferase II; ACS, acyl-CoA synthetase; CACT, carnitine-

acylcarnitine translocase; OMM, outer mitochondrial membrane; IMM, inner 

mitochondrial membrane (Li & Zhao., 2021).  
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inhibition of many intramitochondrial enzymes involved in glucose and amino acid 

catabolism (Tanphaichitr and Leelahagul, 1993).  

 

2.7.2.3. Inter-organellar Acyl Transfer: 

      Long-chain fatty acids (LCFA) and branched chain fatty acids are oxidized in 

peroxisomes. In contrast to mitochondrial β-oxidation, incomplete peroxisomal 

oxidation of fatty acids yields acetyl-CoA and shortened medium-chain acyl-CoAs. In 

order to completely oxidize these substances into CO2, the products of peroxisome 

fatty acid oxidation must be transported to the mitochondria (Steiber et al., 2004). 

    Since CoA and CoA esters cannot penetrate the cell membrane, they must be 

converted into their respective carnitine esters by catalase and carnitine 

octyltransferase (COT) in peroxisomes. Therefore, the carnitine esters are transported 

from peroxisomes to mitochondria through peroxisome and mitochondrial carnitine-

acylcarnitine translocase (CACT), then reconverted into CoA esters by mitochondrial 

CPT II in the mitochondrial matrix (Wanders et al., 2016). These are then oxidized 

into CO2 and H2O through mitochondrial β-oxidation, TCA cycle, and electron 

transfer. 

 

2.7.2.4. Reduction of Oxidative Stress: 

      Carnitine has several protective effects on oxidative stress. These include direct 

scavenging of free radicals, such as 2,2-diphenyl-1-picrylhydrazyl (DPPH), 

superoxide dismutase and hydrogen peroxide, and metal chelation to catalyze free 

radical formation, such as Fe
2+

; inhibition of reactive oxygen species-producing 

enzymes such as xanthine oxidase (XO) and nicotinamide adenine dinucleotide 

phosphate oxidase (NOX); upregulation of antioxidant enzymes like catalase (CAT), 

superoxide dismutase (SOD), glutathione reductase (GR) glutathione peroxidase 

(GPx), heme oxygenase, endothelial nitric oxide synthase, and other protective 

proteins (Modanloo  and Shokrzadeh , 2019). 
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2.7.3. Effect of L-carnitine on Liver:  

      L-carnitine has been proposed for treatment of various kinds of disease, including 

liver injury. Also shown that L-carnitine administration can ameliorate or prevent 

liver damage of various etiologies (Hanai et al., 2020).  

        Animal studies showed that dietary supplementation with L-carnitine could 

prevent hepatitis and subsequent hepatocellular carcinoma (Chang et al., 2005; Al-

Rejaie et al., 2009). 

      In addition, some experimental and clinical data suggested that early intravenous 

supplementation with L-carnitine could improve survival in severe valproic acid -

induced hepatotoxicity (Sato et al., 2020). 

     Reactive oxygen species (ROS) are considered to be involved in liver damage 

induced by several conditions such as alcohol abuse, fibrosis/cirrhosis of various 

etiologies, hepatocellular carcinoma (HCC), ischemia/reperfusion (I/R) liver injury, 

paracetamol overdose, and viral hepatitis (Muriel, 2009).  

      L-carnitine protected liver cell membranes against oxidative modifications in 

ethanol-intoxicated rats through its ability to scavenge free radicals, therefore 

antioxidant activity of L-carnitine may make it plays a role in the treatment of liver 

diseases (Dobrzyńska et al., 2010). 

 



 

 

 

 

 

 

 

Chapter Three: Methodology 
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3.1. Methodology     

    3.1.1. Equipment and Instruments: 

        Equipment and Instruments used in this study shown in table (3-1) 

    Table (3-1): The equipment and instruments which were used in this 

study 

NO. 
      Equipment  & Instruments                  Company 

 

Country 

1. Analytical sensitive balance Sartorius Germany 

2. Balance for animals Shimadu company Japan 

3. Centrifuge Hettich Roto fix11 Japan 

4. Digital camera Toup Cam China 

5. Electronic Balance Metter company Switzerland 

6. ELIZA reader Bio Kit USA 

7 ELIZA washer Bio Kit USA 

8. Freezer Hitachi Japan 

9. gel tube 

 

AFMA-Dispo Japan 

10. Incubator BINDER Germany 

11. Latex gloves Great glove Malaysia 

12. Light microscope Leica China 

13. Plan tube AFMA- Dispo Japan 

14. Spectrophotometer Labomed UK 

15. 
Sterile syringes 5ml PROTON Malaysia 
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16. Water bath K.F.T.Lab. Equipment Italy 

 

3.1.2. Chemicals: 

Table (3.2)_ The chemicals were used in this study and their sources: 

No. Chemicals company Country 

1.  
ACE Colorimetric. Kit GMBH Germany 

2.  
ALT (GPT) Colorimetric. Kit Giesse Diagnostics Italia 

3.  
AST (GOT) Colorimetric. Kit Giesse Diagnostics Italia 

4.  CAT 
laboratorio ct Italy 

5.  
Chloroform Noorbrok England 

6.  
Cytarabine drug (chemotherapy) SOLARBIO China 

7.  
DMSO LOBA Chemie 

8.  
Eosin-Hematoxilin Stain Merck Germany 

9.  
Ethanol Merck Germany 

10.  
Formalin 10 % TEDIA Company USA 

11.  
GGT Colorimetric. Kit Giesse Diagnostics italia 

12.  
L carnitin Basic Nutition UK 

13.  
MDA 

laboratorio ct 
Italy 

14.  
Normal saline Labort India 

15.  
Paraffin Wax Merck Germany 

16.  
SOD laboratorio ct Italy 
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17.  
Xylole Scharlau Spain 

3.2. Preparation of Drug Cytarabine : 

      Cytarabine, commonly known as Ara-C, is a chemotherapy agent used primarily for 

the treatment of hematological cancers, such as non-Hodgkin lymphoma and acute 

myeloid leukemia Cytosar-U® , were intraperitoneally Injection (Benkessou.,2019). The 

activistic ingredient, a white crystalline powder with a molecular formula of C9H13N3O5 

and a molecular weight of 243.22 g/mole. cytarabine 25mg/kg was initially dissolved 

in10ml distilled water, the cytarabine solution was prepared immediate before use 

(Namoju & Chilaka 2021). 

 

3.3. Preparation Drug L-carnitine: 

     L-carnitine powder was dissolved in normal saline, the L-carnitine solution was 

prepared immediate before use. L-Carnitine (50 mg/kg/bw), and (300 mg/kg/bw) for 

intraperitoneally injection for 4 weeks (Masoumi-Ardakani et al., 2020).     

 

3.4. Experimental Animals:  

   The experiment was carried at the laboratory animal’s facilities college of Veterinary 

Medicine College / University of Kerbala. Twenty-four rats (albino rats) were used in 

this study with an average Wight between 280-300 g. These animals were kept in suitable 

environmental condition with a temperature of around 25-28 C°, relative humility 40  ٪ - 

60٪ conditions room with a 12:12 h/light/dark cycle (Meyer et al., 1982). The animals 

were housed in aplastic cage with diameters of 50×35×15 cm. The food given was 

pellets. The animals were kept for at last 15 days for acclimatization before experiment 

began. 

3.5. Experimental Design: 

      Twenty-four adult male rats were randomly divided into four groups comprising six 

animals for each group as the following: - 

* First group: (G1): Six male rats were injected normal saline (0.1 ml, daily, 

intraperitoneally injection) and served as the control.  

* Second group: (G2): Six male rats were injected single concentration of Cytarabine 

(25 mg/kg/bw) intraperitoneally injection (Namoju and Chilaka, 2020).  
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* Third group: (G3): Six male rats were injected single concentration of Cytarabinee 

(25 mg/kg/bw) intraperitoneally and L-Carnitine (50 mg/kg/bw) for intraperitoneally 

injection for 4 weeks (Masoumi-Ardakani et al., 2020).    

* Fourth group: (G4): Six male rats were injected a concentration of Cytarabinee (25 

mg/kg/bw) intraperitoneally and L-Carnitine (300 mg/kg/bw) for intraperitoneally 

injection for 4 weeks (Masoumi-Ardakani et al., 2020).   
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                              Figure (3-1): Experimental Design 
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3.6. Preparation and Collection of the Samples: 

    At the end of the experiment, the animals that were (anesthetized by chloroform 

inhalation). The chest and abdomen were open by thoracotomy and laparotomy. Followed 

by collection of blood to perform biochemical and take the liver for histopathological 

study. 

 

3.6.1. Blood Sample: 

     Experimental animals (rats) get anaesthetized by putting them in covered jar 

include cotton rinsed with chloroform to be sedated for the next step which is blood 

via cardiac puncture in sterile syringes by needle prick in the heart draining 5 ml of 

blood carefully; 

     The blood sample (2 ml) set in gel tube without anticoagulant ,it is left about half 

hour at room temperature for properly agglutinated.  

     Then it would be separated at centrifuge at 3000 rpm for fifteen minutes to get the 

serum apart in Eppendorf tube and kept frozen at -20 °C. 

   

3.6.2. Liver Samples 

     Liver was to be removed and the organs were being fixed in to 10% of formalin for 

histological examination. 

 

3.7. Methods: 

3.7.1. Antioxidant Induces Assessment 

3.7.1.1. Determination of Serum Superoxide Dismutase Concentration : 

    Superoxide dismutase (SOD) activity determination according to Marklund and 

Marklund, (1974), as shown in Appendix  I 

3.7.1.2. Determination of Serum Catalayse Concentration: 

     Hadwan and Abed, (2016). Data supporting the spectrophotometric method for the 

estimation of catalase activity, as shown in  Appendix  II. 

3.7.1.3. Determination of Serum Malondialdehyde Concentration: 
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     Malondialdehyhe was estimated by Thiobarbituric acid (TBA) assay method of 

(Buege and Aust, 1978) on spectrophotometer, as shown in Appendix  III 

 3.8. Enzymes Measurements 

3.8.1. Angiotensin Converting Enzyme : 

     Angiotensin converting enzyme (ACE) was estimated by Angiotensin I Converting 

Enzyme 1 ELISA Kit (Angiotensin I Converting Enzyme Peptidyl-Dipeptidase A), 

according to Yoshiji et al., (2001), as shown in Appendix  IV. 

 

3.8.2. Gama Glutamayl Transferase : 

     Gama Glutamayl Transferase (GGT) measurements according to Bodewes et al., 

(2015), as shows in Appendix  V.  

 

3.8.3. Serum Aspartate Aminotransferase Activity : 

    Aspartate aminotransferase (AST) concentration was determined by using a special 

AST Kit (Bio systems, Spain) (Schumann et al., 2010), as shows in Appendix  VI. 

3.8.4. Serum Alanine Aminotransferase Activity : 

Alanine aminotransferase concentration was determined by using a special ALT Kit (Bio 

systems, Spain) (Schumann et al., 2010), as shown in Appendix  VII. 

3.9. Histological Study: 

      The animals' anatomy in the laboratory and the organs of rats were dissected (liver) 

rapidly excised for histological study and rinsed in normal saline then fixed by immersing 

deeply in a large volume of 10% formalin at least ten times the volume of the tissue as 

rapidly as was feasible there by keeping postmortem changes at a minimum. The samples 

were put in a labeled container contain 10% formalin, and shaking of the container gently 

several times to make certain that the fluid reached all surface and that the pieces were 

not sticking to the bottom or sides (A shank of glass wool placed in the container will aid 

in keeping the tissue free of the bottom) according to luna (1968) as shown in Appendix 

VIII. 
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3.10. Statistical Analysis: 

    Statistical analysis of the results was conducted according to SPSS (2016) version 

24.00 where one way (ANOVA) was used to assess the significance of changes 

between the groups' results. The data were expressed as Mean Standard Errors (SE) 

and P-value ≤0.05 was considered as statistically significant, LSD test was carried out 

to test the significant levels among means of treatments (Green and Salkind, 2016). 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

Chapter Four: Results and Analysis 
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4. Results and Analysis 

4.1. Effect of cytarabine with 50 & 300 mg/kg/BW L-carnitine on 

serum liver enzymes in adult male rats: 

4.1.1. Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on 

serum  Alanine aminotransferas of adult male rats: 

    The main value of serum Alanine aminotransferas (ALT) shown a significant 

increase (p≤0.05) in G2 group when compared with G1, G3 and G4 groups. While 

there is no significant (p≥0.05) difference between G1 and G3 groups. On the other 

hand, G4 shows a significant (p≤0.05) decrease when compared to the other groups. 

     The main value of serum ALT (U/L) was (104±7.697, 134.66±13.08, 105.66±5.89, 

94.33±3.5) for groups control, cytarabine with 50 & 300 mg/kg/bw L-carnitine 

respectively (LSD=7.997), figure (4-1). 

 

Figure (4-1): Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on serum 

ALT(U/L). 

Capital letters indicate the difference between the groups. 
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4.1.2. Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on 

serum Gamma-glutamyl Transferase of adult male rats: 

      The main value of serum GGT shows a significant increase (p≤0.05) in G2 group 

when compared with G1, G3 and G4 groups. While there is no significant (p≥0.05) 

difference between G1, G3, G4 groups. 

     The main value of GGT (ng/ml) was (2.66±0.72, 5.6±1.79, 3.66±1.80, 3±1.93) for 

groups control, cytarabine with 50 & 300 mg/kg/bw L-carnitine respectively 

(LSD=1.939), figure (4-2). 

 

 

Figure (4-2): Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on serum 

GGT(ng/ml). 

Capital letters indicate the difference between the groups. 
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4.1.3. Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on 

serum Angiotensin Converting Enzyme of adult male rats: 

     The main value of serum Angiotensin Converting Enzyme (ACE) shows a 

significant increase (p≤0.05) in G2 group when compared with G1, G3 and G4 

groups. While there is no significant (p≥0.05) between G3, G4 groups. Also there is a 

significant (p≤0.05) decrease in G1 group when compared to the others groups. 

     The main value of ACE (nmol/mL) was (2.3±0.99, 5.77±0.96, 3.86±0.7, 

3.23±0.87) for groups control, cytarabine with 50 & 300 mg/kg/bw L-carnitine 

respectively (LSD=0.857), figure    (4-3). 

 

 

 

Figure (4-3): Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on serum 

ACE(nmol/mL). 

Capital letters indicate the difference between the groups. 
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4.1.4. Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on 

serum aspartate aminotransferase in adult male rats: 

      The main value of serum aspartate aminotransferase (AST) shows a significant 

increase (p≤0.05) in G2 group when compared with G1, G3 and G4 groups. While 

there is no significant (p≥0.05) between G3 and G4 groups. also G1 show a 

significant decrease (p≤0.05) when compared to G2 and G3. It  shows no significant 

(p≥0.05) difference when compared to G4. 

     The main value of AST (U/L) was (39±7.29, 52±3.87, 45.33±3.16, 42±2.44) for 

groups control, cytarabine with 50 & 300 mg/kg/Bw L-carnitine respectively 

(LSD=4.406), figure (4-4). 

 

 

Figure (4-4): Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on serum 

AST(U/L) 

Capital letters indicate the difference between the groups. 
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4.2. Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on 

serum antioxidant of adult male rats: 

4.2.1. Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on 

serum catalase of adult male rats: 

     The main value of serum catalase (CAT) shows a significant (p≤0.05) increases 

in G4 group when compared with G1 and G2 groups. While there is no significant 

(p≥0.05) deference between G4 and G3 groups. The is a significant increase (p≤0.05) 

in G1 Group when compared to G2. 

     The main value of CAT(U/L) was (92.23±16.09, 63.04±25.88, 112.33±32.83, 

119±15.12) for groups control, cytarabine with 50 & 300 mg/kg/bw L-carnitine 

respectively (LSD=21.770), figure (4-5). 

 

Figure (4-5): Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on serum 

CAT(U/L) 

Capital letters indicate the difference between the groups. 
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4.2.2. Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on 

serum superoxide dismutase of adult male rats: 

    The main value of serum superoxide dismutase (SOD) shows a significant (p≤0.05) 

increases in G4 group when compared with G1and G2 groups. The is no significant 

(p≥0.05) deference between G4 and G3 groups. On the other hand, G1 shows a 

significant (p≤0.05) increases when compared to G2. 

     The main value of SOD(U/L) was (51.74±5.60, 40.26±5.53, 55.34±10.84, 

61.34±6.76) for groups control, cytarabine with 50 & 300 mg/kg/bw L-carnitine 

respectively (LSD=7.405), figure (4-6). 

 

 

Figure (4-6): Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on serum 

SOD(U/L) 

Capital letters indicate the difference between the groups. 
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4.3. Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on 

serum level of malondialdehyde (MDA) of adult male rats: 

     The main value of serum malondialdehyde (MDA) shows a significant increase 

(p≤0.05) in G2 group when compared with G1 and G4 groups. The is no significant 

(p≥0.05) difference between G2 and G3 groups. On the other hand, there is no 

significant (p≥0.05) between G1, G4 groups. 

     The main value of serum MDA(U/L) was (2.41±1.016, 4.80±1.74, 4.73 ±1.91, 

2.46±0.81) for groups control, cytarabine with 50 & 300 mg/kg/Bw L-carnitine 

respectively (LSD=1.484), figure (4-7). 

 

Figure (4-7): Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on serum 

MDA(U/L) 

Capital letters indicate the difference between the groups. 
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4.4. Histological Study: 

4.4.1. Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on  

liver histology. 

    The liver of the control animals group showed normal histology (figure 4-8) 

stained with (H&E,10X), and was revealed normal hepatic architecture and normal 

hepatocytes cords with slight congestion of the hepatic central vein. 

  

        

Figure (4-8): histological section of liver in Control group showed the normal 

histological architecture of hepatic tissue, normal hepatocytes cords (black arrow) 

radiating around central vein (yellow arrow), significant rounded nuclei with granular 

cytoplasm (red arrow), (H&E, 10X).   

 

 

 

 

 



C h a p t e r  F o u r :  R e s u l t s  a n d  A n a l y s i s                        36 

 
 

 

  The histopathological examination from the second group of the liver tissue treated 

with cytarabine revealed that there was sever congestion of portal vein with 

exudation, remarkable heavy infiltration of inflammatory cells in portal area and 

proliferation of biliary ductule and hyperplasia of portal arteriole endothelia 

hepatocytes. Along with these outcomes, congestion and the infiltration of a 

significant number of mononuclear inflammatory cells when compared to the normal 

histological structure of the liver (figure 4-9) stained with (H&E,10X), as compared to 

the normal histological structure of the liver (Figure 4-8). 

 

        

Figure (4-9): histopathological section of liver: Cytarabine treated group showed 

sever congestion of portal vein (black arrow) with exudation (white arrow), 

remarkable heavy infiltration of inflammatory cells in portal area (green arrow) with 

proliferation of biliary ductule (yellow arrow) and hyperplasia of portal arteriole 

endothelia (red arrow), (H&E, 10X).   
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    On the other hand, cytarabine group that treated with L-carnitine 50 mg/kg/bw 

from third group showed a moderate congestion of central vein, congestion in portal 

area with moderate inflammatory cells infiltration, remarkable degeneration changes 

of hepatocytes with keeping the normal arrangements in cords around central vein and 

some vacillation of hepatocytes when compared to the normal histological structure of 

the liver (figure 4-10) stained with (H&E,10X). 

 

          

 

Figure (4-10): histopathological section of liver: Cytarabine + L-carnitine 50 

mg/kg/Bw treated group animal showed moderate congestion of central vein (black 

arrow), congestion in portal area with moderate inflammatory cells infiltration (yellow 

arrow), remarkable degeneration changes of hepatocytes (white arrow) with keeping 

the normal arrangements in cords around central vein and some vacillation of 

hepatocytes (red arrow), (H&E, 10X).    
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    While cytarabine group that treated with L-carnitine 300 mg/kg/Bw from G4 group 

showed mild congestion of central vein with hepatocytes reverse their regular 

arrangements, remarkable subsides hepatic inflammation with close to normal portal 

area when compared to the normal histological structure of the liver (Figure 4-11) 

stained with (H&E,10X). 

            

 

Figure (4-11): histopathological section of liver section: Cytarabine + L-carnitine 300 

mg/kg/Bw treated group animal revealed mild congestion of central vein (black 

arrow) with hepatocytes reverse their regular arrangements (white arrow), remarkable 

subsides hepatic inflammation (green arrow) with improved to normal portal area 

(yellow arrow), (H&E, 10X).    
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5. Discussion 

5.1. Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on 

serum liver enzymes in adult male rats:  

     In the current study showed a significant differences in cytarabine, treated group 

as compared with other groups, after intrapertonial administration of cytarabine, 

showed significant increase in serum liver enzymes activities ALT, AST, GGT,  and 

ACE. The results were consistent with those obtained by Herzig et al., (1983), who 

studied cytosine arabinoside therapy for refractory leukemia (transient elevations in 

transaminase, alkaline phosphatase) when they reported that acute leukemia 

complicated by hyperbilirubinemia due to high dose cytosine arabinoside therapy. 

Another result was obtained by Pizzuto et al., (1983) who, reported that cytosine 

arabinoside induced liver damage. 

     This data agreement with Lala et al. (2022), who, found the liver enzymes (ALT, 

AST, GGT, and alkaline phosphatase) were elevated.  The findings agreement with  

Gustafsson et al., (1998), who discovered hepatic dysfunction and jaundice following 

high-dose cytosine arabinoside,.also, Tanaka et al., (2007) obtained a similar result 

when they investigated low-dose cytarabine-induced hepatic and renal dysfunction in 

a patient with myelodysplastic syndrome. 

     Sun et al., (2009) confirmed these results, discovering that serious liver damage 

and pathological changes in the liver were able to alleviate: For starters, the number of 

white blood cells in the peripheral blood was significantly lower, and there were 

fewer transplanted K562 leukemia cells. 

    This results is obtained due to the ability of cytarabine to cause liver damage and 

liver necrotic and rises the liver enzyme value and decrease the liver ability to 

syntheses antioxidant (Floyd and Kerr, 2016). 

    The result of the effect of L-carnitine was a decrease in the plasma concentration of 

intracellular serum enzymes (ALT, AST, GGT, ACE) and MDA when compared to 

that in the animals of the control with cytarabine-induced acute drug damage (Dudina 

et al., 2018). 

L-carnitine plays an important role hepatic cells like transporting FAs to the 

mitochondrial matrix for β-oxidation, regulating acetyl-CoA/CoA, exporting acetyl-
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and chain-shortened acyl products from peroxisomes, and reducing oxidative stress. 

L-carnitine supplementation can normalize or reduce serum levels of liver enzymes, 

decrease the incidence and severity of NAFLD, and improve both the lipid profile and 

mitochondrial function ( Li & Zhao.,2021). 

Farther more, L-carnitine supplementation increased the percentage of hepatic cells in 

S phase, which was accompanied with the decrease of cells in G2/M phase. These 

results indicate that L-carnitine can increase cell proliferation, which is consistent 

with previous findings by (Zhang et al., 2020). 

5.2. Effect of cytarabine with 50 & 300 mg/kg/Bw L-carnitine on 

serum antioxidant and  malondialdehyde of adult male rats: 

    The antioxidant ability of the liver was obtained by increasing the activities of the 

antioxidant enzymes catalase (CAT) and superoxide dismutase (SOD), while 

decreasing the contents of malondialdehyde (MDA) in the liver.  

    In the study found that adding of cytarabine, showed   decrease in serum CAT, 

SOD and increase in MDA levels. 

      The process of lipid peroxidation is closely related to hepatotoxicity, which causes 

cell death primarily due to oxidative stress, which is caused by an alteration in the 

intracellular pro-oxidant to antioxidant ratio in favor of pro-oxidants. Lipid peroxy 

radicals cause increased cell membrane permeability, decreased cell membrane 

fluidity, membrane protein inactivation, and mitochondrial membrane polarity loss. 

(Sies,1997). 

     In the present study, the level of liver MDA in the cytarabine treated group was 

significantly higher compared with their levels in the controls. Increasing MDA levels 

indicated that lipid peroxidation, mediated by ROS, was an important contributing 

factor in the development of Cytarabin-mediated tissue damage(Bilgin et al.,2020).  

     The rats treated with Ara-C have shown a dose-dependent and significant 

reduction in placental GSH, SOD, GPx, CAT and increase in MDA levels as 

compared to control rats and this agreement with (Esfahani et al., 2012; Khan et al., 

2017; Fu et al., 2019 and Namoju and Chilaka, 2020). 

    Cellular antioxidant defense systems are insufficient to keep ROS levels below a 

dangerous threshold, oxidative stress ensues. This can be caused by excessive ROS 
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generation, antioxidant defense failure, or both. (Yildirim et al., 2007). Studies 

suggest that L-carnitine may play an important role in oxidative/antioxidative balance 

and has an antiperoxidative effect on several tissues (Cayr et al., 2009; Pehlivan et al., 

2009). 

    L-carnitine is produced from both dietary sources (75%) and endogenous 

biosynthesis (25%) in the human body (Siktar et al., 2011). Endogenous L-carnitine is 

synthesized from lysine and methionine primarily in the liver, as well as in the 

kidneys and brain tissue (Rebouche and Engel, 1980). 

      On the other hand, L-carnitine 50 mg/kg/BW and 300 mg/kg/bw show a reduced 

in the ALT, ACE and increase in SOD and CAT where it was found that there is an 

improvement in the performance of the liver, and this is attributed to the ability of the 

L-carnitine to improve the physiological condition of the liver, which leads to 

reducing would the harm resulting from us give cytarabine and thus improve the 

patient’s condition (Li and Zhao, 2021). 

     Previous researches have shown that L-carnitine has a key role in the 

oxidative/antioxidative balance as well as the transport of long-chain fatty acids into 

mitochondria in biological systems (Al-Majed, 2007; Bayraktar et al., 2008). 

    However, the effects of L-carnitine on certain antioxidant enzymes that detoxify 

H2O2 in water, such as GPX, CAT, and MPO, have been independently observed in a 

few studies (Cayir et al., 2009; Cetinkaya et al., 2006). 

       Cayir et al. (2009) investigated the effects of 500 mg/kg (IP) L-carnitine on 

cisplatin-induced oxidative damage in rat liver and kidney tissues. Their findings 

revealed that L-carnitine produced considerable protective action in the liver and 

kidney by lowering MDA levels and increasing GPX activity, implying that this 

molecule has an antioxidant effect. 

       Cetinkaya et al. (2006) investigated the effects of L-carnitine at a dose of 500 

mg/kg (IP) on the oxidant/antioxidant status in acetic acid-induced colitis, finding that 

L-carnitine administration to the acetic acid-treated rats significantly reduced MDA 

levels and MPO activity, while CAT activity increased in colon tissue. Unlike 

Cetinkaya's findings, two separate dosages of given L-carnitine significantly increased 

MPO activity in liver tissue in our study. 
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       Furthermore, treating hyperthyroid rats for 10 days with both low-dose (100 

mg/kg) and high-dose (500 mg/kg) L-carnitine resulted in a significant increase in 

antioxidant enzyme activities in the liver tissue as compared to levels in the second 

group of rats, the high-dose L-carnitine group (Hyper+LC500) had higher L-carnitine-

induced increases in MPO, GPX, and CAT activities than the low-dose group 

(Hyper+LC100), but the differences between the groups were not statistically 

significant (Yildirim et al., 2013). 

    Derin et al. (2004) found that pretreatment with L-carnitine (100 mg/kg, IP) 

increased tissue catalase activity and protected the gastric mucosa from ischemia-

reperfusion injury by decreasing lipid peroxidation via its lipid peroxidation-

decreasing activity, which protected the gastric mucosa from ischemia-reperfusion 

injury. 

     Previous researches have found that reactive oxygen species (ROS) play a role in 

xenobiotic kidney and liver toxicity, by raising the activity of the cytochrome P450 

enzymes NADPH oxidase, xanthine oxidase, and adenosine deaminase, cytarabine 

promotes the intracellular synthesis of oxygen and nitrogen species in the liver. 

However, pretreatment with L-carnitine significantly prevented cytarabine–induced 

lipid peroxidation in the liver tissues, implicating an antioxidant effect from this 

molecule. This was probably due to less damage having occurred from oxygen-free 

radicals (Tozan et al., 2007; Sohn et al., 2008). 

      Reactive oxygen species readily attack the polyunsaturated fatty acids of the fatty 

acid membrane, initiating a self-propagating chain reaction. The destruction of 

membrane lipids and the end-products of such lipid peroxidation reactions are 

especially dangerous for the viability of cells, even tissues. Enzymatic (catalase, 

superoxide dismutase), since lipid peroxidation is a self-propagating chain-reaction, 

the initial oxidation of only a few lipid molecules can result in significant tissue 

damage (Mylonas and Kouretas 1999; Chairuangkitti et al., 2013; Christiansen et al., 

2015). 

       The result of study agreement with finding of Hamza et al. (2019), L-carnitine 

prevented ASP-induced liver damage, the co-treatment of LC showed different 

improvement mechanisms against ASP-induced liver impairment. So, the intake of 

ASP should be regulated and taken with L-carnitine when it is consumed in different 
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foods or drinks to decrease its oxidative stress, histopathology, and genotoxicity of 

liver. 

     Studies have reported that dietary L-carnitine supplementation inhibited lipid 

peroxidation and improved fish resistance to oxidative stress by increasing the 

activities of antioxidant enzymes, which may be attributed to L-carnitine 

supplementation promoting lipid hydrolysis, improving cholesterol transport and 

scavenging excessive ROS. (Mohseni and Ozorio, 2014; Sabzi et al., 2017; Zhou et 

al., 2020; Chen et al., 2022). 

         reactive oxygen species(ROS) such as superoxide radical and these various 

oxidants can promote toxicity by protein oxidation and enzyme inactivation and by 

damage to cell membranes via lipid peroxidation and production of reactive lipid 

aldehydes, such as malondialdehyde and 4-hydroxynonenal (Ademowo et al., 2017). 

     Severe impairment of mitochondrial fatty acid B-oxidation causes microvesicular 

steatosis, characterized by accumulation of tiny lipid vesicles in the cytoplasm of 

hepatocytes. Finally, disruption of hepatic mitochondrial b-oxidation decreases 

delivery of hepatic ketone bodies and glucose to peripheral tissues. The resulting 

deficiency of energy substrates may cause renal failure, pancreatitis, coma, and death 

(Fromenty and Pessayre, 1995).  

     Drug-induced liver injury may manifest a cumulative effect, where in earlier harm 

may compound to cause impaired drug metabolism and increased toxicity.The 

hepatotoxicity of many drugs. Dysfunction of these vital cell organelles results in 

impairment of energy metabolism and an intracellular oxidant stress with excessive 

formation of reactive oxygen species and peroxynitrite (King and Perry, 2001).  

     As a result, proper monitoring and strategies such as discontinuation or dose-

modification of pharmacologic agents are commonly required when hepatotoxicity 

occurs.  

     Research exploring the mechanism of methotrexate related hepatotoxicity 

identified the activation of inflammatory pathways and cytokines, upregulation of pro-

apoptotic mediators, and reactive oxygen species (ROS) formation as contributing 

factors to liver damage (Mudd and Guddati, 2021).  
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5.3. Histopathological change in the liver  

    Cytarabine is one of the most active cytotoxic agents in the treatment of cancer. 

Liver toxicity are major complications. Cytarabine caused severe damage in the liver, 

such as degenerative hepatocytes and moderate enlargement of sinusoids, occlusion of 

vascular and ductal structures, toxic metabolite formation, and inflammatory cell 

infiltration into the liver parenchyma can induce damage, which was observed by 

microscopic examination. The histopathological study of the liver in cytarabine group 

show that there was a damage in the liver which is represented by congestion, 

exudation and inflammation of the liver multiple foci of apoptotic cells and minimal 

inflammatory response were noticed. This current result may be occurred by oxidative 

damage cytarabine that leads to mitochondrial DNA and those changes related to 

DNA fragmentation and apoptosis initiation damage and case a necrotic of the cells.     

      This results agreement with the previous study which showed that hepatic 

apoptosis and cell necrosis which can lead to acute or chronic hepatic failure (Liu et 

al., 2018; Taqa and Alnema., 2020). Hepatotoxicity can result from damage to 

structures such as the liver sinusoids, vasculature, bile ducts, and direct damage to 

hepatocytes themselves (Mudd and Guddati, 2021). 

     Drug-induced liver toxicities are characterized by systemic and local inflammation 

with recruitment of macrophages and neutrophils into the liver vasculature, the main 

function of these phagocytes is to destroy invading microorganisms and to remove 

dead cells and cell debris in preparation for tissue regeneration. Because of the nature 

of the toxic mediators generated by these phagocytes, healthy cells may also be 

affected, which can aggravate the original liver injury (Jaeschke et al., 1996; Jaeschke 

and Smith, 1997; Laskin and Laskin, 2001).  

     Jaeschke et al. (2002) confirmed the suggestion that drug-induced injury to 

hepatocytes and showed that Kupffer cell activation and neutrophil infiltration extend 

toxic injury, Kupffer cells release reactive oxygen species (ROS), cytokines, and 

chemokines, which induce neutrophil extravasation and activation. Kupffer cells and 

neutrophils are a source of proinflammatory cytokines and chemokines and of reactive 

oxygen and nitrogen species, which promote oxidative stress in injury induced by 

toxicants and ischemia/reperfusion.  
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     On the other hand, the study showed that there is  significant improvement in the 

liver histological section in the 50 and 300 mg/kg/bw L-carnitine.  

     L-carnitine is known to target the anti-oxidation mechanisms of cell damage in the 

body by serving as free radical scavengers and therefore promoting hepatoprotection 

(Pehlivan et al., 2009). 

      Results of histopathological and electron microscopic examination proved the 

biochemical feedback and the improved L-carnitine effect on liver toxicity (Hamza et 

al., 2019). 

      L-carnitine has been proven to have potent antioxidative and cytoprotective 

properties. It has several pharmacological properties such as anti-inflammatory, 

antioxidative activities and hepatoprotective effects (Cetinkaya et al., 2006).  

    Hepatoprotection of L-carnitine is the ability to prevent damage to the liver, prevent 

the liver affections prophylactically and maintains balance in liver enzymes. L-

carnitine significant hepatoprotective effect in isolated rat hepatocytes with protective 

effect against hepatocellular degeneration and necrotic changes (Cayir et al., 2009).   

        L-carnitine maintains cell integrity by controlling the intramitochondrial 

proportion of acyl-CoA/CoA, suppressing hazardous substances, maintaining the 

integrity of the mitochondrial membrane's permeability, and promoting the expulsion 

of free radicals (Mudd and Guddati, 2021). 

      Additionally, damaging to mitochondria, oxidative stress impairs mitochondrial -

oxidation, which causes hepatocytes to accumulate fatty acids and causes hepatic 

damage such hepatic steatosis. Due to its role in fatty acid -oxidation and the 

conversion of lipids into energy in the mitochondria, treating animals with L-carnitine 

may have a reversible effect on the formation of steatosis, this might be how L-

carnitine protects against the potentially harmful effects of cytarabine (Jaeschke et al., 

1996; Jaeschke and Smith, 1997). 

      



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter Six: Conclusions and Recommendations 
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6.1. Conclusions  

1- The concentration of L-carnitine 300 mg/kg.BW ameliorating the hypatotoxic 

effect induced by cytarabine better than 50 mg/kg.BW. 

2- Hepatoprotection effect of L- Carnitine 300 mg/kg.BW better than 50 mg/kg.Bw in 

hypertoxic effect induced by cytarabine by decrease liver enzyme.  

3-The hepatoprtective effect of L- carnitine against cytarabine induce hepatotoxicity 

manifested by increase antioxidant/oxidant balance and decrease liver damage.
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6.2. Recommendations 

1-Conducting the experiment on other laboratory animals such as rabbits, 

hamsters…etc  

2- Study the effect of  L-carnitine with the same dose of cytarabine and study 

it effect on the kidneys ,brain and other organs.  

4-Studying the benefits effect of L-carnitine in preserving DNA from the 

change that occurs as a result of giving a dose of cytarabine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

References 

 

 

 

 



R e f e r e n c e s                                                         48 

 

References 
 

Abd El-Ghffar, E.A.; Barakat, A.; & Torky, Z.A. (2020). Pink Cedar (Acrocarpus 

fraxinifolius): its prophylactic role against APAP–induced organs toxicity in 

rats and its antiviral activity against Herpes simplex virus type 1. bioRxiv, 

432328.  

Ademowo, O.S.; Dias, H.K.I.; Burton, D.G.; & Griffiths, H.R. (2017). Lipid (per) 

oxidation in mitochondria: an emerging target in the ageing process?. 

Biogerontology, 18(6), 859-879.  

Adeva‐Andany, M.M.; Calvo‐Castro, I.; Fernández‐Fernández, C.; Donapetry‐

García, C.; & Pedre‐Piñeiro, A.M. (2017). Significance of l‐carnitine for 

human health. IUBMB life, 69(8), 578-594. 

Al-Badr, A.A.; and El-Subbagh, H.I. (2009). Itraconazole: comprehensive profile. 

In Profiles of drug substances, excipients and related methodology. Vol. 34, 

pp. 193-264.  

Al-Jammas, S.; and Al-Saraj, A. (2020). The histological changes induced by 

Cytarabine on rabbit's livers (with and without vitamin E administration). Iraqi 

J. of Vet. Sci., 34: 9-13. 

Al-karawi, D.; Landolfo, C.; Du, H.; Al-Assam, H.; Sayasneh, A.; Timmerman, 

D.; & Jassim, S.A. (2019). OC04. 04: A machine-learning algorithm to 

distinguish benign and malignant adnexal tumours from ultrasound images.  

AL-Khalissi, K. A., Budeir, W. S., & AL-Zubaidy, A. S. (2014). Evaluation of 

Patients with Lymphadenopathy in Hematology Unit in Baghdad Teaching 

Hospital. Iraqi Postgraduate Medical Journal, 13(4).  

Al-Majed, A.A. (2007). Carnitine deficiency provokes cisplatin-induced 

hepatotoxicity in rats. Basic Clin Pharmacol Toxicol.;100:145–50.   

Al-Rejaie, S.S.; Aleisa, A.M.; Al-Yahya, A.A.; Bakheet, S.A.; Alsheikh, A.; 

Fatani, A.G.; & Sayed-Ahmed, M.M. (2009). Progression of 

diethylnitrosamine-induced hepatic carcinogenesis in carnitine-depleted rats. 

World journal of gastroenterology: WJG, 15(11), 1373. 

Amacher, D.E. (1998). Serum transaminase elevations as indicators of hepatic injury 

following the administration of drugs. Regulatory Toxicology and 

Pharmacology; 27: 119–130. 



R e f e r e n c e s                                                         49 

 

Ambrosy, A.P.; Gheorghiade, M.; Bubenek, S. (2013). The predictive value of 

transaminases at admission in patients hospitalized for heart failure: findings 

from the Romanian Acute Heart Failure Syndromes (RO-AHFS) registry. 

European Heart Journal: Acute Cardiovascular Care;2(2): 99-108.  

Andrade, R.J.; Aithal, G.P.; Björnsson, E.S.; Kaplowitz, N.; Kullak-Ublick, 

G.A.; Larrey, D. (2019). European Association for the Study of the Liver. 

EASL clinical practice guidelines: drug-induced liver injury. Journal of 

hepatology, 70(6), 1222-1261. 

Badgu, N.; and Merugu, R. (2013). Human alkaline phosphatases in health and 

disease: A mini review. Int. J. Res. Pharm. Sci.; 4(3): 371-379. 

Banerjee, A. (2020). Liver toxicity of chemical warfare agents. In Handbook of 

Toxicology of Chemical Warfare Agents. pp. 659-671.   

Bayraktar, N.; Paşaoğlu, H.; Paşaoğlu, A.; Kaymaz, M.; Biberoğlu, G.; 

Kulaksizoğlu, S. (2008). The relationship between carnitine levels and lipid 

peroxidation in glial brain tumors. Turk J Med Sci.; 38:293–9. 

Bischoff, K.; Mukai, M.; & Ramaiah, S.K. (2018). Liver toxicity. In Veterinary 

toxicology. pp. 239-257. 

Björnsson, E.S. (2016). Hepatotoxicity by drugs: the most common implicated 

agents. International journal of molecular sciences, 17(2), 224 . 

Bodewes, F.A.; van der Doef, H.P.; Houwen, R.H.; & Verkade, H.J. (2015). 

Increase of serum γ-glutamyltransferase associated with development of 

cirrhotic cystic fibrosis liver disease. Journal of Pediatric Gastroenterology 

and Nutrition, 61(1), 113-118 

Bota, A.B.; Simmons, J.G.; DiBattista, A.; Wilson, K. (2021). Carnitine in alcohol 

use disorders: a scoping review. Alcohol Clin Exp Res. 45:666–74.   

Breitling, L.P.; Raum, E.; Muller, H.; Rothenbacher, D.; and Brenner, H. (2009). 

Synergism between smoking and alcohol consumption with respect to serum 

gamma-glutamyltransferase. Hepatology; 49(3): 802-808.  

Brunt, E.M.; Kleiner, D.E.; Carpenter, D.H.; Rinella, M.; Harrison, S.A., 

Loomba, R. (2021). American Association for the Study of Liver Diseases 

NASH Task Force. NAFLD: reporting histologic findings in clinical practice. 

Hepatology, 73(5), 2028-2038. 

Buege, J.A.; and Aust, S.D. (1978). Microsomal lipid peroxidation. In Methods in 

enzymology. Vol. 52, pp. 302-310.  



R e f e r e n c e s                                                         50 

 

Cai, S.Y.; Ge, M.; Mennone, A.; Hoque, R.; Ouyang, X.; & Boyer, J.L. (2020). 

Inflammasome Is Activated in the Liver of Cholestatic Patients and 

Aggravates Hepatic Injury in Bile Duct–Ligated Mouse. Cellular and 

Molecular Gastroenterology and Hepatology, 9(4), 679-688.  

Cayir, K.; Karadeniz, A.; Yildirim, A.; Kalkan, Y.; Karakoc, A.; Keles, M.; & 

Tekin, S. B. (2009). Protective effect of L-carnitine against cisplatin-induced 

liver and kidney oxidant injury in rats. Central European journal of 

medicine, 4(2), 184-191.  

Cetinkaya, A.; Bulbuloglu, E.; Kantarceken, B.; Ciralik, H.; Kurutas, E.B.; 

Buyukbese, M.A. (2006). Effects of L-carnitine on oxidant /antioxidant status 

in acetic acid-induced colitis. Dig. Dis. Sci., 51, 488–494. 

Chairuangkitti, P.; Lawanprasert, S.; Roytrakul, S.; Aueviriyavit, S.; 

Phummiratch, D.; Kulthong, K.; Chanvorachote, P.; Maniratanachote, R. 

(2013). Silver nanoparticles induce toxicity in A549 cells via ROS-dependent 

and ROS-independent pathways, Toxicology in Vitro, Volume 27, Issue 1, 

Pages 330-338. 

Chamberlin, A.M.; & Nichols, E. (2009). Toxicity and Anti-Tumor Effects of 

Cytarabine and Doxorubicin on Acute Myeloid Leukemia .  

Chang, B.; Nishikawa, M.; Nishiguchi, S.; & Inoue, M. (2005). L‐carnitine inhibits 

hepatocarcinogenesis via protection of mitochondria. International Journal of 

Cancer, 113(5), 719-729. 

Chen, C.H. (2020). Xenobiotic metabolic enzymes: Bioactivation and antioxidant 

defense pp. 221-234.  

Chen, H.; Wang, Y.; Lai, S., Lai, M.; Liu C.; Li, C. (2002). Analysis of the Factors 

Associated with Serum Glutamic Pyruvic Transaminase Levels in Young 

Adults. J Med Sci; 22(1): 27-34. 

Chen, X.; Niu, J.; Wang, J.; and Zhao, W. (2022). Effects of L-carnitine 

Supplementation in High-Fat Diet on Growth, Antioxidant Capacity and Lipid 

Metabolism of Golden Pompano (Trachinotus ovatus). Front. Mar. Sci. 

9:831153.  

El-Subbagh, H. I., & Al-Badr, A. A. (2009). Cytarabine. In Profiles of Drug 

Substances, Excipients and Related Methodology (Vol. 34, pp. 37-113). 

Academic Press. 



R e f e r e n c e s                                                         51 

 

Choti, M.A. (2009). Chemotherapy-associated hepatotoxicity: do we need to be 

concerned? Ann Surg Oncol; 16: 2391-4. 

Christiansen, P.; Mansfield, R.; Duckworth, J.; Field, M.; & Jones, A. (2015). 

Internal reliability of the alcohol-related visual probe task is increased by 

utilising personalised stimuli and eye-tracking. Drug and alcohol dependence, 

155, 170-174.  

Crook, M.A. (2012). Clinical biochemistry and metabolic medicine. 8th ed. UK, 

Hodder & Stoughton Ltd; 274-279. 

Dahash, B.A.; Sankararaman, S. (2022). Carnitine Deficiency. [Updated 2022 May 

1]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls. Available from: 

https://www.ncbi.nlm.nih.gov /books /NBK559041/. 

Dawood, G.H.A.; Taqa, G.H.A.; and Alnema, M. (2020). Histological Effect of 

Cytarabine on Liver and Buccal Mucosa in Mice. Al–Rafidain Dent J., 20: 36-

45. 

Derin, N.; Izgut-Uysal, V.N.; Agac, A.; Aliciguzel, Y.; Demir, N. (2004). L-

carnitine protects gastric mucosa by decreasing ischemia-reperfusion induced 

lipid peroxidation. J Physiol Pharmacol.;55:595–606.   

Di Francia, R.; Crisci, S.; De Monaco, A.; Cafiero, C.; Re, A.; Iaccarino, G.; De 

Filippi, R.; Frigeri, F.; Corazzelli, G.; Micera, A. (2021). Response and 

Toxicity to Cytarabine Therapy in Leukemia and Lymphoma: From Dose 

Puzzle to Pharmacogenomic Biomarkers. Cancers, 13, 966. 

Dobrzyńska, I.; Szachowicz-Petelska, B.; Skrzydlewska, E.; & Figaszewski, Z. 

(2010). Effect of L-carnitine on liver cell membranes in ethanol-intoxicated 

rats. Chemico-biological interactions, 188(1), 44-51. 

Dudina, M.O.; Suslova, I.S.; Khalzova, M.S.; Dergunova, J.V.; Kogan, E.A.; 

Roshchin, D.A.; Samyshina, E.A.; Morozov, M.A.; Dydykin, S.S. (2018). 

Molecular and cellular mechanisms of acute cytotoxic liver damage as 

potential biological targets for magnesium-containing cell-protective drug. 

Research Results in Pharmacology 4(3): 9–15.   

El-Kott, A.F.; Omar, N.A.; El-Hawary, H.K.; & Mansy, S.E. (2014). The 

protective effect of royal jelly against Doxorubicin-induced renal oxidative 

stress, histopathological and immunohistochemiacal alterations in Ehrlich 

Ascites tumor bearing mice. Egyptian Academic Journal of Biological 

Sciences, D. Histology & Histochemistry, 5(1), 9-21.   



R e f e r e n c e s                                                         52 

 

Elsayed, M.G.; Faragb, E.A.H.; and Khaled, H.S. (2016). Some adverse effects of 

cytarabine in leukemic rats. BENHA VETERINARY Medical Journal, Vol. 

31, NO. 2:165-170. 

Emiroglu, M.Y.; Esen, O.B.; Bulut, M.; Karapinar, H.; Kaya, Z.; Akcakoyun, M. 

(2010). Gamma glutamyltransferase levels and its association with high 

sensitive C-reactive protein in patients with acute coronary syndromes. North 

American Journal of Medical Sciences; 2(7): 306-310. 

Fielding, R.; Riede, L.; Lugo, J.P.; Bellamine, A. (2018). L-Carnitine 

Supplementation in Recovery after Exercise. Nutrients;13;10(3):349. 

Floyd, J.; and Kerr, T.A. (2016). Chemotherapy hepatotoxicity and dose 

modification in patients with liver disease. Waltham, MA: UpToDate. 

Available at: http://www. uptodate. com. 

Floyd, J.; Mirza, I.; Sachs, B.; and Perry, M.C. (2006). Hepato-toxicity of 

chemotherapy. Semin Oncol 2006; 33: 50-67. 

Fontana, R.J. (2014). Pathogenesis of idiosyncratic drug-induced liver injury and 

clinical perspectives. Gastroenterology 2014; 146: 914-928. 

Fromenty, B.; and Pessayre, D. (1995). Inhibition of mitochondrial boxidation as a 

mechanism of hepatotoxicity. Pharmacol. Ther. 67, 101–154. 

Fu, S.H.; Flannery, A.H., and Thompson Bastin, M.L. (2019). Acute 

hepatotoxicity after high-dose cytarabine for the treatment of relapsed acute 

myeloid leukemia: a case report. Hospital Pharmacy, 54(3), 160-164. 

Galmarini, C.M.; Mackey, J.R.; Dumontet, C. (2001). Nucleoside analogues: 

Mechanisms of drug resistance and reversal strategies. Leukemia, 15, 875–

890. 

Garcia-Cortes, M.; Robles-Diaz, M.; Stephens, C.; Ortega-Alonso, A.; Lucena, 

M.I., & Andrade, R.J. (2020). Drug induced liver injury: an update. Archives 

of Toxicology, 94(10), 3381-3407. 

Gati, W.P.; Paterson, A.R.; Larratt, L.M.; Turner, A.R.; Belch, A.R. (1997). 

Sensitivity of acute leukemia cells to cytarabine is a correlate of cellular es 

nucleoside transporter site content measured by flow cytometry with 

SAENTA-fluorescein. Blood, 90, 346–353. 

Giannini, E.G.; Testa, R.; and Savarino, V. (2005). Liver enzyme alteration: a 

guide for clinician. Canadian Med Asso J; 172(3): 367-379.  



R e f e r e n c e s                                                         53 

 

Golub, E.E.; and Boesze-Battaglia; K. (2007). The role of alkaline phosphatase in 

mineralization. Current Opinion in Ortho-paedics; 18:444-448.  

Green, S.B.; and Salkind, N.J. (2016). Using SPSS for Windows and Macintosh, 

Books a la Carte. Pearson Book. AMC LIBRARY. 

Grigorian, A.; & O'Brien, C.B. (2014). Hepatotoxicity secondary to chemotherapy. 

Journal of clinical and translational hepatology, 2(2), 95-102. 

Grundy, S.M. (2007). Gamma-glutamyltransferase: Another biomarker for metabolic 

syndrome and cardiovascular risk. Arterioscler Thromb Vasc Biol; 27:4-7. 

Guerrero-Bustamante, C.A.; Dedrick, R.M.; Garlena, R.A.; Russell, D.A.; & 

Hatfull, G.F. (2021). Toward a phage cocktail for tuberculosis: Susceptibility 

and tuberculocidal action of mycobacteriophages against diverse 

Mycobacterium tuberculosis strains. Mbio, 12(3), 973-21.  

Gustafsson, G.; Langmark, F.; Pihkala, U.; Deverdier, B.; Lilleaas, (1998). 

Childhood cancer in the Nordic countries, report on epidemiologic and 

therapeutic results, from registus and working groups. NOPHO Annual 

Meeting 11, 122. 

Hadwan, M.H.; and Abed, H.N. (2016). Data supporting the spectrophotometric 

method for the estimation of catalase activity. Data in brief, 6, 194-199.  

Hanai, T.; Shiraki, M.; Imai, K.; Suetugu, A.; Takai, K.; & Shimizu, M. (2020). 

Usefulness of carnitine supplementation for the complications of liver 

cirrhosis. Nutrients, 12(7), 1915. 

Hassan, A.S. (2022). Antimicrobial evaluation, in silico ADMET prediction, 

molecular docking, and molecular electrostatic potential of pyrazole-isatin and 

pyrazole-indole hybrid molecules. Journal of the Iranian Chemical Society, 1-

13.   

Herzig, R.H; Wolff, S.N.; Lazarus, H.M.; Phillips, G.L.; Karanes, C.; Herzig, 

G.P. (1983). Highdose cytosine arabinoside therapy for refractory leukemia. 

Blood 62, 361-369. 

Hoofnagle, J.H.; & Björnsson, E.S. (2019). Drug-induced liver injury—types and 

phenotypes. New England Journal of Medicine, 381(3), 264-273.  

Houshmand, M.; Garello, F.; Circosta, P.; Stefania, R.; Aime, S.; Saglio, G.; & 

Giachino, C. (2020). Nanocarriers as magic bullets in the treatment of 

leukemia. Nanomaterials, 10(2), 276. 



R e f e r e n c e s                                                         54 

 

Bilgin, A. O., Mammadov, R., Suleyman, B., Unver, E., Ozcicek, F., Soyturk, M., ... 

& Suleyman, H. (2020). Effect of rutin on cytarabine-associated pulmonary 

oedema and oxidative stress in rats. Anais da Academia Brasileira de 

Ciências, 92. 

Huang, T.; Zhang, J.; Xu, Z.P.; Hu, L.L.; Chen, L.; Shao, J.L.; Zhang, L.; Kong, 

X.Y.; Cai, Y.D.; Chou, K.C. (2012). Deciphering the effects of gene deletion 

on yeast longevity using network and machine learning approaches. Biochimie 

94(4):1017-25. 

Huang, W.; Li, C.; Wang, Z.; Wang, H.; Zhou, N.; Jiang, J.; & Wang, D.W. 

(2020). Decreased serum albumin level indicates poor prognosis of COVID-19 

patients: hepatic injury analysis from 2,623 hospitalized cases. Science China 

Life Sciences, 63(11), 1678-1687. 

Huang, X.; Choi, Y.; Im, H.; Yarimaga, O.; Yoon, E.; Kim, H. (2006). Aspartate 

aminotrans- ferase (AST/GOT) and alanine aminotransferase (ALT/GPT) 

detection techniques. Sensors; 6:756-782.  

Inci, F.; & Karatas, F. (2019). Paclitaxel-induced hepatic steatosis in patients with 

breast cancer. J BUON, 24, 2355-2360. 

Ingawale, D.K.; Mandlik, S.K.; & Naik, S.R. (2014). Models of hepatotoxicity and 

the underlying cellular, biochemical and immunological mechanism (s): a 

critical discussion. Environmental toxicology and pharmacology, 37(1), 118-

133. 

Jaeschke, H., and Smith, C. W. (1997). Mechanisms of neutrophil induced 

parenchymal cell injury. J. Leukoc. Biol. 61, 647–653. 

Jaeschke, H.; Gores, G.J.; Cederbaum, A.I.; Hinson, J.A. Pessayre, D. and 

Lemasters, J.J. (2002). Mechanisms of Hepatotoxicity. Toxicological 

sciences; 65, 166–176. 

Jaeschke, H.; Smith, C.W.; Clemens, M.G.; Ganey, P.E., and Roth, R.A. (1996). 

Mechanisms of inflammatory liver injury: Adhesion molecules and 

cytotoxicity of neutrophils. Toxicol. Appl. Pharmacol. 139, 213–226. 

Khan, Z., Shen, X. Z., Bernstein, E. A., Giani, J. F., Eriguchi, M., Zhao, T. V., ... 

& Bernstein, K. E. (2017). Angiotensin-converting enzyme enhances the 

oxidative response and bactericidal activity of neutrophils. Blood, The Journal 

of the American Society of Hematology, 130(3), 328-339.  



R e f e r e n c e s                                                         55 

 

King, P.D.; & Perry, M.C. (2001). Hepatotoxicity of chemotherapy. The oncologist, 

6(2), 162-176. 

Kleiner, D.E. (2017). The histopathological evaluation of drug‐induced liver injury. 

Histopathology, 70(1), 81-93.   

Krenkel, O.; Hundertmark, J.; Ritz, T.P.; Weiskirchen, R.; & Tacke, F. (2019). 

Single cell RNA sequencing identifies subsets of hepatic stellate cells and 

myofibroblasts in liver fibrosis. Cells, 8(5), 503. 

Kufe, D.W.; and Spriggs, D.R. (1985). Biochemical and cellular pharmacology of 

cytosine arabinoside. Semin. Oncol., 12 (Suppl. 3),34–48. 

Kurutas, E.B.; Buyukbese, M.A. (2006). Effects of L-carnitine on oxidant 

/antioxidant status in acetic acid-induced colitis. Dig. Dis. Sci., 51, 488–494 

Lala, V.; Goyal, A.; Minter, D.A. (2022). Liver Function Tests.  In: StatPearls 

[Internet]. Treasure Island (FL). Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK482489/. 

Laskin, D.L.; and Laskin, J. D. (2001). Role of macrophages and inflammatory 

mediators in chemically induced toxicity. Toxicology, 160(1-3), 111-118.  

Lee, S.Y.; Sung, E.; and Chang, Y. (2013). Elevated serum gamma-

glutamyltransferase is a strong marker of insulin resistance in obese children. 

International Journal of Endocrinology: 1-6.  

Li, N.; and Zhao, H. (2021). Role of carnitine in non-alcoholic fatty liver disease and 

other related diseases: An update. Frontiers in Medicine, 8. 

Li, T.T.; An, J.X.; Xu, J.Y.; & Tuo, B.G. (2019). Overview of organic anion 

transporters and organic anion transporter polypeptides and their roles in the 

liver. World Journal of Clinical Cases, 7(23), 3915.  

Lombardo, A.; and Nichols, E. (2009). Toxicity and anti-tumor effects of cytarabine 

and doxorubicin on acute myeloid leukemia. A major qualifying project report 

submitted to the Faculty of the Worcester polytechnic Institute, Biology and 

Biotechnology and Biochemistry. 

Longo, N.; Frigeni, M.; Pasquali, M. (2016). Carnitine transport and fatty acid 

oxidation. Biochim Biophys Acta.1863(10):2422-35.   

Ma, J.; Li, X.; Su, Y. (2017). Mechanisms responsible for the synergistic 

antileukemic interactions between ATR inhibition and cytarabine in acute 

myeloid leukemia cells. Sci.Rep., 7 :41-50.  

https://www.ncbi.nlm.nih.gov/books/NBK482489/


R e f e r e n c e s                                                         56 

 

Maas, M.N.; Hintzen, J.C.; Porzberg, M.R.; & Mecinović, J. (2020). 

Trimethyllysine: From carnitine biosynthesis to epigenetics. International 

Journal of Molecular Sciences, 21(24), 9451. 

Małyszko J, Kozłowska K, Kozłowski L and Małyszko J. (2017). Nephrotoxicity 

of anticancer treatment. Nephrol Dial Transplant; 32: 924-936. 

Manella, G.; Sabath, E.; Aviram, R.; Dandavate, V.; Ezagouri, S.; Golik, M.; & 

Asher, G. (2021). The liver-clock coordinates rhythmicity of peripheral 

tissues in response to feeding. Nature metabolism, 3(6), 829-842. 

Mansouri, A.; Gattolliat, C.H.; & Asselah, T. (2018). Mitochondrial dysfunction 

and signaling in chronic liver diseases. Gastroenterology, 155(3), 629-647.    

Marklund, S., & Marklund, G. (1974). Involvement of the superoxide anion radical 

in the autoxidation of pyrogallol and a convenient assay for superoxide 

dismutase. European journal of biochemistry, 47(3), 469-474.  

Masoumi-Ardakani, Y.; Aminizadeh, S.; Fallah, H. (2020). L-Carnitine different 

doses affect serum and pancreas tissue Antioxidative defense and 

histopathology in STZ-induced diabetic rats. Biologia 75, 1415–1423. 

Merkel, O.; Schmid, P.C.; Paltauf, F.; Schmid, H.H.O.; Perry, R.J.; Ridgway, 

N.D.; & Torstensen, B.E. (2000). Molecular and cell biology of lipids. 

Millan, J.L. (2006). Alkaline Phosphatases: Structure, substrate specificity and 

functional relatedness to other members of a large superfamily of enzymes. 

Purinergic Signalling; 2: 335-341. 

Miller, B.M.; Oderberg, I.M.; & Goessling, W. (2021). Hepatic nervous system in 

development, regeneration, and disease. Hepatology, 74(6), 3513-3522. 

Modanloo, M.; and Shokrzadeh, M. (2019). Analyzing mitochondrial dysfunction, 

oxidative stress, and apoptosis: potential role of L-carnitine. Iranian journal of 

kidney diseases, 13(2), 74. 

Mohammed, B. E. (2019). Measurement of Portal Tract Blood Vessels Among 

Youth Sudanese Using Duplex Ultrasonography (Doctoral dissertation, Sudan 

University of Science and Technology).  

Mohseni M.; and Ozorio R.O.S. (2014). Effects of Dietary L-Carnitine Level on 

Growth Performance, Body Composition and Antioxidant Status Beluga 

(Huso Huso L. 1758). Aquac. Nutr. 20, 477–485.   

Morimoto, N.; Hashimoto, S.; Yamanaka, M.; Satoh, M.; Yoshiharu Nakaoka, 

Y.; Fukui, A.; Morimoto, Y. &   Shibahara, H. (2020). Treatment with 



R e f e r e n c e s                                                         57 

 

Laevo (L)-carnitine reverses the mitochondrial function of human embryos. 

Journal of Assisted Reproduction and Genetics. 

Morris, A.L.; and Mohiuddin, S.S. (2021). Biochemistry, Nutrients. In: StatPearls. 

StatPearls Publishing, Treasure Island (FL); PMID: 32119432. 

Mudd, T.W.; and Guddati, A.K. (2021). Management of hepatotoxicity of 

chemotherapy and targeted agents. Am J Cancer Res;11(7):3461-3474. 

Muriel, P. (2009). Role of free radicals in liver diseases. Hepatology international, 

3(4), 526-536. 

Mylonas, C.; and Kouretas D. (1999). Lipid peroxidation and tissue damage. In 

Vivo.;13(3):295-309. 

Namoju, R.; and Chilaka, N.K. (2021). Alpha-lipoic acid ameliorates cytarabine-

induced developmental anomalies in rat fetus. Human & Experimental 

Toxicology, 40(5), 851-868. 

Nsiah, K.; Dzogbefia, V.P.; Ansong, D.; Akoto, A.O.; Boateng, H.; and Ocloo, D. 

(2011). Pattern of AST and ALT Changes in Relation to Hemolysis in Sickle 

Cell Disease. Clinical Medicine Insights: Blood Disorders; 4: 1–9.  

Oliviero, F.; Lukowicz, C.; Boussadia, B.; Forner-Piquer, I.; Pascussi, J.M.; 

Marchi, N.; & Mselli-Lakhal, L. (2020). Constitutive androstane receptor: a 

peripheral and a neurovascular stress or environmental sensor. Cells, 9(11), 

2426. 

Orhan, H. (2021). Metabolism and biotransformation of xenobiotics. In Toxicology 

for the Health and Pharmaceutical Sciences.  

Pehlivan, M.; Coşkun, A.; Zengin, A.; Aslaner, A.; Yavuz, T. (2009). Does L-

carnitine increase serum TNF -α and IGF-1 during liver regeneration in the 

rat? Turk J Med Sci.; 39:875–80. 

Periáñez-Párraga, L.; Martínez-López, I.; Ventayol-Bosch, P.; Puigventós-

Latorre, F.; & Delgado-Sánchez, O. (2012). Drug dosage recommendations 

in patients with chronic liver disease. Rev Esp Enferm Dig, 104(4), 165-84. 

Pizzuto, J., Avilés; A., Ramos, E.; Cervera, J.J.A. (1983). Hepatic Cytosine 

arabinoside induced liver damage: histopathologic demonstration. Med Pediatr 

Oncol.;11(4):287-90. 

Pratt, D.S.; and Kaplan, M.M. (2000). Evaluation of abnormal liver enzyme results 

in asymptomatic patients. New England J Med; 342: 1266-71  



R e f e r e n c e s                                                         58 

 

Raj, S.; Khurana, S.; Choudhari, R.; Kesari, K.K.; Kamal, M.A.; Garg, N.; & 

Kumar, D. (2021). Specific targeting cancer cells with nanoparticles and drug 

delivery in cancer therapy. In Seminars in cancer biology; Vol. 69, pp. 166-

177. 

Rebouche, C.J.; and Engel, A.G. (1980). Tissue distribution of carnitine 

biosynthetic enzymes in man. Biochimica et Biophysica Acta-General 

Subjects, 630(1), 22-29.    

Rinaldo, P.; Cowan, T.M.; & Matern, D. (2008). Acylcarnitine profile analysis. 

Genetics in Medicine, 10(2), 151-156. 

Ringseis, R.; Keller, J.; Eder, K. (2013). Mechanisms underlying the anti-wasting 

effect of L-carnitine supplementation under pathologic conditions: evidence 

from experimental and clinical studies. Eur J Nutr.; 52(5):1421–42. 

 Sabzi, E.; Mohammadiazarm, H.; Salati A.P. (2017). Effect of Dietary L-Carnitine 

and Lipid Levels on Growth Performance, Blood Biochemical Parameters and 

Antioxidant Status in Juvenile Common Carp (Cyprinus Carpio). Aquaculture 

480, 89–93.  

Savic, D.; Hodson, L.; Neubauer, S.; & Pavlides, M. (2020). The importance of the 

fatty acid transporter L-carnitine in non-alcoholic fatty liver disease (NAFLD). 

Nutrients, 12(8), 2178. 

Sawicka, A.K.; Renzi, G. and Olek, R.A. (2020). The bright and the dark sides of L-

carnitine supplementation: a systematic review. J Int Soc Sports Nutr 17, 49.  

Schmeltzer, P.A.; Kosinski, A.S.; Kleiner, D.E.; Hoofnagle, J.H.; Stolz, A.; 

Fontana, R.J. (2016). Drug‐Induced Liver Injury Network (DILIN). Liver 

injury from nonsteroidal anti‐inflammatory drugs in the United States. Liver 

international, 36(4), 603-609. 

Schumann, G., Loth, E., Banaschewski, T., Barbot, A., Barker, G., Büchel, C., ... 

& Struve, M. (2010). The IMAGEN study: reinforcement-related behaviour 

in normal brain function and psychopathology. Molecular psychiatry, 15(12), 

1128-1139. 

Shakir, R. E., & Saliem, A. H. (2021). Curative and Protective Effect of Resveratrol 

against Methotrexate Induced Iiver Injury in Rats. Annals of the Romanian 

Society for Cell Biology, 1172-1180.   



R e f e r e n c e s                                                         59 

 

Sies, H.; Sharov, V.S.; Klotz, L.O.; and Briviba, K. (1997). Glutathione peroxidase 

protects against peroxynitrite-mediated oxidations. A new function for 

selenoproteins as peroxynitrite reductase. 

Siktar, E.; Ekinci, D.; Beydemir, S.; Gulcin, I.; Gunay, M. (2011). Protective role 

of L-carnitine supplementation against exhaustive exercise induced oxidative 

stress in rats. Eur J Pharmacol.;668:407–13.    

Sohn, J.H.; Han, K.L.; Kim, J.H.; Rukayadi, Y.; Hwang, J.K. (2008). Protective 

Effects of macelignan on cisplatininduced hepatotoxicity is associated with 

JNK activation. Biol. Pharm. Bull., 2008, 31, 273–277. 

Srivastava, T.; and Chosdol, K. (2007). Clinical biochemistry: Clinical enzymology 

and its applications. Department of Biochemistry, All India Institute of 

Medical Sciences; 11: 1-28. 

Luna, L. G. (1968). Manual of histologic staining methods of the Armed Forces 

Institute of Pathology. 

Steiber, A.; Kerner, J.; & Hoppel, C.L. (2004). Carnitine: a nutritional, 

biosynthetic, and functional perspective. Molecular aspects of medicine, 25(5-

6), 455-473. 

Sun, J.; Yu, E.Y.; Yang, Y.; Confer, L.A.; Sun, S.H.; Wan, K.; Lue, N.F.; Lei, M. 

(2009). Stn1–Ten1 is an Rpa2–Rpa3-like complex at telomeres. Genes & 

Development. 23:2900 –2914. 

Tabrizi, B.A.; Kararoudi, M.N.; and Mahmoudian, B. (2012). Evaluation of serum 

levels of AST, ALT, total bilirubin, glucose, urea and creatinine in mice after 

administration of Tc-99m MIBI. International Journal of Animal and 

Veterinary Advances; 4(1): 68-70. 

Tanaka, M.; Kanamori, H.; Yamaji, S.; Mishima, A.; Fujita, H., Fujisawa, W.E.; 

Helmi, A.; Farouq, M. (2007). Leukemia among children in the university 

pediatric hospital. Alex. Univ. (EGY). 

Tanphaichitr, V.; & Leelahagul, P. (1993). Carnitine metabolism and human 

carnitine deficiency. Nutrition (Burbank, Los Angeles County, Calif.), 9(3), 

246-254. 

Taqa, G.A.A.; and Alnema, M. (2020). Histological Effects of Cytarabine on Liver 

and Buccal Mucosa in Mice. Al-Rafidain Dental Journal, 20(1), 36-45.  

Torrisi, J.M.; Schwartz, L.H.; Gollub, M.J.; Ginsberg, M.S.; Bosl, G.J.; Hricak, 

H. (2011). CT findings of chemotherapy-induced toxicity: What radiologists 



R e f e r e n c e s                                                         60 

 

need to know about the clinical and radiologic manifestations of chemotherapy 

toxicity. Radiology, 258, 41–56.    

Totzeck M, Schuler M, Stuschke M, Heusch G and Rassaf T. (2019). Cardio-

oncology-strategies for management of cancer-therapy related cardiovascular 

disease. Int J Cardiol; 280: 163-175. 

Tozan, A.; Sehirli, O.; Omurtag, G.Z.; Cetinel, S.; Gedik, N.; Sener G. (2007). 

Ginkgo biloba extract reduces naphthalene-induced oxidative damage in mice. 

Phytother. Res.; 21, 72–77. 

Walker, H.K.; Hall, W.D.; and Hurst, J.W. (1990). The methods: The History, 

Physical, and Laboratory Examinations. 3rd ed.USA, Butterworth Publishers.; 

492-493.  

Wanders, R.J.; Waterham, H.R.; & Ferdinandusse, S. (2016). Metabolic interplay 

between peroxisomes and other subcellular organelles including mitochondria 

and the endoplasmic reticulum. Frontiers in cell and developmental biology, 3, 

83. 

Wang, D.D.; Wang, T.Y.; Yang, Y.; He, S.M. and Wang, Y.M. (2021). The Effects 

of L-Carnitine, Acetyl-L-Carnitine, and Propionyl-L-Carnitine on Body Mass 

in Type 2 Diabetes Mellitus Patients. Front. Nutr. 8:748075. 

Wang, Y.; Reddy, Y.V.; Al Temimi, A.H.; Venselaar, H.; Nelissen, F.H.; Lenstra, 

D.C.; & Mecinović, J. (2019). Investigating the active site of human 

trimethyllysine hydroxylase. Biochemical Journal, 476(7), 1109-1119. 

Watanabe, R.; Ohashi, R.; Esaki, T.; Kawashima, H.; Natsume-Kitatani, Y.; 

Nagao, C.; & Mizuguchi, K. (2019). Development of an in silico prediction 

system of human renal excretion and clearance from chemical structure 

information incorporating fraction unbound in plasma as a 

descriptor. Scientific reports, 9(1), 1-11. 

Williams, D.P. (2018). Application of hepatocyte-like cells to enhance hepatic safety 

risk assessment in drug discovery. Philosophical Transactions of the Royal 

Society B: Biological Sciences, 373(1750), 20170228.  

Weber, J. S., D'Angelo, S. P., Minor, D., Hodi, F. S., Gutzmer, R., Neyns, B., ... & 

Larkin, J. (2015). Nivolumab versus chemotherapy in patients with advanced 

melanoma who progressed after anti-CTLA-4 treatment (CheckMate 037): a 

randomised, controlled, open-label, phase 3 trial. The lancet oncology, 16(4), 

375-384. 



R e f e r e n c e s                                                         61 

 

Xu, E.; Zhang, L.; Yang, H.; Shen, L.; Feng, Y.; Ren, M.; & Xiao, Y. (2019). 

Transcriptome profiling of the liver among the prenatal and postnatal stages in 

chickens. Poultry science, 98(12), 7030-7040. 

Yamanaka, M.; Hashimoto, S.; Amo, A.; Ito-Sasaki, T.; Abe, H.; Morimoto, Y. 

(2011). Developmental assessment of human vitrified-warmed blastocysts 

based on oxygen consumption. Hum Reprod.  ;26(12):3366-71.   

Yan, S.; Yang, X.F.; Liu, H.L.; Fu, N.; Ouyang, Y.; & Qing, K. (2015). Long-

chain acyl-CoA synthetase in fatty acid metabolism involved in liver and other 

diseases: an update. World Journal of Gastroenterology: WJG, 21(12), 3492. 

Yildirim, A.; Kotan, D.; Yildirim, S.; Aygul, R.; Akcay, F. (2007). Increased lipid 

peroxidation and decreased antioxidant response in serum and cerebrospinal 

fluid in acute ischemic stroke. Turk J Med Sci.; 37:75–81. 

Yoshiji, H.; Kuriyama, S.; Kawata, M.; Yoshii, J.; Ikenaka, Y.; Noguchi, R.; & 

Fukui, H. (2001). The angiotensin-I-converting enzyme inhibitor perindopril 

suppresses tumor growth and angiogenesis: possible role of the vascular 

endothelial growth factor. Clinical Cancer Research, 7(4), 1073-1078. 

Zhang, D.; Hart, J.; Ding, X.; Zhang, X.; Feely, M.; Yassan, L.; & Lai, J. (2020). 

Histologic patterns of liver injury induced by anti-PD-1 therapy. 

Gastroenterology Report, 8(1), 50-55. 

Zhang, J.; Visser, F.; King, K.M.; Baldwin, S.A.; Young, J.D.; Cass, C.E. (2007). 

The role of nucleoside transporters in cancer chemotherapy with nucleoside 

drugs. Cancer Metastasis Rev., 26, 85–110. 

Zhou, Y.L.; Guo, J.L.; Tang, R.J.; Ma, H.J.; Chen, Y.J.; Lin, S.M. (2020). High 

Dietary Lipid Level Alters the Growth, Hepatic Metabolism Enzyme, and 

Anti-Oxidative Capacity in Juvenile Largemouth Bass Micropterus Salmoides. 

Fish Physiol. Biochem. 46, 125–134.  

Bernard, S. C., Abdelsamad, E. H., Johnson, P. A., Chapman, D. L., & 

Parvathaneni, M. (2017). Pediatric leukemia: Diagnosis to treatment–A 

review. Journal of Cancer Clinical trials, 2(2), 1. 

Sharma, U., Pal, D., & Prasad, R. (2014). Alkaline phosphatase: an 

overview. Indian Journal of Clinical Biochemistry, 29(3), 269-278. 

 



R e f e r e n c e s                                                         62 

 

Gnoni, A., Longo, S., Gnoni, G. V., & Giudetti, A. M. (2020). Carnitine in human 

muscle bioenergetics: can carnitine supplementation improve physical 

exercise?. Molecules, 25(1), 182. 

 

Weber, J. S., D'Angelo, S. P., Minor, D., Hodi, F. S., Gutzmer, R., Neyns, B., ... & 

Larkin, J. (2015). Nivolumab versus chemotherapy in patients with advanced 

melanoma who progressed after anti-CTLA-4 treatment (CheckMate 037): a 

randomised, controlled, open-label, phase 3 trial. The lancet oncology, 16(4), 

375-384.  

 

Faruqi, A., & Tadi, P. (2020). Cytarabine. 



 

 
 

 

 

 

 

 

 

 

Appendix  

 

 

 
 

 

 

 

 



A p p e n d i c e s                                                                   

 

 
Appendix  I 

Determination of Serum Concentration of (SOD) 

SOD activity determination 

Preparation 

1. Tris buffer (pH 8.0): was prepared by dissolving 0.258 gm of tris and 0.111 

gm of Ethylene diamine tetra acetic acid (EDTA) in dH2O and completing the volume 

to 100 ml.  

2. Pyragallol solution (0.2 mM): was prepared by dissolving 0.0252 gm of 

pyragallol with 10 ml of HCl and completing the volume to 100 ml with dH2O.  

Procedure  

     According to Marklund and Marklund, (1974), reaction mix is consisting of 50 μl 

crude enzyme extract with 2 ml of tris buffer and 0.5 ml of pyragallol (0.2 mM) which 

absorbs light at 420 nm. Control solution contains the same materials except for the 

enzyme extract that was replaced by dH2O. As a blank, dH2O was used. Single unit 

of enzyme is defined as the amount of enzyme that is capable of inhibiting 50% of 

pyragallol oxidation. SOD activity was calculated using the following equation (Ma et 

al., 2009):  

SOD activity (u/ml) = (Vp-Vs)/(Vp*0.5) *(Vt/Vs) *n 

Vp=Auto oxidation rate of pyrogallol rate of pyrogallol (control) 

Vs= Auto oxidation rate of sample (with enzyme) 

Vt=Total reaction volume (ml) 

Vs= volume of enzyme used for the assay (ml) 

n= dilution fold of the SOD sample 

0.5= factor for 50% inhibition  

Appendix  II 

Determination of Serum Concentration of Catalase (CAT) 

Procedure:  

      Catalase activity was assessed by incubating the enzymes ample in 1.0 ml 

substrate (65 mmol/ml hydrogen peroxide in 60 mmol/l sodium–potassium 

phosphatebuffer, pH 7.4) at 37 °C for three minutes. There action was stopped with 
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ammonium molybdate. Absorbance of the yellow complex of molybdate and 

hydrogen peroxide is measured at374nm against the blank.  

Reagents: 

 1. Sodium, potassium phosphate buffer (50 mM, pH 7.4): this buffer is prepared by 

dissolving 1.1g of Na2HPO4 and 0.27g of KH2PO4 in 100 ml distilled water.  

2. H2O2 (20 mM) in 50 mmol/l sodium, potassium phosphate buffer: this solution is 

freshly diluted and standardized daily using a molar extinction coefficient of 43.6 

M_1 cm_1 at 240 nm.  

3. Ammonium molybdate (32.4mmol/l). 

Calculation  

     The rate constant of a first-order reaction (k) equation is used to determine 

catalase activity:  

t: time.  

S°: absorbance of standard tube.  

S: absorbance of test tube. 

 M: absorbance of control test (correction factor). 

 Vt: total volume of reagents in test tube. Vs: volume of serum. 

 

Appendix III 

Determination of Serum Malondialdehyde (MDA) Concentration (µ 

mol /L): 

    Malondialdehyde was estimated by Thiobarbituric acid (TBA) assay method of 

Buege & Aust, (1978) on spectrophotometer. 

Principle: 

    This method quantifies lipid peroxides by measuring aldehyde breakdown products 

of lipid peroxidation. Basic principle of the method is the reaction of one molecule of 

malondialdehyde and two molecules of Thiobarbituric acid to form a red MDA-TBA 

complex which can be measure at 535 nm. 

Stock TCA – TBA – HCl  

Reagent: 
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      It was prepared by dissolving 15% W/V trichloroacetic acid and 0.375% W/V 

Thiobarbituric acid and 0.25N HCl to make 100 ml (2.1 ml of concentrated HCl in 

100 ml). This solution was mildly heated to assist in the dissolution of TBA. 

Dissolved 15 gm TCA and 0.375 mg Thiobarbituric acid in 0.25 N HCl and volume 

was made up to 100 ml with 0.25 N HCl. 

Procedure: 

     To 0.4 ml of serum, 0.6 ml TCA-TBA-HCl reagents were added. It was mixed 

well and kept in boiling water bath for 10 minutes. After cooling 1.0 ml freshly 

prepared 1N NaOH solution was added to eliminate centrifugation. This absorbance 

of pink colour was measured at 535 nm against blank which contained distilled water 

in place of serum. In blank 0.4 ml distilled water and 0.6 ml TCA-TBA-HCl reagent 

was mixed and boiled. Blank was always taken. 

Calculation: 

Extinction coefficient of MDA at 535 nm is = 1.56 × 105 

MDA concentration = χ / 0.0624 nmol / ml. 

Appendix IV 

Determination of Serum Angiotensin-converting enzyme  

Reagent Preparation: 

Standards: 

    Add 1 mL Sample Dilution Buffer into one Standard tube (labeled as zero tube), 

keep the tube at room temperature for 10 minutes and mix them thoroughly.  

Note:  

If the standard tube concentration higher than the range of the kit, please dilute it and 

labeled as zero tube. 

1. Label 7 EP tubes with 1/2, 1/4, 1/8, 1/16, 1/32, 1/64 and blank respectively. Add 

0.3 mL of the Sample Dilution Buffer into each tube. Add 0.3 mL of the above 

Standard solution (from zero tube) into 1st tube and mix them thoroughly. Transfer 

0.3 mL from 1
st
 tube to 2

nd
 tube and mix them thoroughly. Transfer 0.3 mL from 2

nd
 

tube to 3
rd

 tube and mix them thoroughly, and so on. Sample Dilution Buffer was used 

for the blank control.  

Note:  

It is best to use Standard Solutions within 2 hours. 

2. Preparation of Biotin-labeled Antibody Working Solution: 
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Prepare it within 1 hour before experiment. Calculate required total volume of the 

working solution: 0.1ml/well x quantity of wells. (Allow 0.1-0.2 mL more than the 

total volume.  

1. Dilute the Biotin-detection antibody with Antibody Dilution Buffer at 1:100 and 

mix them thoroughly. (i.e. Add 1 μL Biotin-labeled antibody into 99 μL Antibody 

Dilution Buffer).  

Protocol: 

      Wash plate 2 times before adding Standard, Sample (diluted at least 1/2 with 

Sample Dilution Buffer) and Control (blank) wells. 

1. Wash plate 2 times before adding Standard, Sample (diluted at least 1/2 with 

Sample Dilution Buffer) and Control (blank) wells. 

2. Add 100 μL standard or sample to each well and incubate for 90 minutes at                  

37 °C. 

3. Aspirate and wash plates 2 times. Add 100 μL Biotin-labeled antibody working 

solution to each well and incubate for 60 minutes at 37 °C. 

4. Add 100 μL Biotin-labeled antibody working solution to each well and incubate for 

60 minutes at 37 °C. 

5. Aspirate and wash plates 3 times. Add 100 μL SABC Working Solution into each 

well and incubate for 30 minutes at 37 °C. 

6. Add 100 μL SABC Working Solution into each well and incubate for 30 minutes at 

37 °C. 

7. Aspirate and wash plates 5 times. 

8. Add 90 μL TMB Substrate Solution. Incubate 10-20 minutes at 37 °C. 

9. Add 50 μL Stop Solution. Read at 450 nm immediately and calculation. 

Appendix  V 

Gamma-Glutamyl Transferase (GGT) 

Procedure Test 

Reagent Preparation  

    All reagents should be brought to room temperature before use. Standard 

Reconstitute the 120 µl of the standard (80 ng/ml) with 120 µl of standard diluent to 

generate a 40 ng/ml standard stock solution. Allow the standard to sit for 15 mins with 

gentle agitation prior to making dilutions. Prepare duplicate standard points by 
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serially diluting the standard stock solution (40 ng/ml) 1:2 with standard diluent to 

produce 20 ng/ml, 10 ng/ml,  

5 ng/ml and 2.5ng/ml solutions. Standard diluent serves as the zero standard (0 

ng/ml). Any remaining solution should be frozen at -20°C and used within one month. 

Dilution of standard solutions suggested are as follows: 

 

    Wash Buffer Dilute 20 ml of Wash Buffer Concentrate 30x into deionized or 

distilled water to yield 500 ml of 1x Wash Buffer. If crystals have formed in the 

concentrate, mix gently until the crystals have completely dissolved. 

Assay Procedure  

1. Prepare all reagents, standard solutions and samples as instructed. Bring all 

reagents to room temperature before use. The assay is performed at room temperature.  

2. Determine the number of strips required for the assay. Insert the strips in the frames 

for use. The unused strips should be stored at 2-8°C.  

3. Add 50 µl standard to standard well. Note: Don’t add antibody to standard well 

because the standard solution contains biotinylated antibody.  

4. Add 40 µl sample to sample wells and then add 10 µl anti-GGT antibody to sample 

wells, then add 50µl streptavidin-HRP to sample wells and standard wells (Not blank 

control well). Mix well. Cover the plate with a sealer. Incubate 60 minutes at 37°C.  
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5. Remove the sealer and wash the plate 5 times with wash buffer. Soak wells with at 

least 0.35 ml wash buffer for 30 seconds to 1 minute for each wash. For automated 

washing, aspirate all wells and wash 5 times with wash buffer, overfilling wells with 

wash buffer. Blot the plate onto paper towels or other absorbent material.  

6. Add 50 µl substrate solution A to each well and then add 50 µl substrate solution B 

to each well. Incubate plate covered with a new sealer for 10 minutes at 37°C in the 

dark.  

7. Add 50 µl Stop Solution to each well, the blue color will change into yellow 

immediately.  

8. Determine the optical density (OD value) of each well immediately using a 

microplate reader set to 450 nm within 10 minutes after adding the stop solution 

 

Calculation of Result 

    Construct a standard curve by plotting the average OD for each standard on the 

vertical (Y) axis against the concentration on the horizontal (X) axis and draw a best 

fit curve through the points on the graph. These calculations can be best performed 

with computer-based curve-fitting software and the best fit line can be determined by 

regression analysis. 

Typical Data 

    This standard curve is only for demonstration purposes. A standard curve should be 

generated with each assay. 
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Appendix  VI 

Estimation of Biochemical Liver Function Tests 

A. Serum Aspartate Aminotransferase Activity (AST): 

Aspartate + 2 – Oxoglutarate            
AST 

      Oxalacetate + Glutamate  

Oxalacetate + NADH + H
+
              

 MDH
      Malate + NAD

+
 

Procedure Test: 

30°C 37ºC Reaction 

temperature 

1.0 mL 1.0 mL  Working Reagent 

100 μl 50 μl Serum 

 

1. Working reagent was prepared by pouring the contents of the Reagent (B) into the 

Reagent (A) bottle. And then mixed gently.  

2. Working reagent and the instrument were brought to reaction temperature (30 or 

37°C).  

3. Working reagent and serum sample were pipetted into a tube:  

4. The tube was mixed and inserted into the spectrophotometer (340 nm). After 1 

minute, the initial absorbance at 1 minute intervals was recorded and thereafter the 

second absorbance for 3 minutes was recorded.  

5. The difference between consecutive absorbance, and the average absorbance 

difference per minute (ΔA/min) were calculated. 

Calculation  
Serum AST (GOT) concentration is calculated using the following formula:  

 

                        Vt ×106  

ΔA/min ×                              = U/L  

                        ɛ ×l ×VS  

The molar absorbance (ɛ) of NADH at 340 nm is 6300.  
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    The light path (l) is 1 cm, the total reaction volume (Vt) is 1.05 at 37°C and 1.1 at 

30°C. The sample volume (Vs) is 0.05 at 37°C and 0.1 at 30°C, and 1 U/L are 0.0166 

μkat/L 

 

 

 

 

 

 

Appendix  VII 

Alanine Aminotransferase (ALT)  in Serum 

Procedure Test: 

30°C 37ºC Reaction 

temperature 

1.0 mL 1.0 mL Working Reagent 

100 μl 50 μl Sample 

 
1. Working reagent was prepared by pouring the contents of the Reagent B into the 

Reagent A bottle. And then mixed gently.  

2. Working reagent and the instrument were brought to reaction temperature (30 or 

37°C).  

3. Working reagent and the samples of control and treated groups were pipetted into a 

tube.  

4. The tube was mixed and inserted into the spectrophotometer (340 nm). After 1 

minute, the initial absorbance at 1 minute intervals was recorded and thereafter the 

second absorbance for 3 minutes was recorded.  

30°C 37ºC  

×1746= U/L  

×29.1= μkat/L 

 

×3333= U/L 

×55.55= μkat/L  

A/minΔ 
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5. The difference between consecutive absorbance, and the average absorbance 

difference per minute (ΔA/min) were calculated. 

 

 

Calculation  
 
    The ALT/GPT concentration in the sample is calculated using the following general 

formula:  

                      Vt ×106  

ΔA/min ×                        = U/L  

                      ɛ ×l ×VS  

The molar absorbance (ɛ) of NADH at 340 nm is 6300.  

The lightpath (l) is 1 cm, the total reaction volume (Vt) is 1.05 at 37°C and 1.1 at 

30°C. The sample volume (Vs) is 0.05 at 37°C and 0.1 at 30°C, and 1 U/L are 0.0166 

μkat/L 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30°C 37ºC  

×1746= U/L  

×29.1= μkat/L 

 

 

×3333= U/L 

×55.55= μkat/L  

A/minΔ 



A p p e n d i c e s                                                                   

 

Appindx VIII 

 

Histological Study: 

      The animals' anatomy in the laboratory and the organs of rats were dissected (liver) 

rapidly excised for histological study and rinsed in normal saline then fixed by immersing 

deeply in a large volume of 10% formalin at least ten times the volume of the tissue as 

rapidly as was feasible there by keeping postmortem changes at a minimum. The samples 

were put in a labeled container contain 10% formalin, and shaking of the container gently 

several times to make certain that the fluid reached all surface and that the pieces were 

not sticking to the bottom or sides (A shank of glass wool placed in the container will aid 

in keeping the tissue free of the bottom) according to Al-khalissi, (2014). 

 

 

 

 

Histopathological Technique:  

     The liver was quickly removed and rapidly weighed then prepared for histological 

study according to Al-khalissi, (2014), with aid of the light microscope as the following 

steps:  

 

1. Fixation  

    The specimen was fixated in the natural buffered formalin 10% for 24–48 hours. 

 

2. Washing and Dehydration  

     After fixation the specimens were washed with water to remove the fixative in order to 

avoid the interaction between the fixative and staining materials used later. By 

dehydration the water had been completely extracted from fragments by bathing them 

successively in a graded series of ethanol and water (70%, 80%, 90%, and 100% ethanol).  

3. Clearing  

     Bathing the dehydrated fragments in solvent (xylene) for 30–60 minutes; this step was 

repeated 3 times. As the tissues clearing, they generally became transparent.  

4. Infiltration and Embedding  
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     Once the tissue fragments were impregnated with the solvent, they were placed in 

melted paraffin in an oven, typically at 52–60 °C. The heat causes the solvent to 

evaporate, and the space within the tissues becomes filled with paraffin. 

 

5. Sectioning 

    After hold from the oven the specimen let at room temperature to be solid and removed 

from their containers in order to sectioning they were put in the rotary microtome and 

were sliced by the microtome, s steel blade into sections 5 micrometers thick. The 

sections were floated on water bath (50–55 °C), then transferred into glass slides coated 

with Mayers albumin as adhesive substance and left to dry. 

 

6. Staining 

    The histological sections of the studied organs were stained with Hematoxylin– Eosin. 

 



 

 

 اٌخلاصخ

جتتذ ثعتتذ اٌعتتلام اٌى١ّ١تتب ٟ ضتتذ رمتتُّ اٌى   L-carnitineأجش٠تتذ ٘تتزٖ اٌذساتتتخ ٌزم١تت١ُ رتتن ١ش جتتشعز١ٓ ِتتٓ          

اث١ٓ ٚاٌزغ١تتشاد إٌمتتج١خ ٌٍىجتتذ فتتٟ روتتٛس اٌجتتشراْ  . أجتتشد اٌذساتتتخ فتتٟ جبِعتتخ وتتشثلاء   و١ٍتتخ اٌ تتت سثبٌمتت١زب

 وٛس اٌفئشاْ اٌجبٌغخ فٟ اٌزجشثخ.ررُ اتزخذاَ أسثع ٚعششْٚ ِٓ  ٚاٌج١ شٞ 

 ذ، حمٕت جتشراْ  تتذ رحزتٛٞ عٍتٝ وتً ِجّٛعتخ بد ع ِجّٛعتثشىً عشٛا ٟ إٌٝ أسثت جشراْاٌ ممُر رُ          

 ٙتبحمٕ ُر، ٚاٌّجّٛعخ اٌثب١ٔخ  ((G1داخً اٌصفبق ٚرع١١ٓ وّجّٛعخ رحىُ  ثّحٍٛي فمٍجٟاٌّجّٛعخ الأٌٚٝ ِٓ 

 ذ، اٌّجّٛعتخ اٌثبٌثتخ حمٕت ((G2اٌصتفبق ٚرتُ رع١ٕٙتب داختًفتٟ  ِتٓ ٚصْ اٌجمتُ  ٍِغ وتغ 52اٌمت١زبساث١ٓ  ثّتبدح 

خ ِتٓ اٌمت١زبساث١ٓ ، اٌّجّٛعتخ اٌشاثعت ((L-carnitine G3ٍِغ وغ ٚصْ(  25ٍِغ وغ ٚصْ( ٚ   52اٌم١زبساث١ٓ  

  (G4)ب نٌىً وٍغ ٚ رُ رع١١ٕٙ  ٍِغ L-carnitine 055 ٚ ٍِغ وغ ٚصْ 52 

 ِمبسٔزتتٗ عٕتتذ اٌجمتتُ فتتٟ ٌٍمتت١زبساث١ٓ اٌضتتبس اٌزتتن ١ش ِتتٓ ٠مٍتتً L-carnitine اتتتزخذاَ أْ اٌذساتتتخ أظٙتتشد               

 ِجّٛعتتخ أظٙتتشد ح١تت (.p-value <0.05  ِمتتزٜٛ ٌمتت١زبساث١ٓ عٕتتذثّتتبدح ا فمتت  حمٕٙتتب رتتُ اٌزتتٟ ثبٌّجّٛعتتخ

 جبِتتب ؛  aminotransferase الألٔتت١ٓ ِصتتً فتتٟ اٌىجتتذ إٔض٠ّتتبد أٔشتت خ فتتٟ ِع٠ٕٛتتخ ص٠تتبدح( G2  اٌمتت١زبساث١ٓ

 ِضتتبداد فتتٟ خفتتب أوّتتب ٌتتٛح  اْ ٕ٘تتبن  ،( ACE )،ٚ  AST  إٔتتض٠ُٚ ،( GGT  رشأمتتف١شاص غٍٛربِب٠تتً

 ثبٌّمبسٔتخ( MDA  ِبٌٛٔذ٠بٌذ٠ٙب٠تذ ِمتزٜٛ ص٠تبدحٚ  ، أ٠ضًتب( CAT  ٚوبرلاص( SOD  د٠مّٛربص تٛثش الأومذح

 ِمتزٜٛ فتٟ( p <0.05 ل١ّتخ  وج١تش أخفتب  ٚجتٛد أ٠ضًتب اٌزجشثتخ أظٙتشد ،اٌّجتب١ِع اٌّخزٍمتخ  ِتٓ غ١ش٘تب ِع

Alanine aminotransferase (ALT) ، gama glutamayl transferase (GGT )،  ُٚالإٔتض٠  ACE) 

ٚ  AST) ،(MDA )الأومذح اٌفب ك د٠مّٛربص ٚص٠بدح  SOD )ٚاٌىبرلاص  CAT) ِٟجّٛعتخ فتٟ اٌتذَ ِصتً ف 

 G4 )ٚ  G3.) 

حمتٓ  عتٓ إٌتبر اصبثخ اٌىجتذ ٔز١جتخ ٌٍزمتُّ   ِٓ ٠خفف L-carnitineوغُ  /ٍِغ 055 حمٓ  فإْ ، اٌخزبَ فٟ                

٠ٍعتت دٚسا ِّٙتب فتٟ خفت   L-carnitine ،ٚرٌته لْ اي L-carnitine وجُ   ِجُ  25ِٓ  أفضً اٌم١زبساث١ٓ

 رشو١ض أض٠ّبد اٌىجذ فٟ ِصً اٌذَ وّب ٠مبعذ عٍٝ رٕظ١ُ اٌجٙذ اٌزبومذٞ فٟ اٌجمُ.
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 جامعة كربلاء 

 كلٍة الطب البٍطري

  ٌة  الفسلجة والكٍمٍاء الحٍاتٍة والأدو فرع

ضد سمٍة الكبد المستحدثه بالسترابٍه    L_Cartineالتأٌثر الىقائً لل  

Cytrabine  فً ذكىر الجرذان 

جامعة كربلاء وهً جزء مه متطلبات وٍل درجة  رسالة مقدمة الى مجلس كلٍة الطب البٍطري /

علىم الطب البٍطري/الفسلجة الماجستٍر فً اختصاص  

 

بىاسطة    

 ِشٚح صجبح ِج١ذ

 

    شرافبإ

                            الأتزبر اٌذوزٛس                                                  الأتزبر اٌّمبعذ اٌذوزٛس     

 سٔب فبضً ِٛتٝ                                                      ١ِبدح صبحت حمٓ    
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