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________________________________________________________________________________________________ 

Abstract: Non-alcoholic steatohepatitis (NASH) is characterized by morphological features indistinguishable from 

alcoholic hepatitis in individuals who do not consume excess alcohol. NASH can progress to cirrhosis, and liver failure is now 

the second leading cause of death in these patients. Although the prevalence of NASH appears to be increasing, the 

etiopathogenesis remains poorly understood. The present study aimed to evaluate the mechanisms involved in developing 

NASH through biochemical and laboratory parameters in Egyptian patients. This study was conducted on twenty five patients 

with NASH and twenty normal subjects of matched age and sex as control. All the patients were evaluated for several 

biochemical parameters through liver function tests, lipid profile, fasting and postprandial blood glucose, malondialdhyde, 

glutathione peroxidase activity, advanced glycated end products, and serum leptin. Data obtained from these tests were 

statistically evaluated. Obesity, hyperlipidaemia, and diabetes mellitus were prevalent among patients with NASH. There was 

significant increase in malondialdhyde and glutathione peroxidase activity in NASH patients. In addition, there were 

significant increases in leptin and basic fibroblast growth factor in NASH patients compared to control. Despite examining in 

different demography, we reestablished obesity, non insulin dependent diabetes mellitus and dyslipidemia as the important risk 

factors for NASH. We also found that enhanced oxidative stress was responsible for the second hits to liver in our patients, 

leading to NASH apart from simple steatosis. We reaffirmed the role of leptin in the pathogenesis of NASH. 
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1. Introduction 

The pathophysiological characteristics, such as hepatic fat 

accumulation (steatosis); hepatocyte injury, manifested by 

swollen or “ballooned cells”; lobular inflammation with 

inflammatory infiltrated cells, predominantly neutrophils with 

or without; fibrosis of the liver, typically periventicular/ 

pericellular in distribution, have been found to be associated 

with non-alcoholic steatohepatitis (NASH) [1]. NASH has 

the potential to progress to liver fibrosis, cirrhosis, and even 

hepatocellular carcinoma [2]. The prevalence of NASH is 

higher in patients with obesity, insulin resistance, type 2 

diabetes mellitus, and hyperlipidaemia [3-5]. 

The pathogenesis of NASH is yet to be understood. Fatty 

liver (hepatic steatosis) might eventually progress to NASH, 

however, little is known about the factors responsible for the 

transition from fatty liver to NASH. According to the “two-

hits” hypothesis [6, 7], fatty liver is considered as the first hit, 

while enhanced oxidative stress is the second hit, leading to 

NASH. Fatty liver occurs due to accumulation of lipid in the 

liver, mainly triglycerides.  The mechanisms leading to lipid 

accumulation are also not completely understood, but it could 

potentially result from insulin resistance [8, 9] and decreased 

disposal of fatty acids from impaired mitochondrial β-

oxidation or deficient production of very low density 

lipoprotein [10]. Enhanced oxidative stress arises as an 
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imbalance between oxidants, namely free radicals, and 

antioxidants in favor of the former, leading to 

autopropagative process lipid peroxidation [11]. The liver 

normally responds to the chronic presence of oxidants by 

increasing the synthesis of protective anti-oxidant pathways 

such as those based on reduced glutathione (GSH). If these 

are inadequate, the products of lipid peroxidation create and 

amplify oxidative stress developing an inflammatory process 

in the liver [12].  

The high circulating leptin levels associated with obesity 

may contribute to NASH in two ways, either by promoting 

insulin resistance and elevated circulating insulin level or by 

altering insulin signaling in hepatocytes to promote increased 

intracellular fatty acids [13]. Leptin may also influence the 

progression from hepatic steatosis to NASH as leptin could 

regulate inflammatory response and selectively enhance the 

secretion of certain inflammatory cytokines. [14, 15] 

Moreover, Bouloumie et al. recently claimed that leptin 

could enhance generation of reactive oxygen species (ROS) 

by increasing oxidation of fatty acids and oxidation of 

resultant acetyl-CoA through the tricarboxylic acid (TCA) 

cycle.[16] 

Reports are scarce in the medical literature with regard to 

the role of the biochemical factors, such as oxidant and 

antioxidants levels, circulating leptin, in developing 

steatohepatitis in non-alcoholic patients. This study attempts 

to reestablish correlations between those important 

biochemical factors to unveil the pathogenic mechanism 

leading to NASH in an Egyptian cohort. 

2. Materials and Methods 

In this study, 25 patients with NASH and 20 healthy 

persons as controls were enrolled. All the participants were 

selected from the outpatient clinic of Tropical Medicine 

Department at Tanta University Hospital in Egypt. Informed 

written consent was obtained from each participant. The 

patients with NASH underwent a detailed clinical and 

laboratory evaluations, such as including liver function tests, 

hepatitis markers, to rule out other possible liver diseases. All 

the patients in the study group also underwent an upper 

abdominal ultrasonography. Liver biopsy was done in two 

selected cases. Indirect haemagglutination was carried out to 

rule out bilharziasis. None of the patients had renal 

dysfunction, drug toxicity, active infection, or recent 

gastrointestinal bleeding. Neither they received any antibiotic 

nor any vaso active drug at the time of study. Menopausal 

female, alcoholic, or cardiac patients were excluded.  

Medical history of all the participants including controls 

was noted, and they were all clinically examined. BMI was 

calculated as weight (in kilograms) divided by the square of 

height (in meters) for all patients and controls (overweight: 

BMI between 25 – 29.9 kg/m2, obesity: BMI 29.9 kg/m2). 

Obesity was further classified as class-I obesity (BMI 

between 30 – 34.9 kg/m2), class-II obesity (BMI between 35 

– 39.9 kg/m2), and extreme obesity (BMI equal to or more 

than 40 kg/m2).    

All participants received the same dietary protein intake at 

least one day before the study. On the day of study, all of 

them were fasting for at least 12 h and rested in bed. Blood 

samples were taken from patients of study and controls 

groups.  Laboratory investigations including liver function 

tests, lipid profile, fasting and postprandial blood glucose, 

lipid peroxidation end products (malondialdhyde or MAD), 

advanced glycated end products (AGEP), glutathione 

peroxidase (GPx) enzyme activity, and serum leptin were 

carried out. Serum leptin level was measured by a 

commercially available ELISA kit (The DSL- 10-23100 

Human Leptin ELISA Kit; Diagnostic System laboratories, 

Webster, Texas). It is a direct Sandwich ELISA based assay, 

where human leptin molecules from samples is captured to 

the wells of a microtiter plate coated by pre-titered amount of 

polyclonal rabbit anti-human leptin antibodies, and unbound 

materials are washed away. Next step involves binding of a 

biotinylated monoclonal antibody to the captured human 

leptin and conjugation of alkaline phosphatase to biotinylated 

antibodies, followed by washing of free antibody-enzyme 

conjugates and quantification of immobilized antibody-

enzyme conjugates by monitoring alkaline phosphatase 

activities in the presence of the substrate p-nitrophenyl 

phosphate. The enzyme activity is measured 

spectrophotometrically monitoring absorbance at 405 nm 

(due to production of the yellow colored product p-

nitrophenol). The increase in absorbance is directly 

proportional to the amount of captured human leptin; hence, 

in the unknown sample, leptin can be quantitated from a 

reference curve generated with reference standards of known 

concentrations of human leptin. [17, 18] 

The data were analyzed using SPSS for windows 8.0, 

1977, SPSS, Chicago, IL. The results are expressed as mean 

± SD. Independent sample t-student and Levene’s tests were 

performed to compare the mean BMI and other serum 

parameters between control and study groups. All analyses 

were two tailed, and a p value of less than 0.05 was accepted 

as statistically significant. 

3. Results 

Tables 1 and 2 present the results obtained by analyzing 

the main biochemical parameters. The main risk factors for 

NASH include overweight and obesity, hyperlipidaemia, and 

diabetes mellitus. We found significantly higher BMI in 

patients with NASH (32.1 ± 3.3 Kg/m2) as compared to 

control (23.6 ± 1.56 Kg/m2) (p = 0.008). Based on BMI, we 

categorized the participants as obese (80 %) and overweight 

(20 %). The obese patients were further categorized as class I 

(52 %) and class II (28 %) obese patients.  
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Table 1: The results of demographic variables in control and NASH patient

Variable Control group NASH 

Number 20 25 

Gender (M/F) 9/11 14/11 

Age/Years 28.15     ±    10.05 38.72  ±    5.83 

NASH patients showed significantly higher cholesterol, 

triglyceride (p = 0.021) and LDL (p = 0.000) compared to 

control. Compared to the control group, 68 % of patients of 

the study group had cholesterol over 5.2 mmol/L, while 

triglyceride level was equal or over 1.7 mmol/L in 56% 

NASH patients. Our study included 40 % patients suffering 

from non insulin dependent diabetes mellitus (NIDD). 

 

Table 2: The results of main biochemical tests in control and NASH patients 

Laboratory Test 
Control group NASH 

p-value 
Mean          S.D. Mean          S.D. 

Gender (M/F) 9/11 14/11  

Number 20 25  

Age/Years 28.15 10.05 38.72 5.83  

Body mass index (Kg/m
2)

 23.6 1.56 32.1 3.3 0.008* 

ALT     (U/L) 17.65 4.54 34.24 15.6 0.000* 

AST     (U/L.) 14.85 4.36 29.2.4 12.69 0.000* 

Albumin  (g/dL) 4.43 0.22 4.12 0.18 0.665 

Total Protein (g/dL) 8.18 0.27 7.01 0.20 0.760 

Total Bilirubin (umol/L) 9.28 2.28 13.3 2.1 0.937 

Direct Bilirubin (umol/L) 2.625 0.87 3.15 1.0 0.742 

Prothrombin time (Second) 12.63 0.2 12.98 0.31 0.666 

Fasting Blood Sugar (mmol/L) 4.5 0.3 8.3 5.1 0.000* 

Post prandial blood sugar (mmol/L) 4.7 0.32 11.4 7.8 0.000* 

Cholesterol (mmol/L) 4.5 0.25 5.3 0.32 0.250* 

Triglyceride (mmol/L) 0.97 0.14 1.62 0.42 0. 001* 

HDL (mmol/L) 1.09 0.1 1.13 0.07 0.021* 

LDL (mmol/L) 2.4 0.7 3.4 0.28 0.000* 

MAD (nmol/ml) 2.44 0.17 3.13 0.33 0.012* 

Advanced glycated end products (A.U.) 2.78 0.27 2.86 0.48 0.000* 

GPx (U/L) 554.25 91.17 772.36 132.33 0.012* 

S.Leptin ( ng/ml) 7.9 0.57 20.15 2.78 0. 000* 
* Significant P > 0.05  

ALT = Alanine aminotransferase, AST = Aspartate aminotransferase, HDL = High density lipoprotein, LDL = Low density lipoprotein.

In liver function tests, patients with NASH showed 

significantly higher elevation in liver enzymes, AST and 

ALT, compared to the control group (p = 0.000 for both AST 

and ALT), and the AST/ALT ratio was less than one in both 

groups. However, serum total bilirubin (13.3 ± 2.1 µmol/L) 

and direct bilirubin (3.15 ± 1.0 umol/L), serum albumin (4.12 

± 0.18 g/dL), total protein (7.01 ± 0.20 g/dL), and 

prothrombin time (12.98 ± 0.31 s) were within the normal 

expected range in patients with NASH.  

In addition, we also found significantly higher lipid 

peroxidation end products (MAD) and GPx activity in 

patients with NASH when compared to control (p = 0.012 for 

both MAD and GPx). There were significant increases in 

both AGEP as well as in serum leptin in patients with NASH 

compared to control group (p = 0.000 for both AGEP and 

serum leptin); increased AGEP was mainly observed in 

patients with NIDD. 

4. Discussion 

Obesity, diabetes mellitus, and dyslipidemia have been 

recognized as the major risk factors associated with NASH 

[19-21]. Our findings are also in agreement with this fact, 

and Table 2 clearly shows that obesity, dyslipidaemia, and 

diabetes mellitus are indeed prevalent among patients with 

hepatic steatosis and NASH. These metabolic disorders 

indicate the presence of insulin resistance that may offer 

some explanation with regard to the pathophysiological 

mechanisms of NASH. Such metabolic disorders are 

developed from the imbalance between storage of 

triglyceride in the liver and adipose tissue due to the net 

transfer of triglyceride from adipose tissue to liver, leading to 

hepatic steatosis (fatty liver) and it is considered as the first 

hit to liver [8, 9]. Risk factors of NASH increase the 
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circulating levels of free unsaturated fatty acids with 

enhanced concentration of those in liver. Oxidation of free 

fatty acids results in the autopropagative process of lipid 

peroxidation. 

To assess whether there are relationships between 

oxidative stress and the development of NASH, we measured 

MAD as one of the end products of lipid peroxidation and 

GPx activity as an index to the antioxidant status. We found a 

significant increase in both MAD and GPx activity in patients 

with NASH as compared to control (p = 0.012 for both). This 

is in accordance with the previous reports suggesting a 

significant increase in oxidative stress parameters in patients 

with NASH. [12, 20, 22] In these studies, although the 

authors found significant  increase in malondialdhyde levels 

[20, 22] in NASH patients, they did not find any significant 

difference in GPx activity[22] in those patients while 

comparing to control group. The enhanced GPx activity in 

our study could be explained in terms of disease progress. At 

early stages of the disease with normal liver function, the 

liver responds to pro-oxidant by increasing synthesis of 

protective antioxidants enzymes as GPx; however, liver 

capacity to synthesize antioxidants enzymes may be seriously 

affected with disease progression. The NASH patients 

enrolled in our study could still be in the earlier stages of 

disease progression. 

As a result of enhanced lipid peroxidation in NASH 

patients, oxidative stress builds up and gradually amplifies, 

resulting in an imbalance between antioxidants and pro-

oxidants in favor of the latter; this, in turn, can cause liver 

injury and is considered as the second hit to the liver leading 

to the development of NASH. This suggests that oxidative 

stress and lipid peroxidation may in part play critical role in 

the pathogenesis and probably in progression of NASH. [11, 

12].  

As mentioned above that obesity in prevalent among 

NASH patients (Table 2). To assess the influence of obesity 

in developing NASH, we examined serum leptin of patients 

in the study group as well as in control group. Leptin is 

closely involved in the regulation of food intake, body 

composition, and energy expenditure; hence, leptin is 

involved in the pathogenesis of obesity.[23] Leptin has been 

known to promote insulin resistance [24], elevate circulating 

insulin levels, and augment inflammatory and profibrogenic 

response in the murine liver exposed to hepatotoxic 

chemicals. [13, 25-27]  Moreover, Bouloumie et al [16] 

demonstrated that leptin can induce oxidative stress in human 

endothelial cells. These findings, in conjunction with the 

observation that leptin is expressed and synthesized by the 

activated hepatic stellate cells, [27] support the notion that 

leptin might play a role in the pathogenesis of NASH. In the 

present study, we also found significantly high serum leptin 

in NASH patient when compared to the control group (p = 

0.000), correlating with the previous reports those suggest 

association of higher levels of leptin with NASH. [19, 28] In 

contrast, Chalasani et al. [28] failed to detect statistically 

significant difference in serum leptin levels between NASH 

patients and controls. This could be due to the similarity in 

percent body fat and subcutaneous fat in NASH patients and 

their controls. Contrary to the study by Chalasani et al., [29] 

we had 80% obese among NASH patients, indicating that 

those patients might have had higher body fat or higher 

subcutaneous fat than controls to account for the higher 

levels of serum leptin in our study. It has already been shown 

that the amount of total body and subcutaneous fat are critical 

in determining the serum levels of leptin in obese patients 

[30]. 

Based on the above findings, we can explain the 

association between the increase of serum leptin and 

oxidative stress parameters in NASH patients through the 

effects of leptin on generating reactive oxygen species ROS. 

Leptin enhances ROS production by increasing beta 

oxidation of fatty acids, and oxidation of the resultant acetyl-

CoA through TCA cycle in turn enhances oxidative stress 

responsible for the second hit inducing NASH. Increased 

fatty acid oxidation is mediated through stimulating the 

activity of carnitinepalimitoyltransferase-1 (CPT-1) and 

inhibiting that of acetyl-CoA caroxylase (ACC), pace-setting 

enzymes for fatty acid oxidation and synthesis, respectively. 

This whole process is mediated via protein Kinas A (PKA). 

PKA may stimulate CPT-1 (a key enzyme of beta oxidation 

of fatty acids) via two mechanisms; either by decreasing 

malonyl-CoA levels through phosphorylation, followed by 

inactivation of ACC or by modulating the interactions 

between CPT-1 and the cytoskelton through phosphorylation 

of intermediate filaments in malonyl- Co-A independent 

manner [31, 32]. 

5. Conclusions 

The current study was performed in Egypt. Despite the 

change in demographical characteristics of the study group, 

we reestablished the fact that obesity, non insulin dependent 

diabetes mellitus and dyslipidemia are indeed important risk 

factors for the development of hepatic steatosis and NASH. 

In accordance with the previous studies, we also found 

enhanced oxidative stress as responsible parameter for the 

second hit to liver, resulting in NASH apart from simple 

steatosis. We reaffirmed the role of leptin in the pathogenesis 

of hepatic steatosis and development of steatohepatitis 

through its metabolic effects and increasing oxidative stress. 
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