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Abstract 

Objective 

Fatty liver disease (FLD), or hepatic steatosis, is a pathological condition described by excessive 

lipid accumulation surpassing 5–10% of liver weight. Given its multifactorial etiology, involving 

both metabolic dysfunction and genetic predisposition, this investigation aimed to investigate the 

relationship between biochemical parameters, expression of the ACE and GHRL genes, and 

demographic variables like age and body mass index (BMI) in patients with FLD compared with 

healthy controls. 

Materials and methods 

The investigation enrolled 200 individuals, comprising 100 patients with ultrasonographically 

affirmed FLD (G2) and 100 age- and ethnicity-matched healthy controls of Iraqi descent (G1). 

All participants were non-smoking adults between 20 and 60 years recruited from Diwaniyah 

Teaching Hospital, Iraq. Standardized biochemical assays were carried out to calculate creatinine, 

blood urea, insulin, fasting blood sugar (FBS), glycated hemoglobin (HbA1c), total cholesterol 

(TC), triglycerides (TG), high-density lipoprotein (HDL), very-low-density lipoprotein (VLDL), 

alanine aminotransferase (ALT), aspartate aminotransferase (AST), AST/ALT ratio, and alkaline 

phosphatase (ALP). In parallel, quantitative gene expression analysis of ACE and GHRL was 

conducted, and expression levels were validated for clinical relevance to metabolic disturbances 

in FLD. 

Results 

Patients with FLD showed meaningfully higher BMI, creatinine, blood urea, insulin, FBS, 

HbA1c, TC, TG, VLDL, ALT, AST, and ALP levels compared to controls, along with markedly 

lower HDL levels (P < 0.05). Importantly, expression levels of both ACE and GHRL genes were 

meaningfully upregulated in the FLD group, correlating with the biochemical abnormalities 

observed. These results reinforce the interaction between altered gene expression and metabolic 

derangements in FLD pathophysiology. 
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Conclusion 

The consistently low P-values (P < 0.05) affirm the robustness of the associations observed. 

Altered expression of ACE and GHRL genes may serve as reliable molecular biomarkers for 

identifying individuals at higher risk of FLD progression. Furthermore, wide evaluation of BMI, 

renal function markers, glycemic indices, lipid profiles, and liver enzyme activities supplies worth 

clinical discernment, supporting an integrative approach to early diagnosis and management of 

FLD. 
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Introduction 

Fatty liver disease (FLD), or hepatic steatosis, is a metabolic disorder described by excessive 

lipid accumulation within hepatocytes. It is generally classified into two categories: alcoholic 

fatty liver disease (AFLD) and non-alcoholic fatty liver disease (NAFLD) (Sveinbjornsson et al., 

2022). AFLD expands as a consequence of chronic and excessive alcohol intake, often 

progressing to alcoholic hepatitis, fibrosis, or cirrhosis. In contrast, NAFLD arises in individuals 

who consume little to no alcohol and is strongly related to obesity, type 2 diabetes, dyslipidemia, 

and metabolic syndrome (Shiha et al., 2021). In the early stages, fatty liver disease is typically 

asymptomatic, which complicates timely diagnosis and intervention (Rinella et al., 2023). 

Nevertheless, some patients report nonspecific manifestations like persistent fatigue, unintended 

weight loss, or discomfort in the upper right abdominal quadrant. Without appropriate 

management, NAFLD can evolve into more severe conditions, containing non-alcoholic 

steatohepatitis (NASH), progressive fibrosis, cirrhosis, hepatocellular carcinoma, or ultimately 

liver failure (Teng et al., 2022). Diagnosis relies on a combination of biochemical assays, imaging 

modalities like ultrasonography and magnetic resonance imaging, and in some cases, liver biopsy, 
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which remains the gold standard for staging disease progression (Eslam et al., 2020). Genetic and 

molecular mechanisms play critical roles in the initiation and progression of NAFLD. 

Dysregulation of genes involved in lipid metabolism leads to hepatic steatosis. Specifically, 

reduced expression of peroxisome proliferator-activated receptor alpha (PPAR-α) and improved 

expression of sterol regulatory element-binding protein-1c (SREBP-1c) contribute to excessive 

lipid accumulation within hepatocytes (Buchynskyi et al., 2024). Furthermore, aberrant regulation 

of pro-inflammatory cytokines and insulin signaling pathways—like tumor necrosis factor alpha 

(TNF-α) and forkhead box protein O1 (FOXO1)—exacerbates inflammation and impairs insulin 

sensitivity (Yang et al., 2022). As disease severity escalates toward NASH, oxidative stress-

related genes, containing nuclear factor erythroid 2–related factor 2 (Nrf2), and pro-fibrogenic 

markers like transforming growth factor beta 1 (TGF-β1) and collagen type I alpha 1 (COL1A1), 

show improved activity. Genetic polymorphisms further influence susceptibility to NAFLD. 

Variants like patatin-like phospholipase domain-containing protein 3 (PNPLA3) and 

transmembrane 6 superfamily member 2 (TM6SF2) improve lipid metabolism pathways, 

meaningfully elevating disease risk and affecting progression (Li et al., 2023). These results 

highlight the importance of incorporating genetic profiling into the investigation of NAFLD 

pathogenesis and therapeutic development. The renin-angiotensin system (RAS), regulated 

largely by the angiotensin-converting enzyme (ACE) gene, is another pathway implicated in 

NAFLD. ACE overexpression elevates angiotensin II levels, promoting oxidative stress, pro-

inflammatory cytokine release, hepatic lipid accumulation, and insulin resistance (Yang et al., 

2023; Liu et al., 2021). With continued progression, these alterations can precipitate fibrosis, 

NASH, and cirrhosis (Kong et al., 2021). Notably, the D allele of the ACE insertion/deletion (I/D) 

polymorphism has been linked to heightened ACE activity and a greater risk of NAFLD 

progression (Rajapaksha et al., 2022). Another key regulator of metabolic balance is ghrelin, a 

hormone encoded by the GHRL gene. Ghrelin influences appetite regulation, lipid metabolism, 

insulin sensitivity, and energy homeostasis. In NAFLD, altered expression of the GHRL gene 

contributes to impaired lipid handling and metabolic dysfunction (Rezamand et al., 2021). 

Reduced ghrelin activity may diminish its protective roles, containing attenuation of 

inflammation, regulation of fibrotic pathways, and enhancement of insulin responsiveness 

(Tabaeian et al., 2021). Consequently, oxidative stress and excessive lipid deposition in 

hepatocytes can accelerate the transition from simple steatosis to NASH (Tuero et al., 2023). 

Interestingly, elevated ghrelin levels and improved GHRL gene expression have been related to 

milder forms of NAFLD, proposing that this pathway may serve as a worth biomarker for disease 

severity as well as a potential therapeutic target (Choochuay et al., 2024). Furthermore, the 

epigenome, which comprises various mechanisms such as DNA methylation, chromatin 



  Agricultural Biotechnology Journal, 2025, 17(4)   

288 

 

remodeling, histone tail modifications, microRNAs, and long non-coding RNAs, interacts with 

environmental factors like nutrition, pathogens, and climate to influence gene expression profiles 

and the emergence of specific phenotypes (Shahsavari et al., 2023; Mohammadabadi et al., 2023). 

These interactions are complex and occur across multiple levels, involving dynamic crosstalk 

between the genome, epigenome, and environmental stimuli (Amiri Roudbar et al., 2020). 

Increasing evidence suggests that epigenomic variation plays a crucial role in determining health 

outcomes and production traits (Alavi et al., 2022; Safaei et al., 2022). The expression of 

eukaryotic genes is temporally and spatially regulated through multidimensional control 

mechanisms (Hajalizadeh et al., 2021). Only a limited subset of the entire genome is actively 

expressed in each tissue type, and gene expression is closely tied to developmental stages 

(Heidarpour et al., 2011; Khabiri et al., 2023). Consequently, gene expression patterns in 

eukaryotes are tissue-specific (Mohammadabadi & Asadollahpour Nanaei, 2021; 

Mohammadabadi et al., 2024). Additionally, the levels of gene products synthesized within a 

given tissue, as well as those contributed by other tissues, collectively regulate gene expression 

(Shokri et al., 2023). Epigenetic modifications serve as a critical mechanism by which 

environmental factors leave a lasting imprint on the genome (Mohammadabadi et al., 2022a). 

These modifications can be heritable, influencing successive generations without altering the 

DNA sequence itself (Mohammadabadi et al., 2025). For instance, maternal nutrition during 

pregnancy has been shown to induce epigenetic changes that affect offspring metabolism, growth, 

and disease susceptibility (Safaei et al., 2024). Similarly, environmental stressors such as 

exposure to toxins or pathogens can trigger epigenetic responses that modify gene expression and 

cellular function (Noori et al., 2017). Understanding epigenetic mechanisms can improve 

breeding strategies, enhance productivity, and promote disease resistance (Roudbar et al., 2015). 

Additionally, epigenetic markers are increasingly used to predict performance and health 

outcomes, providing a valuable tool for precision (Mohamadinejad et al., 2024). A fundamental 

aspect of genetic research involves the investigation of genes and proteins associated with specific 

traits, examined at both cellular and chromosomal levels (Khabiri et al., 2023). Advancing our 

understanding of these regulatory processes holds significant potential for improving biological 

insights and practical applications in health and production (Arabpour et al., 2021). Further 

research into epigenetic biomarkers and their role in gene regulation will contribute to more 

effective therapeutic strategies and enhanced understanding of complex biological systems 

(Mohammadabadi et al., 2022b). Overall, the interplay between lipid metabolism, inflammatory 

signaling, oxidative stress, and genetic susceptibility underlies the pathogenesis and progression 

of NAFLD. Identifying the contributions of genes like ACE and GHRL, in combination with 

established genetic variants like PNPLA3 and TM6SF2, supplies new chances for refining risk 
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evaluation and expanding aimed interventions. Understanding these molecular and genetic 

mechanisms is essential for designing preventive strategies and personalized therapies aimed at 

reducing the global burden of NAFLD. 

 

Materials and Methods 

This investigation enrolled a total of 200 participants, divided equally into two groups. Group 

2 (G2) consisted of 100 patients diagnosed with fatty liver disease (FLD), while Group 1 (G1) 

included 100 apparently healthy individuals who served as controls. Recruitment was carried out 

sequentially at Diwaniyah Teaching Hospital, Diwaniyah, Iraq, and all samples were gathered up 

to June 28, 2025. Eligible participants were between 20 and 60 years of age, were nonsmokers, 

and had no history of chronic illness unrelated to fatty liver disease. Exclusion criteria included 

excessive alcohol consumption, viral hepatitis, autoimmune disorders, malignancies, and recent 

application of hepatotoxic medications. The investigation was managed in accordance with the 

Declaration of Helsinki, and informed consent was derived from all participants prior to 

enrollment. 

Sample collection and preparation: For each subject, 5 mL of venous blood was drawn 

under aseptic conditions applying sterile vacutainer tubes. Samples were permited to clot at room 

temperature and then centrifuged at 4000 × g for 10 minutes to separate serum from the cellular 

fraction. The serum was carefully aliquoted and stored at −20 °C until biochemical analysis. 

Whole blood samples intended for RNA extraction were also stored at −20 °C until processing. 

Biochemical assays: Biochemical and clinical parameters were evaluated to evaluate 

metabolic and hepatic task. The calculated variables included creatinine, blood urea nitrogen 

(BUN), fasting blood sugar (FBS), glycated hemoglobin (HbA1c), serum insulin, total cholesterol 

(TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), very low-density 

lipoprotein cholesterol (VLDL-C), alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), the AST/ALT ratio, and alkaline phosphatase (ALP). All measurements were carried out 

applying the Beckman Coulter AU 480 automated analyzer (Beckman Coulter, USA) based on 

the manufacturer’s instructions. Internal quality controls were included in each run to ensure 

accuracy and reproducibility. 

RNA extraction and quantification: The second phase of the investigation investigated 

gene expression of angiotensin-converting enzyme (ACE) and ghrelin (GHRL). Total RNA was 

extracted from 5 mL of whole blood applying a commercial RNA Extraction Kit (ADDBio, 

Korea). RNA concentration and purity were evaluated by spectrophotometry at 260/280 nm 

applying a NanoDrop instrument (Thermo Fisher Scientific, USA). Samples with purity ratios 

between 1.7 and 1.9 were attended acceptable. Additional quantification was carried out applying 
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a Quantus™ Fluorometer (Promega, USA), yielding RNA concentrations ranging from 10 to 65 

ng/µL. 

cDNA synthesis and real-time PCR: Complementary DNA (cDNA) was synthesized from 

purified RNA applying the cDNA synthesis kit (ADDBio, Korea), subsequent the manufacturer’s 

protocol. The cDNA served as the template for quantitative real-time polymerase chain reaction 

(RT-qPCR), which was carried out applying a Bio-Rad real-time PCR diagnosis system (Bio-

Rad, USA). Specific primers were designed for the target and reference genes as follows: 

GAPDH (housekeeping control): Forward 5′-GTCTCCTCTGACTTCAACAGCG-3′; Reverse 

5′-ACCACCCTGTTGCTGTAGCCAA-3′ 

ACE: Forward 5′-CATCACCACAGAGACCAGCAAG-3′; Reverse 5′-

CCGCTTGATAGTGGTGTTCTGC-3′ 

GHRL: Forward 5′-GAAGCCACCAGCTAAACTGCAG-3′; Reverse 5′-

CTGACAGCTTGATGCCAACATCG-3′ 

Thermal cycling parameters included an initial denaturation step, followed by 40 

amplification cycles consisting of denaturation, annealing, and extension, in accordance with Bio-

Rad system guidelines. Negative controls were included in each batch to exclude contamination, 

and each sample was analyzed in triplicate to ensure reliability. 

Gene expression analysis: Relative expression of ACE and GHRL was calculated applying 

the comparative cycle threshold (ΔΔCt) method, with GAPDH as the internal reference gene. The 

formulas applied were: 

ΔCt (test) = Ct (target, test) − Ct (reference, test) 

ΔCt (control) = Ct (target, control) − Ct (reference, control) 

ΔΔCt = ΔCt (test) − ΔCt (control) 

Relative expression = 2^−ΔΔCt 

Amplification efficiency (E%) was calculated from the slope of the standard curve applying 

the equation: 

E% = 10^(−1/slope) − 1 

Only assays with amplification efficiencies close to 100% were included in the analysis. 

Statistical analysis: All data are presented as mean ± standard deviation (SD) for continuous 

variables or as percentages for categorical variables. Comparisons between G1 (controls) and G2 

(patients) were carried out applying the independent Student’s t-test for normally distributed data. 

Statistical significance was defined as a p-value < 0.05 at the 95% confidence interval. Statistical 

analyses were managed applying SPSS version 27 (IBM SPSS, Chicago, IL, USA). Graphical 

data representations and supplementary analyses were carried out with GraphPad Prism version 
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9 (GraphPad Software, San Diego, CA, USA). All experiments and assays were independently 

replicated three times to affirm reproducibility. 

 

Results 

Demographic characteristics and clinical features of study groups: The demographic 

characteristics and clinical features of the control group (G1) and patients with fatty liver disease 

(G2) are summarized in Table 1. A total of 200 participants were included, with 100 individuals 

in each group. No statistically meaningful difference was observed in age between groups (36.18 

± 11.31 years in G1 vs. 38.96 ± 11.81 years in G2; p = 0.0907), affirming appropriate age 

matching. In contrast, body mass index (BMI) was meaningfully higher in FLD patients compared 

with controls (p = 0.0018). Renal function indicators showed clear differences. Serum creatinine 

and blood urea were both elevated in the patient group, reflecting possible early renal impairment 

related to metabolic dysfunction. Marked metabolic alterations were also found. Insulin levels 

were meaningfully lower in FLD patients compared with controls, whereas fasting blood sugar 

(FBS) and HbA1c were both substantially elevated, in line with impaired glucose metabolism and 

insulin resistance. The lipid profile demonstrated a dysregulated pattern. Patients showed 

meaningfully reduced total cholesterol (TC) and HDL, but higher triglycerides (TG) and very 

low-density lipoprotein (VLDL), reflecting an atherogenic lipid imbalance. Liver enzyme 

markers were notably improved in the FLD group, with alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), and alkaline phosphatase (ALP) all meaningfully elevated compared 

with controls. However, the AST/ALT ratio did not differ meaningfully, proposing proportional 

improves in transaminases. These results highlight the broad systemic alterations present in FLD 

patients, involving metabolic, renal, and hepatic pathways. 

Gene expression of ACE and GHRL compared with GAPDH: The expression of ACE 

and GHRL genes was evaluated relative to the housekeeping gene GAPDH. As shown in Table 

2, ACE expression was meaningfully improved in patients compared with controls (p = 0.0018). 

GHRL expression was also markedly elevated in FLD patients (p < 0.0001). 

Relative quantification of gene expression: Relative quantification applying the 2^-ΔΔCt 

method supplied further discernment into expression alters (Table 3). ACE and GHRL expression 

levels were substantially altered in patients, with reduced normalized expression efficiency 

compared to controls. 
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Table 1. Comparison of the demographic parameters and clinical aspects of the study 

groups (G1 and G2) 

Parameters Groups T-test P-value 

 G1-control Mean ± SD G2-FLD Mean ± SD  

Age (Year) 36.18 ± 11.31 38.96 ± 11.81 1.7 

BMI (Kg/m²) 22.37 ± 3.819 24.01 ± 3.508 3.157 

Creatinine (mg/dl) 0.7880 ± 0.3560 1.042 ± 0.6007 3.638 

B. Urea (mg/dl) 26.36 ± 13.19 33.60 ± 20.68 2.952 

Insulin levels (U/mL) 31.31 ± 6.800 17.70 ± 5.268 15.82 

FBS (mg/dl) 100.4 ± 13.64 248.5 ± 69.81 20.83 

HbA1c (mmole/mol) 4.668 ± 0.4501 8.894 ± 1.415 28.47 

TC (mg/dl) 187.8 ± 3.741 145.7 ± 13.46 30.16 

TG (mg/dl) 128.0 ± 2.776 194.1 ± 19.47 33.59 

HDL (mg/dl) 48.78 ± 2.870 29.53 ± 3.556 42.13 

VLDL (mg/dl) 25.61 ± 0.5552 38.82 ± 3.894 33.59 

ALT (IU/L) 26.52 ± 5.771 51.20 ± 10.71 20.28 

AST (IU/L) 23.61 ± 5.158 45.98 ± 9.772 20.24 

AST/ALT Ratio 0.9388 ± 0.3193 0.9333 ± 0.2640 0.1339 

ALP (IU/L) 94.63 ± 21.25 193.1 ± 23.79 30.87 

Abbreviations: TC, total cholesterol; TG, triglycerides; BMI, body mass index; FBS, fasting blood sugar; 

HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; VLDL, very low-density lipoprotein; ALP, 

alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase. Data are presented 

as mean ± SD. *Meaningful at p < 0.05. 

 

Table 2. Comparison between gene expression of ACE and GHRL relative to GAPDH in 

study groups 

Genes Groups T-test P-value 

 G1-control (Mean ± SD) G2-FLD (Mean ± SD)  

ACE 22.37 ± 3.819 24.01 ± 3.508 3.157 

GHRL 4.764 ± 2.679 8.926 ± 5.108 7.216 

Abbreviations: ACE, angiotensin-converting enzyme; GHRL, ghrelin; GAPDH, glyceraldehyde-3-

phosphate dehydrogenase. *Meaningful at p < 0.05. 



Mgheer, 2025 

293 

 

Table 3. Relative quantification of ACE and GHRL genes compared with GAPDH in study 

groups 

Gene (ref 

GAPDH) 

Average 

Ct 

Average 

ΔCt 

Average 

ΔΔCt 

Average 2^-

ΔΔCt 

Efficiency 

% 

 G1-control G2-FLD G1-control G2-FLD G1-control 

ACE 28.73 35.74 3.06 12.60 3.2 

GHRL 25.90 34.40 3.22 10.74 7.70 

 

Figures 1-8 show amplification curves, dissociation analyses, and comparative 2^-ΔΔCt 

outcomes. Amplification curves for GAPDH, ACE, and GHRL clearly differentiated between 

patients and controls, while dissociation curves affirmed specificity of the reactions. The bar plots 

(Figures 3 and 6) affirmed meaningful differences in gene expression ratios between groups. 

 

Figure 1. Amplification curve of housekeeping gene (GAPDH) in FLD patients (G2, red line) 

and control individuals (G1, purple line) 

 

Figure 2. Dissociation (melting) curve analysis of GAPDH gene expression in FLD patients 

(G2, red line) and controls (G1, purple line) 
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Figure 3. Relative quantification (2^-ΔΔCt) comparison of ACE gene expression between 

FLD patients (G2) and control group (G1) 

 

Figure 4. Amplification curve of ACE gene expression in FLD patients (G2, red line) and 

controls (G1, blue line) 

 

Figure 5. Dissociation (melting) curve analysis of ACE gene expression in FLD patients (G2, 

red line) and controls (G1, blue line) 
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Figure 6. Relative quantification (2^-ΔΔCt) comparison of GHRL gene expression between 

FLD patients (G2) and control group (G1) 

 

Figure 7. Amplification curve of GHRL gene expression in FLD patients (G2, blue line) and 

controls (G1, red line) 

 

Figure 8. Dissociation (melting) curve analysis of GHRL gene expression in FLD patients 

(G2, blue line) and controls (G1, red line) 
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Overall, patients with FLD exhibited meaningful differences from controls in demographic, 

metabolic, biochemical, and molecular calculates. Alterations in glucose and lipid metabolism, 

elevated liver enzymes, and impaired renal parameters underscore the systemic impact of fatty 

liver disease. At the genetic level, upregulation of ACE and GHRL was observed, further 

supporting their involvement in disease progression and potential as biomarkers or therapeutic 

targets. 

 

Discussion 

Table 1 presents the mean ± SD values for FLD patients (G2) and healthy controls (G1). The 

analysis disclosed meaningful differences in different clinical and biochemical parameters, 

containing BMI, creatinine, blood urea, insulin levels, fasting blood sugar (FBS), HbA1c, total 

cholesterol (TC), triglycerides (TG), HDL, VLDL, ALT, AST, and ALP, between the FLD group 

(G2) and the control group (G1). The differences were statistically meaningful (P < 0.05). In 

contrast, age and the AST/ALT ratio were not meaningfully different (P > 0.05), denoting 

effective age-matching and the early-stage liver disease profile in the studied population. Lin et 

al. (2023) announced that individuals with fatty liver disease exhibit higher age-related metabolic 

burden, persistent systemic inflammation, oxidative stress, and mitochondrial dysfunction, all of 

which contribute to premature cellular ageing and reduced life expectancy. Telomere attrition and 

cellular senescence, exemplified by cirrhosis or fibrosis, further impair hepatic task and quality 

of life. In line with our results, Quek et al. (2023) demonstrated that patients with FLD have higher 

BMI than healthy controls. Insulin resistance, a hallmark of NAFLD, contributes to impaired lipid 

oxidation and increased lipogenesis, promoting fat accumulation in hepatocytes. Excess visceral 

fat releases free fatty acids into the liver, exacerbating inflammation and disease progression. 

Creatinine levels were meaningfully elevated in FLD patients, in line with Liu et al. (2023), who 

announced that systemic inflammation, oxidative stress, and insulin resistance in FLD impair 

renal task, leading to improved creatinine levels. Similarly, Imamura et al. (2021) found elevated 

blood urea nitrogen (BUN) in FLD, reflecting compromised renal filtration due to shared 

metabolic pathways between the liver and kidneys. These results underscore the importance of 

monitoring renal task in patients with liver disease. Insulin resistance and hyperinsulinemia are 

closely related to FLD pathophysiology. Smith et al. (2020) announced that elevated fasting 

insulin levels reflect impaired glucose metabolism and exacerbated hepatic lipid accumulation, 

increasing oxidative stress, inflammation, and the risk of NASH and fibrosis. Fasting blood 

glucose and HbA1c were also meaningfully higher in FLD patients (Wang et al., 2023; Chen et 

al., 2020), in line with our results. Elevated HbA1c signifies chronic hyperglycemia, ongoing 

insulin resistance, and progression toward cardiometabolic complications. Regarding lipid 
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profiles, FLD patients exhibited lower TC and HDL and higher TG and VLDL levels compared 

to controls, in line with investigations by Lu et al. (2023), Hou et al. (2021), Mocciaro et al. 

(2023), and Carlier et al. (2020). Dysregulated lipid metabolism in FLD, driven by insulin 

resistance, promotes hepatic steatosis, oxidative stress, and inflammatory signaling, accelerating 

progression to NASH and fibrosis. Low HDL and elevated VLDL are key markers of atherogenic 

dyslipidemia, increasing cardiovascular risk in FLD patients. Liver enzymes ALT, AST, and ALP 

were meaningfully elevated in FLD patients, in line with Ma et al. (2020), Huang et al. (2021), 

and Ali et al. (2021). ALT elevation reflects hepatocyte injury and early steatosis, while improved 

AST illustrates mitochondrial dysfunction and progressive disease stages. ALP elevation may 

result from cholestasis, bile ductular proliferation, or fibrosis-induced hepatobiliary injury. The 

AST/ALT ratio remained within normal limits, proposing early-stage NAFLD rather than 

progressive fibrosis or cirrhosis (Zhang et al., 2024). Gene expression analysis demonstrated 

meaningful upregulation of ACE and GHRL in FLD patients (G2) compared to controls (G1). 

The GAPDH amplification and dissociation curves affirmed the accuracy and reliability of the 

RT-qPCR outcomes (Figures 1–2). ACE expression was meaningfully elevated in G2 (P = 

0.0018), reflecting activation of the renin-angiotensin system, which contributes to oxidative 

stress, inflammation, and insulin resistance in FLD. Amplification efficiency varied from 85–

96%, affirming assay reliability (Figures 3–5, Table 3). Similarly, GHRL gene expression was 

meaningfully higher in FLD patients (P = 0.0001), with amplification efficiency of 94–98% 

(Figures 6–8, Table 3). These results propose that GHRL plays a role in appetite regulation, 

insulin sensitivity, and lipid metabolism. Dysregulation of GHRL may exacerbate hepatic fat 

accumulation and inflammation, emphasizing its potential as a diagnostic biomarker and 

therapeutic target for FLD. Dissociation curves illustrated single, sharp peaks, affirming the 

specificity and accuracy of the gene expression measurements. 

Conclusion: The study demonstrates that BMI, creatinine, blood urea, insulin, FBS, HbA1c, 

TC, TG, HDL, VLDL, ALT, AST, ALP, and the expression of ACE and GHRL genes are reliable 

indicators for identifying and evaluating the severity of fatty liver disease. ACE and GHRL in 

special may serve as worth molecular markers for diagnostic and therapeutic purposes. 
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   چکیده

  ۵یا استئاتوز کبدی، یک وضعیت پاتولوژیک است که با تجمع بیش از حد چربی در کبد بیش از  (FLD) بیماری کبد چربهدف: 

های ژنتیکی است،  شود. با توجه به علل چندعاملی این بیماری که شامل اختلالات متابولیک و زمینهدرصد وزن آن تعریف می   10تا  

شناختی مانند و متغیرهای جمعیت GHRL و ACE های بیوشیمیایی، بیان ژنیاین پژوهش با هدف بررسی ارتباط میان شاخص 

 .در مقایسه با افراد سالم انجام شد FLD در بیماران مبتلا به  (BMI) سن و شاخص توده بدنی

 100و  (G2) تأیید شده با سونوگرافی FLD بیمار مبتلا به 100نفر شرکت کردند که شامل  200در این مطالعه : هامواد و روش

بودند. تمامی افراد بزرگسال غیرسیگاری با محدوده  (G1) فرد سالم همسان از نظر سن و قومیت )عراقی( به عنوان گروه کنترل

گیری های بیوشیمیایی استاندارد برای اندازه سال بودند که از بیمارستان آموزشی دیوانیه، عراق انتخاب شدند. آزمایش ۶0تا  20سنی 

، (TG)  گلیسرید، تری(TC)  ، کلسترول تام(HbA1c)  ، هموگلوبین گلیکوزیله(FBS)  کراتینین، اوره خون، انسولین، قند خون ناشتا

بالا  چگالی  با  چ(HDL)  لیپوپروتئین  با  لیپوپروتئین  پایین،  بسیار  آمینوترانسفراز(VLDL)  گالی  آلانین   ،  (ALT)  آسپارتات  ،

نسبت(AST)  آمینوترانسفراز  ، AST/ALT فسفاتاز آلکالین  هم  (ALP) و  شد.  ژنانجام  بیان  کمی  تحلیل   و ACE زمان، 

GHRL صورت گرفت و سطوح بیان برای ارتباط بالینی با اختلالات متابولیک در FLD بررسی شد. 

دار در شاخص توده بدنی، کراتینین، اوره خون،  در مقایسه با گروه کنترل دارای مقادیر بالاتر معنی  FLD بیماران مبتلا به نتایج:  

تر طور معناداری پایینبه  HDL بودند، در حالی که سطح ALP و FBS  ،HbA1c  ،TC  ،TG  ،VLDL  ،ALT  ،ASTانسولین،  

های افزایش قابل توجهی داشت که با ناهنجاری FLD در گروه GHRL و ACE هایطور مهم، سطح بیان ژنبه .  (P < 0.05)  بود

 FLD شده همبستگی نشان داد. این نتایج تعامل میان تغییرات بیان ژن و اختلالات متابولیک در پاتوفیزیولوژیبیوشیمیایی مشاهده

 .کندرا تقویت می 
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 ACE هایکند. تغییر در بیان ژن شده را تأیید می ، استحکام ارتباطات مشاهده0۵/0  طور مداوم کمتر از به  P مقادیر:  گیرینتیجه

کار  به  FLD تواند به عنوان نشانگرهای مولکولی قابل اعتماد برای شناسایی افراد در معرض خطر بالاتر پیشرفتمی   GHRL و

بدنی، شاخص  ارزیابی گسترده شاخص توده  این،  بر  افزون  های چربی و  های گلیسمی، پروفایلهای عملکرد کلیوی، شاخصرود. 

پشتیبانی  FLD های کبدی، بینش ارزشمند بالینی فراهم کرده و از رویکرد یکپارچه برای تشخیص زودهنگام و مدیریتفعالیت آنزیم

 .کندمی

 ، نشانگرهای زیستیGHRL، ژنACE بیماری کبد چرب، استئاتوز کبدی، ژن: واژگان کلیدی
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